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Introduction
Thyroid dysfunctions are the second 
endocrine disorders that affect women of 
reproductive ages. Thyroid dysfunction 
during pregnancy is accompanied with 
complications such as: hypertension, 
miscarriage and premature birth, low birth 
weight of newborns, placental abruption, 
and fetal death.[1‑5] The prevalence of 
hypothyroidism is 2%–4% in women during 
reproductive ages.[6] Hypothyroidism also 
can cause infertility, hypo/hypermenorrhea, 
amenorrhea, oligomenorrhea, bleeding, and 
recurrent pregnancy loss.[7] Several studies 
have reported that subclinical hypothyroidism 
is more common in unfertile women; 
premature ovarian failure, tube occlusion, 
and ovulation disorders are more common in 
subclinical hypothyroid women.[8,9]

According to the WHO, more than 1 billion 
people worldwide have iodine deficiency. 
Iodine deficiency is the common cause of 
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Abstract
Background: The aim of this study was investigation of the effects of Nigella sativa (NS) seeds 
on hypothyroid pregnant rats and their progenies. Materials and Methods: Hypothyroidism was 
induced by propylthiouracil (PTU) 0.03% in drinking water. Female rats were divided into seven 
groups: control, PTU, PTU‑NS (100, 200, and 400 mg/kg), and NS (100 and 400 mg/kg). All 
treatments were done 20 days before mating and during pregnancy. The weight of rat dams and 
progenies, number of progenies and serum T4, estradiol and prolactin (PRL) levels in rat dams were 
measured for all groups. Results: Serum T4 in all PTU‑NS groups before mating was significantly 
increased versus PTU group. Body weight of rat dams before mating in all groups of PTU‑NS was 
increased versus PTU group by P < 0.001, P < 0.05, and P < 0.001, respectively and in NS 100 and 
NS 400 was increased versus control group (P < 0.001). The number of offspring was significantly 
decreased in PTU and PTU‑NS versus control group. The weight of progenies in NS 400 was higher 
than control group (P < 0.001) and was increased in PTU‑NS 200 and PTU‑NS 400 versus PTU 
group by P < 0.001 and P < 0.05, respectively. Serum PRL level in rat dams in control, PTU, and 
PTU‑NS groups were not statistically different between groups but significantly increased in NS 
400 group when compared to control group. Estradiol levels were not significantly different in rat 
dams at 5 days after delivery. Conclusion: These results demonstrated that feeding of rat dams with 
NS extract before mating has positive protective effects on progenies. These effects may be due to 
antioxidant properties of NS in reducing oxidative stress and thyroid damages induced by PTU.
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hypothyroidism that even may affect pregnant 
women in areas with sufficient iodine. In 
many instances, the low iodine intake is 
not considered during pregnancy because 
thyroxin levels are in the normal range.[10] 
Several studies have reported that iodine 
intake lower than normal during pregnancy 
results in miscarriages and stillbirths and 
almost 1/5 of women with iodine deficiency 
had a history of abortion or stillbirth.[11]

Nigella sativa (NS) or black seeds as an 
herbal medicine have been used worldwide. 
Both grains and oil are commonly used 
as food and herbal medicine in different 
countries. In traditional medicine, NS 
has been used as an antihypertensive, 
diuretic, liver tonic, antidiarrhea, appetite 
stimulant, anti‑inflammatory, antibacterial, 
and for treatment of skin disorders. Many 
studies have been conducted on different 
preparations of NS and its constituents, 
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especially thymoquinone (TQ) which shows a range 
of pharmacological effects; these include antidiabetic, 
antihyperlipidemic and antiatherosclerotic, anticancer, 
immunomodulatory, anti‑inflammatory, antibacterial, 
antispasmodic, bronchodilator, liver protection, and 
antinephrolithiasis, stomach protective, and antioxidant 
properties.[12‑16] Active compounds of NS include 30%–40% 
fixed oil, 0.5%–1.5% essential oil, several sugars, and 
proteins; NS seeds also contain pharmacological active 
compounds including TQ, di thymoquinone, and nigellin. 
Based on Seghatoleslam’s study, TQ is the main component 
of NS that the effects of NS can be attributed to it.[17] The 
amount of TQ in NS seeds oil from different origins is 
around 0.13%–0.17% w/v.[18] It seems that the seed extract 
and its components have a minimum level of toxicity.[19]

The effects of NS on thyroid disorders are less studied. In a 
recent study, it was reported that black seeds oil had antioxidant 
effects and reduced the oxidative stress and damage of thyroid 
follicles caused by propylthiouracil (PTU).[20] Another study has 
shown that NS oil increases levels of T3, T4, LH, and estrogen.
[21] As thyroid dysfunctions can lead to fertility disorders, so its 
treatment is important in pregnancy and because of the low 
toxicity and less side effects of herbal remedies than chemical 
drugs, black seeds can be used. Hence, the aim of this study 
was an evaluation of the effects of the hydroalcoholic extract 
of NS on fertility disorders in hypothyroid rats.

