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ABSTRACT:

The emergence of antimicrobial resistance in
Uropathogenic Escherichia coli (UPEC) is a major
public health concern in the management of
urinary tract infections. This study assessed the
antibacterial activity of the crude aqueous extract
and green-synthesized gold nanopatrticles (AuNPs)
of Avicennia germinans L. as potential alternative
antibacterial strategies against multidrug-resistant
(MDR) UPECs. This involved phytochemical analysis,
green synthesis and characterization of AUNPs, and
comparative antimicrobial analysis of crude extract
and AuNPs. The plant extract contained major
phytochemicals, and the successful synthesis of
the nanoparticles were confirmed by evidence
provided by the spectroscopic and microscopic
analysis. The crude aqueous extract showed a
dose-dependent antibacterial effect against the
test isolates, with isolate E8 showing the strongest
susceptibility (15.7 £ 1.0 mm) and EI6 exhibiting
the lowest (12.7 + .2 mm) at a concentration of
100 mg/mL. In contrast, AUNPs exhibited variable
responses across different test concentrations and
isolates, with E3 showing the strongest susceptibility
(15.7+0.8 mm) at 25 ug/mL. There was statistical
significance between antibacterial agents and
their concentrations (p < 0.05), with the lowest
MIC and MBC at 30 mg/mlL for the crude aqueous
extract and 60 ug/mL for the AuNPs. Considering
the difference in concentration units, these findings
revealed that the AUNPs were more potent against
the MDR UPECs at significantly lower concentrations.

KEYWORDS:

Avicennia germinans; Escherichia coli;
Phytochemicals; Urinary tract infection;
Multidrug-resistant bacteria; Antibacterial
activity; Gold nanoparticle
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1. Introduction

Urinary Tract Infections (UTIs) remain one of the
commonest bacterial infections, posing severe
health and economic burdens. This infection,
affecting over 150 million individuals yearly,
often causes short-term morbidity, including
lower abdominal pain, dysuria, fever, and even
permanent kidney scarring [1-3]. Studies have
highlighted uropathogenic Escherichia coli
(UPEC) as a major aetiological agent associated
with community-acquired  urinary  tract
infections (UTIs) [4]. This bacterial species has
been extensively studied for its virulence factors,
which are responsible for evading the host's
immune system and exacerbating infections
[5].  Antibiotics, including fluoroquinolone,
aminoglycosides, and beta-lactams, are the
primary therapeutic options for treating UTIs,
but the emergence and spread of multidrug-
resistant (MDR organisms, including MDR UPECs,
pose a major challenge. Thus, this has resulted
in a growing need for alternative therapeutic
approaches, including the application of
nanotechnologies in the development of drugs
from medicinal plants for the management of
drug-resistant infections [6,7].

Nanoparticles of noble metals like gold
nanoparticles (AuNPs) have been of significant
interest due to their biocompatibility [8,9].
Their predominant antimicrobial activity is
often attributed to their cytotoxicity effects
against various microbes, resulting from several
interactions with the functional groups exposed
onthesurface of bacterial cells [10]. While physical
and chemical synthesis of nanoparticles is
possible, green synthesis using medicinal plants
is an efficient, less toxic, and more affordable

http://apc.aast.edu
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approach [1,11,12]. Unlike traditional physical and
chemical synthesis methods, green synthesis
of nanoparticles is an eco-friendly, efficient,
and cost-effective approach [13]. Studies have
demonstrated the successful application of plant
extracts, such as Syzygium cumini, Benincasa
hispida, and Zingiber officinale, as reducing
agents for the synthesis of gold nanoparticles
and the optimization of their reaction parameters.
The nanoparticles synthesized using these plants
were effective against Klebsiella pneumoniae,
Staphylococcus aureus, Pseudomonas
aeruginosa, and Escherichia coli [74,15].
Several phytoextracts from plants such as
Hibiscus  pedunculatus, Hibiscus pusillus,
Helichrysum patulum, and Avicennia marina
have been found as potential cures for UTls [16-
18]. Avicennia germinans L. (black mangrove)
has also been highlighted for its antibacterial
potential against E. coli, S. aureus, and Bacillus
sp. [19]. Thus, this plant and its synthesized
gold nanoparticle may serve as a promising
therapeutic agent against multidrug-resistant
uropathogens,includingS.aureus,K.pneumoniae,
and E. coli. Although a recent report indicates
that A. germinans contains alkaloids, flavonoids,
phenols, and tannins [20], there are no reports on
its antibacterial activity specifically against MDR
uropathogens. Hence, this study assessed the
antibacterial activity of crude aqueous extract
and green-synthesized gold nanoparticles of
Avicennia germinans L. against drug-resistant
uropathogenic Escherichia coli isolates from
selected hospitals in Kaduna, Nigeria.

2. Materials and Methods

Collection, Identification, and Preparation of the
Plant Sample

The leaves of Avicennia germinans were
collected in December 2024 from Ogbogoro River
in Obio/Akpor LGA (4° 50" 48N and 6° 55' 50"E),
Rivers State, Nigeria. The plant was identified
using standard vegetative morphological
identification (voucher code: UPH/P/481). This
was done at the herbarium of the Department
of Plant Science and Biotechnology, University of
Port Harcourt, Nigeria. The identified plant leaves
were rinsed and dried in a shaded area at 25°C
for 45 days, after which they were pulverized
into a fine powder using a clean blender [7].
To prepare the crude aqueous extract, 100 g of
the plant powder was extracted in 1,000 mL of
distilled water and kept at 25°C for 24 hours. The
plant mixture was filtered and centrifuged at

http://apc.aast.edu
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5,500 rpm for 20 minutes. The supernatant was
collected and filtered twice, using an 11 pm pore
size Whatman filter paper (Grade 1). The pH of
the plant aqueous extract was measured using
a pH meter, and the extract was stored at 4°C for
further use [21,22].

Phytochemical Analysis

A qualitative screening was performed using
standard procedures for the identification
of major phytochemicals present. The tests
included Dragendorff's (alkaloids), Ferric chloride
(phenols), Shinoda (flavonoids), Liebermann-
Burchard (terpenoids), Salkowski (steroids),
and the Foam test (saponins). Then, major
phytochemicals (alkaloids, saponins, terpenoids,
flavonoid, tannins, phenols, and coumorins) were
further quantified using standard colorimetric
procedures and reported as equivalents (mg/g
dry weight). Phytochemical screening and
quantification were conducted in triplicate at
the Biochemistry Laboratory of Bayero University,
Kano [23-27].

Identification of Plant Bioactive Compounds
Using Gas Chromatography-Mass Spectrometry
(6c-ms)

The crude aqueous extract of A.germinans leaves
was analysed using GC-MS (Agilent GC, USA)
at the multi-user laboratory of Ahmadu Bello
University, Zaria, Nigeria. The aqueous extract was
lyophilized and later dissolved in ethyl acetate
(at1mg/mL). Then, the concentrated extract was
filtered using a syringe (0.45 um). Afterwards, 2
plL of the filtered extract was injected into the
GC-MS system using an auto-injector. The GC-
MS was equipped with an Rtx-5 capillary column
(30 m x 250 pm, with 0.25 pm film thickness), and
helium was used as the carrier gas at a constant
flow rate of 1.5 mL/min. The oven temperature
was set to rise from 60 °C to 280 °C at a rate of
10°C every 2 minutes. A post-run at 50°C (6 min
hold), and the MS transfer line was maintained
at 300°C. Scans were done at m/z 50 to 450. The
MS fragmentation patterns of the compounds
were compared and identified using the National
Institute of Standards and Technology library,
\[/vitr]1 the mass spectrometer functioning at 70 eV
28].

Green synthesis and Characterization of A.
germinans Gold Nanoparticles

The plant extract and a 3 mM gold (lll) chloride
trinydrate (AuCls-3H,0) solution were mixed in a
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1:3 ratio to achieve a final volume of 400 mL. The
mixture exhibited a colour change from yellow
to ruby red and was incubated at 40°C for a
24-hour period, monitored for a colour change
(ruby red colour) indicating nanoparticle
synthesis. Afterwards, the nanoparticles were
purified using distilled water and dried at 25°C
for 2 minutes [7,14]. AuNPs were characterized
using UV-visible spectroscopy (UV-Vis) (T70
UV-Vis Spectrophotometer, PG Instruments
Ltd, UK). The morphology was evaluated using
scanning electron microscopy (SEM) (Phenom
ProX Desktop SEM, Thermo Fisher Scientific),
coupled with Energy-Dispersive X-ray (EDX)
analysis for elemental characterization. Then,
the crystalline nature was accessed through
X-ray diffraction (XRD) patterns using a Rigaku
X-ray diffractometer (Tokyo, Japan). The
average crystallite size of the nanoparticles was
estimated using the Debye-Scherrer equation
(D=KkA/Bcos0). Finally, Fourier transform infrared
spectroscopy (FTIR) (Shimadzu IRTracer-100,
Kyoto, JA) with a wavenumber range of 400-
4000 cm-1 was used to detect the functional
groups on the surface of the AuNPs [29-31].
These analyses were conducted at the National
Research Institute for Chemical Technology and
the National Steel Raw Materials Exploration
Agency, Kaduna, Nigeria.

Antibacterial Activity of Crude Aqueous Extract
and Green-Synthesized AuNPs of A. germinans

The antibacterial effect of the crude aqueous
extract and green-synthesized AuNPs of A.
germinans was assessed against five UPEC
isolates. These isolates were obtained from
Barau Dikko Teaching Hospital (E1 and E3), Kawo
General Hospital (E8), Jowako Specialist Hospital
(E14), and Dan Musa Diagnostic Centre (E16),
Kaduna, Nigeria. Their identity was confirmed
through Gram staining, biochemical (IMViC)
tests, and their MDR status was confirmed
through antimicrobial susceptibility testing [32-
34]. For the antibacterial activity, concentrations
of 10 pg/mL, 25 pg/mL, 50 pg/mL, and 100 pg/mL
were prepared for the green-synthesized AuNPs
using 3% dimethyl sulfoxide (DMSO), as well
as for the aqueous A. germinans leaf extract.
Ciprofloxacin (10 mg/mL) was the positive
control. 0.5 McFarland standardized suspensions
of UPEC inoculum (1.5 x 108 CFU/ml) were streaked
on Mueller-Hinton (MH) agar in triplicate, and 9
mm wells were created [35]. Then, 50 L of each
solution and concentration were introduced into

the designated wells. The plates were incubated
at 37°C for 24 hours, and clear inhibition zones
were measured (millimetres) [36,37].

Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC)
Determination

The MIC of the crude aqueous extract and
green-synthesized AuNPs of A. germinans
was evaluated using the macro-broth diluted
method using bacterial culture in tryptone
soy broth adjusted to 0.5 McFarland standard.
Subsequently, 50 pL of bacterial suspension was
introduced to each test tube containing MH broth.
Then, 50 uL (each) of the green synthesized gold
nanoparticles and the aqueous plant extract
were introduced separately into test tubes, with
final concentrations ranging from 0.1 to 120 pg/
mL and 0.1to 120 pg/mlL, respectively. The positive
control for both the green-synthesized AuNPs
and the plant extract was ciprofloxacin, while
the negative control was sterile 3% DMSO and
sterile distilled water, respectively. The tubes
were incubated at 37°C for 20 hours [14,38]. For
the MBC, 50 pL from MIC tubes without growth
were subcultured onto Mueller-Hinton (MH) agar
plates and incubated at 37°C for 24 hours, after
which they were observed for growth [39].

Statistical Analysis

All tests were conducted in triplicate and
expressed as mean and standard deviation. The
efficacy of the aqueous leaf extract and AuNPs
against the UPEC isolates was analyzed for
statistical significance (p < 0.05) using ANOVA
and Tukey’'s post hoc test with the Statistical
Package for the Social Sciences (SPSS) software
version 23 (SPSS Inc,, Chicago, IL, USA).

3. Results

Phytochemical Composition of A. germinans
Leaf Aqueous Extract

The major phytochemicals present in the leaves
of A. germinans included phenols (7.24 + 1.32
mg/g), flavonoids (314 * 120 mg/g), tannins
(2.68 + 0.94 mg/g), saponins (256 + 114 mg/g),
and alkaloids (2.42 + 112 mg/g). While coumarins
and terpenoids were 114 = 0.89 mg/g and 1.03 +
0.12 mg/g, respectively (Table 1).

http://apc.aast.edu
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Table 1: Phytochemical Composition of the Crude Aqueous thirty—four Compounds in the aqueous extract of
Extract of Avicennia germinans Leaves Avicennia germinans leaf (Fig. 1) and (Table 2).
These include phenolic compounds, fatty acids

ochemica eaf Extro glg d (and their esters), hydrocarbons/terpenoids,
Qualitative | Quantitative as well as halogen and nitrogen-containing
: molecules with Bicyclo[3.1.1]hept-2-ene,
1 Alkaloids + 242 £112 _Ai _A_ _ _a_
2,6-dimethyl-6- (4-methyl-3-pentenyl) as the
2 Saponins + 256 + 114 most abundant compound (10.93%).
3 Terpenoids + 1.03 £ 0.12 Abundance
4 Flavonoids + 314 £120
380000 18229
5 Tannins + 268 £ 0.94 360000
340000
6 Phenols + 7.24 £1.32 320000
300000 11.766
7 Coumarins + 114 £ 0.89 280000
8 Titerpenoids - ND 280000
240000
9 Phytosterols - ND 220000
200000 12713447 18284 1B
10 Cardiac Glycoside - ND 150000 By vey 2439
i 160000 1Eli6Ei4 22383
1 Anthraquinones - ND 50000 1550,17.308
. 10.897 l”l 1819314 27630
12 Anthocyanins - ND T2e000 roal o o 8152 sadan 7138 29488
100000 864;5‘!79_89‘:'
“4" = present, “~" = absent, “ND" = Not Detected. Values are :ZZ::
presented as means * Standard deviation. 40000
20000
o

T T T T T T T T T T T T
6.00 S.00 1000 1200 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

Bioactive Constituents Avicenna germinans
Leaf Aqueous Extract.

ime—=

) Figure 1: GC-MS Chromatogram of the Crude Aqueous Extract
The GC-MS analysis revealed the presence of of Avicennia germinans Leaves

Table 2: GC-MS Analysis of A. germinans Aqueous Leaf Extract

Compound Name Area (%) M.W (g/mol)

1 I(B::;f)n_emethonol, 4-hydroxy-.alpha.-[I-  (methylamino)ethyl]-, 4.8057 8.417 18123 CHNO,
2 1-Hydroxysulfonyl-3,4,4-trimethyl-2-azetidinone 0.6863 8.6954 193.22 C,H,NO,S
3 Benzenamine, N- (1-methylethyl)- 0.1583 9.8906 135.21 C H,N
4 4-Hydroxy-3-methylacetophenone 0.7589 10.3144 150.17 C,H,,0,
5 Preg-4-en-3-one, 17.alpha.-hydroxy-17.beta.-cyano- 05814 10.8586 313.4 C,H,,NO,
6 | Benzene, 1- (1,5-dimethyl-4-hexenyl)-4-methyl- 3.3109 11.6558 202.33 CyH,,

7 Bicyclo[3.1.1]hept-2-ene, 2,6-dimethyl-6- (4-methyl-3-pentenyl)- 10.932 1.7663 204.35 CH,,
8 Caryophyllene 3.4835 1.9683 204.35 CH,,

9 | Cyclohexene, 3- (1,5-dimethyl-4-hexenyl)-6-methylene-, [S- (R*S*)]- |  6.0523 121559 204.35 CpH,,
10 | 5-Undecanol, 2-methyl- 27007 | 12.838 186.33 C,H,0
n 1-Octene, 6-methyl- 0.9354 12.9068 126.24 CHyg
12 2-Octenoic acid, 4,5,7-trihydroxy 2.3805 13.0844 190.19 C.H,0,
13 | 3-Cyclohexen-1-ol, 3-methyl- 1.8003 13.1172 1217 C,H,0
14 | 1-Hexyl-2-nitrocyclohexane 0.4752 13.2528 213.32 C,,H,,NO,
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15 | Cyclohexane, (2,2-dimethylcyclopentyl)- 0.9966 13.3966 180.33 C.H,,
16 | Tetradecanoic acid 2.308 15.6018 228.37 C,H,0,
17 | Phenol, 2,6-diamino- 11451 15.981 12414 C¢H;N,O
18 Trimethylsilylpyrazole 0.9149 16.0261 140.26 CH,N,Si
19 | 1,4-Benzenediol, 2-methyl- 1.3989 161576 124.14 C,H,0,
20 | Cyclohexadecane 6.115 16.2836 224.42 CHa,
21 Pentadecanoic acid, 14-methyl-, methyl ester 3.071 16.6641 2705 C,H.,0,
22 | Didodecyl phthalate 1.0983 17.246 502.8 C,,H:,0,
23 | n-Hexadecanoic acid 2258 17.3745 256.42 CH.,0,
24 | 1-Octadecene 9.5566 18.229 350.5 C,,H,50,
25 | Heptadecanoic acid, 16-methyl-, methyl ester 25109 18.5887 2085 CHa:O0,
26 | cis-1-Hexadecenal 2.4328 19.1517 238.41 CeH3,0
27 | Undec-10-ynoic acid, dodecyl ester 47637 19.3138 350.6 C,.H,,0,
28 | Bis (2-ethylhexyl) phthalate 42297 223629 390.6 CpHy0,
29 | Oxirane, 2,2-dimethyl-3- (3,7,12,16,20-pentamethyl-3,7,11,15,19-hene-

icosapentaenyl)-, (all-E)- 0.1926 24.3226 426.7 C,oHs0
30 | 15,9-Undecatriene, 2,6,10-trimethyl-, (2)- 1.8139 24.3905 192.34 C.H,,
31 N-Methyl-1-adamantaneacetamide 1 26.8848 207.31 C,H,NO
32 | 6-Chloro-1-ethyl-4-oxoquinoline-3-carboxylic acid 07226 271378 251.66 C,H,CINO,
33 | di-.alpha.-Tocopherol 1.467 27.6299 4307 C,Hs,02
34 | i-Propyl 9-tetradecenoate 0.4994 29.4562 268.4 C,H.,0,

Characterization of A. germinans AuNPs

The synthesized A. germinans AuNPs produced a
characteristic peak at 590 nm from the UV-Vis
spectra (Fig. 2a) and the presence of differently
shaped nanoparticles, with nanoprisms and
nanotriangles being predominant in the SEM
micrograph (Fig. 2b). The AuNPs exhibited
a significant degree of aggregation and
agglomeration, characterized by irregular
spaces between them. EDX spectra for the AuNPs
revealed gold molecule signals at 2.12-2.22
keV (Fig. 2¢), and an atomic concentration of
97.69% (Table 3). Additionally, there were weak
signals, indicating the presence of stromeyerite
(zirconium, sulfur, iron, silver, and aluminum).
The XRD analysis (Fig. 2d) depicts the crystalline
nature of A. germinans AuNPs, with well-
defined diffraction peaks at 26 = 38.08°, 44.29°,
and 64.56°, corresponding to the 111, 200, and
220 crystallographic planes of face-centered
cubic (FCC) gold (Au), respectively. Two weak

reflections of the stromeyerite (Ag, Cu, and S)
were also revedled at 26 = 34.12° and 44.29°. The
calculated size of the AuNPs was 29.23nm, and the
average lattice spacing was 4.075A. Then, the FTIR
spectrum (Fig. 2e) revealed three major peaks
at 1635.69 cm™, 2139.13 cm™, and 3342.75 cm".

UV-Vis Spectroscopy
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Figure 2: UV-Vis (A); SEM (B); EDX (C); XRD (D); FTIR (E)
Characterization of A. germinans AuNPs
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Table 3: EDX Elemental Microanalysis of the Biosynthesized
Gold Nanoparticles

Table 4: MAR Index and MDR profile of the Uropathogenic
E. colilsolates

Weight Isolates | MAR Index MDR status
Element (o tration (%) | C tration (%)
oncentration {7 oncentration { %o - : fluoroquinolones, penicillins, cepha-
Gold (Au) 97.69 99.16 losporins, and aminoglycosides
Zirconium (zr) 1.19 0.56 £3 0.9 fluoroquinolones, penicillins, cepha-
sulfur (S) 0.35 0.06 losporins, and aminoglycosides
ron (Fe) 0.31 0.09 £s 07 fluoroquinolones, penicillins, cepha-
losporins, and aminoglycosides
Aluminum  (Al) 0.12 0.02
- Fl4. . fluoroquinolones, penicillins, cepha-
Calcium (Ca) 0.08 0.02 losporins, and aminoglycosides
Copper (Cu) 0.07 0.02 E16 08 fluoroquinolones, penicillins, cepha-
Tin (Sn) 0.05 0.03 ’ losporins, and aminoglycosides
Silver (A 0.04 0.02 . . . o
(Ag) Antibacterial Activity of Crude Aqueous Extract
Chromium (Cr) 0.04 0.01 and Green-synthesized AuNPs of A. germinans
Potassium (K) 0.03 0.01
Magnesium (Mg) 0.03 0.00 The antibacterial activity of thfa crude aqueous
extract and green-synthesized AuNPs of
Total 100 100 A.germinans indicated significant inhibitory

Antibiotic  Susceptibility =~ Pattern of MDR

Uropathogenic E. coli Isolates

The antibiogram of the uropathogenic E. coli
isolates showed a MAR index ranging from
0.7 to 1, and these isolates were confirmed to
be multidrug-resistant to different classes
of antibiotics, such as aminoglycosides,
cephalosporins, penicillins, and fluoroquinolones
(Table 4).

effects against MDR UPECs (Table 5). At the
highest concentration of the plant extract
(100mg/mL), isolate E8 showed the strongest
susceptibility (15.7 + 1.0 mm), while isolate E16 had
the lowest susceptibility (12.7 + 1.2 mm) recorded.
However, the AuNPs showed an inconsistent
dose-dependent result, with isolate E3 exhibiting
a high zol (15.7 + 0.8 mm) at 25 ug/mL. Then,
the control antibacterial drug (ciprofloxacin)
exhibited limited antibacterial activity, with a
zone of inhibition (ZOI) of 10.0 £ 0.0 mm recorded
for only isolates E1 and E8. Statistical analysis
showed a significant difference between the
concentrations and isolates (P < 0.05). Tukey
HSD revealed that treatments with varying
superscripts (a vs b) were significantly different
from each other. Considering the difference in
concentration units, the nanoparticles indicated
greater potency, based on their lower unit
concentration. The least MIC and MBC values
for the plant extract were recorded at 30 mg/mL
and 60 ug/mL for the AuNPs (Table 6).

http://apc.aast.edu
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Table 5: Average Zone of Inhibition of A. germinans Crude Aqueous Extract, Gold Nanoparticle, and Control (Ciprofloxacin)

El E3 E8 E14 E16

c . 100 (mg/mL)e 13.7£1.3 13.7£1.6 15.7£1.0 13.7£15 12.7£1.2
50 (mg/mL)e 13.715 12.2+1.2 12.0£0.0 12.5£1.3 12.5+£0.5
25 (mg/mL)e 12.8+1.4 0.0+0.0 10.2+0.3 12.0+1.7 12.3%1.2
10 (mg/mL)P n.8£11 0.0+0.0 0.0+0.0 0.0+0.0 9.7+0.3

old Nanopd 100 (ug/mL)e 11.0£1.0 12.0£0.9 13.7£0.3 0.0+0.0 0.0+0.0
50 (ug/mL)P 10.5+0.5 1.0+0.9 14.7%1.2 0.0+0.0 0.0£0.0
25 (ug/mL)e 1.0£0.5 15.7+0.8 1.0£0.9 0.0+0.0 0.0+0.0
10 (ug/mL)® 0.0£0.0 11.0£0.0 10.00.9 0.0+0.0 0.0+0.0

ontro 10 (mg/mL)® 10.0+£0.0 0.0+0.0 10.0+£0.0 0.0+0.0 0.0+0.0

According to Tukey’s HSD, concentrations with the same alphabet indicate no significant statistical difference (P > 0.05), while
those with different alphabets indicate a significant statistical difference (P < 0.05).

Table 6: MIC and MBC of A. germinans Crude Aqueous Extract and Green Synthesized Gold Nanoparticles

Antibacterial Agent

MIC MBC

Bl | E3 | E8 | M4 |me| B | E3 | E8 | 14 | EI6
Plant Extract (mg/mL) - 30 | 120 | 120 | - - 30 | 120 | 120 | -
Gold Nanoparticle (pg/mL)

60 | 60 | 60 | 120 | - | 120 | 60 - - -

Ciprofloxacin (mg/mL)

Distilled Water

3% DMSO - - - - - - - - - -

Values are triplicate, represented as the mean. “-” = no inhibitory/no bactericidal activity

4. Discussion

Urinary tract infections remain one of the
common bacterial infections, and the spread
of MDR uropathogens further exacerbates
the burden of this infection. As conventional
antibiotics are gradually waning, there is a need
for more effective and safer alternative treatment
options. Plant extracts and green-synthesized
nanoparticles have been a major focus for
researchers as alternatives to conventional
antibiotics [7,17]. In this study, both the crude
aqueous extract and green synthesized AuNPs of
A. germinans were tested for their antibacterial
properties against UPECs. This study revealed
the presence of major phytochemicals, such
as alkaloids, flavonoids, tannins, and phenols.

Also, the AuNPs synthesis was successful with
the presence of heterogenous nanoparticles.
Furthermore, the study highlighted a dose-
dependent antibacterial activity for the plant
extract and an inconsistent dose-dependent
antibacterial activity for the AuNPs against
selected UPECs.

The presence of the phytochemicals in A.
germinans aligns with the findings of Rajeswari
et al. [19], conducted on the methanolic,
hexane, ethyl acetate, petroleum ether, and
dichloromethanolic extracts of this plant. Several
studies have highlighted the antibacterial
potential of a majority of the bioactive
compounds found in A. germinans leaves,
especially phenolic compounds, fatty acids

http://apc.aast.edu
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(and their esters), and hydrocarbon/terpenoid
molecules of plant-derived compounds [40-42].
The most abundant compound, Bicyclo[3.11]
hept-2-ene,  2,6-dimethyl-6-  (4-methyl-3-
pentenyl)  (10.93%), belongs to a group of
compounds known as sesquiterpenoids. These
have been known for their antibacterial activities,
even against E. coli [43]. Other compounds,
such as methyl 14-methylpentadecanoate
(3.0711%),  4-Hydroxy-3-methylacetophenone
(0.7589%), n-Hexadecanoic acid  (2.258%),
and Oxirane (0.1926%) derivatives have also
been found present in the leaf extract of A.
alba [44]. The formation of A. germinans AuNPs
was further confirmed by the UV-Vis peak
at 590nm. Based on previous studies, AuNPs
exhibit characteristic peaks within the range of
500nm to 600nm [14,15,45]. The SEM micrograph
showed heterogeneous nanoparticles with
evidence of aggregates and agglomerates.
Geometrical shapes are prevalent among
nanoparticles and have been described as
capable of influencing their biological activities
[46-48]gold nanoparticles (AuNPs. The gold
molecule signals (212-2.22 keV) and atomic
concentration of (97.69%) from the EDX spectra
highlight the purity and yield of gold present in
the nanoparticles [49]. The XRD peaks at 26 =
38.08°, 44.29°, and 64.56° closely align with those
recorded by Clarance et al. [50].

Also, the AUNPs measured 29.23nm in size; Fouda
et al. [15] reported a calculated size of 18nm.
The lattice value 4.075A, aligns with the finding
Karuppiah et al. [51]. From the FTIR spectra, the
peak observed at1635.69 cm™ corresponds to the
N-H vibrations of the primary amines in proteins.
Then, the absorption band at 2139.13cm™ reveals
the presence of C=C internal alkyne stretching.
Finally, the peak at 3342.75cm™ suggests the
presence of the hydroxyl (OH) group [52-54].
This implies that the AuNPs contain important
metabolites and proteins, featuring amines,
alkynes, and alcohols, which are initially present
in the A. germinans leaves [19].

While the preliminary quantitative analysis
highlighted phenols to be the most abundant
phytochemicals, the GC-MS analysis revealed
a sesquiterpenoid to be the most abundant
compound. This may be attributed to the
selective extraction of mostly volatile, non-
polar constituents by ethyl acetate used in the
GC-MS analysis, whereas aqueous extraction
retains more polar phenolics [61,62]human
beings have traditionally employed many
folkloric herbal resources as complementary
and alternative remedies, and these remedies
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have played a pivotal role in modern medicines
for many decades, as scientists have used
them to develop drugs. We studied the effects
of employing solvents with varying polarity
on the yields of phytochemical components
extracted from the plant Rhazya stricta. We used
chloroform-methanol (1:1. The colour change
to ruby red, indicating the synthesis of AuNPs, is
attributed to surface plasmon resonance [14].
Aggregation and agglomeration of AUNPs occur
due to electrostatic forces and are influenced by
higher metal salt concentrations, longer reaction
or incubation times, and post-synthesis drying
[63,64]. The presence of stromeyerite can be
attributed to the natural elements present in A.
germinans [65-67]. Then, the functional groups
highlighted by the FTIR spectra are responsible
for the gold salt reduction (i.e,, Au®* to Au°) [52].
Now, the high MAR index and MDR of the obtained
UPEC isolates align with the findings of Nkene et
al. [565] on E. coli isolated from suspected UTI
patients in Keffi, Nigeria, and other reports on
the MDR status of UPEC isolates [56]this cross-
sectional study was conducted to predict
the association of phenotypic and genotypic
resistance traits in uropathogenic Escherichia
coli (UPEC. The dose (concentration) dependent
activity of the aqueous plant extract agrees with
the findings in previous studies, reported for
Piper betle and Solanum khasianum [57,58]. The
least MIC and MBC recorded were at 30 mg/mL
for the plant aqueous extract and 60 ug/mL for
the nanoparticles are different from the report
of Arsene et al. [59], who highlighted lower MICs
and MBCs for methanolic extracts of the leaves
of Amaranthus tricolor, Mentha piperita, and
Anthocephalus cadamba, with MICs ranging
from 0.36 mg/mL to 125 mg/mL, and MBCs of
21.67 mg/mL when tested against UPECs.

Compared to the plant extract, the inconsistent
dose-dependent  (non-linear)  antibacterial
activity recorded for the gold nanoparticles
may be due to the formation of aggregates
or agglomerates and particle heterogenity
in such nanoparticle solutions. The presence
of aggregates could prevent the AuNPs
from interacting with the bacterial cells [60].
Nevertheless, Diksha et al. [7] recorded a higher
MIC value of 450 ug/mL for an MDR UPEC using
Syzygium cumini gold nanoparticles.

This is the first report on the antibacterial activity
of the crude aqueous extracts and green-
synthesized AuNPs of A. germinans against MDR
UPEC. It also provides evidence that supports
the pharmacological potentials of A. germinans
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leaves and their suitability as reducing and
capping agents for the synthesis of antibacterial
AuNPs. However, this study did not include the
formation of AuNPs with controlled shapes and
sizes, nor did it assess their cytotoxic effects. In
addition to this, future studies should also involve
dynamic light scattering (DLS) and zeta potential
measurements for the nanoparticles, time—kill
kinetics, growth curve inhibition studies, anti-
biofilm or quorum-sensing inhibition assays, and
mechanistic investigations.

5. Conclusion

The crude aqueous extract of A. germinans
leaves was confirmed to contain significant
amounts of alkaloids, saponins, terpenoids,
flavonoids, tannins, phenols, and coumarins. The
plant extract contained 34 bioactive compounds,
with Bicyclo[3.1.1]hept-2-ene, 2,6-dimethyl-6-
(4-methyl-3-pentenyl) (10.93%) being the most
abundant. The green synthesis of AUNPs using A.
germinans leaf extract was successful, as further
confirmed by standard spectrophotometric
and microscopic analysis. This study confirms
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ABSTRACT:

The need to implement control standards and
quality management in healthcare services has
shown significant growth in recent decades to
improve the manage-ment of these services and
the satisfaction of their users. This will be achieved
through creating a framework for implementing the
Egyptian government excellence award in hospitals
for sustainable services. The study conducted to
compare the per-formance of hospitals accredited
by GAHAR and non-accredited hospitals on the
re-quirements of the Egypt Award for Government
Excellence identifies the link and the gap between
GAHAR accreditation and the model of the Egypt
Government Excel-lence Award.

Methodology: A quantitative phase using a
questionnaire distributed to 206 healthcare
providers from a sample of accredited and non-
accredited hospitals to assess the extent to which
the Egyptian government excellence award (EGEA)
criteria are applied through the implementation
of GAHAR (General Authority for Healthcare
Accreditation &  Regulation)  Accreditation
standards in Egyptian hospitals. This was followed
by a qualitative phase in the form of focus group
discussions with experts from EGEA to identify the
gap between GAHAR accreditation criteria and the
Egyptian Government Excellence Award model.

Results: There was a significant difference between
GAHAR-accredited and non-accredited hospitals
regarding the Egyptian Government Excellence
Award criteria, with a p-value < 0.05. Focus group
discussion analysis revealed that the strongest
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integration opportunity lies in quality and patient
safety, as both frameworks prioritize this. Innovation
and alignment with Egypt Vision 2030 were also
recurring opportunities. Dual implementation
increases complexity. Resource limitations and
resistance to change are major challenges.

Conclusion: There is convergence between the
accreditation model and the Egyptian excellence
model, suggesting that accreditation helps
the healthcare sector to implement the best
management practices that are present in the
Egyptian Excellence Model.

KEYWORDS:

Accreditation, Egyptian Excellence Award; GAHAR
Standards for hospitals, Healthcare Quality
Management.

1. Introduction

The need to implement control standards and
quality management in healthcare services has
shown significant growth in recent decades to
improve the management of these services and
the satisfaction of their users. ®

There are many quality models possible to be
employed in healthcare organizations, such as
structured processimprovementmethods (PDCA,
8D, 5S), accreditation (ONA, JCI, CCHSA, NIAHO),
models of organizational excellence (Malcolm
Baldrige National Quality Award, European
Foundation for Quality Management (EFQM),
Healthcare Excellent Quality Management
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(HEQMM)); International Standards Organization
for Standardization - 1ISO (ISO 9001:2008; 1SO
14000, ISO 26000), among others. 25

In recent years, accreditation has been widely
used across Egyptian hospitals to improve
quality and safety. ® Although the Egyptian
government excellence award includes several
categories, including institutional excellence, it
has not specifically discussed hospitals as an
independent category. In 2013, the adaptation
of Joint Commission International (JCI)
accreditation standards for hospitals to the
health care excellence model was proposed.
Studies in several countries regarding the
comparison of the excellence and evaluation
models showed the comprehensiveness of the
organizational excellence model in comparison

with other evaluation and accreditation models.
@)

The Egyptian accreditation system for healthcare
organizations will later be a basic requirement
for healthcare facilities to obtain in Egypt.
Accreditation criteria function as regulations and
metrics that establishments are required to fulfill
in order to exhibit their dedication to excellence
and ongoing enhancement. ®

Creating a culture of excellence at a practical
level, excellence works by identifying problems
in the healthcare system and processes so
healthcare leaders can build and sustain
continuous improvement.

The aim of this study is to compare the
performance of GAHAR-accredited and non-
accredited hospitals on the requirements of the
Egyptian Government Excellence Award, and
to analyze the relationship and discrepancies
between GAHAR accreditation criteria and the
EGEA model.

2. Methodology
Phase 1: Quantitative phase

A cross-sectional survey was conducted,
including healthcare providers in GAHAR-
accredited and non-accredited hospitals.
Two Egyptian governorates were selected
purposive sample), namely Aswan and
Luxor, as they were among the first phase
governorates implementing the Universal Health
Insurance System (UHIS), and they share similar
demographic characteristics. A list of hospitals in

each governorate was obtained from the health
affairs directorate in each governorate. Six
hospitals from each governorate were selected
randomly (3 accredited hospitals and 3 non-
accredited hospitals). In the selected hospitals,
the medical, paramedical, and non-medical
workers were invited to participate in the study.
The questionnaire was distributed to a sample
of 300; out of those, 200 submitted a complete
response.

Data were collected using a self~administered
questionnaire (paper form) developed by the
main investigator. The questionnaire was based
on best practices for the Egyptian Government
Excellence Award for Institutions, approved
by the Ministry and published on the official
award platform and the Egyptian Government
Excellence Award for Institutions Guide. (%"

The questionnaire was presented in the form of
a number of statements under ten EGEA criteria:
Egypt Vision 2030 (three questions, Main Tasks
(eight questions), Seven-Star Services (eight
questions), Smart Government (two questions),
Foreseing the Future (three questions), Innovation
Management (five questions), Human Capital
(five questions), Assets and Resources (five
guestions), Governance (four questions ), Risk
Management and Business Continuity (three
guestions).

The questionnaire was presented to a committee
of three experts working as assessors of the
Egyptian Government Excellence Award in
coordination with the Productivity and Quality
Institute of the Arab Academy for Science
&Technology and Maritime Transport to assess
its clarity and relevance (content validity). A
pilot study was then conducted on a sample of
service providers selected randomly from one
accredited and one non-accredited hospital.
Modifications of a few items to be clearer were
made (e.g, adding a category regarding the
type of hospital accreditation for registration).

Phase 2: Qualitative study

Based on findings of Phase I, a qualitative
approach using focus groups with a sample of
assessors in the “Egypt Government Excellence
Award” and quality experts (n=13), aiming at
identifying the perceived influence of GAHAR
accreditation on hospital performance towards
the excellence award, and developing a set of
recommendations for accredited hospitals to
achieve excellence. Two focus group discussions
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were conducted, including a number of
participants (n=13). The discussion guide was
prepared based on the results of phase 1 and
a thorough literature review. It consists of six
main points, namely (General understanding,
Perceptions of EGEA Supporting Sustainable
Hospital Services, Opportunities for Integration
between EGEA and GAHAR, Challenges in dual
Implementation, Assessment of barriers &
enablers of integration between EGEA & GAHAR
accreditation, Suggestions for Alignment. The
discussion was recorded, and analysis was
conducted later.

Infformed consent was obtained from each
participant before filling the questionnaire, and
ethical approval for conducting the research
and confidentiality of data were ensured.

Statistical Analysis:

Data was analyzed using Statistical Program for
Social Science (SPSS) version 24. Qualitative data
were expressed as frequency and percentage.
Quantitative data were expressed as mean £SD,
as it was normally distributed.

Scoring of the questionnaire, each statement
was answered on a scale of three points, ranging
from fully fulfilled, partially fulfilled, or not fulfilled.
Each statement was scored as 2 for fully fulfilled,]
for partially fulfilled, and 0 for not fulfilled, and a
total score for each domain was calculated.

The following tests were done:

0 An independent sample test to compare
quantitative data between two groups.

O Chi-square test was used when
comparing data between groups
regarding qualitative data.

O P-value < 0.05 was considered significant.

Qualitative phase: The collected data were
analyzed using thematic content analysis.

3. Results

a. Quantitative phase.

Characteristics of the study participants

Table 1 presents the distribution of the studied
participants according to the accreditation

status of their hospitals. The sample included
participants from both accredited hospitals

http://apc.aast.edu

(n = M) and non-accredited or registered for
accreditation (n = 95),

Participants’ current job positions were presented
in Table 2.

Table 1: Description of the studied participants according to

the hospital’s accreditation status.

%
Accreditation status | Accredited 111 53.9
| Non-accredited 48 233
| Registered 47 228

Table 2: Description of the studied participants according to

their current job

%
Current job title Medical staff 75 36.4
| No- medical 46 22,3
| Paramedical 85 413

Comparison of Excellence Award criteria by
hospital accreditation status

Table 3 demonstrates a clear and consistent
pattern of higher mean scores across all Egypt
Government Excellence Award (EGEA) criteria
among accredited hospitals compared to non-
accredited or partially accredited hospitals.
The differences between the two groups were
statistically significant for all ten main criteria (p
< 0.001).

Accredited hospitals achieved significantly
higher scores in Egypt Vision 2030 alignment,
Main Tasks, and Seven-Star Services, indicating
stronger strategic orientation, service delivery,
and alignment with national development
priorities. Similarly, significant differences were
observed in Smart Government and Foreseeing
the Future, suggesting that accredited hospitals
are more advanced in digital transformation,
strategic foresight, and preparedness.

Regarding organizational capacity, accredited
hospitals scored substantially higher in
Innovation Management, Human Capital, and
Assets and Resources. Furthermore, governance-
related dimensions, including Governance and
Risk Management and Business Continuity, also
showed significantly higher mean scores among
accredited hospitals.
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Table (3): Comparison between accredited and non-accredited hospitals regarding Excellence Award criteria

: GAHAR Non-dac-
dited credited - partially
accredited P-va
(N=95)
Mean £SD 7.88 £1.34 52+18 t=17
Main criterion: Egypt Vision 2030 <0001
Range 3-9 3-9 ’
Mean £SD 224 +33 143 £ 4.6 t=14.4
Main criterion 2: Main Tasks < 0.001
Range 8-24 8-24 '
Mean £SD 223+34 149 £ 3.8 t=145
Main criterion 3: Seven-Star Services < 0.001
Range 8-24 8-24 ’
Mean +SD 5.57 + 0.96 42108 t=89
Main criterion 4: Smart Government <0.001
Range 2-6 2-6 ’
Mean +SD 68171 53+18 t=63
Main criterion 5: Foreseeing the Future <0.001
Range 3-9 3-9 ’
Mean +SD 106 3.6 81%3l t=5]
Main criterion 6: Innovation Management <0.001
Range 5-15 4-15 ’
Mean +SD 13.9 £ 2.2 97+23 t=131
Main criterion 7: Human Capital <0.001
Range 5-15 5-15 :
Mean +SD 14.06 + 2.1 9.2 3.06 t=133
Main criterion 8: Assets and Resources <0001
Range 5-15 5-15
Mean +SD 1.2 +1.68 87%19 t=95
Main criterion 9: Governance <0001
Range 4-12 4-12 '
Main criterion 10: Risk Management and Mean =SD 8axla 5519 t=123
Business Continuity < 0.001
Range 3-9 3-9
b. Qualitative findings from focus group consultants emphasized strategic alignment,
discussions frontline staff highlighted gaps in community
engagement. Concerns were also raised
The focus group  discussions further regarding the increased complexity associated

contextualized the quantitative results. Most
participants perceived EGEA as a supportive
framework for achieving sustainable hospital
services, particularly when integrated with
GAHAR accreditation standards. However, lack of
awareness and limited resources were frequently
cited as barriers to effective implementation.

Participants identified quality and patient safety
as the strongest areas of potential integration
between EGEA and GAHAR, followed by innovation
and alignment with Egypt Vision 2030. While

with dual implementation, compounded by
resource constraints and resistance to change.

Despite  these challenges, participants
acknowledged important enablers, including
national policy support and motivated
healthcare staff. The most frequently proposed
recommendation was the provision of
specialized training, alongside the development
of a clear implementation roadmap to align
both frameworks, supported by incentives and
leadership commitment.
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Table 4: Results of focus group discussions (Thematic

Discussion
points

Perceptions of
EGEA Support-
ing Sustain-
able Hospital
Services

analysis)

Responses

Most participants believed EGEA supports
sustainability, especially when combined
with GAHAR standards. However, lack of
awareness and inadequate resources were
identified as barriers.

Opportunities
for Integration
Between EGEA
and GAHAR

The strongest integration opportunity

lies in quality and patient safety, as both
frameworks prioritize this. Innovation and
alignment with Egypt Vision 2030 were
also recurring opportunities. Consultants
emphasized strategy, while frontline staff
highlighted community engagement gaps.

Challenges in
Dual Imple-
mentation

Participants expressed concern that dual
implementation increases complexity. Re-
source limitations and resistance to change

were also strong themes.

Assessment of
Barriers and
Enablers

Participants emphasized systemic

Barriers (strategy gaps, weak participation,
lack of funding). Yet, they

acknowledged enablers such as national
vision support and motivated staff. This
indicates potential if resources and training
are provided.

Suggestions
for Alignment

The most repeated suggestion was spe-
cialized training. A roadmap aligning both
frameworks was also strongly requested.

3. Discussion

As illustrated in our results, most fields and
criteria of the GAHAR accreditation standards
are aligned with sub-criteria, guidelines, and
supplement points of the EGEA model. These
findings are similar to research conducted in Iran,
proving that JCI (Joint Commission International)
accreditation standards requirements overlap
with the healthcare excellence model. (2

Heaton has compared the Organizational
Excellence Model of the European Foundation
for Quality Management (EFQM), International
Standards of quality management, JCI
accreditation standards, and Visitatie Model and
stated that JCI standards and the excellence
model can be used for self-assessment or
external evaluation to investigate and improve
healthcare organizations. The results of this
research are consistent with ourresearch findings
that refer to GAHAR and the Egyptian Excellence
Model as independent yet overlapping models
and their applicability for continual healthcare
improvement. (2

In partial alignment with our results that the

excellence model is comprehensive and suitable
for internal evaluation, Shaw et al evaluated
organizational excellence and accreditation
models. They concluded that standards of
evaluation are only valuable as an audit and
certification issuance and do not address
organizational development. (4

Patients continue to expect excellence in their
healthcare facilities. Although excellence is
synonymous with quality, the differences between
facilities” approaches to quality and others’
approaches to excellence are far-reaching. (12)
According to the American Society for Quality,
“Excellence is a measure of consistently superior
performance that surpasses requirements and
expectations without demonstrating significant
flaws or waste”[15]. However, organizational
excellence is defined as the ongoing effort to
establish an internal framework of standards
and processes intended to engage and motivate
employees to deliver products and services that
fulfill customer requirements within business
expectations. To ensure excellence, healthcare
institutions should continually assess their quality
and take necessary actions to enhance quality
in their road to excellence [16].

According to Furnival et al, quality improvements
can be initiated by collecting data and applying
appropriate analytical techniques. Evidence of a
performance gap encourages decision makers
to improve the current situation. An assessment
provides a detailed review of strengths and
weaknesses, activates quality initiatives,
empowers employees, and compares current
performance with that of competitors [17].
Developing a quality assessment tool using the
European Foundation for Quality Management
(EFQM) model opens the door to indispensable
performance discussions. A self-assessment
identifies areas for improvement and highlights
defective systems and processes. A facility’s
compliancewithaccreditationstandards,suchas
United States Joint Commission standards, may
also be assessed and measured to determine
how well it adheres to each system or chapter,
whether organizational or patient-centered. For
example, the performance metric is included in
the Joint Commission standard as part of the
chapter’'s standards, which includes a section
about the Baldrige excellence model. In addition,
the EFQM excellence [18]. Both the Egyptian
Excellence Award and GAHAR Accreditation
are prestigious recognitions in the field of
healthcare quality in hospitals. While various
models of managerial tools and techniques

http://apc.aast.edu 18




June 2026

Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898
http://dx.doi.org/10.21622/AMPDR.2026.06.1.1894

are used in organizations, and it seems that
some of these models, including JCI standards,
are more appropriate than others for health
care organizations, the EFQM model provides a
comprehensive look at the organization until it is
determined how these tools and methods align
together and complement each other. Therefore,
the organizational excellence model can be
used alongside these tools as a comprehensive
framework in the development of sustainable
excellence [12].

Finally, the results of a questionnaire conducted
in Iran of 150 managers, officials, and specialists
from different departments of the Ministry
of Health and Medical Education and lIran’s
hospitals. In this questionnaire, a separate
section was predicted to assess alignment and
integration of the health care excellence model
with other hospital models and standards, and
one of the questions in this section was related to
the JCl accreditation standards. In 95 completed
questionnaires, respondents rated 74% in relation
to the coverage of the requirements of the JCI
accreditation standards via the health care

References

1. Busse R, Panteli D, Quentin W. An
introduction to healthcare quality: defining
and explaining its role in health systems.
In: Busse R, Klazinga N, Panteli D, Quentin
W, editors. Improving healthcare quality in
Europe: Characteristics, effectiveness and
implementation of different strategies.
Copenhagen, Denmark: WHO Regional
Office for Europe & European Observatory
on Health Systems and Policies; 2019. p.
3-21.

2. Patel PM, Deshpande VA. Application Of
Plan-Do-Check-Act Cycle For Quality And
Productivity Improvement-A Review. Int J
Res Appl Sci Eng Technol. 2017;5(1).

3. Jafari G, Khalifegari S, Danaie K, Dolatshahi
P, Ramazani P, Ramazani M. Accreditation
standards for hospitals in Iran. Tehran:
Ministry of Health and Medical Education,
Deputy of Treatment. 2012;

4.  NABITZ U, KLAZINGA N, WALBURG J. The EFQM
excellence model: European and Dutch

experiences with the EFQM approach in
health care. International Journal for Quality
in Health Care. 2000 Jun 1;12(3):191-202.

excellence model [12].

| can see that reference 8 is used very frequently
in the discussion. Worries of plagiarism may exist.

4. Conclusion

There is convergence between the accreditation
model and the Egyptian Excellence Model,
suggesting that accreditation can help the
healthcare sector to implement the best
management practices that are present in
the Egyptian Excellence Model. In other words,
GAHAR accreditation could be seen as a critical
step towards excellence in Egyptian healthcare
organizations.

Disclosure:
Nothing to disclose

Conflict of interest:
None

b. Lewis WG, Fai Pun K, Lalla TRM. Empirical
investigation of the hard and soft criteria of
TQMin ISO 9001 certified small and medium-
sized enterprises. International Journal of
Quality & Reliability Management. 2006 Oct
1,23(8):964-85.

6. Alraimi AA, Al-Nashmi MM. The interactive
effect of the application of accreditation
standards (JCIs) and the practice of
administrative control in improving the
quality of health services: a study on Yemeni
hospitals. BMC Health Serv Res. 2024 Nov
14;24(1):1403.

7. Berssaneti FT, Saut AM, Barakat MF, Calarge
FA. Is there any link between accreditation
programs and the models of organizational
excellence? Revista da Escola de
Enfermagem da USP. 2016 Aug;50(4):650-7.

8. Alsaleem NAIL The relationship between
accreditation standards and organizational
excellence and their role in the excellence
of administrative leadership. Journal
of Economic, Administrative, and Legal
Sciences. 2025 Apr 30;9(4):116-26.

http://apc.aast.edu



June 2026

9.

10.

1.

12.

13.

Toussaint John. Creating a culture of
excellence How healthcare leaders can
build and sustain continuous improvement.
KPMG International’s Healthcare Practice.
2019;

Egyptian Government Excellence Award.
Institution award: summary of standards
and best practices for each criterion
[Internet]. Cairo: EGEA; 2024. Available from:

https://egea.gov.eg/

Faculty of Medicine, Mansoura University.
General organization and administrative
regulotions%GOAAL) [Internet]. Mansoura:
Mansoura University; 2020. Available from:
https://medfac.mans.edu.eg/images/
files/Files/goaal.pdf

Yousefian S, Harat AT, Fathi M, Ravand M. A
Proposed adaptation of Joint commission
international accreditation standards for
hospital- JCI to the health care excellence
model. In: Proceedings of the International
Conference on Health Care Quality
Improvement. 2013.

HEATON C. External peer review in Europe:
an overview from the ExPeRT Project.
International Journal for Quality in Health
Care. 2000 Jun 1;12(3):177-82.

http://apc.aast.edu

14.

15.

16.

17.

18.

Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898

http://dx.doi.org/10.21622/AMPDR.2026.06.1.1894

SHAW CD. External quality mechanisms for
health care: summary of the ExPeRT project
on visitatie, accreditation, EFQM and ISO
assessment in European Union countries.
International Journal for Quality in Health
Care. 2000 Jun 1;12(3):169-75.

Berwick DM. What ‘Patient-Centered’ Should
Mean: Confessions Of An Extremist. Health
Aff. 2009 Jan;28(Supplement 1):w555-65.

Bassett S, Westmore K. Systems and
processes that ensure high quality care.
Nurs Manage. 2012;19(6).

Spohn R. The Self-Assessment Process
and Impacts on the Health Information
Management Program Performance: A
Case Study. Perspect Health Inf Manag.
2015;12.

Marques Al, Santos L, Soares P, Santos R,
Oliveira-Tavares A, Mota J, et al. A proposed
adaptation of the European Foundation
for Quality Management Excellence Model
to physical activity programmes for the
elderly - development of a quality self-
assessment tool using a modified Delphi
process. International Journal of Behavioral
Nutrition and Physical Activity. 2011;8.




Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898

http://dx.doi.org/10.21622/AMPDR.2026.06.1.1693

Copyright © 2026, authors

Rats

Biochemistry, Keffi.

ABSTRACT:

Oxidative stress is a major factor in the development
of chronic liver diseases, prompting interest in
plant-based antioxidants. This study investigates
the hepatoprotective and antioxidant effects of
Psidium guajava fruit and Musa paradisiaca roots,
individually and as a di-herbal remedy, against
carbon tetrachloride (CCla)-induced liver toxicity
in Wistar rats. Forty-two rats (n=6 per group) were
used. Liver damage was induced with CCla (1 mi/
kg) for one month, followed by treatment with
methanolic extracts of guava fruit and plantain
roots (500 mg/kg individually; 500 mg/kg and
1000 mg/kg combined) for an additional month.
Serum levels of ALT, AST, ALP, bilirubin, albumin, and
total protein were measured alongside oxidative
stress parameters (SOD, CAT, GSH, GPx, NO, MDA).
In vitro antioxidant assays (DPPH, ABTS, FRAP, nitric
oxide scavenging) were also performed. CCla
induction elevated liver enzymes and MDA levels
while reducing antioxidant markers. Treatment
with the extracts improved protein profiles,
restored antioxidant enzyme activity, decreased
lipid peroxidation, and demonstrated strong in
vitro radical-scavenging activity. Findings indicate
that the di-herbal combination offers potential
synergistic hepatoprotective and antioxidant
effects, supporting further mechanistic and
histopathological investigation.

