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ABSTRACT :  
Background and Objective: Heroin abuse and addiction represent one of the major problems globally. The 

objective of this study is to evaluate the oxidative stress enzyme markers, apoptosis, sperm quality and 

testosterone of heroin administered rats via intraperitoneal injection. 
 

MATERIALS AND METHODS: Thirty male rats were randomly allocated into three groups. Frst group 

regarded as control, while in group2 and 3, the animals were daily injected intraperitoneally with (1 and 5 mg 

Heroin/kg b.w.) for seven successive days. Enzymatic activities of alkaline phosphatase (ALP), Xanthine 

Oxidase (XO), Glucose-6-phosphate dehydrogenase (G6PDH) and lactate dehydrogenase (LDH) in serum were 

analyzed, and concentration of Malondialdehyde (MDA) and testosterone hormone assayed, besides 

determining the percent count of hepatocyte apoptosis and sperm head abnormalities. 
 

RESULTS: The activity of XO, G6PDH and LDH significantly changed, whereas ALP not affected. The lipid 

peroxidation marker (MDA) significantly elevated in high dose treatment. The mean percent of apoptotic 

hepatocytes count reported a clear increase in concentration dependent manner. Also heroin showed significant 

impact on testosterone level, and sperm head abnormalities counting as well.  
 

CONCLUSION: This finding suggests that intraperitoneal injection of heroin cause alteration in oxidation 

processes, reproductive efficiency and apoptosis mostly in concentration dependent manner.    
 

KEYWORDS:   Heroin - Oxidative stress – Testosterone – Sperm – Apoptosis - Rats 
 

 

I. BACKGROUND 
Heroin abuse is considered to be the major clinical problem in the age between 25 to 49 years-old. In 

most countries, drug overdose is the main leading cause of death, on a part with motor vehicle accidents 
(1)

. 

Heroin dependence, is a chronic illness that, when untreated, can result in adverse health consequences such as 

blood-borne viral infections, endocarditis and drug overdoses 
(2,3)

. With more than 20 million heroin addicts 

estimated worldwide and countless others addicted to prescription opioids, drug addiction remains a large public 

health problem 
(4)

.It was pointed out that The balance between oxidation and antioxidation in the heroin abusers 

was seriously destroyed, and the injuries induced by nitric oxide and other free radicals, oxidation, peroxidation 

and lipoperoxidation reactions to the body of heroin abusers gravely exacerbated 
(5)

 and the oxidative stress 

produced by heroin was directly proportional to heroin-abusing-duration (HAD) and daily-heroin-abusing-

quantity 
(6,7)

. In the study of 
(8)

 reported that morphine triggered apoptosis of peripheral blood mononuclear cells 

from healthy subjects. Moreover, other studies have suggested that monocytes provide soluble Fas, which has 

the potential to trigger lymphocyte apoptosis 
(9)

. Whereas 
(10)

 provides further support for the hypothesis that 

morphine may be directly compromising immune function by enhancing apoptosis of T lymphocytes in patients 

with heroin addiction through alteration of BCl2 and BAX genes expression.Some studies demonstrated that 

high-dose methadone was shown to depress plasma testosterone levels 
(11,12)

, and other clinical studies have 

reported decreased sexual drive and performance in male heroin addicts 
(13)

. This study is designed for better 

understanding of the underlying mechanisms of heroin-induced toxicity which may allow more informed 

application of opioid replacement therapy as well as the development of additional novel therapeutic 

interventions. 

 

II. MATERIALS AND METHODS 
Animals 

Adult male albino rats Rattus norvegicus were bred in the animal house of Biology Dept. /College of 

Science/University of Salahaddin. In the present study 30 healthy rats weight about (200-250) gram were used 

in this study. 

