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ABSTRACT 

 
Testicular torsion, or more specifically, torsion of the spermatic cord, results in ischemic changes of the 

tissue which require early intervention for re-establishment of testicular perfusion and its salvage. However, 
gonadal re-perfusion has been reported to cause further testicular damage and the injury produced by re-
perfusion could be more severe than that produced by ischemia. As testicular reperfusion results in increased 
rate of oxidative stress and worsening of testicular functions, it is expected that inhibitors of oxidative stress 
could provide significant testicular salvage following repair of ischemia. Garlic (Allium sativum) has been 
reported to be effective against diseases caused by oxidative stress. Consequently, the present work was 
designed to evaluate the possible protective effects of garlic supplementation on acute testicular injury in male 
albino rats. To this end, fifty adult local strain male albino rats were divided into five equal groups; control( 
Sham-operated group), torsion, detorsion, torsion garlic pretreated and detorsion garlic pretreated groups. Blood 
samples were obtained for determination of serum testosterone, LH, FSH, MDA, GSH and SOD levels in 
addition to testicular samples for histopathological and DNA fragmentation studies. It was noted that testicular 
torsion led to significant changes in the hormonal profile and oxidant status which became  worsened in 
detorsion group. In addition, great structural changes were reported in both torsion and detorsion groups. Garlic  
supplementation attenuated both hormonal and structural changes following either testicular torsion or detorsion 
in addition to enhancement of antioxidant levels. In conclusion, garlic supplementation could exert valuable 
protective effects on testicular injury. However, further studies are required to clarify the molecular mechanisms 
by which garlic  exerts its protective effects. 
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Introduction 

 
Testicular torsion or more specifically, torsion of the spermatic cord results in ischemic changes of the 

tissue which require early surgical intervention for re-establishment of testicular perfusion and its salvage 
(Unsal et al., 2006). Albeit re-establishment of testicular blood flow, gonadal re-perfusion has been reported to 
increase testicular oxidative stress and induce further damage that exceeded in severity that produced by 
ischemia (Unsal et al., 2004).  

Testicular torsion occurs in approximately 1 out of every 4000 men before the age of 25 years. A better 

salvage rate is usually achieved if surgical exploration is performed within 6 hours after the onset of symptoms. 
In addition to duration, other factors such as the degree of rotation have been involved with testicular salvage 
(Arap et al., 2007). When testicular torsion forms, blood flow is disrupted, and edema, hemorrhage, arterial 
obstruction, and hypoxia develop.  Furthermore, it has been shown that reactive oxygen species (ROS) induced 
by ischemia-reperfusion injury of the testis might result in permanent disruption of spermatogenesis in human 
and animals in addition to disturbed testosterone secretion (Turner et al., 2005). 

Oxidative stress has been reported to be a factor in a growing variety of circumstances associated with male 
infertility (Wellejus et al., 2004). As testicular tissues are characterized by high metabolic rate and cell 
replication, the induced oxidative stress can be specially damaging, rendering the antioxidant capacity of the 
tissue very crucial (Turner and Lysiak, 2008). Ischemia-reperfusion injury of the testis occurs as a result of 
generation of ROS or free radicals on return of blood flow following ischemia. These ROS have destructive 
effects on various cellular functions, by reacting with any biochemical component of the cell, being lipids in the 
cell membrane a particular important target. Cellular injury produced by lipid peroxidation comprises a variety 
of effects, ranging from increased membrane permeability to cell lysis (Unsal et al., 2006). As testicular 
reperfusion results in increased rate of oxidative stress and worsening of testicular functions, it is expected that 
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inhibitors of oxidative stress could provide significant testicular salvage following repair of ischemia (Dokmeci, 
2006, Lysiak et al., 2002 and Lysiak et al., 2007). MDA is one of the end products of lipid peroxidation which 
has been suggested as one of the molecular mechanisms of oxidative stress, therefore, determination of its level 
became well established for detection of oxidative stress (Knight and Jaeschke, 2004 and Adaramoye et al., 
2008). Glutathione is considered to be the most abundant redox scavenging molecule in the cell protecting it 
against free radicals, peroxides and other toxic compounds (Demirel et al., 2009). SOD is a key enzyme in the 
metabolism of oxygen free radicals. It catalyzes the dismutation of superoxide anion radicals to oxygen and less 
reactive species hydrogen peroxide which is then degraded by catalase (Cigremis et al., 2008).  

