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Abstract 

Background: Testicular torsion is a critical urological emergency that can lead to 

testicular ischemia and significant tissue damage. Citrulline, a supplement known for 

enhancing cellular metabolism and mitigating oxidative stress and inflammation, has 

been explored for its protective effects against testicular injury resulting from torsion 

and detorsion in rat models. 

Methods: This study involved 42 Wistar rats, divided into six groups: Sham, tor-

sion/detorsion (T/D), and four groups receiving varying doses of Citrulline (300, 

600, 900 mg/kg) and vitamin E (20 mg/kg). A surgical procedure was performed to 

induce torsion by rotating the left testicle for 4 hr, followed by reperfusion. Daily 

oral administration of the supplements continued for one week post-surgery. As-

sessments included oxidative stress markers, apoptosis, inflammation, pathology, 

and sperm parameters. Statistical analysis was conducted using GraphPad Prism. 

Results: Citrulline administration at doses of 600 and 900 mg/kg significantly re-

duced malondialdehyde (MDA) and reactive oxygen species (ROS) levels. Addi-

tionally, it increased glutathione (GSH) levels and decreased protein carbonyl levels 

at the 900 mg/kg dose. The expression of interleukin-6 (IL-6) decreased at 900 mg/ 

kg, tumor necrosis factor-alpha (TNF-α) levels dropped at 600 and 900 mg/kg, and 

the pro-apoptotic factor Bax was reduced at all doses. Sperm analysis showed im-

proved sperm count and motility at the 900 mg/kg dose. Histological examination re-

vealed significant positive effects of Citrulline on testicular tissue. 

Conclusion: Citrulline effectively lowers oxidative stress, inflammation, while en-

hancing sperm quality and pathological outcomes. These results indicate that Citrul-

line has potential as a therapeutic agent for testicular torsion. 

 
Keywords: Citrulline, Inflammation, Torsion, Oxidative stress, Testis. 

To cite this article: Motamed Nia V, Rezaei N, Shokati Sayyad M, Seyedabadi M, Tale-

bpour Amiri F, Shaki F. The Protective Effects of Citrulline on Testicular Injury Induced By 

Torsion and Detorsion in Adult Male Rats: An Experimental Study. J Reprod Infertil. 2024; 

25(3):201-210. https://doi.org/10.18502/jri.v25i3.17014. 

 

 

 

Introduction 

ale infertility accounts for 30% of cases of 

couples’ infertility, making it a global public 

health concern. The causes of male infertility  
 

can be multifactorial, involving several factors 

that may occur independently or in combination, 

often as part of complex syndromes (1). The tes- 
 

 

 

 

ticular torsion is a urological syndrome primarily 

caused by twisting of the spermatic cord (2). It is 

a condition that primarily affects young men, 

mainly occurring before or during puberty, and is 

also detected in young adults. The estimated an-

nual incidence is 4.5 cases per 100,000 men (3). 
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The primary pathophysiological event in testicular 

torsion is ischemia, followed by reperfusion. 

Therefore, torsion and detorsion of the testis is an 

ischemia/reperfusion injury (IRI) to the testis. The 

torsion and detorsion of the testis cause morpho-

logical and biochemical changes in tissues. This 

damage is associated with excessive production of 

ROS and reactive nitrogen species (RNS), which 

is a common mechanism of injury in other organs, 

such as the brain, heart, and kidneys (1).  

Testicular torsion leads to production of pro-in-

flammatory cytokines, neutrophil adhesion, lipid 

peroxidation, anoxia, and apoptosis, which pose a 

significant risk for subsequent infertility (4). Tes-

ticular torsion causes a long-term decrease in 

sperm motility and a decrease in the total number 

of sperm. The decrease in the quality of semen 

may be caused by ischemic damage and subse-

quent reperfusion injury (5, 6). Excessive produc-

tion of ROS after torsion and detorsion of the tes-

tis can damage testicular spermatogenesis by re-

ducing TRF2 expression (7). Unilateral testicular 

torsion culminates in a significant increase in the 

level of malondialdehyde, in-creased apoptosis, 

and a significant decrease in the activity of super-

oxide dismutase and glutathione peroxidase in the 

testes (8). Biochemical analysis has shown that IR 

injury following testicular torsion significantly de-

creases testicular glutathione peroxidase (GPx) 

enzyme activity, serum testosterone level, while 

testicular myeloperoxidase activity (MPO) has 

increased (9). During the torsion stage, the activi-

ties of glutathione-s-transferase (GST), catalase 

(CAT), and paraoxonase (PON) of kidney tissue 

were significantly elevated (10). The most com-

mon signs and symptoms of this condition include 

redness, swelling of the testicle, extreme testicular 

pain, nausea, and vomiting (11, 12). Several im-

portant factors have been indicated in the preven-

tion of testicular injury after ischemia-reperfusion. 