KEYWORDS:

Hepatoprotective, Psidium guajava, Musa

parasidiaca, Di-herbal Remedy, Wister Rats.
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1. Introduction

Hepatotoxicity refers to impairment or damage
to the liver, resulting from an excessive
accumulation of xenobiotics or drugs (1). The
substances or chemicals responsible for liver
damage are referred to as hepatotoxins or
hepatoxicants (2). These hepatotoxicants are
external compounds with significant clinical
importance, encompassing instances such as
dietary supplements, drug overdoses, herbal
remedies, natural substances, and industrial
chemicals (3). Even within recommended
therapeutic doses, certain drugs can lead to
liver injury. Hepatotoxicity can also arise from
immunologically mediated responses that affect
epithelial cells, liver vasculature, or reactive
metabolites (4).

The liver is an organ susceptible to reactive
oxygen species (ROS) attack; ultimately, oxidative
stress is a major player in the initiation of liver
damage. Furthermore, several investigations (on
mice and humans) have shown that oxidative
stress reduces the ability of mature hepatocytes
to regenerate, leading to cirrhosis (5).

Recent studies (6-8) (Oyelola et al, 2021; Rajesh
et al, 2022; Chen et al, 2023) have further
emphasized that natural antioxidants from fruits
and herbs offer hepatoprotective effects by
modulating oxidative pathways and improving
biochemical markers of liver function. Plants
with antioxidant effects have shown a promising
therapeutic effect on liver disorders in animal
experiments (9).
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Guava, also known as Psidium guajava, is a
popular tropical fruit grown in several different
tropical and subtropical climates (10). Although
it is a fruit commonly found in Nigeriq, it is widely
consumed as food and used in traditional
medicine in other parts of the globe. Among other
health benefits of guava, several studies (10-13)
have indicated guava to be rich in antioxidant
properties and exceptionally high vitamin C
content.

On the other hand, Plantain (Musa Parasidiaca)
is a perennial herbaceous plant found on every
continent, including Africa. In medicine, the roots
of plantain are employed as an antibiotic, an
antidote, and an antiseptic agent. In addition,
the roots are decocted and used to cure various
ailments (11). Individually, both plants have been
reported to possess hepatoprotective effects.
However, despite their popularity in traditional
practices, the combined use of P. guajava
fruit and M. paradisiaca root extracts as a di-
herbal therapy lacks scientific evidence. The
rationale for combining Psidium guajava and
Musa paradisiaca lies in their complementary
phytochemical profiles—guava being rich in
vitamin C and flavonoids, while plantain roots
contain alkaloids and terpenoids known for anti-
inflammatory actions. This di-herbal approach
may provide asynergisticmechanism,enhancing
both antioxidant and hepatoprotective potential
beyond their individual effects.

This study, therefore, investigates the
hepatoprotective and antioxidant properties of
guava fruit and plantain root extracts, individually
and in combination, against CCl,-induced
toxicity in Wistar rats.

2. Methodology

Collection and Extraction of Plant Materials

Guava fruit and Plantain roots were collected
from alocal farm in Keffi, Nasarawa state, Nigeria.
They were both cleaned, dried, and ground into
powder individually. To perform methanolic
extraction, 400g of guava fruit powder was
soakedin1.5Lof absolute methanol forthree days,
then filtered. The procedure was iterated with the
remaining powder residues. Subsequently, the
methanolic extracts underwent concentration
through rotary evaporation for a period of 24
hours. 600g of powdered roots from Plantain
roots were blended with 2 liters of methanol. The

http://apc.aast.edu

resulting mixture underwent filtration through
Whaltman filter paper no. 1. The obtained extract
was concentrated through a rotary evaporation
over a period of 24 hours. The residue was
obtained and refrigerated until required.

Experimental Animals:

Forty-two (42) adult Wistar rats (160-200 g)
were kept under standard laboratory conditions
(25 * 2°C; 12-hour light-dark cycle). They were
acclimatized for two weeks with free access to
food and water. Ethical approval was obtained
from NSUK-ACUREC. Animals were randomly
assigned to groups using a simple randomization
procedure to minimize selection bias.

Experimental Design:

The CCl, dose was standardized to 1 mI/kg diluted
in olive oil (1:1).

The 42 rats were assigned to seven groups (n=6):
- Group I: Control (no CCl,)

- Group 2: Negative control (CCl, only)

« Group 3: CCl, + 500 mg/kg guava extract

« Group 4: CCl, + 500 mg/kg plantain extract

« Group 5: CCl, + 250 mg/kg di-herbal combo

« Group 6: CCl, + 500 mg/kg di-herbal combo

« Group 7: CCl, + 100 mg/kg silymarin.

The silymarin dose of 100 mg/kg was selected
based on published studies demonstrating
consistent hepatoprotective and antioxidant
efficacy at this concentration in carbon
tetrachloride—induced liver injury models in
rodents (63-65).

Carbontetrachloride in olive oil was administered
intraperitoneally. Meanwhile, all the animals were
fed on vital feed and water (H,0) ad libitum. Each
group consisted of six rats; however, biochemical
determinations were conducted in five replicates
per group due to sample volume constraints and
exclusion of technically compromised samples.

Extract Standardization:

The methanolic extracts of guava fruit and
plantain roots were standardized based on their
total phenolic and flavonoid contents, quantified
using gallic acid and quercetin equivalents,
respectively. These parameters served as
marker indicators of extract potency, ensuring
batch-to-batch reproducibility before biological
evaluation.
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Biochemical Assays:

Liver biomarkers (ALT, AST, ALP, albumin, total
protein, and bilirubin) were analyzed using
standard methods using standard kits from
Randox Laboratory, UK, according to the
instructions of the manufacturer. Oxidative stress
parameters (SOD, CAT, GSH, GST, MDA, NO) were
measured according to validated protocols.

In Vitro Antioxidant Assays:

The DPPH, ABTS, FRAP, and nitric oxide scavenging
assays followed established protocols with
slight modifications. DPPH (2,2-diphenyl-1-
picrylhydrazyl) Radical Scavenging assay was
conducted following Brand-Williams et al. (1995)
(13) with minor adjustments. ABTS antioxidant
activity was determined as described by Re et
al. (1999)(14). Ferric reducing antioxidant power
(FRAP) was estimated spectrophotometrically
following the procedure of Benzie and Strain
1996 (15). Nitric oxide generated from sodium
nitroprusside (SNP) was measured accordin

to the method of Marcocci et al. (1994
(18). Absorbance was read at the required
wavelengths after incubation.

Statistical Analysis:

The analysis was performed using SPSS version 16
(Statistical Package for the Social Sciences). The
groups’ differences were tested for significance
by one-way ANOVA followed by the Duncan post
hoc test. Data were expressed as the Mean *
SD. P-values <0.05 were considered statistically
significant.

3. Results

Total Phenol and Flavonoid present in Plantain
roots and Guava fruits methanol extract.

The results of the quantification of Total Phenol
and Flavonoid present in the methanol extract
of Plantain roots and Guava fruits are presented
in Table 1. The total phenol of guava fruits and
plantain roots are 288.05 + 0.01 and 54.1+ 0.0],
respectively, while their total flavonoid content is
43.30+ 0.56 and 31.74+ 0.80, respectively.

Table 1: Total Phenol and Total Flavonoid of Plantain roots and

Guava fruits methanol extract

Extract Total Phenol Total Flavonoids
(mg/g GAE) (mg/100g QUE)

Guava fruit 288.05 = 0.01 43.30 £ 0.56

Plantain roots 5410 = 0.01 31.74+ 0.80

Values are expressed as Mean = Standard error of Mean

(SEM) for three determinations.

Effect of Guava fruit and Plantain roots on
the serum protein concentrations in the

experimental groups.

Theresults of the effects of various concentrations
of Guava fruit and Plantain roots individually
and as a di-herb combo on the serum protein
concentrations in the experimental groups are
presented in Table 2. The results showed that
CCl, induction significantly altered total protein
and albumin levels compared to the control
group. Treatment with guava fruit and plantain
root extracts restored protein values closer to
normal.

Table 2: Effect of Guava fruit and Plantain roots on the serum protein concentrations in the experimental groups

Test (Unit) Total Protein(g/dl) | Albumin (g/dL) | Direct Bilirubin (umol/L) | Total Bilirubin (umol/L)
1 Positive control 5.63 £ 0.3]° 3.35+0.09° 17.30 £ 0.75¢° 21.40 £ 1.55¢°
2 Negative control 7.49 £ 0.30° 253 +£0.16° 19.80 £1.03° 25.10 £ 1.61°
3 500mg/kg Guava fruit 5.93 £ 0.19a 2.96 £ 0.09° 20.30 £1.76° 21.40 £ 2.04¢
4 500rng/kg Plantain roots 5.75 + 0.23¢ 2.88 £ 0.08°¢ 16.10 £ 0.77¢ 18.60 £ 1.02¢
5 250mg/kg di-herbal 6.29 + 0.18° 318 £ 0.13¢ 18.80 £ 1.00°¢ 19.80 £ 1.07°¢
6 500mg/kg di-herbal 6.15 + 0.35° 2.89 + 0.09¢ 15.80 £ 0.46¢ 17.90 £ 1.61¢
7 100mg/kg silymarin 5.61 + 0.15¢ 3.5+ 0.06¢ 16.70 £ 1.01¢ 21.20 +1.35¢
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Figure 1: Effect of Guava fruit and Plantain roots on the serum
protein concentrations in the experimental groups.
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Effect on Liver Enzymes (ALT, AST, ALP):

CCl, significantly increased ALT, AST, and ALP
levels, indicating severe hepatocellular daomage.
Treatment groups exhibited reductions in ALT
and AST, but ALP levels remained elevated in all
extract-treated groups. The results of the effect
of Guava fruit and Plantain roots on the serum
liver enzymes concentrations in the experimental
groups are presented in Table 3.

Effect on TGF-p:

TGF-p  levels increased following CCl,
administration, reflecting inflammatory and
fibrotic signaling. Treatment with the 500 mg/
kg di-herbal combination significantly reduced
TGF-3 levels. The results of the effect of Guava
fruit and Plantain roots on TGF-3 concentrations
in the experimental groups are presented in
Table 3.

Table 3: Effect of Guava fruit and Plantain roots on the serum concentration of liver enzymes and TGF- g in the experimental
groups

TGF-B
(ng/mL)

1 Positive control 395.6 + 66.4° 24.02 £1.80 17.60 £ 1.56 @ 1.39 £ 0.12¢
2 Negative control 792.40 + 57.55° 4917 + 4.69° 2440 £ 2.33° 1.98 + 0.07°
3 500mg/kg Guava fruit 907.60 + 75.63¢° 40.05 + 4.19° 19.30 + 2.32°¢ 1.66 + 0.08°
4 500mg/kg Plantain roots 859.30 + 86.80° 42,90 + 4.31° 22.20 +1.95¢ 1.74 + 0.07¢
5 250mg/kg di-herbal 889.60 + 90.48¢° 50.50 + 3.73° 23.70 + 3.49° 1.75 + 0.05¢
6 500mg/kg di-herbal 1192.80 + 95.29¢ 39.70 £ 3.91° 20.00 + 2.89¢ 1.54 + 0.09°
7 100mg/kg silymarin 480.40 + 32.568¢ 24.86 + 2.86° 20.50 + 1.40¢ 1.68 £+ 0.05°

Values that have the same superscript are not significantly different @ p < 0.05 down the table.
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Effect of Guava fruit and Plantain roots on
antioxidant parameters

Figure 2: Effect of Guava fruit and Plantain roots on the liver

enzymes and TGF- 3 in experimental groups

The results of the effect of Guava fruit and
Plantain roots on the antioxidant parameters,
such as MDA, SOD, and CAT concentrations in the
experimental groups, are presented in Table 4.
CCl, increased MDA levels and reduced SOD and
CAT activity. Treatment with guava and plantain
extracts significantly reversed these changes,
with the di-herbal groups producing the greatest
improvement.

ALT (IU/L)

)

TGF- (ng/mL)

@8 Control

@B Untreated
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@B 500 mg/Kg M. Paradisiaca

W 250 mg/Kg P. guajava + 250 mg/Kg M. paradisic
@ 500 mg/Kg P. guajava + 500 mg/Kg M. paradisiz
@B 100 mg/Kg Silymarin

Table 4: Concentration of antioxidant parameters

MDA SOoD CAT
(nmol/L) (nmol/min/mg protein) (ku/L/mg protein)
1 Positive control 10.70 £ 0.33¢ 22.00 + 0.65° 5433 +3.37°
2 Negative control 15.80 + 0.45¢ 15.27 £ 1.09¢° 42.89 % 1.11°
3 500mg/kg Guava 1.50 + 0.41° 25.10 +1.63¢ 51.97 +1.58°
4 500mg/kg Plantain roots 13.10 £ 0.80¢ 25.41 + 0.86¢ 55.01 £ 1.85°
5 250mg/kg di-herb 16.80 + 0.64¢ 29.80 £ 1.27¢ 69.40 + 3.44¢
6 500mg/kg di-herb 15.60 + 0.86¢ 26.72 + 0.98° 55.43 +1.78°
7 100mg/kg silymarin 13.50 = 0.81° 19.09 + 0.68° 50.79 + 1.65°

Values with different superscripts down the column are statistically significant at p <0.05

Figure 3: Effect of Guava fruit and Plantain roots on

antioxidant parameters
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Effect on GST, GSH, and Nitrite:

The results of the effect of Guava fruit and
Plantain roots on the antioxidant parameters
such as GST, GSH, and Nitrite concentrations
in the experimental groups are presented in
Table 5. CCl, reduced GST and GSH levels while
increasing Nitrite, indicating oxidative stress. The
di-herbal extract at 250 mg/kg produced the
greatest improvement in antioxidant markers.
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Figure 4: Effect of Guava fruit and Plantain roots methanol

extract on GSH, GST, and Nitrite.

N
a

o

2
15
1

o

z
2
H
=
£
=
E
5
g
£
=
2
&

GST (nmol/min/mg protein)

o o

@8 Control

@8 Untreated

@8 500 mg/Kg P. guajava

@B 500 mg/Kg M. Paradisiaca

B0 250 mg/Kg P. guajava + 250 mg/Kg M. paradisiaca

NO (% inhibition)

@B 500 mg/Kg P. guajava + 500 mg/Kg M. paradisiaca
@8 100 mg/Kg Silymarin

Histopathological Findings

Qualitative histopathological examination
revealed normal hepatocytes in control rats.
CCl,-treated rats showed hepatic necrosis
(HN), inflammatory cell hyperplasia (LH), and
sinusoidal congestion (SC). Treatment groups
demonstrated partial restoration of hepatic
architecture with mostly normal hepatocytes
and only mild residual lesions. These findings
support biochemical evidence of hepatocellular ‘ {
recovery and explain persistent ALP elevation U R p
due to delayed biliary or vascular normalization.  C2 shows normal hepatocytes.
Codes

Hn is hepatic necrosis

LH is a hyperplasia of inflammatory cells
Sc is sinusoidal congestion

4. Discussion

Over the years, phytochemicals have been
explored in managing several diseases in folklore
medicine (16). The ameliorative properties of
several medicinal plants have been related to
bioactive principles like phenolic, flavonoids,
saponins, and alkaloids (17). In the context of
this research, both guava fruit and plantain
roots were found to contain flavonoids and
phenols. Phenols are known for their noteworthy
antioxidant properties, while flavonoids, owing to
their specific chemical structure, are identified
as the most potent among the phenolic
compounds with antioxidant activity (18). The
findings of the constituent phytochemicals of
plantain roots of this study agree with the studies
of (19) and (11). For guava fruit, the findings of this
study agree with the study of Atik et al (2019)(20).
A correlation between phenolic content and
antioxidant activities on fruits and vegetables
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has been previously reported (21); (22). Phenolic
compounds recovery was largely dependent
on the nature and polarity of the solvent. This is
because a wide range of phenols are soluble in
aqueous methanol mixtures. The TPC and TFC
are similar and in line with several studies, such
as Thuaytong and Anprung 201], Lin & Yin (2012),
So)eed et al. 2019 and Odubanjo et al. 2022(21,23—
25).

The DPPH radical scavenging activity of
antioxidants is largely dependent on their
hydrogen-donating ability (26). In this study,
Guava fruit and Plantain roots exhibited radical
scavenging activities against DPPH radical. This
was evident in the extracts’ proton-donating
abilities, making them potential subjects as
primary antioxidants against free radicals and
reactive oxygen species. Guava fruit showed
the most free radical scavenging property in a
dose-dependent manner when compared with
Ascorbic acid, which is the standard. This agrees
with the study of (27) and Lim et al 2006 (28). The
results of plantain roots in this study are in line
with the work of (Abdel Ghany et al. 2018, 29) for
the pseudostem exudate of M. paradisiaca, DPPH
scavenging % increased with increasing exudate
concentrations.

Antioxidant activity has been proposed to
be related to reducing power (26). Therefore,
Guava fruit and Plantain roots possess
antioxidant properties by reducing iron (Fe**) Il
to iron Ill (Fe®*), but not better than the reference
compound. This trend was also observed in
the Nitric oxide (NO) and ABTS (2,2'-azinobis
(3-ethylbenzothiaoline-6-sulfonate) assay and
showed free radical scavenging property in a
dose-dependent manner, and this is in line with
several studies (30-35). The ability of guava fruit
and plantain roots to chelate iron and scavenge
DPPH, nitric oxide radicals is attributed mainly to
the presence of phenolic compounds (35,36).
These strong in vitro antioxidant properties of the
extract of guava fruit and plantain roots may be a
result of the functional groups of the compounds
present in the extract. Factors modulating these
antioxidant activities include the number of
hydroxyl groups, methoxy esters, carbohydrate
moieties, and phenolic units (37).

After careful evaluation of the individual
compounds, the redox property and antioxidant
effects of the compounds were found to be
related to their functional group characteristics,
the amount and positions of hydroxyl groups in
their structures @5) Furthermore, the activity

of phenolic compounds was suggested to be a
synergistic effect on antioxidant capacity when
they are together (36,38-40)

The concentration of albumin, bilirubin, and
total protein can be used to ascertain different
types of liver damage (41). Bilirubin is a product
of haemoglobin catabolism with important
biological and diagnostic values (42). The
significant increase in both the serum total and
direct bilirubin in the negative control induced
with CCIl, compared to the positive control
suggests that there was a defect in liver function
on induction, and this might be a result of
haemolysis and impairment of the secretion of
conjugated bilirubin into the bile duct in the liver
of the rats induced with CCl,. The results also
revealed a significant decrease (p<0.05) across
treatment groups 3, 4, 5, and 6, respectively,
compared to the negative control. This suggests
that the extracts at different concentrations
were able to improve the liver damage, which is
in line with the studies of Nirmila et al, 2012, and
Osman et al, 2011(44,45). For both direct and
total bilirubin, Group 6 (500mg/kg guava fruit +
500mg/kg plantain roots) was significantly lower
(p<0.05) than group 7(100mg/kg silymarin) and
positive control, this may suggests that treatment
was able to reverse haemolysis and impairment
of bilirubin and thus combing the extract might
have a positive synergistic effect as evident in
the results.

A significant decrease (p<0.05) in Albumin
concentration in the negative group compared
to the positive control suggests that there may
be a reduction in the hepatocyte mass due to
disease, and this suggests that the functionality
of the immune cells has been compromised, and
the severity and risk of infections are increased.
Therefore, a significant increase (p<0.05) in
albumin concentration across all the treatment
groups suggests that immune function is
boosted, hepatocyte volume increased, and the
severity of therisk of infection has been mitigated.
This agrees with the study by (11), plantain roots
increased albumin content of arsenic oxidative
damage in rats, and Osman et al. 2011 (45)
showed that the ethanolic extract of guava leaf
decreased the level of albumin in CCl,-induced
hepatotoxicity.

The assessment of protein concentration in the
liver could be used to ascertain the secretory and
synthetic functions (46). In this study, total protein
(TP) concentrations in the negative control
group induced with CCl, significantly increased
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(p<0.05) compared to the positive control. This
suggests liver damage, thereby making it nearly
impossibleforthe bodyto processand metabolize
protein for utilization. Also, this might be because
of increased gamma globulin, indicating the
presence of inflammatory diseases and immune
disorders, further confirming liver damage. There
was a significant decrease across all treatment
groups compared to the negative control. It can
be deduced that since guava fruit and plantain
roots at all treatment concentrations significantly
decreased the elevated TP in CCIl -induced
hepatotoxicity, they were able to improve the
disease state. This is in line with the study Abbas
et al. 2016, and Mohan et al. 2015 (46,47) that
revealed P. guagjava and M.paradisiaca extract
decreased total protein, respectively. However,
the individual groups of the extract, i.e, Group 3
(500mg/kg P. guajava) and Group 4 (500mg/
kg M.paradisiaca{, had an optimum effect
compared to the di-herbal group (5 and 6).

Alanine  aminotransaminases  (ALT)  and
aspartate aminotransferases (AST) are well-
known enzymes used as biomarkers to predict
possible toxicity to the liver (48). The results
from this study showed that on induction with
ccl, (Negative control), the serum levels of ALT
and AST increased significantly (p<0.05) when
compared with the positive control. For ALT, the
most effective treatment was group 6 (500mg/
kg guava fruit and 500 mg/kg plantain root di-
herb), which significantly (p<0.05) decreased
ALT compared to the negative control. For AST,
the most effective treatment is group 3 (500 mg/
kg guava fruit), followed by group 6 (500 mg/
kg guava fruit and 500 mg/kg plantain roots
di-herb). This suggests that the di-herb combo
might have a synergistic effect, as evident in
the results. Nirmila et al. 2012 and Oyewole et al.
2015 (11,43)showed that plantain roots reduced
ALT and AST levels, whereas Roy and Das (2010
also showed a decrease in AST and ALT levels by
guava(49).

The result showed that CCl, induction (Negative
control) elevated the ALP level significantly
(p<0.05) in the serum compared to the positive
control, while treatment at all concentrations of
guava fruit and plantain roots further increased
the ALP concentrations. This suggests that guava
fruit and plantain roots were not able to protect or
restore the integrity of the cell components of the
liver. This was also observed in a study by Sambo
et al. 2019 where the aqueous extract of guava
fruit further increased the level of ALP, suggesting
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hepatoxicity; however, ALP is not specific to the
liver, it is also found in bones, bile ducts, etc(50).
Therefore, elevations in total ALP may arise from
extra-hepatictissue activity ratherthan persistent
hepatic injury. Without isoenzyme differentiation,
it is not possible to attribute the increased
ALP solely to the liver. Histological evidence of
mild sinusoidal congestion and inflammatory
infiltration supports delayed structural recovery
rather than ongoing hepatocellular injury.
Furthermore, the kinetics of ALP clearance differ
substantially from those of transaminases. Unlike
ALT and AST, which respond rapidly to injury and
recovery, ALP has a longer circulating half-life
and often normalizes more slowly, especially
when the pattern of injury has cholestatic
components (51). Thus, the observed persistence
of elevated ALP alongside improved ALT/AST
likely reflects delayed enzyme resolution rather
than ongoing liver damage. Interpretation of
liver injury patterns also requires more than ALP
alone. Classification frameworks emphasize that
cholestatic or mixed patterns typically present
with disproportionate ALP elevation, whereas
hepatocellular injury is driven primarily by ALT/
AST changes (52). In this study, the improvement
of ALT/AST and other biochemical parameters
suggests hepatocellular recovery despite the
isolated ALP elevation.

We acknowledge that, as a limitation, ALP
isoenzyme fractionation was not performed.
Future studies should include isoenzyme profiling
or repeated ALP measurements at later time
points to clarify the source of ALP elevation and
strengthen mechanistic interpretation.

While having a normal level of human
transforming growth factor-beta 1 (TGF-g)
indicates a healthy immune system, high
levels of this growth factor can indicate several
diseases and conditions, such as chronic Liver
diseases, chronic inflammatory response
syndrome, cancer, tumor cells, fibrosis, and
many more. In this study, the induction of CCl,
significantly increased (p<0.05) the levels of
TGF- compared to the positive control; however,
it was significantly (p<0.05) reduced in group 6
(500 mg/kg di-herbal combo) compared to the
negative control group. This suggests that the
guava fruit and plantain roots di-herbal combo
can boost the immune system, and it could
also indicate the amelioration of the disease
condition. This is in line with the study by El-Said
et al. 2022 (53) on plantain leaves and Shady
et al. 2022 (54) on guava seeds, decreasing the

level of TGF-g.
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Glutathione  (GSH), a liver-concentrated
tripeptide, serves as a crucial thiol-reducing
agent in regulating redox processes. Beyond
its role as a free radical scavenger, GSH is
implicated in determining outcomes between
survival, necrosis, and apoptosis. Moreover, it
influences the functionality of signal transduction
and transcription factor molecules. In this study,
there was a significant (p<0.05) decrease in GST
and GSH concentration on induction with CCl,
(Negative control) compared to the positive
control; however, guava fruit and plantain roots
di-herbal combo or individually significantly
increased GST and GSH compared to the
negative control. The most effective treatment
was Group 5 (250mg/kg di-herb), which
significantly increased GST and GSH compared
to the negative control. This suggests that the di-
herbal combo of guava fruit and plantain roots
confers free radical scavenging property. These
results agree with Hung et al. 2006 (55) and
Suneetha et al.2010 (56), who showed that CCI,-
treated rats significantly decreased the GSH
content in the liver. Nitrite levels were elevated
in the negative control, indicating increased
oxidative stress and nitric oxide production.
Treatments with guava fruit and plantain roots,
either alone or in combination, reduced nitrite
levels, suggesting a potential ability to attenuate
nitric oxide production and oxidative stress. This
agrees with the studies by Cavichioli et al. 2022
and Rao et al. 2016 (57).

CCIl, multiorgan toxicity is linked to a depleted
antioxidant defense because of excessive O,
and H,0, generation (58). It is interesting to
note that research has linked liver damage to
oxidative stress (59). The increase in SOD, CAT,
and MDA activity seen in this study on induction
with CC1, is consistent with earlier research
(49,60) and consequent to its increase in liver
tissue in response to the liberation of reactive
oxygen species. This suggests that products of
free radical reactions might be involved in the
pathogenesis and/or progression of medical
cholestasis, and that these molecules might
attempt to minimise the liver injury. Both SOD
and Catalase are antioxidant enzymes that
help neutralize reactive oxygen species (ROS).
Treatments with guava fruit and plantain roots
increased the levels of SOD and Catalase
significantly (p<0.05) compared to the negative
control. This suggests treatments might enhance
antioxidant enzyme activity and protect against
oxidative stress. Suneetha et al. 2010 (56) and
Osman et al. 2011 (45) showed a decrease
after induction with CCl, in SOD and CAT, and

an increase after treating with guava leaves. A
study by (Vijayakumar et al. 2008, 61) showed
that plantain significantly increased CAT and
SOD, respectively. The most effective treatment
that significantly decreased SOD and CAT is the
di-herbal groups (5 and 6), suggesting the di-
herbal combo has a positive synergistic effect,
as seen in the result. However, there was a
significant decrease in MDA following treatment
with group 3 (500mg/kg P. guajava) compared
with the negative control and even better than
silymarin 100mg. This shows it is effective against
lipid peroxidation in the hepatocyte membrane.
This result agrees with data from Osman et al.
201, where guava significantly reduces MDA,
and there is no significant difference between
treatment and positive control (62).

5. Conclusion

The present study demonstrates that Psidium
guajava fruit extract and Musa paradisiaca root
extract possess significant hepatoprotective
and antioxidant activities against CCl,-induced
liver injury in Wistar rats. Both extracts improved
liver function biomarkers, reduced oxidative
stress, and enhanced endogenous antioxidant
defenses.Notably,thecombineddi-herbalextract
at 500 mg/kg produced the most pronounced
protective effects, suggesting a synergistic
interaction between the phytochemicals of both
plants.

These findings support the traditional use of
P. guagjava and M. paradisiaca in managing
liver disorders and highlight their potential for
development as complementary therapeutic
agents. However, further studies incorporating
expanded dose-response assessments and
molecular investigations are recommended to
validate these results and better understand the
mechanisms involved.

6. Limitations and Recommendations

This study has several limitations that should be
acknowledged. First, the relatively short study
duration and modest sample size may have
restricted the full expression of biochemical
recovery or injury patterns, particularly for
biomarkers such as ALP, which have slower
clearance kinetics. Longer observation periods
with larger cohorts will be essential to determine
whether the biochemical alterations observed
here persist or resolve with extended treatment.
Second, the study did not investigate the

29 http://apc.aast.edu
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molecular mechanisms underlying the observed
effects. Although the findings suggest potential
hepatoprotective and antioxidant activity, the
precise pathways involved remain unclear.
Future work should therefore explore oxidative
stress signaling, inflammatory mediators, and
apoptotic pathways, and evaluate mitochondrial
and enzymatic responses using both in vitro and
in vivo models.

Third, although the extract was confirmed to
contain broad classes of phytochemicals, the
specific bioactive constituents responsible for the
biological effects were not isolated or quantified.
Isolation, purification, and characterization
of these active compounds will be crucial for
identifying the molecules responsible for the
therapeutic effects and for optimizing dosage
and treatment regimens.

References

1. Navarro VJ, Senior JR. Drug-Related
Hepatotoxicity. New England Journal of
Medicine. 2006 Feb 16;354(7):731-9.

2. Willett KL, Roth RA, Walker L. Workshop
Overview: Hepatotoxicity Assessment for
Botanical Dietary Supplements. Toxicological
Sciences. 2004 May;79(1):4-9.

3. Papay JI, Clines D, Rafi R, Yuen N, Britt
SD, Walsh JS, et al. Drug-induced liver
injury following positive drug rechallenge.
Regulatory Toxicology and Pharmacology.
2009 Jun;54(1):84-90.

4. Singh SK, Kesari AN, Rai PK, Watal G.
Assessment of glycemic potential ofMusa
paradisiaca stem juice. Indian Journal of
Clinical Biochemistry. 2007 Sep;22(2):48-52.

5. Cichoz-Lach H. Oxidative stress as a crucial
factor in liver diseases. World Journal of
Gastroenterology. 2014;20(25):8082.

6. Rudrapal M, Khairnar SJ, Khan J, Dukhyil
AB, Ansari MA, Alomary MN, et al. Dietary
Polyphenols and Their Role in Oxidative
Stress-Induced Human Diseases: Insights
Into Protective Effects, Antioxidant Potentials
and Mechanism(s) of Action. Frontiers in
Pharmacology. 2022 Feb 14,13(1).

7. Caldas APS, Coelho OGL, Bressan J. Cranberry
antioxidant power on oxidative stress,
inflammation and mitochondrial damage.

http://apc.aast.edu

Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898

http://dx.doi.org/10.21622/ AMPDR.2026.06.1.1693

Additionally, Histopathological evaluation
was qualitative; quantitative scoring and
photomicrographs were not included. Future
studies should incorporate standardized
histological grading and molecular pathway
investigations.

Finally, total ALP activity was measured without
isoenzyme fractionation, making it difficult to
distinguish hepatic from extra-hepatic sources
of elevation. Isoenzyme profiling should therefore
be included in subsequent research to clarify the
origin of ALP changes.

Furthermore, comprehensive toxicity studies—
both in vitro and in vivo—are recommended to
establish the safety profile of Psidium guajava
and Musa paradisiaca extracts at varying
concentrations, especially if they are to be
considered for therapeutic development.

International Journal of Food Properties. 2018
Jan 1;21(1):582-92.

8. Yau Yan L. ANTIOXIDANT PROPERTIES OF GUAVA
FRUIT: COMPARISON WITH SOME LOCAL FRUITS.
Sunway Academic Journal [Internet]. 2006
[cited 2025 Sep 22];3:9-20. Available from:
http:/ [eprints.sunway.edu.my/28/1/lim3.pdf

9. Hartati R, Nadifan Hi, Fidrianny I. Crystal Guava
(Psidium guajava L. “Crystal”): Evaluation
of In Vitro Antioxidant Capacities and
Phytochemical Content. The Scientific World
Journal. 2020 Sep 1;,2020:1-7.

10. Bouchoukh, Imane , Hazmoune, Tahar ,
Boudelaa, Mokhtar, Bensouici, Chawki ,
Zellagui, Amar Anticholinesterase and

antioxidant activities of foliar extract from
a tropical species: Psidium guajava L.
(Myrtaceae) grown in Algeria. Current Issues
in Pharmacy and Medical Sciences. 2019 Sep
1;32(3):160-7.

1. Israel Oyewole O. Hepatorenal Protective
Activities of Plantain Root (Musa paradisiaca)
on Arsenic-induced Oxidative Damage in Rat.
Advances in Biochemistry. 2015;3(2):30.

12. Yadav N, Chattopadhyay S, Pal A, Chanda D,
Gupta A. Hepatoprotective effects and safety
evaluation of coumarinolignoids isolated
from Cleome viscosa seeds. Indian Journal of

Pharmaceutical Sciences. 2010;72(6):759.



June 2026

Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898
http://dx.doi.org/10.21622/AMPDR.2026.06.1.1693

13.

Brand-Williams W, Cuvelier ME, Berset C.
Use of a Free Radical Method to Evaluate

pdf?sequence=1

Antioxidant Activity. LWT - Food Science and 21. Saeed A, Marwat MS, Shah AH, Na R, Zain-Ul-
Technology [Internet]. 1995 Jan [cited 2025 Abidi S, Akbar S, et al. Assessment of total
Sep 22];28(1):25-30. Available from: https:// phenolic and flavonoid contents of selected
www.sciencedirect.com/science/article/pii/ fruits and vegetables. Indian Journal of
$0023643895800085 Traditional Knowledge (IJTK), [Internet].
2019;18(4):686-93. Available from: http://
14. Re R, Pellegrini N, Proteggente A, Pannala A, op.niscpr.res.inf/index.php/1JTK/article/
Yang M, Rice-Evans C. Antioxidant activity view/28999
applying an improved ABTS radical cation
decolorization assay. Free Radical Biology 22. Pellegrini N, Serafini M, Colombi B, Del Rio D,
and Medicine. 1999 May;26(9-10):1231-7. Salvatore S, Bianchi M, et al. Total antioxidant
capacity of plant foods, beverages and
15. Marcocci L, Maguire JJ, Droy-Lefaix MT, Packer oils consumed in Italy assessed by three
L. The nitric oxide-scavenging properties of different in vitro assays. The Journal of
Ginkgo biloba extract EGb 761. Biochemical Nutrition [Internet]. 2003 Sep 1;133(9):2812-9.
and Biophysical Research Communications Available from: https://pubmed.ncbi.nim.nih.
[Internet]. 1994 Jun 15 [cited 2025 Se gov/12949370/
22];201(2):748-55. Available from: https:ﬁ
pubmed.ncbi.nim.nih.gov/8003011/ 23. Thuaytong W, Anprung P. Bioactive
CompoundsandPrebiotic Activity in Thailand-
16. Atanasov AG, Waltenberger B, Pferschy- Grown Red and White Guava Fruit (Psidium
Wenzig EM, Linder T, Wawrosch C, Uhrin P, et al. guajava L.). Food Science and Technology
Discovery and resupply of pharmacologically International. 2011 Jun;17(3):205-12.
active plant-derived natural products:
A review. Biotechnology Advances. 2015 24.Lin CY, Yin MC. Renal Protective Effects of
Dec;33(8):1582-614. Extracts from Guava Fruit (Psidium guajava
L) in Diabetic Mice. Plant Foods for Human
17. Yakubu MT, Sunmonu TO, Lewu FB, Ashafa Nutrition. 2012 May 12;67(3):303-8.
AQT, Olorunniji FJ, Eddouks M. Medicinal Plants
Used in the Management of Diabetes Mellitus  25. Odubanjo VO, Shodehinde SA, Adedeji FA,
2015. Evidence-Based Complementary and Daniel JA, Olayinka AA, AkinnusiPA, et al. Starch
Alternative Medicine. 2015;1-2. Content, Antioxidant Activity and Inhibition of
Starch Hydrolyzing Enzymes by Unripe Musa
18. Bamidele TO, Enemali MO, ljeomah AU. paradisiaca and Musa acuminata. Science
HEPATOPROTECTIVE ACTIVITY OF ETHANOL Letters. 2022 Jun 14;10(2):67-75.
EXTRACT OF PURPLE ONION BULB (Allium cepa
Linn) ON CCl4 INDUCED HEPATOTOXICITY IN 26.0Oboh, G. and Rocha, J. (2007) Antioxidant
WISTAR RATS [Internet]. Ftstjournal.com. FUW in Foods A New Challenge for Food
Trends in Science & Technology Journal; 2018 Processors. In Leading Edge Antioxidants
[cited 2025 Sep 22]. Available from: https:// Research, Nova Science Publishers Inc,
www.ftstjournal.com/ New York, 35-64. - References - Scientific
Research  Publishing [Internet].  Scirp.
19. Amutha K, Selvakumari U. Wound healing org. 2020 [cited 2025 Sep 22]|. Available
activity of methanolic stem extract ofMusa from: https://www.scirp.org/reference/
paradisiaca Linn.(Banana) in Wistar albino referencespapers?referenceid=2747009
rats. International Wound Journal. 2014 Sep
16;13(5):763-7. 27. Gull J, Sultana B, Anwar F, Naseer R, Ashraf M,
Ashrafuzzaman M. Variation in Antioxidant
20. Atik N, Muda |, Rahmadi AR, Achadiyani A, Attributes at Three Ripening Stages of Guava
Djunaedi DD. PHYTOCHEMICAL SCREENING (Psidium guajava L) Fruit from Different
AND HISTOLOGY APPEARANCE OF ACUTE Geographical Regions of Pakistan. Molecules.
ORAL TOXICITY STUDY ON ETHANOL EXTRACT 2012 Mar 14;17(3):3165-80.
OF PSIDIUM GUAJAVA LINN. FRUIT IN MICE.
Asian Journal of Pharmaceutical and 28.Lim, Y. Y, Lim, T. T, & Tee, J. J. Antioxidant
Clinical Research [Internet]. 2019 Jan 7 properties of guava fruit: comparison with

[cited 2025 Sep 22];12(1):351. Available from:
https://repository.unmul.ac.id/bitstream/
handle/123456789/8407/document(2).

some local fruits. Sunway Academic Journal
; 2006.

http://apc.aast.edu



June 2026

29.

30.

31

32.

33.

34.

35.

36.

Abdel Ghany TM, Ganash M, Alawlaqi
MM, Al-Rajhi AMH. Antioxidant, Antitumor,
Antimicrobial Activities Evaluation of Musa
paradisiacal.Pseudostem Exudate Cultivated
in Saudi Arabia. BioNanoScience [Internet].
2018 Dec 6;9(1):172-8. Available from: https://
link.springer.com/article/10.1007/s12668-018-
0580-x

SOWMYA BH, ANANDHI DU. Quantification of
Total Phenolics, Flavonoids and Evaluation
of in vitro Free Radical Scavenging Activities
in Psidium guajava L Indian Journal of
Pharmaceutical Sciences. 2020;82(4).

AdemiluyiAO,0bohG,0gunsuyiOB,Oloruntoba
FM. A comparative study on antihypertensive
and antioxidant properties of phenolic
extracts from fruit and leaf of some guava
(Psidium guajava L.) varieties. Comparative
Clinical Pathology [Internet]. 2016 Mar
1,25(2):363-74. Available from: https://link.
springer.com/article/10.1007%2Fs00580-015-
2192-y

Ashok Kumar BS, Lakshman K, Jayaveea
KN, Sheshadri Shekar D, Saleemulla Khan,
Thippeswamy BS, et al. Antidiabetic,
antihyperlipidemic and antioxidant activities
of methanolic extract of Amaranthus
viridis Linn in alloxan induced diabetic rats.
Experimental and Toxicologic Pathology. 2012
Jan;64(1-2):75-9.

Loganayaki N, Rajendrakumaran D, Manian
S. Antioxidant capacity and phenolic content
of different solvent extracts from banana
(Musa paradisiaca) and mustai  (Rivea
hypocrateriformis). Food Science and
Biotechnology. 2010 Oct;19(5):1251-8.

Thaipong K;Boonprakob U;Cisneros-Zevallos
LLByrne DH. Hydrophilic and lipophilic
antioxidant activities of guava fruits. The
Southeast Asian journal of tropical medicine
and public health [Internet]. 2018;36 Suppl 4.
Available from: https://pubmed.ncbi.nim.nih.
gov/16438219/

Chen HY, Yen GC. Antioxidant activity and
free radical-scavenging capacity of extracts
from guava (Psidium guajava L.) leaves. Food
Chemistry. 2007 Jon;101(25:686—94.

Azofeifa G, Quesada S, Boudard F, Morena
M, Cristol JP, Pérez AM, et al. Antioxidant
and Anti-inflammatory in Vitro Activities of
Phenolic Compounds from Tropical Highland
Blackberry (Rubus adenotrichos). Journal of
Agricultural and Food Chemistry. 2013 Jun

http://apc.aast.edu

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898

http://dx.doi.org/10.21622/ AMPDR.2026.06.1.1693

10;61(24):5798-804.

Medina, M., et al. (2014) Health Promotion
and Chronic Disease Prevention What Are
Family Health Teams Doing Salde Debate,
38, 69-82. - References - Scientific Research
Publishing [Internet]. Scirp.org. 2016. Available
from: https:/ /www.scirp.org/reference/
referencespapers?referenceid=1948011

Kumar S, Pandey AK. Chemistry and Biological
Activities of Flavonoids: An Overview. The
Scientific World Journal. 2013;2013(162750):1-
16.

Aparadh VT, Naik VV, Karadge BA.
ANTIOXIDATIVE PROPERTIES (TF’C, DPPH, FRAP,
METAL CHELATING ABILITY, REDUCING POWER
AND TAC) WITHIN SOME CLEOME SPECIES
[Internet]. 2012 [cited 2025 Sep 22]. Available
from: https://rosa.uniromal.it/rosa04/
annali_di_botanica/article/view/9958

lorahim M, Muhammad N, Naeem M,
Deobald AM, Kaomdem JP, Rocha JBT. In vitro
evaluation of glutathione peroxidase (GPx)-
like activity and antioxidant properties of an
organoselenium compound. Toxicology in
Vitro. 2015 Aug;29(5):947-52.

Liang N, Kitts D. Antioxidant Property of Coffee
Components: Assessment of Methods that
Define Mechanisms of Action. Molecules. 2014
Nov 19;19(11):19180-208.

Adebayo A. Protective Properties of Citrullus
lanatus on Carbon Tetrachloride Induced
Liver Damage in Rats. European Journal of
Medicinal Plants. 2014;4(8):979-89.

Hopkins PN, Wu L, Hunt SC, James BC, Vincent
G, Williams RR. Higher Serum Bilirubin Is
Associated With Decreased Risk for Early
Familial Coronary Artery Disease. 1996 Feb
1;16(2):250-5.

Nirmala M, Girija K, Lakshman K, Divya
T. Hepatoprotective activity of Musa
paradisiaca on experimental animal models.
Asian Pacific Journal of Tropical Biomedicine.
2012 Jan;2(1):11-5.

Osman M, Ahmed M, Mahfouz S, Elaby S.
Biochemical Studies on the Hepatoprotective
Effects of Pomegranate and Guava
Ethanol Extracts. New York Science Journal.
2011;4(3):27-41.

Khizar A,GhazalaHR,HinaZ, TarigMJ.Evaluation
of Hepatic activity of various morphological



June 2026

Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898
http://dx.doi.org/10.21622/AMPDR.2026.06.1.1693

47.

48.

49.

50.

parts of Musa paradisiaca L. African Journal
of Pharmacy and Pharmacology. 2016 May
22;10(19):419-29.

Mohan M, Shashank B, Priya A. Protective effect
of Psidium guajava L. leaves ethanolic extract
on  doxorubicin-induced  nephrotoxicity
in rats. Indian Journal of Natural Products
and Resources [Internet]. 2014;5(2):129-33.
Available  from:  https://nopr.niscpr.res.in/
bitstream[123456789/29070/1/1IUNPR%20
5%282%29%20129-133.pdf

Rahmat A, Bakar M, Hambali Z. The effects
of guava (Psidium guajava) consumption
on total antioxidant and lipid profile in
normal male youth. African Journal of Food,
Agriculture, Nutrition and Development. 2011
Nov 9;6(2).

Roy CK, Das AK. Comparative evaluation of
different extracts of leaves of Psidium guajava
Linn. for hepatoprotective activity. Pakistan
journal of pharmaceutical sciences [Internet].
2010 Jan;23(1):15-20. Available from: https://
pubmed.ncbi.nim.nih.gov/20067861/

Sambo N, Garba SH, Timothy H. Effect of the
aqueous extract of Psidium guajava on
erythromycin-induced liver damage in rats.
Nigerian Journal of Physiological Sciences
[Internet]. 2010 Mar 16;24(2):171-6. Available
from: https://www.ajol.info/index.php/njps/
article/view/52928

56.
57.

58.

59.

Shih, Lee CP, Yen GC. Du-Zhong (Eucommia

ulmoides Oliv.) leaves inhibits CCl4-
induced hepatic damage in rats. 2006 Aug
1;44(8):1424-31.

Suneetha B, Prasad K, Sujatha D.

Rao M, Ahmad BA, Mohd KS. IN VITRO NITRIC
OXIDE SCAVENGING AND ANTI INFLAMMATORY
ACTIVITIES OF DIFFERENT SOLVENT EXTRACTS
OF VARIOUS PARTS OF Musa paradisiaca.
Malaysian Journal of Analytical Science
[Internet]. 2016  Jan  1;20(5):1191-202.
Available from: https://www.researchgate.
net/publication/327344928 _IN_VITRO_
NITRIC _OXIDE_SCAVENGING _AND _ANTI_
INFLAMMATORY _ACTIVITIES _OF _DIFFERENT _
SOLVENT_EXTRACTS _OF_VARIOUS _PARTS_
OF _Musa_paradisiaca

Marchionatti AM, Perez AV, Diaz de Barboza
GE, Pereira BM, Tolosa de Talamoni NG.
Mitochondrial dysfunction is responsible for
the intestinal calcium absorption inhibition
induced by menadione.  Biochimica
et biophysica acta [Internet]. 2008
Feb;1780(2):101-7. Available from: https://
pubmed.ncbi.nim.nih.gov/18053815/

Farombi E, Akintunde J, Nzute N, Adedara
I, Arojojoye O. Municipal landfill leachate
induces hepatotoxicity and oxidative stress in
rats. Toxicology and Industrial Health. 2011 Sep
21;28(6):532-41.

51. lluz-Freundlich D, Zhang M, Uhanova J, Minuk  60. Sirisha K, Goverdhan P, Hima G, Madhavi
GY. The relative expression of hepatocellular M. Kalam Sirisha et al [/ Int. J Pharm
and cholestatic liver enzymesin adult patients Phytopharmacol Res. 2013;3(3):190-5.
with liver disease. Annals of Hepatology. 2020
Mar;19(2):204-8. 6l. Vijoyakumar S,  Presannakumar G,

Vijayalakshmi NR. Antioxidant activity of

52. Lala V, Minter DA, Zubair M. Liver Function Tests banana flavonoids. Fitoterapia [Internet].
[Internet]. Nih.gov. StatPearls Publishing; 2008 Jun;79(4):279-82. Available from:
2023. Available from: https://www.ncbi.nim. https://www.sciencedirect.com/science/
nih.gov/books/NBK482489/ article/abs/pii/S0367326X08000464

53. Karim Samy El-Said, Hussein S, Alrashdi BM, 62.0Osman M, Ahmed M, Mahfouz S, Elaby S.
Mahmoud HA, Ibrahim MA, Elbakry M, et al. Biochemical Studies On The Hepatoprotective
Musa sp. Leaves Extract Ameliorates the Effects Of Pomegranate And Guava
Hepato-Renal Toxicities Induced by Cadmium Ethanol Extracts. New York Science Journal
in Mice. Molecules. 2022 Jan 16;27(2):559-9. [Internet]. 201;4(3):27-39. Available from:

https://www.sciencepub.net/newyork/
54.Shady NH, Abdullah HS, Maher SA, Albohy ny0403/04_4647ny0403_27_39.pdf
A, Elrehany MA, Mokhtar FA, et al. Antiulcer
Potential of Psidium guajava Seed Extract 63.Mourelle M, Muriel P, Favari L, Franco TT.
Supported by Metabolic Profiling and PREVENTION OF CCL,-INDUCED LIVER CIRRHOSIS
Molecular Docking. Antioxidants. 2022 Jun BY SILYMARIN. 1989 May 6;3(3):183-9.
23;11(7):1230.
64. Raomachandra R, Subramanian S,
55.Hung MY, Timothy Yu-Chi Fu, Ping Hsiao Govindasamy S. Protective role of silymarin on

http://apc.aast.edu



Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898
http://dx.doi.org/10.21622/AMPDR.2026.06.1.1693

liverdamage induced by carbon tetrachloride
in rats. Indian J Exp Biol. 2007;45:1053-7.

65. Abenavoli L, 1zzo AA, Mili¢ N, Cicala C, Santini A,
Capasso R. Milk thistle (Silybum marianum):
A concise overview on its chemistry,
pharmacological, and nutraceutical uses in
liver diseases. Phytotherapy Research. 2018
Aug 6;32(11):2202-13.

http://apc.aast.edu




Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898
http://dx.doi.org/10.21622/AMPDR.2026.06.1.1738 Copyright © 2026, authors

and Yousra A. EI-Maradny**

Egypt.

ABSTRACT:

Food spoilage caused by microorganisms remains
a major challenge for global food systems,
leading to economic losses and increasing the
risk of foodborne illnesses. Although synthetic
preservatives and antibacterial agents are
widely used, their role in promoting antimicrobial
resistance is limited and context-dependent;
however, concerns persist regarding consumer
acceptance, requlatory restrictions, and potential
stress responses they induce in microorganisms.
These limitations have intensified interest in
natural alternatives that align with clean-label
and sustainable food production trends. Fungal
species produce a broad range of secondary
metabolites—including organic acids, peptides,
enzymes, volatile compounds, and pigments—with
documented antimicrobial activity against food-
spoiling bacteria and fungi. These metabolites are
synthesized during fungal growth or in response
to environmental stress, and several have been
evaluated for their ability to inhibit microbial
contamination or extend product shelf life. Despite
this promise, only a limited number of fungal-
derived compounds have received regulatory
authorization for food use, due to concerns
related to toxicity, co-production of mycotoxins,
sensory impacts, and regulatory constraints.
This review critically examines the antimicrobial
potential of fungal metabolites, outlining their
chemical diversity, mechanisms of action, and
demonstrated applications in food systems. It
also discusses essential safety, toxicological, and
regulatory authorization requirements necessary
for their adoption as bio-preservatives in the food
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1. Introduction

Microbial contamination and spoilage remain
major challenges for the global food industry,
causing substantial economic losses and posing
significant public health risks through foodborne
illnesses. To control these hazards, the food sector
relies on a combination of good manufacturing
practices (GMP), good hygienic practices
(GHP), and effective preservation technologies.
Traditional preservation methods—including
refrigeration, freezing, thermal processing, pH
reduction, and water activity control—form the
backbone of food safety systems. Chemical
preservatives such as sorbates, benzoates,
and propionates also play an important but
complementary role in inhibiting microbial
growth in specific food matrices [1].

Growing consumer demand for minimally
processed, “clean-label” foods, coupled with the
expansion of ready-to-eat and fresh products
with inherently short shelf lives, has increased
interest in natural alternatives to synthetic
additives [2]. In response, modern preservation
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approaches—such as bio-preservation, toxicity, potential co-production of mycotoxins,
irradiation, and multi-hurdle technologies— and compliance with regulatory standards.

have gained prominence. Bio-preservation,
in particular, employs beneficial microbes or
their metabolites to suppress spoilage and
pathogenic microorganisms, offering potential
advantages in maintaining product quality and
meeting consumer expectations for natural
solutions [3,4]. However, bio-preservation
strategies must be evaluated carefully to ensure
they do not negatively affect sensory properties
or stability in complex food systems.

Although synthetic preservatives are generally
recognized as safe at regulated levels, consumer
preference for natural alternatives has driven
exploration of antimicrobial compounds
derived from plants, bacteria, and fungi. Food
preservatives contribute minimally to global
antimicrobial resistance (AMR), yet certain
antimicrobials and processing stresses may
trigger adaptive responses in microorganisms.
More critically, AMR concerns along the food
chain arise from contamination with antibiotic-
resistant bacteria originating from agricultural
or environmental sources. This challenge
underscores the importance of integrated
“One Health” strategies that link food safety,
environmental stewardship, and human health

(Fig.1) [5,6].

