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ABSTRACT 

It has been shown that herbal extracts can protect intoxicated hepatocytes. Therefore, this study examined the 
hepato-protective effects of pooled ethanolic extract of Psidium guajava and Carica papaya leaves in rats 
challenged with Cadmium (Cd). Exactly 200g of the grounded leaves were soaked in ethanol for 48hours and 
was concentrated after filtration using a rotary evaporator. Fifteen adult female rats (150±10g) were randomly 
assigned into three groups: Group 1 (control: received feed and water alone), Group 2 (Cd group; received 
single dose of Cd, 30mg/kg b wt, Group 3 (Cd + extract: received Cd as in group 2 and leaf extract 200mg/ kg 
bwt daily for 2 weeks). Rats were slaughtered and samples were taken for biochemical examination at the 
conclusion of the study period. When compared to controls, exposure to Cd alone resulted in a significant 
increase (p<0.05) in the activities of the alkaline phosphatase (ALP), aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), and lactate dehydrogenase (LDH), as well as an increase in the level of total 
protein (TP). Hepatocytes exposed to cd underwent histological changes as well. As opposed to rats exposed 
to Cd alone, there was a significant decrease in the values of ALT, AST, ALP, LDH, and TP when Cd-
challenged rats were given the combination ethanolic extract of P. guajava and C. papaya. The outcomes 
suggest that the biherbal combination of P. guajava and C. papaya can shield liver cells against Cd damage. 
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Introduction 

The liver, an extremely important organ of the 

body, is involved in the break down and build of 

proteins, carbohydrates, vitamins, and lipids. It is 

also involved in the detoxification and excretion of 

drugs and other xenobiotics (Rane et al., 2016; 

Arige et al., 2017). Since liver illness is one of the 

leading causes of death worldwide, an increase in 

cases of liver disease caused by consumption of 

pharmaceuticals, heavy metals, and other 

environmental toxins has been recorded 

everywhere (Maximas et al., 2013). So, 

maintaining a healthy liver is essential for good 

living. 

Liver injury is displayed via rise in oxidative 

stress, increased peroxidation of lipids, cellular 

necrosis, depletion of protective antioxidant 

systems such as glutathione, and elevation in the 

levels of alkaline phosphatase (ALP), aspartate 

amino transferase (AST), alanine aminotransferase 

(AST), and other liver biomarkers in the serum 

(Arige et al., 2017). 
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One environmental pollutant that has been revealed 

to cause severe liver damage is Cadmium (Cd), a 

non-essential toxic heavy metal that is ubiquitous 

in the environment due to its numerous 

applications in industrial processes, extended 

biological half-life and ability to bio-accumulate in 

tissues (Odewumi et al., 2018; Orororo et al., 

2018; Genchi et al., 2020; Orororo et al., 2022). 

Cd induces oxidative stress in the liver, interferes 

with the activities of lactate dehydrogenase (LDH), 

AST, ALT, and ALP, and inhibits synthesis of 

proteins and glycogen metabolism in hepatocytes 

(Rahimzadeh et al., 2017; Orororo et al., 2017; 

Branca et al., 2018;).   

Plant extracts have been reported to possess 

hepatoprotective prowess and as such, the 

screening of different plant extracts and products 

for liver-healing abilities is an active and ongoing 

area of research (Uboh et al., 2010, Udi et al., 

2018; Ekakitie et al., 2021; Udi et al., 2022). 

Carica papaya L. (pawpaw) and Psidium guajava 

(guava) are examples of such plants. Their leaves 

contain adequate phytochemicals (lycopene, 

quercetin chlorogenic acid, carotenoids, alkaloids, 

apigenin, caffeic acid, guaijaverin, phenolics, gallic 

acid, protocatachuic acid, catechin etc) and have 

been reported to have antioxidant, anti-cancer, 

antimicrobial, antimalarial, antifungal, 

hypolipidemic and hepatoprotective abilities 

(Ubohet al., 2010; Manikandaselvi et al., 2012; 

Porwal et al., 2012; Ezekwe et al., 

2017;Vijayakumar et al., 2017).  

