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Angulata Against Gentamicin-induced Nephrotoxicity in Rats
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Mostafa Gholami-Arjenaki4

Introduction. Gentamicin can lead to acute tubular injury and 
kidney dysfunction. This study aimed to evaluate the effect of 
Ferulago angulata on kidney function and other markers in rats 
with gentamicin-induced nephrotoxicity.
Materials and Methods. Forty-eight male Wistar rats were 
divided into the following groups: group 1, the controls; group 
2, rats receiving gentamicin (120 mg/kg body weight per day, 
intraperitoneal) for 7 days without treatment; groups 3, 4 and 
5, rats receiving gentamicin for 7 days and oral treatment with 
200 mg/kg, 400 mg/kg, and 800 mg/kg body weight per day of 
Ferulago angulate extract, respectively. Measurements included 
serum levels of creatinine, urea, uric acid, lipids, ferric-reducing 
antioxidant power, and protein carbonyl; kidney and serum levels 
of malondialdehyde; and serum and renal levels of tumor necrosis 
factor-α. Histopathology of kidney tissue was examined as well as 
renal catalase, superoxide dismutase, and vitamin C.
Results. Compared to treatment with gentamicin only, treatment 
with Ferulago angulata resulted in a significantly higher high-density 
lipoprotein cholesterol, ferric-reducing antioxidant plasma, renal 
catalase, superoxide dismutase, and vitamin C levels. It was also 
associated with significantly lower serum levels of creatinine, 
urea, uric acid, malondialdehyde, protein carbonyl, tumor necrosis 
factor-α, total cholesterol, triglyceride, low-density lipoprotein 
cholesterol, and very low-density lipoprotein cholesterol. Ferulago 
angulate was linked with a lower renal gene expression of tumor 
necrosis factor-α.
Conclusions. The present study suggests that Ferulago angulate extract 
has protective effects against nephrotoxicity due to gentamicin.
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INTRODUCTION
Several drugs and toxic xenobiotics or chemicals 

cause toxic damage to the kidneys. Gentamicin is 
widely used in the treatment of gram-negative 
bacterial infections.1,2 Most studies have shown 
that excessive dose of gentamicin can lead to acute 
tubular injury and kidney dysfunction,3 due to its 
accumulation in the renal proximal convoluted 
tubules and its accumulation, resulting in brush 

border network injury, decreased glomerular 
filtration rate, and kidney dysfunction.4 Several 
studies have demonstrated that gentamicin induces 
dose-dependent nephrotoxicity in 10% to 25% of 
the recipients. Treatment with gentamicin has been 
identified as one of the most common causes of 
acute kidney failure, which leads to restriction 
of its use.5,6 In addition, gentamicin stimulates 
formation of reactive oxygen species (ROS) in the 
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kidney and causes renal oxidative stress, renal 
inflammation, elevation of the lipid peroxidation, 
and the activity reduction of antioxidant enzymes.7-10 
Therefore, a therapeutic approach to protect or 
reverse gentamicin-induced renal injury would 
have significant clinical value.

Nowadays, herbal medicine development against 
the noncommunicable disease is one of the reliable 
areas of research for finding natural compounds 
with renal protective effects.11 Ferulago angulate (F 
angulate) is found in high altitude areas of several 
Asian countries such as Iran, Iraq, and Turkey. 
Previous studies have demonstrated antioxidant, 
anti-inflammatory, and antimicrobial properties of 
this plant.12 Therefore, this study was undertaken 
for evaluating the effect of F angulata extract against 
gentamicin-induced renal toxicity in rats.

MATERIALS AND METHODS
Chemicals and Reagents

The SYBR Green polymerase chain reaction 
master mix was prepared from Qiagen (Düsseldorf, 
Germany). Plasma levels of total cholesterol, 
triglyceride, high-density lipoprotein cholesterol 
(HDLC), low-density lipoprotein cholesterol 
(LDLC), creatinine, urea, glutamate-oxaloacetate 
transaminase, and glutamate-pyruvate transaminase 
were measured using Pars Azmun (Tehran, Iran). 
Gentamicin was purchased from Darugostar 
(Tehran, Iran). All other chemicals used were of 
analytical grade.

