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ABSTRACT 

The present study aimed to study the pharmacological effect of NO 

donor Sodium Nitroprusside on female reproductive system in mice 

through evaluate the levels of hormones  (FSH , LH , Estrogen  and 

progesterone) in blood serum and histology changes in ovaries tissue. 

The experiment was counducted on the Thirty female mice in good 

health, weighting ranged between )25-34) gm,  were divided into six 

groups (five animals for each group) and treated by sodium 

nitroprusside (Intraperitoniolly) located in the animal house of 

veterinary medicine college/ Tikrit university were used in the current 

study. after 21 days of treatment by  (SNP). The results of current 

study showed a significant increase (P< 0.05) in all treated groups, 

compared with control group, while it showed significant decrease 

(P<0.05) in progesterone hormone  gradually with the increase in  SPN 

dose in all groups compared with the control group. The histological 

evaluation results of average numbers of follicles per ovary in the 

treated groups, for determining the primordial follicles ,primary 

follicles and secondary follicles number showed a significant increased 

(P<0.05) in all treated groups when compared with control group , The 

G6 gradually  decreased (P< 0.05) compared with other treated groups, 

The tertiary  follicles number in all groups except the G2 showed a 

significant decrease (P< 0.05) compared with the  control group, The 

results of ovaries histological changes of ovary showed cytoplasmic 

degeneration and vacuolation of germinal epithelium. also, certain 

Follicular cells were degenerated and surrounded by WBCs 

infiltration, Most of the primordial cells degenerated with the  

presence of inflammatory exudate between those cells and 

degeneration of oocyte of the tertiary follicle  surrounded with many 

degenerated Follicular cells and infiltration of WBCs in the cortical 

tissue between the primordial follicle, the blood vessels of medulla 

were containing congested, hemolysis blood with increased of dosage, 

The study concluded the positive effect on the reproductive system in 

the female mice, but the effects appeared in the high doses of 

treatment. 

Introduction 
sodium Nitroprusside (SNP) is One of the safest 

and most effective drugs , most efficient 

antihypertensive medications , which result in 

blood NO mediated  vascular blood pressure 

reduction,  the vasodilation results from smooth 

muscles relaxation. SNP has long been utilized 
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to lessen hypertension risk symptoms, such as 

the Pulmonary hypertension, narrowing of aortic 

valve, myocardial infarction, and bleeding 

during operations[1], cyanide poisoning may be 

a problem. The earliest, most symptoms of 

cyanide toxicity in adults with the SNP treatment 

is acidosis, increased blood lactate levels are 

increasing along with mixed venous oxygen 

tension, and, symptoms of cyanide poisoning in  

CNS include seizures, headache, coma, lethargy, 

agitation, confusion and anxiety [2], NO is a gas 

that is soluble, unstable, and has a very short life 

(4 second), act as a powerful vasodilator, is 

released as part of the process of action, It is 

already apparent,that NO plays a crucial role in 

the reproduction, at all levels from the brain to 

the gonads and sex organs.  This study reviews, 

the role of NO in  the control of hypothalamic-

pituitary function, and in the sexual behavior. It 

briefly describes its effects on the reproductive 

organs themselves[3], Sodium Nitroprusside 

(SNP), as an NO donor, could increase the NO 

concentration in cells [4], which is recognized, 

as a powerful vasodilator and Antigenic factor is 

crucial for ovarian angiogenesis during the 

development ovum and  folliculogenesis. the 

evaluation of embryo developmental ability and 

oocyte quality, as well as prevention of atresia 

and apoptosis in follicles [5], Currently, a large 

amount of data shows that NO is related to 

ovulation, The NO levels increase with the  

development of  Follicular, and this increase is 

associated with the Estrogen concentration. NO 

is speculated to be an important mediator of 

vascular changes and tissue remodeling during 

ovulation and luteinization[6], the current study 

were aimed to evaluate the effect of NO on  

serum hormones levels (FSH, LH, Estrogen  and 

progesterone) and histological changed on the 

ovarian structures in female mice.   