Polyherbal therapy (herb-herb combinations), 

employed in traditional medicine practice for a 

long time, is beginning to receive the attention of 

researchers in other to provide scientific backing 

for their observed therapeutic effects (Che et al., 

2013; Karole et al., 2019). Working 

synergistically, polyherbal preparations provide 

certain helpful effects that supersedes what can be 

provided by single plant extracts (Ramaiah et al., 

2013; Abraham and Paridhavi, 2013; Parasuraman 

et al., 2014; Karole et al., 2019).In this regard, 

Arshad et al. (2021) showed the restorative ability 

of a bi-herbal preparation of Psidium Guajava and 

Carica Papaya in diabetes induced by 

streptozotocin in male wistar rats. Okoro (2020) 

also displayed the ability of Carica papaya and 

Allium sativum hydroethanol extracts to guard 

against liver damage caused by carbon 

tetrachloride, in which the combined extract 

recorded the highest hepatoprotective and 

antioxidant potential than either plant used 

individually. Studies on the usefulness of 

polyherbal therapy in Cd-induced hepato-toxicity 

are few. Therefore, this study examined the hepato-

protective effects of combined ethanolic extract of 

Psidium guajava and Carica papaya leaves in rats 

challenged with Cd.  

Materials and Methods 

Chemicals/Reagents 

Analytical grade chemicals were used in the 

experiment. Assessment of liver function was done 

using Randox assay kits. 

Plant Material  

Fresh pawpaw and guava leaves were obtained 

from Otu-Jeremi, Udu Local Government Area, 

Delta State. After identification by a botanist 

(ECU/FOS-03-22), the leaves were sorted to 

eliminate any dead matter and other unwanted 

particles. Thereafter, they were air dried for (2) 

weeks and ground into fine powder using an 

electric dry mill.  The fine powders obtained were 

stored in air-tight containers until further use.  

Extraction 

Exactly 200g of the grounded powder was 

immersed in 500ml of ethanol for 48hours at room 

temperature. Thereafter, the concoction was 

filtered into 500ml conical container with 

whatmann filter paper. The filtrate was then dried 

using a rotary evaporator to yield a thick dark 

green viscous liquid used for the experiment. 
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Experimental Design 

A total number of 15 adult Wistar rats weighing 

150 ± 10g were utilized for the investigation. The 

rats were acclimatized in the investigation house 

for a week prior to the commencement of the 

investigation. The rats were ascertained arbitrarily 

into three groups of five rats each and treated as 

shown in Table 1. 

Table 1: Experimental Grouping and Treatment 

Groups Designation Treatment  
1 Control Feed and water only  
2 Cadmium  Single oral dose of   

Cd (30mg/kg body 
weight) at the start of 
the experiment plus 
feed and water 

3 Cd + Extract Cd (as in group 2), 
combined leaf extract 
(200mg/kg body 
weight daily) plus 
feed and water 

All the animal experiments were conducted in 

accordance with standard guidelines for animal 

care.  

Sample Collection 

The investigation lasted for 21 days. Thereafter, 

the rats were sacrificed by cervical dislocation. 

The animals were opened up and blood samples 

obtained by cardiac puncture. The blood samples 

were centrifuged haven been allowed to cloth. 

Serum obtained was stored frozen until used for 

analysis. Portions of the liver were obtained as 

well and processed for histological examination.  

Hepatic Function Assessment  

Standard protocols were used in assessing the 

hepatic function of the animals in the different 

groups. The activities of AST, ALT, and LDH 

were determined following the methods of 

Reitman and Frankel (1957) in accordance with 

the procedures outlined in the Randox assay kits as 

reported by Ekakitie et al. (2021). ALP activity 

was determined by the method of Annino and 

Giese(1976) while the method of Henry (1979)was 

used in the determination of LDH following 

instructions in TECO Diagnostics kit. The total 

protein of serum samples was determined by the 

biuret technique as described by Tietz (1995) also 

following the Randox assay kit protocol.  

Assessment of Liver Histology  

Assessment of liver histology was performed 

following standard laboratory operating protocols 

and procedures (Zhang et al., 2017). Tissue 

samples previously fixed in formalin were sliced, 

processed (slicing, removal of paraffin and 

staining with hematoxylin) and inspected under 

the light microscopic (Brunel SP35 Digital 

Trinocular) connected to a computer. 

