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Abstract
   This study has been aimed to appraise of  inhibition of cholesterol biosynthesis on fertility in rabbits in addition to evaluate the effect on some semen parameters (epididymal sperm counts, sperm motility, or sperm morphology), FSH, LH, testosterone, estrogen restriction on in normal male rabbits and the evaluated estrus cycle, successful implantation, fertility rate in normal female. Thirty six both sex rabbits were submitted to experiment, divided into three groups (18 rabbits), control treated with normal saline and other groups treated with atorvastatin ,150 mg/kg B.W. and 200 mg/kg B.W.  male, for thirty days by oral stomach tube prior to mating with untreated females and ,150 mg/kg B.W. and 200 mg/kg B.W. female, for thirty days by oral stomach tube prior to mating with untreated males. Serum was obtained at the 30th days of the treatment. Serum of statistic indicated a significantP≤0.05decrease of total cholesterol, triglycerides, LDL, testosterone and estrogen but significant P≤0.05increase HDL at the 30th days of  atorvastatin treatment compared with control.
Introduction
 Cholesterol is present in the tissues uptake and plasma either as free or cholesterols esters in which a little more than half of body total cholesterol arises by an endogenous synthesis and the remainder supplied via receptor mediated from circulating lipoproteins.[1]  Atorvastatin is a member of the drug class known as statins, used for lowering blood cholesterol. It also stabilizes plaque and prevents strokes through anti-inflammatory and other mechanisms. Like all statins, atorvastatin works by inhibiting HMG-CoA reductase, an enzyme found in liver tissue that plays a key role in production of cholesterol in the body. The primary uses of atorvastatin is for the treatment of dyslipidemia and the prevention of cardiovascular disease[2]. It is recommended to be used only after other measures such as diet, exercise, and weight reduction have not improved cholesterol levels[6]. As with other statins, atorvastatin is a competitive inhibitor of HMG-CoA reductase. Unlike most others, however, it is a completely synthetic compound. HMG-CoA reductase catalyzes the reduction of 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) to mevalonate, which is the rate-limiting step in hepatic cholesterol biosynthesis. Inhibition of the enzyme decreases cholesterol synthesis, increasing expression of low-density lipoprotein receptors (LDL receptors) on hepatocytes. This increases LDL uptake by the hepatocytes, decreasing the amount of LDL-cholesterol in the blood. Like other statins, atorvastatin also reduces blood levels of triglycerides and slightly increases levels of HDL-cholesterol[2].
Materials and methods

Animals

   Thirty six mature of both sex rabbits were obtained from local market, College of Veterinary Medicine, University of Basra. They were divided into two main groups (Eighteen rabbits each sex) maintained in cages under controlled environmental conditions (12:12 light: dark cycle, 23± 1 C°) with providing diet and water ad libitum. Diet a balanced basal diet was provided to the experimental animals and was formulated to meet their physiological needs during pregnancy period as recommended.  To be assured the diet was free of cholesterol,[ 3].
Experimental Design:
  Female were examined daily using vaginal smear technique to ensure that they were in regular estrous cycle [4]. Female proved to be in estrous phase were mated with mature male rabbits in a separate cage. After mating a vaginal smear was taken. The presence of sperms indicated zero day of gestation. The pregnant female rabbits (18 females) were separated into three sub-groups: first sub-group (control), second sub-group and third sub-group treated with atorvastatin (150 mg/kg B.W.and 200mg/kg B.W.).
   For fertility study,  male rabbits caged for 2 days with  females of proven fertility in a ratio of 1: 2.Vaginal smears were examined every day morning after the period of joining and the day of presence of spermatozoa was regarded as day 1 of pregnancy as described by [5]. Mated  male rabbits were randomly distributed into various groups and treated orally with the tested extract for 30 days post coitus.
Sampling:-

