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Abstract 

Hepatotoxicity is an imperative drawback of treatment with antineoplastic Cisplatin (Cis). Gum Arabic (GA) is a drained 

Gummy dislodged from the Acacia Senegal branches and stems, composed of calcium, potassium, and magnesium salts of 

polysaccharide GA acid. The objective of the current study is to evaluate the capability of GA to keep liver save safe from 

damage caused by a single intraperitoneal weekly dose of 7.5 mg Cis/kg rats. Twenty-four albino rats were located randomly 

in 4 groups; G1 act as control, G2 received GA, G3 received Cis, and G4 received simultaneously both Cis and GA. The 

results showed that Cisplatin-induced elevation in liver enzymes and caused different histological lesions in the hepatic 

structures. Immunohistochemically moderate positive reactions for PCNA and Caspase-3 were detected in hepatocytes of Cis 

in comparison with control. While, GA as a protective antioxidant exhibited a significant improvement in biochemical, 

histological, and immunohistochemical parameters, suggesting the use of GA in combination with Cis to attenuate liver 

damage in cancer patients.  
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1. Introduction 

Natural products have a powerful history as an 

active component of traditional medicine; around 2.1 

million biomolecules with drug-like resources have 

been mentioned. Natural products like Gum Arabic 

(GA) are fruitful and help to diminish side effects 

unlike common chemotherapy in non-target organs 

[1]. GA is a loose liquid gained from the discharge of 

Acacia Senegal branches and stems. The GA consists 

of macromolecules, minerals, and amino acids. Gum 

Arabic has carbohydrates like galactose, rhamnose, 

glucuronic acid, and arabinose. Also, it is rich in 

amino acids (hydroxyproline, serine, proline, leucine, 

and histidine). Gum Arabic is a rich source of 

antioxidant minerals; copper, iron, zinc, and 

manganese [2].  

Cisplatin is one of the antineoplastic therapies and 

one of alkylating agents that is known to treat many 

neoplastic disorders like gut, ovarian, cervical, and 

germ cell tumors [3]. Besides, Cisplatin could 

suspend the growth of tumor cross-linking guanine 

bases in DNA strands directly striking DNA, so 

Cisplatin can limit the base pairing process and cause 

apoptosis [4]. Some studies approved that Cisplatin 

caused oxidative stress, responsible for various 

deleterious effects like nephrotoxicity, ototoxicity, 

hepatotoxicity, cardiotoxicity, and neurotoxicity [5]. 

This study aimed to clarify the possible enhancing 

effects of Gum Arabic as a natural product against 

non-target hepatotoxicity of Cisplatin in male rats. 

 

2. Material and Methods 

2.1. Natural Materials and Chemicals  

Gum Arabic was bought as crystals from a 

medical plants market (Shana health shop), 

Menoufia-Egypt.  

 Cisplatin was purchased from Hikma 

pharmacy, Badr City-Egypt as 1 mg per 1 ml 

concentration. Cis is the square planar coordination 
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complex Cis-Diamminedichloroplatinum (Cis-[Pt 

(NH3)2Cl2), and its Molar mass is 300.01 g.mol-1 [6].  

 

2.2. High-Performance Liquid Chromatography 

Analysis (HPLC) 

The aqueous Gum Arabic was prepared by 

dissolving 5 g of GA in 5 ml of distilled water as 

stock [7]. The HPLC of the aqueous Gum Arabic was 

performed by the Agilent 1100 series using for 

separation a C18 column chromatography (125×4.60 

mm i.d., 5µm particle size). The Phenolic compounds 

and Flavonoids were separated by the recommended 

procedures [8 & 9], respectively. 

 

2.3. Animals 

Twenty-four male albino rats (Rattus norvigicus) 

were delivered from the National Research Centre 

(NRC), Giza-Egypt, and randomly housed in cages 

for a week before the experiment to be adapted to 

room climate and standard diet.  

 

2.4. Experimental Design  

The animals were separated into 4 groups each of 

6 rats and given the following treatments for 4 weeks 

(Author's pilot study); The control group (G1) did not 

receive any treatment, Gum Arabic group (G2) orally 

received freshly prepared Gum Arabic at dose 7.5 mg 

GA/ kg rat BW/ daily (via stomach tube) [7], 

Cisplatin group (G3) injected a single intraperitoneal 

weekly dose of 7.5 mg Cis/ kg BW rat [10], and Co-

treated group (G4) injected intraperitoneally with 7.5 

mg Cis/ kg rat BW/ once a week and orally received 

7.5 mg GA/ kg rat BW/daily. After 4 weeks of the 

experiments, animals have fasted overnight, and 

euthanization for complete dissection. 