Analysis of Data 

Standard descriptive statistics, the one – way 

analysis of variance (ANOVA) as well as least 

significance difference (LSD) test were employed 

in the analysis of the data obtained. P value was 

fixed at 0.05 and results were reported as mean ± 

SD of three determinations.  

Results 

The influence of combined ethanolic extract of 

Psidium guajava and Carica papaya leaves on 

selected hepatic function parameters in rats 

challenged with Cd 

The influence of combined ethanolic extract of P. 

guajava and C. papaya leaves on selected hepatic 

function parameters in rats challenged with Cd is 

shown in Figures 1-5. Exposure to Cd alone 

(Group 2) brought about a significant rise (p<0.05) 

in ALT and AST activities in the serum compared 

to rats in the control group (Group 1). Serum ALT 

activity in Cd-challenged rats treated with the 

extract (Group 3) was notably lower than that 

recorded for rats exposed to Cd alone (Group 2). 

This was also observed in AST activity, 

demonstrating that Cd toxicity induced significant 

boost in the activities of ALT and AST in the 

serum, but was ameliorated by the ingestion of the 
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combined ethanolic extract of P. guajava and C. 

papaya leaves. 

Rats in group two (2) recorded significant rise 

(p<0.05) in the level of serum total protein and 

ALP compared to rats in the control group (Group 

1). Serum total protein level observed in Cd-

exposed rats treated with the extract (Group 3) was 

considerably lower than that recorded for rats 

exposed to Cd alone (Group 2). This was also 

observed in ALP activity.  However, no 

noteworthy difference was observed in serum total 

protein levels in control rats and rats exposed to 

Cd and the extract, an indication that the extract 

successfully normalized protein levels disturbed 

by intoxication with Cd. This trend was also seen 

in the activity of serum lactate dehydrogenase 

(Figure 5).  

 

 

Figure 1: Influence of combined ethanolic extract 

of Psidium guajava and Carica papaya leaves on 

serum ALT activity in rats challenged with Cd. 

Values are mean ± SD. Noteworthy difference 

(p<0.05) exist between bars with dissimilar 

alphabets. 

 

 

Figure 2: Influence of combined ethanolic extract 

of Psidium guajava and Carica papaya leaves on 

serum AST activity in rats challenged with Cd. 

Values are mean ± SD. Noteworthy difference 

(p<0.05) exist between bars with dissimilar 

alphabets. 

 

 

Figure 3: Influence of combined ethanolic extract 

of Psidium guajava and Carica papaya leaves on 

serum total protein levels in rats challenged with 

Cd. Values are mean ± SD. Noteworthy difference 

(p<0.05) exist between bars with dissimilar 

alphabets. 
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Figure 4: Influence of combined ethanolic extract 

of Psidium guajava and Carica papaya leaves on 

serum ALP activity in rats challenged with Cd. 

Values are mean ± SD. Noteworthy difference 

(p<0.05) exist between bars with different 

alphabets. 

 

Figure 5: Influence of combined ethanolic extract 

of Psidium guajava and Carica papaya leaves on 

serum LDH activity in rats challenged with Cd. 

Values are mean ± SD. Notworthy difference 

(p<0.05) exist between bars with different 

alphabets. 

The outcome of combined ethanolic extract of 

Psidium guajava and Carica papaya leaves on 

the histology of the liver of rats challenged with 

Cd 

The outcome of combined ethanolic extract of 

Psidium guajava and Carica papaya leaves on the 

histology of the liver of rats challenged with Cd is 

depicted in the micrographs in Figures 6-8. 

Section of liver of rats in Group A: (control), 

depicted normal histological features: central 

portal triads (T) with intact liver epithelia lining 

indicating normalcy. Conversely, portions of the 

liver of rats exposed to Cd alone (Group B) 

showed mild congestion of vesicular nuclei 

(indicated by the red stars), with central portal 

triads (T) of hepatic lobules within sheets of 

heptocytes and intact epithelia lining with little 

granulation (double arrow) an indication of toxic 

effects. Treatment of Cd-challenged rats with the 

biherbal extract of Psidium guajava and Carica 

papaya leaves brought about mild hepatic necrosis 

shown by infiltration of leucocytes (large arrow). 

