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

 21            

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

http://apc.aast.edu

Volume  6

June 2026 June 2026

Volume 6

Issue 1 Issue 1

Hepatoprotective Properties of Psidium Guajava Fruit and 
Musa Parasidiaca Roots as a Di-Herbal Remedy in Wister 
Rats 

Hadiza Saidu Song1, Muhammad Bawa Yusuf 1 and Titilayo O. Bamidele1

Nassarawa State University, Natural And Applied Sciences, Department of 
Biochemistry, Keffi.

Emails: dpnengak@gmail,com, Abuddar@nsuk.edu.ng, titibamidele@nsuk.edu.ng

Received 24 September 2025  -  Accepted 11 January 2026  -  Published 31 March 2026

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 (CCl₄)-induced liver toxicity 
in Wistar rats. Forty-two rats (n=6 per group) were 
used. Liver damage was induced with CCl₄ (1 ml/
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. CCl₄ 
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.
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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).

Copyright © 2026, authors



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

 22http://apc.aast.edu

Volume  6

June 2026 June 2026

Volume 6

Issue 1 Issue 1

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 Nigeria, 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 a synergistic mechanism, 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 CCl₄-induced 
toxicity in Wistar rats.

2.	 Methodology

Collection and Extraction of Plant Materials

Guava fruit and Plantain roots were collected 
from a local 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 
soaked in 1.5 L of absolute methanol for three 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 

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 CCl₄ dose was standardized to 1 ml/kg diluted 
in olive oil (1:1).
The 42 rats were assigned to seven groups (n=6):
• Group 1: Control (no CCl₄)
• Group 2: Negative control (CCl₄ only)
• Group 3: CCl₄ + 500 mg/kg guava extract
• Group 4: CCl₄ + 500 mg/kg plantain extract
• Group 5: CCl₄ + 250 mg/kg di-herbal combo
• Group 6: CCl₄ + 500 mg/kg di-herbal combo
• Group 7: CCl₄ + 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).
Carbon tetrachloride in olive oil was administered 
intraperitoneally. Meanwhile, all the animals were 
fed on vital feed and water (H2O) 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 according 
to the method of Marcocci et al.  (1994)
(16). 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± 0.01, 
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
(mg/g GAE)

Total Flavonoids
(mg/100g QUE)

Guava fruit 288.05 ± 0.01 43.30 ± 0.56

Plantain roots 54.10 ± 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.

The results 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 
CCl₄ 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

Group Test (Unit) Total Protein(g/dl) Albumin (g/dL) Direct Bilirubin (µmol/L) Total Bilirubin (µmol/L)

1 Positive control 5.63 ± 0.31a 3.35 ± 0.09 a 17.30 ± 0.75 a 21.40 ± 1.55 a

2 Negative control 7.49 ± 0.30b 2.53 ± 0.16 b 19.80 ± 1.03 b 25.10 ± 1.61 b

3 500mg/kg Guava fruit 5.93 ± 0.19a 2.96 ± 0.09 c 20.30 ± 1.76 c 21.40 ± 2.04 a

4 500mg/kg Plantain roots 5.75 ± 0.23a 2.88 ± 0.08 c 16.10 ± 0.77 d 18.60 ± 1.02 c

5 250mg/kg di-herbal 6.29 ± 0.18c 3.18 ± 0.13 d 18.80 ± 1.00 e 19.80 ± 1.07 c

6 500mg/kg di-herbal 6.15 ± 0.35c 2.89 ± 0.09c 15.80 ± 0.46 d 17.90 ± 1.51 c

7 100mg/kg silymarin 5.61 ± 0.15a 3.15 ± 0.06 d 16.70 ± 1.01 a 21.20 ± 1.35 a
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Figure 1: Effect of Guava fruit and Plantain roots on the serum 
protein concentrations in the experimental groups. Effect on Liver Enzymes (ALT, AST, ALP):

CCl₄ significantly increased ALT, AST, and ALP 
levels, indicating severe hepatocellular damage. 
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-β:
TGF-β levels increased following CCl₄ 
administration, reflecting inflammatory and 
fibrotic signaling. Treatment with the 500 mg/
kg di-herbal combination significantly reduced 
TGF-β levels. The results of the effect of Guava 
fruit and Plantain roots on TGF-β 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-β in the experimental 
groups