 

2.5. Biochemical Investigations 

Inferior vena cava blood samples were collected 

immediately after the animal's dissection; centrifuged 

at 3000 rpm for 15-20 min and then the separated 

sera were stored at -18 ◦C for the biochemical 

estimation. 

 Both alanine aminotransferase and aspartate 

aminotransferase by using the recommended methods 

(ALT & AST) activity were assayed by using a 

commercial kit from Randox-Egypt [11].  

Total concentrations of protein and albumin 

(ALB) were measured by using a commercial kit 

from Diamond-Egypt [12]. 

 Estimation of antioxidant activity and oxidative 

stress in serum to assess the antioxidant enzymes 

activities; Catalase (CAT), Superoxide dismutase 

(SOD), Glutathione (GSH), and Malondialdehyde 

oxidative biomarker (MDA) by the recommended 

previous methods [13-16], respectively. 

 

2.6. Histological Examinations 

 Liver was quickly removed after the 

animal's dissection. Liver pieces from each rat were 

harvested, fixed in 10% neutral formal saline, and 

embedded in molten paraffin at 58-60◦C. Liver 

sections (5-μm) were cut by rotary microtome and 

located on glass slides for hematoxylin and eosin 

staining [17]. 

 

2.7. Immunohistochemical (IHC) Studies  

The paraffin sections (4 μm thick) were performed 

by the avidin-biotin-peroxidase protocol. Sections 

were incubated with primary antibodies for one hour 

against proliferating cell nuclear antigen (PCNA) as a 

marker of cell proliferation [18] and Caspase-3 

protein [19]. After that, were incubated with a 

secondary biotinylated antibody, then horseradish 

peroxidase conjugated with streptavidin for further 15 

minutes, and finally added 3-amino-9-ethyl-carbasole 

(Dako Cytomation, USA). 

 

2.8. Histomorphometric alteration and Image 

Analysis  

All glass slides were examined under Olympus 

BX 41 light microscope; and photographed by 

Olympus digital camera, images were analyzed using 

the Image J software program [20] to determine the 

histomorphometric changes and the positive mean 

immune reactions percentage (%) in 10 selected 

fields of 6 paraffin sections in each group. The degree 

of Capase3 reaction was recorded as the percentage 

of positively stained area of 10 fields/ slide, while, 

PCNA  for 10 fields/ slide was evaluated as a 

percentage of immuno-labeled cells to all basal cells. 

After that their average means were calculated by 

using the color threshold to reflect what is seen in the 

images, and then measured the area, min&max, mean 

and area fraction.   

 

2.9. Ultrastructure (TEM) Study  

Small liver pieces were fixed in a mixture of 

formaldehyde and glutaraldehyde (4:1 percentage) 
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and embedded in molten Epon 812 for transmission 

electron microscopy (TEM) examination. Ultrathin 

sections (60–70 nm) were cut by ultramicrotome, 

stained by uranyl acetate and lead citrate [21], 

examined with CX100-JSM then the new model 1400 

plus-JSM transmission electron microscope (JEOL 

Ltd., Tokyo, Japan) at Electron Microscope Unite, 

Alexandria University, Egypt. 

 

2.10. Statistical analysis  

Statistical data were estimated using Graph Pad 

Prism 8 software and expressed as the mean ± 

standard deviation (mean±SD), then compared 

between the different groups by one-way ANOVA 

(one-way analysis of variance) followed by Tukey 

HSD multiple range tests to determine the 

significance between them [22]. P values were 

deemed to be significant at P<0.01. The normality 

test was performed utilizing the online normality test 

calculator "Shapiro-Wilk Test" and the data was 

normally distributed [23&24]. 

 

3. Results 

3.1. HPLC Analysis 

The chromatography analysis of aqueous GA 

exhibited 21 compounds. The identified components 

were presented in Table (1) with the concentration 

(μg/g) of each compound. Twenty-one compounds 

were characterized; including 13 phenolic acids and 8 

flavonoids in the aqueous GA with significant 

concentrations (Figure 1; Table 1).  The phenolic 

compounds as descending concentrations were ferulic 

acids, p-coumaric, Cinnamic, Pyrogallol, 

Chlorogenic, Benzoic acid, Caffeic, Syringenic, 

Catechol, Ellagic, Gallic, Protocatechulic, and 

Salicylic. The flavonoids as descending 

concentrations were luteolin, Naringin, Rutin, 

Quersestin, 7-OH flavones, Kampferol, Apegenin, 

Catechin. 

