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 Background & Objective:  Acetaminophen is known as the most common agent 
which causes hepatic and renal toxicity in human and experimental animals at supra-
therapeutic doses. The current study investigated the protective effects of 
Descurainia sophia seed extract on the acetaminophen-induced nephrotoxicity 
markers in male mice. 

 Materials & Methods:  Experimental male mice (n=60, Swiss albino mice) were 
divided into six groups as follows: Group A (control group), Group B (acetaminophen 
group), and treatment groups including T1, T2, T3, and T4 (D. sophia seed extract 
groups). Toxicity was induced by acetaminophen (500 mg/kg). The mice administered 
D. sophia seed extract for 7 days in doses of 50, 100, 200, and 300 mg/kg. In the next 
step, animals were euthanized 24 hours after acetaminophen administration. Blood 
samples were collected. Serum levels of blood urea nitrogen (BUN), creatinine, and 
uric acid were analysed. Furthermore, kidney tissues were removed for 
histopathological examination via haematoxylin and eosin staining.  

Results:  Our data revealed that acetaminophen increased the levels of BUN, 
creatinine and uric acid (P<0.05). Pre-treatment of D. sophia seed extract decreased 
the serum BUN, creatinine and uric acid significantly compared to the acetaminophen 
group (P<0.05). Additionally, in histopathological examination, D. sophia extract had 
restored acetaminophen-induced nephrotoxicity, particularly in the dose of 300 mg/kg. 
Conclusion:  The present findings suggested that oral administration of D. sophia 
seed extract has protective effect against acetaminophen nephrotoxicity in mice. 
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Introduction

Acetaminophen (N-acetyl-p-aminophenol, APAP) is 
one of the most popular and widely used analgesic and 
anti-fever agents in both children and adults (1). 
However, APAP is safe and effective when is 
administered at therapeutic doses. However, in high 
doses, it can lead to hepatotoxicity and nephrotoxicity 
(1). It is well accepted that the majority of APAP 
molecules convert to inactive conjugate forms 
(glucuronidation and sulfation), which are described as 
detoxification pathway. However, minor fraction of 
APAP which undergoes cytochrome P450 oxidation 
converts to a toxic metabolite, N-acetyl-p-benzoquinone 

imine (NAPQI). It can react with glutathione (GSH) and 
produces harmless metabolites (2). 

 At supra-therapeutic doses of APAP (more than 4 
g/day), detoxification pathways are saturated, due to 
glucuronidation and sulfation insufficiency. At supra-
therapeutic doses, APAP undergoes oxidation by 
cytochrome P450, which causes GHS depletion. It 
promotes toxic free NAPQI binding to various cellular 
proteins which leads to aggravation of cellular 
oxidative stress and cellular necrosis (2, 3). APAP-
induced hepatotoxicity has been studied widely, but 
APAP-induced nephrotoxicity has not been clearly 
understood. Since APAP can induce hepatotoxicity and 
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nephrotoxicity, it seems logical to find an agent to 
neutralize the toxic effects (4). Descurainia sophia, a 
member of Brassicaceae family, is a popular traditional 
medicine, which grows in various regions of Asia and 
Europe (5, 6). Ample evidences reported various 
therapeutic effects of D. sophia on many health 
disorders, including asthma, cough, urinary system 
problems, pain, oedema, cardiac problems, 
constipation, fever, pruritus, intestinal worms (7, 8), 
and internal haemorrhage (9). Furthermore, it has been 
reported that D. sophia seeds are used to treat various 
pathological conditions such as gastrointestinal 
disorders, inflammation, asthma, and cardio-vascular 
problems (10, 11). It is also suggested for vitamin C 
deficiency treatment (5).  