A wide range of chemicals and drugs have been 

successfully tested in animal models to reduce the 

dangerous effects of ischemia-reperfusion on tes-

ticular torsion (13). The use of natural compounds 

may protect against harmful oxidative stress and 

inflammatory responses (14). Citrulline is a non-

essential amino acid that is produced from orni-

thine and carbamoyl phosphate in one of the cen-

tral reactions in the urea cycle. It is used as a die-

tary supplement and is claimed to increase energy 

levels and improve the immune system. Citrulline 

has been prescribed for a long time in the treat-

ment of genetic disorders of the urea cycle. Re-

cent studies show that Citrulline may be useful for 

controlling nitric oxide (NO) production. Recent 

studies have shown that citrulline can serve as a 

potentially useful marker for small intestine func-

tion in a wide range of pathologies (15, 16). Cit-

rulline improves cellular metabolic activity, re-

duces ROS production, limits lipid peroxidation, 

and reduces cell death as well as interleukin-8 

secretion. Likewise, it reduces levels of inflamma-

tory markers of TNF-α and TLR4 and increases 

the expression of claudin-1 protein (17, 18). Giv-

en the prevalence of testicular torsion, the patho-

physiological role of ischemia-reperfusion, and 

the involvement of oxidative stress, inflammation, 

and apoptosis in this condition, the current study 

investigated the effect of Citrulline on testicular 

tissue toxicity caused by testicular torsion/detor-

sion in rats. 
 

Methods 

Animals: This study was conducted in 2023 at 

Mazandaran University of Medical Sciences. In 

this study, Wistar albino adult male rats aged 9-10 

weeks and weighing 200-225 g were included. 

The rats were housed under standard conditions in 

a room with a 12-hr dark-light cycle, temperature 

of 22±2°C, and free access to food and water. The 

study was conducted using a total of 42 adult male 

rats, divided into 6 groups, each comprising 7 an-

imals: 

Group 1: Sham (neutral control): Surgical incision 

was performed, but torsion was not induced, and 

no medication was given.  

Group 2: Torsion/detorsion (T/D): The torsion 

model was induced, but no medication was given. 

Group 3: T/D +300 Citrulline: The torsion model 

was induced, and animals received 300 mg/kg of 

Citrulline, orally after the surgery. 

Group 4: T/D +600 Citrulline: The torsion model 

was induced and animals received 600 mg/kg of 

Citrulline, orally after surgery. 

Group 5: T/D +900 Citrulline: The torsion model 

was induced and animals received 900 mg/kg of 

Citrulline, orally after the surgery. 

Group 6: Positive control: The torsion model was 

induced and animals received 20 mg/kg of Vita-

min E after the surgery. 

The selection of doses was done based on previ-

ous studies investigating the effects of Citrulline 

in animals. 
 

Surgical procedure: The animals were first anes-

thetized with ketamine at a dose of 87 mg/kg and 

xylazine at a dose of 13 mg/kg intraperitoneally 
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under sterile conditions. The abdominal area was 

first disinfected with a 10% povidone-iodine solu-

tion. The animals then underwent testicular tor-

sion/detorsion surgery under complete anesthe-

sia. A vertical incision of approximately 3 cm was 

made in the tunica albuginea area along the mid-

line of the genital region. The left testicle was 

then released from the epididymo-testicular in-

termembrane space and gently removed by apply-

ing slight pressure on the sides of the testicle. To 

induce ischemia, the left testicle was rotated 720 

degrees counterclockwise along the inguinal canal 

and placed back inside the scrotum. The testicle 

was then loosely sutured with 0.4 silk thread until 

it remained in an ischemia state for 4 hr. In the  

reperfusion stage, the sutures were opened, and 

the testicle was twisted back in the opposite direc-

tion to its original position. The testicle was then 

placed back inside the scrotum in its normal ana-

tomical position, and the gubernaculum was su-

tured. During the ischemic period, the tissue was 

examined every ten minutes to monitor rotation 

status. Immediately after the surgery, drugs were 

administered daily via oral gavage for one week 

(19). In the Sham group, only the abdominal cavi-

ty was opened and then closed. In other groups, 

the right testicle was also removed at the same 

time. 
 

Sperm analysis: After separating the end part of 

the epididymis and placing it in a Petri dish con-

taining 1 ml of RPMI 1640 culture medium, the 

epididymis was cut into small pieces. The Petri 

dish was then placed in an incubator at 37°C for 

10 min to allow the sperm to fully dissociate from 

the epididymal tubules and enter the culture me-

dium. Next, the evaluation of various sperm pa-

rameters including the count, motility, and mor-

phology was done (20, 21). To investigate the 

sperm motility, the liquid obtained from the epi-

didymis was diluted with 2 ml Tris buffer and 

placed on a neobar slide. The motionless sperm 

were counted, then the sample was fixed, and 

sperm motility was examined according to the 

following formula: 

Sperm motility=(Total number of sperm-number 

of immotile sperm) × 100 

To examine sperm morphology, the number of 

abnormally shaped sperm was counted among 300 

cells on each slide, and the results were expressed 

as a percentage. Sperm were divided into 5 groups 

based on their appearance, which are as follows: 

(1) normal, (2) no tail, (3) abnormal head with 

normal tail, (4) abnormal tail with normal head, 

and (5) abnormal morphology with both head and 

tail defects (20). 

