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Objective. We investigated the eff ects of hydroalcoholic extract of Nigella sativa (NS) on renal 
tissue oxidative damage associated with propylthiouracil (PTU)-induced hypothyroidism during 
neonatal and juvenile growth in rats.

Methods. Pregnant rats were divided into fi ve groups designated as: 1) control; 2) propylthio-
uracil (PTU); 3) PTU-NS100; 4) PTU-NS200, and 5) PTU-NS400. All mothers except the control 
group received 0.005% PTU in their drinking water during lactation. Besides PTU, mothers in 
groups 3–5 received 100, 200, and 400 mg/kg of NS extract. Aft er lactation period, the off spring 
continued to receive the same experimental treatment for the fi rst 8 weeks of their life. Ten male 
off springs of each group were randomly selected, blood samples collected, and the kidney tissues 
removed.

Results. Th e serum thyroxin concentration in PTU group was lower than control group and 
improved by extract. PTU increased the renal malondialdehyde (MDA), while reduced the total 
thiols concentrations and catalase (CAT) and superoxide dismutase (SOD) activity compared to 
control group. Administration of 200 and 400 mg/kg of NS extract decreased MDA level, while 
it increased the total thiols and 400 mg/kg increased CAT and SOD activity in renal tissues com-
pared to PTU group. Serum creatinine and blood urea nitrogen (BUN) in PTU group was higher 
than in comparison with the control group. 400 mg/kg decreased creatinine, but both 200 and 
400 mg/kg improved BUN concentration compared to PTU group.

Conclusion. Th e results of this study demonstrate that the hydroalcoholic extract of NS has a 
protective eff ect on the renal tissue oxidative damage associated with PTU-induced hypothyroid-
ism during neonatal and juvenile growth in rats.
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Hyperthyroidism and thyrotoxicosis belong to 
diseases that need a long duration of continuous 
therapy of thioamide anti-thyroid drugs such as pro-
pylthiouracil (PTU). Adverse reactions to PTU are 
uncommon, occurring in 1–5% of the patients (Coo-
per 1984). PTU exerts its anti-thyroid eff ects through 

inhibiting the iodine oxidation and ionization of the 
monoiodotyrosine, preventing the coupling stage in 
the process of thyroxin production, and inhibition of 
the peripheral conversion of thyroxin (T4) into tri-
iodothyronine (T3) (Fumarola et al. 2010). Mild leu-
kopenia, fever, rash, and arthralgia are the common 
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side eff ects. However, more serious reactions includ-
ing agranulocytosis, hepatitis, vasculitis, a lupus-like 
syndrome, and acute interstitial nephritis with acute 
renal failure have also been reported (Reinhart et 
al. 1994). It has been reported that chronic therapy 
with PTU is associated with drug-induced tubule-
interstitial nephritis with renal failure (Nakahama et 
al. 1999). In addition, PTU therapy may cause diff use 
proliferative lupus nephritis via altering the immu-
nological responses (Prasad et al. 1997).

It is well known that PTU induces a hypothyroid-
ism status (Sener et al. 2006). Th yroid hormones have 
critical in the regulation of the energy metabolism, 
mitochondrial activity, oxygen consumption, and ac-
tive oxygen metabolism (Katyare et al. 1994; Marti-
nez et al. 2001). Hypothyroidism induces a hypody-
namic state of the circulatory system, which would 
result in decrease of renal functions and particularly 
of the glomerular fi ltration rate (Moses and Schein-
man 1996). Several hemodynamic changes have been 
reported in hypothyroidism that may infl uence the 
renal function, such as hyponatremia, decrease in 
renal blood fl ow, and renal plasma fl ow, which may 
decrease the glomerular fi ltration rate (Derubertis et 
al. 1971). Hypothyroidism induced by PTU has been 
reported to be accompanied by a renal toxicity and an 
increased level of malondialdehyde (MDA) in renal 
tissues (Sarandol et al. 2005). Serum T4 concentra-
tion in patients with chronic renal failure has been 
reported to be lower than in control group and was 
accompanied with renal oxidative damage (Singh et 
al. 2006).