Garlic (Allium sativum), a member of the lily family, contains the sulfur-containing chemical constituent, 
alliin, which is converted to the active form allicin by allinase enzyme. Allicin has antibacterial, antioxidant 
activity and exhibits hypolipidemic, antiplatelet, and procirculatory effects (Amagase et al., 2001). Garlic has 
been reported to be effective against a plethora of diseases caused by ROS. A study carried out by Amagase 
(2006) suggested that garlic may act by reducing ROS, or interacting with them, to minimize the negative impact 
on the body. To this end, the aim of this study is to investigate the possible protective effects of garlic 
supplementation on testicular functions following testicular injury in male albino rats. 

 
Materials and Methods 
 
Animals and Experiemental Design: 

 
The experimental protocol and animal handling were approved and performed according to guidelines of 

animal use of the Ethical committee of El-Azhar University. In this study, 50 healthy adult local strain male 
albino rats, weighing 150-170 gm were utilized. They were left for two weeks in the laboratory room before any 
experimental interference for acclimatization with free access to standard rat laboratory diet and tap water. 
Following that, rats were divided into five equal groups:  
Group I ( C): received no treatment and served as control ( Sham-operated) group.  
Group II ( T): were subjected to induction of testicular torsion for four hours. 
Group III: ( T/D) were subjected to induction of testicular torsion for four hours followed by detorsion for 
seven days. 
Group IV (G+T): were pretreated by garlic (63 mg/kg/day) for five days then were subjected to induction of 
testicular torsion for four hours. 
Group V(G+T/D): were pretreated by garlic (63 mg/kg/day) for five days, then were subjected to induction of 
testicular torsion for four hours followed by detorsion for seven days, during which the garlic was given. 

 
Induction of testicular torsion and detorsion surgical procedure: 

 
All surgical procedure were performed under 30 mg/kg intramuscular injection of ketamine. Testicular 

torsion was performed  through a standard ilioinguinal incision and the testis was freed from the epididymo-
testicular membrane. Unilateral testicular torsion was created by rotating the right testis clockwise along their 
longitudinal axis 720o (two turns) from its initial position and newly placed in the scrotum. Torsion was 
maintained in position by fixing the testis to the scrotum with silk suture (4/0) through the tunica albuginea. 
Ilioinguinal incision was closed after surgery and rats were transferred to clean cages for recovery for four 
hours.  After four hours of testicular torsion, incision was re-opened and the testis was released from its fixation 
and counter-rotated in anti-clockwise direction and reinserted in the scrotum for seven days (Reyes et al., 1999 
and Dokucu et al., 2000). 

 
Garlic supplementation and dose preparation: 

 
Commercial garlic tablets (Sekem Company for Pharmaceutical Industries) was administered through 

gastric tube once daily, as an oral dose of 63 mg/kg for five days, prior to surgical procedure. The dose was 
equivalent to maximum therapeutic human dose, and was calculated according to Paget and Barnes ( 1964). 
The tablets were  dissolved in distilled water according to the concentrations required for administration to the  
rats. 

 
Blood sampling:  

 
Rats of the control group and torsion groups (groups I, II and IV) were lightly anesthetized by ether and 

venous blood samples were withdrawn from the retro-orbital plexus by heparinized capillary tubes. The blood 
(0.2 ml) was hemolyzed by addition of 1.8 ml H2O and the hemolysate was used for assessment of SOD and 
GSH levels. Serum was separated for determination of testosterone hormone, leutinizing hormone (LH), follicle 
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stimulating hormone (FSH), and malondialdehyde (MDA). Samples were stored frozen at -20 oC until assayed. 
After seven days of detorsion, rats of groups III and V were managed by the same manner for obtaining blood 
samples for hormonal assay.   
 
Biochemical assay: 

 
Assessment of hormonal profile: 

 
 Serum testosterone levels were determined by RIA technique according to Demetriou (1987), while serum 

LH and FSH levels were determined by IRMA technique according to Santner et al. (1981).  
Assessment of oxidative stress markers  
MDA levels were determined according to Yoshioka et al. (1979), where thiobarbituric acid (TBA) was 

added to the samples and boiled for 30 minutes followed by rapid cooling. N-butyl alcohol was added to each 
tube, shaken and  centrifuged at 3000 r.p.m for 10 minutes. The MDA dissolved in the n-butyl alcohol layer was 
separated and its color density was measured spectrophotometrically at a wave length 435 nm. 

