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ABSTRACT

The present study aimed to investigate the potential effect of 4-[(Z)-(2,4-diamino-6-chloropyrimidin-5-yl)diazenyl]benzene-
sulfonamide (SPI) in alleviating Hematological and serum biochemical alterations induced by sodium nitrite toxicity in rats.
For this purpose 40 adult female rats and 40 adult male rats were divided in to 5 groups for each sex (8 rats each); Group
(1): received distilled water by i.p injection and served as a control, Group (2) was daily administered Dimethyl sulphoxide
(DMSO) at a dose of 3.33 ml/kg B.W. by i.p injection. Group (3) was daily administered sodium nitrite (NaNO?2) at a dose
of 6.33 mg/kg B.W. by i.p injection. Group (4) was daily administered of NaNO2 at a dose of 6.33 mg/kg B.W. by i.p
injection and after one hour of NaNO2 administration the treated rats given the new compound SPI at a dose of 3.42
mg/kg B.W. by i.pinjection. Group (5) was daily administered of NaNO2 at a dose of 6.33 mg/kg B.W. by i.pinjection and
after one hour of NaNO2 administration the treated rats given the new compound SPI at a dose of 1.71 mg/kg B.W. byi.p
injection. The obtained results indicated that sodium nitrite possesses a deleterious effect on blood cytology, induce
oxidative damage, hepato-renal dysfunction, increase of MDA and sexual hormone defect. The administration of SPI with
sodiumnitrite minimized the hazard effects of sodium nitrite, it improved RBCs count, PCV, Hb concentration ,total and
differential WBCs count and blood indices.Diminished the level of serum malondialdehyde (MDA).Moreover, it ameliorates
the activities of AST, ALT, cholesterol, TG, lipoproteins, uric acid, creatinine, glucose and sexual hormones includes FSH,
LH, estrogen and testosterone.

Key words: pyrimidine-sulfanilamide complex; sodium nitrite; hematology toxicity; biochemical toxicity; Antioxidant

Council for Innovative Research

Peer Review Research Publishing System
Journal: JOURNAL OF ADVANCES IN BIOLOGY

Vol .8, No.1
www.cirjab.com , editorsjab@agmail.com

1519 |Page November 08, 2015


http://member.cirworld.com/
http://www.cirjab.com/

LLL ISSN 2347-6893

INTRODUCTION

Sodium nitrite is an inorganic salt with wide spread applications in food industry as color fixative and preservative in meat
and fish [1]. Sodium nitrite is also used as pharmacological agent in poisoning of cyanide. Recent studies suggest that the
vasodilator effect of NaNO2 may be of therapeutic benefit in the treatment of pulmonary hypertension [2], post
hemorrhagic cerebral vasospasm [3], and myocardial infarction [4]. The toxic effects of nitrites are well documented in
mammalians including impairment of reproductive function, hepatotoxicity, dysregulation of inflammatory responses and
tissue injury, growth retardation and endocrine disturbance [1]. In blood, nitrite undergoes a coupled oxidation reaction
with oxyhemoglobin to produce methemoglobin (MetHb). Unlike hemoglobin, MetHb cannot exchange oxygen; hence, the
presence of excess MetHb in the circulation proportionately reduces the ability of the blood to transfer oxygen [5] and can
cause hemic hypoxia. The body reacts to hypoxia with adaptive responses, such as relaxation of smooth muscle,
angiogenesis and vasodilatation, thus increasing blood supply to tissues, compensating for the lack of oxygen [6].
Moreover, some pyrimidine derivatives also possess hepato- protective effect which could be attributed to their anti
oxidant activity [7], and many pyrimidine derivatives play vital role in many physiological actions. They are among those
molecules that make life possible as being some of the building blocks of DNA and RNA [8]. Some pyrimidines of
physiologically as well as pharmacologically importance [9].

