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ABSTRACT

Objective: To explore the efficacy of earthworm’s coelomic fluid 

against gentamicin-induced hepatic and renal toxicity in rats. 

Methods: The animals were divided randomly into three groups (n 
= 6 per group): control, gentamicin, and Allolobophora caliginosa 
coelomic fluid-treated groups. Toxicity was established after 

injection of gentamicin daily for 8 days at a dose of 100 mg/kg. 

Aspartate aminotransferase, alanine aminotransferase, alkaline 

phosphatase, total proteins, albumin, creatinine, urea, uric acid, 

malondialdehyde, glutathione, catalase and histopathology of tissues 

were investigated in the study.  

Results: Allolobophora caliginosa coelomic fluid significantly 

decreased urea, creatinine, uric acid, alanine aminotransferase, 

aspartate aminotransferase, alkaline phosphatase, and malondialdehyde 

levels while significantly increasing levels of total proteins, albumin, 

glutathione and catalase. The histopathological investigation showed 

partial restoration of renal and hepatic architecture. 

Conclusions: This study shows the potency of Allolobophora 
caliginosa coelomic fluid in improving the biochemical and 

histopathological changes induced by gentamicin in the liver and 

kidney of the rats. 

KEYWORDS: Allolobophora caliginosa; Coelomic fluid; 

Gentamicin; Hepatorenal toxicity; Earthworm

1. Introduction

  Kidney diseases became dangerous issues globally with expansion 

rate of about 13%–15%, in line with the prevalence of diabetes and 

hypertension[1]. Acute kidney injury (AKI) has a major impact on 

health in developing countries like Egypt[2]. The kidney plays an 

important role in the elimination of many xenobiotics including 

drugs, environmental chemicals, and metals. One of the most 

important risk factors for AKI is medication[3]. Renal toxicity 

related to drug use accounts for 20% of the causes that may lead 

to AKI[4]. Drug-induced AKI is a significant clinical problem and 

accounts for the cessation of the development of many promising 

drug candidates[5].

  Drugs that may cause renal injury include many classes such 

as antiviral drugs and aminoglycoside[6]. Antibiotics are among 

the most widely used drugs in hospitalized patients[7]. AKI 

is one of the most common complications of the widespread 

use of antibiotics[8]. Gentamicin is a common antibiotic from 

aminoglycosides that is used widely for the Gram-negative bacterial 

infection[9]. However, using gentamicin for a long time will result 

in undesirable side effects and one of its main side effects is 

hepatic and renal toxicity[10]. Gentamicin may induce vascular, 

glomerular, and tubular damages because of its accumulation in 

the proximal renal tubules in the cortex[11]. Recent studies showed 

that the gentamicin-induced nephrotoxicity model in the rodent is 

regarded as the “golden standard” for AKI-related studies[5]. This 

model of nephrotoxicity produces proximal tubular necrosis that 

would consistently translate the real condition as it is the most 
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closely representative of the clinical situation encountered in human 

beings[12]. Several studies have also shown that AKI may also lead to 

the failure of other organs like the lung, brain, and liver[13]. 

  Unfortunately, the traditional medications used to treat nephrotoxicity 

and hepatotoxicity are not enough and can often cause serious side 

effects, so developing new drugs from natural products may reduce 

the risk of toxicity and maintain a therapeutic effect when the drug is 

used clinically. Using natural products against tissue toxicity induced 

by gentamicin has proven to be highly efficient[10]. Emerging evidence 

suggests that earthworms can be an alternative medication because of 

its abundance, easy access and minor side effects[14]. Coelomic fluid of 

earthworm has much useful biological activity against inflammation[15], 

cytotoxic[16], fungi[17] and cancer[18]. However, there is limited data 

regarding its anti-nephrotoxic and anti-hepatoxic activities. Therefore, 

the current study aimed to explore the efficacy of earthworm’s coelomic 

fluid against the hepatic and renal toxicity induced by gentamicin in 

rats.

2. Materials and methods
 

2.1. Materials 

  Gentamicin was purchased from a local pharmacy, Cairo, Egypt. 

All chemicals and kits were purchased from the Biodiagnistic 

Company (El Moror St, Dokki, EGY). 

2.2. Coelomic fluid extraction 

  Allolobophora caliginosa (A. caliginosa) coelomic fluid was extracted 

by the thermal shock method according to Patil & Biradar[19]. The 

earthworms (15 g) were subjected to hot water bags (55-60 曟) and 

the fluid was collected in a clean dry test tube. 