GSH levels were determined according to Beutler et al. (1963), where the 8 ml of phosphate buffer, 3 ml of 
precipitating solution, and 1 ml of DTNB were added to the blood hemolysate filterate. The optical density was 
measured spectrophotometrically at a wave length 412 nm.  

 SOD levels were determined kinetically according to the Pyrogallol autooxidation method of Minami and 
Yoshikawa (1979). 0.1 of Triton x-100, 0.25 ml of nitroblue tetrazolium solution and 0.25 ml of blood 
hemolyste containing SOD were mixed and incubated for 5 minutes at 37 oC. The reaction was started by adding 
0.1 ml of pyrogallol and stopped after 5 minutes by adding 0.3 ml of stopper solution. The percentage inhibition 
of pyrogallol reflected the activity of SOD according to a standard curve.  

The DNA fragmentation was determined according to the chemical method of Collins et al. (1997). First, 
lysis of the cells and release of the nuclear DNA was performed by centrifugation at 20000rpm at 4 oC for 10 
minutes. Centrifugation and precipitation of DNA was done by addition of 1 ml TTE solution and vortexing 
vigorously to allow the release of  fragmented DNA. DNA was hydrolyzed by adding 160 μl of 5% TCA to each 
pellet and heating 15 minutes at 90 oC in a heating block. Colorimetrical quantitation on staining with 
diphenylamine (DPA) was assessed at a wave length 600 nm against blank reagent and the values are given as  
% fragmented DNA 

 
Histopathological study: 

 
At the end of experiments, the testis of all rats were excised for histopathological study according to their 

specified times (four hours for groups II and IV and seven days for groups III and V) and longitudinally 
bisected. Half of the testes were washed with physiological saline (0.9% Nacl) and stored at –80 oC for 
evaluation of DNA fragmentation, while the other portion was fixed in Bouin’s solution and embedded in 
paraffin, where paraffin blocks were made, and different sections at multiple levels were obtained. Slides were 
then stained with Hematoxylin & Eosin (H & E) stains and examined using a light microscope (Bancruft and 
Gamble 2002). 

 
Statistical analysis:  

 
Data input and analysis were done using SPSS computer program. All results were expressed as the mean ± 

standard error. Mean values of the different groups were compared using a one way analysis of variance 
(ANOVA). Least significant difference (LSD) post hoc analysis was used to identify significantly different 
mean values. P value < 0.05 was accepted to denote a significant difference. 

 
Results: 
 
Effects of testicular torsion, subsequent detorsion and their pretreatment with garlic on the assessed hormonal 
profile  ( Table 1): 

 
Table 1 depicts the T and T/D- induced alteration in the hormonal profile. The induction of testicular 

torsion led to significant decrease in testosterone levels from 19.2 ± 1.06 nmol/l to 16.05 ± 0.99 nmol/l (16.4%, 
P < 0.025) as well as significant elevation  in both LH and FSH levels; all compared to control group. As for 
LH, the increase was 33.3%, from 4.8 ± 0.36 U/l to 6.4 ± 0.43 U/l (P < 0.005), while  FSH elevation was 
49.23%, from 3.9 ± 0.22 u/l to 5.82 ± 0.41 u/l (P < 0.0005).  These alterations were further augmented upon 
induction of detorsion, by a more significant decrease (13.95%, P < 0.05) in testosterone levels, from 16.05 ± 
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0.99 nmol/l to 13.81 ± 0.73 nmol/l, more increase in LH levels (21.87%, P < 0.05), from 6.4 ± 0.43 u/l to 7.8 ± 
0.63 U/L as well as more increase in FSH levels (19.24%, P < 0.025), from 5.82 ± 0.41 u/l to 6.94 ± 0.33 u/l. 

Garlic tablets supplementation prior to testicular torsion revealed insignificant alteration on the hormonal 
profile; 2.18% decrease in testosterone levels, 9.68% increase  in LH and 7.9%  in FSH levels. Similar 
insignificant impact  was observed, when garlic was given prior to detorsion (Table 1).   