    

Table (1) 

Phenolic and Flavonoid compounds of GA derived via HPLC 

 

No Retention time (RT) Compounds name  
Concentration 

(µg/g)* 

Phenolic acids 

1.  3.0 Chlorogenic 7.88±2.1 

2.  4.0 Catechol 3.45±1.01 

3.  5.0 Syringenic 3.56±1.1 

4.  6.0 p-coumaric 10.14±3.6 

5.  7.0 Cinnamic 9.79±2.88 

6.  8.0 Caffeic 3.69±1.08 

7.  9.0 Pyrogallol 9.77±3.02 

8.  10.0 Gallic 2.56±1.06 

9.  10.5 Protocatechulic 2.31±1.2 

10.  11.0 Ferulic 11.09±4.02 

11.  12.0 Salicylic 2.17±1.01 

12.  13.5 Ellagic 3.09±2.0 

13.  15.0 Benzoic acid 4.19±2.7 

Flavonoids 

14.  3.0 7-OH flavone 6.11±1.7 

15.  4.0 Naringin 9.14±2.01 

16.  5.0 Rutin 7.02±1.6 

17.  7.0 Quersestin 6.88±1.5 

18.  8.0 Kampferol 3.88±1.01 

19.  9.0 Luteolin 10.22±2.1 

20.  10.0 Apegenin 2.33±1.2 

21.  12.0 Catechin 1.9±0.83 

*average concentration of two replications ± standard deviation 



 M.  I. Rady et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 10 (2023)  

 

 

380

(A) (B) 
Figure (1):  HPLC chromatograms of Phenolic (A) and Flavonoid (B) contents of Gum Arabic 
 

 

3.2. Biochemical results  

3.2.1. Liver Function Tests 

Serum ALT and AST levels showed; no 

significant difference between the control and GA 

animals (Figure. 2), a significant elevation in Cis 

group compared to the control and GA groups, and an 

improvement with high significance at p < 0.01 in co-

treated group by decreasing ALT levels when 

compared with Cis group. Figure (2) showed that 

total protein and albumin concentrations in Cis group 

were significantly decreased when compared with 

control and GA groups, while in co-treated group 

(GA+Cis) showed a significant improvement in them 

in comparison with Cis group. 

 

3.2.2. Antioxidant Biomarker  

Figure (2) showed that, antioxidant 

enzymes activities, CAT, SOD and GSH in Cis group 

were significantly reduced in comparison with both 

control and GA groups (P < 0.01), while in co-treated 

group (GA+Cis); they were significantly elevated 

when compared with Cis group. MDA in Cis group 

as an oxidative biomarker was significantly elevated 

compared with both control and GA groups (P < 

0.01), while in co-treated group (GA+Cis); it was 

significantly reduced when compared with Cis group. 

 

 

 

 

 



 HEPATOPROTECTIVE EFFECT OF GUM ARABIC VERSUS CISPLATIN HEPATOTOXICITY.. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 10 (2023)  

 

381

 
Figure (2): Diagrammatic charts of serum alanine aminotransferase (ALT, U/I), aspartate transferase (AST, U/I), total protein (g/dl), albumin 
(g/dl), catalase (CAT, U/l), superoxide dismutase (SOD, U/ml), glutathione (GSH, µmol/L), and Malondialdehyde (MDA, nmol/mL) in the 

different studied groups; (G1) control, (G2) Gum Arabic, (G3) Cisplatin and (G4) Co-treated group. Different letters a,b,c,ns in the same column 

display the difference between groups; (ns) Indicates insignificant difference in comparison to G1, (a) Indicates a significant difference in 

comparison to G1, (b) Indicates a significant difference in comparison to G2, and (c) Indicates a significant difference in comparison to G3 

(P value <0.01). 