 

2.3. Acute toxicity study (LD50)

  LD50 of A. caliginosa coelomic fluid was determined according 

to the method described by Chinedu et al[20]. The male Wistar rats 

were fasted overnight and then separated into four groups (2 rats/

group).  Different doses of the A. caliginosa coelomic fluid (10, 100, 

300 and 600 mg/kg) were administered. The animals were observed 

for 1 h post-administration and then 10 min every 2 h interval for 24 

h. The animals were monitored for any change in behaviors such as 

paw licking, fatigue, semi-solid stool, salivation, writhing and loss 

of appetite in addition to mortality. LD50 was calculated from the 

following formula:

LD50 = (M0+M1)/2 = (300+600)/2 = 450 mg/kg

where M0 is the highest dose of A. caliginosa coelomic fluid that 

caused no mortality; M1 is the lowest dose of A. caliginosa coelomic 

fluid that caused mortality.

 

2.4. Animals and drug treatment 
  

  Adult male Wistar rats (Rattus norvegicus) with an average body 

weight of 150-170 g were bought from the National Research 

Center, Egypt, grouped and housed in polypropylene cages (six 

animals/cage) in a well-ventilated animal house at a temperature of 

(23 ± 2) 曟 under 12:12 h day/night cycles. They were allowed to 

adapt to the environment one week before starting the experiment 

and fed standard chow pellets and water ad libitum. 

 

2.5. Ethical statement

  Experimental protocols and procedures used in this study were 

endorsed by the Institutional Animal Care and Use Committee 

(IACUC) (Egypt) (CUIF2518). 

2.6. Experimental design and grouping

  The rats were randomly separated into 3 groups (n=6 per group) as 

follows: GroupⅠreceived intraperitoneal injection of 0.9% saline 

daily for 15 consecutive days; Group Ⅱwas treated for 8 consecutive 

days with gentamicin (100 mg/kg body weight i.p.)[21], and then 

injected intraperitoneally with saline for another 7 d; Group Ⅲ was 

treated for 8 d with gentamicin (100 mg/kg body weight i.p.) and 

then received A. caliginosa coelomic fluid (45 mg/kg body weight) 

for another 7 d.   

  On day 16, the rats were anesthetized by intraperitoneal injection 

of sodium pentobarbital (50 mg/kg body weight). The chest was 

opened and the blood was collected by the cardiac puncture. The 

blood collected from the rats was separated by centrifugation at 

3 000 rpm for 15 min to get sera, which were stored at �80 曟 for the 

biochemical measurement. The liver and kidney were removed and 

immediately dried using filter paper to remove traces of blood; the 

left and the right kidneys were weighted. 

2.7. Liver and kidney homogenate 

  Liver and kidney tissues were weighted and 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 min at 4 曟 and the resultant supernatant 

was used for the biochemical analyses.

Table 1. Effect of Allolobophora caliginosa coelomic fluid on kidney functions 

in gentamicin treated rats. 

Groups Creatinine 

(mg/dL)

Urea 

(mg/dL)

Uric acid 

(mg/dL)
Control 0.40±0.20 25.69±2.87 1.53±0.22
Gentamicin  0.82±0.05a  34.45±2.03a  2.63±1.10a

A. caliginosa coelomic fluid  0.68±0.24b    26.27±10.46b  1.66±0.64b

Values are expressed as mean ± SD (n = 6  per group). a: Indicates statistical 

significance as compared to the control group; b: Indicates statistical 

significance as compared with the gentamicin group.
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2.8. Biochemical markers

  The collected sera were used for determining aspartate 

aminotransferase (AST), alanine aminotransferase (ALT), alkaline 

phosphatase (ALP), total protein, albumin, creatinine, urea, and uric 

acid according to the manufacturer’s instructions using Biodiagnostic 

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). Malondialdehyde 

(MDA), reduced glutathione (GSH) and catalase (CAT) were 

determined. 

 

2.10. Histopathological examination 

  Liver and kidney tissues were fixed in 10% formal saline, 

embedded in paraffin and sectioned. Then, the sections were stained 

with hematoxylin and eosin (H&E) for histological examination 

using a light microscope (OPTRCH, Germany).

2.11. Statistical analysis 

  All data were expressed as mean ± standard diviation (SD). The 

comparisons within groups were tested using one-way analysis of 

variance (ANOVA) with Duncan post hoc test and P < 0.05 was 

considered statistically significant. SPSS, for Windows (version 

15.0) was used for the statistical analysis.

 

3. Results
 

3.1. Kidney function biomarkers

  As shown in Table 1, creatinine, urea, and uric acid concentrations 

were increased significantly (P<0.05) in the gentamicin group 

compared to the control group, which were decreased (P<0.05) after 

treatment of A. caliginosa coelomic fluid.

3.2. Liver function biomarkers

  A significant increase (P<0.05) in the levels of AST, ALT, and 

ALP was observed in the gentamicin treated-group compared to the 

control group. On the other hand, gentamicin induced a significant 

decrease (P<0.05) in the levels of total proteins and albumin. 