 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2958638/?tool=pubmed#b1
http://www.ncbi.nlm.nih.gov/pubmed/15466846
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3281790/?tool=pubmed#B2
http://jcem.endojournals.org/content/90/1/203.long#ref-4
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Experimental protocol 

In this experiment the animals were randomly allocated to three experimental groups of 10 rats in each 

group for seven days: (1) the rats of this group were received tab water and regarded as control group. The 

animals were injected with normal saline. (2) the rats of the second group daily injected intraperitoneally with 

(1mg Heroin/kg b.w.) 
(14)

. (3) the rats of third group were injected daily intraperitoneally with daily (5mg 

Heroin/kg b.w.) 
(15)

.  

 

Drug Preparation: 

An appropriate amount of brown Heroin (Diamorphine or Diacetyl-morphine) was provided by 

directorate of narcotics control in Erbil province-Iraq. For injection Lab. preparation, amount of 250mg of 

Heroin powder was mixed 25mg of citric acid (BDH company). The mixture dissolved in 0.8ml of distilled 

water at 40C  ۫, mixed well via using tip of needle sheath, then the solution heated over a flame until bubbles 

produced 
(16)

  and the remaining solution was drawn by 1ml syringe (needle G29) and diluted to (5mg/ml). Each 

1ml was injected to 1kg b.w. rats (5mg Heroin/kg b.w. rats), while further dilution was made for the other dose 

by resuspending the stock solution in D.W. 

 

Serum enzymatic analysis 

Blood samples were taken into glass bottles with rubber caps, labelled and centrifuged at 4000 g for 10 

min. Serum enzyme [Alkaline phosphatase (ALP), Xanthine Oxidase (XO), Glucose-6-phosphate 

dehydrogenase (G6PDH) and lactate dehydrogenase (LDH)] were assayed using colorimetric specific kits for 

each enzyme.  

 

Determination of serum malondialdehyde (MDA): 

The assessment of the lipid peroxidation process is done by determination of the end product, 

malondialdehyde 
(17)

. The level of serum MDA was determined spectrophotometrically, in brief , 150 µl of 

serum  sample was mixed with 1ml trichloroacetic acid (TCA) 17.5% and 1ml of 0.66% thiobarbituric acid 

(TBA), then vortexed, incubated in boiling water for 15 minutes, and allowed to cool. After that one ml of 70% 

TCA was added. The mixture was allowed to sit at room temperature for 20 minutes. Then the sample 

centrifuged at 2000 rpm for 15 minutes, and the supernatant absorbency was read spectrophotometrically at 

532nm wavelength. 

 

Testosterone Assay 

Serum concentration of total testosterone were measured for all samples using an automated 

quantitative system (Mini Vidas; bioMerieux, Lyon,France). All samples were analyzed using the enzyme 

linked fluorescent assay technique, an enzyme immunoassay sandwich method with a final fluorescent 

detection. 

 

Sperm preparation  

The sperms were prepared from epididymis and vas deference. After killing the animals, the 

epididymis and vas deference were removed from the testes and transferred in to small petridish containing 

normal saline. By using a sharp scissor the epididymis and vas deference were cut in to several parts, the sperms 

were released into the saline solution. The sperm suspension were smeared and dried, fixed with fixative, finally 

stained with 1% Eosin stained for 5 min. the slide washed by distilled water and were left to dry 
(18)

. 

 

Histological examination for detecting apoptosis frequency  

After removal of the liver, small portions were immediately fixed in 10% formalin and embedded in 

paraffin ; 5mm thick sections were stained with hematoxylin and eosin 
(19)

. Apoptotic cells were counted. The 

frequencies were determined by scoring 1000 hepatocytes per liver. Only apoptotic bodies containing nuclear 

fragments were considered 
(20)

. 

 

Statistical analysis: 

Data were expressed as means± standard error (M±SE) and statistical analysis was conducted using 

statistically available software (SPSS 17 for Windows 7). Data analysis was made using one-way analysis of 

variable (ANOVA). The comparison between groups were done using Duncan post hoc test. Differences were 

considered significant when P values were <0.05 and <0.01. 