Cl
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Fig.1: Chemical structure of 4-[(Z)-(2,4-diamino-6-chloropyrimidin-5-yl)diazenyl]benzene- sulfonamide (SPI)

MATERIALS AND METHODS
Nitrite-induce methemoglobuline in hemolysate:

Blood samples were obtained from healthy individuals by puncture of the vein, and kept in ethylene diamine tetra acetic
acid (EDTA) containing tubes; then centrifuged at 2500 rpm for 10 minutes to remove plasma and the buffy coat of white
cells. Washed the erythrocytes thrice with Phosphate Buffer Saline (PBS, pH 7.4) and lased by suspending in 20 volumes
of 20mM Phosphate Buffer (PB, pH 7.4) to yield the required hemolysate concentration of 1:20. Finally, the lysate was
centrifuged at 3000 rpm for 10 minutes to remove the stroma. The reaction was initiated by the addition of1.5 ml freshly
prepared hemolysate, 1.0 ml of different concentrations of pyrimidine derivative-sulfanilamide complex (20uM, 10uM and
5uM) each time were added concomitantly with 0.1 ml sodium nitrite (final concentration 6.0 mM), and the formation of
MetHb was monitored spectrophotometrically at 631 nm for 50 minutes using computerized UV-visible spectrophotometer
[10].

Antioxidant in vivo

Animal and experimental design:
rats are divided into 5 groups (8 rats in each group) as following:

Control group: In this group, 10 male rats and 10 female rats were injected |.P with 0.9% normal saline (N.S) 0.5 ml daily
for 21 days.

Treated 1 (T1) group: This group consisted of 10 male rats and 10 female rats which were injected intraperitoneally (I.P)
with dimethyl sulfoxide (DMSO) 0.5 ml daily for 21 days.

Treated 2 (T2) group: This group consisted of 10 male rats and 10 female rats were injected I.P with 133 mg/kg sodium
nitrite (NaNO2) daily for 21 days. (LD50 of NaNO2 is 180mg/kg B.W)

Treated 3 (T3) group: In this group, 10 male rats and 10 female rats were injected I.P with 1/10 of LD50 (742.15) mg/kg
pyrimidine derivative-sulfanilamide complex daily after one hour of NaNO2 administration for 21 days.

Treated 4 (T4) group: In this group, 10 male rats and 10 female rats were injected I.P with 1/20 of LD50 (742.15) mg/kg
pyrimidine derivative-sulfanilamide complex after one hour of NaNO2administration daily for 21 days.

Blood samples were collected from the heart by heart puncture by the use of the disposable syringes of 5cc
capacity. After anesthesia of the rats, blood collected and analyzed according to Sood (1996) [11].

+ 2 ml of blood was poured into a tube containing the ethylene diamin tetra acetic acid (EDTA) as an anticoagulant
for RBC, Hb, PCV and WBC, differential WBC analysis.

+3-4 ml of blood was poured into test tubes free from anticoagulant to isolate blood serum to estimate the
biochemical parameters such as glucose, total cholesterol, HDL — cholesterol, LDL — cholesterol and triglycerol, VLDL,
GOT, GPT, uric acid, creatinine, follicular stimulating hormone,leutinizing hormone, estrogen and testosterone.
Haematological tests:
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Erythrocytes count:
Hb, PCV, WBC, D. WBC and blood indices estimated according method of Schalm et al., (1975)[12].
Biochemical test:

Serum glucose, total cholesterol and Triglyceride (TG) estimated by the enzymatic method described by were measured
according to the method described by (Wahlefeld, 1974). HDL —cholestrol obtained through the Burstine method [13].
Serum LDL was calculated according to Burstine method, formula and Serum VLDL was calculated according to
Friedewald et al. [14] formula. MDA estimated according to Yagi method [15]. Serum uric acid and creatinine also
measured via Wahlefeld method [16], while the liver enzymes ALT and AST estimated according to Reitman et al. [17]. In
addition to the reproductive hormones FSH, LH, estrogen and testosterone.

Statistical analysis:

Computerized SPSS (Statistical Package for Social Sciences) (V.13) program were used for analysis of results of the
present study. The data were expressed as meanzstandarddeviation (mean+SD).Least significant difference test (LSD)
wasused to test the difference between means (groups); P< 0.05 was considered significant [18].