Administration of A. caliginosa coelomic fluid alleviated hepatotoxic 

effect induced by gentamicin by increasing the levels of total 

proteins and albumin and decreasing the levels of AST, ALT, and 

ALP (P<0.05) (Table 2). 

 

3.3. Oxidative stress biomarkers

  MDA levels in the liver and the kidney were elevated while GSH 

and CAT levels decreased after gentamicin administration compared 

with the control group. Treatment with A. caliginosa coelomic fluid 

reversed the changes induced by gentamicin (Table 3).

3.4. Histopathology of the liver

  The liver tissue of rats in the control group showed normal 

liver architecture. The liver section of gentamicin showed severe 

destructive changes in hepatic architecture. Normal hepatocyte was 

observed in the A. caliginosa coelomic fluid-treated group with 

moderately improved liver architecture (Figure 1). 

 

3.5. Histopathology of the kidney

  The renal tissue of the control group demonstrated the normal 

appearance. Gentamicin-treated rats showed severe shrinking and 

degeneration of glomeruli and cytoplasm of some cells of the renal 

tubules. Treatment with A. caliginosa coelomic fluid improved the 

architecture of renal tissue (Figure 2).

Table 2. Effect of Allolobophora caliginosa coelomic fluid on liver functions in gentamicin treated rats. 

Groups AST (U/mL) ALT (U/mL) ALP (U/L) Protein (g/dL) Albumin (g/dL)
Control 17.83±1.32 23.46±2.01 177.65±5.41 6.41±0.15 4.33±0.17
Gentamicin  24.56±2.47a  37.64±9.72a    256.29±99.23a  5.44±0.15a  3.62±0.17a

A. caliginosa coelomic fluid  19.29±4.29b    29.94±15.38b    184.17±13.20b  5.93±0.15b  3.95±0.07b

Values are expressed as mean ± SD (n = 6 per group). Letter a indicates statistical significance as compared with the control group; letter b indicates statistical 

significance as compared to the gentamicin group. AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase.

Table 3. Effect of Allolobophora caliginosa coelomic fluid on oxidative stress parameters in gentamicin treated rats. 

Groups MDA (nmol/g tissue) GSH (mg/g tissue) CAT (U/g tissue)
Liver Kidney Liver Kidney Liver Kidney

Control 2.39±0.20 2.90±0.12 27.29±1.52 21.81±1.03 60.18±1.25 23.05±2.01
Gentamicin 4.17±0.61a 5.33±0.91a 18.41±1.45a  17.50±0.98a    28.87±17.46a 12.66±1.54a

A. caliginosa coelomic fluid 3.41±0.44b 4.14±0.44b 22.53±1.89b  19.28±1.00b  47.03±4.97b 19.91±7.72b

Values are expressed as mean ± SD (n = 6 per group). Letter a indicates statistical significance as compared to the control group; letter b indicates statistical 

significance as compared to the gentamicin group. MDA: malondialdehyde; GSH: reduced glutathione; CAT: catalase.
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4. Discussion

  Aminoglycoside antibiotics like gentamicin and amikacin usually 

associated with nephrotoxicity and hepatotoxicity[22]. Antioxidant 

supplement is important for antibiotic treatment to protect the liver 

and kidney against the side effects. Earthworm’s coleomic fluid 

has strong antioxidant activity[23]. This study sheds light on the 

therapeutic effect of A. caliginosa coelomic fluid on gentamicin-

induced hepatorenal toxicity in rats.

  Damaged organ function and accumulation of a series of 

compounds are indicative of the progression of kidney disease[24]. 

Increasing concentration of serum urea or creatinine is the first 

diagnosis of the hepatorenal syndrome[25]. The current investigation 

showed that consuming gentamicin for 8 d produced a marked 

increase in creatinine levels in the blood and urea nitrogen compared 

to the normal control. The reduction of glomerular filtration rate 

following treatment with gentamicin may be attributed to a tubular 

blockage induced after apoptosis and cellular necrosis[26]. The 

present findings demonstrated that the administration of A. caliginosa 

coelomic fluid at 45 mg/kg for 7 d significantly decreased the level 

of creatinine, urea and uric acid in the gentamicin treated group. 

Phenolic compounds present in A. caliginosa coelomic fluid were 

responsible for the antioxidant activity that protected the kidney 

from oxidative stress-induced renal injury[23]. 

  The main functions of the liver are protein synthesis, and the 

handling of enzymes, such as ALP and release of AST and ALT. 

Liver enzymes leaked into the blood during liver injury[27]. The 

present study illustrated that gentamicin administration elevated AST, 

ALT, and ALP enzyme activities in the serum of rats as compared to 

the normal control group. The elevation of liver enzymes was related 

to the increase in hepatic cell membrane fluidity that led to enzyme 

release into the circulation[28,15].