 Limited number of studies have evaluated protective 
effects of this plant on body organs. For example, 
Moshaie-Nezhad et al. reported that oral administration 
of D. sophia seed extract (dosage range 50-300 mg/kg, 
for seven days) improves oxidative stress markers and 
liver toxicity in the paracetamol treated mice (12). 
Additionally, Luo et al. reported that D. sophia 
treatment for three months, improves cardiac fibrosis 
and apoptosis in rats as compared to sham group (13). 
They also claimed that protective effects of D. sophia 
on cardiac function may be mediated by activation of 
PI3k/Akt/mTOR signalling pathway (13). Similarly, 
Wei-sheng et al. showed that H9c2 cell exposure to D. 
sophia, increases the survival rate of H9c2 and 
mitochondrial membrane potential. They also observed 
that D. sophia treatment decreases apoptosis rate and 
ROS level in doxorubicin-induced cardio myocyte 
injury, significantly (14). 

So far, no study has been done on the protective 
effects of D. sophia on kidney. Therefore, the aim of 
the current research was to assess protective effects of 
D. sophia seed extract on acetaminophen-induced 
nephrotoxicity markers. For this purpose, we evaluated 
the effects of oral administration of D. sophia on BUN, 
creatinine, and uric acid in blood samples of mice. 
Furthermore, we examined the protective effects of D. 
sophia on acetaminophen-induced nephrotoxicity via 
histopathological study of kidney tissue.  

 

Materials and Methods 
Animals 

In the current study, healthy adult male mice (Swiss 
albino) were purchased from Pasteur Institute (Iran, 
Tehran). The animals were kept in Plexiglas cages at 
room temperature (23±2°C) having a 12-hour 
light/dark cycle, as well as free access to standard pellet 
diet and water. The animals acclimatized to the 
environment for one week before starting the 
experiments. The present study is approved by the ethic 
committee of Baqiyatallah University of Medical 
Sciences, Tehran, Iran (Ethical code:  IR.BMSU.REC. 
1396.464). 

Plant Material and Extraction 

A sample of prepared seeds was rendered to the 
Herbarium of the Faculty of Pharmacy, Isfahan 
University of Medical Sciences, Isfahan, Iran. It got a 
Voucher number (2834).  

Using a homemade grinder, the dried seeds were 
pulverized into fine powder. Then, ethyl alcohol 96% 
(22 g/21 ml of ethyl alcohol) was added to powdered 
seed. Subsequently, samples were shaken for 24 hours 
at room temperature using a shaker. Using a rotary 
device, the alcohol was extracted and so the extract was 
condensed. It was incubated in an oven for 22 hours at 
61°C to dry (15). 

Experimental Protocol 
In the current study, the animals were divided into 

six groups, randomly (n=6 in each group). The groups 
were labelled as follows: A, B, T1, T2, T3, and T4. 
Group A members were considered as control and the 
animals received normal saline solution (200 mg/kg) 
for seven days, orally. Group B were considered as 
acetaminophen group. The animals received 
acetaminophen solution in water (intraperitoneal, 500 
mg/kg) on the eighth day of the experiment. T1, T2, T3 
and T4 groups were treatment groups. The animals 
were orally treated with seed extract every 12 hours 
with different dosages (50, 100, 200 and 300 mg/kg), 
for seven days.  

Fresh D. sophia seed extract was dissolved in normal 
saline 0.9% before the administration. The doses and 
duration of treatment were based on previous studies 
(6, 16, 17). The animals were euthanized 24 hours after 
acetaminophen administration, and their blood samples 
were collected for analysis of BUN, creatinine and uric 
acid. Kidney tissues were removed and stored in 10% 
formalin for further histopathological examination via 
haematoxylin and eosin staining. 

Measurement of Urea, Creatinine and Uric Acid 
Levels 

Blood samples were taken from animals’ hearts after 
24 hours of acetaminophen injection. Using centrifuge 
apparatus, the serum samples separated at 3500 rpm for 
10 minutes. Urea, Creatinine and Uric acid 
concentrations were measured by auto analyser machine 
with commercial reagent kits, according to provided 
procedure of the manufacturer (Pars Azmoon Kits). 