 

 

 



Evaluation Of Oxidative Markers, Apoptosis… 

3 

III. RESULTS AND DISCUSSION: 
Effect of Heroin on the serum enzymes activity: 

 The current study results demonstrated that heroin addiction significantly increased the activity of 

serum xanthine oxidase (P<0.01) as shown in table (1). The induction of XO activity by heroin was 

concentration dependent. The levels of XO were (21.2±2.244) and (30.4±2.158) in rats treated with 1mg and 

5mg heroin respectively as illustrated n figure (1). It has been postulated that Heroin administration may 

enhance the catabolism and inhibit the anabolism of purine nucleotides through significantly increasing of ADA 

and XO activities and the mRNA level of Adenosine deaminase (ADA) and XO in brain tissues in heroin group 
(21)

. Also, the investigation performed by 
(22)

 showed that during morphine administration, the levels of plasma 

ADA and XO increased significantly when compared to the control, and after morphine withdrawal, the 

concentration of these two enzymes were still remained high.Statistical analysis of ALP results demonstrated 

that both concentrations of heroin didn’t significantly changed the ALP levels with mean values (8.61± 1.05) 

and (6.11± 0.77) of heroin 1mg and 5mg respectively, as compared to the control treatment (9.49±1.06) as 

shown in figure (2). Liver damage from heroin has been proved in numerous studies worldwide 
(23-31)

. The 

addiction of heroin or morphine affects the liver function enzyme as a whole 
(32)

,
 
but most of the studies 

concentrate on the evaluation of aminotransferases rather than phosphatase enzymes.  

 

Table (1) also summarizes the action of heroin addiction on the activity of serum G6PDH and LDH. 

The activity of G6PDH was significantly decreased in a concentration dependent manner. The mean values were 

(1.28± 0.15) and (0.369± 0.049) in rats treated with 1mg and 5mg heroin respectively as compared to the control 

value (0.246± 0.29) as shown in figure (3). While significant induction of LDH activity were reported in both 

1mg and 5mg heroin treatments with means (662.4±150.6) and (1007.8±208.4) respectively as compared to 

control value which was (374.9±69.3) as clarified in figure(4). However of the few data that we find about the 

action of heroin or morphine derivatives on serum G6PDH, but 
(33)

 used some drug of abuse in rats tissues in 

vitro, and they found similar results with ours. Also the addiction of nicotine suggested to reduce the activity of 

G6PDH enzyme in the liver 
(34)

. The LDH measurements have been estimated by 
(35)

 in heroin users and it was 

significantly higher than non-users.  

 

Table (1): Serum Enzymatic, MDA and testosterone levels in control and heroin treated rats. 

 

Treatments 
Control Heroin 1mg/kg Heroin 5mg/kg P-Values 

Variables 

Serum Xanthine Oxidase (U/ml) 11.2±1.178a 21.2±2.244b 30.4±2.158c  (P<0.05) 

Alkaline Phosphatase (U/L) 9.49±1.06 8.61± 1.05 6.11± 0.77 N.S. 

G6PDH (μmol of NADPH liberated /min/mg 

protein) 
1.28± 0.15a 0.369± 0.049b 0.246± 0.29b  (P<0.01) 

LDH (I.U./L) 374.9±69.3a 662.4±150.6b 1007.8±208.4c  (P<0.01) 

MDA (μmol/L) 2.15±0.12 a 2.62±0.23a 3.63±0.15b  (P<0.05) 

Testosterone (ng/ml) 3.02±0.55b 0.57±0.078a 0.68±0.075a  (P<0.01) 
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 Effect of Heroin on the serum MDA activity 

