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Abstract
            The  study  was  designed  to assess  the levels of   Homocysteine (Hcy) as strong  risk factor  for  atherosclerotic  cardiovascular  diseases  in   anabolis  androgenic  steroids (AAS) abused  bodybuilders athletes , to study  differences  in  the impact of oral  and injectable  AAS, long and short term AAS use and to  study recovery of the  levels  of studied Hcy after AAS cessation. The study included 68 of volunteers AAS abusing bodybuilders from three bodybuilding centers in Babylon Province and 10 healthy sedentary controls in addition to 10 non AAS using bodybuilders as second controls. The  studied volunteers were divided into many groups according to the type of AAS abused (injectable nandrolne decanoate and oral methandrostenolon) , duration of AAS abuse  (6 and 12 months) and abstinence of AAS abuse .  The concentration of Hcy was significantly higher (p< 0.01) in  nandrolone abused athletes than in the sedentary control , non significant when compared with non AAS use .While in methandrostenolon abused athletes ,it was significantly higher (p< 0.01) than in the sedentary and non AAS use controls. The levels of Hcy was significantly reduced after AAS cessation  when compared to that of  AAS abused groups. The duration of AAS abuse could affect significantly the concentrations of  Hcy in the the oral and injectable AAS abused athletes.                      
الخلاصة
         الغرض الرئيسي من هذه الدراسة هو تقييم مستوى الهوموسستين  باعتباره عامل خطورة قوي لتصلب الشرايين المؤدي إلى الأمراض القلبية الوعائية عند رياضيي بناء الأجسام الذين يسيئون استخدام الستيرويدات البناءة ولدراسة الاختلافات في تأثير الستيرويدات البناءة التي تعطى فمويا عن تلك التي تعطى عن طريق الحقن والاختلافات في تأثير الاستخدام الطويل الأمد عن القصير الأمد ولدراسة عودة هذه المستويات إلى وضعها الطبيعي بعد توقف استخدام الستيرويدات البناءة.

الدراسة تتضمن ثمانية وستون متطوعا من رياضيي بناء الأجسام الذين يسيئون استخدام الستيرويدات البناءة من ثلاثة مراكز لبناء الأجسام في محافظة بابل و عشرة أشخاص غير رياضيين أصحاء بالإضافة إلى عشرة رياضيين لا يستخدمون هذه الستيرويدات . متطوعي الدراسة قسموا إلى عدة مجموعات اعتمادا على نوع الستيرويد البناء المستخدم ( حقن ناندرولون ديكانويت أو حبوب ميثاندروستينولون ) وفترة سوء استخدام الستيرويد البناء ( ستة أشهر أو اثنا عشر شهر ) والانقطاع عن استخدام هذه المواد. 

كان تركيز الهوموسستين أعلى بشكل معنوي (p<0.01) عند الرياضيين الذين يسيئون استخدام الناندرولون من تركيزه عند الأشخاص غير الرياضيين وكان هذا التركيز غير معنوي بالمقارنة مع تركيزه عند الرياضيين الذين لايستخدمون الستيرويدات .بينما عند الرياضيين الذين يسيتخدمون الميثاندروستينولون 
كان تركيز الهوموسستين أعلى بشكل معنوي (p<0.01) مقارنة بتركيزه عند غير الرياضيين والرياضيين الذين لايستخدمونه. قلت المستويات المعتبرة للهوموسستين بشكل معنوي (p<0.01) بعد وقف استخدام الستيرويدات البناءة .اثرت الفترة الزمنية لسوء استخدام الستيرويدات البناءة بشكل معنوي (p<0.01) على تركيز الهوموسستين عند الرياضيين الذين يتعاطون الناندرولون .
Introduction

         Androgenic anabolic steroids (AAS) are synthetic derivatives of testosterone and short term administration by athletes can increase strength and bodyweight (Hartgens and Kuipers ,2004). Supraphysiologic doses of AAS can produce a range of adverse cardiovascular effects such as atherosclerosis which  is irreversible and dyslipidemia which is remit after AAS use is discontinued , these effects have been blamed for numerous premature deaths among athletes between 20 and 40 years of age known to have used AAS either from cardiac disease or cerebrovascular accidents (Kanayama, et al.,2008). 
Hyperhomocysteinemia or Homocysteinurea ( Homocysteine level >15 μmoles/L) has been identified as an independent risk factor for the development of atherosclerosis (Lee and Prasad , 2002). Homocysteine (Hcy) is a sulphur containing intermediary amino acid which is derived by the demethylation of methionine. The primary source of methionine is animal protein. Trans-sulphuration is the biochemical reaction in which homocysteine is catabolized to cystathionine and cysteine under the influence of vitamin B6 and excreted in the urine. However, during transmethylation reaction  folate and vitamin B12 catalyze the remethylation of homocysteine to methionine (Hankey and Eikelboom , 1999 ). Increases in the plasma concentration of  Hcy may be due to genetic insufficiencies of the enzymes needed for its metabolism, to nutritional deficits in vitamin cofactors, or to other circumstances such as drugs and medical conditions ( Soinio ,et al., 2004). Similarly, low intake and plasma concentrations of folate  and vitamins B6 and B12 have been associated with increased plasma Hcy levels (Lee  and Prasad , 2002).