Histopathological Assessment 
For haematoxylin and eosin staining, the kidney 

tissues were fixed in phosphate buffered 10% for 48 
hours and the paraffin blocks were prepared. The 
blocks were cut into sections (5 µm), using a rotary 
microtome. The sections were stained with 
haematoxylin and eosin, then were visually checked 
under a light microscope. Finally, alterations of the 
histopathology parameters of kidney tissues were 
graded (18). 

Statistical Analysis 
All the data presented as mean ± standard error of the 

mean (SEM). Analyses were performed using SPSS 
22.0 (SPSS Inc., Chicago, IL., USA). Statistical analyses 
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were performed with one-way analyses of variance 
(ANOVAs) and Duncan's-test as a post-test. P-
value≤0.05 was considered as statistically significant. 

Results 
BUN, Creatinine and Uric Acid Measurement 

BUN, creatinine and uric acid levels showed a 
significant increase in acetaminophen group compared 
to the controls (P<0.05). Also, BUN and uric acid 
levels significantly decreased in T4, T3 and T2 groups 
after administration of D. sophia seed extract compared 
to the acetaminophen group. Moreover, there was no 
statistical differences between T4 and the control 
group. Similarly, there was no statistical differences in 
creatinine levels in the treatment groups. 

Administration of D. sophia seed extract caused a 
significant decrease in T3 and T4 groups as compared 
with the acetaminophen group. The best treatment was 
observed in T4 group, (300 mg/kg) compared to the 

control in terms of BUN, creatinine and uric acid levels 
(P>0.05) (Table 1). 

Histologic Examination 
In the histopathological study, the control group 

exhibited the normal architecture of kidneys (Figure 
1.a). Our data identified inflammatory cell infiltration, 
congestion, vacuolar degeneration, as well as necrosis 
in the acetaminophen and T1 groups. Indeed, these 
alterations demonstrated effective renal damage 
(Figure 1.b).  

T2 group was similar to T1 with less damage severity 
(Figure 1.c.d). In the T3 group, mild vacuolar 
degeneration and necrosis were seen (Figure 1.e). In 
the T4 group (300 mg/kg), we observed mild necrosis 
with minimal tissue damage (Figure 1.f). 
Histopathology parameters for kidney tissues were 
graded in Table 2. 

 

 

Table 1. The effects of different doses of DS seed extract (50, 100, 200 and 300 mg/kg) on the serum levels of urea, uric 
acid and creatinine. 

 

Groups BUN(mg/dl) Uric Acid(mg/dl) Creatinine(mg/dl) 

Control 20.40±1.98 7.40±.392 0.600±.057 

Acetaminophen (500mg/kg) 50.40±3.64* 12.82±.703* 1.61±.111* 

T1(50mg/kg) 46.30±3.314 11.97±.883 1.54±.093 

T2(100mg/kg) 40.50±3.152# 10.43±.553# 1.41±.110 

T3(200mg/kg) 32.10±1.728# 9.01±.495# 1.10±.148# 

T4(300mg/kg) 26.90±3.816# 8.68±.504# 0.928±.125# 
Nephrotoxicity was determined 24 h later by quantifying the BUN, uric acid and creatinine. Each value represents the mean ± SD. Treatments 

groups: T1 (DS seed extract, 50 mg/kg), T2 (DS seed extract, 100 mg/kg), T3 (DS seed extract, 200 mg/kg) and T4 (DS seed extract, 300 mg/kg). 
The symbols * and # denote significant differences from control, and acetaminophen groups, respectively; *P-value<0.05, and #P-value<0.05. 

 

Table 2. The effects of different doses of DS seed extract on the histopathologic changes following acetaminophen 
administration. 

Group Inflammatory cell 
infiltration Congestion Degeneration Necrosis 

Control - - - - 

Acetaminophen + + ++ ++ 

T1 (50mg/kg) + + ++ ++ 

T2 (100mg/kg) + + + + 

T3 (200mg/kg) - - + + 

T4 (300mg/kg) - - - + 

Histopathologic assessments of the experimental parameters following acetaminophen administration. Treatments groups: T1 
(DS seed extract, 50 mg/kg), T2 (DS seed extract, 100 mg/kg), T3 (DS seed extract, 200 mg/kg) and T4 (DS seed extract, 300 
mg/kg). 
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Figure 1. Histopathological alterations following acetaminophen administration in all experimental groups; A) Control, 
B) Acetaminophen, C) T1 (DS seed extract, 50 mg/kg), D) T2 (DS seed extract, 100 mg/kg), E) T3 (DS seed extract, 200 
mg/kg) and F) T4 (DS seed extract, 300 mg/kg).  