Fungal-derived metabolites have emerged
as promising candidates for natural bio-
preservation. Filamentous fungi and macrofungi
synthesize a diverse array of secondary
metabolites—including organic acids, enzymes,
peptides, volatile compounds, and pigments—
that exhibit antimicrobial activity against major
foodborne pathogens and spoilage organisms
such as Listeria monocytogenes, Staphylococcus
aureus, Escherichia coli O157:H7, Campylobacter
jejuni, Bacillus cereus, and Clostridium botulinum
[7,8]. These compounds are produced during
normal growth or under environmental stress,
providing ecological advantages by suppressing
competing microorganisms.

Fungi are already well established in industrial
biotechnology, particularly inenzyme production,
fermentation processes, and microbial biomass
generation [3]. Interest in fungal pigments and
bioactive colorants has also expanded due to
theirnatural origin and multifunctional properties.

However, the practical use of fungal metabolites
in foods requires rigorous assessment of safety,

Notably, natamycin—a widely used antifungal
preservative—is produced by Streptomyces
natalensis, not by fungi, and is included here only
as a benchmark for comparison [4].

This review critically evaluates fungal-derived
antimicrobial metabolites as natural alternatives
to synthetic preservatives. It examines their
chemical diversity, mechanisms of action,
demonstrated applications in food systems,
and the safety and regulatory considerations
necessary for their successful adoption.
Through this analysis, we aim to clarify both the
opportunities and the limitations associated with
integrating fungal antimicrobials into modern
food preservation strategies.

Antimicrobial
resistance in animal

\ "‘ (’ / Antimicrobial

A resistance in human

Misuse of
antimicrobial agents

o JaB

Antimicrobial
resistance in food

Figure 1: Conceptual illustration of antimicrobial resistance
(AMR) transmission within the One Health framework,
highlighting interconnected pathways between humans,
animals, and the food system, and the selective pressure
created by the use and misuse of antimicrobial agents.

2. Traditional Preservation Methods
Used in the Food Industry

Traditional  preservation methods remain
fundamental in sustaining food safety and
extending shelf life across the global food
industry. These approaches generally fall into
three main categories—chemical, biological, and
physical—each contributing in different ways
to the control of microbial growth and product
stability (Fig. 2).

http://apc.aast.edu 36




Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898
http://dx.doi.org/10.21622/ AMPDR.2026.06.1.1738

2.1: Chemical Methods

Chemical preservatives are widely employed
to inhibit microbial proliferation, delay
enzymatic spoilage, and prevent oxidative
deterioration. Commonly used compounds
include sorbic acid and its salts, benzoic acid
and benzoates, propionic acid and propionates,
and parabens (methyl, ethyl-, and propyl-p-
hydroxybenzoates). Their effectiveness depends
on food composition and pH, and they are often
incorporated into bakery goods, beverages, dairy
products, and acidic foods.

Other preservation-related treatments rely on
modifying water activity or acidity. Salt curing,
for example, reduces water availability and
restricts microbial growth; however, salt alone
is insufficient to prevent Clostridium botulinum
in cured meats, making nitrites essential in such
products. Sugar creates similar preservative
conditions in joms and syrups by lowering
water activity. Acidic solutions such as vinegar
also contribute to microbial inhibition in pickled
foods. Lye (sodium hydroxide) is used in specific
traditional products—such as olives and
pretzels—to induce characteristic textural or
sensory properties, though it is not considered
([] pr]imory antimicrobial preservation strategy
9,10].

2.2: Biological Methods

Biological preservation relies on microorganisms
or their natural metabolites to control spoilage
and pathogenic organisms. Lactic acid bacteria
(LAB) remain the most widely applied biological
preservative agents due to their ability to
produce organic acids, antimicrobial peptides
such as bacteriocins, hydrogen peroxide, and
other inhibitory compounds. LAB fermentation
has been used for centuries to preserve dairy
products, vegetables, and meats, offering natural
inhibition of a wide range of microorganisms.
Despite these benefits, fermentation can alter
sensory characteristics, and its effectiveness
depends heavily on the food matrix and the
strains employed [9,10].

2.3: Physical Methods

Physical preservation encompasses both
thermal and non-thermal technologies. Thermal
treatments such as pasteurization, sterilization,
blanching, and boiling inactivate spoilage

organisms and pathogens by heat, whereas
dehydration removes moisture to reduce water
activity and limit microbial survival while also
decreasing product weight.

Low-temperature storage methods also play
an important role. Refrigeration slows microbial
growth, while freezing halts microbial proliferation
entirely. However, freezing does not eliminate
most microorganisms; they may recover once
the product is thawed, necessitating careful
handling during storage and distribution.

A range of non-thermal physical methods has
been developed to enhance food preservation
without significant heat exposure. Irradiation
using gamma rays, electron beams, or X-rays
effectively reduces microbial load while
maintaining product quality. High-pressure
processing (HPP) achieves microbial inactivation
by exposing foods to very high hydrostatic
pressures, making it suitable for heat-sensitive
products. Modified-atmosphere and vacuum
packaging reduce oxygen availability, although
these approaches require proper controls
to prevent risks associated with anaerobic
pathogens such as Clostridium botulinum.
Smoking imparts antimicrobial and antioxidant
compounds to food surfaces, whereas pickling
combines acidic or salty conditions to inhibit
microbial growth. These traditional preservation
methods continue to form the foundation of
food safety and shelf-life extension, supporting
modern food systems and complementing
emerging natural preservation strategies [9,10].
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Figure 2: Flow chart presenting the traditional preservatives
used in food industries, including chemical, biological, and

physical.
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3. Fungal Metabolites and Their

Antimicrobial Properties

Fungal metabolites have gained increasing
attention as potential natural preservatives
due to their chemical diversity and their ability
to inhibit a broad range of microorganisms.
Many filamentous fungi—particularly those
belonging to the Ascomycota—produce
secondary metabolites with antibacterial and
antifungal activity, reflecting their ecological
role in competing within complex microbial
environments [11,12]. Figure 3 summarizes major
classes of fungal metabolites with representative
examples relevant to food preservation.

Among these bioactive compounds, fungal
pigments have been of particular interest.
Although traditionally valued as natural
colorants, several fungal pigments also possess
noteworthy antimicrobial properties. Species
such as Monascus purpureus, long used in
Asian fermented foods, produce yellow, orange,
and red pigments that exhibit inhibitory effects
against a variety of fungi, including Aspergillus,
Trichoderma, Mucor, Penicillium, and Fusarium, as
well as against bacterial genera such as Bacillus,
Pseudomonas, Escherichia, and Streptomyces
[13]. Pigments from other fungi—such as
Monodictys castaneae, Sporobolomyces spp.,
Fusarium spp., Aspergillus spp., and Penicillium
spp.—have also demonstrated broad-spectrum
activity [14], underscoring the potential of fungal
colorants as multifunctional bio-preservatives.

The antimicrobial efficacy of fungal pigments
can vary depending on their chemical
composition and mode of extraction. Studies
have shown that modifying culture conditions,
such as supplementing growth media with
specific amino acids, can enhance pigment
bioactivity, particularly against Gram-positive
bacteria. Minimum inhibitory concentration
(MIC) values have been reported for several
pigment derivatives, demonstrating their
capacity to suppress microbial growth in food
contexts [13]. Applications have been explored
in  meat products—including sausages and
beef burgers—where Monascus pigments have
contributed both color and antimicrobial effects
[15]. Nevertheless, careful control of pigment
concentration and purity is necessary to ensure
both safety and effectiveness.

Despite their promise, fungal pigments face
several obstacles on the path to commercial
adoption. Safety concerns—most notably the

risk of co-producing the mycotoxin citrinin—
have restricted the use of Monascus pigments
in Europe and the United States. As a result,
research has focused on developing production
strategies that suppress mycotoxin biosynthesis
while maintaining pigment yield and bioactivity
[16]. These efforts remain essential for ensuring
regulatory compliance and consumer safety.

Beyond pigment-producing fungi, species
inhabiting environmentally stressed or polluted
habitats have also emerged as valuable sources
of bioactive metabolites. Such environments
exert selective pressure that may promote the
production of potent antimicrobial compounds.
Recent studies have isolated filamentous fungi
from heavily polluted streams in the Amazon
region and demonstrated that their metabolites
can inhibit extended-spectrum beta-lactamase
(ESBL)-producing Escherichia coli, highlighting
their potential as sources of novel antimicrobial
agents [1117]. Although these findings expand
the range of fungi with promising antimicrobial
properties, isolates from polluted environments
require rigorous toxicological evaluation before
any consideration for food-related applications.

Overall, fungal metabolites represent a rich
reservoir of compounds with antimicrobial
activity relevant to food preservation. However,
their practical deployment requires careful
attention to safety, purity, regulatory approval,
and reliable production methods.
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with their mechanism of action as antimicrobials.

Fumaric Acid - /,
(from RhIZDPHS ,J

oryzae)
Organic \
Acids
Limonene --.-..
(from Trichoderma
species) erpenoids

Dlsrupts
bactenal cell

Daidzein (from Asperglllus

membranes
and Penicillium)

Dlsrupts
bacterlal
metabolism

Monascus
Pigments

Inhibits growth
of fungi and
bacteria

Inhibits bacterial
nucleic acid
synthesis

3.I: Antimicrobial Activity of Fungal Isolates

Segundo et. al. (2023) studied the antimicrobial
activity of 67 fungal isolates that were subjected
to a 14-day submerged bioprocessing.
Hexane- and ethyl acetate (EtOAc)-based
extraction methods were employed to isolate
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the metabolites, and their antibacterial effect
was examined by agar diffusion against E. coli
(ESBL-positive) and E. coli [17]. These findings
demonstrated that both hexane- and EtOAc-
based extracts exhibited antibacterial activity,
with inhibition zones ranging from 1 to 35.9 mm.
Notably, A. stygium and C. rosea exhibited the
largest inhibition zones against E. coli and ESBL-
positive E. coli [17]. The MICs of the EtOAc extracts
from A. stygium, C. roseq, and C. rosea were
determined using a microdilution assay. The MIC
for both E. coli and the ESBL-positive E. coli strain
was found to be 400 pg/mL [17]. Natamycin is
a prominent example of a microbial-derived
antifungal preservative, which, although not of
fungal origin, is included here as a reference
compound due to its extensive application in
food preservation.

Natamycin (E235) is a natural polyene macrolide
antifungal produced by the bacterium
Streptomyces natalensis (actinobacteria). It
is currently the only antimicrobial metabolite
derived from microorganisms that is widely
and commercially used as a food preservative.
Natamycin is approved in many countries for
surface treatment of dairy products, particularly
cheese [16], where it effectively inhibits the
growth of molds and yeasts without adversely
affecting the sensory properties of food, making
it a benchmark antifungal preservative in the
dairy industry [18].

Further analysis identified two active metabolites:
daidzein and nodulisporone. Nodulisporone, a
tetralone derived from the Nodulisporium genus
(Ascomycota), displayed antimicrobial activity,
withinhibitionzonesof1I3mmagainst Trichoderma
harzianum and 10 mm against Candida albicans
[17]. Tetralones areknowntoinhibitDNAreplication
by blocking cellular DNA topoisomerase, thereby
affecting gene expression and recombination
in microorganisms [17]. Daidzein, a well-known
flavonoid commonly found in plants, was also
detected in the genera Aspergillus, Penicillium,
and Trichoderma. Flavonoids are recognized for
their ability to inhibit the formation of bacterial
nucleic acids, metabolism, and interfere with cell
membrane permeability [19].

Various classes of antimicrobial metabolites,
including alkaloids, terpenoids, flavonoids,
phenols, steroids, and volatile oils, have been
extracted from endophytic fungi [20,21]. One
noteworthy bioactive substance, 7-amino-4-
methylcoumarin, produced by the endophytic
fungus Xylaria sp. found in association with

Ginkgo bilobal.,hasdemonstrated wideinhibitory
effects against a variety of bacterial and fungal
infections responsible for foodborne illnesses
and spoilage. As a result, it has been suggested
as a potential natural food preservative [22].
Additionally, Fusarium sp. displayed antagonistic
properties against infection caused by bacteria
and fungi. Similarly, Phoma sp., derived from
Dendrobium devonianum and D. thyrsiflorum,
showed a potent inhibitory effect against
multiple human-infecting agents, including E.
coli, Bacillus subtilis, S. aureus, Candida albicans,
Cryptococcus neoformans, and Aspergillus
fumigatus [23].

3.2: Application of Filamentous Fungi in the
Meat Industry

Non-toxigenic species like P. chrysogenum and
P. nalgiovense, which are frequently utilized in
the preparation of meat, have the potential to
be exploited as biocontrol agents, according to
additional research on filamentous fungi. Strains
of P. chrysogenum purified from dry-cured ham
have been shown to inhibit the growth and
formation of ochratoxin A (OTA) by P. verrucosum
in vitro. Similarly, P. nalgiovense strains from the
commercial culture TEXEL PN1 have been found
to limit the growth of common spoilage fungi,
such as A. flavus and P. restrictum [17].

3.3 Marine-Derived and Their

Antimicrobial Compounds

Fungi

Fungi derived from marine sources serve as
valuable sources of bioactive compounds with
notable antimicrobial activities, especially from
the genera Neosartorya and Aspergillus. Different
compounds were isolated from the soil fungus
Neosartorya siamensis, marine N. takakii, coral-
associated N. laciniosa, and marine-derived
Aspergillus elegans, which was obtained from
the marine sponge Monanchora unguiculata.
These compounds were assessed for their
antimicrobial activity, particularly focusing on
their MICs to evaluate their role as bacterial
efflux pump inhibitors. Several of the compounds
demonstrated inhibitory effects on the growth of
S. aureus, although none were effective against
Salmonella enterica serovar Typhimurium [24].
Yeasts exhibiting antifungal characteristics were
sourced from marine ecosystems, indicating
significant potential as bioprotective materials for
postharvest treatment of fruits and vegetables.
According to a study conducted in the South
China Seaq, 56% of the isolates from deep-sea
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fungi had antibiotic activity against at least
one pathogenic bacterium. Such as Arthrinium,
Aspergillus, and Penicillium demonstrated both
antibacterial and antifungal properties, whereas
Acremonium, Cladosporium, Geomyces, and
Phaeosphaeriopsis exhibited only antifungal
effect [25]. Additionally, the marine vyeast
Rhodosporidium paludigenum, sourced from the
East China Sea, demonstrated effective inhibition
of Penicillium expansum on pears and Alternaria
alternata on jujube fruits [26].

4. Applicationsin the Food Industry

In the realm of food preservation, fungal
metabolites have demonstrated considerable
potential due to their capacity to inhibit spoilage
organisms and pathogenic microbes, thereby
extending shelf life and enhancing food safety.
While bacteria are traditionally recognized in the
synthesis of various antimicrobial agents, there
has been increasing interest in the antifungal
properties of yeasts. Yeasts, present in various
environments including cereals, vegetables,
fruits, meat, dairy, and processed foods, have
long played a role in preserving food by the
fermentation of products such as wine, beer,
dough, and certain cheeses, contributing to
both preservation and flavor enhancementgf27]
Yeasts exert antimicrobial activity by competing
for nutrients, acidifying their environment,
resisting stressors like ethanol, and producing
antimicrobial molecules, known as mycocins
or killer proteins, that inhibit fungal growth.
Furthermore, yeasts can colonize fruits, seeds,
berries, and leaves, competing effectively with
other microorganisms for space and nutrients,
rendering them useful biocontrol agents in
reducing postharvest decay [28,29].

Extensive research has explored the use of
yeasts that produce mycocin to prevent
fungal spoilage, with applications in foods and
beverages, including wine, olives, soy sauce,
and salted vegetables [30]. However, careful
consideration must be given to the selection
of yeast strains, as they may negatively
impact product quality. Yeasts such as
Meyerozyma guilliermondii, Candida fructus,
Issatchenkia orientalis, and C. quercitrusa have
been identified on fruits and plant surfaces,
displaying antagonistic effects against fungal
pathogens [31]. Wickerhamomyces anomalus,
isolated from avocados, has been shown to
inhibit Colletotrichum gloeosporioides and C.
acutatum, the causative agents of avocado

anthracnose. Similarly, Pichia membranifaciens,
either alone or combined with chitosan, has been
demonstrated to suppress C. gloeosporioides
in citrus anthracnose by reducing mycelial
growth and spore germination [32]. Additionally,
Hanseniaspora uvarum, extracted from grapes,
has been documented as an effective bio-
preservative, controlling gray mold (Botrytis
cinereq) in postharvest grapes [33] and inhibiting
green mold (Penicillium digitatum) that affects
citrus fruits [34]. Recently, yeast antifungal
applications expanded into dry-cured ham
[35] and sausages [36], where they are used to
control toxigenic Penicillium species responsible
for spoilage and OTA production. Strains of
Debaryomyces hansenii have demonstrated
antifungal effect against Penicillium verrucosum
and P. nordicum, reducing OTA levels. Although
D. hansenii can cause spoilage of fresh cheese
and cream, it is also widely used as a starter
culture to produce surface-ripened cheese and
naturally occurs in meat and fruit products [16].

Certain filamentous fungi, like Penicillium
nalgiovense and P. chrysogenum, play a positive
role in enhancing the taste and visual quality
of fermented foods, such as surface-ripened
cheeses [37] and dry-cured ham [38]. These
fungi are also employed as antifungal agents,
particularly in low-water-activity environments
where LAB is unable to thrive. Commercial strains
of P. nalgiovense and P. chrysogenum are widely
used in the meat industry [39]. Recent research
has demonstrated that P. chrysogenum, sourced
from dry-cured ham, inhibits spoilage fungi such
as Aspergillus flavus and P. restrictum through the
production of antifungal proteins [40]. Similarly,
P. nalgiovense from the TEXEL PNI culture has
been shown to limit the multiplication and OTA
secretion of P. verrucosum [41]. Furthermore,
combining P. chrysogenum with reduced water
activity (aw) during the ripening process has
been proposed as a strategy to prevent black
spot formation in dry-cured ham [38]. Overall,
both yeasts and filamentous fungi produce
antimicrobial peptides (AMPs), which offer a
valuable approach for limiting fungal spoilage
and mycotoxin production.

The use of fungal metabolites in food production
is critical to reducing food contamination
during the agricultural process and in industry.
These biocontrol agents diminish the reliance
on chemical preservatives, thereby supporting
more sustainable agricultural practices and food
processing. Furthermore, their use aligns with
the United Nations’ Sustainable Development
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Goals (SDGs), which target food security and
agricultural sustainability by 2030. Organic
acids like fumaric acid, produced by fungi such
as Rhizopus oryzae, are also employed in food
preservation. Fumaric acid disrupts bacterial
metabolism and inhibits the growth of foodborne
pathogenslike Salmonella and E. coli. This organic
acid is commonly applied in products such as
baked goods, beverages, and processed meats,
contributing to extended shelf life and improved
food safety [42].

Furthermore, endophytes serve as highly effective
biocontrol agents by protecting host plants
from phytopathogens through mechanisms
such as antibiosis, parasitism, and competition.
These organisms offer a sustainable substitute
to chemical fungicides, which contribute to the
emergence of resistant strainsand environmental
degradation. In addition to disease control,
endophytes produce a wide array of bioactive
compounds with antimicrobial, insecticidal, and
other pharmacological properties, underscoring
their importance in promoting sustainable
agriculture and plant health management
[43]. Among the most studied endophytic fungi
are those from the Trichoderma genus, widely
recognized for their diverse biocontrol traits.
These include parasitism, antibiosis, secondary
metabolite production, and the induction of
plant defense systems. Trichoderma species,
in particular, produce compounds such as
terpenoids that demonstrate potent antifungal
activity against plant pathogens, making them
valuable tools for disease control in agricultural
systems [44].

5. Mechanisms of Fungal Metabolites
Antimicrobial Action

Indry-fermentedfoods, specific yeastsand molds
act as effective antifungal agents by inhibiting
the growth of spoilage fungi. Their efficacy
stems from their ability to compete for space
and nutrients and the production of antifungal
agents, including antifungal proteins and volatile

organic compounds [45]. Debaryomyces
hansenii isolates produce 2-methyl-1-butanol
and other volatile compounds, including

unidentified diffusible molecules, that inhibit
Penicillium verrucosum in dry-cured ham [35].
Similarly, Meyerozyma guilliermondii, when
combined with Lactobacillus plantarum and
Wickerhamomyces anomalus, generates ethyl
acetate and p-13-glucanase during dough
fermentation, successfully protecting bread from

fungal contamination while preserving its taste
and texture [16].

As reviewed by Delgado et al, the antifungal
peptides produced from molds, such as cysteine-
rich antifungal proteins (AFPs), have molecular
weights between 5.5 and 10 kDa. These AFPs
are highly stable under acidic conditions, heat,
and proteolysis, making them suitable for use in
fermented foods like cheese and meat [45,46].
Once bound to fungal cell walls or internalized,
AFPs disrupt chitin synthesis or increase
intracellular reactive oxygen species (ROS)
levels, resulting in membrane permeabilization
and cell death [45]. The mechanisms of action
of antifungal yeasts and Bacillus species used to
control postharvest diseases are multifaceted.
They involve competition for essential nutrients
like carbon and iron [47,48], the release of
antifungal peptides and lipopeptides to inhibit
pathogens [49], and mycoparasitism, where lytic
enzymes such as glucanases, chitinases, and
proteases break down other fungi, and induction
of host resistance [27]. Cyclic lipopeptides like
surfactins, fengycins, and iturins, produced by
Bacillus subtilis and related species, aid in surface
colonization and have strong antifungal effects,
with fengycins and iturins being particularly
harmful to fungi [50].

Antifungal volatile compounds produced by
these microorganisms offer another promising
mode of action, with potential applications
in bio-fumigation for food spoilage control,
provided safety can be ensured [51]. Compounds
such as 2-phenylethanol, 2-methyl-1-butanol,
and 3-methyl-1-butanol were identified for their
antifungal properties. Notably, 2-phenylethanol
produced by Penicillium expansum R82 inhibits
various postharvest fungal pathogens, and its
mechanism against Penicillium digitatum and
fen]icillium italicum has been well-documented
52|.

Yeasts used to control grape pathogens
employ various strategies, such as producing
laminarians, antifungal volatiles, growth-
inhibiting compounds, and competing for
carbon and iron [53]. Many yeast strains show
multiple antifungal actions. For example, Pichia
anomala strain WRL-076, which is used to reduce
aflatoxin in tree nuts, produces 2-phenylethanol,
a compound that prevents spore germination,
fungal growth, and aflatoxin production in
Aspergillus  flavus [54]. Fungal secondary
metabolites, naturally occurring compounds
not essential for fungal growth or reproduction,
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demonstrate significant antimicrobial activity
due to their structural diversity [55]. These
metabolites can be categorized by their
biosynthetic pathways, including terpenoids,
alkaloids, and flavonoids. Investigating these
compounds can help discover new mechanisms
to combat AMR, improve healthcare, and control
foodborne and waterborne pathogens [56].

The increasing threat of foodborne and
waterborne diseases, exacerbated by rising
antimicrobial resistance, poses a considerable
challenge. However, fungal secondary
metabolites offer effective solutions through
their diverse mechanisms of action. For example,
monoterpenes such as limonene (CH,), due
to their small molecular size, exhibit enhanced
membrane penetration. The hydrophobic
nature of their methyl groups allows them to
interact with the phospholipid bilayer, disrupting
membrane fluidity, leading to the loss of
intracellular contents, and causing a breakdown
of membrane potential. This results in potent
bactericidal activity [57].

Limonene, derived from Trichoderma species,
shows strong inhibitory effects against
gastroenteritis-causing bacteria, such as E
coli, rendering it a promising candidate for

food preservation. Fumaric acid is also a fungal
secondary metabolite used as a preservative
that exhibits activity against various bacterial
species, including E. coli and Salmonella spp.,
through multiple mechanisms. One such
mechanism involves the disruption of bacterial
energy metabolism. Fumaric acid acts as an
intermediate in the Krebs cycle, positioned
between succinate and malate. Its molecular
structure, containing two carboxyl groups,
enables it to serve as an electron acceptor during
anaerobic respiration, allowing its reduction to
succinate. Additionally, the trans double bond in
fumaric acid enables effective binding to enzyme
active sites [58)]. When present in excess, fumaric
acidoverwhelmsthefumaratereductaseenzyme,
inhibiting anaerobic respiration, reducing ATP
production, and ultimately suppressing bacterial
growth [28].

The above study concludes the critical role of
fungal secondary metabolites in healthcare
due to their natural origin and lower toxicity
compared to conventional antimicrobial agents.
These compounds inhibit bacterial mycotoxins
and contribute to the global effort to combat
AMR, a major public health concern today, as
presented in Table 1.

Table 1: Major classes of fungal secondary metabolites with antimicrobial activity and their potential applications in food
systems

Category Metabolite Producing Target micro- Mechanism of Potential application Referenc-
fungus organisms action [limitations es
Terpenoids Monoter- Trichoderma Escherichia Disruption of cell Indirect application via [59,60]
(vocs) penes (e.g., spp. coli, spoilage | membrane integrity | active or modified-atmo-
a-pinene, fungi sphere packaging; limited
limonene) direct use due to volatility
and rapid dissipation
Alkaloids Peri- Periconia sp. Staphylococ- | Inhibition of efflux Experimental antimicro- [61,62]
conicin-type cus aureus pumps and cellular | bial agents; safety and
alkaloids stress pathways regulatory approval not
established
Polyketides Flavonoid-like | Colletotrichum | E. coli Interference with Laboratory-scale studies [63]
(phenolic polyketides gloeosporioi- ATP synthesis and only; sensory and toxico-
compounds) des metabolic enzymes | logical evaluation required
Organic Fumaric acid | Rhizopus Salmonella Acidification and Approved acidulant; [28,58]
acids oryzae spp. disruption of bacte- | already used in food
rial metabolism systems within regulated
limits
Quinones Ustic acid Aspergillus E. coli Redox cycling and Experimental antimicrobial | [61,64]
(polyketides) ustus disruption of cell compound; co-production
wall integrity of toxic metabolites limits
food application
http://apc.aast.edu

42




June 2026

Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898
http://dx.doi.org/10.21622/AMPDR.2026.06.1.1738

6. Global food preservatives market

Rapid  technological advancement  and
globalization are increasing consumer demand
for safe, healthy food, as the presence of harmful
chemicals, such as artificial additives, continues
to rise. The key drivers of the market include the
growing global population, changing consumer
lifestyles, and heightened awareness of food
safety. Consumers’ demands drive companies
to start reducing synthetic preservatives and
using natural and organic food preservatives
like essential oils, plants extract, and organic
acids. The global food preservatives market is
projected to experience a significant increase
from 2018 to 2030, with both natural and
synthetic preservatives playing key roles. Natural
preservatives, including edible oils, rosemary
extracts, natamycin, vinegar, and chitosan,
are gaining popularity due to their perceived
health benefits and the rising demand for clean-
label products. Synthetic preservatives such as
propionates, sorbates, and benzoates remain
widely used in food production because of their
cost-effectiveness and strong antimicrobial
effect. The market outlook for food preservatives
is also categorized by function, with antimicrobial
and antioxidant properties being the primary
drivers of their use. Antimicrobial preservatives
are essential for preventing microbial spoilage,
while antioxidants protect food products from
oxidative damage, thereby extending shelf
life. In terms of application, preservatives are
extensively used across various sectors, including
meat and poultry, bakery products, dairy,
beverages, and snacks. These sectors rely on
preservatives to ensure product safety, maintain
quality, and extend shelf life, with the meat
and poultry industry representing a significant
share of the market. The market is expected to
continue expanding across these segments due
to growing global demand for processed and
convenient foods [65,66].

The demand for extended shelf-life food products
isdrivenbyincreasing urbanizationand agrowing
working population, particularly in cities. By 2050,
the global population is expected to reach 9.7
billion,with70%residinginurban areas, prompting
a rise in the consumption of convenience foods.
To meet this demand, food manufacturers are
incorporating natural preservatives, such as
vinegar and rosemary extract, to extend product
shelf life while maintaining quality, especially
with the increasing preference for clean-label
products. In the Asia Pacific, the food processing
industry is expanding rapidly, particularly in India

and Ching, due to rising populations and evolving
consumption trends. Government support has
fueled the sector’'s growth, with India’s food
processing industry contributing significantly
to both domestic and export markets. In
2020, it accounted for 32% of the country’s
total food market. However, the demand for
preservative-free foods is also increasing as
consumers become more health-conscious,
particularly in the U.S., Europe, and China.
While synthetic preservatives are considered
generally safe, some consumers express
concerns about their potential health risks,
including links to attention deficit hyperactivity
disorder (ADHD), cardiovascular diseases, and
obesity, especially in children. Despite these
concerns, there remains a strong preference
for high-quality, flavorful food products [66].

7. Safety, Sensorylmpact, Toxicology,
and Dose-Response Validation of

Antifungal Metabolites

Despite the growing interest in fungal- and
microbial-derived antifungal metabolites
as natural alternatives to synthetic food
preservatives, comprehensive safety evaluations
remain limited for many candidate compounds.
While numerous studies report strong antifungal
efficacy in vitro, systematic assessments of
toxicological safety, sensory impact, and dose-
response relationships under realistic food
conditions are largely absent, representing
a major barrier to regulatory approval and
industrial adoption.

7.1: Safety and Toxicological Considerations

Many antifungal metabolites produced by
filamentous fungi belong to chemically diverse
classes such as polyketides, non-ribosomal
peptides, terpenoids, and alkaloids, some
of which are structurally related to known
mycotoxins. This structural similarity raises
justified safety concerns, as several fungal
secondary  metabolites  exhibit  cytotoxic,
genotoxic, or immunosuppressive effects at
higher concentrations [64,67]. For example,
compounds such as chaetoglobosins and
epipolythiodioxopiperazines ETPs), while
demonstrating antifungal or antibacterial
activity, have been reported to interfere with
mammalian cellular redox balance and immune
responses, limiting their direct application in
foods [68-70].
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Toxicological evaluations, including acute and
chronic toxicity, mutagenicity, teratogenicity, and
carcinogenicity studies, are rarely conducted for
emerging antifungal metabolites. Regulatory
agencies such as the European Food Safety
Authority (EFSA) and the U.S. Food and Drug
Administration (FDA) require such data before
approval; however, for most fungal-derived
antifungal compounds, no acceptable daily
intake (ADI) values or no-observed-adverse-
[effect]levels (NOAELs) have been established
71-73].

7.2: Dose—-Response Validation and Sensory

Impact

Acriticallimitationinthedevelopmentofantifungal
metabolites as food preservatives is the lack of
robust dose-response validation in real food
matrices. Antifungal activity is frequently reported
at concentrations determined under in vitro
conditions, while corresponding safety margins
and sensory thresholds are rarely assessed in
parallel. Moreover, MICs obtained in laboratory
media often fail to translate directly to complex
food systems, where interactions with lipids,
proteins, and carbohydrates can significantly
reduce antimicrobial efficacy or alter compound
bioavailability [74]. In the absence of validated
dose-response relationships, it remains unclear
whether effective antifungal concentrations can
be achieved within acceptable toxicological and
sensory limits.

Sensory impact represents an additional, yet
underexplored, constraint on the practical
application of antifungal metabolites. Many
fungal-derived compounds possess intense
pigmentation, bitterness, or characteristic odors,
which may adversely affect food appearance,
flavor, and overall consumer acceptance. For
example, pigmented antifungal metabolites such
as pulcherrimin and azaphilone derivatives can
induce visible color changes in food products,
limiting their suitability for applications where
visual quality is critical [16,75].

Bitterness is particularly problematic for several
classes of antifungal peptides and alkaloids.
Defensin-like peptides and non-ribosomal
lipopeptides, produced by fungi and bacteriq,
have been reported to impart bitter or metallic
off-flavors. In particular, iturin- and fengycin-
type lipopeptides, despite their strong antifungal
efficacy, have been associated with perceptible
bitterness atconcentrationsinthelowmg/Lrange
infoodmodelsystems[76,77].Similarly,peptaibols,

such as alamethicin produced by Trichoderma
species, are short, highly hydrophobic antifungal
peptides rich in o«-aminoisobutyric acid; their
rigid helical structures and hydrophobic side
chains are strongly correlated with bitter
taste perception [78,79]. Alkaloids represent
another class of antifungal metabolites with
pronounced sensory effects. Ergot alkaloids
(e.g, ergometrine and ergine), produced by
Claviceps species, are intensely bitter and have
historically been associated with strong aversive
sensory properties even at trace concentrations.
Although their toxicity precludes their use as food
preservatives, they illustrate the potent sensory
impact that antifungal alkaloids can exert [80].

Despite  these well-documented sensory
challenges, formal sensory evaluation studies,
including trained panel assessments and
consumer acceptability testing, are seldom
incorporated into antifungal metabolite research.
Most studies continue to focus predominantly
on antimicrobial efficacy, highlighting the
need for integrated experimental approaches
that simultaneously address dose-response
behavior, toxicological safety, and sensory
impact to support the realistic application of
antifungal metabolites in food preservation.

8. Conclusion, challenges, and future
perspectives

There has been significant scientific interest
in exploring fungal metabolites as potential
antimicrobial agents for food preservation,
primarily driven by the need to control spoilage
microorganisms and extend shelf life under
increasingly restrictive regulatory frameworks
for  synthetic  preservatives. Laboratory-
scale studies have demonstrated that fungi
are capable of producing a diverse array of
secondary  metabolites—including  organic
acids, peptides, enzymes, volatile compounds,
and pigments—with measurable antimicrobial
activity against foodborne bacteria and spoilage
fungi. However, the translation of these findings
into practical food applications remains limited,
and the current contribution of fungal-derived
metabolites to commercial food preservation is
modest.

A major constraint to the adoption of fungal
metabolites as food preservatives is their safety
and toxicological profile. Many fungal secondary
metabolites are structurally related to, or co-
produced with, known mycotoxins, raising
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significant concerns regarding cytotoxicity,
genotoxicity, and chronic exposure risks.
Consequently, only a very limited number of
microbial-derived antifungal compounds have
received regulatory authorization for food use,
and the majority of fungal metabolites discussed
in the literature lack Generally Recognized as
Safe (GRAS) status or approval by regulatory
authorities such as the EFSA or the FDA. These
regulatory limitations underscore the importance
of  distinguishing between  experimental
antimicrobial activity observed in vitro and
compounds that are legally and toxicologically
acceptable for use in real food systems.

In addition to safety concerns, technological
and sensory challenges further restrict industrial
feasibility. The stability of fungal secondary
metabolites within complex food matrices
is often uncertain, as interactions with food
components, processing conditions, and
storage environments can reduce antimicrobial
efficacy or lead to degradation products with
unknown safety profiles. Moreover, several
fungal metabolites, particularly pigmented
compounds and hydrophobic peptides, may
negatively affect food color, flavor, or aroma,
thereby limiting consumer acceptance. These
factors highlight the need for cautious evaluation
of fungal metabolites beyond antimicrobial
potency alone.

At present, compounds with realistic pathways
toward application are largely restricted to well-
characterized and tightly regulated examples,
such as natamycin—which, although of bacterial
origin, serves as an important benchmark for
antifungal biopreservation—or carefully purified
fungal-derived proteins and enzymes that can
be produced under controlled conditions with
minimal risk of toxic co-metabolite formation.
Broad generalizations regarding the commercial
readiness of fungal metabolites as bio-
preservatives are therefore not supported by the
current regulatory and toxicological landscape.

Future research should focus on addressing
these  fundamental limitations  through
integrated, multidisciplinary approaches. Priority

areas include comprehensive toxicological
evaluation, assessment of mycotoxin co-
production, establishment of dose-response
relationships in relevant food matrices, and
formal sensory analysis. In parallel, standardized
extraction and purification protocols, alongside
rigorous strain selection and characterization,
are essential to ensure reproducibility and safety.
Advances in genomics, transcriptomics, and
metabolomics offer valuable tools for identifying
fungal strains and metabolic pathways capable
of producing antimicrobial compounds while
minimizing safety risks. Ultimately, aligning
antifungal efficacy with regulatory authorization,
toxicological safety, and sensory acceptability
will be critical to determining whether fungal
metabolites can transition from promising
laboratory findings to credible and limited roles
in modern food preservation systems.
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ABSTRACT:

Background:  Multicellular ~ organisms  are
composed of individual cells acting in tightly
regulated cooperation. The health and homeostasis
of multicellular organisms depend on the tight
balance between cell proliferation and cell death.
Cell death was divided into three main types
according to morphological changes that occur.
Type | cell death (apoptosis), Type Il cell death
(autophagy), and Type il cell death (necrosis).
Recently, cell death types can be categorized into
programmed and non-programmed cell death
based on their signal dependency.

Objective of the study: This review will focus
primarily on programmed regulated cell death. It
will also discuss non-programmed cell death and
different signaling pathways.

KEYWORDS:

Cell death, apoptosis, necrosis, autophagy.

1. Introduction

Cell proliferation is an important intracellular
process in which nearly all of the billions of cells in
our body undergo in a strictly regulated manner.
It allows cell populations to increase through cell
growth and division. (1)

Proper regulation of the cell cycle is crucial for
ensuring effective DNA repair and preventing
the transmission of damaged genetic material.
When cellular damage becomes irreparable,
programmed cell death eliminates defective
cells. Thus, multicellular organisms depend on a
precise balance between cell proliferation and
Death to preserve tissue integrity and overall
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homeostasis. (2)

While celldeathis a normal physiological process,
with millions of cells dying and being replaced
every second, dysregulation of cell death can
contribute to diseases like cancer (where cell
death is suppressed) and neurodegenerative
disorders (where cell death is excessive).
Therefore, cell death plays a critical role in both
normal function and disease pathology. (3)

2, Historical and

Classifications

background

Cell death historically was divided into three
main types according to morphological changes
that occur: Type | cell death (apoptosis), Type I
cell death (autophagy), and Type il cell death
(necrosis). All three can be executed through
distinct, and sometimes overlapping, signaling
pathways engaged in response to specific
stimuli. (4) (Figure 1)

Cell Death

,, i

Type Il cell death
(autophagy)

l

Type | cell death

Type lll cell death

(apoptosis) (necrosis)

Figure I: Classification of cell death based on its
morphological dependency. (4)

The study of regulated cell death (RCD) began
in 1842 when Karl Vogt observed dying cells in
toads. However, research into RCD didn't really
take off until the term “apoptosis” was introduced
in 1972 by John Kerr, Andrew Wyllie, and Alastair
Currie. (5)

Cell death can be classified into two main
categories: programmed cell death (PCD) and
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non-programmed cell death. PCD is controlled Cell Death
by specific signals within the cell, while non-
programmed cell death is caused by unexpected l l
damage. (6) (Figure 2) scoidertl (ron-programmmed Regulated
cell death (necrosis) (programmed)cell

Accidental cell death is uncontrolled and occurs
due to severe damage, such as from chemicals

or physical injury. Regulated cell death, on the | |
other hand, is a controlled process that can | Apoptotic cell death ‘ Nonapoptotic cell |
occur physiologically or in response to different

types of stress. (7) Autophagy

| Apoptosis ‘

Entosis

Given the morphological characteristics and
molecular mechanisms, PCD can be further
categorized into apoptotic cell death and
nonapoptotic cell death. Apoptosis retains cell Paraptosis
membrane integrity and occurs in a caspase-
dependent manner. By contrast, nhonapoptotic
cell death is mostly characterized by caspase
independence. (7) The recent classification

Methuosis

Necroptosis

. . X Parathanos
is based on both morphological and signal
— Ferroptosis

dependency of cell death. On the other hand, the
necrotic cell death can be further divided into Others
a regulated and a non-regulated form of cell
death. (8, 9) (Figure 3)

Figure 2:Classification of cell death based onits signal

dependency. (10)

Cell Death
Apoptosis Necrosis A vacuole
presents cell
l l Autophagy
Non regulated Regulated
Entosis
Necroptosis .
ecropto Methuosis
Pyroptosis | Paraptosis
Parathantos
Ferroptosis

Figure 3: Classification of cell death based on its morphological and signal dependency. (9)
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3. Apoptosis

Apoptosis, derived from Greek words meaning
“falling off” like petals from a flower or leaves from
a tree, refers to a genetically programmed form
of cell death. This controlled process involves a
specific sequence of cellular events and has a
distinct microscopic appearance, differentiating it
from other cell death mechanisms. (11)

Apoptosis is a normal biological process. All cells
can undergo apoptosis, which is a way to remove
unnecessary, damaged, or unwanted cells without
harming nearby cells. The human body has around
100 trillion cells. Every day, billions of new cells are
created through mitosis, and a similar number die
through apoptosis to keep tissues healthy. (12)

Also, toxic insults, in particular by agents that
damage DNA, can induce apoptosis. The low
doses of stimuli can induce apoptosis, but these
same stimuli can result in necrosis at higher doses.
(13, 14). During apoptosis, cells maintain their
outer membrane integrity and metabolic activity
(to some degree) as the process proceeds to
completion, which—in vivo— allows for the rapid
clearance. (15)

To maintain genomic integrity, cells rigorously
monitor their DNA and the machinery involved
in mitosis. When damage or errors are detected
at key checkpoints—such as the DNA damage
checkpoint or the mitotic spindle checkpoint—the
cell cycle is halted, and apoptosis is activated
to prevent the propagation of defective cells.
Failure of these checkpoints or the apoptotic
machinery allows abnormal cells to continue
dividing, contributing to tumor development.
Beyond cancer, dysregulation of apoptosis has
broader pathological implications: insufficient
apoptosis is associated with cancer, viral
infections, and autoimmune disorders, whereads
excessive or premature apoptosis underlies many
neurodegenerative diseases, including Alzheimer’s
and Parkinson’s disease, as well as certain
cardiovascular conditions and infections such as
AIDS.(16)

Importance of apoptosis

During embryonic development, the signaling
molecule Sonic hedgehog (Shh) is released from
the notochord in a gradient to guide the patterning
of cells in the neural tube. Cells in the neural tube
express Patched 1 (Ptcl), the receptor for Shh. When
Shh binds to Ptcl, it promotes the survival of the

target cells. However, in the absence of Shh, cells
that express Ptcl undergo apoptosis. (17, 18)

In mammalian embryos, apoptosis occurs during
cavitation and plays an essential role in shaping
the developing embryo. (19) It is now widely
recognized that appropriate apoptosis is crucial for
normal development, as defects in the molecules
that regulate apoptosis can lead to embryonic
Death or severe malformations. (20) In contrast,
other forms of cell death are not necessary during
the developmental process. (21)

During human development, structures like the
branchial arches, embryonic tails, and webbed
fingers disappear before birth due to programmed
cell death. (22) In a developing fetus, the hand
initially appears webbed. Extra cells die through
apoptosis to form fingers. Similarly, in a developing
nervous system, more than half of the nerve cells
die soon after they are created. (23)

1. Tissue homeostasis: The number of cells is kept
relatively constant as a result of a balance
between cell division and cell death. When
cells are damaged or nonfunctioning, they
must be replaced. Generation of new cells
must be offset by cell death to maintain a
stable baseline population. (23)

2. Aging can also be considered to be a
physiological cell death process. For most
animals, lifespan is genetically predetermined.

(12)

3. It plays an important role in the immune
system by removing self-reactive T cells
through negative selection. Lymphocytes can
induce apoptosis in target cells. (24)

4. Apoptosis happens as a cellular response to
growth factors and hormones. Withdrawal of
hormones results in atrophy of the hormone-
dependent tissue, and apoptosis has been
found to be responsible for this phenomenon in
the prostate, adrenal cortex, endometrium, and
mammary glands. (25, 26)

5. It may also be used to minimize the risk in cells
frequently exposed to mutagenic chemicals or
radiation. Diverse chemotherapeutic agents
kill sensitive cells by apoptosis. (27)

6. Apoptosis prevents malignant transformation,
whereas abnormal apoptosis can predispose
to cancer. (28)
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2.2 Morphological and molecular events in
apoptosis

Apoptosis progresses through several
stages: The earliest stage recognizable by
electron microscopy, apoptotic cell death is
characterized by a distinct nuclear behavior
involving progressive chromatin margination
and compaction. Chromatin margination is first
limited to thin electron-dense areas underlying
the nuclear envelope. These electron-dense
areas are then organized in cap-shaped
compact structures. (29) These compacting
areas of chromatin are rearranged due to DNA
fragmentation. (30) (Figure 4)

Figure 4: Electron microscopy of uninfected (A) and reovirus

strain-infected (B, C, and D) A. Uninfected cells B. Initial

condensation of chromatin. Margination of chromatin at the

nuclear membrane. COmpIeEe S:ondensution of the nucleus.
31

During  chromatin ~ margination,  plasma
membrane blebs appear on the cell surface, and
specialized surface elements such as microvilli
have disappeared. (32) The membrane blebbing
causes the nucleus to break (koryorrhexis). This
process represents another morphological
hallmark of in vitro and in vivo apoptosis, and it is
controlled by actomyosin contraction. (33)

During apoptosis, nuclear fragmentation
becomes evident through nuclear splitting
and the frequent appearance of micronuclei,
while cytoplasmic condensation leads to the
breakdown of cell-cell interactions. Classically,
it is understood that microtubules and
intermediate filaments become disorganized
at the onset of the execution phase, whereas
the actin cytoskeleton drives the characteristic
remodeling of the cell. In later stages,

microtubules reorganize to form the apoptotic
microtubule network, a specialized structure that
supports apoptotic cell morphology, preserves
plasma membrane integrity, and contributes
to the orderly dispersion of cellular and nuclear
fragments. (34, 35)

Finally, the splitting of the cellular content into
distinct membrane-enclosed vesicles, termed
apoptotic bodies, containing portions of the
fragmented nucleus and an array of intact
organelles. (32) The apoptotic cell removal by
phagocytes is very rapid; therefore, the presence
of apoptotic bodies (ApoBDs) is very limited in
vivo. (36)

One of the critical properties of the fragmentation
process is that the cytoplasm and organelles are
essentially repackaged without the leakage of
any potentially harmful cellular components into
the extracellular space or bloodstream. (37)

Finally, the release of cell surface markers
(phosphatidylserine) from the cell membrane
facilitates phagocytosis by cells such as
macrophages and parenchymal cells for further

degradation, thereby preventing secondary
necrosis. (32)

2.3 Apoptotic Bodies

Dying cells produce vesicular apoptotic

bodies that are variable in size, structure, and
composition. Apoptotic bodies appear after the
disassembly of an apoptotic cell into subcellular
fragments. The formation of ApoBDs is an
important process downstream of apoptotic cell
death, considered a hallmark of apoptosis. (38)

In fact, they may contain a wide variety of
cellular components: micronuclei, chromatin
remnants, cytosol portions, degraded proteins,
DNA fragments, or even intact organelles. Reports
describe that an apoptotic body contains alarge
amount of RNA.(39)

Apoptosis does not trigger an inflammatory
reaction because apoptotic cells retain their
intracellular contents and do not release them
into the surrounding tissue; their apoptotic
bodies are rapidly phagocytosed by neighboring
cells—preventing secondary necrosis—and the
cells responsible for engulfing these fragments
do not produce inflammatory cytokines. (40)

Furthermore, the phagocytosis of apoptotic cells
and apoptotic bodies is precisely coordinated
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during the early stages of apoptosis, and a
membrane lipid rearrangement occurs, which
involves phosphatidylserine (PS) translocation
from the inner to the outer leaflet. (41)Thus, PS, a
phospholipid normally localizedintheinnerleaflet
of the plasma membrane, is remodeled and is
exposed onto the outer leaflet, which is believed
to act as an “eat me” signal that facilitates the
recognition and uptake of apoptotic cells by
phagocytes. (42)

The formation of ApoBDs can promote efficient
removalof celldebris by meansofthe surrounding
phagocytes. Additionally, ApoBDs can harbor
biomolecules, including microRNA and DNA, to
regulate intercellular communication. (43)

Depending on the mechanism used by a
particular cell type undergoing apoptotic cell
disassembly, a different quantity and quality of
ApoBDs will be generated. However, it is not yet
clearwhy different cell types need to disassemble
differently and the functional significance of such
diversity. In autoimmune diseases, a defect in the
clearance of ApoBD formation may contribute to
the development of autoimmune disease. (44)

2.4 The clearance of dying cells (efferocytosis )

Cellular turnover is continuous in adult tissues,
and rapid clearance of dying cells is essential
to avoid inflammation and immune activation.
This process is carried out by professional
phagocytes—such as Kupffer cells, alveolar
macrophages, and microglio—as well as non-
professional phagocytes like epithelial cells and
fibroblasts. (45)

Efferocytosis is an active, highly regulated
process designed to efficiently eliminate dying
cells and promote immunological tolerance. It
involves a series of coordinated steps in which
dying cells release “find-me” signals to attract
phagocytes, which then recognize and bind
to “eat-me” signals on the cell surface. The
phagocyte subsequently engulfs the cellular
corpse, processes and degrades it, and finally
generates an appropriate immune response to
the ingested material. (40)(Figure 5)

Efferocytosis by

Apoptotic cell phagocytic cells

Figure 5: Clearance of dying cells. (46)

Recruitment of phagocytes to sites of cell death
occurs before the completion of apoptosis,
indicating that one of the first acts of a dyin

cell is to prepare for its own elimination. (47
During this process, apoptotic cells release ‘find-
me’ signals, distinct molecules that establish
a chemotactic gradient to attract phagocytic
cells. (48)

Find-me’ signals are often released in an
active, caspase-dependent ~manner, yet
these molecules are also released (in greater
quantities) during other forms of cell death, such
as necrosis or necroptosis. (49)

Just as dying cells must recruit phagocytes, they
must also transform themselves into targets
for engulfment, displaying distinct signals that
differentiate them from viable cells. Thus, the
simultaneous presence of ‘don’t eat me’ signals,
such as CD31, CD47, and CD6I, on viable cells,
may negatively regulate phagocytosis. (15)

Acidic proteases and nucleases in mature
phagolysosomal compartments degrade
dying cells into their basic cellular components,
i(ncISJding fats, sterols, peptides, and nucleotides.
50

2.5 Apoptosis pathways

Apoptosis is a multi-pathway mode of cell death
that leads to cellular destruction, with the nucleus
playing a crucial role in this process. (51)

Apoptosis requires energy input and thus is
an active process. In more detail, apoptosis is
initiated by either internal or external stimuli and
mediated via two distinct pathways: the intrinsic
pathway (mitochondrio-mediated pathway)
and the extrinsic pathway (death receptor-
mediated pathway). (52)

Its induction is dependent on the presence of a
wild-type p53 gene, which is a tumor suppressor
protein that plays a role when DNA is damaged.
P53 is a key element in apoptosis induction in
cells in response to DNA damage. It becomes
phosphorylated, stabilized, and activated. (53)

Cellular stress, including that induced by
chemotherapy or irradiation, activates p53 either
directly or indirectly. P53 can also move directly
to the mitochondria, where it exerts proapoptotic
activity. (54) Its transactivation can contribute
to the induction of apoptosis in some cell types,
and a number of genes transactivated by p53
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?qve b()—:=en implicated in the apoptosis response. e DNA damage (chemotherapeutic drugs).
55, 56

. Endoplasmic reticulum (ER) stress.
Many genes involved in cell cycle regulation are
also involved in the regulation of apoptosis (e.g, ®
c-myc, c-fos, c-jun, and p53). Thus, signals that
promote proliferation can also promote apoptosis.  ®
If apoptosis is blocked by survival signals, an
increase in cell numbers occurs, which can
manifest in cancer. For example, c-myc plus bcl-2
leads to proliferation, and c-myc plus p53 leads to
apoptosis. (54)

Reactive oxygen species (ROS) overload.
Microtubular alterations.
. Mitotic defects.

The key to the regulation and execution of intrinsic
apoptosis lies in the BCL-2 family of proteins,
which includes both proapoptotic (promote
apoptosis) and antiapoptotic (inhibit apoptosis)
members. The careful modulation of the balance
between these two groups of BCL-2 proteins can
largely determine cell fate decisions between
life and Death. (52) Bcl-2 contains four so-called
Bcl-2 homology domains (BH1-BH4), which are
absolutely required for its survival functions. (58)
(Table 1)

> Intrinsic apoptotic pathway (Figure 6)

Intrinsic apoptosis is a form of RCD initiated by
a variety of microenvironmental perturbations,
including, but not limited to, the following:(57)

° Growth factor withdrawal.

Table 1: Bel2 family (58)

Genes Role of apoptosis Functions

Bcl2 Prevent apoptosis by inactivating (Bax and Bak

Inhibit tosi
nhibits apoptosis proteins).

(B-cell ymphoma-2)

Bel-xI Prevent apoptosis by rendering mitochondrial

Inhibits apoptosis
Ibits apoptosi pores impermeable.

(B-cell lymphoma-x)

Oppose Bcl2

BAX Forms pores in the outer mitochondrial mem-

Promotes apoptosis
(Bcl2-associated X protein) brane (OMM).

Cytochrome c release.