Plant Material and Extraction
F angulata was collected from Shahrekord, 

Chaharmahal-e-Bakhtiari Province, Iran (altitude 
2035 m, 32°19′31′′N-50°51′50′′E) in March 2014. The 
botanical identification was done at the Herbarium 
of the Medical Plants Research Center in Shahrekord 
University of Medical Sciences, Iran, and a voucher 
specimen was deposited (Voucher No 324). Then, 
F angulata was air-dried and ground, and the 
ethanol:water (70:30, v/v) extract was prepared.

Total Phenol and Antioxidant Capacity
The total phenols and antioxidant activity of 

F angulata extract were determined as described 
elsewhere.13,14

Animals and Experimental Design
Forty-eight male Wistar rats (weight, 200 ± 20 g) 

were housed under standard laboratory conditions. 
The rats were randomly divided into 5 experimental 
groups (n = 8 per group) as follows: group 1 
(control) was treated with intraperitoneal injection 
of normal saline daily for 7 consecutive days; 
group 2 (gentamicin) received daily intraperitoneal 
injection of gentamicin (120 mg/kg body weight) 
for 7 consecutive days; groups 3 to 5 were orally 
treated with F angulata extract (200 mg/kg, 400 
mg/kg, and 800 mg/kg body weight, respectively) 
and intraperitoneal injection of gentamicin (120 
mg/kg body weight) at an interval of 1 hour for 
7 days, consecutively.

After 7 consecutive days, fasted animals were 
anesthetized and plasma and serum specimens 
were prepared. Also, a specimen of the kidney was 
removed for determining kidney catalase activity, 
tumor necrosis factor-α (TNF-α) gene expression, 
and histopathological studies. All procedures were 
approved by the Ethics Committee of Shahrekord 
University of Medical Sciences.

Biochemical Analysis
The profile of serum lipids, creatinine, urea, 

glutamate-oxaloacetate transaminase, and glutamate-
pyruvate transaminase levels were determined 
by enzymatic method (Pars Azmun, Iran) using 
atuoanalyzer (BT 3000, France). Serum tumor necrosis 
factor-α (TNF-α) was assessed using an enzyme-
linked immunosorbent assay (BT-Laboratory, China) 
according to the manufacturers’ instructions. Very 
low-density lipoprotein cholesterol (VLDLC) was 
calculated with Fridewald formula.15

Serum and Renal Tissue Malondialdehyde
Serum and renal tissue malondialdehyde levels 

were assessed using high-performance liquid 
chromatography (Agilent, USA) method with 
thiobarbituric acid as described by Agarwal and 
Chase.16

Ferric-reducing Ability of Plasma
Plasma antioxidant capacity was measured as 

described previously.17

Renal Catalase and Superoxide Dismutase 
Activity

The kidney catalase activity of experimental 
groups was estimated as described previously.18 
Kidney superoxide dismutase (SOD) activity of 
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different experimental groups was assayed by 
method of Beauchamp and Fridivich.19

Renal Tissue Vitamin C
Kidney tissue vitamin C level in the experimental 

groups were measured by 2,4-dinitrophenyl 
hydrazine reagent as described by Omaye.20

Serum Protein Carbonyl Content
Protein carbonyl content of the serum was 

assayed by Reznick and Packer21 procedure using 
6 M guanidine hydrochloride.