Th ere are some natural products, such as Nigella 
sativa (NS), which have been shown to be protec-
tive in some situations associated with the neuronal 
damage (Kanter 2008). In traditional medicine, NS is 
frequently used as a healing medicine for treatment 
of various diseases, such as asthma, headache, dys-
entery, infections, obesity, back pain, hypertension, 
and gastrointestinal problems. Th e major bio-actives 
of NS seeds are thymoquinone (TQ), alkaloids (ni-
gellidine, nigellimine, and nigellicine), vitamin-like 
thiamine, ribofl avin, pyridoxine, niacin, folic acid, 
minerals, and proteins (Salem 2005). Recently, clini-
cal and experimental studies have confi rmed many 
therapeutic eff ects of NS extracts, including relaxant 
(Boskabady et al. 2004; Boskabady et al. 2008), im-
munomodulative (El-Kadi and Kandil 1987), anti-in-
fl ammatory (Houghton et al. 1995; Keyhanmanesh et 
al. 2010), antitumor (El Daly 1998), antidiabetic (Al-
Hader et al. 1993), and antiulcerogenic (El-Dakhakh-
ny et al. 2002) eff ects. NS have protective eff ects on 
potassium bromated-induced renal oxidative stress 

by decreasing lipid peroxidation (Khan et al. 2003). 
Moreover, modern toxicological studies have dem-
onstrated that crude extracts of the seeds and some 
of its active constituents (volatile oil, TQ) might have 
a protective eff ect against nephrotoxicity and hepa-
totoxicity induced by either the disease or chemicals 
(Ali and Blunden 2003).

Th us, the objective of this study was to elucidate 
the eff ects of hydro-alcoholic extract of NS on hypo-
thyroidism-associated renal tissues oxidative damage 
during neonatal and juvenile growth in rats.

Material and Methods

Animals and treatments. Th irty pregnant female 
Wistar rats (12 week-old and weighing 220–250 g) 
were kept in separate cages at 22 ± 2 °C in a room with 
a 12 h light/dark cycle (light on at 7:00 am). Animals 
were randomly divided into six groups including: 
1) control; 2) propylthiouracil (PTU); 3) PTU-NS 100; 
4) PTU-NS 200 and 5) PTU-NS 400. Rats in the con-
trol group received normal drinking water, whereas 
the second group received drinking water supple-
mented with 0.005% PTU (Sigma, USA) to develop 
hypothyroidism (Hosseini et al. 2010). Groups 3,4, 
and 5 received drinking water supplemented with 
0.005% PTU and 100, 200 and 400 mg hydro-alco-
holic extract of NS per kilogram body weight respec-
tively (Hadjzadeh et al. 2007; Javanbakht et al. 2013). 
Mothers received the experimental treatments from 
the fi rst day aft er delivery through the lactation pe-
riod and aft er that the off spring continued to receive 
the experimental treatments in their drinking water 
for the fi rst two months of their life.

Finally, ten male off springs of each group were 
randomly selected and they deeply anesthetized. Th e 
blood samples were collected for thyroxin assessment 
and renal damage parameters. Th e left  kidneys were 
also obtained for biochemical measurements. To con-
fi rm the hypothyroidism, the serum thyroxin levels 
were assessed using the radioimmunoassay method. 
Animal handling and all related procedures were car-
ried out in accordance with the procedures approved 
by the Mashhad University of Medical Sciences Ethi-
cal Committee.

Extract preparation. NS seeds were purchased 
from a local market in Mashhad, Iran. Th ey were 
powdered (100 g) NS and extracted in a Soxhlet ap-
paratus with ethanol (70%). Th e resulted solution was 
concentrated under reduced pressure. Th e extract 
was kept in a refrigerator and at –20°C.