BAK
Promotes apoptosis Same as BAX

(Bcl-2 antagonist killer

Phosphorylated BAD
No interaction with bcl2

BAD Antiapoptotic

(Bcl-2 associated death promoter)
DE-phosphorylated BAD
Inactivate BCL2 so Bax is activated
proapoptotic

BID proapoptotic Insertion of BAX into OMM

(Bik, Bim) other Bcl-2 death promoters

In physiological conditions, the proapoptotic In response to apoptotic stimuli MOMP is

Bcl-2 protein Bax is predominantly found in the
cytosol of nonapoptotic cells and is commonly
thought to translocate to mitochondria
following an apoptotic stimulus, initiating
mitochondrial targeting and outer-membrane
permeabilization. In contrast, BAK constitutively
resides at the OMM.(59)

mediated by BAX and BAK. BAX and BAK are the
only BCL2 family members characterized so far
in mammalian cells for their ability to form pores
acrossthe outer mitochondrialmembrane (OMM)
and possibly other intracellular membranes. (60)

The critical step for intrinsic apoptosis, which is
irreversible, is mitochondrial outer membrane
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permeabilization (MOMP). It is controlled by
proapoptotic and antiapoptotic members of the
BCL2. (61)

Active BAX and BAK have also been proposed
to permeabilize ER membranes, especially
in response to reticular stress, resulting in
the cytosolic leak of Ca2+ ions from ER and
consequent mitochondrial Ca2+ uptake. (62)

This process further leads to the release
of  proapoptotic  proteins  through the
intermembrane space into the cytosol. The
presence of cytochrome c in the cytosol binds
Apaf-1 (apoptotic protease activating factor
) and caspase 9 to form a complex called
“apoptosome”.(63)

Activated CASP9 can catalyze the proteolytic
activation of CASP3 and CASP7, which are
widely perceived as the enzymes responsible
for cell demolition during intrinsic (and extrinsic)
apoptosis in mammalian cells. (64)

XIAP(X-linked inhibitor of apoptosis protein)
is the only IAP(Inhibitor of Apoptotic protein)
protein family member that counteracts the
apoptotic cascade by stably binding to and
hence physically blocking caspases. (65) IAPs
are negatively regulated by IAP-antagonist
proteins such as Smac/Diablo.(66, 67)

> Extrinsic apoptotic pathway (Figure 6)

The extrinsic pathway of apoptosis is a process
whereby cells initiate programmed cell death in
response to external signals, such as those from
neighboring cells or the immune system. (68)

The external program that stimulates apoptosis
occurs via death receptors that are members of
the tumor necrosis factor receptor (TNFR) gene
superfamily. Individual members of this family
recognize specific ligands, but not allmembers of
the TNF family initiate celldeath. Those whoiinitiate
cell death possess a homologous cytoplasmic
sequence termed death domain(DD). (68) This
death domain is essential for the transmission
of the death signal from the cell surface to
intracellular signaling pathways. (68)

The binding of the death domain [adapter
protein to the receptor ligand complex allows the
binding of an initiator caspase 8 or 10 through its
death effector domain (DED) to form an activated
complex called the death-inducing signaling
complex (DISC). Furthermore, the binding and

activation allow caspase 8 to relay the death
signal to an execution caspase to bring about
apoptosis. (69)

Insufficient activation of caspase-3 leads to
caspase-8 cleaving BID to generate its activated
form: (tBID). TBID stimulates the intrinsic apoptotic
pathway by binding directly to Bax/Bak, inducing
MOMP.(70)

> Granzyme-mediated apoptosis

Cytotoxic lymphoid cells (predominantly NK cells
and cytotoxic T cells) can induce cell death via
death receptor ligands or the granzyme/perforin
system. After recognition of transformed or
infected cells, cytotoxic cells release secretory
granules that contain perforin and granzyme
B. These secreted factors are taken up by
endocytosis and released into the cytosol by the
perforin-dependent or -independent pathways.
Once released to the cytosol, granzyme B
cleaves caspases and Bid, activating apoptotic
pathways. (71) (Figure 6)

The insertion of perforins into the target cell
plasma membrane creates pores through which
granzymes and toxins pass into the interior
of the target cell. The granzymes are serine
esterases that cleave and activate proteases.
These enzymes have the capacity to induce DNA
f(ra mentation and apoptosis of the target cells.
72

2.6 Caspase family

Caspases are protease enzymes and key
mediators of apoptosis, produced as inactive
zymogens that are rapidly activated when
needed. Fourteen caspases have been identified,
with the major ones classified as initiators
(caspase 2, 8, 9, 10), executioners (caspase-3, 6,
7), and inflammatory caspases (caspase 1, 4, 5).
Additional members include caspase 1], involved
in apoptosis and cytokine maturation during
septic shock; caspase 12, linked to ER-stress-
induced apoptosis; caspase 13, considered
bovine-specific;, and caspase 14, expressed
mainly in embryonic tissues. (14, 73, 74)

Apoptosis proceeds through a caspase cascade
in which initiator caspases, activated by the
apoptosome (caspase 9), death receptors
(caspase 8 and 10), or granzyme B (activating
caspase 3 and 7), trigger downstream
executioners. These caspases cleave nuclear
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and  cytoplasmic  substrates, activating
endonucleases that fragment DNA—a hallmark
of apoptosis—and promoting phosphatidylserine
exposure on the cell surface. (75)

Also, the cell nuclei fragmentations, apoptotic
bodies, and changes in cell organelles. (78)

Image Cytometry: it uses a Cell Analysis
Systems platform to quantify cell proliferation

i@ W, @ o and apoptosis, with apoptosis measured as
™ e g @ s the percentage of epithelial cells showing
INTRINSIC APOPTOSIS o'® characteristic apoptotic morphology under
r oy oo? 08¢ o the light microscope. (79)
deprivation L
e — e . . R .
@J T‘—‘ L,H " E:m(?:e Il. Biochemical characterization of apoptosis
'f\ 0 e = a. DNA gel electrophoresis: This method is
R — < characterized by the formation of ladder-
Pay v J like DNA bands to detect apoptosis. (80)
p f-’;*\‘.‘! ) DNA laddering is a distinctive feature of DNA
= l o — degraded by caspase-activated DNase. It
po1 e 1 can only be used for the semi-quantitative
Asotosome detection of apoptosis. It is also not suitable
for detecting minor damage to the DNA.(81)
Figure 6: Apoptotic pathways and granzyme-mediated . o .
apoptosis. (70) b. Reol—jclme quantitative polymerase chain
o reaction (RT-qPCR): It is one of the most
2.7 Anoikis widely used methods of gene quantification.
L . It is used to measure the mMRNA expression of
Anoikis is a programmed cell death occurring apoptosis-related genes. (82)
upon cell detachment from the correct
extracellular matrixby disrupting integrinligation. ¢ Analysis of  mitochondrial membrane
Itis a critical mechanism in preventing dysplastic potential: Mitochondrial membrane potential,
cell growth or attachment to an inappropriate an early marker of mitochondrial apoptosis,
mQtriX. AnOikiS preventS detached ep|thel|0| cells is assessed using fluorescent cationic
from colonizing elsewhere and is thus essential dyes, where high potential produces red
for tissue homeostasis and development. (76) fluorescence due to dye accumulation, and
. ) low potential yields green fluorescence as the
It hos. become clear that the |ntegr|n—o<654, dye fails to accumulate. (83)
a major component of hemidesmosomes, is
able to transduce signals from the extracellular i, jmmunological characteristics of apoptosis
matrix to the interior of the cell, which critically
modulates the organization of the cytoskeleton, a. Western blotting: It is a laboratory technique
proliferation, apoptosis, and differentiation. used for the measurement of Cyto-C and the
Maintenance of cell-cell contact is therefore expression of apoptotic proteins. (84) The
important for preservation of normal epithelial method involves using gel electrophoresis
structure and function. (77) to separate the sample’s proteins. The
separated proteins are then exposed to an
2.8 Methods ofapoptos"s detection GntibOdy SpeCifiC to the torget protein. The
binding of the antibody is detected using a
I.  Morphological features radioactive or chemical tag. This is one of the
earliest detections of apoptosis. (85)
a. Light microscopy reveals the shrinking,
rounding, and shedding of nuclei, chromatin b. Immunolabeling technology: This refers to the
morphology, and apoptotic bodies of the antigen-antibody reaction of labeling antigens
cells. (78) or antibodies with fluorescein, radioisotopes,
enzymes, or electron-dense substances. (78)
b. Transmissionelectronmicroscopy:Acommon
method used to assay the cellular state. It ¢. Flow cytometry: This method is used to detect

is used to detect vacuolations, chromatin
condensation,and margination withinthe cell.

apoptotic cells after Annexin V/propidine
iodine (PI) staining. Annexin V is used as
a fluorescent probe to label the exposed
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phosphatidylserine (PS) on the outer cell
membrane. (86)This method is used to detect
the level of apoptotic cells during apoptosis,
as well as in necrosis. (78) Intracellular Ca2+
is labeled using fluorescent probes and then
qualitatively and quantitatively analyzed by
flow cytometry. (87

d. Fluorescent ELISA: It is an immunological
assay commonly used to measure the levels
of apoptotic proteins in biological samples.
An ELISA is a highly sensitive, quantitative
method for detecting apoptosis. It is suitable
for the method of detecting apoptosis at
different stages. (86) The activity of caspases
and Cyto-C decreases during the late stage
of apoptosis. (78)

4. Necrosis

4.1 Non-regulated necrosis

Necrosis is an irreversible and unregulated form
of celldeath that arises from pathologicalinjury. It
is characterised by swelling of organelles, rupture
of the plasma membrane, and the release of
intracellular contents, resulting in tissue damage
and inflammation. (88)

Necrosis occurs when cells are exposed
to severe external insults and is almost
always accompanied by an inflammmatory
response. Unlike apoptosis, it does not involve
caspase activation and is not part of normal
developmental processes. (89)

The main causes of necrosis include hypoxia,
such as that resulting from ischaemia, shock, or
respiratory failure; physical agents like trauma,
extreme temperatures, radiation, electrical injury,
or chemical burns; toxic chemical exposures,
including poisons and harmful drugs; and
biological agents such as bacteriq, viruses, and
fungi. (88)

> Cellular mechanisms

There are three events leading to cell rupture in
necrosis:(90)( Figure 7)

1. Loss of selective plasma membrane
permeability.

2. Loss of calcium homeostasis.

3. Failure of membrane ion pumps.

These three are interlinked. Any one event often
leads on to another, allowing fluid and ions into
the cell. This process spirals out of control: a
vicious circle occurs, and the cell swells up until it
finally ruptures. (90)

membrane
permeability
INCREASED

Cystolic Ca2*
UNCONTROLLED

Membrane lon

pumps

DEFECTIVE RISE

Figure 7: Events of necrosis

In necrosis, there is an important relation between
ATP levels and membrane permeability. In injured
cells, there is a lack of oxygen supply, leading to
decreased ATP production. (91)

This lack of ATP results in the failure of the
energy-dependent sodium pump in the plasma
membrane, causing an influx of calcium and
water, leading to cell swelling and detachment
of ribosomes from the endoplasmic reticulum.
Increased cytosolic calcium and oxidative
stress lead to mitochondrial damage. Cytosolic
calcium can also lead to the activation of several
cytosolic enzymes, including phospholipases,
which can attack lipids in the plasma membrane,
and proteases, which lead to the breakdown of
proteins. (91)

Loss of cell membrane integrity as a result
of exposure to a noxious stimulus allows
extracellular ions to move inside the cell, calcium
ions accumulate, and flux leads to calcium matrix
density formation in the mitochondria. (92)

The disruption of the lysosomal membrane
leads to the release of proteolytic enzymes into
the cell, such as proteases, RNAases, DNAases,
and phosphatases. These, when activated in the
cytosol, lead todamage to DNA,RNA, and proteins.
These enzymes cause the digestion of the cellular
components, causing cell destruction. These
mechanisms lead to disruption of the plasma
membrane, leading to the spilling of intracellular
contents into the surrounding tissue. (90)

Cells undergoing necrosis release Damage-
associated molecular patterns (DAMPs). DAMPs
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are molecules within living cells that are released
when cell membranes are ruptured. Although
DAMPs have physiological functions inside the
cell, once DAMPs are released extracellularly,
they elicit various biological responses, including
inflammation, proliferation, tissue damage, and
t(isssje repair, in a context-dependent manner.
93

> Primary and secondary necrosis (Figure

8)

Unregulated cell death (usually termed
“accidental” or“primary necrosis”) is the response
to extreme exogenous stress (e.g, burns, frost
bites, strong mechanical stress), which prompts
an immediate rupture of the cell membrane and
release of intracellular molecules. (94)

In apoptosis, when apoptotic cells are not
cleared in a timely manner, they progress to late
apoptosis, which is characterized by a disrupted
cell membrane and loss of cell integrity. This
autolysis was termed “secondary necrosis” (95)

Progression of apoptosis to secondary necrosis
occurs in vivo in physiological situations where
apoptotic cells are shed into areas without
phagocytes (e.g. in the gut or airways lumen)
and the complete apoptotic program can
fully progress. Secondary necrosis can also be
observed in tissues with excessive apoptosis,
which overwhelms the clearance capacity of
phagocytes or when the clearance capacity
itself is reduced. (96)

In the case of necrosis, intracellular damage-
associated molecular patterns (DAMPs) leak
out of the damaged cell, activating innate
immune cells. Interestingly, microparticles
released from apoptotic cells (often referred to
as “apoptotic bodies” when they lose their cell
membrane integrity and are quickly removed)
result in a limited secretion of DAMPs into the
microenvironment, which attracts phagocytes
for efficient elimination. (96)

A viable cell B

primary necrosis

v & Lt

Figure 8: Transmission electron microscopicimages of viable,
primary necrotic, early apoptotic, and secondary necrotic
cells. Human cells were cultured, and cell death (primary
necrosis and apoptosis) was induced. A Viable cell with a
normal morphology, including an intact cell membrane
(white arrow) and nuclear membrane (black arrow). B
Primary necrotic showing the loss of membrane integrity
(white arrow) and low cytoplasm density (black arrow). A
high DNA content can still be observed (white arrowhead).
C Apoptotic cell marked by chromatin condensation and
karyorrhexis (black arrows) and intact plasma membrane
(white arrow). D Secondary necrosis showing a disintegrated
cell membrane (black arrows) and loss of chromatin. Black
bar2 pm. (96)

4.2  Regulated necrosis

a. Necroptosis

Necroptosis has been discovered to be a novel
form of programmed necrotic cell death,
mechanically resembling apoptosis, while
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morphologically similar to necrosis. (97)

Both apoptosis and programmed necrosis
(necroptosis) areinitiated by the same stimulants
and activation of death receptors. However, the
strength of the exposure will lead the cell toward
necrosis or apoptosis. (98) The necroptosis
pathway has been implicated as both an
adaptive and pathogenic component of many
human pathologies that involve inflammatory
processes, including atherosclerosis, reperfusion
injury, sepsis, inflammatory bowel disease,
neurodegenerative disease, and pathological
cell damage (viral infection). (99)

Necroptosis also acts as an alternative “fail-
safe” cell death pathway in cases where cells are
unable to undergo apoptosis, such as during viral
infection, in which apoptosis signaling proteins
are blocked by the virus. (100)

The most evident difference between necroptosis
and apoptosis is the local inflammation
caused by the release of the cell contents. The
inflammation in necroptosis mainly presents as
a large amount of inflammatory cell invasion
and activation. (101)

Thesignalingpathwayresponsibleforcarryingout
necroptosis is generally understood. Necroptosis
is triggered by TNFRI through interaction with
the death domain (DD) that forms TRADD
(Tumor Necrosis Factor Receptor Associated
Death Domoin). Then, RIPKI was attracted,
which recruits RIPK3, forming the necrosome.
Phosphorylation of MLKL by the necrosome drives
oligomerization of MLKL, allowing MLKL to insert
into and permeabilize plasma membranes and
organelles. (102)

Integration of MLKL leads to the inflammatory
phenotype and release of damage-associated
molecular patterns (DAMPs), which elicitimmune
responses. (102)

As in all forms of necrotic cell death, cells
undergoing necroptosis rupture and leak their
contents into the intercellular space. Unlike in
necrosis, permeabilization of the cell membrane
during necroptosis is tightly regulated. (103)

b. Pyroptosis

It is a regulated inflammatory form of
programmed cell death that commonly
occurs upon the recognition of intracellular
pathogens. Pyroptosis can be triggered by

bacteria, pathogens, or their endotoxins. (104)

The inflammation sensors of infected macrophage
recognize the flagellin components of pathogens
and initiate the formation of a multi-protein
complex, the inflammasomes, which subsequently
activate caspasel. (104)  All inflammasomes
require the adapter protein apoptosis-associated
speck-like protein containing a CARD (ASC) for the
activation of caspase 1. (105)

Caspase-1is activated after the inflammasomes
are formed. The inflammasome, which is a
large supramolecular complex, subsequently
mediates the maturation and secretion of
interleukin-1 beta and interleukin-18. (106)

The morphological characteristics of pyroptosis
include rupture of the cellmembrane and release
of its intracellular contents. This event provides
a localized pool of potential proinflammatory
molecules that include both direct activators of
immune cells, such as cytokines and chemokines,
as well as other signaling molecules or so-called
“danger signals” able to trigger the production
of inflammatory molecules from a variety of cell
types. (107)

Inflammmatory caspases activate Gasdermin D
(GSDMD). Then, activated GSDMD translocates
to the plasma membrane, where it binds to
membrane phospholipids and initiates pore
formation, resulting in loss of membrane integrity
(as rupture of the cell membrane), cytosolic
swelling, and release of cellular contents leading
to cell death. The process is also accompanied
by DNA condensation and fragmentation. (108)

c. Parthanatos

Parthanatos, a kind of new programmed death
mode, indicates a caspase-independent
cell death subroutine that critically relies on
the hyper-activation of poly (ADP-ribose)
polymerase 1 (PARP1). PARP-1is important for DNA
repair, genomic stability, and transcription. (109)

Celldemise from PARP-1over-activation hasbeen
attributed to depletion of cellular energy, release
of the death effector apoptosis-inducing factor
(AIF) from the mitochondria, and production of
excess poly-ADP ribose (PAR) polymer, a novel
death signal. (109)

Upon PARP-1 overactivation, excess PAR, free or
bound, shuttles outside of the nucleus and binds
to specific cytosolic or mitochondrial proteins.
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PAR binding to these proteins ultimately leads to
AIF release from the mitochondria. (110)

Mitochondria have been reported to contain
the caspase-independent death effectors,
apoptosis-inducing factor (AIF). AIF induces
chromatin condensation and large-scale DNA
fragmentation when released into the cytosol.

(1)

Translocation of AIF into the nucleus, and not
its loss from the mitochondria, kills cells. AlF
translocation to the nucleus has been observed
in different cell types induced to die. (109)

Parthanatos shares cytological and
morphological features of apoptosis and
necrosis, but is the result of a distinct molecular
mechanism. Parthanatos is caspase-
independent and does not involve the formation
of apoptotic bodies. (112)

Nuclear mitochondrial crosstalk in parthanatos
is triggered by DNA-damaging stimuli, activating
PARPl. PAR, synthesized in response to DNA
breaks, travels to the mitochondria and induces
liberation of AIF. In turn, AIF interacts with MIF,
and the latter degrades DNA.(113) AIF may recruit
nucleases that induce chromatinolysis. (114)

d. Ferroptosis

Ferroptosis is an intracellular iron-dependent
form of cell death that is distinct from
apoptosis, necrosis, and autophagy. (115) It
is characterized by the accumulation of lipid
peroxide (polyunsaturated fatty acids) due to
an increase in reactive oxygen species (ROS).
Cellular iron is also recognized as a key factor
in ferroptosis. Excess of active iron generation
facilitates ROS production, which promotes lipid
peroxidation and ferroptosis. (116)

Iron, which is involved in many biological
functions, is a pro-oxidant agent that is able to
react with hydrogen peroxide to produce reactive
oxygen species (ROS). When the antioxidant
system is saturated, an excess of ROS may
cause cellular changes, such as damage to the
plasma membrane and intracellular organelles,
leading to cell death. (117) There is a role of iron
in ferroptosis, but the exact mechanisms of its
involvement are not clear. (118, 119)

Glutathione serves as a substrate for glutathione
peroxidase (GPX4)(an antioxidant enzyme),
which protects cells against oxidative stress
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by converting hydrogen peroxide to water.
Additionally, GPX4 converts toxic lipid peroxides to
nontoxic lipid alcohols. (58)

Biochemically, in ferroptosis, there is intracellular
glutathione (GSH) depletion and decreased
activity of glutathione peroxidase 4 (GPX4); lipid
peroxides cannot be metabolized by the GPX4-
catalyzed reduction reaction, and Fe?* oxidizes
lipids, resulting in a large amount of ROS, which
promotes ferroptosis. (120)

Morphologically, ferroptosis occurs mainly in cells
as reduced mitochondrial volume, increased
bilayer membrane density, and reduction or
disappearance of mitochondrial cristae, butthe cell
membrane remains intact, the nucleus is normal in
size,andthereis no condensation of chromatin. (116)

5. Vacuolepresenting cell death

a. Autophagy

Autophagyisanintracellularlysosomal (vacuolar)
degradation process that is characterized by
the formation of double-membrane vesicles
(appearance of large intracellular vesicles)
known as autophagosomes, which sequester in
the cytoplasm. (121)

Autophagy has been described both as a
means to resist starvation and as part of
cellular remodeling during differentiation,
metamorphosis, aging, cell transformation,
physiological whole-organ changes, as well as in
the removal of anomalous cellular components
that accumulate following toxic insults or during
cell death. (122) Autophagy is also initiated upon
cellular stress as a protective response. Once
the cellular stress is irreversible, the cell will be
committed to Death, also through excessive
levels of autophagy. (123)

Cells in the early stages of autophagy contain
several  autophagic  vacuoles, although
the nuclear structure still appears normal.
Mitochondria and the endoplasmic reticulum
are sometimes dilated, and the Golgi apparatus
is often enlarged. The plasma membrane loses
specializations such as microvilli and junctional
complexes, and blebbing can occur. (121)

During late stages, both the number and size of
vacuoliincrease, and many of them are filled with
lipids, which appear as pale gray inclusions in
the cytoplasm. The nucleus of a cell undergoing
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autophagic cell death can become pyknotic and
identifiable. (124)

There are three defined types of autophagy:
macro-autophagy, = micro-autophagy, and
chaperone-mediated  autophagy, all  of
which promote proteolytic degradation of
cytosolic components at the lysosome. Macro-
autophagy delivers cytoplasmic cargo to the
lysosome through the intermediary of a double
membrane-bound vesicle, referred to as an
autophagosome, that fuses with the lysosome to
form an autolysosome. (125)

In  micro-autophagy, by contrast, cytosolic
componentsaredirectlytakenupbythelysosome
itself through invagination of the lysosomal
membrane. Both macro-and micro-autophagy
are able to engulf large structures through
both selective and non-selective mechanisms.
In chaperone-mediated autophagy (CMA),
targeted proteins are translocated across
the lysosomal membrane in a complex with
chaperone proteins that are recognized by the
lysosomal membrane receptor, resulting in their
unfolding and degradation. (126)

> The
apoptosis

interplay of autophagy and

Autophagy and apoptosis oftenoccurinthe same
cell, mostly in a sequence in which autophagy
precedes apoptosis. This is because stress often
stimulates an autophagic response, especially if
the level of stress is not lethal. Apoptotic lethal
programmer is activated when stress exceeds
a critical duration or an intensity threshold.
Nonetheless, if the cell commences apoptosis,
autophagy can be inactivated, in part owing to
the caspase-mediated cleavage of essential
autophagy proteins, resulting in the inactivation
of the autophagic programmed cell death. (127)

Autophagy induction is exacerbated if apoptosis
is suppressed, for instance, by removing
proapoptotic proteins such as BCL-2-associated
X protein (BAX) and BCL-2 antagonist or killer
(BAK) or by adding caspase inhibitors. (128)

The fact that many signal transduction pathways
that are elicited by cell-intrinsic stress regulate
both autophagy and apoptosis might explain
the sequential activation of both processes. p53
is usually present in the cytosol but translocates
to the nucleus upon DNA damage following its
phosphorylation by a number of distinct stress-
activated kinases. The available evidence

indicates that the cytosolic pool of p53 represses
autophagy and that the nuclear translocation of
P53 leads to a decrease in this p53 pool, thereby
facilitating the induction of autophagy. (127)

b. Entosis

It is a unique form of cell death characterized
by the invasion of one living cell into another of
the same type, a process that requires adhesion
molecules, actin cytoskeleton remodelling, and
energy expenditure. Once internalised, entotic
cells may undergo regulated cell death within
the entotic vacuole (entosome), via a specific
autophagy-related process. (129) Interestingly,
sometimes an entrapped inner cell stays viable
for some time and is even able to divide inside
the host cell or escape outside. (130, 131)

Entosis is believed to be triggered by
integrinextracellular matrix (ECM) detachment.
Subsequently, the cell produces adherens
junctions with the neighboring cell and actively
penetrates it, creating a cell-in-cell structure
(CIC). Upon initiation of entosis, E-cadherin and
p-catenin accumulate at the surface of the
internalizing cells. (131)

Cytoskeleton dynamics plays a main role in
entosis, linking adhesion sites and acts as an
active signaling hub. A multi-molecular complex
termed the mechanical ring (MR) is positioned
between the invading and the engulfing cells.
MR links adherens junctions with contractile
actomyosin, coordinating their actions and
promoting entosis. The entry of the inner cell is
obviously dependent on actin filaments and
actomyosin contractility. (132)

C. Methuosis

Methuosis is a distinct form of nonapoptotic cell
deathcharacterizedbythemassiveaccumulation
of large fluid-filled single membrane vacuoles
derived from macropinosomes. (133)

The consequent morphology resembles necrosis
in the manner of cell swelling and plasma
membrane integrity loss. The process begins with
theabnormalfusion of nascentmacropinosomes,
resulting in osmotic cytoplasmic vacuolization.
These enlarged vacuoles, which fail to undergo
recycling or fusion with lysosomes, ultimately
lead to cell death. (134)
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d. Paraptosis

The hallmark of paraptosis is the extensive
cytoplasmic vacuolization originating from the
dilated endoplasmic reticulum (ER) and the
mitochondria. Several studies have shown that
paraptosis is associated with reactive oxygen
species (ROS) generation and the accumulation
of misfolded proteins in the ER, as well as
mitochondrial Ca2+ overload. Unlike apoptosis,
Paraptosis lacks apoptotic features (e.g., DNA
condensation and fragmentation, membrane
blebbing, and apoptotic bodies), and unlike
necrosis, cell membrane integrity is preserved in
paraptosis (135, 136)

e. Ghost messages: cell death signals
spread

Ghost messages refer to information transmitted

from dying or dead cells to viable and healthy
cells in the local or distant microenvironment,
influencing their biological functions. To maintain
body homeostasis, cells communicate through
?ign)oling molecules, including cell death signals.
137

Cell death is classified as lytic or nonlytic. (138)
Lytic forms—such as necrosis, necroptosis,
pyroptosis, and ferroptosis—are characterized by
the loss of membrane integrity and the release
of damage-associated molecular patterns
(DAMPs), proinflammatory cytokines, and other
intracellular components into the extracellular
space. (139)

In contrast, nonlytic cell death maintains
membrane integrity and usually avoids
triggering inflammation. Evidence indicates that
dying cells can regulate inflammation, tissue
repair, regeneration, and tumorigenesis through
signaling to neighboring cells. (140)

Forms of ghost messages

Regardless of the death type, dying cells release
various molecules and extracellular vesicles
(Evs) that act as intercellular signals. These
components influence recipient cells through
receptor binding or internalization. (Figure 9)
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Figure 9: Ghost messages from dying cells to
recipient cells(141)

1. Extracellular vesicles

Extracellular vesicles (EVs) are cell-derived lipid
bilayer-enclosed membranous structures that
consist of ApoBDs, exosomes, and microvesicles
carrying biomolecules such as nucleic acids,
proteins, and lipids. (142) It is now recognized
that these vesicles can mediate intercellular
communication.Vesicle secretionisaconstitutive
physiological process of healthy cells, but dying
cells also release EVs.(143) Several studies have
shown that cells undergoing nonapoptotic cell
death generate alarger number of EVs compared
with viable and apoptotic cells. (144)
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. Apoptotic bodies (ApoBDs)

Large vesicles (800-5000 nm) formed during
apoptosis; they are phagocytosed to prevent
inflammation. Dying cells release “find-me” signals
to (;lttroc:t phagocytes for debris clearance. (145,
146

o Exosomes and microvesicles

Exosomes (30-150 nm) and microvesicles (50-1000
nm) mediate local and distant communication
by transferring bioactive cargo. (146) Caspase
activation during apoptosis can induce apoptotic
exosome-like vesicles, which differ from classical
exosomes in protein composition. (147)

The presence of microvesicles may preserve
the integrity of the parent cells by eliminating
complement and the risk of cytolysis. Release of
microvesicles may rid the cell of toxic substances,
?ut Snoy also induce repair in neighboring cells.
148

2. Soluble factors

A variety of soluble factors secreted by viable
cells, such as cytokines, growth factors, receptors,
hormones, and metabolites, can affect specific
target cells via autocrine, paracrine, and endocrine
signals. (149)Dying cells transmit messages
through active secretion of some factors or passive
release of intracellular contents following loss of
membrane integrity. (149)

> Target cells involved in ghost messages
in biological processes:

a. Immune cells

Immune cells are the first to respond to dying
cells by engulfing debris and presenting antigens.
Apoptosis is generally immunologically silent
and promotes anti-inflammatory responses
through TGF-p and IL-10 secretion. (150)

TNF-o has been shown to reduce the capacity
for dead cell engulfment, which exacerbates the
inflammatory response. A defective clearance of
apoptotic cells and dsDNAAb(double-stranded
DNA antibodies )has been reported in systemic
disease. (151)

During apoptosis, caspase activation opens
Pannexin 1 channels, leading to (cdenosine
monophosphate) AMP release. As a “calm
down” signal, AMP is converted to adenosine on

macrophages, which activate anti-inflammatory
genes. (150

Nonapoptotic cell death released DAMPs also
activate dendritic cells (DCs) and initiate
adaptive T-cell immune responses. Insufficient
autophagy of deteriorated organelles leads to
the massive release of DAMPs, which exacerbates
the inflammatory response. (152)

b. Stem and progenitor cells

Stem and progenitor cells possess self-renewal
and differentiation capacity. After injury,
apoptotic cells release growth factors such as
BMP, TGF-B, EGF, FGF, and IGF-1, which recruit
and activate these cells for tissue repair. (153)

PS externalization also influences cell
differentiation. For example, mesenchymal stem
cells (MSCs) that engulf apoptotic cells show
enhanced osteogenic differentiation. (154)

c. Stromal cells and resident tissue cells

Stromal cells and resident tissue cells are a
population of important functional cells that
induce tissue regeneration and fibrosis. This
process is essential for tissue repair after injury,
but the role of ghost messages depends on
the context. Active communication between
apoptotic cells and healthy cells promotes
surrounding cells’ proliferation and maintenance
of tissue homeostasis through what is commonly
called apoptosis-induced compensatory
proliferation. (155)

4. Conclusion

Cell death is essential for development, tissue
renewal, and the preservation of homeostasis.
This review highlights the major forms of
programmed and non-programmed cell death,
each defined by distinct molecular pathways
and biological outcomes. Dysregulation of
these pathways contributes to a wide range of
diseases, from cancer to neurodegeneration
and inflammatory disorders. Importantly, dying
cells actively influence their microenvironment
through signals and extracellular vesicles,
affecting immunity, repair, and regeneration.
A deeper understanding of these mechanisms
offers promising avenues for future therapeutic
strategies aimed at either promoting or
preventing specific modes of cell death.
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ABSTRACT:

The global rise of antimicrobial resistance
necessitates the search for novel therapeutic agents
from natural sources, particularly medicinal plants.
“Stereospermum kunthianum” (Pink Jacaranda)
has long been employed in traditional medicine for
the treatment of infectious diseases; however, its
antibacterial efficacy requires scientific validation.
This study investigated the phytochemical
constituents and antibacterial activity of stem bark
extracts of S. kunthianum. The dried stem bark
powder was sequentially extracted with hexane,
ethylacetate, acetone,and methanol using a Soxhlet
apparatus. Phytochemical screening revealed the
presence of tannins, flavonoids, alkaloids, saponins,
terpenoids, phenols, steroids, cardiac glycosides,
phlobatannins, and carbohydrates. Antibacterial
activity was assessed against clinical isolates
of Escherichia coli and Staphylococcus aureus,
using standard bioassay methods. The extracts
demonstrated variable antibacterial effects, with
inhibition zones ranging from 5.0 to 17.0 mm. Ethyl
acetate and methanol extracts exhibited the most
pronounced activity, particularly against S. aureus
and E. coli. Minimum inhibitory concentration (MIC)
tests revealed that the methanol extract inhibited
S. aureus and E. coli at 12.5 mg/mL, while the ethyl
acetate extract inhibited S. aureus at 12.5 mg/mL
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and E. coli at 25 mg/mL. Although less potent than
chloramphenicol (Control), the findings affirm
the antibacterial potential of “S. kunthianum”
stem bark and provide scientific support for its
ethnomedicinal use. These results highlight its
promise as a source of bioactive compounds for
drug discovery, warranting further investigation
into its safety, mechanism of action, and potential
for development into effective antimicrobial agents.

KEYWORDS:

Phytochemicals, Antibacterial activity,
“Stereospermum kunthianum?”, Plant extracts,
Bioassay, Drug discovery.

1. Introduction

Natural herbs are as old as human history;
nowadays, plant products are used for many
purposes, such as drugs and cosmetics (1).
Natural products have been used for centuries
as anti-infective agents; several antibiotics
in use today were derived from plants (2).
Medicinal plants are known to possess bioactive
compounds that can be used in the treatment of
diseases (3).Plantproducts canhelptreatdisease
by increasing antioxidant activity, inhibiting
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bacterial development, and modulating genetic
pathways (4). More recently, the use of plants
has identified different chemical compounds
with many biochemical and pharmacological
properties (5). These phytochemical constituents
are the secondary metabolites synthesized by
plants and are known to play a crucial role in
plant defence mechanisms (3). An investigation
of plant-originated pure compounds used as
drugs in countries with WHO-Traditional Medicine
Centres indicated that out of the 122 compounds
so far identified, 80% were applied for the same
or similar ethno-medical purposes and were
obtained from 94 plant species only (6).

The plant kingdom is a rich source of biodiversity
and offers a variety of plants with medicinal
properties (3). “Stereospermum kunthianum”
belongs to the Bignoniaceae family and is
referred to as Pink Jacaranda in English. In Nigeria,
it is designated ‘Sansami’ by the Hausa (Northern
Nigeria), ‘Ayada’ by the Yoruba (Southwestern,
Nigeria), and ‘Alakiriti’ by the Igbo (Southeastern,
Nigeria) (7). According to (5), “Stereospermum
kunthianum” is a plant that has its different
parts used in traditional medicine for the
treatment of different ailments and conditions,
such as wounds, ulcers, gastritis, bronchitis, and
other pain and inflammation-related health
conditions. It is a deciduous shrub or small tree
widely spread across Africa, with some species
distribution in Asia. The species is well spread all
over the Sahel region (8).

The leaf extracts of  “Stereospermum
kunthianum” have a promising antibacterial
effect on three selected organisms, S. aureus, S.
typhi, and B. subtilis, but are ineffective against
P. aeruginosa(2). Similarly, E. coli, S. typhi, and
S. aureus were susceptible to both aqueous
and methanol extracts of the plant’s leaf and
stem bark(3). The antibacterial activity of “S.
kunthianum” extracts could be attributed to the
cellular structure of the bacteria: Gram-positive
bacteria are more susceptible to the extracts
than Gram-negative bacteria(3). On the other
hand, the antibacterial activity of the plant is
lower than that of Levofloxacin and Clotrimazole
(2). This could be because of the presence of
other compounds or impurities that prevent or
reduce the effects of antibacterial compounds
in the plants. Isolation of pure antimicrobial
compounds from these extracts may result in
compounds with comparable activity (2).

Infectious diseases have repeatedly been
identified as one of the most serious threats to

human health around the world (3). Infectious
diseases accounted for 61.7 percent (5.9million)
of the 9.6 million fatalities in Africa in 2013,
according to the World Health Organization
WHO(9). Pathogenic bacteria are capable of
causing diseases in humans, which include
food poisoning, gastritis, ulcers, wound infection,
etc(10). The high cost of antibiotics has made the
treatment of diseases very difficult. Therefore,
there is a need to explore plant extracts that
can act in the same biological pathways as
pharmaceutical medicines and pose fewer
side effects (3). Based on the aforementioned
information, the study aimed to determine the
phytochemical constituents of the stem bark of
“Stereospermum kunthianum” and evaluate its
antibacterial activity.

2. MATERIALS AND METHODS

Collection and Preparation of the Sample

The sample of the stem bark of S. kunthianum was
obtained from the Yelwa Campus of Abubakar
Tafawa Balewa University, Bauchi, Nigeria.
Identification was carried out using standard
taxonomic keys and available literature. It was
dried under shade and crushed using a wooden
mortar, sieved to a fine powder, and stored until
used.

Extraction of the Plant Extracts

200g of the powdered sample of the stem
bark of S. kunthianum was placed in a Soxhlet
extractor. Hexane, ethyl acetate, acetone,
and methanol were used sequentially for the
extraction. The solvents were evaporated under
reduced pressure below 50°C to give the crude
solvent extracts. These were further used for
phytochemical screening and antimicrobial
screening.

Phytochemical Screening

Standard laboratory techniques were carried out
for qualitative determination of tannins, saponins,
flavonoids, cardiac glycosides, phlobatannins,
terpenoids, steroids, carbohydrates, and
alkaloids (11).

Collection of Bacterial isolates

Clinical isolates of Staphylococcus aureus
and Escherichia coli were obtained from the
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Department of Microbiology, Abubakar Tafawa
Balewa University, Bauchi State, Nigeria.

Preparation of Culture Media

The culture medium used was nutrient agar (NA)
for supporting the growth of microorganisms.
The assay media was prepared following the
manufacturer’'s direction by suspending 28g
of the agar and dissolving it in 1 Liter of distilled
water (1000ml). This gave 11.2g of the nutrient agar
powder, which was dissolved in 400ml of distilled
water in a 500ml conical flask. The solution was
allowed to dissolve properly for 10 minutes by
swirling the mixture in the flask. The flask was
covered with a foil paper and autoclaved for
another 15minutes at 121°C for sterilization. The
prepared nutrient agar was allowed to cool
before pouring it into the sterilised plates. A blue
flame of the hot plate was used to sterilise the
rim of the conical flask after each pouring. The
plates were then covered, and the agar was
left to gel. The method of bioassay employed
is the Agar-disk diffusion method, and the test
organisms used were Staphylococcus aureus
and Escherichia coli (12).

Antimicrobial Susceptibility Test

The agar well diffusion method of (12) was used.
Mueller Hinton agar was prepared as indicated
by the manufacturer’s directions. The media was
cooled and then filled into sterile petri dishes.
The plates were allowed to solidify, and then
they were surface inoculated with the prepared
standard inoculum containing each of the
isolated organisms. A sterile 6mm diameter cork
borer was used to make holes in the surface of
inoculated Mueller-Hinton agar plates. Aliquots
of different concentrations of the extracts were
introduced into each well. The inoculated plates
were kept at room temperature for 2 hours to
permit the extract to diffuse into the agar. The
plates were incubated at 37°C for one day. The
agar well diffusion assay was performed in
triplicate (n=3 independent plates/wells per
extract and organism). Zones of inhibition were
measured in mm using a transparent ruler. Data
are presented as mean * standard deviation
(SD). Separate plates were prepared containing
the same organisms, in which standard antibiotic
(Chloramphenicol) was used as a control(3).

Determination of Minimum

Concentrations

Inhibitory

Different concentrations of 400 mg/mL, 200 mg/
mL, 100 mg/mL, 50 mg/mL, 25 mg/mL, and 12.5
mg/mL of each extract were made by two-fold
serial dilutions. One hundred (100ul) each of a
standardized inoculum of the test bacterium was
added to mixtures of different concentrations
of extracts with Mueller-Hinton broth (13). Each
tube was incubated for 24 hours at 37 °C. The
test tubes were examined for turbidity, indicating
growth of bacteria. The MIC was recorded as the
lowest concentration of extract, which hindered
the growth of the organisms. After incubation,
the series of dilution vessels was observed for
microbial growth, usually indicated by turbidity
and a pellet of microorganisms at the bottom
of the vessel. The last tube in the dilution series
that does not demonstrate growth corresponds
with the minimum inhibitory concentration (MIC)
of the antimicrobial agent (13). Commercial
antibiotics  (chloramphenicol) and  DMSO
were used as positive and negative (Control)
reference standards to determine the sensitivity
of the isolates.

Statistical Analysis

Where reported, results are significant (p < 0.05)
compared to controls, with dose-response trends
(e.g., increasing inhibition with concentration).
Descriptive statistics were calculated usin
Microsoft Excel. Mean and standard deviation (SD
were computed from triplicate measurements
for zones of inhibition.

3. RESULTS

Phytochemical analysis of the crude extracts
(hexane, acetone, ethyl acetate, and methanol)
of the stem bark of S. kunthianum was determined
asindicatedin Tables 1and 2. Tannins, flavonoids,
carbohydrates, and phlobatannins were all
present in acetone, ethyl acetate, and methanol
extracts. Both terpenoids and saponins were
present in acetone and methanol extracts,
while cardiac glycosides were present in ethyl
acetate and methanol extracts. Alkaloids were
present in the methanol extract, and Steroids
were absent in all four crude extracts. None of
the phytochemicals were detected in the hexane
extract.

75 http://apc.aast.edu




Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898
http://dx.doi.org/10.21622/ AMPDR.2026.06.1.1870

The results of the antibacterial activity of the
crude extracts were presented (Table 3). The
crude extracts showed variable antibacterial
activity against S. aureus and E. coli (Table 3).
The methanol extract exhibited the strongest
inhibition, with mean zones of 17.00 £ 0.50 mm
(S. aureus) and 14.00 + 0.50 mm (E. coli). Ethyl
acetate followed closely (14.00 + 0.44 mm and
12.00 + 0.20 mm, respectively). Acetone showed
moderate activity, while hexane was weakly
active only against S. aureus (5.60 + 0.53 mm)
and inactive against E. coli (0.00 £ 0.00 mm).
All extracts were less potent than the positive
control chloramphenicol.

The minimum inhibitory concentration (MIC) for
the methanol extractwas12.5mg/mLagainstboth
S.aureus and E. coli. The MIC for the ethyl-acetate
extract was 12.5 mg/mL against S. aureus and 25
mg/mL against E. coli (Table 4). Comparative
analysis across studies shows aqueous extracts
are less potent than methanolic ones, possibly
due to better solubility of actives in methanol.

Table 1: Colour, texture, yields, and percentage recoveries of
the crude extracts of Stereospermum kunthianum.

Solvent Colourand | Weightof | Extract Percentage
extract Texture sample(g) | yield(g) | Recovery(%)
Hexane Golden 200 250 125
yellow, oily
liquid
Ethylacetate | Dark green, 190 150 0.79
oily
Liquid
Acetone Dark 170 120 071
brown, oily
Liquid
Methanol Dirty brown 150 2.00 1.30
Granules

Notes: Percentage recovery = (weight of extract/
weight of powdered sample) x 100. Hexane was
used initially at 200 g; subsequent solvents
were used on the remaining residue (sequential
extraction).

“Crude extract yields ranged from 0.71% to 1.30%
(mean =101 £ 0.31%, n=4)."

Table 2: Phytochemical screening of the stem bark extracts
of S. kunthianum

Phytochem- | Names of | Solvent extracts

icals test
Hexane | Ethyl- | Acetone | Methanol
acetate
Alkaloids | Wagner's - - -
test +
Dragend- - - -
off's +
Test
Steroids Cone. HSO- - - - -
Saponins | Frothing test - -
Tannins Ferric - +
chloride
Flavonoids | Llead - + + +
acetate
Cardiac Fehling's - + - +
glycosides | solution
Aand B
Phlobatan- | Hel - + + +
nins
Carbohy- |Benedict's - + + +
drates reagent
Terpenoid | Chloroform - - + +

Key: + denotes ‘Positive’ (Detected); - denotes ‘Negative’
(Not detected)

. Summary from text: No phytochemicals
detected in hexane extract. Tannins, flavonoids,
carbohydrates, and phlobatannins are present
in acetone, ethyl acetate, and methanol. Steroids
are absent in all extracts.
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Table 3: Antibacterial activity of the stem bark extracts of S. kunthianum

Test microorganisms | Solvent extracts and susceptibility to the test

Microorganisms and zone of inhibition (mm)

Control

Hexane Ethyl-acetate Acetone Methanol + -
S. aureus 5.60 +0.53 14.00 £0.44 10.00 +£0.50 17.00 +£0.50 19.00 £1.00 0.0 0.0
E. coli 0.00 +0.00 12.00 +0.20 8.00 +0.20 14.00 £0.50 17.50 £0.87 0.0 £0.0

Key: +ve indicates (Chloramphenicol); -ve indicates Dimethylsulfoxide (DMSO).

By microorganism (mean across 4 extracts):
S. aureus: 1.65 mm (SD of means = +4.95
mm, range 5.60-17.00 mm)

[ )
E. coli: 850 mm (SD of means = £6.19 mm,
range 0.00-14.00 mm)

By extract (mean across 2 bacteria, compared
to chloramphenicol mean = 18.25 mm):

Mean | Difference
from Control

Extract

Interpretation

Hexane 2.80 -15.45 Very weak/inactive
vs E. coli

Acetone 9.00 -9.25 Moderate

Ethyl-acetate | 13.00 -5.25 Good

Methanol 15.50 -2.75 Strongest among the
extracts

Chloram- 18.25 - Positive Control

phenicol

Values represent mean zones of inhibition

(mm) from triplicate assays. Methanol extract
showed the highest activity (mean 1550 mm
across organisms), followed by ethyl acetate
(13.00 mm). All extracts were less potent than

Table 4: Minimum inhibitory concentration (MIC) of solvent
extracts of S. kunthianum

< O e PIlO O e atio
g
Orga O
400 | 200 | 100 | 50 | 25 | 1256
S. aureus Ethyl-acetate | ND | ND | ND | + + | O+
Methanol + + + + + 0+
E. coli Ethyl-acetate | ND | ND + + | 0+ -
Methanol + + + + + 0+

Key: + = Inhibition; 0+ = Minimum inhibition (i.e., MIC); - =No
inhibition; ND = Not determined.

Summary from text:

Methanol extract MIC = 12.5 mg/mL against
both S. aureus and E. coli.

Ethyl acetate extract MIC 125 mg/mL
against S. aureus; 25 mg/mL against E. coli.

MIC values (mg/mL, n=4 combinations):

chloramphenicol (mean 18.25 mm). S. Qureus Ethyl-acetate 12.5
All plant extract values represent mean =+ |S.aureus Methanol 12.5
standard deviation (SD) from triplicate (n=3) |E. coli Ethyl-acetate 25.0
independent assays using the agar well diffusion E. coli Methanol 2.5
method (6 mm well diameter, 400, 200, 100, 50, =€ ethano .
25, 12.5 mg/mL). Assays were performed under

standardized conditions at 37°C for 24 h.
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By organism (mean MIC): microbial cell membranes, chelate metals,

or inhibit enzymes(9). Inconsistencies (e.g,

. S. aureus: 12560 mg/mL alkaloids present in some studies but absent in

R E. coli-18.75 mg/mL others) may arise frgm \{oriotions in extraction
solvents, plant collection sites, or seasonal factors

By extract (mean MIC): affecting metabolite accumulation. Overall, the

stem bark appears to be a promising source of

. Methanol: 12.50 mg/mL natural antimicrobials, but standardization of

o Ethyl-acetate: 18.75 mg/mL extraction methods is needed for reproducibility.

The methanol extract exhibited the lowest mean
MIC (1250 mg/mL) against both organisms,
indicating better potency than ethyl acetate
(mean MIC 1875 mg/mL). Overall mean MIC
across tested combinations was 15.63 + 6.25
mg/mL.

4. DISCUSSION

Preliminary phytochemical screening of the
stem bark extracts of S. kunthianum revealed
the presence of alkaloids, saponins, tannins,
flavonoids, terpenoids, phlobatannins, and
carbohydrates. The antimicrobial activity
exhibited by the extracts of the stem bark of
S. kunthionum may be due to the presence
of the secondary metabolites revealed in
the phytochemical screening. Secondary
metabolites possess pharmacological activities
that are responsible for the use of plants in
traditional phytomedicine to treat diseases
caused by pathogenic microorganisms (2).
The finding of this study agrees with the result
obtained by (14) that phenolic compounds,
including alkaloids, exhibit a wide range of
antimicrobial activities.

Previous findings have shown that S. kunthianum
has no alkaloids in aqueous extract (3). However,
this study showed that alkaloids were present
in the methanolic extract. This may be due to
geographical locations and the season. The
antibacterial activity of the methanolic extract of
the stem bark of S. kunthianum showed a marked
activity compared to other solvent extracts. The
extract was more potent on gram-positive S.
aureus with a maximum zone of growth inhibition
of 17.

The phytochemical profile indicates a rich
diversity of bioactive compounds, predominantl

polar ones (tannins, flavonoids, scponinsg
extractable in aqueous or methanolic solvents.
This supports the plant’'s ethnomedicinal use,
as tannins and flavonoids are known to disrupt

http://apc.aast.edu

The methanol extract exhibited the lowest mean
MIC (1250 mg/mL) against both organisms,
indicating better potency than ethyl acetate
(mean MIC 18.75 mg/mL). Overall mean MIC
across tested combinations was 15.63 + 6.25
mg/mL.

Compared to the Control (chloramphenicol), the
extracts were less potent. Indicating the crude
extract is not highly potent but could be useful
as a complementary therapy. Zones of inhibition
(5-17 mm) suggest broad-spectrum potential,
particularly against S. aureus and E. coli, which
are common pathogens in traditional treatment
contexts (e.g., wounds, respiratory infections).

High MIC values suggest the need for compound
isolation (e.g., via chromatography) to identify
potent leads(2). The antimicrobial effects
validate traditional uses but highlight moderate
potency, potentially enhanced by fractionation
or combination with other agents.

5. CONCLUSION

The stem bark extract of S. kunthianum shows
dose-dependent antibacterial activity against
pathogenic bacteria, though it is less potent
than standard antibiotics. The presence of many
bioactive compounds supports its traditional use
in treating infections, but high MIC values indicate
the need for isolating active fractions to enhance
potency. This research supports traditional
applications that the plant is potent in the cure
of skin infections, respiratory infections, diarrheaq,
veneredl disease, and other infectious diseases
linked to bacterial pathogens. However, clinical
translation requires standardized extraction,
purified compounds identification, and rigorous
trials for efficacy and safety.
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ABSTRACT:

Purpose: This study investigated the protective
effects of the ethanol extract of Aframomum
melegueta against arsenic-induced oxidative
stress, biochemicalalterations,and neurobehavioral
dysfunctions in Drosophila melanogaster. The aim
was to determine whether the Extract could mitigate
arsenic-mediated lipid peroxidation, antioxidant
suppression, and locomotor impairment, while
improving survival outcomes.

Methodology: Wild-type Drosophila melanogaster
were divided into four groups: control, arsenic-
treated, extract-treated, and combined treatment.
Arsenic toxicity was induced using sodium arsenite,
and the plant extract was administered through
dietary inclusion. Biochemical assays (MDA,
catalase, GST, thiol, protein levels ), survival studies,
negative geotaxis, and larval locomotion tests were
performed. Data were analyzed using one-way
ANOVA with Tukey’s post hoc test (p < 0.05).

Findings: Arsenic exposure significantly increased
MDA and reduced catalase activity and thiol
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levels, indicating oxidative stress. Aframomum
melegueta significantly reversed these alterations,
reducing MDA and restoring catalase and thiol
concentrations. GST activity increased significantly
in the combined treatment. Behaviourally, arsenic
impaired climbing ability and locomotor activity,
while the Extract improved locomotor distance and
demonstrated significant antioxidative effects and
modest improvement in selected neurobehavioral
parameters. Survival rates declined sharply in
arsenic-treated groups but improved moderately
with extract supplementation.

Research Implications/Limitations: The study
provides preliminary evidence that Aframomum
melegueta exerts antioxidative effects and modest
neurobehavioral protection against arsenic-
induced toxicity in Drosophila melanogaster.
However, the absence of mechanistic analyses
and reliance on an invertebrate model limit direct
translational interpretation.

Practical Implications: The findings suggest that
Aframomum melegueta may represent a potential
source of bioactive compounds with antioxidative
properties,  warranting  further = mechanistic
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and translational investigation. Its antioxidant
properties highlight its potential for incorporation
into nutraceutical formulations. However, optimal
dosing, long-term safety, and clinical applicability
remain to be established.

KEYWORDS:

Aframomum melegueta, Antioxidants, Arsenic
toxicity, Drosophila melanogaster, Lipid
peroxidation, Oxidative stress, Survival assay.