Materials and Methods 
 in the animal house of veterinary medicine 

college/ Tikrit university, Thirty albino female 

mice, weighing between (25 and 34 mg,) were 

housed in plastic cages and kept in the room 

until the experiment started. Commercial feed 

pellets made up the majority of the mice's diet, 

and water was always accessible. The 

temperature of the housing was kept at 28 2 °C, 

with a 24-hour light cycle ,Sodium Nitroprusside 

(SNP) was obtained from veterinary medicine 
college/ Baghdad university, and preparation of 

SNP solution by Dissolve  1 gm of SNP in 100 

mL of distal water. 1ml of blood samples were 

collected directly from the heart from each 

animals and placed in plain tubes and 

centrifuged for 5 minutes at 3000 rpm for isolate 

the serum then put in eppendorf tubes and stored 

at -20 
o
C until analysis by special kits for each 

hormone using ELISA technique according to 

[7]. 

Study design  

Thirty  female mice were divided into 6 groups 

(5 animals per each group), IP daily dose 
AII data denoted as (mean ± SE). One way 

analysis of variance (One-way ANOVA) and T-

teat analysis by using SPSS, the significant 

differences among means of groups at the Level 

of statistical significant (P<0.05) [8, 9]. 

Results and Discussion  
The results of current study showed significant 

increases (P<0 .05) in FSH, LH and Estrogen 

levels in all treated groups (G2, G3, G4, G5, 

G6), compared with control group (G1). but 

progesterone hormone showed  significant 

decreases (P<0.05) in serum gradually with the 

increasing of SPN dose in all groups (G2, G3, 

G4, G5, G6) compared with control group (G1) 

(Table 1). 

 

Table 1: Effect of SNP on  serum  hormones level in female mice (Mean ± SE)  
    Parameter 

Groups 

FSH (mlU/ml) LH (mlU/ml) Estrogen (Pg/ml) Progesterone (μg/ml) 

G1 

(Control) 

0 .35 ± 1 .913 d 0 .31 ± 0 .121 d 8 .4 ± 0 .761 c 46 .12 ± 2 .985 a 

G2 

0 .01 (mg/kg) 

3 .12 ± 0 .721 c 2 .57 ± 0 .519 c 11 .32 ± 1 .125 b 37 .45±2 .509 b 

G3 

0 .02 (mg/kg) 

6 .02 ± 0 .966 b 4 .03 ± 0 .570 b 14 .43 ± 1 .439 b 22 .67 ± 1 .864 c 

G4 

0 .03 (mg/kg) 

7 .22 ± 0 .501 b 5 .16 ± 0 .598 b 13 .02 ± 1 .163 b 16 .64 ± 1 .767 d 

G5 

0 .04 (mg/kg) 

10 .14 ± 0 .910 a 8 .41 ± 0 .716 a 16 .33 ± 2 .670 a 10 .37 ± 1 .970 e 

G6 

0 .05 (mg/kg) 

8 .08 ± 0 .838 b 7 .32 ± 0 .820 ab 18 .40 ± 2 .620 a 7 .36 ± 0 .910 e 

Small different letters vertically refer to presence of significant value at (P<0 .05) . 
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The present study showed decreased  FSH and 

LH hormones in the  group of take high dose, 

This result agreement with Canteros et al. 

(1996)[10] founded increasing amounts of SNP, 

the release of LHSH, such that the release 

increased with increasing concentrations of SNP 

up to a maximum at about 600 µM and then 

declined with higher concentrations, NO could  

increase the release of LH before ovulation , thus 

promoting the occurrence of a preovulatory LH 

peak, While LH acted on theca cells , promoting 

theca interna cell differentiation and androgen 

secretion, and stimulating follicle development, 

maturation  and ovulation (McCosh et al., 2020) 