Biochemical assessment. Serum blood urea nitro-
gen (BUN) and creatinine levels were measured by 
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creatinine and BUN kits (Pars Azmoon Company, 
Tehran, Iran).

Total thiols groups were measured using 2,2’-di-
nitro-5,5’-dithiodibenzoic acid (DTNB), a reagent 
that reacts with the SH groups and produces a yellow 
colored complex which has a peak absorbance at 412 
nm (Ellman 1959). Briefl y, 1 ml Tris-ethylenediami-
netetraacetic acid (EDTA) buff er (pH 8.6) was added 
to 50 μl kidney homogenate in 1 ml cuvettes and the 
absorbance was read at 412 nm against Tris-EDTA 
buff er (A1). Th en 20 μl DTNB reagents (10 mM in 
methanol) were added to the mixture and aft er 15 
min incubation in room temperature, the absorbance 
was measured again (A2). Th e absorbance of DTNB 
reagent was estimated as a blank (B). Total thiols con-
centration (mM) was calculated based on an equation 
previously described by Hosseini et al. (2012; Khoda-
bandehloo et al. 2013).

Malondialdehyde (MDA) levels, as an index of lip-
id peroxidation, were measured in cortical and hip-
pocampal tissues. MDA reacts with thiobarbituric 
acid (TBA) as a thiobarbituric acid reactive substance 
(TBARS) and produces a red colored complex which 
has a peak absorbance at 535 nm. 2 ml TBA/ trichlo-
rooacetic acid (TCA)/ hydrochloric acid (HCL) re-
agent was added to 1 ml homogenate and the solu-
tion was incubated in a boiling water bath for 40 min. 
Aft er cooling, the whole solutions were centrifuged 
(1000 g, 10 min). Th e absorbance of supernatant was 
measured at 535 nm. Th e MDA concentration (C) 
was calculated as follows (Hosseini et al. 2012; Khod-
abandehloo et al. 2013)

C (m) = Absorbance/(1.65 × 105).

Catalase (CAT) activity was estimated using the 
method of Aebi (1983). Th e principle of the assay is 
based on determination of the rate constant, k, (di-
mension: s-1, k) of hydrogen peroxide decomposi-
tion. By measuring the decrease in absorbance at 240 
nm per minute, the rate constant of the enzyme was 
determined. Activities were expressed as k (rate con-
stant) per liter.

Superoxide dismutase (SOD) activity was mea-
sured by the procedure described by Madesh and Bal-
asubramanian (1998). A colorimetric assay involving 
generation of superoxide by pyrogallol auto-oxidation 
and the inhibition of superoxide-dependent reduc-
tion of the tetrazolium dye, MTT [3-(4,5-dimethyl-
thiazol-2-yl) 2,5-diphenyltetrazolium bromide] to its 
formazan by SOD was measured at 570 nm. One unit 
of SOD activity was defi ned as the amount of enzyme 
causing 50% inhibition in the MTT reduction rate.

Statistical analysis. All data were expressed as 
means ± SEM. Th e data were compared by one-way 
ANOVA followed by Tukey’s post hoc comparisons 
test. Diff erences were considered statistically signifi -
cant when p<0.05.

Results

Th e serum T4 concentration in PTU-treated animals 
was signifi cantly lower compared to that in control an-
imals (p<0.001; Table 1). Treatment with all three dos-
es of the NS extract signifi cantly attenuated the PTU-
induced reduction in serum T4 (p<0.001; Table 1).

Additionally, the PTU exposure infl uenced both 
MDA and thiols concentrations in the renal tis-
sues. PTU increased renal MDA (p<0.001; Figures 1) 
compared to control group, while reduced the thiols 
concentrations in renal tissues (p<0.001; Figure 2) 
compared to control group. Treatment of the animals 
with 200 and 400 mg/kg of NS extract resulted in a 
decreased level of MDA in renal tissues compared to 
PTU group (p<0.05; Figure 1). In addition, treatment 
of the animals with 200 and 4  00 mg/kg NS extract 
signifi cantly improved the renal levels of total thiols 
compared to PTU group (p<0.05, Figure 2).