RESULTS AND DISCUSSION

In vitro antioxidant results

Sodium nitrite (NaNO2) caused rapid oxidation of hemoglobin (Hb) to methemoglobin (MetHb). Using SPI complex in a
dose dependent manner, the oxidation process delayed (Fig.5).The results showed that the time required to convert the
hemoglobin to methemoglobin was four minutes in the absence of the SPI complex, whereas using of 5uM SPI complex
the time was increased to seven minutes (Fig.2). It seeded that not all Hb. convert to MetHb. That means, when the
complex was added along with nitrite at 0 min, the formation of methemoglobin was been inhibited to wide extent. This
observation also appeared in (Fig. 3) in which the time required to convert the hemoglobin to methemoglobin was 11 min.
and that there was increased the inhibition of the conversion of Hb. to MetHb. The best result in our study is at
concentration of 20 uM concentration of SPI complex in which it protected hemoglobin from oxidation by sodium nitrite to
great extent, the conversion time of Hb to MetHb reached to 13 minutes compared with other SPI concentrations and
NaNO?2 oxidation samples(Fig. 4)
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Figure 4.6: Shows antioxidant in vitro activity of SPI compound at (5uM).
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Figure 4.7: Shows antioxidant in vitro activity of SPI compound at (10pM).
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Figure 4.9: Show inhibition of nitrite-induced methemoglobin formation by SPI, at 5, 10 and 20 pm.

According to present findings, the free radicals liberation due to expose of sodium nitrite on erythrocyte lysate, leads to
oxidative damage and production of MetHb [19] in which form of Fe3+ does not allow oxygen transport, owing to the
strong binding of oxygen, therefore, methaemoglobin anemia can lead to cyanosis. Humans are considered to be more
sensitive than rat in this respect. Hemoglobin regards a major aim for free radicals to be attack in RBCs due to it is a
reactive molecule, capable of gaining and losing electrons relatively easily and interacts with variety of redox drugs and
xenobiotics [20] in addition to its ability to give rise to reactive species to form of methemoglobin and consequent cell
oxidative stress [21]. Oxidation of hemoglobin by nitrite was used as in vitro model to assess the concentration and time
dependent protection of SPI compound nitrite-induced Hb oxidation. Initially the kinetic profile of Hb oxidation by nitrite
was plotted under our experimental conditions, but there was not an initial slow phase, the reaction accelerates directly
into a rapid phase of oxidation [22]. The in vitro results of SPI as antioxidant were agreed with earlier studies[23]. SPI
compound can reduce ferric ions Fe3+ to the ferrous state Fe2+; it fails to reverse the oxidation of hemoglobin, suggesting
that protection is not due to reduction

of methemoglobin to hemoglobin [24], but the SPI delay the oxidationof hemoglobin in concentration dependent pattern,
attenuate sodium nitrite-induced Hb oxidation in vitro [19]. We believe that the SPI new compound acted as antioxidant
activity was mainly related to the structure of SPI compound, which facilitate donation of electron and transfer of hydrogen
atoms from hydroxyl moieties to free radicals, providing an efficient radical scavenging property to neutralize several
reactive intermediates that promote continuous conversion of oxy-Hb to metHb.
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Invivo results:

Hematological Results: Statistical analysis of hematological indices is illustrated in Table (1-3).The results of this study did
not showed any significant effect DMSO on the blood parameters including RBC, Hb, PCV, total and differential WBC, and
blood indices; MCV, MCH and MCHC compared with the control group.DMSO is regard one of the most common solvents
used experimentally because of its low toxicity for human and animal [25] in addition DMSO act as anti-inflammatory, anti-
coagulant and reactive oxygen species scavenger activity [26] because of it has a high affinity for the hydroxyl radicals,
and thus modulates the antioxidant enzyme system in the body, so it elevate the activities of blood antioxidant enzymes,
i.e. glutathione peroxidase (GPx) and glucose-6-phosphate dehydrogenase (G6PDH) to protect the cells against the hyper
production of reactive oxygen species [27].