Real-time Quantitative Polymerase Chain 
Reaction for Tumor Necrosis Factor-α

Total mRNA (100 mg kidney tissue of each rat) 
was extracted using a commercial Biozol kit (Bioer, 
China) reagent. Reverse transcription of cDNA 
was done using PrimeScript reagent kit (Takara 
Bio Inc). Then, cDNA amplified by real-time 
quantitative polymerase chain reaction using SYBR 
Green PCR Master Mix (Qiagen, Germany) in the 
presence of specific primers for TNF-α (forward: 
5´-CTGGCGTGTTCATCCGTTC-3´, reverse: 5´ 
GGCTCTGAGGAGTAGACGATAA -3´) and 18s 
(forward:5´CGCAAATTACCCACTCCCGAC-3´, 
reverse: 5´GCGTTTAATGGGTGAGGGCTG-3´) 
genes. Amplification involved a first denaturation 
at 95°C for 10 minutes and real-time quantitative 
polymerase chain reaction was done for 40 cycles 
in a 3-step program (including 15 seconds at 95°C, 
20 seconds at 62°C, and 25 seconds at 72°C). A 
housekeeping gene, 18s rRNA, was used as an 
endogenous control for mRNA expression and 
normalizing data.

Histopathological Studies
Immediately after sacrificing the rats, the kidneys 

were dissected out and fixed in 20% formaldehyde 
solution. After paraffin embedding, 5-μm sections 
were taken and stained with hematoxylin-eosin22 
for photomicroscopic observation, including 
inflammatory activity and stage of damage.

Statistical Analysis
The results were expressed as mean ± standard 

deviation. All statistical analyses were performed 
using the 1-way analysis of variance. The SPSS 
software (Statistical Package for the Social Sciences, 
version 20.0, SPSS Inc, Chicago, IL, USA) was 
used for the analyses. Mean values of the groups 
were compared using the Tukey post hoc test for 
multiple comparisons. A P value less than .05 was 
considered significant.

RESULTS
Total Phenol and Antioxidant Capacity of 
Ferulago Angulata

The total phenolic content of F angulate extract 
was 4.2 ± 0.13 mg of gallic acid equivalent/g dried 
extract. The antioxidant activity of F angulate extract 
was 18.46 ± 1.32 µg/mL.

Effect of Ferulago Angulata on Biochemical 
Parameters

In group 2 (gentamicin administered without 
treatment), serum levels of total cholesterol, 
LDLC, VLDLC, triglyceride, uric acid, urea, and 
creatinine significantly increased compared to 
those in the control group (Table 1). In treated 
groups with F angulate, total cholesterol, LDLC, 

Parameters Group 1 Group 2 Group 3 Group 4 Group 5
Triglyceride, mg/dL 60.00 ± 4.20 104.37 ± 9.10† 69.75 ± 5.14†‡ 61.37 ± 5.90‡ 51.12 ± 4.76‡§#

Total cholesterol, mg/dL 57.62 ± 3.33 91.00 ± 5.34† 74.37 ± 5.15†‡ 71.12 ± 4.29†‡ 58.12 ± 1.35‡§#

High-density lipoprotein, mg/dL 35.33 ± 1.90 29.03 ± 1.28† 28.42 ± 1.82† 29.57 ± 1.88† 33.93 ± 2.16‡§#

Low-density lipoprotein, mg/dL 15.05 ± 0.91 24.78 ± 1.25† 20.82 ± 1.21†‡ 19.00 ± 0.60†‡ 15.75 ± 0.84‡§#

Very low-density lipoprotein, mg/dL 10.82 ± 1.58 38.89 ± 5.93† 26.24 ± 4.58†‡ 24.39 ± 3.38†‡ 11.76 ± 1.36‡§#

Uric acid, mg/dL 1.48 ± 0.11 3.70 ± 0.37† 2.77 ± 0.16†‡ 2.05 ± 0.16†‡§ 1.82 ± 0.12†‡§

Urea, mg/dL 49.75 ± 3.45 130.75 ± 7.42† 86.87 ± 4.64†‡ 80.37 ± 6.45†‡ 69.75 ± 3.84†‡§#

Creatinine, mg/dL 0.47 ± 0.08 2.78 ± 0.42† 2.25 ± 0.25† 1.82 ± 0.23†‡ 1.65 ± 0.17†‡§