 
Discussion 

The present study determined that acetaminophen 
administration at high doses results in a markedly 
increase of serum urea, creatinine, and uric acid 
concentration which can lead to nephrotoxicity. The 
Mechanism of acetaminophen-induced renal damage 
had been reported previously (19-23). Several 
documents have reported that acetaminophen can cause 
oxidative stress and renal toxicity at high doses, which 
was consistent with our findings. 

The intensity of acetaminophen-induced renal 
damage is related to cytochrome P450 activity and 
glutathione deposits. In the kidney, cytochrome P450 
enzyme is mainly found in proximal tubules. Also, 
there is a small amount in the glomerulus, distal and 
collecting ducts. Indeed, the highest amount of 
cytochrome P450 enzyme is located in the proximal 
tubules. The concentration of toxic metabolites in the 
proximal tubules is more than other segments of the 
nephrons, due to high absorption and secretion (2, 3).  

The purpose of the current study was to investigate 
the effects of D. sophia seed extract on acetaminophen-
induced nephrotoxicity. We observed that the 
application of D. sophia seed extract decreases 
acetaminophen caused damages. Furthermore, D. 
sophia treatment reduced the level of BUN, creatinine, 
and uric acid. Using metabolomics research, in 2017, 
Zhou et al. detached D. sophia seed extract into five 
fractions based on its polarity. They found that the fat 
oil fraction could reverse the abnormal metabolism and 
improve cardiac function (6). Sun et al. isolated a new 
sulphur glycoside structure of D. sophia, which is 
called descurainoside. They observed that D. sophia 
therapy can supress cough, asthma, and oedema and 
also can increase urination, and cardiac function (5). In 
the present study, results of histopathological 
examination demonstrated clear evidence of renal 
damage and inflammation after high-dose 
acetaminophen administration in the acetaminophen 
group. Histopathology of kidneys confirmed that D. 
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sophia seed extract can attenuate kidney damage in the 
acetaminophen-treated mice. Furthermore, we 
observed that administration of D. sophia seed extract 
reduces cell inflammation, swelling, degeneration, and 
necrosis in the kidney. The present study is in line with 
our previous research, which showed that application 
of D. sophia seed extract decreases oxidative stress 
markers and also hepatotoxicity in paracetamol-treated 
animals, effectively (12).  

There are not many studies about D. sophia side 
effects and complications. However, Lee et al. isolated 
14 compounds (C1-C14) of D. sophia seeds, which 
were separated by chromatographic method. Among 
the 14 components, only C4 has cytotoxicity potent, 
ranging from 0.034 to 0.596 μM against all human 
cancer cell lines. Hence, the C4 is identified as the main 
active cytotoxic constituent of D. sophia plant (24). 
Additionally, in a clinical trial study, Nabimeybodi et 
al. claimed that D. sophia treatment of patients with 
cervicitis do not cause any side effects or complications 
(25). The limitation of the present investigation was 
lack of studies on the therapeutic effects of D. sophia 
extract. Therefore, we could not find relevant clinical 
studies and systematic reviews to enrich our research. 

Conclusion 
In the light of histopathological and biochemical 

results, the present findings demonstrate the benefits of 
D. sophia seed extract for renal damages. It can 
markedly decrease the biomarkers of kidney damage 
and renal inflammation in acetaminophen-induced 
nephrotoxicity in mice. The most effective renal 
protection effects of extract was observed in the dose 
of 300 mg/kg.  

Further studies and evidences are needed to establish 
the underlying mechanisms of nephron-protective 
activities of D. sophia. 
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