Homocysteine has been postulated to promote atherosclerosis by the stimulation of oxidative injury to the endothelium, which is a crucial step in the response to injury theory of atherosclerosis by derangement he endothelium vasomotor regulation of nitric oxide by formation of S- nitroso homocysteine (Prasad, 1999).
This study aims to investigate  the adverse effects of supraphysiological doses of AAS drugs on serum  homocysteine level as  indicator of the risk  for  cardiovascular diseases  in healthy male bodybuilding athletes and to assess the differences between the adverse effect of oral and injectable  AAS, the influence of duration of AAS abuse and reversibility or irreversibility of the adverse effects after AAS cessation.
Materials and Methods

        The study was conducted from December 2010 to March  2011.  A 78 male adult bodybuilders from three health and fitness centers in Babylon Governorate were 
chosen  in this study (68 AAS  abusers and 10  non AAS using bodybuilders) in 
addition to 10 male sedentary adult as controls. The subjects who participated  in this study were self administered drug abusers who used either Nandrolone decanoate (Decadurabolin®) 500mg /week intramuscularly or methandrostenolone ( Dianabol®) 50 mg / day orally for different periods, ranging from 6 months to 1 year. The subjects were equal with respect to training programs  and  good health state. The following exclusion criteria were set: smoking, any medical history such as hypertension, heart diseases and any medication and nutritional complement used. 

 The subjects who participated in this study were divided into eight groups according to AAS type, duration of use and abstinence from using .
The study groups and their main characteristics are listed in table (1).

Blood samples (5mls) were collected throughout the study from all the subjects, blood was drained in a plain tube and allowed to clot at room temperature for 30- 45 minutes. Sera were  obtained  by centrifugation  for 5 minutes at 5000 rpm.  Hemolysed samples were rejected. Clear  serum samples were placed into another plain tube labeled with the patient name and frozen at (-20˚C) till the time of analysis.

The level of serum homocysteine was determined by enzyme immune assay method using Axis homocysteine kit from IBL International, Germany company.
Measurement of serum testosterone levels by radioimmunoassay were made through blood specimen to  provide  confirmation of current steroid use . 
All data were expressed as means ± standard deviation (S.D.). The data was analyzed by using a computerized  SPSS (Statistical Package for the Social Sciences ) version 17.0  for Windows . Differences between groups were checked by using one way ANOVA followed by a post hoc Bonferroni test. Statistical significance was accepted at the level of (p> 0.05).
Results

         The mean level of Hcy in non AAS using bodybuilders control was ( 7.26 ± 0.75 µmol/l ). It was significantly lower (p < 0.01) than that of healthy sedentary control (9.07 ± 0.84 µmol/l ).

The mean level of Hcy in Nandrolone decanoate using bodybuilders for 6 months was ( 9.45 ± 1.10 µmol/l ).  It was significantly higher  ( p < 0.01) than that of non AAS using bodybuilders control ( 7.26 ± 0.75 µmol/l ), significantly lower ( p < 0.01 ) than that of  Nandrolone decanoate using bodybuilders for 12 months (11.82 ± 1.16 µmol/l ).While it was a non significant ( p > 0.05 ) than both healthy sedentary control and Nandrolone decanoate users abstinent from using for 6 months ( 9.07 ± 0.84 and 9.43 ± 0.82  µmol /l ) respectively.

The mean level of Hcy in Nandrolone decanoate using bodybuilders for 12 months was significantly higher ( p < 0.01) than that of healthy sedentary control, non AAS 
using bodybuilders control and Nandrolone decanoate users abstinent from using for 6 months. 
The mean level of Hcy in Nandrolone decanoate users abstinent from using for 6 months was significantly higher ( p < 0.01) than that of non AAS using bodybuilders control, non significant than healthy sedentary control . 

Table ( 2)  summarizes the mean level of Hcy in the serum of  injectable  Nandrolone  decanoate self administered bodybuilders groups as well as that of controls ( non AAS using bodybuilders and normal sedentary control ).
While the mean level of Hcy in methandrostenolon  using bodybuilders for 6 months was (10.30 ± 1.44 µmol/l ). 
It was significantly higher ( p < 0.01) than that of both healthy sedentary  and non AAS using bodybuilders control ( 9.07 ± 0.84, 7.26 ± 0.75 µmol/l ) respectively, significantly lower ( p < 0.01 ) than that of methandrostenolon  using bodybuilders for 12 months ( 12.10 ± 1.50 µmol/l ) and non significant than methandrostenolon users abstinent from using for 6 months ( 9.9 ± 0.96 µmol/l ).