1. Introduction

Arsenic, a naturally occurring metalloid, presents
a considerable health hazard when found in
the environment at high concentrations [1].
Arsenic is present in groundwater, soil, and air
as a result of both natural processes and human
activities, including mining, industrial waste
discharge, and the application of arsenic-laden
pesticides [2]. Prolonged exposure to arsenic,
particularly via drinking water, has been linked
to several detrimental health effects, including
cardiovascular illnesses, dermal lesions, and
multiple cancer types [3]. Arsenic enters the
human body mainly by eating or inhalation, and
upon absorption, it is metabolically converted
into highly hazardous metabolites, including
trivalent and pentavalent arsenic compounds
[4]. These substances trigger a series of
detrimental consequences at the cellular level,
including oxidative stress, DNA damage, and
disruption of essential metabolic processes [5].

Extended arsenic exposure has been widely
associated with oxidative stress, cellular
dysfunction, and neurological impairments
across experimental models [6]. Oxidative stress
is crucial in the onset and advancement of
several cancer types, including arsenic-induced
lung cancer [7]. Overproduction of reactive
oxygen species (ROS) may lead to significant
cellular damage through the oxidation of
proteins, lipids, and DNA. Consequently, they may
serve as a primary catalyst for carcinogenesis
by fostering genetic instability, cell death, and
chronic inflammation, all of which facilitate
tumor development [8]. Scientific evidence
has shown that arsenic exposure markedly
increases ROS generation in arsenic-induced
cancer, surpassing the body’s antioxidant

defense mechanisms [9]. This may result in
lipid peroxidation, protein oxidation, and DNA
strand breaks, all of which facilitate the onset
and advancement of cancer [10]. Aframomum
melegueta, referred to as grains of paradise,
is a tropical plant in the Zingiberaceae family.
The seeds possess a spicy, peppery flavor and
are abundant in bioactive components such
as gingerols, paradols, shogaols, and essential
oils [11]. These compounds possess antioxidant,
anti-inflammatory, and anticancer effects. In
traditional and contemporary West African
cuisines, Aframomum melegueta serves as d
principal flavoring agent in soups, jollof rice,
and pepper soup [12,13]. The seeds are typically
subjected to maceration to facilitate the
liberation of volatile aromatic constituents [14].
In Southwestern Nigeria, the seed of Aframomum
melegueta is well-reputed in ceremonial,
ritualistic, and sociocultural practices, where it
may function as a masticatory or be exchanged
as an emblem of hospitality and benediction
[15]. The antioxidant efficacy of Aframomum
melegueta is mostly ascribed to its elevated
phenolic and flavonoid concentrations, which
facilitate the neutralization of free radicals
and safeguard cells from oxidative harm [16].
This study was designed as an exploratory
investigation to evaluate whether the ethanol
extract of Aframomum melegueta can attenuate
arsenic-induced oxidative stress, biochemical
disruptions, and neurobehavioral impairments
in Drosophila melanogaster. We hypothesized
that the Extract would mitigate arsenic toxicity
primarily through modulation of oxidative stress
markers and antioxidant defense enzymes. While
specific molecular signaling pathways were not
directly examined, the findings are intended
to provide a foundation for future mechanistic
studies.

2. MATERIALS

Drosophila melanogaster, Spatula, Conical flask
(200mI and 1000ml), Trays, Vials, Foam (cork),
Eppendorf tubes, Test tubes, Rack, Tips, Small
paint brush, Refrigerator, Petri dish, Counting
pad, Jars, Gloves, Animal feed, Distilled water,
Centrifuge, Sensitive scale, Incubator, Hot plate,
Homogenizer, Arsenic compound (26061340191),
Aframomum  melegueta  seeds, Ethanol,
Anesthetic CO,.
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3. METHODS

EXPERIMENTAL DESIGN

Drosophila melanogaster was obtained and
cultured in the Eureka Research Laboratory,
Department of Anatomy, at Babcock University.
The flies were maintained at a temperature of
25°C. After the breeding phase, the flies were
divided into four treatment groups as follows:

TABLE 1: EXPERIMENTAL DESIGN

Group Treatment Purpose
Serve as a baseline for
Control Basal diet comparison with other
experimental groups.
Assess the impact of
Arsenic- 0.005g/10g of arsenic exposure on
Treated diet oxidative stress markers
and antioxidant defenses.
Observe effects of the
Plant Extract on normal cellular
0.015g/10g of diet | processes and oxidative
extract .
stress in the absence of
arsenic.
Combined Investigate the .effects of.
Treatment 0.005g+ the Extract against arsenic-
Group 0.015g/10g of diet | induced oxidative stress
and toxicity conditions.

Each experimental group consisted of five
independent vials, with fifty flies per vial (total n
= 250 flies per group). Behavioral assays were
performed using randomly selected flies or
larvae from each vial to ensure representative
sampling. A single-dose experimental framework
was employed to evaluate baseline toxic and
protective effects prior to dose-response
optimization.

ARSENIC EXPOSURE

Arsenic Compound: Sodium arsenite (NaAsO,)
was used to induce oxidative stress and
lung cancer-like phenotypes in Drosophila
melanogaster.

IDENTIFICATION AND PREPARATION OF PLANT

Aframomum melegueta was obtained from
lishan-Remo, Ogun State, Nigeria. Fresh seeds of
A. melegueta were air-dried (16 °C), pulverized,
and soaked in absolute ethanol for 72 hours,
then sieved in order to remove any non-polar
compounds from the Extract. and stored in a jar.

http://apc.aast.edu

PHYTOCHEMICAL CHARACTERIZATION BY HPLC

High-performance  liquid  chromatography
(HPLC) analysis was conducted to characterize
the phytochemical constituents of the ethanol
extract of Aframomum  melegueta. The
Extract was prepared according to standard
chromatographic procedures and analyzed
using an HPLC system equipped with a UV-Vis
detector. Chromatograms were recorded at
multiple wavelengths to detect phenolic and
related bioactive compounds. The resulting
chromatographic profile was used to generate a
chemical fingerprint of the Extract employed in
this study.

DROSOPHILA MELANOGASTER STOCK AND
CULTURE

The wild D. melanogaster was obtained from the
Eureka Drosophila Laboratory, in the Department
of Anatomy, Benjamin S. Carson School of
Medicine, Babcock University, Ogun State, Nigeria.
D. Melanogaster cultured on a corn meal medium
containing corn meal, yeast, sugar, agar-agar
and nipagin mixed with ethanol at a constant
temperature and humidity (21-25°C; 60-70%
relative humidity) under 12hours dark/light cycle
conditions at the Eureka drosophila laboratory, in
the department of Anatomy, Benjamin S. Carson
School of Medicine, Babcock University, Ogun
State, Nigeria.

MEAL PREPARATION

l. 1000ml of water was added to a pot and
allowed to boil on an electric cooker.

I. A sensitive scale was used to measure 269
of yeast, and 25g of sugar was added to
the boiling water, stirring this mixture for 5
minutes.

lll.  Using the sensitive scale again, 13g of agar-
agar was measured and added gently to
the boiling mixture inside the pot, and then
stirred for 5 minutes.

IV.  200ml of distilled water was used to mix 90g
of cornmeal in a mixing bowl. After it was
mixed properly, it was added to the still-
boiling mixture and stirred for 5 minutes.

V. 1Cap of Aframomum melegueta and 1 cap
of arsenic dissolved in ethanol were mixed
with 5g of Nipagin in a petri-dish, and this
was carefully combined.
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VI.  The Cornmeal mixture was brought down
from the electric cooker and allowed to
cool for some minutes.

VIl. The Nipagin mixture was added to the
Cornmeal mixture after being cooled and
stirred.

TABLE 2: TABULAR REPRESENTATION OF MEAL PREPARATION

S/N INGREDIENTS FULL MEAL
1. Distilled water 1000ml
2. Corn meal 90g

3. Yeast 269

4. Nipagin 59

5. Agar agar 139

6. Sugar 25¢g

DOSAGE AND ADMINISTRATION

The ethanol crude extract was solubilized in
distiled water and integrated into the diet of
Drosophila  melanogaster. The arsenic dose
(0.005 g sodium arsenite per 10 g of diet) was
selected based on previously reported Drosophila
melanogaster studies demonstrating consistent
induction of oxidative stress and neurobehavioral
impairment without causing excessive early
mortality,  thereby  allowing meaningful
biochemical and behavioral assessments.

The dose of Aframomum melegueta extract
(0.015 g per 10 g of diet) was selected following
preliminary tolerability observations, which
indicated no overt toxicity or adverse behavioral
effects in flies, and in alignment with doses
reported for antioxidant-rich plant extracts in
Drosophila andrelatedin vivo models. This single-
dose approach was adopted to establish initial
efficacy under controlled exposure conditions.

Arsenic was delivered by dietary consumption.
The exposure period was extended for 7 days,
providing adequate Time for the manifestation
of oxidative stress indicators. At the conclusion
of the seventh day, a specific group of flies
was allocated for biochemical and behavioral
experiments. The remaining cohort of flies had to
undergo a survival test for an additional 14 days,
culminating in a total duration of 21 days.

BIOCHEMICAL ASSAY
Malondialdehyde (MDA)

The MDA concentration was analyzed as
previously described by [17].

Total Thiol Content:

Total thiol concentration was described based
on the method of [18].

Glutathione S-transferase

The GST activity was measured
spectrophotometrically based on the method of
[19]. The activity of GSH was expressed in umol/
mg protein.

Catalase Activity

Catalase activity was assessed by introducing
H.O, to the sample and observing its breakdown
by the measurement of absorbance reduction at
240 nm. Catalase activity was quantified in units
per milligram of protein [20].

Total Protein Content
Bradford Assay

The total protein content was quantified using
the Bradford technique, which depended on
the interaction of Coomassie Brilliant Blue dye
with proteins, producing a colorimetric change
measurable at 595 nm [21].

SURVIVAL TEST

The survival test was carried out to monitor the
number of flies that survive for 21 days following
exposure to arsenic and the plant extract. Each
day, the number of active flies was counted to
see the effects of the plant extract. The vials were
cleaned properly, and all the dead flies were
removed after 7 days consecutively for 21 days.

BEHAVIORAL ASSAY
NEGATIVE GEOTAXIS ASSAY
Negative geotaxis assay, also known as the

climbing assay, was carried out to determine the
locomotor activity of the flies. To carry out this
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experiment, 10 flies from the control and treated
group were anesthetized and placed in labeled
vials marked at 6cm. The bottom of the vials was
gently tapped, and then allowed to ascend. The
number of flies in each vial that ascended to the
6cm level in 10 seconds was counted, and the
numbers were recorded and used to determine
the climbing activity.

LARVA CRAWLING ASSAY

From each group, ten (10) third instar larvae were
collected with a damp (with sucrose) paint brush
and placed on a slightly wet (with sucrose) petri
dish to aid the movement of the larvae. Records
of larva movements were recorded for 10s,
after which the videos were analyzed. Larvae’s
distance traveled, and number of contractions
were noted down within the 10s. The speed and
contraction ratio were calculated using the
following formula:

Speed (s) = Distance traveled by the lava [ Time
taken

Contraction ratio = Distance traveled by the
larva/number of contractions

STATISTICAL ANALYSIS

The data from the biochemical assays were
analyzed using one-way analysis of variance
(ANOVA) followed by post hoc comparisons with
Tukey's test. This allowed for the comparison
of means across different treatment groups
and determined whether the differences
were statistically significant (p < 0.05). Data
are presented as mean = SEM. Behavioral
measurements were obtained from randomly
selected flies drawn from five independent vials
per group (50 flies per vial).

4. RESULTS

HPLC Phytochemical Profile of Aframomum
melegueta Extract

HPLC analysis of the ethanol extract of
Aframomum melegueta revealed the presence
of multiple  phytochemical  constituents,
evidenced by distinct peaks observed at different
retention times and detection wavelengths (Figs.
la and 1b). The chromatographic fingerprint
indicates a complex mixture of phenolic and
related bioactive compounds, consistent with
previously reported antioxidant constituents of

Aframomum melegueta. These phytochemicals
likely contribute to the observed antioxidative
and neurobehavioral effects in arsenic-exposed
Drosophila melanogaster.
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Figure 1. HPLC profiles of A. melegueta ethanol
extract. (A) Separation of compounds at a fixed
wavelength. (B) Detection across multiple wavelengths,
confirming the presence of diverse phytochemicals with

unique spectral signatures.

Legend: The results demonstrate the complex
phytochemical composition of A. melegueta.
Key bioactive compounds are indicated by
numbered peaks (I, 2, 3..), corresponding to
metabolites identified or characterized in
subsequent analyses.

Effect of Arsenic and Aframomum meleguetaon
Survival Rate in Drosophila melanogaster

The survival assay revealed distinct mortality
patterns across treatment groups over 21 days.
Control flies maintained 100% survival until
day 3, gradually declining to 78-90% by day
21. Arsenic-exposed flies showed accelerated
mortality, dropping to 56-60% survival by day
21, with particularly steep declines between
days 4-7 (100% to 74-84%). The Aframomum
melegueta group exhibited intermediate
survival (62-88% at day 21), while the combined
treatment group (arsenic + Aframomum)
demonstrated the most significant protection,
maintaining 54-84% survival - comparable
to arsenic-alone mortality rates but with less
severe early-stage decline. These patterns
suggest that while Aframomum alone provided
modest protection against natural aging-
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Volume 6

related mortality, its combination with arsenic
did not prevent arsenic>s acute lethal effects,
though it may have mitigated some late-stage
toxicity. The differential survival trajectories
highlight the time-dependent nature of arsenic
toxicity and potential protective mechanisms
of Aframomum that may require longer exposure
periods to manifest fully in survival outcomes
(Fig. 2).

Survival Rate
110

—s— CONTROL
—=— ARSENIC

100

—— AFRAMOMUM

90 —— COMBINED

80

PERCENTAGE

70

60

o
S

T T T T T T T T T T T T T T T T T T T
LN T S N I S R T IR CRICRFCI IR R RPN
DAYS

Figure 2: Effect of Aframomum melegueta extract on the
survival rate of Drosophila melanogaster exposed to arsenic
toxicity.

Survival percentages of flies were monitored
over 21 days across treatment groups. Arsenic
exposure reduced survival significantly, while
Aframomum melegueta  supplementation
partially restored lifespan and mitigated late-
phase mortality. Values represent mean + SEM.

Effect of Arsenic and Aframomum meleguetaon
Negative Geotaxis Behavior in Drosophila
melanogaster

ANOVA indicated moderate treatment effects
on climbing behavior, with Tukey’s tests yielding
mixed significance (Fig. 3). Arsenic exposure
significantly impaired geotactic performance
relative to control (p = 0.0168), suggesting
neurobehavioral dysfunction due to oxidative
damage. A. melegueta alone did not differ
significantly from control (p = 0.9020) or
arsenic (p = 0.6793). The combined treatment
showed partial improvement but did not reach
statistical significance (p = 0.0628-0.9729).
Although Aframomum melegueta treatment
showed a tendency toward improved climbing
performance, this effect did not reach statistical
significance, indicating only partial and variable
behavioral modulation.

p=0.6793

‘ p=0.1184 |

15+ p=0.9020

=3 CONTROL
. : p=0.0168 p=0.0628 ” p=0.9729 @@ ARSENIC
3 10- H _|_ | #2 AFRAMOMUM
2 E3 COMBINED
K
& s
z.
N
&
&

Figure 3: Effect of Aframomum melegueta extract on
negative geotaxis behavior in arsenic-treated Drosophila
melanogaster.

Effect of Arsenic and Aframomum meleguetaon
Contraction Parameters in  Drosophila
melanogaster

While overall ANOVA indicated treatment-
dependent differences (p = 0.0408), pairwise
comparisons revealed that improvements
associated with Aframomum melegueta did not
reach statistical significance, suggesting modest
functional trends rather than robust effects.
Tukey's test showed that arsenic exposure
caused a reduction compared to control, while
Aframomum supplementation alone or in
combination partially improved contraction
amplitude (Fig. 4), though these differences
were not significant (p = 0.1403-0.9772). The
significant ANOVA suggests at least one group
differed, likely due to arsenic’s depressive effect
on muscular contraction, with Aframomum
melegueta exhibiting mild protective trends
against this impairment.

p=02442

p=0.6334 |

—

p=0.1403

p=0.0408  p=08515  p=09772

5+ [

=3 CNTRL

EE ARSENIC

& AFRAMOMUM
E COMBINED

Contraction (m)

Figure 4: Effect of Aframomum melegueta extract on
contraction movement in Drosophila melanogaster exposed

to arsenic toxicity
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Effect of Arsenic and Aframomum - 0.4409

melegueta on Locomotor Distance ows

in Drosophila melanogaster ‘ 0’4409—\

ANOVA results approached significance (p = 0.10 P00 pmOM  p>099%9

0.0515) with post hoc Tukey’s tests indicating that 005 ' H || | ; iizER;IC
Aframomum melegueta treatment significantly ' T w5 AFRAMOMUM

0.06

increased locomotor distance compared to
arsenic exposure (p = 0.0280), indicating partial
functional recovery. Control and combined
groups did not differ significantly (p = 0.3973-
0.9540; Fig. 5). Thus, arsenic reduced movement 0.00
activity, reflecting motor impairment, whereas

E COMBINED

0.044

SPEED M/S

0.024

Aframomum  ameliorated this reduction, ¢ Ny Q;@ o°§
highlighting its neuroprotective effect on ®
locomotion.
Figure 6: Effect of Aframomum melegueta extract on
p=0.0280 locomotor speed in Drosophila melanogaster exposed to
‘ 09540 arsenic toxicity
e
,# Effect of Arsenic and Aframomum meleguetaon
10q DN pmeee pmodE Catalase Activity in Drosophila melanogaster
H || =] CNTRL
Eo's' 7 2 iEEiIE(C)MUM ANOVA revealed a significant treatment effect
20.6- i T o COMBINED on cc?talose activity (p = 0.0008). Post hoc
£ 04 A Tukey's test showed that arsenic exposure
a S caused a significant reduction in catalase
027 e levels compared with the control (p = 0.0236),
0.0 B indicating oxidative stress-induced enzyme
P & &ﬁ‘ & inhibition (Fig. 7). Treatment with Aframomum
¢ F & F melegueta significantly increased catalase
;33’ N activity relative to the arsenic group (p =
0.0005), while the combined treatment (arsenic
Figure 5: Effect of Aframomum melegueta extract on + AfI'GmOmum) also showed a significant
locomotor distance in arsenic-exposed Drosophila increase over arsenic exposure alone (p =

melanogaster 0.0070). These results suggest that Aframomum

melegueta mitigated arsenic-induced oxidative
suppression of catalase, restoring antioxidant
capacity in Drosophila melanogaster.

Effect of Arsenic and Aframomum meleguetaon
Locomotor Speed in Drosophila melanogaster

Despite a marginal overall ANOVA effect (p p= 00236
= 0.0400), post hoc analyses revealed no = 00070 |
statistically significant differences between

p=0.0008

treatment groups, indicating that locomotor 4 ]

speed was not robustly affected (p = 0.4409-> pooom = igg;ﬁ%
0.9999; Fig. 6). This suggests that while arsenic 2 AFRAMOMUM
may have exerted subtle effects on movement £ COMBINED

velocity, these were not large enough to produce
distinct post hoc group differences. Therefore,
Aframomum melegueta did not significantly
alter locomotor speed, though slight trends
toward improvement were observed.

Catalase (u/mg)

Figure 7: Effect of Aframomum melegueta extract on catalase
activity in arsenic-exposed Drosophila melanogaster
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Effectof Arsenic and Aframomum meleguetaon upregulation of GST-mediated defense against
Lipid Peroxidation (MDA) in Drosophila oxidative insult.
melanogaster

p=0.1130

ANOVA results indicated a highly significant - |
effect of treatments on MDA levels (p = 0.0002).

Tukey's test revealed that arsenic exposure 0,08 ,#
caused a marked increase in MDA compared PO oo pone B CONTROL
with the control (p = 0.0038), reflecting lipid 0.061 T E illjliil’\\:lgMUM
membrane damage due to excessive ROS

generation (Fig. 8). Conversely, Aframomum = COMBINED
melegueta administration significantly reduced
MDA relative to the arsenic group (p < 0.0001),
while the combined treatment also showed 00045
lower MDA compared with arsenic exposure
(p = 0.0010). The difference between control ooé
and combined treatment was modest but
significant (p = 0.0010). Collectively, these results
demonstrate that Aframomum melegueta Figure 9: Effect of Aframomum melegueta extract on
attenuated arsenic-induced Iipid peroxidotion, glututhiones-transferus?(GST)uctivityinursenic-treuted
highlighting its antioxidative efficacy. Drosophilamelanogaster

0.044

GST (umol/mg)

0.02

p=0.0010

— Effect of Arsenic and Aframomum meleguetaon
,V—| Total Thiol Levels in Drosophila melanogaster
M — £ CONTROL )
o B8 ARSENIC Total thiol content showed treatment-

&5 AFRAMOMUM dependent modulation. Arsenic-exposed flies

£ COMBINED exhibited decreased thiol levels compared with
the control and combined treatment groups
(Fig. 10), suggesting depletion of reduced thiols
due to oxidative stress. Aframomum melegueta
supplementation partially restored thiol levels,
indicating  antioxidant  thiol  preservation.
Although exact p-values were not displayed, the
distinct lettering denotes a statistically significant
difference (p < 0.05) among treatments.

MDA (M)
z

0.54

Figure 8: Effect of Aframomum melegueta extract on lipid
peroxidation (MDA levels) in Drosophila melanogaster

subjected to arsenic toxicity L

p=0.0292 |

Effect of Arsenic and Aframomum meleguetaon p-002s1
Glutathione S-Transferase (GST) Activity o oo seomm
in Drosophila melanogaster 0000067 1 | E3 CONTROL

T T EE ARSENIC
#8 AFRAMOMUM
£ COMBINED

0.00004+

ANOVA showed no significant differences across
most treatment comparisons except at specific
pairings. Tukey's test indicated no significant
change between control and arsenic (p =0.8813),
or between control and Aframomum (p = 0.7260).
However, the combined treatment exhibited
significantly higher GST activity compared with
arsenic exposure (p = 0.0261) and Aframomum
alone (p = 0.0168). These data (Fig. 9) suggest
that although individual treatments had limited Figure 10: Effect of Aframomum melegueta extract on
impact, co-administration of Aframomum total thiol concentration in arsenic-exposed Drosophila
melegueta with arsenic enhanced detoxification melanogaster

enzyme activity, implying a synergistic

TOTAL THIOL
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Effect of Arsenic and Aframomum meleguetaon
Total Protein Levels in Drosophila melanogaster

No significant treatment effect was observed in
total protein concentration across groups. The
ANOVA and Tukey's tests produced high p-values
(p = 0.9858, p = 0.2970, p = 0.6699), showing that
arsenic exposure and Aframomum melegueta
treatment, either alone or combined, did not
significantly alter overall protein content in
Drosophila melanogaster (Fig. 11). This suggests
that the interventions did not impair or stimulate
general protein synthesis within the exposure
period, although functional oxidative markers
were altered.

p=0.6699

| p=02970

0.064 p=0.9858 =3 CONTROL
— EE ARSENIC
0.04 T =" AFRAMOMUM
E=2 COMBINED

TOTAL PROTEIN

Figure 11: Effect of Aframomum melegueta extract on total
protein concentration in Drosophila melanogaster under
arsenic exposure

5. Discussion

The present study investigated the protective
potential of Aframomum melegueta (grains of
paradise) against arsenic-induced oxidative
stress, biochemical alterations, and behavioral
deficits in Drosophila melanogaster. The
data revealed that arsenic exposure caused
significant perturbations in key antioxidant
and behavioral parameters [22], whereas
Aframomum melegueta supplementation, either
alone or in combination with arsenic, modulated
these effects to varying degrees. Taken together,
the findings highlight the phytochemical’s
ameliorative role against arsenic toxicity and
emphasize its potential as a natural antioxidant
and neuroprotective agent.

Arsenic exposure significantly suppressed
catalase (CAT) activity [23] while markedl
elevating lipid peroxidation levels (MDA) [24],
confirming oxidative imbalance as a central
mechanismofarsenictoxicity.Catalase,aprimary

hydrogen peroxide—scavenging enzyme, plays
a vital role in cellular defense against reactive
oxygen species (ROS) [25]. The significant
decrease in catalase activity (p = 0.0236) in
arsenic-exposed flies suggests enzyme inhibition
via direct interaction of arsenic with sulfhydryl
groups on catalase or through depletion of
essential cofactors such as iron. Conversely,
Aframomum melegueta treatment significantly
restored catalase levels (p = 0.0005), both when
administered alone and in combination with
arsenic (p = 0.0070), demonstrating its capacity
to reinforce enzymatic antioxidant defense.
This observation aligns with previous reports
that Aframomum melegueta extracts enhance
catalase and superoxide dismutase (SOD)
activities through their abundant phenolic and
flavonoid content, including 6-gingerol, paradol,
and shogaol analogs known to upregulate
antioxidant gene expression and mitigate ROS
accumulation [26,27].

Consistent with catalase suppression, arsenic
exposure significantly increased MDA levels (p =
0.0038), reflecting enhanced lipid peroxidation
and membrane damage [26]. Elevated MDA
is a hallmark of oxidative injury resulting from
peroxidation of polyunsaturated fatty acids [28].
The dramatic reductionin MDA upon Aframomum
melegueta administration (p < 0.0001) indicates
attenuation of lipid peroxidation, suggesting the
Extract’s potent ROS-scavenging activity. This is
in agreement with studies by [29], who reported
that Aframomum melegueta mitigates oxidative
injury induced by heavy metals and xenobiotics
in rodent tissues. The combined treatment’s
lowered MDA levels compared with arsenic
alone (p = 0.0010) further supports a synergistic
interaction between arsenic-induced oxidative
triggers and Aframomum-mediated antioxidant
response.

Glutathione S-transferase (GST), a critical
phase Il detoxification enzyme [30]the cytosolic
glutathione S-transferase (ST, showed modest
alterations across treatment groups. Although no
significant difference was found between control
and arsenic or Aframomum alone, the combined
treatment group showed a significant elevation
in GST activity compared with arsenic (p =
0.0261) and Aframomum alone (p = 0.0168). This
suggests that co-exposure may have stimulated
adaptive  upregulation of GST-mediated
conjugation pathways to facilitate detoxification
of arsenic-derived electrophilic intermediates.
The upsurge in GST could also reflect activation
of the nuclear factor erythroid 2-related factor 2
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(Nrf2) signaling pathway, which governs cellular
redox homeostasis. The observed enhancement
of GST activity may suggest involvement of
redox-sensitive regulatory pathways such as
Nrf2 [31]controlled production of oxidants in
normal cells serves useful purposes to regulate
signaling pathways. Reactive oxidants are
counterbalanced by complex antioxidant
defense systems regulated by a web of pathways
to ensure that the response to oxidants is
adequate for the body’'s needs. A recurrent
theme in oxidant signaling and antioxidant
defense is reactive cysteine thiol-based redox
signaling. The nuclear factor erythroid 2-related
factor 2 (Nrf2; however, this remains speculative,
as direct molecular analyses were not performed
in the present study.

Total thiol levels, an indirect measure of reduced
glutathione (GSH) and protein thiols [32], were
also modulated by treatment. Arsenic-exposed
flies exhibited depleted thiol content, indicative
of oxidative depletion and redox imbalance.
Aframomum  melegueta partially restored
thiol concentration in the combined treatment
group, consistent with its role in preserving
intracellular thiol pools and reducing oxidative
protein modification. These results affirm that
Aframomum melegueta helps maintain cellular
redox status by preventing excessive oxidation
of cysteine residues and promoting glutathione
regeneration [33].

Interestingly, total protein levels did not differ
significantly across treatments (p > 0.05),
implying that arsenic exposure and Aframomum
intervention did not affect overall protein
synthesis or degradation rates. The lack of
change may reflect a selective oxidative impact
restricted to specific enzymes and signaling
proteins rather than a global suppression of
protein metabolism.

Behavioral assays provided functional
corroboration of biochemical findings. The
survivalrate assayrevealed thatarsenic exposure
markedly reduced lifespan, while Aframomum
melegueta alone or in combination modestly
extended survival, particularly during later days
of exposure. This partial restoration suggests
that while the Extract mitigates chronic oxidative
damage, it may not fully counteract arsenic’s
acute toxicity during early exposure phases. The
observed survival improvement underscores
Aframomum’s role in delaying arsenic-induced
senescence and improving overall vitality,
consistent with its antioxidant action.

Arsenic exposure also caused notable
impairments in neurobehavioral indices [34],
including reduced climbing ability (negative
geotaxis% and  contraction  parameters,
reflecting motor dysfunction and neuromuscular
weakness. The significant reduction in geotaxis
performance (p = 0.0168) suggests neuronal
toxicity in dopaminergic circuits, often implicated
in motor control deficits in Drosophila. Although
Aframomum melegueta did not completely
restore geotaxis, the combinedtreatmentshowed
partial improvement (p = 0.0628-0.9729),
indicative of a neuroprotective trend. Similarly,
contraction parameters were significantly
influenced (p = 0.0408), where arsenic exposure
impaired muscular movement amplitude, while
Aframomum treatment showed mild recovery.
These outcomes may be linked to the Extract’s
ability to preserve neuromuscular function
through antioxidant modulation and possibly
through the stabilization of acetylcholine levels,
as suggested in related studies on plant-derived
neuroprotectants [35]. Although oxidative stress
isknown toimpairneuromuscular and cholinergic
function [36], acetylcholinesterase activity and
neurotransmitter dynamics were not evaluated
in this study; therefore, the neurobehavioral
improvements observed should be interpreted
at a functional rather than mechanistic level.

Locomotor distance and speed further
reflected arsenic-induced neurotoxicity. Arsenic
significantly reduced locomotor distance,
whereas Aframomum melegueta treatment
restored movement capacity (p = 0.0280),
indicating a functional recovery of neuromotor
coordination. The partial, non-significant
changes in locomotor speed (p = 0.0400
overall but p > 0.44 post hoc) suggest that while
Aframomum improved endurance and activity
span, it may not have markedly influenced
velocity per se. Taken together, these behavioral
findings reinforce the biochemical evidence
that Aframomum melegueta exerts restorative
effects on arsenic-induced oxidative and
neuromuscular dysfunction.

Mechanistically, the ameliorative effects of
Aframomum melegueta may be attributed to
its rich repertoire of phenolic constituents and
essential oils, such as 6-paradol, 6-shogaol,
and 6-gingerol. These compounds are known to
scavenge ROS, enhance endogenous antioxidant
enzyme expression, and stabilize cellular
membranes. Furthermore, the modulation of
detoxification enzymes like GST and restoration
of thiol levels point toward activation of the Nrf2—
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ARE signaling cascade, a key regulator of cellular
defense. The protective trends observed across
multiple parameters suggest that Aframomum
melegueta acts both as a direct antioxidant
and as a modulator of redox-sensitive signaling
networks.

This study establishes that arsenic induces
oxidative and behavioral toxicity in Drosophila
melanogaster, characterized by elevated
lipid peroxidation, suppression of antioxidant
enzymes, and impaired locomotor performance.
Aframomum melegueta effectively mitigated
these effects, restoring catalase and thiol
activity, reducing lipid peroxidation, enhancing
GST function, and improving survival and motor
performance. The findings collectively affirm
the antioxidative and neuroprotective potential
of Aframomum melegueta against heavy
metal-induced toxicity. These results support
its potential utility as a dietary or therapeutic
agent for mitigating oxidative stress-related
disorders. Further molecular studies focusing
on gene expression of antioxidant enzymes, Nrf2
pathway activation, and dose—response profiling
in higher models would provide deeper insights
into its mechanistic efficacy and translational
relevance.

Behavioral outcomes demonstrated greater
variability than biochemical endpoints, which is
characteristic of Drosophila locomotor assays.
While arsenic exposure consistently impaired
motor performance, the modulatory effects
of Aframomum melegueta were modest
and, in some assays, did not reach statistical
significance. These findings suggest partial
functional protection rather than complete
neurobehavioral restoration.

The inclusion of HPLC-based phytochemical
profiling strengthens the interpretation of the
biological effects observed in this study. The
chromatographic fingerprint confirms that the
ethanol extract of Aframomum melegueta
contains  multiple  bioactive  constituents,
likely including phenolic and gingerol-related
compounds  previously  associated  with
antioxidant and neuroprotective activities. These
compounds may collectively contribute to the
attenuation of lipid peroxidation, restoration of
antioxidant enzymes, and partial improvement
in neurobehavioral outcomes observed following
arsenic exposure. However, while HPLC profiling
confirms extract complexity and reproducibility,
definitive =~ compound  identification  and
quantification would require further targeted

analyses using reference standards or mass
spectrometry.

6. Study Limitations

A key limitation of this study is that the
molecular mechanisms underlying the observed
biochemical and behavioral effects were not
examined, particularly gene expression profiles
of antioxidant enzymes and the involvement of
the Nrf2 signaling pathway. Nevertheless, these
findings provide preliminary in vivo evidence
that supports further targeted mechanistic
investigations. Although HPLC profiing was
performed to characterize the Extract, individual
phytochemical constituents were not fully
identified or quantified against reference
standards. Therefore, extract standardization
remains partial, and future studies should
incorporate quantitative phytochemical analysis
to improve translational and nutraceutical
applicability. Future studies should therefore
investigate these mechanistic pathways, explore
dose-response relationships, and extend the
findings to mammalian models to validate the
translational potential of Aframomum melegueta
as a therapeutic candidate against heavy
metal-induced oxidative and neurobehavioral
toxicity.

7. Conclusion

This study demonstrated that arsenic exposure
induces marked oxidative and neurobehavioral
disturbances in Drosophila melanogaster,
characterized by reduced catalase activity,
elevated lipid peroxidation, depletion of thiol
reserves, and impaired locomotor performance.
These findings establish Aframomum melegueta
as a modulator of arsenic-induced oxidative
and neurobehavioral toxicity in Drosophila
melanogaster, providing a foundation for
future mechanistic and translational studies
by enhancing antioxidant enzyme activities,
restoring thiol balance, and reducing lipid
peroxidation, thereby protecting cellular integrity
and improving behavioral outcomes. Although
total protein levels remained unchanged, the
modulation of catalase, GST,and thiol parameters
underscores the Extract’s potent redox-stabilizing
capacity. Behavioral assays further confirmed
partial recovery of motor coordination and
survival, indicating that Aframomum melegueta
confers both biochemical and functional
protection against arsenic toxicity. These
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findings highlight the therapeutic promise of
Aframomum melegueta as a natural antioxidant
and neuroprotective agent. Future studies should
investigate its molecular targets, optimal dosing,
and long-term safety to facilitate translational
applications in metal-induced oxidative stress
and neurodegenerative conditions.

Declarations

Ethical Statement:

Experiments involving Drosophila melanogaster
are exempt from institutional ethical approval,
as the species is an invertebrate model not
covered under regulations governing vertebrate
animal research. All experimental procedures
were, however, conducted in accordance
with internationally accepted standards for
the humane use of invertebrate organisms in
scientific research.

Funding
This research received no specific grant from any
funding agency in the public, commercial, or not-
for-profit sectors. The study was self-funded by
the authors as part of their institutional research
activities.

References

1. Liu X, Zhang R, Fan J, Chen Y, Wang H, Ge
Y, et al. The role of ROS/p38 MAPK/NLRP3
inflammasome cascade in arsenic-induced
depression-/anxiety-like behaviors of mice.
Ecotoxicology and Environmental Safety
[Internet]. 2023 Jun 7;261:115111. Available from:
https://www.sciencedirect.com/science/
article/pii/$0147651323006152#fig0035

2. Fatoki JO, Badmus JA. Arsenic das an
environmental and human health antagonist:
A review of its toxicity and disease initiation.
Journal of Hazardous Materials Advances.
2022 Feb;5:100052.

3. Sultan MW, Qureshi F, Ahmed S, Komyab H,
Yusuf M. A Comprehensive Review on Arsenic
Contamination in Groundwater: Sources,
Detection, Mitigation Strategies and Cost
Analysis. Environmental Research. 2025 Jan
15;265(16):120457.

Conflict of Interest

The authors declare that they have no known
competing financial interests or personal
relationships that could have appeared to
influence the work reported in this paper.

Graphical abstract

Methods

As

Arsenic

>4

Aframomum

.
J

Behavioral Test
e Survival Test
* Negative Geotaxis
* Climbing Test
* Larval Crawling

Homogenization

BimsliEnl cal fssay Statistical Analysis

* MDA

¢ Total Thiol

¢ GST One-way ANOVA+
o CAT Tukey’s Test

¢ Total Protein

4. Xing M, Yan D, Hai M, Zhang Y, Zhang Z, Li
F. Arsenic Contamination in Sludge and
Sediment and Relationship with Microbial
Resistance Genes: Interactions and
Remediation. Water [Internet]. 2024 Dec
17,16(24):3633-3. Available from: https://www.
mdpi.com/2073-4441/16/24/3633

5. Kanel SR, Das TK, Varma RS, Kurwadkar
S, Chakraborty S, Joshi TP, et al. Arsenic
Contamination in Groundwater: Geochemical
Basis of Treatment Technologies. ACS
Environmental Au. 2023 Feb 22;3(3):135-52.

6. Ullah Z, Igbal J, Abbasi BA, ljoz S, Yaseen T,
Murtaza G, et al. Arsenic pollution: sources,
types, and effects on soil chemistry. Beneficial
Elements for Remediation of Heavy Metals in
Polluted Soil. 2025;55-91.

7. Hayes JD, Dinkova-Kostova AT, Tew KD.

http://apc.aast.edu



June 2026

10.

1.

12.

13.

14.

15.

Oxidative Stress in Cancer. Cancer Cell. 2020
Aug 10;38(2):167-97.

IgbalMJ,Kabeer A, Abbas Z, SiddiquiHA, Calina
D, Sharifi-Rad J, et al. Interplay of oxidative
stress, cellular communication and signaling
pathways in cancer. Cell Communication
and Signaling. 2024 Jan 2;22(1).

Hu Y, Li J, Lou B, Wu R, Wang G, Lu C, et al. The
Role of Reactive Oxygen Species in Arsenic
Toxicity. Biomolecules. 2020 Feb 5;10(2):240.

Cui YX, Dong L, Zhang M, Liu YN, Chen YH, Jia
MZ, et al. Long-term exposure to arsenic in
drinking water leads to myocardial damage
by oxidative stress and reduction in NO.
Toxicology. 2023 Apr 1;492:153529-9.

Olunkwa E, Iheanacho E, Uzoma C, Nwaogu
NLA, Nkeiru J. Bioactive component
analysis of aqueous seed extract of
Aframomum melengueta. GSC biological
and pharmaceutical sciences. 2023 Nov
30;25(2):249-72.

Sudeep HV, Aman K, Jestin TV, Shyamprasad
K. Aframomum melegueta Seed Extract with
Standardized Content of 6-Paradol Reduces
Visceral Fat and Enhances Energy Expenditure
in Overweight Adults — ARandomized Double-
Blind, Placebo-Controlled Clinical Study. Dru
Design, Development and Therapy [Internet?.
2022 Oct [cited 2022 Dec 26];16:3777-91.
Available from:  https://www.ncbi.nim.nih.
gov/pmc/articles/pmid/36329722/

Ottu PO, Babalola OO, Oluwamodupe C,
Oluwatobiloba AF, Kehinde 10, Akinola OA, et
al. Investigation of Aframomum melegueta
compounds as ERK5 inhibitor related to
breast cancer via molecular docking and
dynamic simulation. In Silico Pharmacology.
2025 Jan 25;13(1).

Yoneshiro T, Matsushita M, Sugita J, Aita S,
Kameya T, Sugie H, et al. Prolonged Treatment
with Grains of Paradise (Aframomum
melegueta) Extract Recruits  Adaptive
Thermogenesis and Reduces Body Fat in
Humans with Low Brown Fat Activity. Journal
of Nutritional Science and Vitaminology
[Internet]. 2021;67(2):99-104. Available from:
https://pubmed.ncbi.nim.nih.gov/33952741/

Osuntokun OT. Aframomum Melegueta
(Grains of Paradise). Annals of microbiology

http://apc.aast.edu

16.

17.

18.

19.

20.

21.

22.

23.

Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898

http://dx.doi.org/10.21622/AMPDR.2026.06.1.1791

and infectious diseases. 2020 Jan 1;3(1):1-6.

Pérez-Machin R, Vega-Morales T, Elvira-
Aranda C, Lled6-Rico L, Gomis-Gomis M,
Lépez-Rios L. Aframomum melegueta Seed
Extract’'s Effects on Anxiety, Stress, Mood,
and Sleep: A Randomized, Double-Blind, Pilot
Clinical Trial. Pharmaceuticals [Internet]. 2025
Feb 19;18(2):278-8. Available from: https://
www.mdpi.com/[1424-8247/18/2/278

Mohammadi AH, Balandeh E, Milajerdi
A. Malondialdehyde concentrations in
obsessive—compulsive disorder: a systematic
review and meta-analysis. Annals of General
Psychiatry. 2021 Jun 16;20(1).

Yu Q, Fein JB. Analysis of total thiol
concentrations in environmental samples
using  ultra-high  performance  liquid
chromatography-mass spectrometry
(UHPLC-MS). Chemical Geology. 2023 Nov
25,644:121837-7.

Balci N, Turkan F, Sakiroglu H, Aygun A,
Sen F. Purification and characterization of
glutathione S-transferase from blueberry
fruits (Vaccinium arctostaphylos L) and
investigated of some pesticide inhibition
effects on enzyme activity. Heliyon. 2019
Apr;5(4):e01422.

ADEOYE OB, lyanda AA, Daniyan MO, ADEOYE
DA, Olagjide O, Akinnawo OO, et al. ANTI-
DYSLIPIDAEMIA°  AND  CARDIO-PROTECTIVE
EFFECTS OF NIGERIAN BITTER HONEY IN
STREPTOZOTOCIN INDUCED DIABETIC RATS.
Universal journal of pharmaceutical research.
2023 May 15;8(2):10-8.

Hayes M. Measuring Protein Content in Food:
An Overview of Methods. Foods [Internet].
2020 Sep 23;9(10):1340. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC7597951/

Ganie SY, Javaid D, Hajam YA, Reshi MS.
Arsenic toxicity: sources, pathophysiology
and mechanism. Toxicology Research. 2023
Dec 8;13(1).

Fatoki JO, Badmus JA. Arsenic as an
environmental and human health antagonist:
A review of its toxicity and disease initiation.
Journal of Hazardous Materials Advances.

2022 Feb;5:100052.



Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898

http://dx.doi.org/10.21622/AMPDR.2026.06.1.1791

24.

25.

26.

27.

28.

29.

Wang L, Xu ZR. Effects of Arsenic (Aslll) on
Lipid Peroxidation, Glutathione Content and
Antioxidant Enzymes in Growing Pigs. Asian-

Australasiaon Journal of Animal Sciences.
2006 Mar 29;19(5):727-33.
Rasheed Z. Therapeutic potentials of

catalase: Mechanisms, applications, and
future perspectives. International journal of
health sciences [Internet]. 2024;18(2):1-6.
Available from: https://pubmed.ncbi.nim.nih.
gov/38455600/

Onoja SO, Omeh YN, Ezeja MI, Chukwu
MN.  Evaluation of theln  Vitroandin
VivoAntioxidant Potentials ofAframomum
meleguetaMethanolic Seed Extract. Journal
of Tropical Medicine [Internet]. 2014;2014:1-6.
Available from: https://www.ncbi.nim.nih.
gov/pmc/articles/PMC4052497/

Khan S, Munir A, Fayyaz O, Hassan A.
Phytochemical, Ethnobotanical, and
Pharmacological Activities of Aframomum
melegueta. Advances in bioinformatics
and biomedical engineering book series
[Internet]. 2024 May 7;241-78. Available
from: https://www.igi-global.com/
chapter/phytochemical-ethnobotanical-
and-pharmacological-activities-of-
aframomum-melegueta/346946

Girdbn SH, Monserrat J, Ortega MA, Garcia-
Montero C, Fraile-Martinez O, Gémez-Lahoz
AM, et al. Prognostic Value of Malondialdehyde
(MDA) in the Temporal Progression of Chronic
Spinal Cord Injury. Journal of Personalized
Medicine. 2023 Apr 2;13(4):626-6.

Al-Asady FH, AL-Mohanna MWH. Evaluation
of the preventive effects of alligator pepper
aframomum melegueta aqueous extract
against titanium dioxide nanoparticles
induced oxidative stress in adult wistar rats.
International Journal of Advanced Chemistry.
2024 Oct 26;12(2):82-5.

30.

31

32.

33.

34.

35.

36.

Mazari AMA, Zhang L, Ye Z, Zhang J, Tew KD,
Townsend DM. The Multifaceted Role of
Glutathione S-Transferases in Health and
Disease. Biomolecules [Internet]. 2023 Apr
18 [cited 2023 Dec 10];13(4):688-8. Available
from: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMCI10136111/

Ma Q. Role of Nrf2 in Oxidative Stress and
Toxicity. Annual review of pharmacology and
toxicology. 2013;53:401-26.

Ulrich K, Jakob U.Therole of thiolsin antioxidant
systems. Free Radical Biology and Medicine
[Internet]. 2019 Aug [cited 2019 Nov 17];140:14-
27. Available from: https://www.sciencedirect.
com/science/orticlef;ii/80891584918325425

El-Halowany AM, Dine RSE, El Sayed NS,
Hattori M. Protective Effect of Aframomum
melegueta phenolics Against CCl4-Induced
Rat Hepatocytes Damage; Role of Apoptosis
and Pro-inflammatory Cytokines inhibition.
Scientific Reports. 2014 Jul 30;4(1).

Tyler CR, Allan AM. The Effects of Arsenic
Exposure on Neurological and Cognitive
Dysfunction in Human and Rodent Studies:

A Review. Current Environmental Health
Reports. 2014 Mar 21;1(2):132-47.
Agunloye OM, Olawuyi EA, Oboh G.

Neuroprotective effects of dietary inclusions
of alligator pepper (Aframomum melegueta)
and bastard melegueta (Aframomum
danielli) seeds on scopolamine-induced
amnesia in rats. Journal of complementary &
integrative medicine. 2025 Mar;22(3):427-37.

Zhang Y, Wang Q, Chen H, Liu X, Ke Lv, Wang T,
et al. Involvement of Cholinergic Dysfunction
and Oxidative Damage in the Effects of
Simulated Weightlessness on Learning and
Memoryin Rats.BioMed research international
(Print). 2018 Feb;2018:1-11.

http://apc.aast.edu

June 2026



7®J ol

BY NC

Copyright © 2026, authors

Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898

http://dx.doi.org/10.21622/AMPDR.2026.06.1.1862

ABSTRACT:

Background: Acute myocardial infarction (AMI) is a
major cause of morbidity and mortality worldwide.
Cardiac biomarkers are essential for the diagnosis
and monitoring of AMI. Although cardiac troponin
T (cTnT) is the preferred biomarker, enzymes
such as creatine phosphokinase-MB (CPK-MB),
aspartate aminotransferase (AST), and lactate
dehydrogenase (LDH) are still widely used,
especially in resource-limited settings.

Objectives: To evaluate the serial kinetics,
absolute and percentage delta changes, and
interrelationships of ¢TnT, CPK-MB, AST, and LDH
during the first 48 hours after admission in patients
with AMI, and to explore their complementary
diagnostic roles in a resource-limited healthcare
setting.

Patients and Methods: This hospital-based
observational study included 50 patients with
confirmed AMI and 50 age- and sex-matched
healthy controls. Serial blood samples were collected
from AMI patients at 0, 6, 12, 24, 36, and 48 hours
after admission. Biomarker levels were measured
using standard laboratory methods. Absolute and
percentage delta changes were calculated relative
to controls. Pearson’s correlation coefficient was
used to assess relationships between biomarkers
at each time point.

Results: All biomarkers were significantly elevated
in AMI patients compared with controls. cTnT
showed a progressive and sustained rise, reaching
over 1100% above control values at 48 hours. CPK-
MB and AST demonstrated earlier peaks around
24 hours, followed by a partial decline, while LDH
showed a delayed but marked rise. Most biomarker
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pairs showed no significant linear correlation at any
time point; weak negative correlations observed
at 12 hours were small in magnitude and likely of
limited clinical significance.

Conclusion: Cardiac biomarkers in AMI exhibit
distinct temporal kinetics with minimal linear
correlation. Lack of correlation should not be
interpreted as lack of diagnostic utility; rather,
it highlights that biomarkers reflect different
pathophysiological phases of myocardial injury.
cTnT remains the most reliable biomarker, while
CPK-MB, AST, and LDH should be interpreted as
complementary rather than interchangeable
markers.

KEYWORDS:

Acute myocardial infarction; Cardiac biomarkers;
Troponin T; CPK-MB; AST; LDH.

1. Introduction

Acute myocardial infarction (AMI) is one of
the leading causes of morbidity and mortality
worldwide and remains a major public health
challenge, particularlyinlow-andmiddle-income
countries.[l] Rapid urbanization, sedentary
lifestyle, tobacco use, unhealthy diet, and rising
prevalence of diabetes and hypertension have all
contributed to an increasing burden of ischemic
heartdisease. Inthe setting of AMI, time is a critical
determinant of outcome: early diagnosis and
prompt reperfusion therapy significantly reduce
infarct size, preserve left ventricular function,
and improve short- and long-term survival.
Therefore, the availability of accurate, sensitive,
and timely diagnostic tools is central to effective
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management of patients presenting with chest
pain suggestive of myocardial ischemia.[2]

Cardiac biomarkers have become indispensable
in the evaluation of suspected AMI. They provide
objective biochemical evidence of myocardial
injury, complementing clinical assessment and
electrocardiographic changes. Among these,
cardiac troponins (including cardiac troponin T,
cTnT) are currently considered the gold standard
for detecting myocardial necrosis. cTnT is highly
specific to cardiac myocytes and is released into
the circulation following irreversible damage to
the myocardial cellmembrane. Its concentration
begins to rise within a few hours after the onset
of ischemiaq, typically peaks over 12-24 hours,
and remains elevated for several days. This
characteristic profile makes cTnT extremely
useful not only for confirming the diagnosis of
AMI but also for identifying patients who present
late, when other markers may already have
normalized.[3]

Before the widespread adoption of troponins,
enzymes such as creatine phosphokinase-MB
(CPK-MB), aspartate aminotransferase (AST),
and lactate dehydrogenase (LDH) were widely
used as markers of myocardial injury. CPK-MB
is relatively more specific for cardiac muscle
compared to AST and LDH, and classically shows
an early rise, peaking around 12-24 hours and
returning to baseline within 2-3 days. This early
peaking Patternmakes CPK-MBusefulindetecting
reinfarction or assessing very early changes after
reperfusion. AST and LDH, although less specific
to cardiac tissue, are released from multiple
organs in response to cell injury and necrosis.
Their elevations in AMI reflect the extent of tissue
damage but can be influenced by concomitant
hepatic, skeletal muscle, or systemic conditions,
which may limit their specificity.

Despite these limitations, AST and LDH continue
to be measured in many clinical laboratories,
especially in resource-constrained settings
where high-sensitivity troponin assays may not
be universally available or may be reserved for
selected patients.Insuch environments, clinicians
often rely on a combination of biomarkers to
support the diagnosis and to understand the
temporal sequence of myocardial injury. Thus,
understanding the dynamic behavior of both
specific (cTnT, CPK-MB) and non-specific (AST,
LDH) markers is important, particularly in settings
where patterns over time may provide additional
diagnostic and prognostic information.[3]

Although the individual kinetic profiles of these
biomarkers are well described, limited data are
available on their serial interrelationships and
relative delta changes within the same patient
population over predefined early time intervals.
Understanding these patterns may aid clinical
interpretation, particularly in settings where
multiple biomarkers are used simultaneously.[4]

Rationale of the Study: Despite widespread
guideline endorsement of troponin-based
diagnosis, practical constraints in resource-
limited environments necessitate continued
reliance on traditional cardiac enzymes.
Clinicians frequently encounter discordant
biomarker results, particularly when patients
present at varying times after symptom onset.

This study was designed as an exploratory
observational analysis to provide population-
specific data on serial biomarker kinetics,
absolute and percentage delta changes, and
correlation patterns. The aim was not to redefine
diagnostic thresholds but to better understand
the complementary roles and limitations of
commonly used cardiac biomarkers in routine
clinical practice.

Aim

ToevaluatetheserialPatternandinterrelationship
of cardiac biomarkers (cTnT, CPK-MB, AST, and
LDH) in patients with acute myocardial infarction
as compared to healthy controls over the first 48
hours after admission.

Objectives

1. To measure and compare the mean levels
of cTnT, CPK-MB, AST,and LDH in AMI patients
and age- and sex-matched healthy
controls at predefined time intervals (0, 6,
12, 24, 36, and 48 hours after admission).

2. To calculate the absolute delta (A = Cases
- Control) and percentage delta (%)
for each biomarker at each time point to
assess the magnitude and evolution of
biochemical changes over time.

3.  Toanalyze the correlation between pairs of
biomarkers (cTnT vs CPK-MB, cTnT vs AST,
cTnT vs LDH, CPK-MB vs AST, CPK-MB vs LDH,
and AST vs LDH) at 6,12, 24, 36, and 48 hours
using Pearson’s correlation coefficient (r).