 

3.3. Histological and histomorphometric results 

Rat liver sections of control and GA groups 

showed normal polygonal liver cells with round 

nuclei and eosinophilic cytoplasm, narrow spaced 

hepatic blood sinusoids with fine arrangement of 

Kupffer cells were arranged in between the hepatic 

cords (Figure. 3, A&B; Table.2). Liver sections of 

Cis-treated rats showed severe loss of hepatic 

architecture as sever congestion in the central hepatic 

veins, lymphocytic infiltration, perivascular edema, 

hepatic cords disturbance, sever vacuolated cells, 

cellular necrotic area with condensed pyknotic nuclei 

(Figure. 3, C,D&E; Table.2). Liver sections in co-

treated rats showed an obvious degree of 

improvement in hepatic structure, while a few 

vacuolated hepatocytes, mild congestion in central 

veins and dilated sinusoids were seen. Meanwhile, the 

necrotic and apoptotic cells that appeared in Cis 

group were seldom seen in co-treated rats (Figure. 3, 

F; Table.2).  

 
Table (2) 

Histomorphometric and immunohistochemical alterations 
 

Groups 

Lesions 

Control Gum Arabic Cisplatin Co-treatment 

Inflammatory cell infiltration  Nil Nil ++++ + 

Vacuolated hepatocytes  + + ++++ ++ 

Condensed nuclei  + + ++++ ++ 

Apoptosis Nil Nil ++++ + 

Necrotic area Nil Nil +++ Nil 

Perivascular edema Nil Nil ++++ ++ 

PCNA % + + +++ ++ 

Caspase-3 % + + +++ ++ 

     

Absent (Nil), slight (+), mild (++), moderate (+++), severe (++++). 

 

 

3.4. Immunohistochemical Results 

 

3.4.1. Proliferating cell nuclear antigen 

immunoreactivity (PCNA-ir) 
Liver sections in control and GA animals 

revealed a few positive reaction for PCNA-ir in 

hepatocyte nuclei (Figure. 4, A&B), while moderate 

positive reactions were detected for PCNA-ir in the 

liver sections of the Cis-treated rats (Figure. 4, C). 

Mild positive reactions for PCNA-ir were observed in 

liver sections of rats treated with GA plus Cis 

(Figure. 4, D). 

 

3.4.2. Caspase-3 immunostaining expression 
 The Cisplatin group showed a significant 

increase in the Caspase-3 immunopositive reactions 

as compared to the control and GA rats. While Co-

treatment with both GA and Cis caused a significant 

decrease in the Caspases-3 immunopositive reactions 

as compared to the Cis group (Figure. 5, A-D). 
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Figure (3): Photomicrographs of rat liver tissues from 

               A&B: Control group (G1) and Gum Arabic group (G2), respectively, showing normal structures; central vein (CV), hepatic cords (HC), 

sinusoid (S), hepatocytes (H), and binucleated hepatocyte (BH). (H&E X400, 50µm Scale Bar) 
               C, D&E: Cisplatin group (G3) showing moderate to a severe loss of liver architecture, congested blood vessel (CB), necrotic area (NA), 

oedematous blood vessel (O), aggregation of inflammatory cells (IF) and vacuolated hepatocytes (V). (H&E X400, 50µm Scale Bar) 

               F: Co-treated group (G4) showing a mild to moderate degree of improvement in hepatocytes; central vein (CV) and hepatic cords (HC) with 
a few vacuolated cytoplasm (V) and mildlyit dilated sinusoids (arrows). (H&E X400, 50µm Scale Bar) 

 

  

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4): Photomicrographs of rat liver immunohistochmically PCNA-ir sections of the studied groups. A&B: Slight positive reactions in 

G1 and G2 respectively, C: Moderate positive reactions in Cis group (G3), and D: Mild positive reactions in the co-treated group (G4), 
positive reactions (arrows) (IHC., X400, 50µm Scale Bar) 
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Figure (5): Photomicrographs of rat liver immunohistochemically Caspase-3 sections of different groups. A&B: G1 and G2 respectively 

showing a slight immune expression, C: Cisplatin group (G3) showing a significant immune expression, and D: the co-treated group (G4) 

showing a significant decrease in Caspase-3 positively stained cells as compared to the Cis group, positive reactions (arrows) (IHC., X400, 
50µm Scale Bar) 

3.5. Ultrastructure Study 
Normal ultrastructure of the hepatocytes in G1 and 

G2 are depicted in figures (6, A & B), respectively. 

Electron microscopy of the liver after Cisplatin 

treatment (G3) exhibited different lesions (Figure. 6, 

C&D). The heterochromatin condensation along the 

nuclear margin and small but prominent nucleoli 

along the nuclear envelope a noticeable features of 

the hepatic cells that indicated degenerated nuclei. 