The mean level of Hcy in methandrostenolon  using bodybuilders for 12 months was significantly higher ( p < 0.01) than that of healthy sedentary  control, non AAS using bodybuilders control and methandrostenolon users abstinent from using for 6 months .

The mean level of Hcy in methandrostenolon users abstinent from using for 6 months was significantly higher ( p < 0.01) than that of both  healthy sedentary  and  non AAS using bodybuilders control.
Table ( 3)  summarizes the mean level of Hcy in the serum of  oral methandrostenolon  self  administered bodybuilders groups as well as that of controls (non AAS using bodybuilders and normal sedentary control).

Comparism Between The Two AAS  Types :

The mean level of Hcy in Nandrolone decanoate using bodybuilders for 6 months  was  significantly  lower ( p < 0.01) when compared to that of Methandrostenolon  using bodybuilders for 6 months.

The mean level of Hcy in Nandrolone decanoate using bodybuilders for 12 months  showed  non significant difference when compared to that of  Methandrostenolon  using bodybuilders for 12months.

The mean level of Hcy in Nandrolone decanoate users abstinent from using for 6 months was  significantly lower ( p < 0.05) when compared to that of  Methandrostenolon  using bodybuilders for 6 months.
Discussion
        The elevated Homocysteine level observed in the bodybuilders abused oral and injectable AAS  for 6 and 12 months is agreed with the results presented by Graham , et al., (2006) and Ebenbichler , et al., (2001). This finding may be due to a possible 
direct effect of AAS on the homocysteine metabolism. There also may be changes in Hcy levels secondary to other biological effects of these steroids.
Firstly, deficiencies of vitamin B12 and folate lead to a markedly increased serum Hcy levels (Selhub, 1993). Anabolic steroids have the ability to be converted into estrogen by the effect of aromatase enzymes ( Zitzmann and Nieschlag , 2004) . 
Estrogen are known to decrease serum concentrations of vitamin B12 and folate (Steegers-Theunissen , et  al., 1993). Secondly, Hcy levels are related to protein turnover and muscle mass and larger creatine synthesis  (Ueland and  Refsum , 1989).  The homocysteine production occurs in direct conjunction with creatine-creatinine synthesis ( Giltay, et al., 1998). Probably, due to the requirement, in the synthesis of the precursor of creatinine (creatine), of the donation of methyl groups formed in the transformation of methionine to homocysteine, so there is an  increase in Hcy production during creatinine metabolism  ( Oktenli , et al., 2003).
Thirdly ,AAS have anabolic effects on erythropoiesis, synthesis of homocysteine takes place in erythrocytes ( a potential source of homocysteine) ( Malinow , et al., 1994). Fourthly, anabolic steroids can induce liver-damaging side effects and the enzyme homocysteine methyltransferase, that is necessary for transmethylation reactions is mainly confined to the liver ( Giltay ,et al., 1998) . Also, AAS down regulate renal cystathionine β -synthase enzyme which catalyze the first step in the transsulfuration pathway of  Hcy (Vitvitsky, et  al., 2007).    
The results of the present study disagree with Zmuda, et  al., (1997), which conclude that short-term, high-dose testosterone administration does not affect Hcy levels in normal men. Differences due to the fact that  Zmuda and coworkers administered therapeutic doses of  injectable testosterone enanthate for three weeks only ,while in our study ,we used supraphysiological doses of oral methandrostenolon and injectable nandrolone decanoate for long periods, namely, from six to twelve months.
The difference  between the  effects of oral methandrostenolon and injectable nandrolone decanoate  may be due to the nature of the two drugs whether  it is aromatizable or not and the type of the chemical modifications of the molecule. Methandrostenolone does undergo aromatization to the rather potent estrogen 17-α methyl estradiol, but it does not show in vivo propensity for reduction by 5 α reductase to alpha dihydromethandrostenolone. An addition of an alkyl group at position 17- α  renders the structure orally active because alkyl substitution prevents deactivation of the steroid by first-pass metabolism (Hoffmann , 2002; Kuhn , 2002).

