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Objective(s): Gentamicin belongs to the family of aminoglycoside antibiotics and is a preferred drug in 
developing countries because of its low cost, availability, and potent effects against bacterial. However, 
gentamicin can induce nephrotoxicity. In this research, hydroalcoholic extract of Rheum turkestanicum 
was used against gentamicin- induced nephrotoxicity and its effect against gentamicin-induced 
nephrotoxicity in rats has been investigated.
Materials and Methods: The rats were placed into one of these groups: saline group, gentamicin 
group that received gentamicin 80 mg/kg/day for six days, and two treatment groups that received 
R. turkestanicum intraperitoneally at doses of 100 and 200 mg/kg body weight, respectively, 1 hr 
before gentamicin injections. Urine samples were collected at 24 hr to measure glucose and protein 
concentration. Blood samples were collected to determine serum urea and creatinine. One kidney was 
homogenized to measure malondialdehyde and thiol, and the other kidney was kept for pathological 
studies. 
Results: Gentamicin increased the level of urinary glucose and protein, and increased malondialdehyde 
while it decreased thiol in kidney tissue, and increased the concentration of urea and creatinine in the 
serum. Histopathological pathology revealed renal damage following gentamicin usage; however, the 
extract was able to improve gentamicin toxicity. 
Conclusion: R. turkestanicum has positive effects in the attenuation of gentamicin-induced nephrotoxicity.
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Introduction
Gentamicin as an antibiotic is used in the treatment 

of Gram-negative infections although its usage is 
limited because of serious adverse effects such as 
nephrotoxicity. About 30% of individuals who have 
consumed gentamicin have developed symptoms of 
renal dysfunction (1). The accurate mechanism of renal 
toxicity is not clear and studies have shown that the 
generation of reactive oxygen species (ROS), reactive 
nitrogen species (RNS), decreasing of antioxidant 
enzymes, induction of inflammatory pathways, reduction 
of renal blood flow due to the contraction of mesangial 
cells that lead to tubular necrosis, damage to cells, 
infiltration of leukocytes, and reduction of glomerular 
filtration rate (GFR) can play roles in gentamicin toxicity 
(1-3).

According to the roles of oxidative stress and 
inflammation in gentamicin toxicity, antioxidant 
and anti-inflammatory agents may reduce renal 
toxicity. Herbal medicines are composed of different 
compounds that have pharmacological properties such 
as antioxidant and anti-inflammatory, as a result these 
compounds may play a role in decreasing gentamicin-
induced nephrotoxicity. Recent studies have shown 

Pistacia vera (4), Bauhinia purpurea (5), Ferulago 
angulate (6), grape seed (7), Zingiber officinales (8), 
Crocus sativus (9), crocin (10), green tea (11), safranal 
(12), pomegranate seed oil (13), and other herbs can 
reduce gentamicin nephrotoxicity by their antioxidant 
action. 

In Chinese medicines, the Rheum species 
(polygonaceae) have a long history in the treatment 
of diseases. The main active ingredients of 
the Rheum species (with varying degrees of antioxidant 
properties) are a series of anthraquinones, dianthrones, 
glycosides, and tannins. The anthraquinone 
derivatives are emodin, rhein, chrysophanol, physcion, 
alizarin, citreorosein, and aloe-emodin (14). Rheum 
turkestanicum (R. turkestanicum) belongs to the 
polygonaceae family and is found in central Asia and the 
northeast of Iran. In traditional Iranian medicine, this 
herb is used to treat hypertension and diabetes. Recent 
studies have shown antidiabetic (15) and protective 
effects against doxorubicin (16).

R. turkestanicum contains high amount of 
polyphenolic and flavonoid compounds that act as 
potent antioxidants (15).   Recent studies have shown 
some of the Rheum species and its active ingredients 
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have nephro-protective effects against metals (17). 
Considering the antioxidant activity of R. turkestanicum, 
in this study we investigated the effect of this herbal 
plant against gentamicin-induced nephrotoxicity in rats.

Materials and Methods
2,2′-dinitro-5,5′-dithiodibenzoic acid (DTNB), 

2-thiobarbituric acid (TBA), n-butanol, sodium 
hydroxide (NaOH), sodiumchloride (NaCl), 
ethylenediaminetetraacetic acid disodium salt 
(Na2EDTA), Tris, phosphoric acid, HCl, potassium 
chloride (KCl), and ether were obtained from Merck 
(Darmstadt, Germany). Gentamicin was purchased from 
DarouPakhsh Co (Tehran, Iran). 