CAT concentration of renal tissues in PTU group 
was lower than in control group (p<0.001; Figure 3). 
Animals in all NS-treated groups showed an in-
creased level of the CAT concentration in renal tissues 
compared to PTU group (p<0.05 – p<0.001; Figure 3).

SOD concentration of renal tissues in PTU group 
was lower than control group (p<0.001; Figure 4). Th e 
animals in PTU-NS400 group showed a signifi cant 
increase in the concentration of SOD in the renal tis-
sues compared to PTU group (p<0.05; Figure 4).

Table 1
Serum thyroxin concentrations in off spring.

Group T4 (μg/dl)
Control 7.8

PTU 3.9***

PTU-NS100 6.1+++

PTU-NS200 6.1+++

PTU-NS400 6.3+++

Data are presented as mean ± SEM (n=10). ***p<0.001 vs. 
control group, +++p<0.001 vs. PTU group 
PTU – propylthiouracil-treated rats; PTU-NS100/200/400 – rats 
treated with propylthiouracil and Nigella sativa extract (100, 
200 and 400 mg/kg)
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Figure 1. Th e concentrations of malondialdehyde (MDA) 
in renal tissues. Data are presented as mean ± SEM. (n=10). 
***p<0.001 vs. control group, ++p<0.01, +++p<0.001 vs. 
PTU group; PTU – propylthiouracil-treated rats; PTU-
NS100/200/400 – rats treated with propylthiouracil and Nigella 
sativa extract (100, 200 and 400 mg/kg).

Figure 2. Th e total thiols concentrations in renal tissues.
Data are presented as mean ± SEM (n=10). ***p<0.001 vs. con-
trol group, +p<0.05 vs. PTU group; PTU – propylthiouracil-
treated rats; PTU-NS100/200/400 – rats treated with propyl-
thiouracil and Nigella sativa extract (100, 200 and 400 mg/kg).

Figure 3. Th e catalase (CAT) activity in renal tissues.
Data are presented as mean ± SEM (n=10). ***p<0.001 vs. con-
trol group, ++p<0.01, ++p<0.01 and +++P<0.001 vs. PTU group;
PTU – propylthiouracil-treated rats; PTU-NS100/200/400 – 
rats treated with propylthiouracil and Nigella sativa extract 
(100, 200 and 400 mg/kg).

Figure 4. Th e superoxide dismutase (SOD) activity in renal tis-
sues. Data are presented as mean ± SEM. (n=10). ***p<0.001 vs. 
control group, +p<0.05 vs. PTU group; PTU – propylthiouracil-
treated rats; PTU-NS100/200/400 – rats treated with propyl-
thiouracil and Nigella sativa extract (100, 200 and 400 mg/kg).

Figure 5. Th e creatinine concentration in serum.
Data are presented as mean ± SEM (n=10). ***p<0.001 vs. con-
trol group, +p<0.05 vs. PTU group; PTU – propylthiouracil-
treated rats; PTU-NS100/200/400 – rats treated with propyl-
thiouracil and Nigella sativa extract (100, 200 and 400 mg/kg).

Figure 6. Th e blood urea nitrogen (BUN) concentration in se-
rum. Data are presented as mean ± SEM (n=10). ***p<0.001 
vs. control group, +p<0.05 and ++P<0.001 vs. PTU group; 
PTU – propylthiouracil-treated rats; PTU-NS100/200/400 – 
rats treated with propylthiouracil and Nigella sativa extract 
(100, 200 and 400 mg/kg).



109Mohebbati, et al.

Serum creatinine in PTU group was higher than 
control group (p<0.001; Figure 5). Treatment with 400 
mg/kg of NS extract decreased serum creatinine con-
centration compared to PTU group (p<0.05; Figure 5).