 
Table 1: The hormonal profile in the experimental groups 

Groups/Parameters Testosterone LH FSH 
Control 19.2 ±1.06 4.8 ± 0.36 3.9 ± 0.22 

 
T 16.05 ±0.99* 6.4 ± 0.43* 5.82 ± 0.41* 

 
T/D 13.81±0.73*# 7.8 ± 0.63*# 6.94 ± 0.33*# 

 
G+T 15.7±0.83* 7.02 ± 0.48* 

 
6.28 ± 0.38* 
 

G+T/D 14.02±0.96* 7.1± 0.57* 
 
 

5.93 ± 0.49* 

Values shown are mean ± SE(n=10 rats per each group) 
 
The experimental groups include C, sham operation group; T, torsion group; T/D, torsion/ detorsion group; 

G+T, Garlic + torsion group; G+T/D, Garlic + torsion/ detorsion group. As compared with  sham operated 
control group (*), Torsion group(#) and Torsion/Detorsion group (@) ( one-way ANOVA) followed by LSD 
test),P< 0.05  

 
Effects of testicular torsion, subsequent detorsion and their pretreatment with garlic on the assessed oxidative 
stress indicators ( Figure 1): 

 
As illustrated in Figure 1, the oxidative stress indicators showed a pattern similar to that displayed in 

hormonal profile. Testicular torsion resulted in a significant increase in MDA levels   (105.77%,P < 0.0001) 
from 27.54 ± 1.1 μmol/l to 56.67 ± 1.65 μmol/l, significant depression of both GSH and SOD levels, compared 
to control group. As for the GSH level the decrease was 29.2%, from 56.52 ± 1.09 mg/dl to 40.17 ± 1.71 mg/dl 
(P < 0.0001), while in SOD levels was 41.02% (P < 0.0001) from 8.02 ± 0.32 mg/ml to 4.73 ± 0.26 mg/ml. The 
induction of detorsion exaggerated these perturbations by further significant elevation (10.42%) of  MDA levels 
from 56.67 ± 1.65 μmol/l to 62.58 ± 1.19 μmol/l ( P < 0.005), further  significant decline in both  GSH and SOD 
levels. As for GSH the 18.82% decrease was from 40.17 ± 1.71 mg/dl to 32.61 ± 1.83 mg/dl (P < 0.002) , while 
the 32.98% decline in SOD activity was from 4.73 ± 0.26 mg/ml to 3.17 ± 0.31 mg/ml (P <0.002). 

Interestingly, the pretreatment with garlic on testicular torsion showed a significant correcting impact of the 
oxidative stress indicators. The MDA levels were significantly decreased (22.92%, P < 0.05) from 56.67 ± 1.65 
μmol/l to 43.68 ± 1.39 μmol/l, while the GSH and SOD activities were both significantly elevated (18.37%, P < 
0.012, 32.98%,P < 0.05; respectively). 

A better improving effect was provided by  garlic supplementation prior to detorsion; it revealed a 
significant decrease (28.87%, P < 0.0005) in MDA levels from 62.58 ± 1.19 μmol/l to 44.51 ± 2.01 μmol/l,  
significant increase (32.56%, P < 0.0005) in GSH levels, from 32.61 ± 1.83 mg/dl to 43.23 ± 1.76 mg/dl and 
significant elevation (62.77%, P < 0.005) in SOD levels from 3.17 ± 0.31 mg/ml to 5.16 ± 0.41 mg/ml . These 
data are illustrated in Figure 1.  

 
Effects of testicular torsion, subsequent detorsion and their pretreatment with garlic on the DNA fragmentation 
( Figure 2): 

 
Concerning  the DNA fragmentation, shown in Figure 2,  it was significantly increased (33.48%, P < 0.001) 

upon torsion, from 61.41 ± 2.43 to 81.97 ± 3.01%  and  further elevated upon detorsion,  from 81.97 ± 3.01 to 
90.68 ± 2.9% (10.62%, P < 0.05).  

Administration of garlic prior to testicular torsion revealed a significant decrease in the % of DNA 
fragmentation (11.33%, P < 0.05) from 81.97 ± 3.01 to 72.68 ± 2.31%, when compared to group II. Further 
corrective impact was provided by  garlic supplementation prior to detorsion; it showed significant decrease 
(22.23%, P < 0.0005) in the % of DNA fragmentation from 90.68 ± 2.9 to 70.52 ± 3.12%,  when compared with 
group III. 
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Fig. 1: Mean oxidative stress indicators (MDA level and GSH & SOD activities) in experimental groups. C, 

sham operation group; T, torsion group; T/D, torsion/ detorsion group; G+T, Garlic + torsion group; 
G+T/D, Garlic + torsion/ detorsion group. As compared with  sham operated control group (*), Torsion 
group(#) and Torsion/Detorsion group (@) ( one-way ANOVA) followed by LSD test),P< 0.05  