Preparation of the extract
The roots of R. turkestanicum Janisch. were obtained 

from Chenar, a village in Zavin Rural District, Kalat 
County, Razavi Khorasan Province, Iran.  Identification 
and authentication was done by M R Joharchi, Ferdowsi 
University of Mashhad Herbarium (voucher specimen No 
21377). The dried and fine roots (50 g) were extracted 
with 70% ethanol in a soxhlet apparatus for 48 hr. The 
hydro-alcoholic extract obtained in the previous step 
was dried on a water bath, and then stored at -18 °C in a 
freezer. The extraction yield was 19% (w/w). 

Experimental  
Twenty-four adult male Wistar rats (250-300 g) 

were purchased from the animal house of the Mashhad 
University of Medical Sciences (MUMS) and kept in cages 
at 20±4 °C temperature in a 12 hr light/12 hr dark cycle 
with ad libitum access to food and water. All experimental 
protocols were in accordance with the guidelines 
and standards of animal care approved by the Ethics 
Committee of MUMS. All the rats were randomly divided 
into four groups of six and were treated according to 
the following protocol: the control group that received 
normal saline (1 ml/kg, IP), the gentamicin group that 
received gentamicin 80 mg/kg/day for six days, two 
treatment groups that received R. turkestanicum hydro-
alcoholic extract IP at doses of 100 and 200 mg/kg, 
respectively, 1 hr before gentamicin injections [doses of 
extract based on a previous study, (15)]. On the seventh 
day, 24-hr urine samples were collected using metabolic 
cages to measure glucose and protein excretion. Twenty-
four hours after the last injection of gentamicin (with 12 
hr fasting consideration), the animals in all groups were 
anaesthetized with an injection of ketamine (95 mg/
kg) and xylasin (5 mg/kg). Then they were euthanized 
and blood samples were obtained by cardiac puncture 
to evaluate the serum urea and creatinine. Both kidneys 
were removed, and the left kidney was homogenized in 
cold KCl solution (1.5%, pH 7) to give a 10% homogenate, 
and used for suspension to measure malondialdehyde 
(MDA) and thiol content. Next, the right kidney was 
processed for histopathological studies.

Biochemical analysis
Urea concentration was estimated colorimetrically 

using an auto-analyzer (Technicon RA-1000, England) 
and urea kit (Man Lab Company, Tehran, I R Iran). 
Creatinine concentration was determined by the Jaffe’s 

method (18). Urine glucose levels were measured by 
the enzymatic assay (glucose oxidase) and protein 
concentration was estimated according to the 
turbidimetric method (19, 20).

Malondialdehyde (MDA) assay  
Thiobarbituric acid reactive substances 

(TBARS), products of LPO, were determined as the 
malondialdehyde (MDA) equivalent, which reacts with 
TBA and produces a red complex with a peak absorbance 
at 532 nm (21). A mixture of 3 ml phosphoric acid (1 %) 
and 1 ml TBA (0.6 %) was added to 0.5 ml of homogenate, 
and the mixture was heated for 45 min in a boiling water 
bath. After cooling, 4 ml of n-butanol was added to the 
mixture, vortexed for 1 min, and then centrifuged for 20 
min at 20,000 rpm. Then, the absorbance of the organic 
layer was measured at 532 nm. The standard curve of 
the MDA was plotted over the concentration range of 
0–40 μM (22). 

Total thiol content assay 
Total thiol content was estimated using DTNB as the 

reagent. This reagent reacts with the SH groups and 
produces a yellow complex that has a peak absorbance at 
412 nm. The 1 ml Tris-ethylenediaminetetraacetic acid 
(EDTA) buffer was added to 50 μl of kidney homogenate, 
and absorbance was read at 412 nm against the Tris-
EDTA buffer alone (A1). Then, 20 μl DTNB reagent (10 
mM in methanol) was added to the mixture, and after 
10 min, the sample absorbance was read again (A2). 
The absorbance of the DTNB reagent was also read 
and considered as a blank (B). Total thiol concentration 
(mM) was calculated from the following equation (20): 

Total thiol concentration (mM) = (A2-A1-B) × 1.07/0.05 
× 13.6

Histological study 
The right kidney was prepared for histopathological 

examination. The kidney tissues were fixed in 10% 
formalin, dehydrated, cleared and embedded in paraffin 
wax. Sections of 5 µm thick were cut and stained with 
haematoxylin and eosin (H&E) for light microscope 
(LM) studies (23).