BUN in serum of the PTU group was higher than in 
the control group (p<0.001; Figure 6). Treatment with 
200 and 400 mg/kg NS decreased serum BUN level 
compared to PTU group (p<0.05 – p<0.01 Figure 6).

Discussion

Th e current study demonstrates that PTU expo-
sure during the neonatal and juvenile periods results 
in a development of hypothyroidism and negatively 
infl uences the renal functions in rats.

Th e results showed that MDA concentration in-
creased, while total thiols concentration of CAT and 
SOD activity decreased in renal tissues due to PTU-
induced hypothyroidism. Th ese fi ndings are consis-
tent with our previous study, which has shown hy-
pothyroidism induced lipid peroxidation in the brain 
tissues (Beheshti et al. 2016; Farrokhi et al. 2014). Th e 
fi ndings of another study have demonstrated that in 
hypothyroidism, the MDA level was increased and 
GSH levels decreased in kidney tissues (Baltaci et al. 
2014). On the other hand, it has been well document-
ed that thyroid hormones may infl uence the function 
of all body organs and cells. Th e data presented here 
indicate how the biochemical markers of the kidney 
may be aff ected by the alteration in the level of thy-
roid hormones in the body following PTU adminis-
tration. In contrast to these fi ndings, another study 
has shown that PTU-induced hypothyroidism reduc-
es the oxidative damage in the lung, hepatic, renal, 
and ileal tissues, probably due to hypo-metabolism, 
which is associated with a decreased production of 
reactive oxygen metabolites and enhancement of an-
tioxidant mechanisms (Sener et al. 2006).

Serum creatinine and BUN are markers of glo-
merular fi ltration rate (Karimi et al. 2005). Results of 
this study showed that PTU-induced hypothyroidism 
increased BUN and creatinine in the serum of rats 
during neonatal and growth period. Consistent with 
the results of the present study, in a clinical study, 
serum creatinine level was elevated in congenitally 
hypothyroid infants (Asami and Uchiyama 2000). It 
has also been suggested that screening for hypothy-
roidism conditions should be considered in patients 
with unexplained elevations in the serum creatinine 
(Ponsoye et al. 2013).

Herbal drugs play a key role in the folk medi-
cine due to their protective properties (Iweala et al. 
2011; Ahmad et al. 2013; Beheshti et al. 2017). In re-

cent years, an attention has been drawn to various 
plants and plant-derived compounds for the treat-
ment of kidney diseases (Mousavi 2015; Mohebbati 
et al. 2016). Among the promising medicinal plants, 
NS, commonly known as Kalonji in India and Paki-
stan, has been used traditionally for various ailments 
(Boskabady et al. 2007; Qidwai et al. 2009). NS belongs 
to the Ranunculaceae family. Th e seeds of the plant, 
commonly known as black seeds, have been widely 
used to protect the health and overcome diseases for 
centuries in the Middle and Far East countries (Gali-
Muhtasib et al. 2006). Th e pharmacological actions 
of the crude extracts of the seeds and some of their 
active constituents, e.g. volatile oil and TQ, have been 
reported to include protection against nephrotoxicity 
induced by either the disease or chemicals (Ali and 
Blunden 2003).

In this study, we showed that NS can improve 
oxidative damage parameters. Th e facts of this study 
that NS causes a signifi cant increase in the total thi-
ols concentration, CAT, and SOD activities and de-
creases MDA in comparison with PTU group, sug-
gest that NS extract might have an antioxidant eff ect 
through the improvement of these parameters. Th e 
results of the current study confi rm the previous 
fi ndings regarding the protective eff ects of NS on re-
nal oxidative damage. Many studies have shown that 
NS have anti-infl ammatory eff ect in various models 
(Boskabady et al. 2008; Boskabady et al. 2011a; Bosk-
abady et al. 2011b; Boskabady et al. 2011c; Beheshti et 
al. 2016; Gholamnezhad et al. 2015). It has been dem-
onstrated that NS treatment increases CAT, GSH-Px, 
and SOD activities in the renal ischemia-reperfusion 
injury (Mousavi 2015). Th e results of another study 
have shown that NS oil may have protective eff ects 
against the hepatotoxicity and renal toxicity induced 
by ethanol through decreasing lipid peroxidation, in-
fl ammation, and apoptosis (Pourbakhsh et al. 2014). 
It has also been demonstrated that NS is useful in 
ameliorating the signs of gentamycin-induced neph-
rotoxicity in rats by increasing the total antioxidants 
and glutathione concentrations in the renal cortex 
(Ali 2004). NS has also been reported to be able to de-
crease MDA level, while increased SOD activity and 
ameliorated the eff ect of gentamicin on renal tissue 
(Yaman and Balikci 2010).