4. To assess whether correlation patterns
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rather than
use of these

support complementary
interchangeable clinical
biomarkers.

2. MATERIALS AND METHODS

Study Design

A hospital-based observational study with serial

biomarker measurements.The study design
involved:
. Prospective  enrollment of patients

presenting with suspected AMI who fulfilled
predefined inclusion and exclusion criteria.

. Serial sampling of blood at standardized
time intervals after admission.

. Parallel comparison with an age- and sex-
matched control group.

. Statistical analysis focusing on temporal
trends, delta changes, and correlations
between biomarkers.

Study Population
The study included two groups:
. Cases:

. Patients diagnosed  clinically and
biochemically with acute myocardial infarction
(n = 50). Diagnosis was made by the treating
physician based on typical clinical presentation,
characteristic  ECG changes, and elevated
cardiac markers consistent with AMI.

. Controls:

. Age-andsex-matchedhealthyindividuals
(n=50).with no history of cardiovascular disease,
recruited from hospital staff, patient attendants,
or individuals attending routine health check-
ups. Controls had no acute iliness at the time
of sampling and no known chronic systemic
disease that could influence cardiac biomarker
levels.

. Patients were included if they presented

within 6 hours of symptom onset to capture early
biomarker kinetics.

Inclusion Criteria (Cases)

. Adults aged 218 years.
Confirmed AMI based on:

o Typical clinical presentation (e.g, chest
pain, dyspneaq, diaphoresis),

o ECG changes suggestive of myocardial
infarction (e.g., ST eIevation/depression,
new-onset LBBB, T-wave inversion), and

) Elevated cardiac markers, as
interpreted by the treating physician.

. Presentation within 6 hours of the onset of
symptoms, to ensure the ability to capture the
early kinetics of biomarker release.

Exclusion Criteria

Patients were excluded if they had any of the
following conditions known to alter biomarker
levels independently of acute coronary occlusion:

. Chronic kidney disease (which may cause
persistently elevated troponin and affect
the clearance of markers).

. Chronic liver disease or skeletal muscle
disorders (which can elevate AST, LDH, and
CPK-MB independently of cardiac injury).

. Known myocarditis or heart failure,
which may cause chronic or intermittent
elevations of cardiac biomarkers.

. Recent trauma or surgery, or any
acute condition (e.g, severe myopathy,
hemolysis), is likely to influence biomarker
levels.

. Hemolysed or inadequate blood samples
can spuriously alter enzyme measurements
and compromise assay reliability.

Sample Collection and Biomarker

Measurement
Timing of Sample Collection
Blood samples were collected from cases at

predefined time intervals to capture the dynamic
changes in biomarker levels:

Baseline (0 hours): At admission, as soon
as possible after presentation.

6 hours after admission.

12 hours after admission.

24 hours after admission.

36 hours after admission.

48 hours after admission.

These time points were selected to cover the
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early, peak, and declining phases of biomarker
release following AMI.

For the control group, blood samples were
obtained once, at a corresponding baseline time
point for comparison of mean values.

Pre-analytical Procedures

. Venous blood samples were collected
using standard aseptic techniques.

. Samples were drawn into appropriate
vacutainers (e.g. plain or serum-separating
tubes) and allowed to clot, then centrifuged
to separate serum.

. All samples were processed promptly
according to laboratory protocol to
minimize pre-analytical variability.

. Samples showing Vvisible hemolysis or
inadequate volume were discarded, and
re-sampling was done wherever feasible.

Biomarkers and Analytical Methods

The following biomarkers were measured using
standard laboratory techniques:

1. Cardiac Troponin T (cTnT)

o Measured by an immunoassay
(chemiluminescence-based) on an
automated analyzer.

o The assay used manufacturer-
recommended reagents, calibration
standards, and internal quality control
procedures.

2. Creatine Phosphokinase-MB (CPK-MB)

o Estimated by an enzymatic
immunoinhibition method, which

selectively measures the MB isoenzyme
fraction of creatine kinase.

3. Aspartate Aminotransferase (AST)

o Determined by the kinetic UV method,
measuring the rate of change in absorbance
due to the enzymatic reaction.

4. Lactate Dehydrogenase (LDH)

o Measured by an enzymatic
spectrophotometric method, based on the

catalytic conversion of lactate to pyruvate (or vice
versa) with associated change in absorbance.

Quality control was maintained by running
appropriate internal control sera with each
batch of tests and following standard operating
procedures for instrument maintenance and
calibration.

3. Data Analysis
1. Biomarker Comparison

. For each biomarker (cTnT, CPK-MB, AST,
LDH), mean % standard deviation (SD)
values were calculated separately for
cases and controls.

. For cases, mean values were calculated
at each time point (0, 6, 12, 24, 36, and 48
hours).

. Absolute delta (2) and percentage delta
(%4) were calculated using control values
as reference:

o Absolute delta (2):

A=Mean value in cases-Mean value in controls

o Percentage delta (%a):
%a=(Mean value in cases-
Mean value in controlsMean value in

controls)x100. Where appropriate, inferential
statistical tests (e.g., Student’s t-test for normally
distributed data or non-parametric equivalents)
could be used to compare means between
cases and controls at each time point (you can
specify these exactly in your thesis depending on
what you actually used).

2. Correlation Analysis

To evaluate the linear relationships between
different biomarkers at various time points,
Pearson’s correlation coefficient (r) was
calculated for the following pairs:

cTnT vs CPK-MB
cTnT vs AST
cTnT vs LDH
CPK-MB vs AST
CPK-MB vs LDH
AST vs LDH
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Correlation analysis was performed at 6, 12, 24,
36, and 48 hours after admission (time points
at which substantial biomarker changes are
expected).

Table 1: Cardiac Biomarkers — Control vs Cases with Delta
(cases - Control)

Group | Marker | Time | Value A (Cases - Control)
The strength of correlation was interpreted as: Control | ¢TnT Oh |0.4734
. r=%0.00-0.19 _. No correlation cases | et |en |13y 13872 - 04734 =
. r =%0.20-0.39 . Weak correlation 0.9138
= - - i 21962 - 04734 =
. r=+0.40-0.59 Moderote correlafclo.n cases | cTnT 2h | 21962
A p-value < 0.05 was considered statistically 1.7228
significant. Cases |cTnT  |24h |35186 | 50106 - 04734 =
' 3.0432
3. Graphical Representation
Cases cTnT 36h |5.09 5.09 - 0.4734 = 4.6166
To visually assess relationships between 5748 - 04734 =
biomarkers: Cases cTnT 48 h | 5748 5.2746
. Scatter plots were generated for each |Control | CPK-MB | 6h | 29.9452
biomarker pair at each time interval. 100.0588 - 29,9452 =
Cases | CPK-MB |6h 100.0588 70 i'l36 '
. The plots allowed visualization of: :
110.4162 - 29.9452 =
. . Lo . . Cases CPK-MB | 12 h 110.4162
o Direction of association (positive/ negative), 80.4710
o Degree of scatter around any apparent line 193.4552 - 29.9452 =
. Cases CPK-MB | 24 h |193.4552
of best fit, 163.5100
o Presence or absence of linear trends and 104.6802 - 29.9452 =
These graphical representations support the |cases |cCPk-MB|48h |124.656 ]:fflii T 299452 =
numerical correlation analysis and help in an .
intuitive understanding of how biomarker levels | control | AST Oh |38242
move together over time. 54474 - 38047 -
Cases | AsT 6h | 754474 | ) e ' -
4. Statistical Software :
9.8944 - 38242 =
. . Cases | AsT 12h | gogeas |08 8
Data entry and analysis were performed using 51.6524
standard statistical software such as SPSS, R, or 180.3238 - 38242 =
Mi ft E I Cases AST 24h |180.3238
ICroso Xcel. 142.0818
. - 1042618 - 38242 =
. Descriptive statistics were used to |cases |AST 36h | 1042618 | 01988 8
summarize biomarker levels. Absolute and -
percentage delta values were calculated using | cgses | asT 48h | 1286026 | 1286026 - 38242 =
mean control values as a fixed reference. 90.3606
. L. Control | LDH Oh 184.5122
. Pearson’s correlation coefficient was
applied as an exploratory method to assess | ,ces | DH 6h |s512401p |2%4012 - 1845122 =
linear relationships between biomarkers. Formal 327.8890
normality testing and data transformation were 6025992 - 1845122 =
. . Cases LDH 12h 602.5992
not performed, which is acknowledged as a 418.0870
limitation
: 1019.8852 - 184.5122 =
Cases LDH 24 h |1019.8852 835 2;330 8
. Multiple correlation  analyses were :
conducted without adjustment for multiple |cases |LoH 36h | 15592512 | 12292512 - 184.5122 =
comparisons; therefore, isolated statistically 1374.7390
ignifi indi i i 1837.2454 - 1845122 =
significant findings were interpreted cautiously. cases | LDH a8h | 18372454 1252 o 8
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Table 1 highlights distinct temporal patterns of
biomarker elevation in AMI. While all biomarkers
showed significant increases compared with
controls, cTnT and LDH exhibited sustained and
progressively increasing delta values, whereas
CPK-MB and AST peaked earlier and showed
partial declines. These findings underscore
the differing release kinetics and clinical utility
of individual cardiac biomarkers in the early
evolution of acute myocardial infarction.

Table 2: Cardiac Biomarkers — Control vs Cases with Absolute
and Percentage Delta Over Time

A (Cases - | %A vs

Group | Marker | Time | Value

Table 2 demonstrates distinct temporal and
quantitative differences in biomarker behavior
following AMI. cTnT and LDH showed the greatest
and most sustained percentage increases
over time, whereas CPK-MB and AST exhibited
earlier peaks followed by partial declines. These
findings emphasize the differing release kinetics
and complementary clinical roles of cardiac

biomarkers in the early evolution of acute
myocardial infarction.

Figure 1: Correlation Heat Map Analysis of cardiac Biomarkers

Correlation Heatmap of Biomarker Pairs (Hour-wise)
AST_12h

AST_24h
AST_36h
AST_48h
AST_6h .
CPKMB_12h
CPKMB_24h

CPKMB_36h

Pearson r

CPKMB_48h
CPKMB_6h

cTn_12h

"
-

Control) Control cTn_24h
cTn_36h . ’
Control | cTnT Oh 0.4734 .
Cases |cTnT 6h 13872 0.9138 193.0% cm_eh .. -. o5
Cases |cTnT  |12h |21962 17228 363.9% AR AR R REEERRES
22 2 2 % g ¢ ¢ g g 83935 8-
Cases |cTnT 24h | 35166 3.0432 642.8% 58558 "¢
Cases | cTnT 36h |5.09 4.6166 975.2% . . L
c o 2ah | 5748 62746 427 Figure 1: The correlation heat map depicting
ases 1°n : : <2 | pairwiserelationships among cardiac biomarkers
Control | CPK-MB | 6h | 29.9452 at different time points demonstrated an overall
Cases |CPK-MB [6h |100.0588 |70.1136 234.1% lack of meaningful linear association between the
cases | cPk-MB |12h | n0.4162 80.4710 268.7% studied parameters. Across .oII time mj:ervols (6,
12,24, 36, and 48 hours), cardiac troponin T (cTnT)
Cases |CPK-MB |24h |1934552 |163.5100 5460% | showed negligible correlation with CPK-MB, with
Cases |CPK-MB |36h |104.6802 |74.7350 249.6% correlation coefficients consistently close to zero
Cases | cPk-MB | a8h | 124656 | 947108 316.3% and no statistically significant associations (all.p
4o > 0.05). This Pattern indicates that variations in
Control | AST oh [s8.24 CPK-MB levels are largely independent of cTnT
Cases | AST 6h 754474 | 37.2054 97.3% concentrations throughout the first 48 hours
Cases | AST 12h |89.8944 | 516524 135.1% following myocardial injury.
Cases |AST 24h 1803238 |1420818 371.5% Similarly, the heat map revealed weak to near-
Cases | AST 36h 1042618 | 66.0198 172.6% zero correlations between CPK-MB and AST at all
Cases | AST 48h |128.6026 | 90.3606 236.3% measuredtime points.The correlation coefficients
control | Lox oh |1sas2 were smoll and |ncon§|stent in (:.Ilrect!on: ywth no
time point demonstrating statistical significance.
Cases | LDH 6h 5124012 | 327.8890 177.7% Notably, at 48 hours, the correlation between
Cases | LDH 12h | 6025992 | 418.0870 226.6% CPK-MB and AST was virtually absent (r= 0.01,p =
cases | LDH 2ah |1019.8852 | 8353730 45005 | 0.05), reinforcing the lack of a linear relationship.
Cases | LDH 36h 15592512 |1374.7390 | 7451% Overall, the heat map visualization confirms that
Cases | LDH 48 h |1837.2454 |1652.7332 895.7% while these biomarkers are all associated with

myocardial injury, they exhibit distinct temporal
release kinetics and biological behavior,
resulting in minimal linear correlation with one
another. This supports the concept that cTnT,
CPK-MB, and AST provide complementary rather
than interchangeable diagnostic information
during the evolution of acute myocardial
infarction.
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Table 3: Pearson Correlation Between Myocardial Infarction Bio -
Biomarkers (cTnT, CPK-MB, AST, LDH) at Different Time r (cor- Interpre-
Intervals (6h, 12h, 24h, 36h, 48h) relation) tation

marker
1

N
Bio- 36h |CPK-MB |AST 50 | 0180 0.21 ° ,
marker Interpre- correlation

relation) | value | tation No
1 36h | CPK-MB |LDH 50 |-0.007 |0.962 .
No correlation
6h |cTnT CPK-MB |50 | -0.055 |0.704 , No
correlation 36h | AST LDH 50 | 0.201 0.162 ,
No correlation
6h |cTnT AST 50 | 0.017 0.905 , No
correlation 48h |cTnT CPK-MB | 50 | -0.217 0.130 ,
No correlation
6h |cTnT LDH 50 [-0.046 | 0.75I . No
correlation 48h | cTnT AST 50 |-0.163 0.259 _
No correlation
6h | CPK-MB |AST 50 |-0179 0.213 i No
correlation 48h | cTnT LDH 50 |0.073 0.614 ,
No correlation
6h | CPK-MB | LDH 50 | 0.103 0.479 i No
correlation 48h |CPK-MB | AST 50 |0.009 0.951 _
No correlation
6h | AST LDH 50 |-0.066 | 0.651 ) No
correlation 48h |CPK-MB | LDH 50 [-0.048 |0.740 ,
No correlation
12h |cTnT CPK-MB |50 | -0196 | 0.172 i No
correlation 48h | AST LDH 50 |0.217 0.130 ,
Weak correlation
negative . .
12h |cTnT  |AST |50 |-0309 |0.029 |correlation| Tvable 3 Correlation analysis revealed no
(signifi-| consistent linear association between most
cant) biomarker pairs. Weak negative correlations
Trend. not| oPserved at 12 hours were small in magnitude
12h | CcTnTT | LDH 8010237 10098 | o ificant | AN Not sustained at later time points.
Weak
12h | CPK-MB | AST 50 | -0.288 0.043 | negative
correlation| 4 DISCUSSION

12h | CcPK-MB | LDH 50 | -0063 | 0.666 | \° ati The present hospital-based observational

corelation | stydy evaluated the serial behavior and

h | asT LDH 50 |-0142 0326 |N° interrelationship of four cardiac biomarkers—

correlation | cTnT, CPK-MB, AST, and LDH—in patients with
N i - . ~
2ah | ctnt crk-me | 50 | —oms o5 | NO ' acutemyocardlcl|nfc1rct|on,comparedW|thogg
correlation | and sex-matched healthy controls. The analysis
No focused both on absolute and percentage delta
24h | cTnT AST 50 | -0.037 | 0.801 , . X
correlation | changes over time and on correlation patterns
No between biomarkers at 6, 12, 24, 36, and 48 hours
24h | cTnT LDH 50 | 0159 0270 | . von| after admission.
No . .
24h | CPK-MB | AST 50 [-0170  |0.237 . Overall, three key findings emerged:
correlation
24h | CPK-MB | LDH 50 | 0.177 0.218 No . 1. All four biomarkers showed substantial
correlation elevation in AMI cases compared with
oan | asT LDH 50 | -0155 0283 | N© controls, but with distinct temporal kinetics,
correlation consistent with their known biological
36h |cTnT  |cPk-MB |50 [-0.004 |os18 |N° behavior.
correlation
No 2. cTnT and LDH exhibited the greatest and
36h |eTnT AST 50 |-0022 10879 | ' lation most sustained percentage increases over
No 48 hours, while CPK-MB and AST showed
36h | cTnT LDH 50 | 0.053 0713 | _orrelation earlier peaks followed by partial declines.

http://apc.aast.edu 168




June 2026

Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898
http://dx.doi.org/10.21622/AMPDR.2026.06.1.1862

3. Despite clear rises in all markers, there was
no significant linear correlation between
most biomarker pairs at any time point,
except for a weak negative correlation
between cTnT and AST and between CPK-
MB and AST at 12 hours.

These findings have important implications for
understanding biomarker dynamics and for
their practical use in clinical settings, particularly
where resources are limited.

Serial Pattern of cTnT and Comparison with

Literature

In this study, c¢cTnT showed a marked and
progressive rise over time, from approximately
193% above control at 6 hours to more than
1100% above control at 48 hours. The absolute
delta increased from 0.91 ng/mL at 6 hours to
5.27 ng/mL at 48 hours, indicating a sustained
and steadily increasing release of troponin into
the circulation. This Pattern reflects ongoing or
evolving myocardial necrosis and the prolonged
release and slow clearance of cTnT from injured
cardiomyocytes.

This temporal profile is consistent with
established literature, which shows that cardiac
troponin levels rise within a few hours of symptom
onset, peak around 12-24 hours, and remain
elevated for up to 7-10 days following AML.[2]
The Third Universal Definition of MI emphasizes
the importance of detecting a rise and/or fall
of troponin, with at least one value above the
99th percentile, to diagnose AML[6] Our findings
align with this concept of dynamic change: the
progressive increase over 48 hours demonstrates
clear biochemical evidence of acute myocardial
injury.

Modern reviews have consistently shown that
troponin, especially high-sensitivity assays,
outperforms older markers (CK-MB, AST, LDH) in
both sensitivity and specificity for AMI diagnosis.
[7] The large percentage deltas observed in our
study reinforce the central role of cTnT as the
primary diagnostic and monitoring biomarker
in AMI and support guideline recommmendations
that troponin be used as the preferred marker,
with other enzymes relegated to supportive roles.

[6]

Behavior of CPK-MB: Early Peak and Partial
Decline

CPK-MB in our study showed a pattern typical of
an early peaking biomarker. Relative to control
values at 6 hours, CPK-MB increased by about
234-269% at 6-12 hours, reached a maximum
percentage delta of ~546% at 24 hours, and
then declined slightly to 249-316% above control
by 36-48 hours. This Pattern reflects the earlier
release and faster clearance of CPK-MB, which
historically made it useful for detecting early
infarction and reinfarction.

These findings are in line with classic descriptions
that CPK-MB rises within 3-6 hours, peaks at
around 12—-24 hours, and returns toward baseline
within 2-3 days. [6,10] Previous comparative
studies have shown that although CK-MB can
be diagnostically useful, troponin generally has
equal or superior diagnostic accuracy and better
prognostic value for infarct size and adverse
outcomes. [8]

Our data demonstrate that while CPK-MB does
rise substantially in AMI, its profile differs from
the sustained rise of cTnT. The partial decline by
36-48 hours means that late presenters might
have near-normal or falling CK-MB despite still
markedly elevated cTnT. This supports current
practice where CK-MB is considered adjunctive
at best and primarily useful when evaluation of
reinfarction or very early dynamic changes is
needed, rather than as a standalone diagnostic
marker.[9]

AST and LDH: Supportive, Less Specific, and Late
Markers

AST in this study showed a moderate early rise
(~97-135% above control at 6-12 hours), peaking
at ~371% above control at 24 hours, followed by a
partial decline at 36-48 hours (172-236% above
control). LDH, by contrast, showed a delayed but
very large rise, from ~178% at 6 hours to almost
900% above control at 48 hours, with especially
large deltas from 24 hours onward.

Historically, AST and LDH were the first enzymes
used for AMI diagnosis, with AST introduced in
the 1950s and LDH soon after.[11] AST typically
rises within 3—4 hours of infarction, peaks around
15-28 hours, and then declines, while LDH levels
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increase within 6-12 hours, peak at 1-3 days,
and return to baseline within 8-14 days.[12] Our
findings mirror these classical kinetics, with the
prominent late rise in LDH reflecting its role as a
late marker of tissue injury.

However, both AST and LDH are non-specific,
being released from the liver, skeletal muscle,
and other tissues, and modern guidelines no
longer recommend them as primary diagnostic
markers for AML[2] In our study, although they
clearly increased in AMI cases, their interpretive
value is limited by this lack of specificity and by
their delayed peaks. The patterns we observed
support their role, at most, as supportive or
historical markers rather than as first-line tests.

Lack of Significant Correlation Between

Biomarkers

One of the most striking findings of this study is
that, despite clear elevations in all biomarkers,
most pairwise correlations were not statistically
significant at any time point. Specifically:

. At 6 hours, all correlations among cTnT,
CPK-MB, AST, and LDH were in the “no
correlation” range (Ir] < 0.20, p > 0.05).

o At12hours,therewasaweakbutstatistically
significant negative correlation between
cTnT and AST (r = -0.309, p = 0.029) and
between CPK-MB and AST (r = -0.288, p =
0.043). All other correlations at this time
point were non-significant.

o At 24, 36, and 48 hours, none of the
biomarker pairs showed significant
correlation (p > 0.05), with most r values
close to zero.

Thus, even though each marker rises in AM],
they do not move in a parallel or linearly
related fashion in individual patients across
the time points studied. The absence of strong
correlations does not imply a lack of clinical
usefulness. Instead, it reflects differing biological
behavior, timing of release, and specificity of
each biomarker. Weak correlations observed
at isolated time points are likely incidental and
should not be over-interpreted.

Comparison with Other Studies

Several studies have documented moderate
to strong correlations between peak CPK-MB
and peak troponin values or infarct size in AMI,

http://apc.aast.edu

especially when peak values or area-under-the-
curve (AUC) measures are used.[13] In contrast,
more recent or differently designed studies (e.g,,
single-time-point measurements,  different
populations, or small sample sizes) have
reported weak or non-significant correlations
between troponin and CK-MB, suggesting that
these biomarkers may reflect partly distinct
physiological aspects of myocardial injury and
may not always behave in parallel.[11,13]

Our findings fall closer to the latter group, showing
the absence of meaningful linear correlation
between cTnT and CPK-MB at all studied time
points (r ranging from -0.055 to -0.217, all p >
0.05). This suggests that, in our cohort:

o Individual variability in infarct size, timing
of presentation (even within the <6 h
inclusion window), reperfusion status,
and comorbidities may have led to
asynchronous release and clearance of
different biomarkers.

o Non-cardiac factors (e.g., subclinical
hepatic or muscle involvement) may
have influenced AST and LDH levels
independently of the degree of myocardial

necrosis, weakening correlations with
cardiac-specific markers.
. The relatively smaller sample size (n =

50) may have limited the power to detect
modest correlations.

The weak negative correlation between cTnT and
AST at 12 hours, although statistically significant,
is small in magnitude and unlikely to have
major clinical implications. It may reflect random
variability, differential timing of peak release, or
confounding by extracardiac AST sources. A
similar argument applies to the weak negative
correlation between CPK-MB and AST at 12 hours.

Overall, the lack of robust correlation in this study
reinforces the idea that:

. Each biomarker has its own kinetic profile
and influencing factors, and

. Absence of correlation does not negate their

individual diagnostic value, particularly for
cTnT.

Pathophysiological and Clinical Implications

1. Troponin as the Central Marker
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2. The very large and sustained percentage
increases in cTnT compared with controls,
coupled with its well-established cardiac
specificity, support its role as the primary
biomarker for diagnosis and risk stratification in
AML.[2]

3. Timing Matters More Than “Panel
Parallelism”

4. The absence of strong correlations
between markers suggests that clinicians should
interpret them in the context of timing rather
than expecting them to rise and fall together. For
example:

o In the early hours, CPK-MB may rise earlier
while cTnT is still rising.

o In late presenters, CK-MB may have started
to decline while c¢TnT and LDH remain
markedly elevated.

5. Limited Interchangeability of Non-
troponin Markers
6. Our correlation data suggest that CPK-

MB, AST and LDH cannot reliably substitute
for cTnT at any time point, since their values
do not show consistent linear relationships
with troponin. This aligns with current guideline
recommendations to use non-troponin markers
only as adjuncts or for specific purposes (e.g.,
suspected reinfarction, historical comparison).

[9]
7. Resource-limited Settings

8. In settings where only some markers are
available, our findings highlight that:

o CPK-MB may still help in early diagnosis,
but its interpretation must consider its early
peak and decline.

o AST and LDH elevations should be
interpreted with caution, given their poor
specificity and lack of reliable correlation
with cTnT.
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o Whenever possible, troponin assays
should be prioritized, even if the frequency
of sampling has to be reduced, as the most
informative test.

Strengths and Limitations
Strengths

. Serial measurement of four biomarkers
at multiple time points (0, 6, 12, 24, 36, 48
hours) allowed a detailed description of
dynamic changes and delta values over
the first 48 hours of AMI.

. Inclusion of a control group enabled
calculation of absolute and percentage
deltas, providing a more meaningful
context than raw values alone.

o Relevance to real-world, resource-limited
settings

Limitations

. The modest sample size may have limited
statistical power to detect moderate
correlations.

. Patients were not stratified by STEMI/NSTEMI,
infarct size, or reperfusion status.

. Use of a single control mean may
exaggerate percentage delta values,
especially for low-baseline biomarkers
such as cTnT.

. Lack of adjustmentfor multiple comparisons
increases the risk of type I error.

Conclusion: This study highlights that
cardiac biomarkers in AMI show distinct
and time-dependent kinetic patterns with
minimal linear correlation. ¢cTnT remains the
cornerstone biomarker, while CPK-MB, AST,
and LDH provide complementary information.
Correlation alone should not be used to judge
clinical interchangeability; timing, specificity,
and biological behavior are more important
determinants of diagnostic value.

http://apc.aast.edu



June 2026

Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898
http://dx.doi.org/10.21622/AMPDR.2026.06.1.1862

References

Patibandla S, Gupta K, Alsayouri K. Cardiac
biomarkers. Treasure Island (FL): StatPearls
Publishing; 2025.

Aydin S, Ugur K, Aydin S, Sahin i, Yardim M.
Biomarkers in acute myocardial infarction:
current perspectives. Vasc Health Risk
Manag. 2019 Jan;Volume 15:1-10.

Basit H, Huecker MR. Myocardial infarction
serum markers [Internet]. StatPearls
Publishing; 2023. Available from: https://
www.ncbi.nim.nih.gov/books/NBK532966/

Khalil H. Traditional and novel diagnostic
biomarkers for acute myocardial infarction.
Egypt J Intern Med. 2022 Dec 9;34(1):87.

Netala VR, Hou T, Wang Y, Zhang Z, Teertam
SK. Cardiovascular Biomarkers: Tools for
Precision Diagnosis and Prognosis. Int J Mol
Sci. 2025 Mar 30;26(7):3218.

Thygesen K, Alpert JS, Jaffe AS, Simoons
ML, Chaitman BR, White HD. Third universal
definition of myocardial infarction. Nat Rev
Cardiol. 2012 Nov 25;9(11):620-33.

Lazar DR, Lazar FL, Homorodean C, Cainap
C, Focsan M, Cainap S, et al. High-Sensitivity
Troponin: A Review on Characteristics,
Assessment, and Clinical Implications. Dis
Markers. 2022 Mar 28;2022:1-13.

Tzivoni D, Koukoui D, Guetta V, Novack
L, Cowing G. Comparison of Troponin T
to Creatine Kinase and to Radionuclide

http://apc.aast.edu

Cardiac Imaging Infarct Size in Patients With ST-

10.

1.

12.

13.

Elevation Myocardial Infarction Undergoing
Primary Angioplasty. Am J Cardiol. 2008
Mar;101(6):753-7.

Lippi G, Plebani M. Understanding cardiac
troponin  biology: all other cardiac
biomarkers shall rest in peace? J Lab Precis
Med. 2019 Mar;4:9-9.

Gnaneswar G, Chandra BS, Priyanka P,
Gopinath C. Diagnosis of Myocardial
Infarction by Biomarkers-A Review. Scholars
Academic Journal of Pharmacy. 2017;6(10).

Sridhar C, Krithika C, Sanjana M, Nivedha A.
Biomarkers in acute myocardial infarction.
International Journal of Early Childhood
Special Education. 2022;14(1):4400-3.

Costa TN, Cassaro Strunz CM, Nicolau JC,
Gutierrez PS. Comparison of MB Fraction of
Creatine Kinase Mass and Troponin | Serum
Levels With Necropsy Findings in Acute
Myocardial Infarction. Am J Cardiol. 2008
Feb;101(3):311-4.

Ali S, Usama Abid, Tasra Bibi, M. Saim
Qasim, Shahid Sultan, Hafiz Ayaz Ahmad,
et al. DIFFERENTIATING TROPONIN | AND CK-
MB IN MYOCARDIAL INFARCTION DIAGNOSIS:
A NOVEL APPROACH TO BIOMARKER
COMPARISON. Insights-Journal of Health
and Rehabilitation. 2025 May 25;3(3 (Health
& Rehabilitation)):457-63.

184



Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898
http://dx.doi.org/10.21622/AMPDR.2026.06.1.1808 Copyright © 2026, authors

Natural Inhibitors from Polyalthia longifolia Target NDM-
1 and DNA Gyrase B in Multidrug-Resistant Klebsiella
pneumoniae and Acinetobacter baumannii: An Integrated

diekonifeoluwagladys774@gmail.com

ABSTRACT:

Background: Acinetobacter baumannii and
Klebsiella pneumoniae are WHO critical-priority
pathogens with widespread multidrug resistance,
posing a significant threat to global health. This
study evaluated the antibacterial activity of
solvent fractions of Polyalthia longifolia leaves and
examined the molecular docking, pharmacokinetic,
and toxicity profiles of its phytochemicals against
NDM-1 and DNA gyrase B.

Results: All fractions exhibited antibacterial activity,
with zones of inhibition ranging from 18.33 + 0.33
to 23.00 + 0.568 mm. The aqueous fraction was
most active (A. baumannii: 22.33 = 0.33 mm; K.
pneumoniae: 23.00 + 0.58 mm) and showed the
lowest minimum inhibitory concentration (6.25 mg/
mL). High-performance liquid chromatography
identified Quercetin, Apigenin, and catechin as
major bioactive constituents. Docking revealed that
mangiferin (-9.263 kcal/mol), myricetin (-8.703
kcal/mol), and Baicalin (-8.411 kcal/mol) bound
NDM-1 more strongly than reference drugs, while
Quercetin (-7.400 kcal/mol), catechin (-7.262 kcal/
mol), and Apigenin (-7.216 kcal/mol) showed high
affinity for DNA gyrase B. ADME profiling indicated
good oral bioavailability, moderate lipophilicity, and
minimal CYP450 interference. Toxicity predictions
confirmed low hepatotoxicity, cardiotoxicity, and
mutagenic risks.

Conclusion: P. longifolia leaves possess potent
antibacterial metabolites. Mangiferin, Quercetin,
and myricetin showed strong inhibitory potential
with favorable pharmacokinetic and safety profiles,
supportingtheirpromise asleads againstmultidrug-
resistant K. pneumoniae and A. baumannii.
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1. Introduction

Antimicrobial resistance (AMR) is widely
recognized as one of the greatest threats to
global health, with the World Health Organization
describing it as a “silent pandemic” projected
to cause 10 million deaths annually by 2050 if
left unaddressed (1). Multidrug-resistant (MDR)
bacteria, defined as organisms resistant to at
least one agent in three or more antimicrobial
classes, pose particular challenges to
modern medicine (2). Among these, Klebsiella
pneumoniae and Acinetobacter baumannii are
classified ascritical priority pathogens due to their
high resistance levels and their association with
severe clinical infections, including pneumonia,
bloodstream infections, urinary tract infections,
and wound sepsis (3-8).

Understanding the factors that drive resistance
in these pathogens is essential for developing
effective interventions. Mechanisms such as
indiscriminate antibiotic use, horizontal gene
transfer, biofiim formation, and efflux pump
activity collectively limit the effectiveness of
conventional therapies (5,9,10). Consequently,
the rise of MDR pathogens has placed
substantial strain  on healthcare systems
worldwide, particularly in low- and middle-
income countries where access to novel
antimicrobials is limited (11). The slowdown in
new antibiotic development, due to high costs,
long development timelines, and low returns on
investment, further underscores the urgent need
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for alternative therapeutic strategies (12).

Medicinal plants offer a promising source of
structurally diverse bioactive compounds with
antimicrobial potential. Historically, natural
products have provided the foundation for
many frontline antibiotics, and contemporary
research continues to validate their importance
in drug discovery (13-15). Phytochemicals such
as alkaloids, flavonoids, terpenoids, phenolics,
and tannins exhibit antibacterial, antifungal,
anti-inflammatory, and antioxidant properties,
highlighting their potential as templates for novel
antimicrobial agents (16,17). These characteristics
make plant-derived compounds particularly
attractive for combating MDR pathogens and
addressing the limitations of conventional
antibiotics.

Among the many medicinal plants with
antimicrobial potential, Polyalthia longifolia
(family Annonaceae), commonly known as
the Ashoka tree, has emerged as a particularly
promising candidate. Its selection is based
on both its rich phytochemical composition
and its historical use in managing infections.
Traditionally used across Asia and Africa, various
plant parts—including leaves, bark, and seeds—
have been employed to treat infections, fever,
wound healing, and gastrointestinal disorders
(18,19). Ethnobotanical surveys further highlight
that leaf decoctions are widely used to treat
bacterial infections (20), reflecting both cultural
relevance and practical accessibility in resource-
limited settings.

2. Materials and Methods
Test Microorganisms

Multidrug-resistant clinical strains of Klebsiella
pneumoniae and Acinetobacter baumannii
were used, selected due to their classification
as critical-priority pathogens by the World
Health Organization. Bacterial inocula were
standardized to ~1 x 10® CFU/mL using a 0.5
McFarland turbidity standard prepared by mixing
0.05 mL of 1% barium chloride dihydrate with 9.95
mL of 1% sulfuric acid. Strains were subcultured
on nutrient agar, incubated at 37 °C for 18 hours,
and suspended in sterile saline to match the
McFarland standard visually (21).

Plant Material, Extraction, and Fractionation

Air-dried leaves of Polyaithia longifolia (syn.
Monoon Iongifolium), Annonaceae, were
collected and authenticated, and a voucher
specimen was prepared. Crude ethanolic
extraction was performed using maceration (22).
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Briefly, 520 g of powdered leaves were soaked
in 3 L of ethanol for three days with occasional
shaking, filtered through muslin and Whatman
No. 1 paper, concentrated, and stored at —20°C.
Fractionation was conducted via liquid-liquid
extraction (23). The crude Extract was dissolved
in water (110, w/v) and sequentially partitioned
with n-hexane, a 1.1 n-hexane: ethyl acetate
mixture, ethyl acetate, and water to yield four
fractions: F1 (n-hexane), F2 (n-hexane: ethyl
acetate), F3 (ethyl acetate), and F4 (oqueousg.
All fractions were concentrated, freeze-dried, and
stored at 4°C for further analysis. This polarity-
gradient approach facilitates the enrichment
of metabolites according to their solubility and
chemical characteristics, enabling targeted
evaluation of bioactivity.

Antibacterial Assays

The agar well diffusion method was used to
evaluate antibacterial activity (23). Mueller-
Hinton agar plates were inoculated with
standardized bacterial suspensions. Wells (6
mm) were loaded with 100 pL of Extract (100 mg/
mL prepared in 5% DMSO), while amoxicillin or
Ofloxacin served as positive controls based on
the confirmed susceptibility of the multidrug-
resistant (MDR) isolates to these antibiotics. Plates
were allowed to pre-diffuse for 15 minutes at
room temperature and subsequently incubated
at 37 °C for 24 hours. Zones of inhibition were
measured in millimeters. Minimum inhibitory
concentration (MIC) and minimum bactericidal
concentration (MBC) were determined using the
broth dilution method followed by subculturing.
Serial dilutions of the extracts (100-3.125 mg/
mL) were prepared in Mueller—Hinton broth,
inoculated with 0.5 mL of standardized bacterial
suspension, and incubated at 37 °C for 24 hours.
The MIC was defined as the lowest concentration
showing no visible bacterial growth, while the
MBC was defined as the lowest concentration
yielding no growth upon subculture.

HPLC Profiling

Approximately 2 g of Extract was mixed with 20
mL of 1.1 acetonitrile-methanol, agitated for 30
minutes, and the organic phase was transferred
to a 25 mL volumetric flask. Analysis was
performed on an Agilent 1200 RP-HPLC system
using a Hypersil BDS C18 column (250 mm x 4.0
mm i.d.) with a mobile phase of 0.1% formic acid
in water (A) and acetonitrile (B), gradient elution,
0.6 mL/min flow rate, 20 pL injection, and 280
nm detection. Compounds were identified by
comparing retention times and UV spectra with
standards (23).
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Generation and Preparation of Compound

Library

Twelve  (12)  phytochemical  compounds
identified from Polyalthia longifolia by HPLC
analysis were selected for in silico screening.
The corresponding chemical structures of these
HPLC-identified compounds, along with that
of the reference drug, were retrieved from the
PubChem database ?https://pubchem.ncbi.nlm.
nih.gov) in Structure Data File (SDF) format. All
molecules were imported into the Schrédinger
workspace (Schrédinger, 2021) and prepared
using the LigPrep module to optimize molecular
geometry, assign appropriate protonation states
at physiological pH, and generate relevant
tautomers and stereoisomers for subsequent
computational analyses.

Protein Retrieval and Preparation

The X-ray crystallographic structures of the
target proteins—Klebsiella pneumoniae metallo-
g-lactamase-1 (NDM-1, PDB ID: 4EYB) and
Acinetobacter baumannii DNA gyrase B (PDB ID:
7PQI)—Were obtained from the RCSB Protein Data
Bank. The selection of reference ligands for in
silico screening was based on their mechanistic
relevancetothechosenproteintargetsandknown
resistance pathways rather than phenotypic
susceptibility profiles. Accordingly, Ofloxacin and
novobiocin were used as standard inhibitors due
to their established interactions with DNA gyrase
B and ATP-binding enzymes, respectively. Protein
preparation and grid generation were performed
using the Schrédinger Protein Preparation Wizard
with the OPLS4 force field.

Structure-based Virtual Screening

Prepared compounds from P. longifolia, along
with the standard ligand, were docked against
the target proteins using the extra precision (XP)
Glide protocol in Maestro (Schrédinger Suite,
2021). XP docking was employed due to its high
accuracy in ranking ligand binding affinities,
albeit with longer computational time (23).

Binding Energy Calculations

Docked protein-ligand complexes were further
refined using the local optimization feature in
Prime. The binding free energy (a_bind) of each
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complex was estimated through MM/GBSA
calculations with the OPLS4 force field, providing
quantitative insights into the stability and affinity
of ligand interactions.

Statistical Analysis

All experimental data were processed using SPSS
v22.One-way ANOVA was performed to compare
group means, followed by Duncan’s New Multiple
Range Test for post hoc analysis. Statistical
significance was considered at p < 0.05.

3. Results

Antibacterial Activity of P. longifolia

The antibacterial activity of the different solvent
fractions of P. longifolia against multidrug-
resistant  Acinetobacter = baumannii  and
Klebsiella pneumoniae is presented in Table 1. All
fractions demonstrated inhibitory effects, with
inhibition zones ranging between 18.33 + 0.33
mm and 23.00 + 0.58 mm. The aqueous fraction
(F4) produced the highest zones of inhibition
against both test organisms (22.33 + 0.33 mm
for A. baumannii and 23.00 £ 0.58 mm for K.
pneumoniae), followed by the n-hexane fraction
(F1). The ethyl acetate fraction (F3) exhibited the
lowest activity, particularly against A. baumannii.
The aqueous fraction exhibited the lowest
MIC (6.25 mg/mL) against both A. baumannii
and K. pneumoniae, suggesting the greatest
potency. The ethyl acetate and n-hexane: ethyl
acetate fractions recorded higher MICs of 25
mg/mL against A. baumannii. In contrast, all
fractions except Fraction 4 required 12.5 mg/mL
to inhibit K. pneumoniae. The aqueous fraction
again demonstrated the lowest MBC against
A. baumannii (125 mg/mL), whereas the ethyl
acetate fraction was most effective against K.
pneumoniae (125 mg/mL). Fractions 1 and 2
exhibited higher MBCs (25-50 mg/mL).

Phytochemical Profile by HPLC

The HPLC chromatographic analysis (Table
2, Figure 1) revealed the presence of several
bioactive compounds in the P. longifolia leaf
extracts, notably Quercetin, Apigenin, catechin,
and kaempferol.

http://apc.aast.edu
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Table 1: Antibacterial Activity of P. longifolia Extracts

Test organisms Zone of Inhibition (mm)

F1

F2 F3

MIC (mg/mL) MBC (mg/mL)

F4 Fl

F2 | F3 | F4 | Pl | F2| F3

2133 +£0.67 | 19.33+0.68 | 18.33+ 0.33

A. baumannii

22.33+ 0.33 125 25 25 | 625|650 | 50| 25 | 125

K. pneumoniae 22.67 +0.67 | 2167 +0.58 | 21.33% 0.67

23.00+ 0.58

12.5 125 | 125 | 625 | 25 | 256 | 125 | 25

Legend: FI- n-hexane fraction, F2- n-hexane/ethyl acetate fraction, F3- ethyl acetate fraction, and F4- aqueous fraction.

RetTime Type Area Amt/Area Amount Grp Name
fmin] [mAD*s] [mg/L]

I I I I I====1
1.317 VV E 20.25056 1.00097e-1 2.02702 Caffeic Acid
1.567 VV E 28.07921 4.69604e-3 1.3186le-1 Ferulic Acid
2.454 VV E 40.72340 3.20764e-2 1.30626 Maleic Acid
3.227 VV E 36.74120 1.7158e-2 1.13671 Catechin
4.051 VB 1399.65674 6.7037% -3 9.38301 Magiferin
4.598 BE 142 .88849 4.25662e=2 6.08223 Naringin
5.845 BE #0.81638 1.4208%e-2 1.14831 Myricetin
§.147 VW X 1.1%665e-1 7.75186 9.27626e-1 Baicalin
9.273 MM 20.02323 2.00894e-2 4.02254e-1 Quercetin
10.875 VV X 1.47642e-2 19.682%8 2.90603e-1 Phloretin
11.063 MM 10.13986 8.189%96e-2 8.30450e-1 Apigenin
12,257 MM 20.87885 3.63575e-2 7.59102e-1 EKaempferol

Table 2: HPLC-Identified Compounds of Polyalthia longifolia
Leaf Extracts

0000 . 250

mpfera 12257

Figure 1: Chromatograph of Polyalthia longifolia Leaf Extract

Molecular Docking Interaction of P. longifolia
with K. pneumoniae NDM-1

The binding affinities of the identified
phytochemicals toward NDM-1 were compared

http://apc.aast.edu

with standard drugs (Ofloxacin and novobiocin).
Among the tested compounds, mangiferin
(-9.263 kcal/mol), myricetin (-8.703 kcql?mol),
and Baicalin (-8.411 kcal/mol) exhibited stronger
binding affinities than Ofloxacin (-6.327 kcal/
mol) and oxacillin (-6.286 kcal/mol) (Figure
2). These top-ranking ligands showed multiple
hydrogen bonds with key active site residues,
including GLN123, ASN220, and ASP124 (Figure 4,
Table 3). Hydrophobic interactions were primarily
observed with residues such as MET67, LEUBD5,
ILE35, and TRP93, while mangiferin and Baicalin
displayed mi—m stacking with PHE70. The high
binding affinities suggest potential inhibition of
the bacterial g-lactamase enzyme comparable
to or greater than that of the reference drug.

Molecular Docking Interaction of P. longifolia
with A. baumannii DNA Gyrase B

For A. baumannii, Quercetin (-7.4 kcal/mol),
catechin  (-7.262 kcal/mol), and Apigenin
(-7.216 kcal/mol) demonstrated the highest
binding affinities compared to the standard
novobiocin (-6.111 kcal/mol) (Figure 3). These
compounds formed multiple hydrogen bonds
and hydrophobic interactions with key residues
such as ASP87, THR279, and VAL57 (Figure 5, Table
4). Kaempferol and myricetin also interacted
favorably, forming m—cation or hydrogen
bonds within the catalytic pocket, suggesting
competitive inhibition potential against DNA
gyrase B.

ADME and Drug-Likeness Properties

The ADME profiles of the top bioactive compounds
are presented in Table 5. Most phytochemicals
complied with Lipinski's rule of five, indicating
good oral bioavailability and pharmacokinetic
potential. Compounds such as Quercetin,
myricetin, and kaempferol displayed moderate
lipophilicity (ILOGP » 11-2.0) and acceptable
polar surface areas (TPSA <150 Az2).

High gastrointestinal absorption was predicted
for most compounds, particularly Apigenin,
kaempferol, and catechin. The compounds
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exhibited variable CYP enzyme inhibition, with risks (low hERG inhibition). None of the
limited interactions with CYP2C9 and CYP2CI9, lead compounds showed significant Ames
suggesting low metabolic interference. mutagenicity or acute oral toxicity, indicating
favorable safety margins. Among all, mangiferin,
Quercetin, and myricetin presented the most
promising safety—efficacy balance, supporting
their potential as lead candidates for further
development against multidrug-resistant K.
pneumoniae and A. baumannii.

Toxicity Prediction

The toxicity profiles (Table 6) revealed that all
tested compounds were non-carcinogenic and
exhibited low hepatotoxicity and cardiotoxicity
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Figure 4: 2D Interaction between P. longifolia lead compounds and Klebsiella pneumoniae protein. Legend : (A) Mangiferin; (B)
Myricetin; (C) Baicalin; (D) Quercetin; (E) Maleic acid; (F) Ofloxacin (standard).
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Figure 5: 2D interaction between lead compounds and Acinetobacter baumannii protein
Legend: (A) Quercetin; (B) Catechin; (C) Apigenin; (D) Kaempferol; (E) Myricetin; (F) Novobiocin (standard).
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Table 3: Hydrogen Bonds and Hydrophobic Interactions of the Lead Phytochemicals from P. longifolia with K. pneumoniae

Compound Name Hydrophobic interactions Other Interactions

Mangiferin GLU152, ASN220 | METI54, ALAI2], CYS208, ILE35, LEUG5, | NONE
MET67, VAL73, TRP93
Myricetin GLNI23 TRP93, LEUG5, MET67, PHE70, VAL73, ILE35 Pi-Pi stacking: TRP93
Baicalin GLNI123, ASP124 | MET67, PHE70, VAL73, ILE35 Pi-Pi stacking: PHE70
Quercetin GLN123 LEUB5, MET67, TRP93, PHE70, VAL73, ILE35 NONE
Maleic acid ASN220 TRP93, CYS208 Salt bridge: LYS211, ZN302, ZN302
Ofloxacin GLNI123, ASN220 | LEUBS, MET67, VAL73, ILE35, TRP93, CYS208 | Salt bridge: LYS211, ZN301, Pi-Pi stacking: TRP93

Table 4: Hydrogen Bonds and Hydrophobic Interactions of the Lead Phytochemicals from P. longifolia with A. baumannii

Quercetin THR279, ASP87, SER135, VALI32 | VALI8I, ALAG], ILE92, VALI34, VALI32, ILE108 NONE
Catechin ASPG3, ASNGO, ASP87, VALS7 ALAG7,PROS3, ILE92, ALAG], ILE108, VAL57, VALI34, VALI8T | NONE
Apigenin ASP87, THR179, VALS7, VALS7, ILE92, VALI34, VALI8], ILE108 NONE
Kaempferol ASP87, VALS7, PRO93, ILE92, ALAB], ILE108, VALI34, VAL57, VALI8I Pi cation: ARG90
Myricetin GLUG4, ASP87, VALS7 ALAGB1, VAL57, VALI34, ILEI08, ALA104, ILE92, PRO93, | NONE
VALI8I
Novobiocin ASNGO, GLUGB4 ILE92, ILE108, VALIO7, PRO93, ALATI4 NONE
Table 5: Drug likeness and ADME profile of the top bioactive compounds of P. longifolia
ompound A BD A O RO OL Log A
Quercetin 302.04 7 5 131.36 | 1447712 0 -3.72159 0.133589 | 0.005855004 | 0.432249367
Ofloxacin 36114 7 1 75.01 -0.11273 0 -1.97932 3.46E-06 2.59E-05 5.96E-06
Novobiocin 612.23 13 6 200.01| 1.790881 1 -4.47123 0.122134 0.711179674 | 0.007009505
Myricetin 318.04 8 6 151.569 1115212 0 -3.44294 0.31806 0.002221007 | 0.995218813
Mangiferin 422.08 l 8 20128 | 0.059778 1 -3.15526 0.751839 1.91E-08 0.000311245
Maleic acid 116.01 4 2 74.6 | -0.02442 0 0.404371 0.949129 3.26E-10 5.12E-05
Kaempferol 286.05 6 4 1.3 1.965317 0 -3.64796 0.015143 0.132401496 0.79935813
Catechin 290.08 6 5 110.38 | 1172588 0 -2.58137 0.016103 9.82E-06 2.47E-06
Baicalin 446.08 l 6 18712 | 1.300846 1 -2.30448 | 0.008194 6.57E-06 7.80E-07
Apigenin 270.05 5 3 90.9 | 2.980917 0 -4.21599 0.001684 | 0112379447 0.002128024

Legend: MW= molecular weight, HBA= Hydrogen bond acceptor , HBD= Hydrogen bond donor, ROV=, GIA= Gastrointestinal

absorption, BA= bioavailability

Table 6: Toxicity profile of the top bioactive compounds of P. longifolia

Quercetin 0.586042 0.052722 0.337382 0.600177 [~
Ofloxacin 0.920446 0.405136 0.988498 0.76824 [(9,8,7,6,5,4,25,16,15,13,12,11)]
Novobiocin 0.748943 0.141221 0.88874 0.34689 [~
Myricetin 0.657129 0.040223 0.325381 0.501712 [~
m http://apc.aast.edu
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Mangiferin 0.845841 0.015823 0.498865 0.282849 (-]

Maleic acid 0.207986 0.036178 0.242399 0.021734 [*-]

Kaempferol 0.545969 0.069277 0.386179 0.715984 -]

Catechin 0.458893 0.1343 0.556749 0.226083 (-]

Baicalin 0.499818 0.009341 0.428817 0.045225 [*~]

Apigenin 0.617563 0.099782 0.435063 0.793352 [*-]

Legend: Ames = Mutagenecity potential, hERG=
Cardiotoxicity, LD50= Acute oral toxicity

o Abbreviations

ADME - Absorption,
Metabolism, and Excretion
AMES - Mutagenicity potential (Ames test)

Distribution,

the lowest MIC and MBC values against both
pathogens, indicating a higher concentration of
polar antibacterial constituents. HPLC profiling
confirmed the presence of Quercetin, rutin, and
other phenolic compounds, which are known
to act synergistically to enhance antibacterial
activity. These findings align with previous reports

. demonstrating that polar extracts of Polyalthia
. ATP — Adenosine Triphosphate longifolia exhibit broad-spectrum antibacterial
. CYP - Cytochrome P450 enzymes activity largely attributed to flavonoids,
e  DMSO - Dimethyl sulfoxide phenolics, and glycosides (25-27). Flavonoids
. DNA - Deoxyribonucleic acid such as Quercetin have been reported to disrupt
. FI-F4 - Extract fractions (FI: n-hexane, F2:  bacterial membrane integrity, inhibit nucleic acid
n-hexane:ethyl acetate, F3: ethyl acetate, synthesis, and interfere with energy metabolism
F4: aqueous) (27), thereby supporting the observed potency of
. HPLC -  High-Performance  Liquid the aqueous fraction.
Chromatography
. hERG - Human Ether-d-go-go-Related In addition to polar phytochemicals, non-polar

Gene (Cardiotoxicity potential)
. iLOGP — Lipophilicity prediction index
LD50 - Median lethal dose (Acute oral
toxicity)
MBC - Minimum Bactericidal Concentration
MIC — Minimum Inhibitory Concentration
MDR - Multidrug-resistant
NDM-1 - New Delhi Metallo-g-lactamase-1
PDB — Protein Data Bank
TPSA — Topological Polar Surface Area
XP Glide — Extra Precision Glide docking
protocol
p-lactam - Beta-lactam antibiotics

4. DISCUSSION

This study evaluated the antibacterial activity of
different solvent fractions of Polyalthia longifolia
leavesagainstmultidrug-resistantAcinetobacter
baumannii and Klebsiella pneumoniae, two
critical-priority nosocomial pathogens (8,24).
The rising prevalence of these resistant bacteria
underscores the urgent need for alternative
therapeutics, particularly natural products with
established bioactive efficacy.