 
 

 
 

Fig. 2: The percentage of DNA fragmentation in experimental groups. C, sham operation group; T, torsion 
group; T/D, torsion/ detorsion group; G+T, Garlic + torsion group; G+T/D, Garlic + torsion/ detorsion 
group. As compared with  sham operated control group (*), Torsion group(#) and Torsion/Detorsion 
group (@) ( one-way ANOVA) followed by LSD test), P< 0.05  

 
Histopathological results (Figures 3A-F): 

 
Histopathological study of the control group showed normal pattern of testicular structures with maintained 

compound gland enclosed by fibrous connective tissue capsule and fibrous septa dividing  the gland into lobules 
composed of seminiferous tubules, in addition to normal tubular wall consisting of four layers of spermatogonial 
cells (Figure 3A).  

Following testicular torsion, mild to moderate degeneration of the germinal epithelial lining of the 
seminiferous tubules were observed, in addition to interstitial edema, congestion of the interlobular blood 
vessels and separation of the germinative tubular epithelium (Figure 3B). 

On the other hand, testicular detorsion showed moderate to severe degeneration and necrosis of the 
spermatogonial and sertoli cells in addition to dead spematids and interstitial edema. Within the tubules, 
desquamated epithelium, cellular debris and fragments were also observed in addition to more prominent 
separation between germinative cells in the seminiferous tubules (Figures 3C and D). 

In both torsion and detorsion rats, garlic supplementation led to attenuation of the degenerative process of 
the testis where a mild degeneration of the germinal epithelial lining of the seminiferous tubules were observed 
(Figures 3E and F).  
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Fig. 3: Light microscopy of testicular tissue in the experimental groups(H & E X 100). 
 

Discussion: 
 
The present work was designed to evaluate the possible protective effects of garlic  supplementation on 

testicular functions following acute testicular injury in male albino rats. 
Results of the present work showed that testicular torsion, or more specifically torsion of the spermatic 

cord, led to significant depression of testosterone production which was reflected by increased gonadtopin 
hormones secretion (LH and FSH). However, it was noted that testicular detorsion led to more disruption of the 

(A): Normal testicular morphology showing 
normal seminiferous tubules (arrow) in 
control rats . 
 

(B): Dilation and congestion of  interlobular 
blood vessels (arrows) in torsion rats. 
 

 (C): Dilation and congestion of  interlobular 
blood vessels, cellular debris (arrows) in detorsion 
rats. 
 

(D): Dead spermatids in the testes in 
detorsion rats.  
 

(E): Mild degenerative changes of the 
germinal epithelial lining (arrow) with 
normal other tubules (arrow head) in garlic 
pretreated torsion rats . 
 

(F): Mild degeneration of spermatogonial 
cells lining some seminiferous tubules 
(arrows) in garlic pretreated detorsion 
rats. 
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hormonal profile than that induced by torsion alone. In both testicular torsion and detorsion, despite changes in 
the hormonal levels, they were within the reference ranges of normal values. 

These results were concordant with Said et al. (2004) who stated that ischemic injury of the twisted testis 
was called necrotic injury and followed by loss of testicular endocrine and exocrine function. Romeo et al. 
(2010) has reported that, in  patient presented with testicular torsion, treatment of  torsion by detorsion caused 
disruption of serum FSH, luteinizing hormone and testosterone levels; however, they were all within the 
reference range They also concluded that hormonal testicular function can be compromised after testicular 
torsion and that the type of surgical treatment does not seem to change the effect of this ischemia/reperfusion 
injury. 

It has been reported that the minimal duration and degree of torsion known to cause loss of spermatogenesis 
in the rat also causes a significant reduction in testicular androgen production on the long term. This effect was 
inversely related to the reperfusion values immediately after torsion repair. This suggests that reperfusion injury 
may play a role in Leydig cell dysfunction; either  acting directly, causing germ cell apoptosis or by inducing 
oxidative stress (Turner et al., 2005 ). 

Increased gonadotropins secretion may be due to testicular destruction related to testicular ischemia, 
ultimately leading to diminished sperm production. 