TABLE (1): The effect of injection of DMSO, NaNO2 and SPI in both doses 1/10 and 1/20 on the red blood cells count, Hb,
PCV and total white blood cells count .

paramet ]| Red blood cell Hb concentration PCV % WBC x 103
ers| x 106 cell/mm3 o/dl cell/mm3
Female || Male Female Male Wﬁﬂ Male
aA aA aA b A cB

Treatme
nt

Control c A
1 34.500 10.750 16.067
0.9 % N i n

N.S * -
2.645

1.318 1.318

NaNO2

133mg/k
g

bA bA bA
10.840 | 10.608 | 31.750
+ + +

0.477 0.662 3.774

The different letters refer to significant differences among groups at level of (p<0.05). Small letters refer to vertical
comparable and large letters refer to horizontal comparable.
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TABLE (2): The effect of injection of DMSO, NaNO2 and SPI in both doses 1/10 and 1/20 on differential white blood cells
count.

narameters Neutrophil % Basophil % Acidophil % Monocyte %

Female Male Female Female Male Female
Treatment

Lymphocyte %

Male Female Male

Control 1 b A ab A
0.9 % N.S ' 0.500 1.500 1.000 4,500 4.000 46.000
+ + + + + +
1.414 0.707 0.000 8.485
Control 2 ab A
DMSO 2.500 5.000 1.000 50.500
+ + ar +
0.707 1.414 1.414 30.405
NaNO2 aA
133mg/kg 2.000 3.500 7.000 65.500
+ + + +
1.414 2.121 1.414 2.121
NaNO2 + bA
SPI 1 2.500 3.500 6.500 38.500
(71.86
mg/kg) 8 a + + + + +
0.707 0.000 1.414 0.707 0.707 2.121 2.121
NaNO2 + 24.000 0.000 0.000 1.000 2.000 3.500 5.500 ab A
bB b A b A
SPI| 2 + + + + 49.000
Sg%f; t t - t 1414 || 1414 || 3535 | 2121 +
1.414 0.707 0.000 0.000 4.242

Not significant

The different letters refer to significant differences among groups at level of (p<0.05). Small letters refer to vertical
comparable and large letters refer to horizontal comparable.
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TABLE (3): The effect of injection of DMSO, NaNO2 and SPI in both doses 1/10 and 1/20 on the blood indices

yarameters

MCH(pg) MCHC %
Treatmeny

S
Control 1 aA

0.9% N.S

Control 2
DMSO

NaNO2
133mag/kg

NaNO2 +

SPI 1
(71.86
mg/kg)

bA
41.595
+

3.106

The different letters refer to significant differences among groups at level of (p<0.05). Small letters refer to vertical
comparable and large letters refer to horizontal comparable
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TABLE (4): The effect of injection of DMSO, NaNO2 and SPI in both doses 1/10 and 1/20 on lipid profile .

parameters || TC mg/dl TGmg/dI HDL-C mg/dl LDL-C mg/dl VLDL-C mg/dl

Female Female || Male Female Female Male Female || Male
Treatment
dA

Control 1
0.9 % N.S

8.857 8.283
+ +
1.565 2.261
Control 2 bA bB

DMSO

133mag/kg

NaNO2 +
SPI 1
(71.86

mg/kg)

111.635 || 100.542 ]| 106.298

+ +

12.541 12.327 26.794

NaNO2 + aA CA dA

SPI 2
(35.93 21.830 19.302 7
mg/kg) * t +

6.080 7.967 2.771 2.043

The different letters refer to significant differences among groups at level of (p<0.05). Small letters refer to vertical
comparable and large letters refer to horizontal comparable
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TABLE (4): The effect of injection of DMSO, NaNO2 and SPI in both doses 1/10 and 1/20 on lipid profile .

parameters\ Glucose mg/dl ALT mg/di AST mg/dl Uric acid mg/dl Creatinine mg/d|

Female Male Female Male Female Female Male Female
Treatment
aA

Control 1 ab A

0.9 % N.S 35.33 30.00 || 110.200
T t

5.344 9.899 || 20.584

bc A

Control 2

DMSO

NaNO2
133mg/kg

0.491
NaNO2 + dB ab A
SPI 1 . . L " . . 1.82 3.59
(71.86
mg/kg) + +
0.433 1.105
NaNO2 + b B bA cB bA
SPI 2 . . 16.12 29.90 2.64 3.21
(35.93
mg/kg) 3E + T +
3.065 7.003 0.386 0.377