[11]. In mice, inhibin A produced by FSH - 

stimulate granulosa cells mediated the formation 

of the LH peak before ovulation (Watanobe and 

Schiöth 2001) [12, 13] stated that  NO leads to 

activating guanylyl cyclase and generating c-

GMP, and increases the release of FSH and LH, 

which in turn activates protein kinase C and 

causes an exocytosis of FSH and LH secretory 

granules. the results demonstrated a significantly 

higher  LH level the results showed that G α q 

acts as a mediator for the detrimental effect of 

higher  LH on Akt phosphorylation [14]. Our 

results showed increased in FSH and LH and 

Estrogen levels in serum, these results agree 

with many researchers, [15,16], the NO, known 

to be a potent vasodilator and antigenic factor, In 

addition, blood flow indexes in the early 

Follicular phase were negatively co-related with 

the number of follicles recruited and the number 

of oocytes retrieved, The results demonstrated  a 

significant increase in estrogen hormone. This 

result agrees with that of  [6] as an inhibitory 

effect of sodium nitroprusside was seen on 

steroid synthesis, specifically on the luteal cell 

cultures' production of estradiol . NO levels 

increased with Follicular development, and this 

increase was associated with Estrogen (E2) 

concentration. NO is associated with vascular 

remodeling. 

The results of average numbers of follicles per 

ovary in the treated groups, for determining the 

primordial follicles number,  showed a 

significant increase (P< 0.05) in all treated 

groups (G2, G3, G4, G5, G6) when compared 

with the control group (G1). and a significant 

increase (P<0.05) in primary folicles number in 

all groups (G2, G3, G4, G5, G6) compared with 

the control group (G1).  The study showed a 

significant increase (P<0 .05) in secondary 

folicles number in all groups (G2, G3, G4, G5, 

G6) and the G6 gradually  decreased (P<0 .05) 

compared with other treated groups. The tertiary 

folicles number in all groups. (G3, G4, G5, G6) 

except the G2 showed a significant decrease 

(P<0.05) compared with control group (G1), 

(Table 2).   
Table 2: Effect of SNP on numbers of different types of Follicles in female mice (Mean ± SE). 

    Parameter 

Groups 

Primordial Primary Secondary Tertiary 

G1 

(Control) 

56 .8 ± 1 .913 e 5 .15 ± 0 .121 d 4 .20 ± 0 .761 d 4 .20 ± 2 .985 a 

G2 

0 .01 (mg/kg) 

73 .3 ± 0 .721 c 6 .57 ± 0 .519 c 5 .32 ± 1 .125 c 4 .60 ± 2 .509 a 

G3 

0 .02 (mg/kg) 

68 .5 ± 0 .966 d 7 .33 ± 0 .570 b 6 .82 ± 1 .439 ab 3 .00 ± 1 .864 c 

G4 

0 .03 (mg/kg) 

86 .4 ± 0 .501 b 8 .46 ± 0 .598 a 7 .13 ± 1 .163 a 2 .80 ± 1 .767 c 

G5 

0 .04 (mg/kg) 

94 .2 ± 0 .910 a 8 .24 ± 0 .716 a 6 .14 ± 2 .670 b 3 .65 ± 1 .970 b 

G6 

0 .05 (mg/kg) 

75 .3 ± 0 .838 c 6 .65 ± 0 .820 c 6 .42 ± 2 .620 b 3 .40 ± 0 .910 b 

Small different letters vertically refer to presence of significant value at (P<0 .05). 
     

These results agree with those found by [17] It is  

possible that e-NOS  expression in ovaries with 

fewer medium antral follicles is to blame for the 

resultant oocytes' diminished ability to mature. 

The results of this study agree with those found 

by [18] who observed that nuclear maturation 

was stimulated in a dose dependent manner 

when sodium nitroprusside (SNP), NO donor, 

was added during in vitro maturation, Sodium 

Nitroprusside has a short half-life, and co-

injection of SNP with PMSG at the starting time 

of superovulation may increase the VEGFS 

expression in early follicle.  VEGFS stimulates 

the number of primary and small secondary 

follicles and prenatal Follicular development . In 

particular, immunohistochemical staining 

showed that most graafian follicles were 

ovulated by human chorionic gonadotropin 
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(hCG) injection, and the remaining follicles were 

early immature follicles ,These results suggest 

that SNP treatment appears to enhance 

folliculogenesis rather than ovulatory capacity 

[19]. 