Blood samples:-
  Blood samples were collected from each animal fasted rabbits (control and treat animals), from the heart at the end of the experiment period, and allowed to be clotted at room temperature to separate the serum to for lipid profile assay such as total cholesterol (TC), triglycerides (TG),HDL and LDL level by using spectrophotometer [2] and hormonal assay such as estrogen, progesterone, and testosterone  level by using ELISA Kits .
Evaluation of Fertility:-
    Spermatozoa were obtained by mincing the caudal epididymis in a known volume of physiological saline (w/v) at 37˚C for evaluation of semen parameters under microscope (40X) as the following:

Sperm Concentration(Count):-
    The spermatozoa concentration was carried out by diluting the sperm suspension with water (1:20), then mixed together, after that a drop of them delivered into the Neubaure haemocytometer in each side of the counting chamber. The haemocytometer is allowed to stand for 5 min. for sedimentation, then sperms were counted in the large five squares and expressed as sperm concentration in million, [7].

Sperm Motility:-  
  The motility of sperm was evaluated directly after mincing in drop of sperm suspension, microscopically. Non-motile sperm numbers were first determined, followed by counting of total sperm. Sperm motility was expressed as percent of motile sperm of the total sperm counted, [8].

Sperm Viability by Negrosin-Eosin Stain:-

    This technique is used to differentiate between live and dead sperms. A drop of the  Negrosin-Eosin stain added into sperm suspension on the slide and stand for 5 min. at 37˚C, then examined under microscope. The head of dead spermatozoa stained with red color. While, the live spermatozoa unstained with  Negrosin-Eosin stain. Sperm of total sperm counted, [9].

Sperm Morphology:-
     A drop of Negrosin-Eosin stain was added to the sperm suspension and kept for 5 min. at 37˚C. After that a drop of sperm suspension was placed on a clean slide and spread gently to make a thin film. The film was air dried and then observed under a microscope for changes in sperm morphology, [10]. The criteria chosen for head abnormality were;  amorphous, pin and short head. For tail, the abnormalities recorded were; coiled flagellum, bent flagellum, bent flagellum tip. The result are the percentage overall abnormal form.
Hormonal assay:-Determination of serum FSH, LH, testosterone, estradiol and progesterone
By ELISA[10,11,12].
Statistical analysis:

      Results were expressed in Mean ±SD and were analyzed by one way analysis of variance 
      (ANOVA)[13].

Results
1- Effect of atorvastatin on lipid profile of female rabbits
  In the Table [1] showed that changes into cholesterol,Triglyceride,HDLandLDL are significant decreases (P≤0.05)  in group treated with atorvastatin compared with  control group .specially in higher dose 200mg /kg. 

Table1 :-Effect of atorvastatin on lipid profile of female rabbits (Mean±SD) 
	LDL
	HDL
	Triglyceride
	Cholesterol
	                        Parameters                               

Treatments

	20.01±2.48
A
	48.41±6.11
A
	69.22±5.67

A

	85.14±3.88
A
	 Control 
 (normal saline)

	18.12±1.12

B
	43.21±4.29
B
	60.9±2.13

B
	71.25±4.12
B
	Atorvastatin

(150mg/kg B.W.)  

	16.12±2.27

B
	37.27±2.16
B
	56.31±5.32

B
	66.07±18.09

B
	Atorvastatin

(200mg/kg B.W.)


                                                                                                                        (N=6) different latter refers to significant p≤0.05
2-Effect of atorvastatin on reproductive hormones of female rabbits
    In the Table [2] showed that changes into FSH ,LH, Estrogen and Progesterone are significant decreases (P≤0.05)  in group treated with atorvastatin compared with control group

. 