Nandrolone  ester is a potent anabolic with a relatively favorable safety profile. It is reduced by 5α reductase in target tissues to the less potent androgen dihydronandrolone. Its affinity for aromatization to estrogen is low ( Kishner and Srec ,2008). Injectable AAS characterized by slower absorption rate intramuscularly, which result in more pronounced androgenic properties (Hall, 2005). 
AAS induced changes in level Hcy return to the near normal levels depending on the duration of abuse, type of AAS whether it is alkylated or esterified drug and the 
clearance time of AAS .Oral methandrostenolon have  half life 6-8 houre and relatively short clearance rate of 3-4 weeks while  nandrolone decanoate  have half life  about 15 days and it is stored in body, released slowly and has a clearance rate of 6-8  months (Thomas ,et al.,1998 ;Hoffman, et al.,2009)
Conclusions 
        The present study concludes Increasing the level of homocysteine in sera of  both oral and injectable AAS abusing athletes , the severity of these effects could  be related to duration of AAS abuse and the Hcy level was reversed after AAS withdrawal and could be returned to near normal level.
Table (1) The Study Groups and Their Main Characteristics

	Group
	Age (years)
	Body mass index ⃰
	Training duration (months)
	AAS misuse (months)
	Testosterone level

(nmol/l)

	A1
	22.1±2.5
	24.5±2.1
	0
	0
	15.5±3.4

	A2
	23.0±1.9
	26.0±1.5
	28.0±2.4
	0
	17.1±2.9

	B1
	22.0±2.0
	25.5±1.2
	30.0±1.8
	7.0±1.1
	46.0±13.3

	B2
	25.3±2.4
	26.1±1.0
	30.5±2.0
	14.0±1.4
	59.0±17.5

	B3
	26.0±2.9
	25.0±0.9
	29.6±2.4
	17.3±2.1
	25.6±5.2

	C1
	26.5±3.3
	26.7±1.3
	32.0±2.3
	6.5±0.7
	40.1±10.4

	C2
	25.0±2.6
	25.5±1.1
	32.4±1.9
	14.5±1.0
	55.2±15.4

	C3
	24.5±2.9
	26,2±1.2
	31.0±2.7
	15.0±3.2
	20.4±4.6


A1 = healthy sedentary controls

A2 = non AAS using bodybuilder controls

B1 = injectable  Nandrolone  decanoate using  bodybuilder  for 6 months

B2 = injectable Nandrolone decanoate using bodybuilder  for 1 year

B3 = injectable Nandrolone decanoate using bodybuilder  abstinent from                                                               administration for about 6 months

C1 = oral  methandrostenolon using bodybuilder  for 6 months

C2 = oral  methandrostenolon using bodybuilder  for 1 year

C3 = oral  methandrostenolon using bodybuilder  abstinent from             administration for about 6 months

⃰  body mass index  (BMI) can be defined as the individual's body weight divided by the square of his height. 
Table ( 2 A): Levels of Hcy in Sera of Nandrolone decanoate Self Administered, Non AAS Using Bodybuilders and Normal Sedentary Control Groups
	Group
	Serum Hcy level(µmol /l) 

Mean± (S.D.)

	Healthy sedentary control (A1)
	9.07± 0.84

	Non AAS using control (A2)
	7.26± 0.75

	Nandrolone users for 6 months (B1)
	9.45± 1.10

	Nandrolone users for 12 months (B2)
	11.82 ±1.16

	Nandrolone users abstinent from using for 6 months (B3)
	9.43 ± 0.82


Table ( 2 B) : The Significance Level Between The Study Groups

	Group

VS

Group
	A1 VS A2
	B1 VS A1
	B1 VS A2
	B1 VS B2
	B1 VS B3
	B2 VS A1
	B2

VS A2
	B2 VS B3
	B3 VS A1
	B3 VS A2

	Significance level
	p< 0.01
	N.S*
	p< 0.01
	p< 0.01
	N.S*
	p< 0.01
	p< 0.01
	p< 0.01
	N.S*
	p< 0.01


*N.S = non significant

Table ( 3 A) : Levels of Hcy in Sera of  Oral Methandrostenolon  Self Administered, Non AAS Using Bodybuilders and Normal Sedentary Control Groups

	Group
	Serum Hcy level (µmol/l) 

Mean± (S.D.)

	Healthy sedentary control (A1)
	9.07± 0.84

	Non AAS using control (A2)
	7.26 ±0.75

	Methandrostenolon users for 6 months (C1)
	10.30 ±1.44

	Methandrostenolon users for 12 months (C2)
	12.10 ±1.50

	Methandrostenolon users abstinent from using for 6 months (C3)
	9.90 ±0.96


Table ( 3 B) : The Significance Level Between The Study Groups
	Group

VS

Group
	A1 VS A2
	C1 VS A1
	C1 VS A2
	C1 VS C2
	C1 VS C3
	C2 VS A1
	C2

VS A2
	C2 VS C3
	C3 VS A1
	C3 VS A2

	Significance level
	p< 0.01
	p< 0.01
	p< 0.01
	p< 0.01
	N.S*
	p< 0.01
	p< 0.01
	p< 0.01
	p< 0.01
	p< 0.01


* N.S = non significant
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