*Group 1 was the control; group 2, receiving gentamicin; and groups 3 to 5, rats receiving gentamicin and F angulata extract at the doses of 200 
mg/kg, 400 mg/kg, and 800 mg/kg, respectively.
†P < .05 compared with group 1
‡P < .05 compared with group 2
§P < .05 compared with group 3
#P < .05 compared with group 4

Table 1. Laboratory Parameters in Rats Receiving Gentamicin With and Without Ferulago Angulate Extract*
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VLDLC, triglyceride, uric acid, and urea showed a 
significant reduction compared to those in group 
2. A reduction of serum HDLC was seen in group 
2 compared to the control group.

Effect of Ferulago Angulata on Renal Catalase 
Activity, Superoxide Dismotase, and Vitamin C

The kidney tissue of the gentamicin-intoxicated 
rats without treatment showed a significant decrease 
in the tissue vitamin C, activity of catalase, and SOD 
when compared with the control group (Figures 1 
and 2). In groups receiving F angulate; however, 
a significant elevation of catalase activity in renal 
tissue of gentamicin-intoxicated rats when compared 
with group 2, in a dose-dependent manner. On the 

other hand, in groups 4 and 5 (400 mg/kg and 800 
mg/kg of F angulate extract, respectively), SOD and 
vitamin C were significantly elevated compared 
to those in groups 2 and 3.

Serum Level of Protein Carbonyl
F i g u r e  2  s h o w s  t h a t  a d m i n i s t r a t i o n  o f 

gentamicin resulted in a significant elevation in 
the level of the serum protein carbonyl content 
in group 2 compared to that of group 1 (control). 
In groups 4 and 5 (400 mg/kg and 800 mg/
kg of F angulate, respectively), the serum level 
of protein carbonyl significantly decreased 
compared to that of group 2 in a dose-dependent  
manner.

Figure 1. Effect of Ferulago angulata extract on catalase and superoxide dismutase activities. Group 1 is the controls; group 2, 
receiving gentamicin; and groups 3 to 5, rats receiving gentamicin and F angulata extract at the doses of 200 mg/kg, 400 mg/kg, and 
800 mg/kg, respectively.
*P < .05 compared with group 1
†P < .05 compared with group 2
‡P < .05 compared with group 3

Figure 2. Effect of Ferulago angulata extract on serum protein carbonyl and renal vitamin C. Group 1 is the controls; group 2, receiving 
gentamicin; and groups 3 to 5, rats receiving gentamicin and F angulata extract at the doses of 200 mg/kg, 400 mg/kg, and 800 mg/kg, 
respectively.
*P < .05 compared with group 1
†P < .05 compared with group 2
‡P < .05 compared with group 3
§P < .05 compared with group 4
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Effect of Ferulago Angulata on Malondialdehyde 
and Ferric-reducing Ability of Plasma

Table 2 shows that in group 2, gentamicin 
resulted in a significant increase in serum and 
renal malondialdehyde levels compared to the 
control group. Animals treated with the extract 
of F angulate showed a significant decrease in 
the serum and tissue malondialdehyde levels in 
a dose-dependent manner compared to those in 
group 2. In the treated groups with F angulate, a 
significant elevation was seen in the ferric-reducing 
ability of plasma as opposed to that in group 2, 
in a dose-dependent manner.

Effect of Ferulago Angulata on Tumor Necrosis 
Factor-α and Relative Expression of Renal 
TNF-α

Figure 3 shows that gentamicin administration 
in group 2 led to a significant elevation in serum 
level of TNF-α and renal expression of TNF-α 
compared to the control group. The level of the 

serum TNF-α decreased significantly in groups 
treated with F angulata extract compared to group 
2. Relative expression of renal TNF-α was also 
significantly reduced in F angulata treated groups 
in contrast to that in group 2.