Table2:- Effect of atorvastatin on reproductive hormones of female rabbits (Mean±SD)                                                                                                                  
	Progesterone
 ( ng/ml)


	 Estrogen
( pg/ml)


	LH
(mlU/ml)
	FSH
(mlU/ml)

	                        Parameters                               

Treatments

	0.66±0.014
A
	 43.22±3.61
A 
	2.65±0.05
A
	2.59±0.07

A
	 Control 
 (normal saline)

	0.53±0.01
 B
	38.21±2.08

B
	2.38±0.01
B
	2.40±0.01 

B
	Atorvastatin

(150mg/kg B.W.)  

	0.44±0.011
C

	32.21±1.58

B
	2.15±0.09
B
	2.35±0.06

B
	Atorvastatin

(200mg/kg B.W.)


(N=6) different latter refers to significant p≤0.05 
3.Effect of atorvastatin on reproductive parameters of female rabbits
Table3 :-Effect of atorvastatin on reproductive parameters of female rabbits (Mean±SD)
    In the Table [3] showed that changes into female pregnancy ,new born ,fertility rate ,dead newborn ,are decreases in group treated with atorvastatin compared with  control group. 

	                              Groups

Parameters
 
	Control
	Atorvastatin
    150 mg/kg
	Atorvastatin
   200 mg/kg

	N0. of female pregnancy
	6
	4
	4

	Gestation period
	30±2
	27±1
	26±2

	No. of New born

      
	5±2
	4±2
	3±1

	   Fertility  Rate    %


	% 100
	66%
	66%

	Malformation%
	-
	-
	-

	Dead newborn
	-
	1
	2


       (N=6)  different letters refers to significant p≤0.05              
4-Effect of atorvastatin on lipid profile of male rabbits
    In the Table [4] showed that changes into cholesterol,Triglyceride,HDLandLDL are significant decreases (P≤0.05)  in group treated with atorvastatin compared with  control group. 

Table4 :-Effect of atorvastatin on lipid profile of male rabbits (Mean±SD)                                                                                                    
	LDL

mg/dl
	HDL

mg/dl
	Triglyceride

mg/dl
	Cholesterol

mg/dl
	                        Parameters                               

Treatments

	17.36±0.52
A
	43.27±0.26
A
	61.14±3.17

A

	80.04±2.50

A
	 Control 
 (normal saline)

	15.45±3.11
B
	39.57±7.33
B
	54.9±4.25
B
	67.31±6.20
B
	Atorvastatin

(150mg/kg B.W.)  

	13.67±4.39
B
	33.46±6.31
B
	50.20±6.08
B
	61.12±11.14

B
	Atorvastatin

(200mg/kg B.W.)


(N=6)  different letters refers to significant p≤0.05              
5-Effect of atorvastatin on reproductive hormones of  male rabbits
    In the Table [5] showed that changes into FSH ,LH ,Estrogen and Progesterone are significant decreases (P≤0.05)  in group treated with atorvastatin(150kg,200kg) compared with  control group. 

Table5:- Effect of atorvastatin on reproductive hormones of  male rabbits
 (Mean±SD
	Testosterone

	LH
(mlU/ml)
	FSH
(mlU/ml)

	                        Parameters                               

Treatments

	0.70± 0.013

A
	2.75±0.01

A
	2.67±0.04

A
	 Control 
 (normal saline)

	0.61±0.011
B
	2.58±0.05
B
	2.450±0.08

B
	Atorvastatin

(150mg/kg B.W.)  

	0.57±0.016
B
	2.47±0.02
B
	2.40±0.01

B
	Atorvastatin

(200mg/kg B.W.)


                                                                                            (N=6)   different letters refers to significant p≤0.05              
6. Effect of atorvastatin on reproductive parameters of male rabbits
 In the Table [6] showed that changes into reproductive of male ,viability% ,sperm count, intact sperms ,live sperms .dead sperm ,abnormal sperms ,new born ,fertility rate ,dead newborn ,are decreases in group treated with atorvastatin compared with  control group. 