The results of histological examination for 

ovaries tissue, after 21 days from daily treatment 

for (control and treated groups with SNP) are as 

follows: There was a group of primordial cells 

surrounding each oocyte by a row of simple 

squamous cells, and delicate  C.T. was present 

between those cells secondary follicle was also 

present (Fig. 1) and The cytoplasmic 

degeneration and vacuolation of germinal 

epithelium, as well as certain follicular cells 

were degenerated and surrounded by white 

blood cells (WBCs) infiltration, (Fig. 2), The 

medulla of ovary was infiltrated with great 

number of WBCs, The blood vessels of medulla 

were congested, hemolysis of  blood (Fig. 3), 

Atretic follicle was present in the cortex of 

ovary, associated with degenerated, scattered 

follicular cells in small cavity of follicle, The 

follicle was surrounded by hypertrophic 

follicular cells of  primordial (Fi. 4), Vacuolar 

degeneration was seen in certain luteal cells, 

with the  presence of WBCs diffusion  among 

luteal  cells. The surface of cortical tissue had a 

germinal epithelium (Fig. 5), A degenerative 

change of germinal epithelium was seen on the 

surface of ovary, tertiary follicle  contained 

spherical oocyte without it is nucleus (Fig. 6).  
 

 
Fig. 1: ( One group)(control) (A) Secondary follicle 

with oocyte,(B)Primordial cells(H&Ex40). 
 

 
Fig. 2: (Two group) (A) Hyperplasia of germinal 

cells  (B) Primordial Follicle, (C)Oocyte without 

nucleus, (D)Tertiary follicle, (H&Ex40) 
 

 
Fig. 3: (Three group)(A)Medulla of ovary, blood 

hemolysis, (B)WBCs infiltration (H& E x40). 
 

 
Fig.4:- (Four group)( A) Atretic follicle with 

degenerated follicular cells, (B)Vacuolar 

degeneration cells of primordial follicle, (C) 

Germinal epithelium (H&Ex40). 
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Fig. 5: (Five group)(A) Germinal epithelium , (B) 

Vacuolar degeneration of luteal cells, (C) WBCs 

infiltration, (D) Blood hemorrhage, (H&Ex40). 
 

 
Fig.6:  (Six group) (A) Germinal epithelium, (B) 

Tertiary follicle without nucleus, (C) Oocyte 

disorganization, (D) Atretic follicle, (E) Blood 

congestion, (F) WBCs infiltration, (H&E x40). 

The  results agree with those found by [20] At 

all phases of folicle development and expansion, 

atrecia, or the degeneration of ovarian folicles, 

occurs During the ovulatory stage, NO also 

influences the blood-folicle barrier, and 

gonadotrophins' stimulation of NO may be a 

factor in the development of hyperaemia, 

leukocyte migration, and enhanced vascular 

permeability. Our results agreed with  [21,22] 

suggested that the oocytes treated to result in 

greater SNP concentrations could be undergoing 

a process cell degeneration, confirming the 

hypothesis that NO concentration can be a 

critical factor for cellular survival and function. 

The present study is in agreement with [23], 

concluding that the co-treatment of SNP with 

gonadotropins in ages female mice during the 

superovulation process increases ovarian 

response and oocyte developmental competence 

at a similar level to that of pubertal. 
Conclusions: The study concluded the posative 

effect of SNP on the reproduction of female 

mice represented by inhacement of reproductive 

hormones and quality and quantity of follicles 

and  the side effects appeared in the high doses 

of treatment . 
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 الهرمهني والنسيجي لأكسيد النيتريك عمى الجهاز التناسمي في إناث الفئرانالتأثير 

 

 

 1خالد احمد هادي ،  2, وسيم عمي حسين1نجلاء عمي نهري البياتي
 
 جامعة تكريت، تكريت، العراق –والكيسياء الحيؽية، كمية الطب البيطري   مجة و الادويةالفد فرع1
 العمؽم الأساسية، كمية طب الأسشان، جامعة تكريت، تكريت، العراق فرع 2