Group Test 
(Unit)

ALP
(IU/L)

ALT
(IU/L)

AST
(IU/L)

TGF-β 
(ng/mL)

1 Positive control 395.6 ± 66.4a 24.02 ± 1.80a 17.60 ± 1.56 a 1.39 ± 0.12a

2 Negative control 792.40 ± 57.55b 49.17 ± 4.69b 24.40 ± 2.33b 1.98 ± 0.07b

3 500mg/kg Guava fruit 907.60 ± 75.63c 40.05 ± 4.19c 19.30 ± 2.32c 1.66 ± 0.08c

4 500mg/kg Plantain roots 859.30 ± 86.80c 42.90 ± 4.31c 22.20 ± 1.95c 1.74 ± 0.07c

5 250mg/kg di-herbal 889.60 ± 90.48c 50.50 ± 3.73b 23.70 ± 3.49b 1.75 ± 0.05c

6 500mg/kg di-herbal 1192.80 ± 95.29d 39.70 ± 3.91c 20.00 ± 2.89c 1.54 ± 0.09a

7 100mg/kg silymarin 480.40 ± 32.58a 24.86 ± 2.86a 20.50 ± 1.40c 1.68 ± 0.05c

Values that have the same superscript are not significantly different @ p < 0.05 down the table.
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Figure 2: Effect of Guava fruit and Plantain roots on the liver 

enzymes and TGF-β in experimental groups  

  

  

Effect of Guava fruit and Plantain roots on 
antioxidant parameters

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. 
CCl₄ 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.

Table 4: Concentration of antioxidant parameters

Group Test
(Unit)

MDA
(nmol/L)

             SOD
(nmol/min/mg protein)

      CAT
(kU/L/mg protein)

1 Positive control 10.70 ± 0.33a 22.00 ± 0.65c 54.33 ± 3.37 c

2 Negative control 15.80 ± 0.45d 15.27 ± 1.09a 42.89 ± 1.11a

3 500mg/kg Guava 11.50 ± 0.41b 25.10 ± 1.63d 51.97 ± 1.58b

4 500mg/kg Plantain roots 13.10 ± 0.80c 25.41 ± 0.86d 55.01 ± 1.85c

5 250mg/kg di-herb 16.80 ± 0.64d 29.80 ± 1.27e 69.40 ± 3.44d

6 500mg/kg di-herb 15.60 ± 0.86d 26.72 ± 0.98c 55.43 ± 1.78c

7 100mg/kg silymarin 13.50 ± 0.81c 19.09 ± 0.68b 50.79 ± 1.65b

 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

  

  

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. CCl₄ 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.

Histopathological Findings

Qualitative histopathological examination 
revealed normal hepatocytes in control rats. 
CCl₄-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 
due to delayed biliary or vascular normalization.

G1 shows sc with slight lh, f2 shows slight hn

D3 shows slight LH, e1 shows slight HN

B3 shows normal hepatocytes, a2 show slight hn  

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 2011, Lin & Yin (2012), 
Saeed 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 (Fe2+) II 
to iron III (Fe3+), 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 (35). 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 CCl4 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 CC1₄. 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 the risk 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 CCl4-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 CC1₄ significantly increased 
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(p<0.05) compared to the positive control. This 
suggests liver damage, thereby making it nearly 
impossible for the body to process and 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 CC14-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. guajava 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 
CC1₄ (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 CC1₄ 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 

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-hepatic tissue activity rather than 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-β) 
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 CC1₄ 
significantly increased (p<0.05) the levels of 
TGF-β 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-β.
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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 CCl4 
(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 CCl4-
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).

CC14 multiorgan toxicity is linked to a depleted 
antioxidant defense because of excessive O₂ 
and H₂O₂ 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 CC14 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 CCl4 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. 
2011, 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 CCl₄-induced 
liver injury in Wistar rats. Both extracts improved 
liver function biomarkers, reduced oxidative 
stress, and enhanced endogenous antioxidant 
defenses. Notably, the combined di-herbal extract 
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. guajava 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 
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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.

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.
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