“ 8 544 29 293 o 456 o 231

The different letters refer to significant differences among groups at level of (p<0.05). Small letters refer to vertical
comparable and large letters refer to horizontal comparable
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TABLE (6): The effect of injection of DMSO, NaNO2 and SPI in both doses 1/10 and 1/20 on MDA, FSH, LH, estrogen
and testosterone.

parameters || MDA mg/dI FSH mg/dl LH mg/dl Estrogen mg/dl Testosteronemg/dl
F

B .ﬂﬁﬂ ) W ) ﬁ )
Control 1 cA b A aA cB bA aB
0,
R 3.310 3.212 1.702
+ + +
0.722
Control 2 bB
PMSO 1.173
+
0.163
133mg/kg
. 102.107
+
’ 15.640

NaNO2 +
SPI 2
(35.93
mg/kg)

The different letters refer to significant differences among groups at level of (p<0.05). Small letters refer to vertical
comparable and large letters refer to horizontal comparable

Erythrogram mean values of different experimental groups, in comparison to those of control group revealed the presence
of macrocytic hypochromic anemia in sodium nitrite administered group which determined by significant decreases in
hemoglobin concentration (Hb), mean corpuscular hemoglobin concentration (MCHC) and a significant increase in packed
cell volume (PCV%) and mean corpuscular volume (MCV) values. It is known that nitrites convert the ferrous ion (Fe+2) of
haemoglobin to ferric ion (Fe+3) both in vivo and in vitro [28]. This can explain the reduction of haemoglobin level. It
seems that the administration of nitrite leads to haematopoietic tissue hypoxia resulting on the long term (21 days in the
present study) to a decrease of red blood cell production and hence to reduction of blood haemoglobin level. The
decrease of haemoglobin due to nitrite treatment has been reported using different animals [29]. Nitrite is known to cause
free radical generation such as lipid peroxidation products which supposed to react with sulfhydryl groups of the lipid
bilayer and protein components of erythrocyte membrane and change its structure, in addition nitrite-promoted Ca2+ influx
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in blood cells activates phospholipases, which increase the proportion of phospholipids with a rigid structure in the
membrane [30] and [31], and that lead to oxidative damage which might be a relevant cause of the initial decrease in RBC
count which may be attributed to lysis or shrinkage of erythrocytes in the blood [32].

According to the present study the NaNO2 cause macrocytic hypochromic anemia in the treated rats, it could be possibly
as a consequence of the toxic effect of NaNO2 on bone marrow, spleen and liver and this result in line with Abu Aita and
Mohammed (2014). It's may be the cause of an increase PCV % results as of decrease of hemoglobin concentration and
bone marrow tried to compensate the low level of Hb, therefor, the bone marrow product large number the immature form
of RBC which is reticulocyte as mention National Toxicology Program [33], and it knowing the reticulocyte is larger than
the volume of RBC and that lead to increase of PCV [34] and then MCV. Other explanations is as a result of effect of
NaNO2 on the hemoglobin and cause its abnormality in shape and that lead abnormal shape of RBC, then the PCV value
will be increase as described by Guyton and Hall [34]. It has been know that the PCV value depend on the shape of RBC.
Results of total and differential leukocyte appear developing of inflammation with injection of sodium nitrite, that’s clarified
in total WBC count, and because of the inflammation was not in acute phase and not in chronic phase, the present study
continued for 21 days and this duration of treatment regarding sub chronic toxicity of NaNO2 [35], this proved by the
results of differential WBC in the present study in which there are decrease in neutrophil, increase in the lymphocyte and
there was not significance in the monocyte. It has been known as true fact that the neutrophil regard as the first line
defense against the inflammatory agents, therefore, neutrophil should be increase in the acute inflammation, in other
hand, the monocyte increase in the chronic inflammation, and because of the period of current study is in the sub chronic
phase of inflammation, the lymphocyte increased significantly with the control group. The effect of SPI appeared to
improve the adverse effect of sodium nitrite on the hematopoietic system and blood indices relatively with dose graduated
that's may be due to the effects of pyrimidine as an anti- inflammatory substance [36-37] and antioxidant activity [38-39].
SPI is reported in this study to inhibit lipid peroxidation as explained in in vitro study, lipid containing models such as
liposomal membrane, liver microsomal system and human low density lipoprotein (LDL) exposed to oxidative damage
[40], this protection was explained by the ability of SPI to scavenge free radicals and at the same time spare other
antioxidants from oxidation suggesting the capacity of SPI to fight against the deleterious effect of nitrite overdose by
protecting blood parameters and blood indices from free radical-induced oxidative damage.