It has been reported that patients treated by orchidectomy had higher levels of FSH, compared with those 
subjected to detorsion and orchiopexy. In addition, this difference was even higher when they were compared 
with the controls. Furthermore, the mean LH levels were also higher in patients submitted to orchiectomy than 
in controls, confirming the destructive effects of both torsion and detorsion on the testes. Interestingly, although 
there was a difference in baseline hormone levels, all values were within the normal range. These findings 
suggest that the endocrine testicular function is preserved in patients treated for testicular torsion, probably due 
to an increase in LH levels (Arap et al., 2007). 

Testicular torsion is associated with testicular ischemia and obstruction of the venous backflow, leading to 
impairment of testicular function.  However, the injury produced by reperfusion could be more severe than that 
induced by testicular ischemia (Unsal et al., 2004). Reperfusion injury occurs as a result of the generation of 
reactive oxygen species (ROS) on return of blood flow following ischemia. ROS can react with lipids of the cell 
membrane resulting in testicular damage via lipid peroxidation (Unsal et al., 2006).  

Results of the present work showed that testicular torsion and detorsion led to significant depression of 
GSH and SOD levels associated with increased MDA levels and DNA fragmentation. These changes were 
restored in rats pretreated with garlic  for 5 days prior to induction of torsion and detorsion injuries. 

These results were concordant with Ponnusami and Pari (2011) who reported significant decrease in the 
activities of the antioxidants (SOD, catalase and GSH) and glutathione metabolizing enzymes as well as reduced 
level of non enzymatic antioxidants in a cadmium exposed rats. 

Unsal et al. (2006) have also reported that testicular torsion were associated with significant increase in 
MDA level and that detorsion led to further increase in MDA level, representing ischemia/reperfusion injury. 
However, these changes were not observed in rats pretreated with garlic for 5 days. These results suggest that 
daily supplementation of garlic may attenuate both ischemic and reperfusion injuries through limitation of lipid 
peroxidation after testicular torsion/detorsion procedures. 

A longitudinal study carried out by Prasad et al. (2008) showed that diallyl sulfide supplementation 
effectively protects against oxidative stress, as indicated by restored antioxidant enzymes up to 64%, lipid 
peroxidation up to 25% and inhibition of apoptotic changes. Inhibition of apoptosis was preceded by decrease in 
reactive oxygen species levels and restoration of mitochondrial transmembrane potential, followed by decreased 
DNA fragmentation. They concluded that, alterations produced by oxidative stress were restored significantly 
by diallyl sulfide supplementation evidenced by inhibition of apoptosis which indicates that diallyl sulfide 
provides protection against oxidative damage. 

It has been reported that torsion of the spermatic cord has long been recognized as a cause of male 
infertility, even when this torsion is unilateral. It is generally accepted that oxidative stress related to ischemia-
reperfusion injury is the underlying cause of damage to both the torted and contralateral testis. A prolonged 
period of ischemia followed by surgical or spontaneous restoration of blood flow leads to an influx of activated 
leukocytes into both testis and a consequent increase in generation of free radicals. Oxidative stress then leads to 
necrosis of the germinal cells with resulting subfertility or infertility (Turner et al., 2004; Filho et al., 2004).  

Rahman and Lowe (2006) have also reported that garlic has been shown to inhibit the in vitro oxidation of 
isolated human LDL, by scavenging superoxide and inhibiting the formation of lipid peroxides. In addition, it 
has been shown that AGE prevents the depletion of intracellular glutathione (GSH) when the endothelial cells 
are incubated with oxidized LDL. AGE also increases GSH levels in vascular endothelial cells by modulation of 
the GSH redox cycle, increases glutathione disulfide (GSSG) reductase and SOD activities. 

Increased MDA levels might be due to enhanced lipid peroxidation associated with decrease in the 
antioxidant system (Baliga et al., 2004).  The decreased GSH content could be explained by increasing oxidative 
stress and enhanced utilization of the antioxidant system in an attempt to detoxify the generated free radicals 
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(Adaramoye, 2010). In agreement with previous study, Soundani et al. (2011) have reported that oxidative stress 
is associated with increased MDA levels, indicating an alteration of the antioxidant system which was 
confirmed by decreased GSH, SOD, catalase and glutathione peroxidase activities. 

In the present work, it was observed that there was an increased DNA fragmentation following induction of 
torsion and detorsion. This increase could be attributed to increased ROS production causing a damaging DNA 
attack  by the OH radicals.   