Materials and Methods
Animals

Female Wistar rats (200 ± 10 g weight, 8 weeks of age) 
were obtained from the Animal House of medical school of 
Mashhad University of Medical Sciences. Throughout of the 
experiments, the animals were maintained under standard 
laboratory conditions (12 h light/dark cycle, controlled 
temperature of 21°C–25°C, and free access to food and water). 
The study protocol was approved by the Medical Ethics 
Committee of Mashhad University of Medical Sciences.

Experimental design

Seventy female rats were divided into seven groups of ten 
and treated as the following.

Control group

Rats in this group were left without any treatment.

Nigella sativa groups

In these groups, female rats were received drinking water 
containing NS extract at doses of 100 and 400 mg/kg body 
weight for 20 days before mating and during pregnancy. 
The dose of NS was selected based on a previous study.[17]

Propylthiouracil group

Female rats were received drinking water containing 0.03% 
of PTU (Sigma‑Aldrich, China) for 20 days before mating 
and during pregnancy.

Propylthiouracil‑Nigella sativa groups

In these groups, female rats were received drinking water 
containing 0.03% of PTU and NS extract at doses of 100, 
200, and 400 mg/kg body weight for 20 days before mating 
and during pregnancy.

Rats in each group were placed in a cage with males (2:1) 
to become pregnant [Table 1].

Preparation of hydroalcoholic extracts of Nigella sativa

The NS seeds were obtained from an herb store in Mashhad, 
Iran. NS seeds were powdered, and 100 g of powder was 
dissolved in sufficient amount of 70% ethanol and placed on 
a Soxhlet extractor. The obtained extract was concentrated 
under reduced pressure and kept in the refrigerator at 4°C until 
use.[22] The weight of dried extract was 30 g, so the extract 
is 30% w/w. The obtained extract was dissolved in distilled 
water to obtain the doses of 100, 200, and 400 mg/kg.

Mating procedure

The rats in each group were placed separately with male 
rats in a cage (female:male ‑2:1) for mating. The next 
morning each cage was visualized for vaginal plug. If 
the vaginal plug was seen that day was regarded as the 
day of mating (day 0) and the next day as the beginning 
of pregnancy. In the absence of vaginal plug, the same 
procedure was repeated for mating rats.

Measurement the body weight of animals

The body weight of progenies was measured on the 5th day 
after birth, and the body weight of female rat dams also 
was measured 1 day before mating for all groups.

Counting the number of offspring

Pregnant rats in each group were observed daily around 
gestation day, and the numbers of offspring of each rat dam 
were counted for all rats.

Hormones measurements

Blood samples were collected from orbital sinus before 
mating day for all groups and were centrifuged with 

Table 1: Experimental groups and treatment
Groups Treatment
Control Non
NS

100 NS at dose of 100 mg/kg in drinking water
400 NS at dose of 400 mg/kg in drinking water

PTU PTU (0.03%) in drinking water
PTU‑NS

100 PTU + NS at dose of 100 mg/kg in drinking 
water

200 PTU + NS at dose of 200 mg/kg in drinking 
water

400 PTU + NS at dose of 400 mg/kg in drinking 
water

PTU: Propylthiouracil, NS: Nigella sativa
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200, and 400 mg/kg of extract of NS when compared 
with PTU group by P < 0.001, P < 0.05, and P < 0.001, 
respectively [Table 2].

Number of offspring

The number of offspring born from each rat dam was 
significantly decreased in PTU group versus control 
group (P < 0.01). Treatment with doses of 100, 200, and 
400 mg/kg of the extract was not able to increase the 
number of offspring in PTU‑NS groups (P < 0.001 vs. 
control group) [Table 2].

Weight of progenies

The weights of progenies born from rat dams in control, 
PTU, and PTU‑NS (200 and 400 mg/kg) groups are 
presented in Table 2. The weight of progenies born from rat 
dams in PTU‑treated group was significantly decreased when 
compared with the control group (P < 0.001). The weight of 
progenies born from rat dams in PTU‑NS 200 and PTU‑NS 
400 groups showed a significant increase when compared 
to PTU group, respectively by P < 0.01 and P < 0.05. 
The weight of progenies born from rat dams in PTU‑NS 
groups at doses of 200 and 400 mg/kg were not different 
from control group (P > 0.05). No difference was observed 
between the weight of progenies born from mothers in 
PTU‑NS 200 and PTU‑NS 400 (P > 0.05) [Table 2].

