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Abstract 

Background: Sea cucumbers have number of one of a pharmacological effects counting anticancer, anticoagulant, anti-
inflammatory, antioxidant, and wound healing. Biological properties and therapeutic benefits of Sea cucumbers can be 
connected to the presence of a wide cluster of bioactive compounds particularly triterpene glycosides (saponins). Aims: 
The present study aimed to explore the hepatoprotective and nephroprotective activity of Sea cucumbers-saponin (Sc-
S) on gentamicin-induced hepatorenal toxicity in rats. Main methods: Eighteen male Wistar rats were divided into three
groups, control, gentamycin, and gentamycin+ Sc-S. The hepatorenal toxicity model was induced by gentamycin (80 
mg/kg, i.p) for 8 days. Results: The Sc-S group showed a reduction in the concentrations of urea, uric acid, creatinine, 
MDA and the activities of AST, ALT, and ALP. While it caused a general increase in the levels of CAT and GSH. Microscopic 
examination appeared a clear enhancement in liver and kidney histology of Sc-S group. Conclusion: The antioxidant 
activity of Sc-S is the main mechanism for the protection of the liver and kidney against gentamicin toxicity.  
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1. Introduction

Aminoglycosides are among the foremost vital compounds utilized to treat genuine diseases caused by aerobic, Gram-
negative bacteria. [1]. Regardless their ampleness and their clinical utility for treating bacterial diseases, they have 
outstandingly profoundly bad side impacts, which include liver and kidney toxicity.[3]. Denamur [4] detailed that 
aminoglycoside anti-microbials cause intense nephrotoxicity in around 5% to 25% within the patients that have taken 
it. Additionally, an estimation of the patients who gotten aminoglycoside anti-microbials treatment such as gentamicin 
for over 7 days of almost 8% to 26%, have demonstrated toxicity within the liver [5]. Gentamicin overdose prompts 
hepatotoxicity because of the mode of action on enzymatic and non-enzymatic antioxidants, which it suppresses, which 
leads to the overproduction of reactive oxygen species [6].  

Overall examination of marine creatures as wellsprings of new bioactive metabolites revealed the wide dissemination 
of saponins among marine creatures [7]. Saponins are amphipathic foaming glycosides characterized by having 
hydrophilic glycoside moieties combined with a lipophilic aglycone [8].They are important bioactive compounds in sea 
cucumbers. Saponins have antiproliferative [10] antimicrobial [11] antitumor [9] and antioxidant properties [12]. So 
based on the previously presented studies and data, the present study intended to explore the hepatoprotective and 
nephroprotective activity of Sea cucumbers-saponin (Sc-S) on gentamicin-induced hepatorenal toxicity in rats.  
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2. Material and methods 

2.1. Materials 

Standard soy saponin was provided by Sigma-Aldrich (St. Louis, MO, USA) with a purity of 90% and 10% ash. All 
chemicals and Kits were purchased from the Biodiagnistic Company (El Moror St, Dokki, EGY).  

2.2. Sample collection and preparation 

Sea cucumber (Holothuria Arenicola) were collected from Abu-Qir Bay in the Egyptian Mediterranean coast at the 
eastern Alexandrian coast (May-June 2020). The voucher specimens Holothuria (Thymiosycia) arenicola Semper, 1868 
(USNME16796, UGI 2387) were deposited at the Zoology department, Faculty of Science, Cairo University, Egypt. The 
animals were transported to our laboratory in an icebox containing ice cubes and a couple of squeezes of table salt. The 
animals were quickly washed beneath running tap water, all visceral organs were evacuated and after that, the body 
walls cut  and stored at -20°C until processing. 

2.3. Saponin extraction  

Sea cucumbers were digested with 2% neutral protease for 4 hrs and an insoluble material was removed by filtration. 
Polysaccharides from the digest were precipitated by adding 60% EtOH (v/v) of 95% at 4°C overnight, followed by 
centrifugation at 4500 rpm for 10 min. For separation of saponin, the filtrate was concentrated to 1/5 of its original 
volume, washed twice with 50 ml of diethyl ether to remove the fat contents using a separatory funnel. It was further 
extracted three times using 150 ml of water-saturated butanol. The butanol solution was washed twice with 100 ml of 
distilled water to remove the impurities. The remaining n-butanol solution was transferred to a tarred round bottom 
flask for evaporation using a rotary evaporator under vacuum at 55°C.The dry material obtained was saponin. [13]. 

2.4. High-performance liquid chromatography (HPLC) Analysis 

HPLC analysis was performed by an Agilent (USA) 1200 Series system equipped using a binary pump (G1312A), a 
thermostatic column compartment (G1316A), and a diodearray detector (DAD; G4212B). The chromatographic 
separation was carried out with a Zorbax Eclipse Plus C18 column (250 mm × 4.6 mm, 5 μm, Agilent) and an acetonitrile–
water mobile phase as the eluent (Gradient elution conditions are as follows: acetonitrile: H2O=20:80 to 100:0 over 20 
min and then back to 20:80 over 5 min) at a flow rate of 1.0 mL•min−1 and 30°C. Detection and quantification were 
performed at 215 nm. 