Previously, it has been evidenced that renal func-
tion parameters were improved by NS therapy. For 
example, NS was able to decrease the serum creati-
nine and BUN in cisplatin-induced nephrotoxicity in 
rats (El Daly 1998). Th erefore, fi ndings of our study 
showed that BUN and creatinine were decreased by 
NS therapy. Using a renal ischemia-reperfusion in-
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jury model, it has been demonstrated that the serum 
creatinine, BUN and uric acid levels were increased, 
which were prevented by NS administration (Mousa-
vi 2015). In another study, NS oil ameliorated the so-
dium nitrite-induced nephrotoxicity via blocking the 
oxidative stress and reduced elevation of the serum 
urea and creatinine induced by sodium nitrite (Al-
Gayyar et al. 2016).

Th e results of present study also indicate that ad-
ministration of NS hydroalcoholic extract increased 
the serum T4 level. It has been previously reported 
that NS oil, given orally, signifi cantly increases the 
concentration of T4 and T3 and decreases the TSH 
in hypothyroid rats in comparison with the control 
group. It has been suggested that restoration of thy-
roid parenchyma was related to protection off ered by 
NS oil against hyperplasic changes, well known to 
be associated with hypothyroid status (Stelios et al. 
2007). In many studies, the therapeutic eff ect of NS 
oil against PTU-induced hypothyroidism has been 
attributed to its antioxidant eff ect (Mahmoud et al. 
2002; Nayak and Burman 2006). Th us, it might be 
suggested that the mechanism of action of the extract, 
seen in the present study, at least in part, is due to the 
antioxidant defense mechanism that may protect the 
thyroid gland against PTU toxicity. In addition, in 
another study, the eff ects of TQ on nephrotoxicity in-
duced by cisplatin has been investigated and showed 
that cisplatin decreased the hepatic expression nu-
clear levels of NF-E2-related factor-2 (Nrf2) and the 
heme oxygenase-1 (HO-1). TQ administration de-
creased the cisplatin nephrotoxicity by increasing the 
levels of Nrf-2 and HO-1 and reducing the levels of 

NF-κB (Ulu et al. 2013). Th ese results of the present 
study indicate another possible mechanism of NS ac-
tion. However, this issue needs further investigations.

Th e responsible component(s) for the benefi cial 
eff ects of the plant extract was not determined in 
the present study, but in a previous study, which has 
been done in our laboratory. TQ has been reported 
as a main component of the plant extract (Segha-
toleslam et al 2015). Th erefore, the benefi cial eff ects 
of the plant extract, which was seen in the present 
study, might be due to TQ. In supporting to this idea, 
TQ has also been previously reported to have some 
benefi cial eff ects on renal functions in animal models 
such as ischemic renal injury (Hammad and Lubbad 
2016), diabetic renal impairment function (Al-Trad 
et al 2016) and gentamycin-induced renal failure (Sa-
marghandian et al 2015). However, this issue requires 
further investigations.

Conclusion

Th e results of present study showed that NS hy-
droalcoholic extract may improve the renal function 
in PTU-induced hypothyroid rats during the neo-
natal and juvenile periods, which was accompanied 
by an improvement of renal tissues oxidative stress 
status.
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