Serum prolactin

Serum PRL level at 5 days after delivery in rat dams in 
control group, PTU group, and PTU‑NS treated at the 
doses of 100, 200, and 400 mg/kg were not statistically 
different between groups (P > 0.05) [Table 2].

Serum estrogen

The results of serum estradiol in rat dams at 5 days after 
parturition were not statistically different between all 
studied groups (P = 0.33) [Table 2].

Results of treated groups with Nigella sativa

Weight of female rats

The weight of female rats treated with NS extract at 
dose of 100 and 400 mg/kg was significantly increased 

3000 rpm for 15 min; blood serum was separated and kept 
in ‑20°C until the measurement of hormones. Estradiol 
levels were assessed by Elisa kit (DiaMetra, Italy) under 
the protocols of kit manufactures. Prolactin (PRL) and T4 
levels were assessed by a radioimmunoassay kit (RIAK, 
Korea) under the protocols of kit manufactures.

Statistical analysis

Data were prepared as mean ± standard error of mean and 
analyzed by  SPSS 20 (IBM Corp. Released 2011. IBM 
SPSS Statistics for Windows, Version 20.0. Armonk, NY: 
IBM Corp) using one‑way ANOVA and Tukey’s post hoc 
test to find out the different between groups. Differences 
were considered statistically significant with P < 0.05.

Results
In this study, reproductive and ovarian indicators including 
weight and number of progenies, maternal weight, and also 
the level of serum PRL and estradiol 5 days after delivery 
were evaluated in all studied groups to evaluate the effects 
of hydroalcoholic extract of NS on reproductive and 
ovarian parameters in hypothyroid rats.

Induction of hypothyroidism

Administration of PTU for 3 weeks before mating 
significantly decreased serum T4 in PTU group when 
compared with control group (P < 0.001). A significant 
increase was observed in the serum T4 level of female rats 
in PTU‑NS treated groups at the doses of 100, 200, and 
400 in comparison with PTU group (P < 0.001). Serum 
T4 levels of female rats in PTU‑NS treated groups with 
different dose of NS were not statistically different for all 
three groups (P > 0.05) [Table 2]. Serum T4 levels in all 
studied groups of rat dams at 5 days after parturition were 
not statistically different (P = 0.14) [Table 2].

Results of treated groups with propylthiouracil and 
Nigella sativa

Weight of female rats

The weight of female rats before mating was significantly 
increased in treated groups with PTU‑NS at doses of 100, 

Table 2: Effects of Nigella sativa on measured parameters in treated groups with propylthiouracil
Parameters Control 

(n=10)
PTU (n=10) PTU‑NS 100 

(n=10)
PTU‑NS 200 

(n=10)
PTU‑NS 400 

(n=10)
Weight of female rats (g) 169.33±3.62 153.63±2.84 198.83±4.95*** 187.44±7.23* 194.92±8.86***
Number of offspring 12.33±0.33 4.7±0.97++ 4±1.382+++ 4.16±1.192+++ 1.91±1.07+++

Weight of progenies (g) 9.38±0.65 5.65±0.36+++ 8.83±0.64** 8.83±0.72*
Serum prolactin (ng/ml) 2.33±99 4.02±1.37 2.64±1.07 2.2±0.76 1.33±0.57
Serum estrogen (pg/ml) 14.91±2.13 14.75±2.4 8.95±1.5 12.4±1.89 11.5±3.08
Serum T4 (µg/ml)

Before mating 4.08±0.3 0.78±0.03+++ 5.15±0.14+++ 5.35±0.09+++ 5.28±0.05+++

5 days after delivery 2.3±0.22 2.6±0.7 1.9±0.93 1.5±0.78 0.55±0.2
All data are presented as the mean±SD; *P<0.05 versus PTU, **P<0.01 versus PTU, ***P<0.001 versus PTU; +P<0.05 versus control, 
++P<0.01 versus control, +++P<0.001 versus control. SEM: Standard error of mean, PTU: Propylthiouracil, n: Number of rats, NS: Nigella sativa
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in comparison with control group (both P < 0.001). No 
significant differences were found between animals treated 
with 100 or 400 mg/kg of the extract (P > 0.05) [Table 3].