2.5. Animal Housing  

Adult male Wistar albino rats (Rattus norvegicus) weigh¬ing 150 - 170 g were used in the ongoing study. Animals were 
purchased from the National Research Centre (NRC), Egypt, grouped and housed in polypropylene cages (six animals 
/cage) in a well-ventilated animal house at a temperature of 23 ± 2°C within a natural day/night cycle. They were 
nourished standard chow pellets and drinking water ad libitum. Rats were acclimatized to animal house conditions for 
7 days before the start of the study.  

Afterward, the animals were divided into three groups; Group I was the control group of rat and they received 1 ml/kg 
saline orally. Group II was the model gentamicin group and they received 80 mg/kg of gentamicin i.p. based on the 
protocol set by Jabbari et al. [14] for 7 days. Group III was the Saponin treatment group, where the rats received firstly 
gentamycin for 8 days then administrated Saponin (100 mg/kg) [15] for another 7 days.  

2.6. Animal handling and specimen collection  

At the end of the experimental periods, the rats were anesthetized by intraperitoneal injection sodium pentobarbital 
(50 mg/kg body weight). The chest was opened and the blood was collected by cardiac puncture. The blood collected 
from the rats was separated by centrifugation at 3000 rpm for 15 minutes to obtain sera which were stored at -80˚C for 
the biochemical measurements. Liver and kidney were removed and immediately blotted using filter paper to remove 
traces of blood.  

2.7. Liver and kidney homogenate preparation                                                                                               

Liver and kidney tissues were homogenized (10% w/v) in ice-cold 0.1 M Tris-HCl buffers (pH 7.4). The homogenate 
was centrifuged at 860 ×g for 15 minutes at 4oC and the resultant supernatant was then used for the biochemical 
analyses. 
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2.8. Biochemical analyses 

The collected sera were used for determining aspartate aminotransferase (AST) and alanine aminotransferase (ALT) 
by the method of Reitman and Frankel [16], alkaline phosphatase (ALP) [17], creatinine [18], urea [19], uric acid [20], 
IL-10 and TNF-α [21] according to the manufacturer's instructions using Bio-diagnostic kits (Giza, Egypt).  

2.9. Oxidative stress markers  

The supernatant of the homogenate of the liver and the kidney was used for biochemical analysis according to the 
manufacturer’s instructions using Biodiagnostic kits (Giza, Egypt). MDA level is an index of lipid peroxidation and it was 
estimated by Ohkawa et al [22] (Colorimetric kit), glutathione reduced (GSH) (Colorimetric kit) and catalase [23] 
(Kinetic Kit) were determined.  

2.10. Histopathological examination 

Liver and kidney tissues were fixed in 10% formal saline, then embedded in paraffin and sectioned. Afterward, the 
sections were stained with haematoxylin and eosin for histological examination using a light microscope. 

2.11. Statistical analysis 

Values were expressed as means ±SE. The comparisons within groups were evaluated utilizing one-way analysis of 
variance (ANOVA) with Duncan post hoc test was used to compare the group means and p<0.05 was considered 
statistically significant. SPSS, for Windows at (version 15.0) was used for the statistical analysis.  

3. Results  

The HPLC studies of saponin shows the peak at retention time 5.25 min. that is matched with the standard saponin 
confirming the presence of saponin in isolated samples (Fig. 1). The amount of saponin present in HaS were calculated 
and total percent of saponin was found to be 40.17%. 

 

Figure 1 HPLC analysis of standard saponin (A) and saponin extracted from Holothuria Arenicola (B). 
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Figures 2 Showing results obtained from the histopathological test of liver samples. A represent the control samples, 
B represent the GM samples and C represent the Saponinin samples. 

 

 

Figure 3 Showing results obtained from the histopathological test of kidney samples. A represent the control samples, 
B represent the GM samples and C represent the Saponinin samples 
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A significant increase (p<0.05) in AST, ALT and ALP activities was noticed in GM group as compared with the control 
group. On the other hand, these enzyme activities decreased significantly (p<0.05) after the treatment with Saponin as 
compared with GM group. (Table 1) 

Table 1 Effect of Saponin on liver function parameters of gentamicin induced hepatorenal toxicity in rats. 

Groups AST (U/ml) ALT (U/ml) ALP (IU/L) 

Control 79.16 ± 1.57 a  34.86 ± 0.53 a  149.35 ± 1.94  a  

GM 106.41 ± 1.12 c  48.17 ± 0.87 c  202.24 ± 2.32  c  

Saponin 96.49 ± 0.73 b  40.54 ± 0.42 b  159.39 ± 2.33  b  

Values are given as means for 6 rats per group. 
Each value not sharing a common letter superscript is significantly different (P<0.05). 