 The marker of lipid peroxidation was significantly elevated in sera of rats treated with the high dose of 

heroin (5mg) with mean (3.63±0.15) as compared with control rats (2.15±0.12), while 1mg heroin didn’t show 

significant effect (Figure 5). Among the important toxic actions of drug abuse is the oxidative stress potential, 

and lipid peroxidation marker (MDA) is an indication of the balance of redox reaction in the body. Long-term 

heroin abuse stimulates a progressive systemic oxidative stress which increases the extracellular antioxidants 

consumption and develops conditions for chronic heroin toxicity 
(36)

. Also 
(37)

 concluded that the balance 

between oxidation and antioxidation in the heroin addicts was seriously destroyed, and the injuries induced by 

nitric oxide and other free radicals, oxidation, peroxidation and lipoperoxidation reactions to the body of heroin 

addicts gravely exacerbated. In the abstaining from heroin dependence, therefore, it should consider that 

sufficient quantum antioxidants such as vitamin C, vitamin E and beta-Carotene are dosed to the heroin addicts 

so as to abate the injuries to their bodies.   

   

Testosterone level 

 The result of current study reported that a dramatically reduction in testosterone level was occurred in 

heroin treated rats in both low and high doses. The level of testosterone in control group was 3.02±0.55 ng/ml, 

while the level was dropped to 0.57±0.078 and 0.68±0.075 ng/ml in rats treated with 1mg and 5mg heroin 

respectively as it is illustrated in figure (6). Heroin addiction has negative impacts on the female 
(38)

 and male 
(39)

 

sexual hormones. Investigations in animals have demonstrated the acute and chronic effects of opioids on the 

endocrine system,
(40)

 including decreasing testosterone levels by central reductions of LH release (decreased 

hypothalamic release of luteinizing-hormone releasing hormone (LHRH), leading to reduced pituitary release of 

LH), and peripheral effects on the testicle as well.
(41)

 Studies in heroin  addicts, compared to healthy controls, 

have demonstrated decreased testosterone levels in males, with an associated decrease in LH and/or FSH 

consistent with central hypogonadism.
(42)

  
 

 
 



Evaluation Of Oxidative Markers, Apoptosis… 

5 

Sperm Quality study 

 The analyses of sperm head abnormalities were made after microscopic preparation of sperms and the 

counting of different head abnormalities. The results of sperm head abnormality counts showed that there was a 

high level of abnormality in the sperm head of rats treated with both doses of heroin, especially with high dose, 

as compared to control. The dominant type of abnormality was defective head and hook abnormalities (Figure 

8), while normal sperms were observed in control group rats (Figure 7). The exposure of the rats to both 1mg 

and 5mg heroin caused 28.89% and 39.23% in sperm head abnormality respectively compared to 1.92% in 

control group. This finding suggests that addiction to opium has a lot of pathological effects on spermatogenesis 

which can cause infertility and low fertility in men, probably because of decrease in testosterone level related to 

possible suppressive effects of opium.
(43) 

 

 

 
Apoptotic cell count 

 The counting of apoptotic cells in both doses heroin treated rats were significantly higher than in the 

control group (p < 0.05) , while the frequency of apoptosis was non significantly increased in 5mg heroin 

treatment as compared to 1mg heroin treated rats (figure 9). The mean percent apoptotic hepatocytes in low dose 

of heroin was (3.5%), while it was (4.2%) in high dose of heroin as compared to control group (1.4%). Several 

researches have been performed on the induction of cell death in CNS neurons 
(44-46)

,but still little is known 

about the action of narcotic drugs on hepatocytes in vivo.
(47)

 showed that street heroin induces cell death by a 

mitochondrial-dependent apoptotic pathway, initiated by caspases 2 and 9, and involving cytochrome c release, 

loss of mitochondrial potential and down-regulation of Bcl-2. This process is not dependent on the activation of 

opioid or ionotropic glutamate receptors, nor is it dependent on oxidative stress. 

 

 
     

Figure (9): Hematoxylin & Eosin-stained rat liver section taken from rats treated with 5mg heroin  at a 

magnification of  400X (The arrows refers to apoptotic cells) 
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