Antibacterial  screening revealed variable
inhibitory  potencies among the solvent
fractions. The aqueous fraction consistently
produced the largest zones of inhibition and

http://apc.aast.edu

and moderately polar fractions of P. longifolia
in the present study also exhibited antibacterial
activity, albeit to a lesser extent. The n-hexane
fraction showed appreciable inhibitory effects,
particularly against Klebsiella pneumoniae,
suggesting the involvement of lipophilic
constituents such as terpenoids and fatty
acids with membrane-disrupting and quorum-
sensing inhibitory properties (28,29). Notably,
clerodane-type diterpenoids previously isolated
from P. longifolia have been reported to possess
significant antibacterial activity, supporting
the bioactivity observed in non-polar fractions.
Faizi et al. (30) demonstrated that clerodane
diterpenoids isolated from P. longifolia exhibited
marked antimicrobial effects against pathogenic
bacteria, highlighting the contribution of
diterpenoid scaffolds to the plant’s antibacterial
profile.

The ethyl acetate fraction also demonstrated
notable antibacterial activity and recorded
the lowest MBC value against K. pneumoniae,
emphasizing the bactericidal potential of
moderately  polar metabolites, including
terpenoids, phenolic acids, and other semi-
polar compounds. Collectively, these results
underscore the influence of solvent polarity
on phytochemical extraction efficiency and
antibacterial efficacy, and further corroborate
earlier reports that both polar phenolics and non-

12



Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898

http://dx.doi.org/10.21622/AMPDR.2026.06.1.1808

polar diterpenoids contribute to the antimicrobial
potential of P. longifolia (31).

Variability in bacterial susceptibility was evident,
with K. pneumoniae being more sensitive than
A. baumannii, consistent with the latter's robust
efflux pumps and biofilm-mediated resistance
(7,32). Fractionation preserved antibacterial
efficacy, with the aqueous fraction achieving
inhibition zones of 22.3 mm (A. baumannii) and
23.0 mm (K. pneumoniae), MICs of 6.25 mg/mL,
and MBCs as low as 12.5 mg/mL, comparable to
previous studies using crude extracts (26,33).
The strong performance of the aqueous fraction
likely reflects synergistic interactions among
diverse metabolites ((135)

Atthemolecularlevel,resistanceinkK. pneumoniae
and A. baumannii is largely mediated by
g-lactamases and DNA gyrase enzymes (34,35).
The metallo-p-lactamase NDM-1 hydrolyzes
g-lactam antibiotics (36,37), while Ofloxacin
inhibits bacterial replication via stabilization of
the DNA-DNA gyrase complex. DNA gyrase B in
A. baumannii catalyzes ATP-dependent negative
supercoiling of DNA, and Novobiocin competes
at its ATP-binding site (38-40). Docking of P.
longifolia phytochemicals against these targets
provides mechanistic insight into their observed
antibacterial activity.

Docking analyses revealed that Mangiferin,
Myricetin, and Baicalin exhibited stronger binding
affinities toward NDM-1than Ofloxacin. Mangiferin
(-9.263 kcal/mol) formed key hydrogen bonds
with GLU152 and ASN220 and hydrophobic
contacts with MET154, ALA121, CYS208, ILE35, LEUGS,
MET67, VAL73, and TRP93, stabilizing the complex.
Myricetin (-8.703 kcal/mol) and Baicalin (-8.41
kcal/mol) showed robust interactions via
hydrogen bonds, hydrophobic contacts, and
-1 stacking, consistent with previous findings
that hydroxyl-rich flavonoids enhance binding to
target enzymes (41). Quercetin (-7.784 kcal/mol)
and Maleic acid (-7.688 kcal/mol) demonstrated
moderate binding, while reference antibiotics
oxacillin (-6.286 kcal/mol) and Ofloxacin (-6.327
kcal/mol) displayed weaker affinities. These
findings indicate that natural compounds may
demonstrate superior inhibitory interactions
compared to standard drugs, in agreement with
previous studies (22,42).

For A. baumannii, Quercetin exhibited the highest
binding affinity (-7.400 kcal/mol), forming
multiple hydrogen bonds with THR279, ASP87,
SER135, VALI32, and ILEIO8, complemented by
hydrophobic interactions. These results suggest
that the natural compounds adopt favorable

conformations within the receptor’s active site,
enabling stable and meaningful interactions,
consistent with previous findings (43,44).
Catechin (-7.262 kcal/mol) and Apigenin (-7.216
kcal/mol) displayed comparable stabilizin

interactions, while Kaempferol (—6.404 kcal

mol) and Myricetin (-6.383 kcal/mol) engaged
in hydrogen bonding, hydrophobic contacts, and
mm—cation interactions with ARG90. By contrast,
reference antibiotics Novobiocin (-4.686 kcal/
mol) and Ofloxacin (-4.415 kcal/mol) showed
lower docking scores, reflecting weaker binding
tendencies and highlighting the potential of
these natural compounds as effective inhibitors.

The correlation between in silico binding affinities
and in vitro antibacterial outcomes reinforces
the predictive accuracy of docking results. The
aqueous fraction’s superior potency is likely
attributable to hydrophilic flavonoids, including
Quercetin  and Mangiferin, which interact
favorably with both NDM-1 and DNA gyrase B,
supporting dual inhibitory mechanisms that
impair g-lactam hydrolysis and DNA replication.

ADMET profiling confirmed the pharmacological
potential of the lead phytochemicals. Most
compounds complied with Lipinski's Rule of
Five, indicating favorable oral bioavailability
and membrane permeability (45). Moderate
lipophilicity (iLOGP: -0.024 to 2.98) supported
membrane transport while maintaining solubility.
Gastrointestinal absorption was high, and
limited CYP450 inhibition suggested minimal
metabolic interference. Notably, Myricetin and
Catechin exhibit significant antioxidant and
antibacterial activity with negligible CYP450
inhibition (46,47), consistent with the present
study’s findings. In contrast, Baicalin and
Mangiferin showed restricted bioavailability
due to high TPSA and numerous hydrogen bond
donors, reflecting pharmacokinetic limitations
typical of glycosylated polyphenols (41,48).
Toxicity predictions indicated low mutagenic,
hepatotoxic, and cardiotoxic risks for the natural
compounds, whereas reference antibiotics
Ofloxacin and Novobiocin displayed higher
hepatotoxicity and Ames values, corroborating
clinical reports of dose-related hepatocellular
injury (49).

Overall, the combined in silico and in vitro
evidence indicates that P. longifolia bioactive
compounds exhibit dual antibacterial
mechanisms—targeting p-lactamase and DNA
gyrase B enzymes—similar to Novobiocin and
Ofloxacin, while maintaining superior safety and
pharmacokinetic profiles.

]13 http://apc.aast.edu
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5. Conclusion

Polyalthia longifolia leaf fractions exhibit
significant  antibacterial  activity  against
multidrug-resistant  A. baumannii and K.

pneumoniae, with the aqueous fraction showing
the highest efficacy. The n-hexane fraction also
demonstrated notable activity, highlighting
contributions from both polar and non-polar
phytochemicals. HPLC analysis identified
flavonoids, phenolic acids, and alkaloids—
including Mangiferin, Myricetin, Baicalin, Catechin,
and Quercetin—as key bioactive compounds
likely acting synergistically.

Molecular docking revealed strong binding
affinities of these phytochemicals to clinically
relevant bacterial targets (NDM-1and DNA gyrase
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ABSTRACT:

Background: Atopic dermatitis (AD) is a chronic,
relapsing inflammatory skin disorder commonly
associated with Th2-mediated immune
dysregulation and peripheral eosinophilia. Clinical
severity is most often assessed using the SCORing
Atopic Dermatitis (SCORAD) index; however, its
routine application may be limited in high-volume
clinical settings. Absolute eosinophil count (AEC)
is an inexpensive and widely available laboratory
parameter that may serve as an objective marker
of disease severity.

Objectives: To assess the correlation between
SCORAD score and absolute eosinophil count in
patients with atopic dermaititis and to evaluate
the potential of AEC as an objective biomarker for
clinical severity.

Patients and Methods: This hospital-based,
cross-sectional study included 100 consecutive
patients of all age groups with clinically diagnosed
atopic dermatitis attending a tertiary care center.
Diagnosis was established using the Hanifin and
Rajka criteria. Disease severity was assessed using
the SCORAD index and classified as mild (<25),
moderate (25-50), or severe (>50). Absolute
eosinophil count was measured from peripheral
blood samples using an automated hematology
analyzer. Statistical analysis included descriptive
statistics and Pearson’s correlation coefficient to
evaluate the relationship between SCORAD and AEC,
with p < 0.05 considered statistically significant.

Results: The mean age of patients was 12.8 *
6.4 years, with a male predominance (56%).
A statistically significant moderate—to—strong
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positive correlation was observed between SCORAD
score and absolute eosinophil count (r = 0.57; p
< 0.0001). Absolute eosinophil counts increased
progressively with increasing disease severity
across SCORAD-defined categories.

Conclusion: Absolute eosinophil count
demonstrates a significant positive correlation
with clinical severity of atopic dermatitis. Given
its simplicity, affordability, and widespread
availability, AEC may serve as a useful objective
adjunct to SCORAD for assessing disease severity,
particularly in resource-limited clinical settings.

KEYWORDS:

Atopic dermatitis; SCORAD; Absolute eosinophil
count; Disease severity; Biomarker.

1. Introduction

Atopic dermatitis (AD), also known as atopic
eczemaq, is a chronic, relapsing inflammatory
skin disorder characterized by intense pruritus,
eczematous lesions, and xerosis.[1] It is one of
the most common dermatological conditions in
childhood, though it may occur at any age. The
global prevalence of AD has been increasing
over the last few decades, imposing a substantial
burden on patients, families, and healthcare
systems through direct medical costs, impaired
quality of life, and sleep disturbances.[2]

The pathogenesis of AD is multifactorial,
involving a complex interaction between
genetic predisposition, immune dysregulation,
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environmental triggers, and epidermal barrier
dysfunction.[3] The hallmark immunological
feature of AD is Th2-mediated inflammation,
leading to elevated serum IgE levels and
increased circulating eosinophils in  many
patients.[4] Absolute eosinophil count (AEC)
is therefore widely regarded as an accessible
surrogate marker of allergic inflammmation and
immune activation in atopic disorders.[5]

Clinical assessment of AD severity is commonly
performed using the SCORing Atopic Dermaititis
(SCORAD) index, a validated composite tool that
incorporates the extent of involvement, intensity
of clinical signs, and subjective symptoms such
as pruritus and sleep loss. SCORAD is extensively
used in both clinical practice and research.[6]

While both SCORAD and AEC independently
reflect aspects of disease severity, the degree
of correlation between these parameters
remains variable across studies. Understanding
this relationship is important, as it can help
determine whether AEC can serve ds an
accessible, objective biomarker for assessing
AD severity—especially in resource-constrained
settings where structured scoring systems may
be underutilized.

Rationale of the Study

Although SCORAD is a comprehensive and widely
acceptedtool for assessing AD severity, its routine
use in many clinical settings—particularly high-
volume outpatient departments and peripheral
centers—may be limited by time constraints,
need for training, and reliance on subjective
patient-reported symptoms. In contrast, the
Absolute Eosinophil Count is an inexpensive,
easily obtainable laboratory parameter available
even in basic healthcare facilities.

Previous studies have reported inconsistent
correlations between SCORAD and AEC, ranging
from weak to moderate associations. These
discrepancies may be due to differences in
study design, sample size, age distribution, AD
phenotype (intrinsic vs. extrinsic), and regional
variations in eosinophil-modulating conditions
such as parasitic infections and environmental
allergens. Given these inconsistencies, there is a
need for locally derived evidence to understand
whether AEC can reliably reflect clinical severity
in the population served by a tertiary care center.

Establishing a clearrelationship between SCORAD
and AEC would allow clinicians to use AEC as a
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supportive, objective marker in the assessment
of AD severity, especially when standardized
scoring systems are difficult to apply. Such
evidence would also aid in early identification of
patients with potentially severe disease, guide
treatment decisions, and facilitate monitoring of
disease progression.

This study aims to evaluate the correlation
between SCORAD score and AEC in patients with
atopic dermatitis and to assess whether AEC can
reliably reflect clinical severity.

AIM

To assess the correlation between SCORAD score
and Absolute Eosinophil Count (AEC) in patients
diagnosed with atopic dermattitis.

OBJECTIVES

1. To determine the SCORAD score of patients
with clinically diagnosed atopic dermatitis.

2. To measure the Absolute Eosinophil Count
(AEC) in the study population.

3.  Toanalyze the correlation between SCORAD
score and AEC using appropriate statistical
methods.

4.  To compare AEC levels across AD severity
categories (mild, moderate, severe) based
on SCORAD.

5. To evaluate the potential of AEC as an
objective biomarker for predicting clinical
severity in atopic dermatitis.

2. MATERIALS AND METHODS

Study Design and Setting

This was a hospital-based, cross-sectional
observationalstudy conductedinthe Department
of Dermatology, N.R.S. Medical College & Hospital,
a tertiary care teaching institution. The study
aims to assess clinical patterns and relevant
hematological parameters among patients
diagnosed with atopic dermattitis.

Study Duration

The study was conducted over a period of 12
months, from March 2017 to February 2018.
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Study Population

The study population consisted of 100 patients of
both sexes and all age groups who were clinically
diagnosed with Atopic Dermatitis based on
the Hanifin and Rajka diagnostic criteria. These
patients were recruited from those attending the
Dermatology Outpatient Department (OPD) of
N.R.S. Medical College & Hospital during the study
period.

Sample Size

The sample size for the present study was
determined based on the requirement to detect
a statistically significant correlation between the
SCORAD index and Absolute Eosinophil Count
(AEC). Using Fisher's Z-transformation method
for correlation analysis, and assuming an
expected moderate correlation coefficient of r =
0.30, with a 95% confidence level (Za/2 =1.96) and
80% power (Zp = 0.84), the minimum required
sample size was calculated to be approximately
85. To ensure adequate precision, compensate
for possible missing or incomplete data, and
improve the robustness of subgroup analyses,
the sample size was increased. Thus, a total of
100 consecutive patients fulfilling the inclusion
and exclusion criteria were finally enrolled in the
study.

Inclusion Criteria

Patients were included in the study if they
fulfilled all of the following criteria:

1. Clinical diagnosis of atopic dermatitis
based on Hanifin and Rajka diagnostic
criteria, with the presence of at least three
major and three minor criteria.

2. Newly diagnosed cases of atopic dermatitis
who had not received any form of treatment
(topical or systemic) for AD in the preceding
2 months.

3. Patients of any age group and either sex
attending the Dermatology OPD during the
study period.

4.  Patients (or parents/guardians, in the case
of minors) who were willing to adhere to the
study protocol and agreed to undergo all
necessary investigations, and who provided
written informed consent.

Exclusion Criteria

1. Patients were excluded from the study if
any of the following were present:

2.  Refusal to give consent by the patient
and/or legal guardian (for minors), or
unwillingness to participate in the study.

3.  History of being on treatment for atopic
dermaititis (topical or systemic) during the
last 2 months prior to enroliment.

4. Current use of any immunosuppressive
drug (such as systemic corticosteroids,
cyclosporine, methotrexate, biologics, etc.)
for any indication.

5. Patients with clinical evidence or history
suggestive of parasitic infestations or
helminthic infections were excluded to
avoid confounding effects on eosinophil
counts.

6. Patients who are unwilling or unable to
provide informed consent.

Sampling Technique

A non-probability consecutive sampling method
was used. All eligible patients presenting to the
Dermatology OPD during the study period and
meeting the inclusion criteria were invited to
participate until the required sample size was
achieved.

Data Collection Procedure
Clinical Evaluation and SCORAD Assessment
History and Clinical Examination

A detailed history was obtained regarding age,
sex, duration of disease, age of onset, family
history of atopy, associated atopic conditions
(asthma, allergic  rhinitis), triggering  or
aggravating factors, and treatment history.

A thorough dermatological examination was
conducted to document the distribution and
morphology of lesions.

SCORAD Scoring: Disease severity was assessed
using the SCORing Atopic Dermatitis (SCORAD)
index. All SCORAD assessments were performed
by a single dermatologist trained in standardized
SCORAD scoring, thereby minimizing
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interobserver variability. SCORAD was selected
over indices such as EASI because it incorporates
both objective signs and subjective symptoms
(pruritus and sleep loss) and is widely validated
and commonly used in routine clinical practice,
particularly in resource-limited settings.

Bottom of Form

The SCORAD was calculated using three

components.

Extent (A): The percentage of body surface area
(BSA) involved was estimated using the “rule of
nines” or the Lund—-Browder chart and scored
from 0 to 100.

Intensity (B): Six clinical signs (erythema,
edemo/pqpulqtion, oozing/crusts, excoriation,
lichenification, and dryness of non-lesional skin)
were rated on a 4-point scale from 0 (absent) to
3 (severe). The sum of these six items (maximum
score of 18) constituted the intensity score.

Subjective Symptoms (C): Pruritus and sleep
disturbance over the preceding 3 days and
nights were each scored by the patient or parent
using a visual analogue scale (VAS) ranging
from 0 (none) to 10 (worst possible).

The SCORAD index was then calculated using the
standard formula:

SCORAD = A/5 +7B/2 + C

Classification of Disease Severity Based on the
total SCORAD score, patients were categorized
into:

Mild AD: SCORAD < 25

Moderate AD: SCORAD 25-50

Severe AD: SCORAD > 50

Laboratory Evaluation: Absolute Eosinophil Count
(AEC)

Sample Collection

On the same day as the clinical assessment,
approximately 2-3 mL of venous blood was
collected from each patient under aseptic
precautions into an EDTA tube.

Measurement of AEC

A complete blood count (CBC), including
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differential leukocyte count, was performed using
an automated hematology analyzer available in
the central laboratory.

Absolute Eosinophil Count (cells/ul) was
obtained directly from the analyzer output or
calculated as:

AEC=Total leukocyte countx% eosinophils /100

Internal quality control procedures of the
laboratory were followed as per institutional
normes.

Timing of Testing

Wherever possible, blood samples were collected
in the morning, and analysis was completed
on the same day to minimize pre-analytical
variability.

Study Variables
Primary variables
. SCORAD score (continuous)

2. Absolute Eosinophil Count (AEC; ceIIs/pL;
continuous)

Secondary variables
1. Age, sex, duration of disease, age of onset
2. Family history of atopy

3.  Presence of associated atopic conditions
(asthma, allergic rhinitis)

4. AD severity categories (mild, moderate,
severe) based on SCORAD

Data Management

All data was recorded in a pre-designed case
record form (CRF) and subsequently entered
into a spreadsheet (e.g., Microsoft Excel). Data
was checked for completeness, consistency,
and outliers. Any discrepancies were resolved by
referring to the original CRFs.

Statistical analysis was performed using
SPSS. For the demographic profile, descriptive
statistical methods were applied. Age, duration
of disease, and other continuous variables
were summarized using mean and standard
deviation, whereas categorical variables such
as sex distribution, age categories, family history
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of atopy, and associated atopic conditions were
expressed as frequencies and percentages.
Continuous variables such as SCORAD and
Absolute Eosinophil Count (AEC) were expressed
as mean * standard deviation, while categorical
variables were summarized as frequencies and
percentages. The distribution of continuous
variables was assessed using the Shapiro—Wilk
test and visual inspection of Q—-Q plots, and
both SCORAD and AEC were found to follow an
approximately normal distribution; therefore,
parametric tests were applied. The primary
analysis examining the relationship between
SCORAD and AEC was conducted using the
Pearson correlation coefficient (r), with a p-value
<0.05 considered statistically significant. A scatter
plot with a regression line and a correlation
heatmap was generated to visually depict the
linear association between the two variables.

3. Results

Table 1: Demographic profile of the study population (n =100)

Variable Category | Frequency | Percentage
Age (years) Mean+SD | 128+6.4 —
0-5 22 22%
6-12 38 38%
13-18 26 26%
>18 14 14%
Sex Male 56 56%
Female 44 44%
Duration of disease <lyear 18 18%
1-5 years 52 52%
>5 years 30 30%
Family history Present 41 A41%
of atopy
Absent 59 59%
Associated atopic | Asthma 19 19%
conditions
Allergic 28 28%
rhinitis
Both 1 1%
None 42 42%

A moderate—to—strong correlation was observed
between SCORAD and AEC (r = 0.57).

Scatterplot

Dependent Variable: Absolute Eosinophil Count
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Figure 1: Scatter Plot Showing Correlation between SCORAD

Score and Absolute Eosinophil Count

The Pearson correlation coefficient between
SCORAD and AEC was r = 0.57 (p < 0.0001),
indicating a moderate to strong positive linear
relationship between the two variables. This
means that as one variable increases, the other
tends to increase in a proportional manner. The
associated p-value (<0.0001) demonstrates that
this correlation is highly statistically significant,
implying that the likelihood of observing such a
relationship by random chance is extremely low.
Therefore, the analysis provides strong statistical
evidence that SCORAD and AEC are positively
correlated in the study population.

Correlation Heatmap
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Figure 2: Correlation Heatmap of SCORAD Score and Absolute

Eosinophil Count

4. DISCUSSION

Atopic dermatitis (AD) is a chronic, relapsing
inflammatory skin disease in which clinical
severity reflects a complex interaction of
epidermal barrier dysfunction, Th2-skewed
immunity, and environmental triggers.
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Comparison of Demographic Profile With Other
Studies

The demographic characteristics of the present
study population (n = 100) show that atopic
dermatitis was predominantly observed in
children and adolescents, with a mean age
of 12.8 = 6.4 years, and 60% of cases occurred
below 18 years of age. This age pattern aligns
with the classical epidemiology of atopic
dermaititis described by Dhar et al.[5], who also
reported a higher burden in the pediatric age
group. Similarly, Kumar MK et al. [7] found that the
majority of affected individuals in Eastern India
were younger children, supporting the early-
onset nature of the disease. In our study, males
constituted 56% of the patients, comparable
to the male predominance (around 55-60%)
observed in the studies by Pandey et al. [8]and
Ramya et al. [9], although some Western cohorts
have shown a more equal sex distribution.

With respect to disease chronicity, 52% of
patients had a disease duration of 1-5 years,
which is consistent with the chronic, relapsing
course noted in previous Indian studies, including
Dhar et al[5] and Kumar MK et al[7], who
reported prolonged disease duration in nearly
half of their cohorts. A positive family history of
atopy was present in 41% of our subjects, which
is comparable to the 35-50% range reported
in studies by Celakovska & Bukag et al.[11] and
Kumar MK et al.[7], reinforcing the strong familial
and genetic predisposition associated with the
atopic diathesis.

Regarding associated atopic conditions, asthma
(19%) and allergic rhinitis (28%) were common
in our population, while 1% had both, amounting
to a total of 58% with some form of atopy.
These findings closely mirror the prevalence of
associated atopic manifestations reported by
Pandey et al.[8], who documented eosinophilia
and coexisting allergic diseases in a significant
proportion of patients. The overall frequency of
comorbid atopy in our study also aligns with
published literature, which frequently reports
that 40-70% of patients with atopic dermatitis
exhibit at least one additional atopic condition.
Identifying  objective, easily = measurable
biomarkers that correlate with clinical severity
is especially valuable in routine practice and
in resource-limited settings where structured
indices such as SCORAD may not always be
applied consistently. In this context, the present
study demonstrates a moderate—to—strong
positive correlation between SCORAD score
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and Absolute Eosinophil Count (AEC) (r = 0.57),
indicating that peripheral eosinophilia increases
in parallel with disease severity. This finding is
biologically plausible given the central role of
Th2-driven inflammation in AD, with increased
IL-4, IL-5, and IL-13 promoting IgE synthesis
and eosinophil proliferation, activation, and
survival. Several studies have shown that both
circulating eosinophil counts and eosinophil
granule proteins tend to be higher in AD and
are often associated with more severe disease.
[6]The clear upward trend seen in our scatter
plot, with higher SCORAD categories associated
with progressively higher AEC values, visually
reinforces this pathophysiological link.

Comparison with Konangi Ramya et al.The study
by Konangi Ramya et al.[9] evaluated 50 patients
with AD and reported that 74% had elevated
AEC and 82% had raised serum IgE, with both
parameters correlating with disease severity.
Their work established that hematological (AEC)
and immunological (IgE) markers rise with
increasing clinical severity, but did not quantify
the correlation using a coefficient (r) or explore
diagnostic performance metrics such as ROC
curves.

Our study extends these observations in
several ways:

We provide a quantitative estimate of the
strength of association between SCORAD and
AEC (r = 0.57), which falls in the moderate—strong
range.

We support this numerically with graphical
methods.

We additionally perform ROC analysis, showing
an AUC of 1.00 for AEC in discriminating mild
from moderate/severe disease in our dataset,
suggesting excellent discriminatory capacity.

Thus, while both studies agree that AEC
increases with severity, the present study adds
more granular and methodologically rigorous
evidence regarding the strength and diagnostic
utility of AEC.

Comparison with Other Indian and Regional
Studies

Our findings are consistent with several earlier
studies from the Indian subcontinent and
neighboring regions. Dhar et al[5] studied
Indian children with AD and reported that both
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AEC and serum IgE were significantly higher in
patients than in controls, and each parameter
showed significant positive correlation with
disease severity. Although specific correlation
coefficients were not provided in the abstract,
their conclusion that AEC tracks with severity
aligns closely with our results.

In a Nepalese pediatric cohort, Pandey et
al[8] found a “reasonable positive correlation”
between AEC and disease severity measured by
SCORAD, with r = 0.514 (p < 0.001) in 53 patients.
They also reported that children with higher
AEC had significantly more severe disease and
more frequent respiratory atopy. Our correlation
estimate (r = 0.57) is slightly higher but broadly
comparable to theirs, placing our result at the
upper end of the correlation range reported in
regional pediatric AD populations.

Similarly, Kumar et al.[7] studied 132 children with
AD in Eastern India and found that mean AEC
increased stepwise from mild to moderate to
severe AD, and that patients with high AEC had
significantly higher SCORAD scores than those
with normal AEC within the same severity strata.
This pattern closely mirrors the trend seen in our
dataset, where AEC values rose progressively
across SCORAD-defined severity categories.

A multicenter pediatric study by Batmaz et al.[10]
reported a statistically significant but relatively
weaker positive correlation between SCORAD
and eosinophil count (rho = 0.6, p = 0.002),
and found that higher eosinophil counts were
associated with greater improvement in SCORAD
over time, particularly in extrinsic AD. The weaker
correlation in that study, compared with ours
(r = 0.57), highlights the heterogeneity seen
across different populations, age groups, and
phenotypes (intrinsic vs extrinsic AD).

Comparison with International Literature

Outside South Asiq, several studies have similarly
demonstrated a positive relationship between
eosinophilia and AD severity. Celakovské et
al[11] showed that peripheral eosinophil counts
and eosinophil cationic protein were elevated
in most adolescent and adult AD patients and
tended to increase with more severe disease.
A Taiwanese cohort cited by Pandey et al.[8]
reported positive correlations between SCORAD
and total eosinophil count (r = 0.49, p < 0.001)
and between SCORAD and serum IgE (r = 0.32,
p = 0.028), further supporting the association
between these biomarkers and clinical severity.
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Morerecentimmunologicalworkhasemphasized
that combinations of biomarkers (e.g., serum
IgE plus blood eosinophils) may better capture
the inflammatory burden and phenotypic
heterogeneity of AD than single markers alone.
[12] However, in many routine clinical settings,
particularly in low- and middle-income countries,
AEC remains far more accessible and affordable
than extended immunologic panels. Therefore,
the demonstration of a robust correlation
between AEC and SCORAD in our study has direct
practical relevance.

Strength of Association, Clinical Implications,
and Limitations

Across published literature, correlations between
AEC and AD severity generally range from weak-
to-moderate to moderate-to-strong, depending
on study design and population characteristics.
[13] The correlation coefficient observed in
the present study (r = 0.57) falls toward the
stronger end of this spectrum, suggesting that
eosinophilia reasonably reflects clinical disease
burden in our cohort.

However, these findings should be interpreted
with appropriate clinical caution. Absolute
eosinophil count should be regarded as an
adjunctive biomarker, rather than a substitute
for standardized clinical severity scoring systems
such as SCORAD. While AEC may be particularly
useful in busy outpatient settings, peripheral
healthcare centers lacking dermatology
specialists, and large epidemiological studies
where structured clinical scoring is logistically
challenging, several limitations of the present
study must be acknowledged. These include its
single-center design, relatively small sample size,
cross-sectional nature, absence of multivariate
adjustment for potential confounding variables,
lack of routine parasitological screening, and
the absence of longitudinal follow-up to assess
changes in AEC with disease activity or treatment
response.

Despite these limitations, the study provides
clinically relevant evidence supporting the
role of AEC as a simple, accessible biomarker
that correlates with disease severity in atopic
dermatitis. Nevertheless, future multicentric and
longitudinal studies incorporating multivariate
analyses are warranted to validate these findings
and to further clarify the utility of AEC in disease
monitoring and prognostication.
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5. Conclusion

This study demonstrates a statistically significant
moderate—to—-strong positive correlation
between SCORAD score and absolute eosinophil
count in patients with atopic dermatitis. The
findings support the utility of AEC as a simple,
objective, and widely available adjunctive
biomarker for assessing disease severity,
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Non Surgical Prosthodontic Rehabilitation of a Prominent

Crown & Bridge, Rohtak, Haryana, India

ABSTRACT:

Prominent anterior maxillary ridges associated with
pronounced labial undercuts pose a significant
prosthodontic challenge during complete denture
fabrication, frequently resulting in over-contoured
labial flanges that adversely affect facial aesthetics,
lip support, phonetics, and patient comfort.
This case report describes the prosthodontic
management of such anatomical limitations using
a conventional flangeless maxillary complete
denture as a conservative, non-surgical alternative.
Elimination of the anterior labial flange permitted
improved adaptation of the denture base to
the underlying ridge anatomy while minimizing
soft-tissue impingement and excessive labial
fullness. The clinical workflow, design rationale,
and processing modifications are presented to
highlight the functional and aesthetic advantages
of this approach. This treatment approach
demonstrated improved comfort, satisfactory
retention, and enhanced facial aesthetics during
post-insertion follow-up, supporting the clinical
applicability of flangeless denture designs
in cases with unfavorable ridge morphology.

KEYWORDS:

Flangeless denture; Labial undercut; Maxillary
ridge; Denture aesthetics; Complete denture

1. Introduction

Residual alveolar ridge morphology is a primary

determinant of complete denture success,
as it directly influences retention, stability,
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and support, while also affecting phonetics,
aesthetics, and overall patient comfort. Following
tooth loss, the edentulous ridge undergoes
continuous and often unpredictable remodeling,
leading to marked anatomical variability
ranging from broad, well-formed ridges to
severely resorbed or anatomically compromised
configurations.  [1].  These  morphological
differences significantly modify the denture-
bearing areq, border seal effectiveness, stress
distribution, and resistance to functional and
parafunctional loads. Consequently, ridge
form plays a decisive role in denture prognosis,
necessitating thorough clinical assessment and
individualized prosthodontic planning to achieve
predictable functional outcomes and long-
term patient satisfaction [1]. Among the various
ridge configurations, a prominent anterior
maxillary ridge with associated labial undercuts
is a commonly encountered clinical condition
that complicates maxillary complete denture
construction [2]. The labial flange of a maxillary
denture is critical for providing lip support,
maintaining facial harmony, and facilitating
proper phonetics. However, in the presence of a
prominent ridge, conventional flange extension
often results in over-contouring of the labial
surface, leading to excessive lip fullness, altered
facial profile, compromised speech, and patient
dissatisfaction. Achieving an optimal balance
between functional requirements and aesthetic
demands in such cases remains a significant
prosthodontic challenge [3].

Pre-prosthetic surgical procedures, such as
alveoloplasty and ridge recontouring, have
traditionally been recommended to correct
unfavorable ridge anatomy and facilitate
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conventional denture fabrication. Despite their
effectiveness, these surgical interventions may
be contraindicated due to systemic health
considerations, advanced patient age, or patient
reluctance to undergo invasive treatment
[4]. As a result, there is an increasing need
for conservative, non-surgical prosthodontic
alternatives that can accommodate existing
ridge morphology while preserving function and
aesthetics.

The flangeless complete denture represents
a conservative prosthodontic approach for
managing prominent maxillary ridges with
labial undercuts. By eliminating or reducing the
anterior labial flange, this design allows improved
adaptation of the denture base to the underlying
ridge anatomy while minimizing excessive
acrylic bulk and soft tissue impingement.
This modification contributes to enhanced
facial aesthetics while maintaining clinically
acceptable retention and stability [5]. The present
case report highlights the clinical application of
a conventional flangeless maxillary denture as
an effective alternative to surgical intervention
in patients with challenging ridge morphology.

2. Case Report

A 70-year-old male patient presented to the
Department of Prosthodontics with complaints
of difficulty in mastication, impaired speech, and
compromised facial aesthetics due to complete
edentulism of both arches for the past 12 years.
Clinical examination revealed completely
edentulous maxillary and mandibular arches,
with a prominent anterior maxillary ridge
exhibiting a pronounced labial undercut from
canine to canine (Figure la-c). In contrast, the
mandibular ridge was U-shaped with adequate
height and width (Figure 1d). The ridge anatomy
was considered unfavorable for conventional
maxillary denture fabrication because it
predisposed to excessive labial flange bulk,
thereby adversely affecting aesthetic outcomes.
After discussing treatment options, including
pre-prosthetic surgery and implant-supported
prostheses, the patient declined surgical
intervention, and a conservative treatment plan
involving a conventional flangeless maxillary
complete denture opposing a conventional
mandibular complete denture was planned.
Written informed consent was obtained from
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the patient for treatment, following a thorough
explanation of the procedure, alternative

treatment options, and consent for the use of
clinical data and photographs for publication.

Figure 1: 1a. Extraoral view 1b. Maxillary arch 1c. Maxillary
labial undercut 1d. Mandibular arch

3. Clinical procedure

Primary impressions of both the maxillary
and mandibular arches were made using an
irreversible hydrocolloid impression material
(Orikam Neoalign Alginate; Orikam Healthcare,
India) (Figure 2q, b), and the primary casts were
poured using Type Il dental plaster (Kalabhai
Karson Pvt. Ltd., Kalrock, India) (Figure 2c). Wax
spacers were adapted to the primary casts,
and custom impression trays were fabricated
for both arches using autopolymerizing acrylic
resin. Border molding was performed using a
low-fusing green stick impression compound
(DPI Pinnacle Tracing Sticks; Dental Products of
India Ltd,, Mumbai, India) to achieve functionall
border extension. A definitive wash impression
was recorded using a light-body elastomeric
impression material (Aquasil Ultra LV; Dentsply
Sirona, Konstangz, Germony) to accurately
capture fine anatomical details and soft-tissue
morphology (Figure 2d). The posterior palatal
seal was recorded functionally at the vibrating
line during border molding and was incorporated
directly into the definitive impression. The
definitive master casts were poured using Type
Il dental stone (Kolabhai Karson Pvt. Ltd., Kalrock,
India) (Figure 2e). Subsequently, record bases
and occlusal rims were fabricated, and the
maxillomandibular relationship was recorded
following conventional clinical procedure (Figure
2f). The vertical dimension of occlusion (VDO)
was established using assessment of facial
proportions, phonetics, and physiologic rest
position, with verification of an adequate 2-4
mm freeway space. Trial evaluation confirmed
balanced lower facial height and absence of
muscular strain. Despite the proclined anterior
ridge, sufficient interarch space was available,
and no alteration of VDO was required.

126



Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898
http://dx.doi.org/10.21622/ AMPDR.2026.06.1.1914

Figure 2: 2a, b. Maxillary and Mandibular Primary impression
2c. Primary casts 2d. Definitive Impressions 2e. Definitive
cast 2f. Maxillomandibular relation record

The definitive casts were mounted on a mean-
value articulator, and the arrangement of
artificial teeth was performed. A bilateral
balanced occlusal scheme was established to
counteract potential rotational forces arising
from the elimination of the anterior labial
flange. Incisal guidance was deliberately
reduced by increasing horizontal overlap and
maintaining minimal vertical overlap, thereby
decreasing anterior tipping forces during
protrusive movements. Eccentric movements
were adjusted to achieve simultaneous bilateral
posterior contacts, verified intraorally using
articulating paper, to maintain stability and
prevent rotation around a potential fulcrum line
in the premolar region. Protrusive movements
were refined to ensure light anterior contact
accompanied by posterior balancing contacts,
thereby preserving the posterior palatal seal
during functional excursions. Cuspal inclinations
were selectively adjusted to minimize horizontal
destabilizing forces. A clinical evaluation of
the trial denture was subsequently performed
to evaluate aesthetic parameters, phonetic
accuracy, and occlusal relationships, ensuring
harmonious  maxillomandibular  articulation
before final processing (Figure 3a). Following the
clinical evaluation, a labial window was created
in the maxillary trial denture extending from
canine to canine, thereby eliminating the anterior
labial flange (Figure 3b). This modification
permitted direct contact of the upper lip with the
underlying residual ridge, reducing labial fullness
and enhancing facial aesthetics. The remaining
denture borders were maintained with adequate
thickness to preserve strength and durability. A
19-gauge (*1.0 mm) stainless steel orthodontic
wire was temporarily adapted during the trial
stage to evaluate the required anterior acrylic
bulk and spatial clearance following flange
reduction. The wire served solely as a dimensional
reference during wax modification and was not
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incorporated into the definitive prosthesis (Figure
3c)

Following insertion of the trial denture, a clinical
evaluation was performed to assess denture
retention and stability following labial flange
modification (Figure 3d). During processing, the
addition silicone putty spacer was isolated from
the acrylic resin using a separating medium to
prevent chemical interaction and polymerization
inhibition. The intaglio surface of the flangeless
anterior region was carefully finished and highly
polished to achieve a smooth, non-porous
tissue-contacting surface, thereby minimizing
plaque accumulation and mucosal irritation.
Dewaxing was subsequently performed using
conventional laboratory procedures.

00044
~ 330‘00!'_1\-

Figure 3: 3a. Clinical evaluation of trial denture with
conventional labial flange 3b. Labial flange removed and
adaptation of support wire 3c. Modified wax-up of maxillary
trial denture post flange reduction 3d. Clinical evaluation of
trial denture with modified labial flange 3e. Flashing of the
flangeless denture 3f. Putty indexing for denture processing.

The denture was processed using a conventional
heat-polymerized polymethyl methacrylate (DPI
Heat Cure; Dental Products of India Ltd., Mumlbai,
India) by the conventional compression molding
technique. The definitive flangeless maxillary
denture was subsequently finished, polished,
and inserted for clinical evaluation (Figure 4a).
Chairside occlusal adjustments were carried out
to achieve optimal occlusal harmony, functional
efficiency, and patient comfort (Figure 4b, c). The
patient was instructed to avoid incising hard food
items with the anterior teeth to reduce functional
tipping stresses.

Figure 4: 4a. Definitive prosthesis 4b. Intraoral lateral view
of the final prosthesis 4c. Intraoral frontal view of the final

prosthesis.
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Post-insertion follow-up visits were scheduled
at 24 hours, one week, and one month. At each
review appointment, the patient reported
satisfactory comfort, improved facial esthetics,
and adequate functional performance of the
prosthesis, with no evidence of soft-tissue
irritation or postoperative complications (Figure
50, 5b).

Figure 5: 5a. Pre-Operative Extra-Oral View, 5b.
Postoperative Extra-Oral View

4. Discussion

The management of edentulous patients with
unfavorableresidualridge morphology continues
to present a biomechanical and aesthetic
challenge in complete denture therapy [6].
Prominent or proclined anterior maxillary ridges
with associated labial undercuts significantly
alter the neutral zone and complicate denture
base extension, often predisposing the prosthesis
to compromised retention, instability, phonetic
distortion, and compromised facial aesthetics.
Conventional denture designs in such scenarios
frequently rely on excessive labial flange
extension to engage the undercut area, which
may result in over-contoured denture bases,
altered lip posture, soft-tissue impingement, and
reduced patient acceptance.

Various treatment modalities have been
advocated to manage pronounced labial
undercuts. Pre-prosthetic surgical interventions
such as alveoloplasty, ridge recontouring,
and undercut reduction can improve the
denture-bearing foundation; however, these
procedures are invasive and associated with
surgical morbidity, postoperative discomfort,
and irreversible loss of alveolar bone. Their use
is further limited in medically compromised or
elderly patients, as well as in individuals unwilling
to undergo surgical treatment [7]. Orthodontic
correction and implant-supported prostheses
have also been proposed, but these options are
often constrained by cost, treatment duration,
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systemic health considerations, and anatomical
limitations.

Several prosthodontic modifications have
been described as conservative alternatives,
including sectional dentures, flexible denture
base materials, hollow labial flanges, window
dentures, and modified flange contouring
techniques. While flexible denture bases may aid
insertion through undercuts, they frequently lack
long-term dimensional stability and adequate
support. Sectional dentures increase technical
complexity and patient handling difficulty.
Window dentures, although aesthetically
acceptable, may compromise border seal and
retention if not carefully executed [8].

In the present case, a flangeless maxillary
complete denture design was selected as
a conservative, non-surgical solution to
accommodate the prominent anterior labial
undercut while preserving facial aesthetics and
functional efficiency [9]. Retention is primarily
derived from a functionally recorded posterior
palatal seal, maximal palatal coverage,
interfacial surface tension, and controlled passive
engagement of the favorable hard-tissue
undercut. This design represents a conservative,
non-surgical alternative when surgical ridge
recontouring is contraindicated or declined. [10]
A critical limitation of flangeless denture designs
is the potential reduction in structural rigidity of
the anterior denture base. A 19-gauge (1.0 mm)
stainless steel orthodontic wire was temporarily
adapted during the trial stage to simulate the
anticipated anterior acrylic thickness and to
assess spatial clearance following labial flange
reduction. The wire functioned exclusively
as a dimensional and contour guide during
wax modification to prevent over- or under-
contouring of the anterior region. It was removed
before processing and was not incorporated
into the definitive prosthesis. Additionally, the
use of putty-consistency addition silicone
over the labial undercut area before dewaxing
served as an effective spacer, preventing acrylic
resin overextension and ensuring accurate
reproduction of ridge anatomy. This technique
minimized polymerization shrinkage-related
distortion, preserved soft-tissue contours, and
contributed to improved comfort and phonetic
performance. Compared with conventional wax
relief or manual trimming methods, this approach
offers greater precision and reproducibility
during processing.

The combination of a flangeless design and
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controlled acrylic contouring represents a
biologically sound and mechanically stable
approach tailored to the patient’s anatomical
constraints and treatment preferences. [11].
This integrated technique provides a distinct
advantage over alternative  conservative
methods by  simultaneously  addressing
aesthetics, strength, comfort, and functional
performance without increasing clinical or
laboratory complexity.

Overall, the favorable outcome observed in this
casereinforcestheclinicalrelevance of flangeless
maxillary complete dentures as a predictable
and patient-centered solution for managing
prominent anterior maxillary ridges with labial
undercuts. When appropriately indicated and
reinforced, this technique offers an effective
alternative to surgical intervention, aligning with
contemporary principles of minimally invasive
prosthodontic rehabilitation.
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ABSTRACT:

Background: Psoriasis is a chronic immune-
mediated inflammatory skin disorder in which
oxidative stress and immune dysregulation play
key pathogenic roles. Trace elements such as zinc
and copper are essential for antioxidant defense
and immune function, and their imbalance—often
expressed as the copper-zinc (Cu/zn) ratio—has
been implicated in various inflammatory conditions.
However, evidence regarding their association with
psoriasis severity remains inconclusive.

Aim: To evaluate serum zinc, copper, and Cu/Zn
ratio in patients with psoriasis and to assess their
association with disease severity as measured by
the Psoriasis Area and Severity Index (PASI).

Materials and Methods: This hospital-based
cross-sectional observational study included 50
adult patients with clinically diagnosed psoriasis
attending a tertiary care teaching hospital in South
Gujarat, India. Disease severity was assessed
using PASI scoring. Fasting serum zinc and copper
levels were measured using atomic absorption
spectrophotometry, and the Cu/Zn ratio was
calculated. Data normality was assessed using the
Shapiro-Wilk test, and non-parametric statistical
methods were applied. Associations between PASI
score and biochemical parameters were analyzed
using Spearman’s rank correlation coefficient.

Results: The mean PASI score was 838 + 6.63,
indicating predominantly mild to moderate disease
severity. Serum zinc, copper,and Cu/Zn ratio showed
considerable inter-individual variability. Serum
copper levels differed significantly across PASI-
defined severity groups (p = 0.030), whereas serum
zinc levels and Cu/Zn ratio did not show significant

http://apc.aast.edu
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variation. Correlation analysis demonstrated no
association between PASI score and serum zinc (r
= +0.03), while weak negative correlations were
observed between PASI score and serum copper (i r
= -0.31) and Cu/Zn ratio (r = -0.21).

Conclusion: The study highlights altered trace-
element homeostasis in psoriasis, with serum
copper levels showing significant variation across
disease severity categories. However, serum zinc
levels and Cu/zZn ratio did not demonstrate a
significant correlation with PASI score, suggesting
limited utility as markers of disease severity. Further
large-scale longitudinal studies incorporating
dietary assessment and inflammatory biomarkers
are needed to better elucidate the role of trace
elements in psoriasis.

KEYWORDS:

Psoriasis; Zinc; Copper; Copper-zinc ratio;
Oxidative stress; Psoriasis Area and Severity Index
(PASI)

1. Introduction
Psoriasis is a chronic, immune-mediated
inflammatory skin disorder affecting

approximately 2-3% of the global population.
It is characterized by well-demarcated
erythematous plaques covered with silvery
scales, with disease severity ranging from limited
cutaneous involvement to extensive body
surface area involvement [1,2]. The pathogenesis
of psoriasis involves a complex interplay
between genetic predisposition, environmental
triggers, and immune dysregulation, particularly
mediated through pro-inflammatory cytokines

136



June 2026

Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898
http://dx.doi.org/10.21622/ AMPDR.2026.06.1.1919

such as tumor necrosis factor-o (TNF-o) and by the Psoriasis Area and Severity Index (PASI).

interleukins, including IL-11, IL-23, and IL-22.[3-6].

Increasing evidence suggests that oxidative
stress plays a significant role in the initiation and
perpetuation of psoriaticinflammation.Enhanced
production of reactive oxygen species, coupled
with an impaired antioxidant defense system,
contributes to keratinocyte hyperproliferation
and sustained inflammmatory responses in
psoriasis [7,8]. Micronutrients with antioxidant
properties, especially trace elements such as zinc
and copper, are therefore of particular interest
in understanding disease pathophysiology and
potential prognostic relevance [9].

Zinc and copper are essential trace elements
that function as cofactors for numerous
enzymes involved in immune regulation,
antioxidant defense, and cellular proliferation.
Zinc is crucial for DNA synthesis, wound healing,
and immune modulation, while copper plays an
important role in connective tissue formation,
melanin synthesis, and redox reactions [10-14].
However, excess copper can participate in free
radical generation via redox cycling, leading to
oxidative tissue damage and amplification of
inflammatory pathways [12].

Zinc and copper exhibit a well-recognized
antagonistic relationship, and their balance is
often better reflected by the copper-zinc (Cu/zn)
ratio rather than absolute serum concentrations
alone. The Cu/Zn ratio has been proposed as a
sensitive marker of systemic oxidative stress and
inflammation and has been shown to correlate
with disease severity in various inflammatory
and malignant conditions [15-18].

Several studies have reported altered serum
zinc and copper levels in patients with psoriasis,
though findings remain inconsistent, and their
relationship with disease severity is not clearly
established [15-17]. Variations in study design,
population characteristics, nutritional status,
and analytical methods may partly explain these
discrepancies. Given the chronic inflammatory
nature of psoriasis and the biological relevance
of these trace elements, evaluating their levels in
relation to disease severity may provide further
insight into their role in disease progression and
potential therapeutic implications.

In this context, the present study was undertaken
to assess serum zinc, copper, and Cu/Zn ratio
in patients with psoriasis and to evaluate their
association with disease severity as measured

2. Aim and Objectives
Aim
To assess the association between serum zinc,

copper, copper-zinc ratio, and disease severity
in patients with psoriasis.

Objectives

1. To measure serum zinc and copper levels
and calculate the Cu/zn ratio in psoriasis
patients.

2.  Toevaluate the relationship between these
trace elements and disease severity using
the PASI score.

3. MATERIALS AND METHODS

This hospital-based cross-sectional
observational study was carried out in the
Department of Biochemistry in collaboration
with the Department of Dermatology at a tertiary
care teaching hospital in South Gujarat, India,
after obtaining approval from the Institutional
Ethics Committee. The study was conducted
during the approved postgraduate study period.
Clinically diagnosed cases of psoriasis attending
the dermatology outpatient department were
enrolled after obtaining informed written consent.

A total of 50 patients aged 18 years and above
were included in the study. Diagnosis of psoriasis
was made by a qualified dermatologist based
on characteristic clinical features. Patients with
other systemic inflammatory or autoimmune
disorders, hepatic or renal diseases, metabolic
illnesses, pregnant orlactating women, and those
receiving mineral or antioxidant supplementation
within the preceding three months were excluded
to avoid confounding effects on trace element
levels.

A detailed clinical evaluation was performed for
each patient. Assessment of disease severity
was carried out using the Psoriasis Area and
Severity Index (PASI), which was evaluated by a
dermatologist trained in PASI scoring to minimize
inter-observer variability. PASI scoring was based
on the assessment of erythema, induration,
and desquamation over four body regions—
head, upper limbs, trunk, and lower limbs—with
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appropriate weighting according to the extent of
body surface area involvement.

After an overnight fast, 5 mL of venous blood
was collected from each participant under strict
aseptic precautions. The blood samples were
allowed to clot and centrifuged to obtain serum,
which was stored at -20°C until biochemical
analysis. Serum zinc and copper concentrations
were estimated using Atomic Absorption
Spectrophotometry (AAS) withaniCE 3500 Atomic
Absorption  Spectrophotometer  employing
flame atomization, following standard operating
procedures and manufacturer's guidelines.
Calibration was performed using standard
reference solutions, and internal quality control
measures were maintained throughout the
analysis to ensure accuracy and reproducibility
of results.

The copper-zinc (Cu/zn) ratio was calculated
by dividing the serum copper concentration by
the serum zinc concentration for each subject.
Collected data were entered into Microsoft
Excel and analyzed using appropriate statistical
software. The normality of continuous variables
was assessed using the Shapiro—Wilk test. Since
most variables showed non-normal distribution,
non-parametric statistical tests were applied.
Continuous variables were expressed as mean +
standard deviation for descriptive purposes and
median with interquartile range. Comparisons
across different severity groups were performed
using appropriate non-parametric tests, and
correlations between PASI score and biochemical
parameters were assessed using Spearman’s
rank correlation coefficient. A p-value less than
0.05 was considered statistically significant.

4. RESULTS

Table 1. Baseline Characteristics of Psoriasis Patients (n = 50)

Table 1 summarizes the baseline demographic,
clinical, and biochemical characteristics of
the study population. The patients exhibited
a wide age range with predominantly mild
to moderate disease severity, as reflected by
the median PASI score. Serum zinc and copper
levels showed considerable inter-individual
variability, as indicated by broad ranges and
interquartile distributions. The Cu/Zn ratio likewise
demonstrated substantial variation among
patients, suggesting heterogeneity in trace-
element balance within the study population.

Table 2. Normality Testing of Study Variables (Shapiro-Wilk
Test)

Variable p value Distribution
PASI score <0.001 Non-normal
Zinc (pg/dr) 0.001 Non-normal
Copper (ug/dl) 0.002 Non-normal
Cu/zn ratio <0.001 Non-normal

As shown in Table 2, the Shapiro-Wilk test
demonstrated that PASI score, serum zinc, serum
copper, and the Cu/zn ratio all significantly
deviated from a normal distribution (p < 0.05).
This indicates that the assumptions of normality
required for parametric statistical tests were
not met for these variables. Consequently, non-
parametric statistical methods were applied for
group comparisons and correlation analyses
in the present study to ensure the validity and
robustness of the statistical inferences.

Table 3. Comparison of Biochemical Parameters Across the
Severity of Psoriasis

Parameter Test H value p value
PASI score Kruskal-Wallis 37.21 <0.001
Variable Mean:SD | Median (IQR) Range
Age (yeqrs) 41.4 1011 405 (33-47) 25-70 Zinc (pg/dl) Kruskal-Wallis 2.51 0.285
PASI score 8.38+£6.63 | 4.0(3.0-14.7) 11-21.2 Copper (ug/dl) Kruskal-Wallis 7.00 0.030
zinc (ug/dI) 2111 £ 65.1 193.4 109.3-398.3 Cu/zn ratio Kruskal-Wallis 3.38 0.185
(170.4-2421)
Copper (ug/dl) | 1242 + 45.9 16.5 54.9-294.4
(92.0-1451) Interpretation:
Cu/zn ratio 0.65 + 0.35 0.56 0.24-2.10
(0.43-0.78) PASIscoresincreased significantly withincreasing
severity of psoriasis. Serum copper levels also
http://apc.aast.edu
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Volume 6

differed significantly across severity groups,
whereas zinc levels and Cu/zZn ratio showed no
statistically significant variation across PASI-
defined severity categories.