 

Table 2 showed a significant increase (p<0.05) in creatinine, urea and uric acid concentrations of GM group as compared 
with the control group. While the treatment with Saponin caused a significant decrease (p<0.05) in creatinine urea and 
uric acid concentration as compared with GM group.  

Table 2 Effect of Saponin on kidney function parameters of gentamicin induced hepatorenal toxicity in rats. 

Groups Urea (g/dl) Creatinine (mg/dl) uric acid  (mg/dl) 

Control 40.56 ± 1.42 a  1.54 ± 0.07 a  1.75 ± 0.09 a  

GM 61.00 ± 1.51 c  3.30 ± 0.07 c  6.63 ± 0.33 c  

Saponin 44.99 ± 1.27 b  2.40 ± 0.04 b  4.03 ± 0.18 b  

Values are given as means for 6 rats per group. 
Each value not sharing a common letter superscript is significantly different (P<0.05). 

Data recorded in table 3 represent a significant increase (p<0.05) in MDA concentration while GSH and CAT levels 
decreased significantly in GM group as compared with the control group. Rat treated with Saponin showed a significant 
decrease (p<0.05) in MDA concentration while GSH and CAT levels increased significantly as compared with GM group. 

Table 3 Effect of Saponin on oxidative stress parameters of gentamicin induced hepatorenal toxicity in rats. 

Groups MDA (nmol/gm. tissue) GSH (mg/g. tissue) CAT (U/g. tissue) 

Liver Kidney Liver Kidney Liver Kidney 

Control 0.94 ± 0.05 a  1.00 ± 0.07 a  2.90 ± 0.19  b  5.15 ± 0.20 b  25.43 ± 0.71 c  16.58 ± 0.42 c  

GM 1.57 ± 0.03  c  1.49 ± 0.02 c  1.57 ± 0.06  a  2.97 ± 0.26 a  15.07 ± 0.59  a  8.96 ± 0.51 a  

Saponin 1.24 ± 0.06  b  1.20 ± 0.05 b  2.73 ± 0.01 b  4.75 ± 0.20 b  19.43 ± 0.83  b  12.74 ± 0.38 b  

Values are given as means for 6 rats per group. 
Each value not sharing a common letter superscript is significantly different (P<0.05). 

 

The figure A showing the control group of the histopathological test that were conducted on the liver that are showing 
normal morphological features of hepatic parenchyma with almost intact radiating hepatocytes and intact vasculatures 
without abnormal tissue alterations or changes. In the meanwhile, figure B is showing the effects of the gentamicin on 
the model group of mice’s livers, where they all showed alternated areas of degenerative changes of hepatocytes in 
pericentral and periposrtal zones with records of inflammatory cells infiltration. Moreover, shown above in figure C 
histological results show mild treatment effects of the Saponin; however, minimal records of inflammatory cells 
infiltration were observed. 

4. Discussion 

In the present study, the administration of gentamicin for 8 days led to damage in the liver, which affirmed by increment 
AST, ALT ALP, MDA as well as diminish GSH and CAT levels and histopathological examination. The exacerbated increase 
of lipid peroxidation by gentamicin impairs membrane lipids and causes hepatocyte necrosis and damage [25]. 
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Expanded generation of ROS, which can be seen after the use of gentamicin in cells, is effective in inducing toxic effects 
of this medication on the structure and capacity of the liver [26]. One the other hand several studies have publicized 
that hepatoprotective effects are related to Phyto extracts rich in natural triterpenoid saponins [27,28]. Saponin 
structure and capacity of the liver antioxidant, anti-inflammatory effects and regulating related apoptosis proteins in 
the liver [29]. The antioxidant activity confirmed by the significant increase in GSH and CAT levels within the treated 
rats. 

Gentamicin induced a typical pattern of nephrotoxicity that was related to noteworthy increment in serum creatinine, 
urea, and uric acid. Besides, gentamicin induces oxidative stress and histological damage in the kidney. There are many 
suggested mechanisms by which gentamicin prompt renal damage. These include binding to anionic phospholipids and 
changing the capacity and structure of cellular and intra-cellular membranes [30], ATP exhaustion from either 
mitochondrial damage or direct inhibition of mitochondrial oxidative phosphorylation, [31] and it may cause oxidative 
damage [32]. GM mechanism of nephrotoxicity occurs due to a massive aggregation of the administered gentamicin in 
the lysosomes [4]. The antioxidant activity of sea cucumbers-saponin (Sc-S) [54] was the reason behind its restoration 
capacity of the antioxidant system. The treatment by Sc-S ameliorated liver and kidney toxicity via inhibiting oxidative 
stress, inflammation, and apoptosis [33]. 

5. Conclusion 

The antioxidant activity of sea cucumbers-saponin is the main mechanism for the protection of the liver and kidney 
against gentamicin toxicity.  
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