Cellular margins were showing rough, ruptured, and 

irregular contours. Also, dilated mitochondria with 

dense matrix were mostly adhesive to each other. 

Lipid infiltration in the cytoplasm and fragmentation 

of the endoplasmic reticulum was commonly detected 

where those encountered suffered vesiculation and 

ruptured lamellae. In addition, increases in the 

lysosomes within the hepatocytes and hypertrophied 

Kupffer cells were noticed (Figure. 6, D). Electron 

microscopy of liver sections of G4 revealed a 

histological picture of most of the hepatocytes 

comparable to that of the control group. Hepatocytes 

with intact cell membranes have euchromatic nuclei 

with regular nuclear membranes prominent. Also, 

regeneration in the rough endoplasmic reticulum, 

normal mitochondria, a smaller number of lysosomes, 

and an obvious decrease in the lipid inclusions were 

the most prominent features of the hepatocytes 

(Figure. 6, E&F).  
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Figure (6): Electron micrographs of 

A & B: hepatocytes of G1 and G2, respectively, showing normal structures; cell membrane (Thin arrows), nucleus (N), mitochondria (M), 

and endoplasmic reticulum (ER) 

C & D: hepatocytes of G3 showing irregular chromatin within the nucleus (N), adhesion mitochondria (M), increase of lysosomes (L), 

endoplasmic reticulum fragments within the cytoplasm (F), vacuolization in the cytoplasm (V) and hypertrophied Kupffer cell (K)  

E & F: hepatocytes of G4 showing nearly normal nucleus (N), mitochondria (M), endoplasmic reticulum (ER), cell membrane (Arrowheads), 

nuclear membrane (Thin arrows), bile canaliculi (BC), with slight vacuolization (V) and fragmented endoplasmic reticulum (F) 

 

4. Discussion 

Since 1969 FAO/WHO Expert Committee on 

food additives give accepted the daily consumption 

of Gum Arabic due to its health benefits [25]. GA is a 

drained Gummy dislodged from the stems and 

branches of Acacia senegal composed of calcium, 

potassium, and magnesium salts of polysaccharide 

GA acid [26].  

Cisplatin as chemotherapy and antineoplastic 

therapy can easily pass through the cell membrane 

and reaches the cell nucleus then changing the 

structure of DNA. Cis is related to hepatotoxicity 

caused by oxidative stress and apoptosis [27].  

The findings of this study elicited Cis was 

found to cause hepatotoxicity which caused a 

significant elevation in serum concentrations of 

enzymatic biomarkers including ALT and AST and 

decreasing in total protein and albumin levels were 

recorded in the Cis group which is associated with 

liver damage degrees. This study suggests that the 

elevated liver markers were released from the 

damaged liver upon exposure to Cis, in agreement 

with Diab et al. [28] and Saleh et al. [29]. Cis-related 

hepatotoxicity at standard doses rarely occurred; 

however, at higher doses, hepatotoxicity was 

frequently observed and altered the clinical situation 

of cancer patients [30, 31]. Lu and Cederbaum [32] 

have mentioned that Cis-induced hepatotoxicity is 

enhanced by the increased generation of ROS 

(reactive oxygen species) and oxidative stress. 

Moreover, these oxygen radicals (ROS) bind 

covalently to the macromolecules and cause 

peroxidative degradation of cell membrane lipids, 

mitochondria, lysosomes, and endoplasmic reticulum 

rich with polyunsaturated fatty acids [33]. The 

current results agreed with Al-Malki and Sayed [34] 

and Basuony et al. [35] who concluded that serum 

AST and ALT were significantly elevated in Cis-

caused liver damage. The elevated levels of AST and 

ALT enzymes in serum are indicative of cellular 

leakage, as well as, loss of functional integrity of cell 

membranes in the liver [36]. The capability of Cis to 

induce changes in the liver enzyme activity could be 

a secondary event next to Cis-caused liver damage 

with the consequent hepatocyte leakage [37]. 

In the current work, several hepatic 

histopathological and ultrastructural abnormalities 

were observed in Cis-treated animals. The liver cells 

undergo hydropic degeneration with swollen, 

degenerated, and vacuolated organelles. The previous 

studies mentioned that Cis caused hepatocellular 

damage that is associated with increased oxidant 

stress, mitochondrial damage, and inflammatory 

cytokines [27, 32, 35]. Tveden-Nyborg et al. [38] 

reported similar ultrastructural features in fatty liver 

and attributed these abnormalities to the oxidative 

stress resulting in damaged polyunsaturated lipids in 

the mitochondrial membrane leading to cell death. 