 

 

Figure.6: Segment of the liver of control (Group 

1) 
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Figure.7: Segment of the liver of rats exposed to 

Cd alone (Group 2) 

 

Figure.8: Segment of the liver of rats exposed to 

Cd and biherbal extract of Psidium guajava and 

Carica papaya leaves(Group 3) 

Discussion 

It has been published that herbal extracts can 

protect intoxicated hepatocytes (Mansur et al., 

2015). In this investigation, the ability of 

combined ethanolic extract of Psidium guajava 

and Carica papaya leaves to defend liver cells 

against Cd intoxication was examined. Cd is a 

known hepato-toxic heavy metal whose 

metabolism precipitates oxidative stress and tissue 

damage (Daisy et al., 2013; Ansah et al., 2016; 

Orororo et al., 2018b). Assessment of certain liver 

marker enzymes such as LDH, ALP, ALT and 

AST, is routinely deployed in estimating the extent 

of liver injury and obstruction of bile production 

and transport (Arshad et al., 2021).  

A rise in the activities and levels of LDH, 

ALP,ALT, AST and total protein in the serum, as 

observed in this study, points to the fact that the 

integrity of hepatocyte membranes may have been 

breached leading to their leakage into the blood 

strain (Ebong et al., 2012;Nili-Ahmadabadiet al., 

2018; Kandemir et al., 2020). This result agrees 

with established studies on Cd-induced hepato-

toxicity in which Cd exposure brought about 

major elevation in the serum activities of the 

aforementioned enzymes (Abu-El-Zahab et al., 

2019; Zhijie et al., 2021; Noor et al., 2022). In line 

with Zafar et al. (2009) and Kolawole et al. (2014) 

an elevation in the level of serum total protein can 

come from the disruption and removal of 

polyribosome present in the endoplasmic 

reticulum which eventually brings about flaws in 

the protein biosynthesis apparatus of cells.  The 

observed hepato-toxic effects of Cd in this study 

were also confirmed by the damages noticed in the 

histology of tissues of rats exposed to Cd (mild 

congestion of vesicular nuclei, hepatic necrosis 

and infiltration of leucocytes). Again, this is in 

consonance with previous reports (Shen et al., 

2017; Refaie et al., 2018; Ojo et al., 2021). 

The treatment of Cd-challenged rats with the 

combined extract caused an appreciable reversal of 

the Cd-induced alteration of the liver marker 

enzymes and histopathological changes. This is 

not surprising as the ability of C. papaya and P. 

guajava leaf extract (singly administered) to 

ameliorate liver function markers altered by 

exposure to Cd and other heavy metals have been 

published in literature (Vijayakumar et al., 2017; 

Molla and Azene, 2017; Mohammad et al., 2018). 

Interestingly, the combined extract restored the 

activity of LDH and level of total protein in Cd 

exposed rats to levels not statistically different 

T 



Orororo O. C., and Udi, O. A. Nig. J. Pure & Appl. Sci. Vol. 36 (Issue 1, 2023) 

 

Nig. J. Pure & Appl. Sci. Vol. 36 (Issue 1): 4521-4530 

 

Page | 4527

from that of the control. This observed restoration 

may have arisen from the increase in the grouping 

of ribosome on endoplasmic reticulum to facilitate 

normalized protein biosynthesis (Ayeni et al., 

2017; Okoro, 2020). The impact of the pooled 

ethanolic extract of Carica papaya and Psidium 

gujava leaves is certainly as a result of its huge 

content of bioactive compounds and their possible 

synergistic properties (Karole, 2019). Biherbal 

formular of Carica papaya and Psidium gujava 

leaves can be employed effectively in the 

management of liver damage caused by Cd 

intoxication. 

Conclusion 

Hepato-toxicity as a result of Cd intoxication this 

investigation was defined by a major elevation in 

serum levels of basic liver biochemical markers 

such as LDH, ALT, ALP, AST and TP as well as 

histopathological changes in hepatocytes. 

However, treatment with biherbal extract of P. 

guajava and C. papaya leaves significantly 

reduced the elevated levels of the liver biomarkers 

in the serum alongside histopathological 

restoration. The study has established that liver 

injury occasioned by Cd exposure can be 

successfully managed through administration of 

pooled extract of P. guajava and C. papaya leaves.  
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