Statistical analysis
The results are shown as mean±standard error of the 

mean (SEM). Statistical analysis was performed using the 
one-way analysis of variance (ANOVA) followed by the 
Tukey–Kramer post hoc test for multiple comparisons. 
The P-values less than 0.05 were considered to be 
statistically significant. The experiment was carried out 
in triplicate.

  
Results
Effects of R. turkestanicum on serum urea and 
creatinine

In comparison with the control group, gentamicin 
increased the level of creatinine and urea (P<0.0001). On 
the other hand, the R. turkestanicum extract significantly 
reduced serum creatinine (100 mg/kg, P<0.01; 200 mg/
kg, P<0.001) and serum urea (100 mg/kg, P <0.05; 200 mg/
kg, P <0.01) in comparison with gentamicin (Figure 1). 
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Effects of R. turkestanicum on MDA and thiol in kidney 
tissue

Lipid peroxidation was evaluated by the 
determination of MDA in the kidney. Also, the content 
of thiol was measured. As shown in Figure 2, gentamicin 
increased MDA (P<0.001) and decreased thiol content 
in the kidney (P<0.0001) compared to the control 
group. The extract prevented the toxicity of gentamicin 
via decreasing of MDA and increasing of thiol in the 
kidney. The extract reduced MDA at a dose of 100 mg/kg 

(P<0.05) and 200 mg/kg (P<0.01), while it increased the 
content of thiol at applied doses (100 mg/kg, P<0.01; 
200 mg/kg, P<0.001) (Figure 2). 

Effects of R. turkestanicum on urine glucose and 
protein concentration 

As shown in Figure 3, gentamicin increased the 
urinary protein (P<0.001) and glucose (P<0.0001) 
in comparison with the control group. The extract 
decreased the urinary glucose at doses of 100 mg/kg 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Effect of Rheum turkestanicum on serum creatinin and urea after gentamicin administration. The creatinine and urae were determinded 
in the serum. Data were expressed as mean±SEM. ###P<0.001 in cmparison with control group. * P<0.05, ** P<0.01 and *** P<0.001 in comparison 
with gentamicin treated group

Figure 2. Effect of Rheum turkestanicum on MDA and thiol in kidney tissue after gentamicin administration. The level of MDA and thiol were 
masured in kidney tissue. Data were expressed as mean±SEM. ###P<0.001 in cmparison with control group. * P<0.05, ** P<0.01 and *** P<0.001 
in comparison with gentamicin

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. The measurement of glucose and protein in urine. Data were expressed mean±SEM. ### P<0.001 in cmparison with control group. ** 
P<0.01 and **** P<0.0001 in comparison with gentamicin
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(P<0.01) and 200 mg/kg (P<0.0001), while the urinary 
protein was reduced at a dose of 200 mg/kg (P<0.01) by 
the extract (Figure 3).

Effects of R. turkestanicum on histopathological 
changes in the kidney 

The histopathological studies showed that gentamicin 
caused hydropic degeneration and red blood cell (RBC) 
and hyalin casts with different severity. Pretreatment of 
rats with R. turkestanicum reduced damages, especially 
at a dose of 200 mg/kg (Figure 4).

Discussion
Our findings showed the protective effects of R. 

turkestanicum against nephrotoxicity, induced by 
gentamicin. In this research, gentamicin increased the 
level of MDA, urinary protein, urinary glucose, serum 
creatinine, and urea, while it decreased the level of thiol 
in the kidney tissue. Recent studies have confirmed 
our observations (24). The extract of R. turkestanicum 
prevented nephrotoxicity of gentamicin by increasing 
thiol, and decreasing MDA, serum urea, creatinine, 
urinary glucose, and protein. Also, the extract reduced 
histopathological changes relatively. 