Number of offspring

The number of offspring born from rat dams in both groups 
treated with doses of 100 and 400 mg/kg mg of extract 
was not different with control group (P > 0.05), and no 
significant difference was observed between the two treated 
groups with the extract (P > 0.05) [Table 3].

Weight of offspring

The weight of newborn from rat dams treated with NS 
extract at dose of 100 mg/kg was not different with control 
group (P > 0.05), but the weight of offspring born from rat 
dams treated with 400 mg/kg of extract was significantly 
increased when compared to the control group (P < 0.01). 
The weight of offspring in treated group at dose of 
400 mg/kg showed a significant increase when compared 
with dose of 100 mg/kg (P < 0.05) [Table 3].

Prolactin levels

The results showed that the PRL levels significantly 
increased in rat dams treated with 400 mg/kg of NS 
extract when compared to control group (P < 0.05). 
However, serum PRL in rat dams treated at dose of 
100 mg/kg of NS was not significantly different from 
control group (P > 0.05) [Table 3].

Serum estradiol

Estradiol levels in rat dams in control and treated groups 
with NS at doses of 100 and 400 mg/kg were compared 
with each other. No significant differences were evident 
between control and treated groups (P > 0.87) [Table 3].

Discussion
As seen in Table 3, administration of NS extracts in healthy 
female rats for 3 weeks before mating increased the weight 

of rat dams. NS also caused weight gain in hypothyroid 
rats, who received PTU and extract of NS for 3 weeks 
before mating and during pregnancy [Table 2]. Khalawi 
et al. studied the antioxidant effects of NS including 
thyroid effects and showed that black seeds oil improved 
body weight, food and water consumption in hypothyroid 
rats. They also showed that serum thyroid‑stimulating 
hormone level decreased and triiodothyronine and thyroxine 
increased by treatment of black seeds oil. Histological 
studies by Khalawi showed an increase in follicular 
size and colloid content. They also showed that NS has 
antioxidant effects that reduced oxidative stress and also 
reduced the damaged thyroid follicles induced by PTU.[20]

The results of Khalawi’s study about the effects of NS oil 
on weight gain in hypothyroid rats are consistent with our 
findings in the present study. It seems that the antioxidant 
compounds in black seeds may cause improvement of 
tissues and weight gain in hypothyroid rats.

Considering that more than 100 different types of 
compounds have been identified in black seeds and various 
properties for different constituents of black seeds such as 
antioxidant effects, the kidney protecting, and increasing 
insulin secretion from pancreatic beta cells has been 
reported in different studies. Therefore, it seems reasonable 
that the increase in body weight in healthy female rats 
and hypothyroid rats treated with extract of NS may be 
attributed to these effects, especially the increased insulin 
secretion.[23‑25] A research work in our laboratory showed 
that TQ is the main component of NS that is responsible 
for most effects of NS seeds.[17]

Administration of NS at doses of 100 and 400 mg/kg as 
the low dose and high dose did not change the number 
of progenies which indicates that consumption of NS has 
no harmful effect on the number of offspring in normal 
animals. Keshri et al. treated rats with black seeds for 
1–10 days after mating at a dose of 2 g/kg/day. They 
showed that NS prevented the pregnancy,[26] which is in 
contrast with our findings. This may be due to higher dose 
in Keshri’s study or due to the different time of treatment in 
his study. Hypothyroidism induced by PTU decreased the 
number of progenies in our study [Table 2], and this finding 
has been also reported by other researches. NS extract 
could not increase the number of progenies in hypothyroid 
mothers. Our findings in this study are consistent with the 
findings of Keshri et al.[26]

The weight of progenies is one of the indicators that 
are affected by thyroid hormone disorders, especially 
hypothyroidism. In this study, the weight of progenies 
was measured on the 5th day after birth. The weight of 
progenies born from healthy mothers treated with low 
dose of NS extract (100 mg/kg) was not significantly 
different from the control group, but the high dose of NS 
extract (400 mg/kg) significantly increased the weight of 
progenies (P < 0.01) which indicated the improving of 

Table 3: Effects of Nigella sativa on measured 
parameters in treated groups with Nigella sativa alone

Parameters Control 
(n=10)

NS 100 
(n=10)

NS 400 
(n=10)

Weight of female 
rats (g)

169.33±3.62 219.88±4*** 209±4.42***

Number of 
offspring

12.33±0.33 12±0.26 12.42±0.86

Weight of 
progenies (g)

9.38±0.65 10.04±1.23 13.88±0.61**,+

Serum prolactin 
(ng/ml)

2.33±0.99 2.98±2.83 6.05±1.61*

Serum estrogen 
(pg/ml)

14.91±2.13 12.72±2.58 14.83±3.83

All data are presented as the mean±SD, *P<0.05 versus control, 
**P<0.01 versus control, ***P<0.001 versus control, +P<0.05 
versus NS 100. n: Number of rats, SEM: Standard error of mean, 
NS: Nigella sativa
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feeding of NS extract on body weight of newborn in this 
group [Table 3]. Treatment of hypothyroid rats with doses 
of 200 and 400 mg/kg of extracts significantly increased 
the weight of progenies [Table 2].