Table6 :-Effect of atorvastatin on reproductive parameters of male rabbits
(Mean±SD
	Atorvastatin
    200  mg/kg
	Atorvastatin
  150 mg/kg
	Control
	Semen Parameters

	54.38±4.81
	66.52±3.79
	80.00±1.27
	Viability%

	78.63±1.55

	90.50±0.42

	187.35±1.88

	Sperm count ×106

	47.32±5.58
	69.52±6.32

	74.12±3.35

	Intact sperms(%)

	60.71±2.90
	58.50±7.26
	72.02±2.36

	Live sperms(%)

	  55.32±24.51 
	52.15±37.39

	34.06±2.15

	dead sperms(%)

	19±5. .3650    
	48.38±7.47

	15.34±1.41
	abnormal sperms(%)


       (N=6)  different letters refers to significant p≤0.05              
                                                             Discussion
Cholesterol is an obligate precursor of sex hormones and statins inhibit HMG CoA reductase, the rate-limiting enzyme in the synthesis of cholesterol. In principle, this should not matter as sufficient cholesterol should be delivered to these cells by the   low-density lipoprotein (LDL) pathway, the biological alternative to denovo synthesis. 
    Atorvastatin, administered to rabbits prior to and during mating at doses which induced toxicity in the parental animals (150 mg/kg in males, 200 mg/kg in females), in this study showed significant decrease in fatty profile (cholesterol ,triglycerol , HDL,LDL)in both sex and both dose .(table1,4) these observations are fully agree with the previously reported observations of their teams who  detected a significant reduction in serum total cholesterol after treatment with simvastatin [14,15],statins related compounds increase and stabilizes the low density lypoproteins cholesterol (LDL-c)receptors gene expression through triglycerol the up regulation of the LDL-c receptor mRNAin rats hepatocytes[16]
The reduction in serum triglyceride level may be a consequence of the action of HMG CD-A reductase inhibitors which inhibits lipase activity by decreasing lipase mRNA[17] .
The results showed a significant decrease in sex hormones male and female,[FSH,LH,TES,EST.BRO] as shown in Tables 2 and 5 may be attributed to the low cholesterol is considered a key element in the manufacture of sex hormones[18] may also be due to the effect of the drug on the gonads .The cholesterol biosynthesis inhibitor was found to suppress gonadal  steroidogenesis  which includes  androstenediol and testosterone through it's known

inhibitory effect on HMG Co-A reductase activity but an additional mechanism was demonstrated by affecting the later steps of testicular  steroidogenesis  by selectively inhibition of 17- ketosteroidoxidoreductase which catalyze  the conversion of dehydroepiandrosterone and

androstenedione to androstenediol and testosterone  erespectively [19]. another study found that simvastatin caused a significant decrease in the testosterone 6- betahydroxylation in the  cytochrom P450 of human hepatocytes[20] as well as the evidence of that statins to reduce receptor mediated uptake of cholesterol in the gonads forst  endroiogenesis [21] and suppress the luteinizing hormone(LH) level which controls on a part of  steroidogenesis [14]
 The results showed a decrease in reproductive parameters  feminine (No, female pregnancy ,gestation  period ,No.nrw born ,fertility rate ,malformation ,dead newborn), Also the result showed a decrease in male fertility( viability, sperm count, dead sperm, abnormal sperm, live sperm, intact sperm) that result showed  in table [3,6]. this change may be due to the effect of statins on the group of sex hormones[21] and as we have previously and also showed the results of each of [23] .this result occurs may be to effects of statins on gonadotrophins . That’s responsibility about growth the gonads’[22] Several studies referred to that the inhibition of denovo cholesterol biosynthesis pathway leads to a significant reduction in the steroidogenesis [23] and women's ovary [24]. In males, it was demonstrated that testosterone biosynthesis requires a continuous cholesterol supply [25] ,so the inhibition of cholesterol biosynthesis pathway may results in a decline in plasma testosterone which may lead to a marked decrease in the fertility index and sperm cell count [26],  
.  .
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