Histopathological Examination
Light microscopic examination of the kidney tissue 

in group 2 displayed infiltration of mononuclear cells, 
hemorrhage, and histological changes compared 
to the control group (Figure 4). Renal sections 
from both groups treated with F angulata extract 
at doses of 200 mg/kg and 400 mg/kg along with 
gentamicin showed moderate tubular degeneration 
and mild infiltration of inflammatory cells (Figure 4). 
Administration of F angulata extract at a dose of 800 
mg/kg markedly decreased the level of degeneration 
changes (Figure 4) compared to that in group 2.

DISCUSSION
Nowadays, medicinal plants play an important 

Parameters Group 1 Group 2 Group 3 Group 4 Group 5
Serum FRAP, µM 299.75 ± 18.43 129.87 ± 14.83† 211.50 ± 24.01†‡ 289.00 ± 28.54‡ 356.87 ± 30.31†‡§#

Serum malondialdehyde, µM 0.87 ± 0.11 4.14 ± 0.41† 1.84 ± 0.13†‡ 1.62 ± 0.19†‡ 0.92 ± 0.05‡§#

Tissue malondialdehyde, µM 0.42 ± 0.08 1.50 ± 0.20† 0.66 ± 0.15†‡ 0.38 ± 0.01‡§ 0.37 ± 0.04‡§

*Group 1 is the controls; group 2, receiving gentamicin; and groups 3 to 5, rats receiving gentamicin and F angulata extract at the doses of 200 
mg/kg, 400 mg/kg, and 800 mg/kg, respectively.
†P < .05 compared with group 1
‡P < .05 compared with group 2
§P < .05 compared with group 3
#P < .05 compared with group 4

Table 2. Serum and Tissue Renal Malondialdehyde and Serum Ferric-reducing Ability of Plasma (FRAP) in Rats Receiving Gentamicin 
With and Without Ferulago Angulate Extract*

Figure 3. Effect of Ferulago angulata extract on serum level of tumor necrosis factor-α and the relative expression of renal TNF-α.
Group 1 is the controls; group 2, receiving gentamicin; and groups 3 to 5, rats receiving gentamicin and F angulata extract at the doses 
of 200 mg/kg, 400 mg/kg, and 800 mg/kg, respectively.
*P < .05 compared with group 1
†P < .05 compared with group 2
‡P < .05 compared with group 3
§P < .05 compared with group 4
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role in the treatment and prevention of kidney 
diseases.23 A few studies have been done on the 
importance of the therapeutic properties of F 
angulate.12 In our study, the serum triglyceride, 
total cholesterol, LDLC, and VLDL significantly 
increased in group 2 when compared to the control 
group of rats whereas the serum HDLC was found 
to be significantly decreased (Table 1), which is 
accordance with earlier reports.5,24 On the other 
hand, treatment with F angulate decreased the 
profile of serum lipids when compared to group 
2 of rats with gentamicin only (Table 1), whereas 
F angulate led to considerable increase in HDLC 
levels in the treated groups. Several reports have 
demonstrated that natural agents can reduce 
hyperlipidemia, which are in agreement with our 

results.25,26 In this study, F angulate extract analysis 
showed a potent antioxidant property. Therefore, 
the reduction of the serum lipid levels resulted 
from the antioxidant property of F angulate extract.

In our current study, the levels of urea, creatinine, 
and uric acid increased in gentamicin-treated 
rats, as a manifestation of kidney dysfunction, 
which is in accordance with previous findings.1, 

27 Treatment with F angulate extract restored the 
elevated values of urea, creatinine, and uric acid 
near to normal levels (Table 1). On the other hand, 
this renal protective effects of F angulate extract 
may be, at least in part, due to its stabilizing effects 
on plasma membrane and proteins against ROS.28

There is growing evidence that in mammalian 
system, especially human, direct damage to 