Similarly, Ellatif et al. [39] reported that the 

hepatocytes of steatosis rats appeared with abnormal 

nuclei with an irregular nuclear envelope, dilated 

rough endoplasmic reticulum, degenerated swollen 

mitochondria, and an increased number of lysosomes 

that were possibly attributed via oxidative stress. 

 Elshama et al. [40] stated that cancer 

chemotherapy and antipsychotics are common 

examples of drug-caused oxidative stress associated 

with toxicity. The results of this study showed a drop-

in glutathione activity and severe loss of liver 

architecture in light and electron microscope 

examination, negative PCNA-ir reactivity, and 

positive Caspase-3 reactivity in the Cis group. That 

goes in the same line with biochemical results. While 

using GA, which is rich in antioxidative elements, 

showed ameliorating effects on all biochemical, 

histopathological, immunohistochemical, and 

ultrastructural signs. Gamal El-din et al. [41] showed 

that GA has an effective hepatoprotective role against 

acetaminophen-intoxication through oxidative stress 

depletion, nitric oxide scavenging and blocking 

hepatic macrophage function wherein acetaminophen 

overdose caused a significant decrease in the 

glutathione levels associated with the nitric oxide 

release and activation of the hepatic macrophages 

that are mediators of acetaminophen-caused 

hepatotoxicity. In coincidence with the present 

findings, Najla et al. [42] concluded that GA 

supplementation has a hepatic protective role whether 

biochemically or histologically. Also, Elshama [43] 

stated that GA is considered one of the natural 

antioxidants that have a protective and therapeutic 

role in several toxicities cases. Also, Hamid et al. 

[44] proved that GA improved the total protein 

concentration, glutathione peroxidase activities, total 

antioxidant capacity, and SOD. These agree with the 

combinational effect of the natural product as an 

active component of traditional medicine with 

anticancer drugs [45]. The author attributed these 
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antihepatotoxic effects to the ability of GA to lower 

the amount of the free radical that reduces lipid 

peroxidation and blocks oxidative stress; also, it 

showed an effective action on the histopathological 

extent of hepatocellular necrosis, inflammation, and 

apoptosis. 

All biochemical, histological, 

immunohistochemical, and ultrastructural results of 

the current work concluded that GA kept liver save 

safe from degeneration, in addition to its antioxidant, 

anti-inflammatory, and hepatoprotective properties 

may be attributed to its phenolic compounds and 

flavonoids. Antioxidant, bioactive, anti-

inflammatory, antibacterial, anti-cancer, 

cardioprotective, and hepatoprotective properties of 

phenolic natural products and flavonoids have been 

demonstrated [46, 47]. Oxidative stress is the major 

contributor to liver injuries, thus antioxidant 

supplementation has often been recommended to be 

beneficial plant food flavonoids and Vitamins present 

in fruits, vegetables, and aromatic plants to be 

valuable in the protection from different diseases 

[48]. Phenolic acids such as syringic, gallic, ferulic, 

and gallic acids, showed activity in chronic liver 

injuries, diabetes, memory loss, and wound healing 

[49]. Lower risk of developing cancer, cardiovascular 

disease, and other chronic diseases might be related 

to a dietary intake of high vegetables, fruits, and 

whole grains [50]. 

 

5. Conclusion  
So, this study recommends highly using GA as 

a protective antioxidant during Cis therapy duration 

to save from hepatotoxicity. GA might be suggested 

as a beneficial agent to safeguard against hazards 

occurring at the liver structure induced by 

chemotherapy exposure. 
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8. Abbreviations  
ALB: albumin; ALT: alanine aminotransferase;  

AST: aspartate aminotransferase; CAT: Catalase; 

Cis: Cisplatin; E: Eosin; GA: Gum Arabic; GA+Cis: 

Gum Arabic plus Cisplatin group; G1: Control group;  

G2: Gum Arabic group; G3: Cisplatin group; G4: Co-

treated g1roup; GSH: Reduced glutathione; H: 

Haematoxylin; HPLC: High Performance Liquid 

Chromatography Analysis; IHC: 

Immunohistochemistry; MDA: Malondialdehyde; 

NRC: National Research Centre; PCNA: 

Proliferating cell nuclear antigen; ROS: reactive 

oxygen species; SOD: Superoxide dismutase; TEM: 

Transmission electron microscope.  
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