Figure 1. Scatter Plot with Regression Line Showing
the Correlation Between PASI Score and Serum

Zinc (ug/dl)

Scatter Plot with Regression Line Showing Correlation Between PASI Score and Serum Zinc (pg/dl)
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Figure 1 shows the regression line is nearly flat with a very

slight negative slope, confirming no meaningful association
between PASI score and serum zinc levels.

Figure 2: Scatter Plot with Regression Line Showing
the Correlation Between PASI Score and Serum

Copper (pg/dI)

Scatter Plot with Regression Line Showing Correlation Between PASI Score and Serum Copper (pg/dI)
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Figure 2: The regression line demonstrates a downward slope,
indicating a weak negative relationship between PASI score
and serum copper levels.

Figure 3: Scatter Plot with Regression Line Showing
the Correlation Between PASI Score and Cu/zn

Ratio
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Scatter Plot with Regression Line Showing Correlation Between PASI Score and Cu/Zn Ratio
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Figure 3 shows a negative slope is observed, suggesting a
weak inverse relationship between PASI score and Cu/Zn
ratio.

Table 4. Correlation of PASI Score with Biochemical
Parameters (Spearman’s Rank)

Variables r Strength

PASI vs Zinc +0.03 No correlation

PASI vs Copper -0.31 Weak negative

PASI vs Cu/Zn ratio -0.21 Weak negative

5. Discussion
Psoriasis is a chronic immune-mediated
inflammatory  disorder  characterized by

keratinocyte hyperproliferation and systemic
immune activation, processes that may influence
trace-elementhomeostasis.Copperandzincplay
essential roles in antioxidant defense, immune
modulation, and epidermal differentiation, and
disturbances in their metabolism have been
increasingly explored in psoriasis. The biological
relevance of zinc and copper in psoriasis can be
better understood in the context of the psoriatic
inflammatory cycle. Psoriasis is characterized
by activation of dendritic cells and T helper (Thi
and Th17) lymphocytes, leading to increased
production of pro-inflammatory cytokines such
as TNF=-q, IL-17, IL-22, and IL-23, which stimulate
keratinocyte proliferation and sustain cutaneous
inflammation. This inflammatory cascade
generates increased levels of reactive oxygen
species (ROS), contributing to oxidative stress
within the epidermis.[17]

Trace elements play critical modulatory roles
in this process. Zinc functions as a cofactor
for numerous antioxidant enzymes, including
superoxide dismutase, and contributes to
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stabilization of cell membranes, regulation of
keratinocyte proliferation, and modulation of
immuneresponses.Zinc deficiency may therefore
impair antioxidant defense mechanisms and
promote inflammatory signaling pathways.
Copper, on the other hand, participates in redox
reactions and serves as a cofactor for enzymes
involved in oxidative metabolism and connective
tissue formation. While physiologic copper
supports antioxidant activity through copper-
dependent enzymes, excess copper may also
contribute to free radical generation via redox
cycling, thereby amplifying oxidative damage in
inflammatory conditions.[18-22]

The balance between these two trace elements
is reflected in the copper-zinc ratio, which has
been proposed as an indicator of systemic
inflammation and oxidative stress. Alterations
in this ratio may therefore influence the
inflammatory microenvironment in psoriasis by
modifying the balance between oxidative injury
and antioxidant defense mechanisms.[23]

Trace Elements, Oxidative Stress, and the Psoriatic Inflammatory Cycle
[ Psoriatic Inflammatory Cycle
-
- 4 Pro-inflammatory Cytokines
e 4 (TNF-g, IL-17, IL-23)

SEss =2
ﬂfg Keratinocyte Hyperproliferation
Chronic Inflammation /

Figure 4: a simple schematic figure showing the “Trace
Elements—Oxidative Stress—Psoriasis Inflammatory Cycle

Trace Element Imbalance

4 Zinc Levels 1 Copper Levels

| |
—

tROS

(Reactive Oxygen
Species)

Oxidative Damage

In the present study, serum copper levels
demonstrated a  statistically  significant
difference across psoriasis severity groups,
whereas serum zinc levels and the Cu/zn ratio
did not show significant variation with disease
severity. Correlation analysis revealed no
meaningful association between PASI score and
serum zinc levels, while serum copper and Cu/
Zn ratio showed weak negative correlations with
PASI score. These weak correlations did not reach
clinical or statistical significance, suggesting
limited utility as severity markers.

Several Indian studies have reported significantly
decreased serum zinc levels and elevated serum
copper levels in psoriasis patients compared
with healthy controls. Sheikh et al.[24] observed
markedly reduced zinc and increased copper

http://apc.aast.edu

levels, along with altered serum protein fractions,
suggesting chronic inflammation and enhanced
epidermal turnover as contributory mechanisms.
Basavaraj et al[25] also reported elevated
copper levels in both mild and severe psoriasis,
supporting the concept of copper behaving as
an acute-phase reactant through increased
ceruloplasmin synthesis during inflammation.
In contrast, Rao et al.[26] reported significantly
reduced zinc, copper, and selenium levels,
indicating a possible generalized micronutrient
deficiency state influenced by dietary or regional
factors.

International studieshave similarly demonstrated
heterogeneous findings. Ala et al.[27] reported
elevated copper levels without significant zinc
deficiency in Iranian patients, while Tasaki et
al. [28] highlighted increased serum copper
and the diagnostic relevance of the Cu/zn
ratio in inflammatory skin diseases, including
psoriasis. Compared with these studies, the
present findings show that although serum
copper levels differ across severity categories,
neither zinc levels nor the Cu/zn ratio reliably
correlates with PASI score. The weak inverse
relationship observed between PAS| score and
serum copper contrasts with earlier reports of
rising copper levels with increasing severity and
may reflect differences in disease chronicity,
treatment exposure, inflammatory burden, or
adaptive metabolic responses. The weak inverse
relationship observed between PASI score
and serum copper levels in the present study
contrasts with several earlier reports in which
copper levels increased with greater disease
activity. Copper is widely recognized as an
acute-phase reactant, largely due to increased
hepatic synthesis of ceruloplasmin during
systemic inflamnmation. Elevated copper levels in
psoriasis have therefore often been interpreted
as reflecting enhanced inflammatory activity
and oxidative stress. However, several factors
may explain the inverse trend observed in the
present study.

First, the majority of patients in our cohort
had mild to moderate disease severity, with
relatively low PASI scores. In such patients,
the systemic inflammatory burden may be
insufficient to produce a consistent rise in copper
levels. Second, copper metabolismm may undergo
adaptive metabolic regulation during chronic
inflammation, where prolonged inflammatory
exposure leads to redistribution of trace
elements between plasma, liver, and tissues. In
chronic inflammatory states, copper may be
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increasingly utilized by antioxidant enzymes such
as superoxide dismutase and ceruloplasmin,

potentially resulting in lower circulating levels
despite ongoing oxidative stress.[20,21,23
Third, nutritional status and dietary

micronutrient intake can significantly influence
serum  copper concentrations.  Regional
variations in diet, particularly in populations with
variable micronutrient intake, may partly explain
discrepancies between studies conducted in
different geographic settings. Fourth, treatment
exposure and disease chronicity may modify
trace-element dynamics. Patients receiving
topical therapies or having long-standing
disease may exhibit metabolic adjustments that
alter circulating copper levels independently of
current disease severity.[21,23]

Another possible explanation is that serum
copper levels alone may not accurately reflect
functional copper activity within inflammatory
pathways, as copper is largely protein-bound in
circulation and participates in multiple enzymatic
processes within tissues rather than remaining
freely available in serum. Consequently, the Cuf
Zn ratio or intracellular trace-element balance
may better represent oxidative stress status than
absolute serum copper levels.[29]

The absence of a significant association between
zinc levels and disease severity suggests that
zinc imbalance, when present, may represent
a background metabolic alteration rather
than a dynamic marker of psoriasis activity.
Moreover, serum zinc levels may not accurately
reflect intracellular zinc distribution or tissue
utilization, which may be altered during chronic
inflammatory states.[18]

Overall, the findings of the present study support
the presence of trace-element imbalance in
psoriasis while demonstrating that serum zinc
levels and the Cu/Zn ratio may have limited utility
as markers of disease severity. The variability of
findings across studies underscores the influence
of nutritional status, inflammatory burden,
methodological differences, and population
characteristics. Future large-scale longitudinal
studies incorporating dietary assessment,
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inflammatory  biomarkers, and treatment
variables are warranted to further clarify the role
of trace elements in the pathophysiology and
clinical monitoring of psoriasis.

Strengths of the Study

. The study employed standardized severity
assessment using PASI scoring, allowing
objective stratification of disease severity.

. Appropriate non-parametric statistical
methods were used in view of the non-
normal  distribution of biochemical
variables.

. The evaluation of both individual trace
elements and the Cu/zn ratio provides a
more comprehensive understanding of
trace-element balance in psoriasis.

. The findings contribute region-specific
data, adding to the limited Indian literature
on trace elements and psoriasis severity.

Limitations of the Study

. The cross-sectional design precludes
causal inference between trace-element
alterations and disease severity.

. The sample size, though adequate for
exploratory analysis, may limit the detection
of subtle associations.

. Dietary intake, supplementation status,
and inflammatory markers were not
assessed, which may influence serum
trace-element levels.

. Serum measurements may not accurately
reflectintracellularortissuetrace-element
status, potentially underestimating their
biological relevance.

. Treatment history and disease duration
were not fully accounted for, which could
have influenced biochemical parameters.
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clinical considerations
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ABSTRACT:

Background: Cardiovascular  diseases  are
increasingly prevalent due to lifestyle factors and
population aging. It is essential for dentists to be
familiar with the most common cardiovascular
conditions, the medications used to treat them,
the risks associated with dental treatment, and the
strategies to prevent medical emergencies.

Material and methods: A bibliographic search was
performed in PubMed/MEDLINE and the Cochrane
Library, including articles published in English on
cardiovascular patients in dentistry.

Results and discussion: Cardiovascular diseases
encompass a wide range of conditions, from arterial
hypertension to ischemic heart disease. Patients
with these conditions should be managed on an
individualized basis in the dental clinic in order to
prevent complications and medical emergencies
during dental treatment.

Conclusions: A comprehensive medical history is
essential in cardiovascular patients, including a
detailed review of their pharmacological treatment
and potential drug interactions. Proper risk
assessment, individualized treatment planning,
and effective communication with the patient’s
physician when necessary are key to preventing
complications and medical emergencies during
dental care. Continuous updating of cardiovascular
knowledge is therefore fundamental in daily dental
practice.

KEYWORDS:
cardiovascular diseases, dental treatment,
hypertension, ischemic heart disease, oral

surgery, valvular heart diseases.
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1. Introduction

Cardiovascular  diseases are increasingly
prevalent, and dentists must be familiar with
these conditions in order to provide appropriate
dental care without increasing patient risk.

They comprise a broad group of conditions
ranging from arterial hypertension to arrhythmias
or valvular heart diseases. Hypertension is the
most common cardiovascular condition and
may cause serious cardiac damage. Elevated
blood pressure can lead to angina pectoris,
myocardial infarction, heart failure, and cardiac
arrhythmias, which in severe cases may result
in sudden cardiac death. Hypertension may
also cause obstruction or rupture of the arteries
supplying blood and oxygen to the brain, leading
to stroke, as well as renal damage resulting in
renal failure.

In this literature review, we analyze the main
cardiovascular diseases and the precautions
that should be taken during dental treatment of
these patients.

2. Methodology of the literature
review

A narrative literature review was conducted
using electronic databases, including PubMed,
Scopus, and Web of Science. The search strategy
included combinations of keywords such as
“cardiovascular diseases”, “dental treatment”,
“hypertension”, “ischemic heart disease”, “oral
surgery”, and “valvular heart diseases”.

Inclusion criteria: Articles published in English,
clinical studies, systematic reviews, guidelines,
and studies focusing on the dental management
of cardiovascular patients.
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Exclusion criteria: Case reports with limited
generalizability, non-peer-reviewed articles

The selection process involved screening titles
and abstracts, followed by full-text review of
relevant articles.

3. Analytical Discussion

Vascular diseases

Arterial hypertension is defined as blood
pressure 2140/90 mmHg according to the
European Society of Cardiology, or 2130/80
mmHg according to the American College of
Cardiology. (1)

The basic principles of dental treatment in
hypertensive patients are:

Pain should be avoided; therefore, the use of
vasoconstrictors is recommended. However,
adrenaline can increase blood pressure and
may interact with non-selective beta-blockers,
causing hypertension and reflex bradycardia.
It may also interact with diuretics, potentially
worsening hypocalcemia. In  hypertensive
patients, the use of up to two cartridges of
lidocaine 1:100.000 (0.018 mg of adrenaline)
is recommended, or alternatively up to four
cartridges of articaine 1:200.000, which contains
0.009 mg of adrenaline per cartridge. (2-4)

Short appointments, preferably in the morning;
diazepam (5-10 mg) may be prescribed when
indicated. To prevent orthostatic hypotension,
the patient should be raised gradually. In
addition, nonsteroidal anti-inflammatory drugs
(NSAIDs) are not recommended, as they may
increase blood pressure. Avoid extensive surgical
procedures to reduce the risk of bleeding. (2

The patient’'s medication must be known and
carefully recorded in the medical history. There
are several groups of antihypertensive drugs:

Diuretics  (hydrochlorothiazide, — furosemide,
indapamide) promote renal excretion of sodium
and water, reducing plasma volume and
consequently blood pressure. They are usually
the first-line drugs prescribed for hypertensive
patients. (5)

Beta-blockers (atenolol, carvedilol, propranolol,
metoprolol) are commonly prescribed and
lower blood pressure by reducing heart rate and
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myocardial contractility. (6)

Angiotensin-converting enzyme inhibitors (ACE
inhibitors) (enalapril, captopril, lisinopril) block
the conversion of angiotensin | to angiotensin II,
thereby reducing vasoconstriction and sodium
retention. (7)

Calcium  channel  blockers  (amlodipine,
nifedipine, diltiazem, verapomil) reduce blood
pressure by limiting calcium entry into cardiac
muscle and vascular smooth muscle. This
results in decreased total peripheral resistance,
and some agents also reduce heart rate and
myocardial contractility. (8)

Alpha-adrenergic  antagonists  (doxazosin,
prazosin, terozosin) block  oy-adrenergic
receptors in vascular smooth muscle, leading
to reduced arteriolar and venous tone. They are
less commonly used, usually in combination with
other agents, and may increase the risk of falls in
elderly patients. (9)

Direct vasodilators (hydralazine, minoxidil) act
directly on vascular smooth muscle, producing
arteriolar vasodilation and thereby reducing
peripheral vascular resistance. They are mainly
used in severe or resistant hypertension, usually
in combination with other drugs such as diuretics
and beta-blockers. (10)

Angiotensin Il receptor blockers  (ARBs)
(Iosortcn, valsartan, irbesortan) selectively
block type 1 angiotensin Il receptors, reducing
vasoconstriction and aldosterone secretion,
thereby lowering blood pressure and providing
cardiovascular and renal protective effects. (11)

Dentists must be aware of the oral manifestations
and effects associated with these medications:
Gingival hyperplasia, xerostomia, lichenoid
reaction, dysgeusia, ageusia, oral ulceration,
angioedema, facial flushing, increased risk of
gingival bleeding and infection. (12-17)

Gingival enlargement associated with
antihypertensive drugs, particularly calcium
channel blockers such as amlodipine and
nifedipine, requires a multidisciplinary approach.
Initial management is based on non-surgical
measures, including intensive plaque control
(both professional and at-home), scaling and
root planing, oral hygiene instruction, and the
use of adjunctive antimicrobial agents such as
chlorhexidine. In parallel, consultation with the
patient’s physician is recommended to evaluate
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the possibility of substituting the causative
medication when clinically feasible. In cases
where gingival overgrowth persists and results
in functional or aesthetic impairment, surgical
intervention, such as gingivectomy or periodontal
flap surgery, may be indicated. (14,18)

Xerostomia is a common finding and is typically
diagnosed based on a subjective complaint of
dry mouth, reduced salivary flow (unstimulated
<0.1 mL/min), and clinical signs such as dry
mucosaq, fissured tongue, and increased risk of
dental caries. Management includes frequent
hydration and salivary stimulation (e.g., sugar-
free chewing gum), the use of saliva substitutes
and oral moisturizers, and, in severe cases,
sialogogues such as pilocarpine when not
contraindicated. Topical fluoride should be
recommended to prevent caries, and alcohol-
containing mouthrinses should be avoided. (19)

Oral lichenoid reactions may present as
unilateral or bilateral white striations, often
accompanied by erythematous or erosive areas,
and are frequently associated with medications
such as ACE inhibitors or beta-blockers.
Diagnosis is primarily clinical, although biopsy
may be required to differentiate these lesions
from oral lichen planus. Management involves
identification and, when possible, substitution
of the causative drug in consultation with the
patient’s physician, along with the use of topical
corticosteroids as first-line therapy. Regular
follow-up is recommended due to the low but
relevant risk of malignant transformation. (17)

Dysgeusia or ageusia may also occur in patients
taking cardiovascularmedications.Management
includes reviewing the patient's medication
list to identify potential causative agents and
implementing strategies to improve salivary
function. These conditions can significantly
affect nutrition and quality of life, particularly in
elderly cardiovascular patients. (16)

It is also essential to consider the potential
interactions between cardiovascular drugs and
commonly prescribed medications in dental
practice, as these may lead to significant adverse
effects. (20) Macrolide antibiotics, such as
erythromycin and clarithromycin, can increase
the plasma levels of calcium channel blockers,
thereby increasing the risk of hypotension and
cardiac arrhythmias. (21)

Similarly, azole antifungals, including
ketoconazole and fluconazole, may elevate the

http://apc.aast.edu

serum concentrations of several cardiovascular
drugs, such as statins, calcium channel blockers,
and certain anticoagulants, potentially leading
to toxicity. Metronidazole is also of concern,
as it can potentiate the anticoagulant effect
of vitamin K antagonists, increasing the risk of
bleeding complications. (22)

Opioid analgesics, such as codeine and
tramadol, may interact with beta-blockers
or other central nervous system depressants,
resulting in enhanced sedation and anincreased
risk of adverse effects, particularly in elderly or
medically compromised patients. In addition,
nonsteroidal anti-inflammatory drugs (NSAIDs)
may reduce the efficacy of antihypertensive
medications and contribute to an increased
cardiovascular risk. (20)

Therefore, a thorough drug history is essential,
and when necessary, consultation with the
patient’s physician should be undertaken to
minimize the risk of drug-related complications
and ensure safe dental care.

Patients with a history of thrombosis orembolism
are at risk of stroke or myocardial infarction due
to blood clots that obstruct or travel through the
vascular system. These patients are commonly
treated with anticoagulant or antiplatelet
therapy. (23-25)

In oral surgery, the protocol for patients
receiving antiplatelet or anticoagulant therapy
is as follows, depending on the medication:
Acetylsalicylic acid. For minor interventions, such
as simple extractions (fewer than three teeth) or
uncomplicated surgeries (e.g., implants without
grafting), discontinuation of antiplatelet therapy
is not necessary. Local hemostatic measures
should be implemented. The risk of discontinuing
antiplatelet therapy generally outweighs the risk
of bleeding. (26)

Patients treated with acenocoumarol should
not receive modifications or suspension of their
treatment. However, the patient must be asked
for an INR on the same day or the day before the
procedure. If the value is under 3, surgery can be
performed. (27)

If the value of INR is above 3 and an important
bleeding is expected due to procedures such
as multiple extractions, multiple implants, or a
flap surgery combined with ostectomy, the dose
must be adjusted, or the acenocoumarol should
be changed to heparin by the treating physician
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two days prior to surgery and resumed the
same day as the extraction, about 12 hours after.
Also, the patient must continue with heparin
treatment until the anticoagulation levels are
reached. However, it is preferable to postpone
surgery until the INR is below 3, measured on
the same day or within 24 hours prior to the
procedure, and to avoid complex interventions
by, for example, staging the treatment, limiting
the number of extractions, or avoiding multiple
implant placements. (27)

Patients treated with direct oral anticoagulants
(DOACS):

Dabigatran,athrombininhibitor,isrecommended
at a dosage of 150 mg twice daily. (28)

Rivaroxaban, a direct Factor Xa inhibitor, is
recommended at 15-20 mg once daily. (29)

Apixaban, another Factor Xa inhibitor, is typically
prescribed at 5 mg twice daily. (30)

Edoxaban, also a Factor Xa inhibitor, has a
recommended dosage of 60 mg once daily. (31)

The time to reach maximum plasma
concentration ranges from 1 to 4 hours, and the
anticoagulant effect usually diminishes within 12
to 24 hours after administration. (30)

For non-invasive oral surgeries, current
recommendations advise against interrupting
anticoagulant therapy to reduce the risk of
thromboembolism. (32)

For more invasive surgical procedures, such as
multiple extractions, implant placement with
grafting, wide mucoperiosteal flaps, impacted
third molar removal involving ostectomy, or long
surgical duration (>45-60 minutes), it is essential
to evaluate both bleeding and thrombotic risks.
Treatment should be scheduled early in the
day. For patients taking apixaban or dabigatran
(administered twice daily), some clinicians
recommend that the morning dose be omitted.
Patients taking rivaroxaban or edoxaban (once
daily) should delay the dose until at least four
hours after the procedure. If the usual dosing time
i(s ir; the afternoon, no adjustment is necessary.
33

The procedure must be performed as late as
possible after the last intake (at least 12 hours
after in twice daily dose and 24 hours after in
single daily dose. (33)

In periodontal therapy, the protocol varies
depending on the procedure.

Non-surgical periodontal therapy (scaling and
root planing) is considered a low-risk procedure;
anticoagulant/antiplatelet therapy should not
be interrupted, and local hemostatic measures
(pressure, tranexamic acid) are usually sufficient.

Periodontal surgery (e, flap surgery):
moderate bleeding risk, procedures should be
limited in extent (quadrant-based approach
recommended), careful flap design and
atraumatic technique are essential, and use
of local hemostatic agents and sutures is
mandatory.

Regenerative  procedures  (bone  grafts,
membranes): higher bleeding risk, require
individualized assessment, and in selected

cases, temporary modification of anticoagulant
therapy may be considered in consultation with
the physician.

Renal function must be considered, especially for
dabigatran, which is primarily renally excreted.

Unlike vitamin K antagonists, direct oral
anticoagulants (DOACs) do not usually require
bridging therapy with heparin due to their short
half-life and rapid onset of action. Bridging
is generally discouraged, as it may increase
bleeding risk without reducing thromboembolic
events. (34)

The use of hemostatic measures during or after
the procedure can often eliminate the need to
suspend antiplatelet or anticoagulant therapy.
The most recommended techniques include
alveolar curettage to remove granulation
tissue, use of sutures (preferobly resorbable),
gauze compression, fibrin sponges, resorbable
gelatin sponges, oxidized cellulose, and bone
wax. Although bone wax can be effective for
controlling bleeding from cancellous bone, its
use is associated with potential complications,
including foreign body reactions, chronic
inflammation, infection, and impaired bone
healing. Therefore, its use should be limited to
cases where other hemostatic measures are
insufficient.

Antifibrinolytic agents may also be employed,
such as Tranexamic acid (500 mg injectable
solution), which can be used to soak gauze pads
for gentle rinsing during the first two days, at
least one minute every 6 hours. Also, Epsilon-
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aminocaproic acid (4 g injectable solution) may
be applied in the same manner as tranexamic
acid. (35)

Tranexamic acid is the most widely studied agent.
It acts by inhibiting plasminogen activation,
thereby stabilizing the fibrin clot.

Epsilon-aminocaproic acid (EACA) has a similar
mechanism of action but is less potent and less
extensively studied in dental settings. Current
evidence suggests that tranexamic acid provides
more predictable hemostasis and is therefore
preferred in clinical practice.

However, both agents are effective when used
adjunctively with local measures such as sutures
and gelatin sponges. (35)

Peripheralarterialdisease (PAD)is characterized
by obstruction of arteries in the extremities, most
commonly in the lower limbs, and represents
a manifestation of systemic atherosclerosis. It
is associated with a high cardiovascular and
cerebrovascular risk, including myocardial
infarction and stroke. These patients are
treated with antiplatelet therapy, with the same
implications regarding bleeding risk during oral
surgery.

Cerebrovascular diseases

Stroke. These patients are commonly treated
with  antiplatelet agents, anticoagulants,
antihypertensive drugs, and other cardiovascular
medications.

Traditionally, it has been recommended to wait
between 6 and 12 months before providing
dental treatment to these patients; however,
maintaining good oral health and oral care
is essential, and with appropriate medical
supervision, dental treatment may be performed
before the 6-month period. (36) In these
patients, oral health is often neglected due to
limited ability to maintain oral hygiene; therefore,
early oral assessment is essential to prevent
complications such as aspiration pneumonia
and malnutrition. (37)

Aneurysms are abnormal dilatations of blood
vessel walls, such as the aorta. These patients
are usually polymedicated and receive
antinypertensive drugs, antiplatelet therapy
such as acetylsalicylic acid or clopidogrel,
sometimes dual antiplatelet therapy, and,
in some cases, anticoagulants when atrial
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fibrillation is present. They have an increased risk
of bleeding during oral surgery, and medication
should not be discontinued without a medical
indication. Short appointments and adherence to
antihnemorrhagic protocols are recommended.

(33)

Cardiac diseases

A thorough medical history should be obtained
to identify the type and severity of the cardiac

condition, its duration, any previous complica-
tions, and the medication the patient is receiving.

It is important to emphasize that periodontal
disease and cardiovascular diseases,
particularly atherosclerosis and ischemic heart
disease, exhibit a well-documented bidirectional
relationship. Chronic periodontal inflammation
contributes to systemic inflammatory burden
through the release of pro-inflammatory
mediators such as interleukin-6 (IL-6), tumor
necrosis factor-alpha (TNF-o), and C-reactive
protein (CRP), which are known to play a role in
endothelial dysfunction and atheroma formation.

Periodontalpathogens,including Porphyromonas
gingivalis, have been identified in atherosclerotic

plaques, suggesting a direct microbial
contribution to vascular disease.
Conversely, cardiovascular patients often

present with worsened periodontal status due to
reduced immune response, polypharmacy, and
limited ability to maintain oral hygiene.

Therefore, periodontal therapy should be
considered part of the global management of
cardiovascular patients, as it may contribute to
reducing systemic inflammation and improving
cardiovascular outcomes. (38)

Periodontal  evaluation in  cardiovascular
patients should include probing depth, bleeding
on probing, and radiographic bone loss, as these
parameters are essential for assessing disease
severity and guiding treatment planning.

Antimicrobial mouthrinses, particularly
chlorhexidine (0.12-0.2%), are recommended in
the perioperative management of cardiovascular
patients undergoing periodontal or surgical
procedures. Preoperative rinsing reduces
bacterial load and the risk of bacteremia, while
postoperative use may help prevent infection
and support wound healing.
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Ischemic heart disease (IHD) is characterized
by insufficient blood supply to the heart, usually
due to obstruction of the coronary arteries, and
includes conditions such as angina pectoris and
acute myocardial infarction.

The main symptom of ischemic heart disease is
precordial pain, which occurs when the balance
between myocardial oxygen supply and demand
is altered. This pain may radiate to the left arm,
neck, jaw, palate, or tongue, and can be triggered
by meals, physical exertion, or stress.

Orofacial pain may represent, therefore, the
initial manifestation of ischemic heart disease
and should be carefully distinguished from
odontogenic or temporomandibular disorders.
Pain of cardiac origin is typically diffuse, poorly
localized, and relieved following administration
of nitroglycerin. In contrast, odontogenic pain
is usually well localized and associated with
thermal stimuli, while temporomandibular
disorder-related pain is often linked to jow
movement and presents as muscular or joint
discomfort. Given that cardiac-related orofacial
pain may occur in the absence of evident dental
pathology, clinicians must maintain a high index
of suspicion,; if such an origin is suspected, dental
treatment should be discontinued immediately,
and the patient referred for urgent medical
evaluation. (39)

In stable anginag, the pain lasts for a few minutes
and resolves when the triggering stimulus
ceases, whereas in myocardial infarction and
unstable angina, it persists for a longer duration.
The general treatment of ischemic heart disease
is based on nitrates, beta-adrenergic blockers,
calcium channel blockers, antiplatelet agents,
and anticoagulants. It is recommended to
wait at least 6 months before providing dental
treatment to a patient who has suffered a
myocardial infarction. In this case, the use of
adrenaline is also recommended with caution.
No more than two cartridges of lidocaine 1:100.000
with vasoconstrictor (equivalent to 0.036 mg
of adrenaline) or four cartridges of articaine
1:200.000 containing the same total amount of
adrenaline should be administered. (2)

In anxious patients, benzodiazepines such as
diazepam (5-10 mg) may be administered;
however, caution is required in elderly patients
(risk of oversedation and falls), patients with
respiratory disease or sleep apneqg, and those
taking opioids or consuming alcohol. Additionally,
potential drug interactions must be considered,

143

as benzodiazepines may potentiate the effects
of opioids, increasing the risk of respiratory
depression, and may also enhance sedation
when combined with beta-blockers or other
antihypertensive medications. (40)

Blood pressure and pulse oximetry should be
monitored. Patients with unstable angina must
be medically stabilized before dental treatment.
In case of chest pain, sublingual nitroglycerin and
oxygen therapy (3 L/min) should be provided.
Postoperative bleeding and pain should be
minimized. (41,42)

Heart failure is a condition in which the heart
is unable to pump blood efficiently, leading to
its accumulation in the lungs, lower limbs, or
other organs. Patients may present with cough,
fatigue, and dyspnea. It commonly coexists with
hypertension, ischemic heart disease, valvular
heart disease, and arrhythmias, and these
patients are often polymedicated. For dental
management, appointments should be short,
and benzodiazepines may be administered to
reduce stress. The patient should not be placed
fully supine to avoid dyspnea and pulmonary
congestion, and the dental chair should be raised
gradually. Adrenaline use should be limited to a
maximum of two cartridges of 1:100.000 or four
cartridges of 1:200.000. In patients with

severe functional limitation, only short and
urgent treatments should be performed after
consultation with the cardiologist. Nonsteroidal
anti-inflammatory drugs should be avoided,
with  paracetamol recommended instead.
Due to increased bleeding risk, prolonged
surgical procedures in a single session should
be avoided. (2) In some cases, these patients
may receive a ventricular assist device. Oral
sanitation should be performed prior to device
implantation to prevent infections, and patients
should be instructed on proper oral hygiene. In
addition, these patients are usually receiving
anticoagulant therapy. (43)

Valvular heart diseases include rheumatic
heart disease, mitral valve prolapse, aortic
valve disease, prosthetic valves, prior infective
endocarditis, and congenital valve disorders.
Patients should maintain good oral hygiene
and receive regular professional dental care.
Strict infection control is required, and antibiotic
prophylaxis is recommended before high-risk
dental procedures, including extractions, oral
and periodontal surgery, gingival or periapical
manipulation, and dental implant placement. (2)

http://apc.aast.edu



June 2026

Advances in Medical, Pharmaceutical and Dental Research Journal (AMPDR)- ISSN 2812-4898
http://dx.doi.org/10.21622/ AMPDR.2026.06.1.2025

High-risk patients include those with a history of
infective endocarditis, those with prosthetic heart
valves or any implanted material used for valve
repair, patients with congenital heart disease
associated with a risk of infective endocarditis,
whether untreated or treated with prosthetic
material, and patients with ventricular assist
devices implanted for heart failure. (2,44)

Antibiotic prophylaxis for infective endocarditis
consists of a single dose administered 30-60
minutes before the procedure. Amoxicillin is the
first-line antibiotic (2 g orally in adults; 50 mg/
kg in children). In penicillin-allergic patients,
recommended alternatives include cephalexin
(2 g orally in adults; 50 mg/kg in children),
azithromycin (500 mg orally), clarithromycin
(500 mg orally; 15 mg/kg in children), or
doxycycline (100 mg orally; 2.2 mg/kg in patients
<45 kg). Clindamycin is discouraged due to the
i(ncr)eqsed risk of Clostridioides difficile infection.
44

Arrhythmias include atrial fibrillation, ventricular
tachycardia, and bradycardia. Patients with
atrial fibrillation are usually anticoagulated and
require bleeding management protocols. (45)
Anxiety control and limited use of adrenaline
are essential to prevent arrhythmias. (2)
Some patients may have pacemakers, and
dental clinics should be equipped with a semi-
automatic external defibrillator. (46) Patients
with cardiomyopathies, heart failure, or valvular
disease have a higher arrhythmic risk and are
commonly treated with beta-blockers. (2,47)

4. Conclusions

Cardiovascular diseases represent the leading
cause of mortality worldwide and are highly
prevalent among patients attending dental
clinics. Specific guidelines must be followed to
prevent potentially serious complications.

Epidemiological studiesindicate that asignificant
proportion of adult dental patients present with
at least one cardiovascular risk factor, such as
hypertension, diabetes, or dyslipidemia.

Socioeconomic disparities significantly influence
both cardiovascular and oral health outcomes.
Patients with lower socioeconomic status often
exhibit a higher prevalence of cardiovascular
diseases and periodontal disease, compounded
by reduced access to dental and medical care.
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Barriers include financial limitations, low health
literacy, and limited access to preventive
services. These factors contribute to delayed
diagnosis, poor disease control, and increased
risk of complications.

Community-based strategies should focus on
improving access to affordable dental care,
integrating oral health into primary healthcare
systems, and promoting interdisciplinary
collaboration between dentists and physicians.
In addition, enhancing patient education on the
relationship between oral and systemic health is
essential to increase awareness and encourage
preventive behaviors, particularly in populations
at higher risk of both oral and cardiovascular
diseases.

Continuous  professional development is
essential to ensure that dental practitioners are
adequately prepared to manage patients with
cardiovascular diseases. Training should include
medical risk assessment, management of
emergencies, and pharmacological knowledge,
particularly regarding drug interactions and
anticoagulation. In addition, public health
initiatives  should promote cardiovascular
screening in dental settings and interdisciplinary
collaboration. These strategies can improve
patient safety and reinforce the role of dentistry
within the broader healthcare system.

The dental team, including dentists and dental
hygienists, plays a critical role in the early
detection of undiagnosed cardiovascular
disease through routine clinical assessment. A
thorough evaluation should include inquiry about
symptoms such as chest pain or discomfort,
dyspnea on exertion, palpitations, or syncope, as
well as a review of the patient’s medical history
for known hypertension, previous myocardial
infarction or stroke, and current medication use,
particularly anticoagulants and antihypertensive
agents. In addition, measurement of blood
pressure during the dental visit is an essential
screening tool. Patients presenting with
suspicious findings should be referred for medical
evaluation prior to undergoing elective dental
treatment, thereby contributing to improved
patient safety and overall healthcare outcomes.
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of Hyptis Suaveolens Leaves
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ABSTRACT:

Medicinal plants serve as valuable reservoirs of
bioactive compounds with therapeutic potential,
offering alternatives in the fight against drug-
resistant infections. Hyptis suaveolens (L.) Poit,
though widely used in traditional medicine, remains
underexplored despite reports of antimicrobial,
anti-inflammatory, and other pharmacological
activities.

Given the global need for novel antimicrobials, this
study investigated the volatile (essential oils) and
non-volatile (methanolic) extracts of H. suaveolens
leaves, aiming to assess their antimicrobial
activity against selected bacterial and fungal
pathogens. Fresh Hyptis suaveolens leaves were
collected and authenticated at Adekunle Ajasin
University, Nigeria. Essential oils were obtained via
hydrodistillation, while methanolic extracts were
prepared by maceration. Antimicrobial activity
against clinical isolates (E. coli, P. aeruginosa,
B. cereus, K. pneumoniae, and C. albicans) was
assessed using agar well diffusion, with MIC and
MBC determined through macro-broth dilution
techniques. Hydrodistillation of fresh leaves yielded
2.7% essential oil, while methanol extraction of
dried leaves produced 1.5% crude extract. Both
extracts inhibited all six clinical isolates, with the
methanolic extract showing greater efficacy. The
highest inhibition zone was recorded against
Candida albicans (32 mm), and the lowest against
Staphylococcus aureus (27 mm).

Minimum inhibitory concentration (MIC) testing
revealed consistent activity of the methanolic
extract across all concentrations, whereas the

http://apc.aast.edu

Antimicrobial Activity of Volatile and Non-Volatile Extracts

Ademati Oluwasegun Temitope', Emmanuel Ndezure? Oguiku
Kaosisochukwu Allwell}, Mahmud Lawal?, Sikiru Abdulazeeez Kayode' and

'Adekunle Ajasin University, Department of Chemical Sciences, Ondo state, Nigeria
2Kwame Nkrumah University of Science and Technology, Department of Theoretical

SFederal University of Technology, Department of Chemistry, Owerri, Nigeria
“Federal University of Technology, Department of Biochemistry, Minna, Nigeria

Emails: adematisegun6@gmail.com, endezure20@gmail.com, kosioguike27@gmail.com,
mahhmudlawalee@gmail.com, sikiru.abdulaeez02@gmail.com, Missbee2kl13@gmail.com

Received B2 February 2826 - Accepted 21 March 2826 - Published 83 June 2826

essential oil displayed variable inhibition. Minimum
bactericidal concentration (MBC) assays confirmed
bactericidal activity of both extracts, with E. coli
and Pseudomonas aeruginosa eradicated at 25—
50 mg/mL, while Klebsiella pneumoniae required
the highest concentration (125 mg/mL). Hyptis
suaveolens extracts exhibited broad-spectrum
antimicrobial and bactericidal activity, with the
methanolic extract showing superior potency,
highlighting its potential as a natural alternative
antimicrobial source.

KEYWORDS:

Hyptis  suaveolens; antimicrobial activity;
essential oil;, methanolic extract; minimum
inhibitory concentration.

1. Introduction

Medicinal plants, formally recognized for

containing bioactive substances usefulindisease
treatment, have been integral to healthcare for
millennia [1,2]. Derivation of therapeutic agents
from plants has attracted global attention due
to their perceived safety, accessibility, and cost-
effectiveness. Herbal medicines are typically
prepared from leaves, roots, bark, seeds, or
flowers and administered via oral, inhalation,
or topical routes [3]. Beyond their cultural and
historical relevance, medicinal plants remain a
cornerstone for drug discovery and development,
serving as reservoirs of bioactive compounds
with proven pharmacological potential [4].

The therapeutic activities of medicinal plants
are primarily attributed to their phytochemical
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constituentssuchasalkaloids, flavonoids, tannins,
terpenoids, saponins, phenolic compounds, and
essential oils. These natural compounds not
only contribute to traditional healing practices
but also form the structural backbone of many
modern pharmaceuticals [5]. Historically, the
medicinal use of plants emerged through
empirical observation, where beneficial and toxic
species were distinguished through trialand error.
Knowledge was preserved through generations,
forming the basis of traditional medicine across
diverse cultures. Despite the scientific progress
of synthetic chemistry, there remains a strong
interest in plant-based bioactive compounds,
both for their direct therapeutic use and as lead
molecules for novel drug design [6].

Hyptis suaveolens (L.) Poit, commonly referred
to as “mosquito plant,” represents one such
species of significant ethnomedicinal value.
Native to tropical and subtropical regions, H.
suaveolens is often considered a pervasive
weed but has been documented to possess
diverse pharmacological properties. Its leaves
are rich in pharmacologically active secondary
metabolites with antispasmodic, anti-colic,
anti-rheumatic, and anti-fertility effects [7].
Additional reports highlight sedative, diuretic,
aromatic, anti-inflasnmatory, anti-pyretic, anti-
catarrhal, anti-rheumatic, anti-soporific, and
anti-cancer activities [8]. The essential oils of H.
suaveolens have demonstrated antimicrobial
and antifungal properties, while the roots contain
ursolic acid, a triterpenoid with documented anti-
retroviral potential through inhibition of retroviral
integrases and proteases [9,10,11]. Phytochemical
studies of the leaves have revealed alkaloids as
the dominant metabolites, followed by tannins
and saponins [12].

Although H. suaveolens is widely used in
traditional medicine, its chemical diversity and
antimicrobial potential remain underexplored
compared to other medicinal plants of global
relevance. Reports on its essential oil profile
and non-volatile metabolites are still limited,
particularly in relation to their activity against
clinically important pathogens. This represents
a significant knowledge gap, given the urgent
global demand for alternative antimicrobial
agents in the face of rising antimicrobial
resistance.

Here, we investigate the volatile and non-
volatile constituents of H. suaveolens leaves and
evaluate their antimicrobial activities against
selected pathogens. Specifically, essential
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oils were extracted by hydrodistillation using
a Clevenger apparatus, while methanol was
employed for solvent extraction of non-volatile
compounds. The antimicrobial potential of both
extracts was subsequently tested to establish
their comparative efficacy.

2. Materials and Methods

Plant Material

Fresh leaves of Hyptis suaveolens were collected
from the campus of Adekunle Ajasin University,
Akungba Akoko, Ondo State, Nigeria. The plant
was authenticated by Dr. Obembe, Department
of Plant Science and Biotechnology, Adekunle
Ajasin University, and a voucher specimen was
deposited in the departmental herbarium.

Extraction of Plant Constituents

Essential Oil Extraction

Volatile oils were extracted from 250 g of fresh
leaves by hydrodistillation using a Clevenger-
type apparatus for 3 h, following standard
protocols [9]. The oil was dried over anhydrous
sodium sulfate and stored at 4 °C in airtight vials
until use.

Methanol Extraction

Powdered air-dried leaves (50 g) were extracted
with 200 mL of methanol by maceration for 72
h. The extract was filtered (Whatman No. 1) and
concentrated under reduced pressure at 40 °C
using a rotary evaporator (BUchi, Switzerland).
The dried extract was stored at 4 °C in sterile
containers.

Test Microorganisms

Clinical isolates of Escherichia coli, Pseudomonas
aeruginosa, Bacillus cereus, Klebsiella
pneumoniae, and Candida albicans were
obtained from the Microbiology Laboratory of
Adekunle Ajasin University. The strains were
subcultured on nutrient agar and maintained at
4 °C until use.

Standardization of Inoculum

The bacterial inocula were standardized to a 0.5
McFarland turbidity standard, corresponding to
~1.5 x 10A8 CFU/mL, by adjusting the turbidity of
24 h broth cultures with sterile saline [17].
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Preparation of Extract Solutions

Stock solutions (100 mg/mL) of the methanol
extract were prepared in 30% dimethyl sulfoxide
(DMSO) and sterile distilled water (1:3, v/v).
Two-fold serial dilutions vyielded working
concentrations of 50, 25, 12.5, 6.25, and 3.125 mg/
mL. Essential oil dilutions were prepared similarly.

Antimicrobial Susceptibility Testing

The antimicrobial activity of extracts was
evaluated using the agar well diffusion method
according to Clinical and Laboratory Standards
Institute (CLSI) guidelines [18]. Mueller—Hinton
agar was seeded with standardized inocula
of test organisms, and wells (5 mm diameter)
were bored aseptically. Each well received 100
pL of extract solution at different concentrations.
Erythromycin (10 ng/mL) served as the positive
control, while solvent served as the negative
control. Plates were incubated at 37 °C for 24 h,
and the zones of inhibition were measured in
millimeters.

Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC)

MICs were determined by macro-broth dilution
following the method of Parvekar et al. (2020)
with slight modifications. Serial dilutions of
extracts (50-3.125 mg/mL) were prepared in
Mueller—Hinton broth. MIC was defined as the
lowest concentration with no visible growth
after 24 h incubation at 37 °C. To determine
MBC, aliquots from MIC tubes showing no visible
growth were plated onto Mueller—Hinton agar.
MBC was recorded as the lowest concentration,
yielding no colony growth after incubation. For
Candida albicans, Sabouraud dextrose broth
and agar were used.

3. Results and Discussion

Chemical Composition of Hyptis suaveolens

Extracts

The chemical composition of essential oils
obtained from Hyptis suaveolens (L) Poit. has
been reported by several studies, showing
marked variation across geographic regions
and even within countries. The species is widely
distributed in tropical and subtropical zones
of Asia, the Americas, and Africa, and at least
seven major chemotypes have been identified,

http://apc.aast.edu

including 1,8-cineole, sabinene, g-caryophyllene,
eugenol, oromodendrene/oIloaromadendrene,
fenchone, and menthol types [13].

Comparisons among samples from Cameroon,
India, and Nigeria illustrate both inter- and intra-
country differencesin oil profiles (Table 2).Inmany
Indian and Nigerian collections, monoterpene
hydrocarbons predominate, ranging from
32.5-64.1% and 22.9-55.5%, respectively [14]. In
contrast, specific populations show divergent
trends: leaves from Dehra Dun (India) contained
higher oxygenated sesquiterpenes (222.3%),
while Cameroonian samples typically yielded
31.2-38.2% oxygenated sesquiterpenes [13].

Within Nigeria, compositional diversity is evident.
Oils from lbadan and Lagos share only a limited
set of common compounds (Iimonene, linalool,
p-cymene, o-pinene, and o-phellandrene). The
Lagos specimen, as described by Tonzibo et al.
(2009), may represent a distinct chemotype, with
unusually high o-pinene (13.6%) and p-cymene
(N.7%) levels. Similarly, Chung et al. (2020)
reported that juvenile leaves contained elevated
concentrations of g-caryophyllene (22.3%),
a-phellandrene (10.6%), and caryophyllene oxide
(10.3%), suggesting that both leaf age and local
environmental conditions strongly influence
oil composition. These findings highlight the
chemical plasticity of H. suaveolens, shaped
by geography, genotype, phenology, and
environmental factors such as climate and soil.

In the present study, hydrodistillation of
fresh leaves yielded 2.7% (w/w) essential oil,
characterized as a dark green semi-viscous
liquid, while methanol extraction of air-dried
leaves gave 1.5% (w/w) crude extract, appearing
as a green liquid (Table 1). These yields are
consistent with reported values but may vary
according to extraction technique, plant maturity,
and origin, underscoring the importance of
standardized collection and processing methods
when comparing results across studies.

Table 1: Physicochemical properties and yields of Hyptis
suaveolens leaf extracts

Extraction method | Yield Colour Appearance
(%)

Hydrodistillation 2.7 | Dark green | Semi-viscous liquid

(fresh leaves)

Methanol solvent 1.5 Green Liquid

extraction

(air-dried leaves)
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Table 2: Representative compounds identified in the essential oils of Hyptis suaveolens collected from Cameroon, India, and
Nigeria

Compound Cameroon (Nga) | Cameroon (Yao) | India (Kum) India (Luc) | Nigeria (Iba) | Nigeria (Lag)

ar-Abietadiene - -

ar-Abietatriene 9.6 -

ar-Abietatrienol - -

neo-Abietol - -

Acetophenone - -

allo-Aromadendrene 0.4 1.3

Aromadendrene - 35

Atiserene 0.6 -

Bergamotol - 6.2

trqns—a—Bergomotene - -

trans—a—Bergomotene - -

— - - 19.8

trans-o-Bergamotol - -

- 0.3 - 1.9

(2)-trans-a- Bergamotol 12.8 -

20 - - -

Nga. = Ngaoundere; Yao. = Yaoundé; Kum. = Kumaun; Luc. = Lucknow; Iba. = Ibadan; Lag. = Lagos

Antimicrobial Activity: Zone of Inhibition

Both the methanolic extract and essential oil
of Hyptis suaveolens demonstrated inhibitory
activity against all six tested clinical isolates.
The methanolic extract consistently showed
higher antimicrobial efficacy than the essential
oil (Table 3). The strongest activity was observed
against Candida albicans (32 mm zone of
inhibition), while the weakest effect was noted
against Staphylococcus aureus (27 mm). These
results corroborate earlier findings by Pachkore
et al. (2011), who also reported broad-spectrum
activity of H. suaveolens extracts.

The superior performance of the methanolic
extract relative to the essential oil likely reflects
the higher solubility and wider range of bioactive
phytochemicals recovered by methanol
compared with volatile oil distillation. Among
the tested organisms, Pseudomonas aeruginosa
exhibited the lowest susceptibility, particularly to
the essential oil, which is consistent with its known
intrinsic resistance mechanisms such as biofilm
formation, efflux activity, and encapsulation
[21,22]. Overall, the results highlight that H.
suaveolens contains compounds with notable
antimicrobial activity, with methanolic extracts
being especially potent against yeast and Gram-
negative bacteria.

Table 3: Zone of inhibition (mm) of clinical isolates exposed to methanolic extract and essential oil of Hyptis suaveolens

Isolate Pseudomonas Candida Bacillus Klebsiella Staphylococcus
aeruginosa [o]/e]lele]p cereus pneumoniae aureus
Essential oil 24 20 23 2 20 22
Methanolic extract 28 29 32 30 30 27
Control 30 28 32 50 30 32

Sensitive (S 2 256 mm); Intermediate (I = 20-24 mm); Resistant (R < 19 mm)

Minimum Inhibitory Concentration (MIC)

The methanolic extract of Hyptis suaveolens
inhibited all six test organisms at every
concentration tested, including the lowest
level (3125 mg/mL), indicating strong and

consistent antimicrobial potency (Table 4). In
contrast, the essential oil displayed variable
inhibition across the organisms (Table 5). E. coli
and Pseudomonas aeruginosa were inhibited
at higher concentrations (2125 mg/mL) but
not at the lowest levels. Candida albicans
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and Staphylococcus aureus were inhibited
at 25-50 mg/mL, while Bacillus cereus and
Klebsiella pneumoniae required relatively higher
concentrations compared with the methanolic
extract. Overall, the methanolic extract
demonstrated broader and more consistent
inhibitory activity than the essential oil. These
findings align with earlier studies [22,23], which
reported stronger antimicrobial performance
of polar solvent extracts compared to essential
oils. Variations in susceptibility across organisms
may reflect structural differences in microbial
cell walls and membranes.

Table 4: Minimum inhibitory concentration (MIC) of the
methanolic extract of Hyptis suaveolens

for bactericidal effect, while Bacillus cereus
was eliminated at 50 and 25 mg/L. Klebsiella
pneumoniae succumbed only at 125 mg/L,
and Staphylococcus aureus was killed at 50
and 25 mg/L. Similarly, the essential oil showed
bactericidal effects, with E. coli and P. aeruginosa
eradicated at 50 and 25 mg/L. Candida
albicans and Staphylococcus aureus required
125 mg/L, while B. Cereus was eliminated at
50 and 25 mg/L. K. pneumoniae was the least
susceptible, responding only at the higher
concentrations. These variations in MBC values
highlight differences in microbial susceptibility,
likely influenced by structural and physiological
features such as cell wall composition and
membrane permeability [24]. Overall, both
the methanol extract and the essential oil of H.

Isolate SOl BV PR BEEE BERPER. suaveolens  exhibited  promising  bactericidal
: potential across bacterial and fungal pathogens,
E. coli A I R * though activity was strain-dependent.
Pseudomonas aeruginosa + + + + + Table 6: Minimum bactericidal concentration (MBC) of the
essential oil of Hyptis suaveolens
Candida albicans + + + + +
Bacillus cereus s+ |+ | 4 + Isolate 50 | 25 | 125 | 625 | 3125
Klebsiella pneumoniae + |+ + + + E. coli - - + + +
Staphylococcus aureus + + + + + Pseudomonas aeruginosa | - - + + +
+ = Growth observed, — = No growth observed candida albicans - - - + +
Table 5: Minimum inhibitory concentration (MIC) of the Bacillus cereus - _ - ¥ +
essential oil of Hyptis suaveolens
Klebsiella pneumoniae - - + + +
Isolate 50 25 | 125 | 6.25 | 3.125
Staphylococcus aureus - - - + +
E. coli + + + - -
+ = Growth observed, - = No growth observed
Pseudomonas aeruginosa + + + - -
Table 7: Minimum bactericidal concentration (MBC) of the
Candida albicans + + + _ _ methanolic extract of Hyptis suaveolens
Bacillus cereus S I R Isolate 50 | 25 | 125 | 6.25 | 3125
Klebsiella pneumoniae + + - - - E. coli - _ + + +
Staphylococcus aureus R I - - Pseudomonas aeruginosa | - | - | + + +
+ = Growth observed, — = No growth observed Candida albicans _ _ _ " "
Minimum Bactericidal Concentration (MBC)
Bacillus cereus - - - + +
In this study, the methanolic extract of Hyptis
suaveolens demonstrated bactericidal | klebsiella pneumoniae e e e *
activity against the tested clinical isolates. N . .
Complete eradication was observed for E. coli aphylococeus adreus
and Pseudomonas aeruginosa at 50 and 25 Srowth observed. — = N th observed
mg/L. Candida albicans required 125 mg/L = Frowinobserved = =Togrowth observe
http://apc.aast.edu
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4. Conclusion

The present study demonstrates that Hyptis
suaveolens  contains  diverse bioactive
compounds with significant antimicrobial
activity. Both methanolic and essential oil
extracts inhibited and killed a range of bacterial
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