Figure 4. Effect of Ferulago angulata extract on pathological 
changes in the renal tubules of the experimental groups. A, 
Control group (group 1); B, gentamicin-administered rats without 
treatment (group 2); C, D, and E (groups 3 to 5) gentamicin-
administered rats supplemented with 200 mg/kg, 400 mg/
kg, and 800 mg/kg body weight of the extract of F angulata 
extract, respectively. The kidney of the gentamicin-administered 
rat developed pathological changes in the tubules such as 
lymphocytic infiltration (arrow mark). Treatment with F angulata 
extract markedly reduced these pathological changes of the 
tubular nephrons. The arrows show lymphocyte infiltration in 
tubules and degeneration in tubular wall.
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proteins and lipids during oxidative stress can 
give rise to the elevation of the protein carbonyl 
and malondialdehyde, respectively,29, 30 which 
is in line with our study (Table 2 and Figure 2). 
Nevertheless, administration of F angulate extract 
led to not only an elevation of ferric-reducing 
ability of plasma in the treated groups compared 
to group 2, but also a reduction of the serum 
malondialdehyde, protein carbonyl, and the kidney 
tissue malondialdehyde in a dose-dependent 
manner. These effects may be produced, at least in 
part, due to F angulate extract antioxidant properties. 
In our study, the administration of F angulate 
extract retarded the progression of functional 
and morphological changes in the kidney of the 
treated groups (Figure 4) compared to group 2, 
due to its antioxidant properties. Therefore, in our 
study, F angulate extract antioxidant activity may 
produce, at least in part, the renal protective effects 
by neutralizing the effects of free radical species.

The results of the present study demonstrated 
that administration of F angulate extract led to 
an elevation of vitamin C in the treated groups, 
compared to group 2. Thus, the elevation of vitamin 
C can be considered an additional reason for 
reducing ROS in F angulate extract-treated groups 
and retarded the renal progression of functional 
and morphological changes. The observations 
from our study are in line with previous reported 
studies.1, 31 Also, in the present study, the level of 
kidney tissue antioxidant enzymes such as catalase 
and SOD significantly decreased after receiving 
gentamicin in comparison with the control group. 
In the groups treated with F angulate, a significant 
increase was observed in the renal activity of catalase 
and SOD. Therefore, the elevation of renal catalase 
and SOD activities due to F angulate administration 
can be considered, at least in part, an additional 
reason for reducing renal structural pathological 
abnormalities, the serum malondialdehyde, the 
kidney tissue malondialdehyde, and protein 
carbonyl in groups treated with F angulate.

Several  s tudies  have demonstrated that 
gentamicin-induced nephrotoxicity is structurally 
associated with inflammation and considerably 
increasing TNF-α,8, 32 which is in line with the 
present study. Our results showed a significant 
elevation in both the serum level and relative renal 
expression of TNF-α associated with gentamicin 
use. Activation and nuclear translocation of TNF-α 

can be a key factor in the renal inflammatory 
process due to oxidative stress, which in turn, is 
involved in regulating basal gene expression of 
cytokines, chemokines, and adhesion molecules.33 
However, in our study, treatment with the extract 
of F angulate significantly decreased serum level of 
TNF-α. The results also indicated that TNF-α was 
significantly downregulated following F angulate 
treatment, which is in accordance with earlier 
studies.1, 34 Thus, the reduction of serum level of 
TNF-α and TNF-α expression are another piece of 
evidence confirming the renal protective effect of 
F angulate extract.

In this study, we did not evaluate the effect 
of F angulate extract on renal tubular apoptosis/
necrosis, pro-apoptotic characters such as p53, 
or downregulation of the activities of some anti-
apoptotic proteins such as Bcl-2. These factors can 
influence cell apoptosis and survival. Therefore, 
we suggest that future studies focus on the anti-
apoptosis effects of F angulate extract.

CONCLUSIONS
Our finding indicate that F angulate extract has 

renal protective potential. The nephroprotective 
effects of F angulate extract against gentamicin-
induced renal toxicity may be due to its antioxidant 
properties on the reduction of the renal TNF-α 
expression, kidney malondialdehyde, and protein 
carbonyl plus the elevation of renal catalase and 
SOD activities.
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