  Current results indicated that the administration of A. caliginosa 

coelomic fluid at 45 mg/kg for 7 d significantly decreased levels 

of serum AST, ALT and ALP activities when compared to the 

gentamicin treated group. Consistent with the current study, 

Balamurugan et al.[29] reported that the earthworm extract prevents 

the formation of the reactive oxygen groups, preventing the damage 

on the hepatic cells and modulating the genes responsible for the 

synthesis of antioxidant enzymes.

  Protein concentration in the blood was decreased significantly after 

gentamicin injection. This decrease may due to the damage occurred 

in the liver by necrosis induced by gentamicin[30]. Regarding the 

effect of A. caliginosa coelomic fluid on gentamicin-treated rats, 

the results indicated a significant rise in the total protein level and 

albumin. Moreover, the increase in serum albumin may be due to 

Figure 1. Histopathological examination of the liver (H&E ×400). (A) The control group shows a normal liver architecture, including hepatocyte (H), sinusoids 

(S) and Von Kupffer cells (K). (B) The gentamicin group shows necrosis (N) and sever destructive changes in hepatic architecture. (C) The group treated with 

Allolobophora caliginosa coelomic fluid shows normal hepatocyte and moderately improves the liver architecture.

   A                                                                  B                                                                     C

Figure 2. Histopathological examination of the kidney (H&E ×400). (A) The control group shows the normal appearance of the tissue where glomeruli (G) 

appears as dense tufts of capillaries enclosed in the outer layer of Bowman capsules, urinary space (U), and renal tubules (R). (B) The gentamicin group 

shows severe shrinking and degeneration of glomeruli and degenerated cytoplasm of some cells of the renal tubules. (C) The group treated with Allolobophora 
caliginosa coelomic fluid  shows improvement in architecture of renal tissue.

   A                                                                    B                                                                   C
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enhanced synthesis of proteins and albumin[31]. 

  Oxidative stress resulted from the imbalance between the formation 

of reactive oxygen species (ROS) and the body’s antioxidant defense 

capacity[32]. ROS has the potential to oxidize biomolecules including 

proteins, lipids, and DNA[33]. Accumulated evidence indicates 

that gentamicin stimulates the intracellular formation of ROS such 

as superoxide anion and hydrogen peroxide that cause kidney 

damage[34]. Increase ROS production leads to damage in the liver 

and kidney cells, consequently impairing the functional capacity 

of these tissues[5]. In addition, lipid peroxidation was considered 

as an important marker for the structural and functional alternation 

in cellular membranes[35]. MDA is polyunsaturated fatty acid 

peroxidation and hence an important sign of lipid peroxidation[36]. 

The current study revealed that gentamicin administration 

significantly caused an elevation in the MDA level in the liver and 

kidney, indicating enhanced lipid peroxidation which leads to tissue 

damage and the failure of the antioxidant defense system to prevent 

excessive free radical formation[37]. Moreover, an elevation in MDA 

indicated a decrease in the polyunsaturated fatty acid content, which 

serves as a substrate for the free radical attack[38]. It was recorded 

that gentamicin induced oxidative stress occurs in renal cells[39]. 

However, treatment with A. caliginosa coelomic fluid in the present 

study significantly decreased the MDA level compared to the 

gentamicin treated group, suggesting that the protective mechanism 

of A. caliginosa coelomic fluid in the kidney may be attributed to its 

antioxidant activity. 

  GSH is one of the essential compounds needed to maintain cell 

integrity, participate in cell metabolism and has an important role in 

catalysis. GSH protects tissues against free radicals, peroxides and 

many toxic agents[40]. Indeed, the enhancement of lipid peroxidation 

is a consequence of the reduction of GSH to certain critical levels[41]. 

The present study showed a reduction in GSH content after the 

gentamicin administration. Increase ROS production induced by 

gentamicin leads to inhibition of glutathione-associated enzymes[42]. 

Treatment with A. caliginosa coelomic fluid restored GSH 

content, which might be attributed to the presence of high level of 

glutathione, polyphenol chemicals, and amino acids. 

  CAT enzyme protects the cell from the harmful effects of hydrogen 

peroxide by converting it into free oxygen and water[43]. CAT activity 

in gentamicin treated rats was inhibited due to excess production of 

ROS[44]. Administration of A. caliginosa coelomic fluid enhanced 

the activity of CAT and the increase may be due to the presence 

of polyphenolic compound especially chlorogenic acid that can 

scavenge free radicals[45]. The protective effect of A. caliginosa 

coelomic fluid against gentamicin-induced toxicity in the liver and 

the kidney may be through modulation of the balance between the 

formation of ROS and internal antioxidant system. 

  In summary, this study demonstrated the potency of A. caliginosa 

coelomic fluid in ameliorating the biochemical and histopathological 

changes in the liver and the kidney of rats induced by gentamicin. 
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