Serum Biochemical results:

Statistical analysis of different serum biochemical values are illustrated in Table (6).Results of oxidative stress biomarkers
revealed a remarkable increase in the values of serum malondialdehyde (MDA) of sodium nitrite administered group
compared to control group. The present perturbations in oxidative markers of sodium nitrite rats could be attributed to the
oxidative cytotoxicity and detrimental effect of nitrite [41]. (Abu Aita and Mohammed [1], which led to lipid peroxidation
[41]. The results obtain from injection of SPI on the male and female rats was in line with De La Cruz et al. [42], and Al-
Zamely and Al-Rikabi [43] in their studies, they have been proved that one of the pyrimidine compounds caused decrease
of MDA level. The ameliorate of the MDA level after SPI injection was resulted from its ability to scavenge the free radicals
[43]. The current results of MDA indicated the capability of SPI acts as antioxidant potential in vivo. Regarding hepato-
renal markers, statistical analysis of our data, table (4-5), clarify the adverse effect of sodium nitrite on hepatic and renal
functions. Sodium nitrite intoxicated rats exhibited an increase in the activities of serum AST and ALT enzymes but mostly
not reach to the significantlyin comparison to control rat. The results after exposure to sodium nitrite were agreed with Ali
et al. [44] and Helal [45] which give sodium nitrite for one month, while it's showed an increase in the ALT and AST levels
in the study of Helal and Elsaid [46] and Abu Aita and Mohammed [1]. The cause of elevation of ALT and AST
concentrations was due to sodium nitrite-induced oxidative stress. As it knowing the half-life of NaNO2 is only 11 minutes
and both of the previous studies were significant increase and that's may be result from the period of administration,
where they give the NaNO2 for three and two months respectively, so the toxic effect of NaNO2 persist for longer period.
The route of administration appears has role in the effect of NaNO2, according to Hassan et al. [47] and Abu Aita and
Mohammed [1] studies, the both AST and ALT enzymes increased in the serum due to NaNO2 orally treated rats, this
could be attributed to the toxic effect of nitroso-compounds, formed in the acidic environment of the stomach to causing
severe hepatic necrosis, in addition to that, when administered orally, the drug is reabsorbed by enterohepatic circuit.
When injections kinetics completely different [48]. In case of uric acid and creatinine, NaNO2caused significant decrease
in both sexed in the uric acid compare with control but the NaNO2 decrease the in creatinine level in the male treated rats
only. This result was agreed with Dolomatov and Sataieva [48], that's due to increase creatinine clearance after treatment
with sodium nitrite, the reason for this effect could be that the nitrites are resynthesis substrate for nitric oxide in the
presence of hemoglobin. In turn, nitric oxide has angiotensin antagonist [48], and dis agreed with the findings obtained by
Hassan, [47] which improved in his study that the sodium nitrite was increased creatinine level after giving the NaNO2
orally for one month due to kidney dysfunction.