Aminoglycosides are used as common antibiotics in 
diseases induced by Gram-negative pathogens (25). The 
consumption of these antibiotics has been limited in 
recent years due to side effects such as nephrotoxicity 
and ototoxicity. In developing countries, the use of 
gentamicin is common because of its availability, 
effectiveness, and cost (26). Different mechanisms play 
a role in gentamicin toxicity, but the most important is 
the production of ROS such as hydroxide and hydrogen 
peroxide that damage renal cells (27). Gentamicin 
also causes a reduction of antioxidant enzyme activity, 
leading to lipid peroxidation production, and alerts 
morphological and functional cells (28, 29). 

According to the role of ROS in gentamicin toxicity, 
using antioxidant compounds can be effective in reducing 

the level of toxicity. Medicinal herbs are composed of 
many ingredients with different pharmacological effects 
such as antioxidant activity, which could decrease 
gentamicin toxicity. Recent studies have reported 
several medicinal herbs have a nephroprotective effect 
against gentamicin. These herbs include pomegranate 
seed oil (13), Rheum emodi (17), green tea (10), crocin 
(11), Zingiber officinale (8), grape seed (7) and Punica 
granatum (30). One of the herbal medicines that 
is used in traditional medicine is R. turkestanicum.  
The polyphenol ingredients such as anthocyanins, 
anthraquinones, flavanols, and stilbenes are found in 
various species of the genus Rheum (14). The medicinal 
use of this species is mainly related to the presence of 
several secondary metabolites such as anthracenes 
(emodin, fiscion, chrysophanol, aloe-emodin, and rhein 
derivatives), stilbenes (resveratrol, rhapontigenin, 
piceatannol, and its derivatives), naphtalenes, and 
chromones in the underground parts of the plants. Most 
of the components have antioxidant activities and lead to 
protective effects against toxicological agents. Hosseini 
et al. showed the protective effects of R. turkestanicum 
against doxorubicin in H9c2 cells (16). Also, the 
protective effects of R. turkestanicum were shown in STZ-
diabetic rats by increasing thiol (15). The antioxidant 
activity of R. turkestanicum ethyl acetate extract (of 
the root) is related to the content of rhododendron. 
Dehghan et al. has shown that rhododendrin is active 
against DPPH (1,1-diphenyl-2-picrylhydrazyl radical 
scavenging activity, 64.3%), similar to BHT (butylated 
hydroxytoluene acts as a standard antioxidant, 67.3%),  
(IC50 = 95.7 μM) (31).  R. emodi as another plant in 
this genus and similar to R. turkestanicum, has shown 
potent antioxidant activity and reno-protective effects 
against metals such as cadmium, mercuric chloride and 
gentamicin (17, 32, 33).  

The studies have shown which presence of antioxidant 
compounds such as anthraquinones (anthracenosides) 
and tannins in R. emodi and R. officinale can reduce 

 
 

 

Figure 4. The pathological changes of kidney tissue after gentamicin exposure and R.turkestanicum pretreatment. A) normal kidney tissue 
(100, B1) gentamicin with hydropic degeneration (3+), B2) gentamicin with RBC cast (2+), B3) gentamicin with hyalin cast (1+), C) 100 mg/kg 
+gentamicin showed necrosis (2+) and D) 100 mg/kg +gentamicin showed necrosis (1+). The + sign shows the severity of injery.1+ (mild), 2+ 
(moderate) and 3+ (sever). (Magnification: A: 100× and B1 to D: 400×)
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nephrotoxicity by the scavenging of free radicals (34, 35). 
According to the presence of tannins in R. turestanicum, 
probably the protective effect of R. turkestanicum is 
related to its components and other ingredients that 
have antioxidant activities.

In the present study, a significant reduction in lipid 
peroxidation (MDA is a stable metabolite of lipid 
peroxidation caused by oxidative stress) and increase 
in the level of thiol contents (an important part of the 
structural proteins and nonprotein compounds plays a 
vital role in cellular processes such as enzyme activity 
and restoration of cellular pathways and mechanisms in 
cell detoxification) of the cells were observed after using 
the extract (36). Due to the main role of oxidative stress 
in the induction and progression of nephrotoxicity that 
was shown in many studies, it can be concluded that 
the use of antioxidant compounds could reverse this 
toxicity. 

Conclusion
The results of this study showed that R. turkestanicum 

hydroalcoholic extract attenuated gentamicin-induced 
nephrotoxicity. This is supported by the improvement 
of serum and urinary markers of renal function and 
the decrease of protein and lipid damage, but the 
explanation and mechanism of this defense need further 
explorations. 
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