These findings show that NS extract effectively has 
increased the weight of progenies borne from hypothyroid 
rat dams. Farooq and collogues showed that administration 
of NS oil increased the litter size and weight of progenies, 
which is in favor of our findings.[27] Gaafar et al. also 
showed that treatment with NS oil increased litter size at 
birth in rabbits that confirms our findings.[13]

Hypothyroidism changes serum hormone levels and 
probably functions of other hormones. In this study, the 
serum PRL increased in healthy rats treated with a dose 
of 400 mg/kg of NS, but a dose of 100 mg/kg extract 
had no effect on serum PRL. It may be suggested that 
feeding animals with a medium dose of black seeds are 
accompanied by an increase in PRL which is the main 
hormone for milk production after delivery. This milk 
production is very important both in breast feeding human 
and animals. On the 5th day after delivery in PTU group, 
there was a slight increase in PRL levels and no significant 
changes in the serum PRL were observed in PTU‑NS 
groups.

Hypothyroidism causes losing inhibitory feedback effects of 
thyroid hormones on pituitary and hypothalamus and brings 
overproduction of thyrotropin‑releasing‑hormone (TRH). 
TRH has a weak stimulatory effect on the lactotroph cells 
of the pituitary, so PRL levels are expected to increase in 
hypothyroidism. Decreased serum PRL in PTU‑NS groups 
could be due to high levels of PRL during pregnancy 
and lactation such that PRL activates PRL receptors on 
dopamine neurons and also increased the activity of 
tyrosine hydroxylase a key enzyme in dopamine synthesis 
leading to increased dopamine synthesis and release which 
ultimately leads to PRL reduction.[28]

In this study, the estradiol levels did not show significant 
changes in treated rats at doses of 100 and 400 mg/kg of the 
extracts and were not different in hypothyroid and control 
groups. Estradiol levels after parturition in hypothyroid 
groups treated with either doses of the extract showed no 
significant difference [Table 3]. It seems that changes in 
serum estradiol during pregnancy is the result of entrance 
of high levels of placental estradiol in blood stream and 
this high levels of estradiol is not under the control of 
hypothalamus‑pituitary‑gonadal axis.

Serum T4 levels before mating in hypothyroid rats 
(treated 3 weeks with PTU) were reduced due to inhibitory 
effects of PTU on synthesis and secretion of thyroid 
hormones in the follicular cells.[28] Treatment with NS 
extract in hypothyroid rats caused a significant increase 
in the serum T4 levels. Khalawi et al. showed that black 
seeds oil increased T3 and T4 in hypothyroid rats treated 

with PTU, which is in favor of our study.[20] Sharif et al. 
studied the effects of ethanolic extracts of black seeds with 
a dose of 1 g/kg in diabetic and normal rats and reported 
an increase in T3 levels in diabetic rats and increase in 
T4 levels in healthy rats.[29] In the present study, serum T4 
levels 5 days after parturition in rat dams had no significant 
difference with healthy control group, although a slight 
reduction was found in NS‑treated group [Table 3]. This 
may be caused by the removal of the effect of PTU and 
increase the thyroid follicular cell activity which happened 
of the removal of PTU.

Conclusion
NS extracts in female rats before mating and during 
pregnancy increases the weight of female rat and weight 
of offspring. NS extract administration to healthy rats 
was without any detrimental effects on rat dams and their 
progenies. PTU administration caused hypothyroidism in 
rats and subsequently reduced the weight of dams and the 
number and weight of offspring. NS extract in particular at 
dose of 400 mg increased maternal weight and weight of 
offspring. It seems that the high doses of extract are more 
effective than the low doses. These effects may be due to 
antioxidant properties of NS in reducing oxidative stress 
and thyroid damages induced by PTU. The extract increased 
T4 levels in hypothyroid rats but PRL and estradiol levels 
were not much affected by the extracts. As the finding of 
this study shows NS, especially at high dose, is effective in 
hypothyroid states and improves some parameters related 
to both dams and progenies and outcome of pregnancy.
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