 

 الممخص
 مةؼ الفئةران فة  الأنثةؽي  التشاسةم  الجهةا  عمة  الستبةرع NO الرةؽديؽم يجالشيتروبروسة الةجواي  التةثيير دراسةة إلة  الحاليةة الجراسةة هجفت
. السبةي  أندةجة فة  الشدةيجية والتغيةرات الجم مرل ف ( والبروجدتيرون  الاستروجيؼ,  FSH , LH) الهرمؽنات مدتؽيات تقييػ خلال
 لكةل حيؽانةات خسدةة) مجةامي  سةتة إلة  قدةست غةػ،( 34-25) بةيؼ مةا أو انهةا تراوحةت جيةج  برةحة فةثرا   يلايةيؼ عمة  التجربة أجريت
 فةة  اسةةتخجمت. البيطةةري  لمطةةب الحيةةؽان بيةةت فةة  السؽجةةؽد ( Intraperitoniolly) الرةةؽديؽم يجانيتروبروسةة بسةةاد  وعؽممةةت( مجسؽعةةة
 معشؽيةةةا ارتفاعةةةا الحاليةةةة الجراسةةةة نتةةةاي  وأظهةةةرت ،(SNP) بةةةة العةةةلاج مةةةؼ يؽمةةةا 21 بعةةةج تكريةةةت جامعةةةة/  الطةةةب كميةةةة الحاليةةةة الجراسةةةة
(P<0.05 ) معشةؽي  انخفةا  أظهةر أنهةا حةيؼ فة  الدةيطر ، مجسؽعةة مة  مقارنةة السعالجةة السجامي  جسي  ف (P<0.05 ) هرمةؽن  فة 

 أعةةجاد لستؽسةة  الشدةةيج  التقيةةيػ نتةةاي  .الدةةيطر  بسجسؽعةةة مقارنةةة السجةةامي  جسيةة  فةة  SPN جرعةةة  يةةاد  مةة  تةةجريجيا البروجدةةترون 
 معشؽيةا ارتفاعةا والثانؽيةة الأوليةة البرةيلات عجد أظهر, البجايية الجريبات لتحجيج السعالجة السجسؽعات ف  الؽاحج السبي  ف  الجريبات

(P<0.05 ) الجريبةات عةجد انخفة  كسا,  الديطر  مجسؽعة م  بالسقارنة السعاممة السجامي  جسي  ف G6 تةجريجيا (P<0.05 )مقارنةة 
 انخفاضا   G2 السجسؽعة باستثشاء السجسؽعات جسي  أظهرت ف  الثالثة البريلات عجد انخف  كسا,  الأخرى  السعاممة السجسؽعات م 

 العهةةار  وتفريةة  الدةةيتؽبلا م تةةشك  لمسبةةي  الشدةةيجية التغيةةرات نتةةاي  أظهةةرت كسةةا الدةةيطر ، مجسؽعةةة مةة  مقارنةةة( P<0.05) معشؽيةةا  
 إفرا ات وجؽد م  البجايية الخلايا مععػ وتحممت البيزاء، الجم كريات بارتذاح وإحاطتها الجريبة الخلايا بع  تحمل تػ كسا. الجريؽمية
 البيزةاء الةجم كريةات وارتذةاح الستحممةة الجريبية الخلايا مؼ بالعجيج محاطة الثالث الجريب مؼ البؽيزة وتحمل الخلايا تمغ بيؼ التهابية
 وخمرةت الجرعةة،  يةاد  مة  وانحلالة  محةتقؼ دم عمة  تحتةؽي  لمشخةاع الجمؽية الأوعية كانت البجاي  الجريب بيؼ. القذرية الأندجة ف 

                                                                .العلاج مؼ العالية الجرعات ف  ظهرت التثييرات ولكؼ الفئران، إناث ف  التشاسم  الجها  عم  الإيجاب  التثيير إل  الجراسة

        
 
 

  