Peroxidation of  DNA by cytotoxic products of lipid peroxidation (e.g. peroxyl radicals, malondialdehyde 
and 4-hydroxynonenol) is an important mechanism of the loss of DNA integrity observed following oxidative 

stress. In addition, it has been reported that exogenous generation of ROS increases DNA fragmentation and the 
antioxidants, catalase and GSH, reduce the DNA damage (Chi et al., 2008). In fact, a defective antioxidant 
system activity could be related to an impairment of chromatin packaging (Tarozzi et al., 2009). 

In the present work, it was noted that garlic supplementation attenuated these effects and enhanced the 
survival of DNA. A number of mechanism-based hypotheses suggest how garlic extracts can protect the cellular 
damage induced by ROS. These include the ability of  garlic to act as key enhancer of the endogenous levels of 
GSH and glutathione peroxidases which protect against oxidative damage to DNA, proteins, and membrane 
lipids. Furthermore, it can prevent and/or detoxify intermediate metabolites of chemical carcinogens and 
stimulate the immune responses. Garlic is reported to be metabolized to intermediate metabolites that modify 
cell cycle and apoptotic factors and modulate thioredoxin reductase, protein disulfide isomerase, quinone 
reductase, glutathione reductase, and intracellular redox status, which in turn, regulate cell-signal transduction, 
transcription factor activation and DNA repair (Pinto et al., 2006).   

Results of the present study showed that testicular torsion and detorsion led to great morphological changes 
of the testis ranging from mild degenerative changes up to severe degeneration and necrosis of the 
spermatogonial and sertoli cells, in addition to dead spematids. Garlic supplementation led to attenuation of 
these degenerative changes. 

These results were concordant with Koc et al. (2005) who reported that in rats subjected to testicular 
torsion, the testicular tissues exhibits moderate disruption of the seminiferous tubules epithelium, while those 
undergoing detorsion displayed severe disruption of the seminiferous tubules epithelium.  

A previous study using a rat model of testicular torsion has demonstrated that rotation of the testis followed 
by reperfusion results in permanent loss of spermatogenesis with arrested spermatogonia and spermatocytes in 
stage II of the seminiferous epithelium (Lysiak et al., 2002).  

The present study shows that garlic pretreated rats showed attenuation of the destructive effects of both 
testicular torsion and detorsion; however, it was noted that the protective effects of garlic  was more apparent on 
the morphology of the testicular tissues than the hormonal levels. This minimal effect of garlic on hormonal 
level could be explained by the hypolipidemic effects of garlic that reduce the precursor of testosterone 
“cholesterol”.  

Results of the present study were in agreement with Unsal et al., (2006) who reported that after testicular 
torsion, hemorrhage between seminiferous tubules and separation of germinative epithelium cells in the tubules 
were observed; probably due to obstruction of venous backflow. Further degenerations and separation of 
germinative epithelium cells in the seminiferous tubules were observed after detorsion. In rats pretreated with 
garlic, these changes were not observed in testicular torsion while attenuated in detorsion. 

The protective effects of garlic  supplementation could be due to inhibition or attenuation of the process of 
lipid peroxidation of the cell membrane.    

It has been shown that garlic extract significantly enhanced spermatogenesis and improved impotence after 

warm water treatment and recovered peripheral circulation in a cooling rewarming test (Kasuga et al., 2001). 
Treatment with diallyl sulfide significantly reduced the accumulation of cadmium and lipid peroxidation 
markers and improved the activities of the antioxidant defense system of the testes (Ponnusami and Pari, 2011). 
The anti-impotence response to garlic  may be due to its effects on peripheral circulation. Because oxygen and 
nutrients are obviously required in spermatogenesis, and it is well known that blood circulation to the testis is 
poor, improvement in circulation would likely result in improved nutriture and thus spermatogenesis. Thus, it is 
possible that aged garlic extract (AGE) might enhance the supply of oxygen to seminiferous tubule cells and 
stimulate energy metabolism in the testis (Kasuga et al., 2001). 

The histopathological finding of the present study were consistent with torsion injury, because venous 
occlusion results in increased capillary pressure which might cause vascular rupture. Therfore,  the protective 
effects of garlic could be due to  its antioxidant property and increased tissue resistance particularly capillaries 
(Unsal et al., 2006).  

From the results of the present study, it could be concluded that ischemia/reperfusion injury plays an 
important role in testicular dysfunction and that garlic supplementation, as an antioxidant, exerts a protective 
effects on the testes and its effects seem to result via attenuation of the generation of ROS after testicular 
torsion/detorsion. Further studies are still necessary to clarify the molecular mechanisms by which garlic exerts 
its protective effects. 
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