The cause of low uric acid with sodium nitrite injection may be due to low blood glucose, resulting from sodium nitrite
injection as occur in the present study, according to Caus$evi¢ et al. [49], it has been recognized that serum uric acid is
positively associated with serum glucose levels, and this hypouricemia is associated with non adequate metabolic control,
hyper filtration, and a late onset of overt nephropathy. The causes of decrease of creatinine after NaNO2 injection may be
results from decreased of the protein synthesis results from the NaNO2 which reflected the biosynthesis of proteins that’s
due to the toxic effect of nitrite on the thyroid and adrenal glands that leads to block of protein synthesis [50]. Other cause
of decreased creatinine level in the male rats injected with NaNO2 is may be due to the decrease level of testosterone in
the male NaNO2, according to Guyton and Hall [51], the testosterone increase of protein formation and body musculature,
and testosterone was decreased in the present study as appears in the result so that lead to decrease of creatinine level
in the male while the female treated rats were not affected that may be due to the normal value of testosterone in the
females in the present study. Injection of the new compound SPI was ameliorate the levels of liver enzymes, in addition,
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the effects of SPI on the treated rats in the uric acid may results from the effect of the SPI compound which may act as
other pyrimidine derivative, allopurinol, which is a clinically used as xanthine oxidase inhibitor [52]. It may be also due to
increase of estradiol in the female and decreased of this hormone in the males treated rats, as it appeared from estradiol
and testosterone results in current study after injected with SPI compound. The results have been confirmed by Leeling
and Lata [53]. The results showed ameliorate the creatinine level in the SPI injection to female effects of NaNO2. As
appears in the results of this study considering the effects of DMSO on the FSH and LH, table (6) the DMSO decreased
the female treated rats but not affected on the male treated rats while in the estradiol and testosterone hormones the data
appear no significant effect after DMSO injection for both sexes compared with control group. The results were agreed
with Grachev et al. [54]. The data of the results after injection of NaNO2 were decreased FSH of the female treated rats
and decreased LH in the male treated rats with increased estradiol value in both sexes' rats and decreased testosterone
concentration in the male treated rats in comparison with control group.The decreased FSH after injection of sodium nitrite
was agreed with Dubey et al. [55], which demonstrated in his study the cause of this decreasing might be due to that
NaNO2 hinder follicular development via suppression of P450 aromatase activity in granulosa cells. The effect of sodium
nitrite on LH was agreed with Campbell et al. [56] which clear that there was no evidence for adverse effects of sodium
nitrite on female reproduction. While in case of the males the decreasing may occurs due to the negative feedback
mechanism of increased estradiol values which cause decrease GnRH leading to decrease of FSH and LH [51]. The
elevation in the estrogen level in the serum after treated with sodium nitrite could be due to the stimulation of the estrogen
receptor alfa( ERa) by nitrite ions [57] or might be due to increase of the aromatase enzyme resulting from sodium nitrite,
where aromatase enzyme regards the key step in the biosynthesis of estrogens, via converts and rostenedione to estrone
and testosterone to estradiol, and then estrogens inhibits FSH via negative feedback. According to Fortepiani and
Reckelhoff [58], the sodium nitrite is produced nitric oxide (NO) which inhibits steroidogenesis process [59] and [47],
therefore, conversion of cholesterol to pregnenolone would be blocked, and this explained by directly inhibiting cholesterol
side-chain cleavage enzyme (cytochrome P450) including different cytochromes P450 [60] and that leads to decrease of
testosterone value. The increasing LH in the male treated rats after injection of SPI compound may be result from the
same effect of one of pyrimidine derivatives, Org 43553 (hydrogen chloride salt of tert-butyl 5-amino-2-methylthio-4-(3-(2-
(morpholin-4-yl)-acetamido)-phenyl)-thieno[2,3-d] pyrimidine-6-carboxamide). According to Lagemaat et al.[61] Org 43553
act as agonists to LH receptor and cause increase of LH in the treated rats, but its appear from the results of the present
study the females have an opposite effect after injected with SPI compound. This amelioration in the SPI injection was
clear also in the testosterone concentration compared with NaNO2 but it's not reach to the significant effect in comparison
with control group for both sexes treated rats. According to the data of the results of FSH value after injection with SPI
showed that a clear amelioration in the both sexes, the estradiol concentration in the female treated rats was ameliorated
and mostly reach to the control group especially in the SPI 2, while in the male there was no significant difference in
estrogen value compared with NaNO2, that's because the relation between estradiol and testosterone which showed in
same result in this group, that's because of estrogen formed from testosterone by sertoli cells after stimulated by FSH [51].
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