To determine the number of sperm, Yokoi et 

al.’s method was applied. In this way, the ob-

tained sample was diluted and the number of 

sperm was counted in four large squares and final-

ly, the number of them was reported as ×106 ml 

(21). For the pathological examination of the tes-

ticular tissue, the samples taken from the tissue 

were kept in Bouin fixative solution, in dehy-

drated alcohol and in paraffin. For quantitative 

and qualitative evaluation of testicular tissue, a 

histopathological was performed (22, 23). The 

histopathological findings were evaluated by con-

sidering the status of spermatogenic cells in the 

seminiferous tubule epithelium (24).  
 

Gene expression: After anesthetizing the animals, 

300 mg of testicular tissue was washed with man-

nitol serum and placed inside microtubes contain-

ing RNA Shield solution and was kept in a freezer 

at -80ºC until RNA extraction. RNA extraction 

from the tissues was performed using the column  
 

RNA extraction kit (Denazist Co, Iran). The ex-

tracted RNA samples were used for cDNA syn-

thesis, and this process was done with the help of 

a specific cDNA synthesis kit (Pars Tous Biotech, 

Iran). Using the reverse transcriptase enzyme, 

cDNA was synthesized from the mRNA of the 

desired gene according to the kit protocol, and all  
 

steps of cDNA synthesis were performed on ice. 
 

Real time-PCR: The primers for the studied genes 

(TNF-α, IL-6, Bcl2, Bax, β-actin) were designed 

using the Primer-Blast tool on the NCBI website 

and were purchased from Pishgam Company, 

Iran. The sequence of these primers can be seen in 

table 1. The β-actin gene was used as a reference. 

In this study, after reaching the suitable binding 

temperature of the desired primers, quantitative 

determination of target gene expression was per-

formed using RealQ Plus 2x Master mix green 

(Zist Virayesh, Iran) and Rotor-gene 6000 (Qia-

gene, Germany). In this study, the changes in gene  
 

expression were evaluated relative to the expres-

sion of β-actin gene. Gene expression was meas-

ured by calculating ΔCT, ΔΔCT, and finally plot-

ting the results as 2-ΔΔCT to determine gene ex-

pression changes across the samples.   
 

Glutathione levels: One milliliter of testicle tissue 

homogenate was taken, and 0.25 ml of 20% tri-

chloroacetic acid was added to it. After vortexing,  
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the mixture was centrifuged at 1000g for 20 min. 

Then, 1 ml of the clear supernatant solution was 

taken and 2 ml of 0.3 M disodium hydrogen phos-

phate and 0.3 ml of 0.4% DTNB were added. Af-

ter vortexing, the mixture was incubated for 15 

min until the reaction was complete. Finally, the 

absorbance rate was read at a wavelength of 412 

nm (25). 
 

ROS levels: ROS level was measured using 

DCFH-DA reagent. After determining the protein 

content, 20 µl of DCFH-DA were added to 2000 

microliters of the sample and was kept at 4°C for 

15 min. Next, the fluorescence intensity was 

measured using f fluorimeter device, with an exci-

tation wavelength of 485 and an emission wave-

length of 525 nm (26). 
 

Protein carbonyl levels: The amount of protein 

carbonyl was measured using a 4.2-dinitrophenyl-

hydrazine (DTNB) reagent. After determination 

of the protein content, 500 µl of trichloroacetic 

acid (20% w/v) were added to 250 µl of the sam-

ple and were kept at 4°C for 15 min. Then, the 

precipitated proteins were centrifuged at 6500g 

for 10 min and the supernatant solution was dis-

carded. The bottom sediment was completely dis-

persed in 500 µl of 0.1 M NaOH and 500 micro-

liters of 10 mM DNPH dissolved in 2 M HCl was 

added to the samples. Then, the samples were in-

cubated for 30 min at room temperature and away 

from light. After that, 500 µl of 20% (w/v) trichlo-

roacetic acid was added. The protein precipitate 

was collected by centrifugation at 6500 g for 10 

min and the supernatant was discarded. The bot-

tom sediment was mixed with 1 ml of a 1:1 (v/v) 

solution of ethanol and ethyl acetate, and then 

centrifuged again at 6500g for 10 min to discard 

the supernatant. The final protein precipitate was 

dispersed in 200 μl of 6 M guanine hydrochloride 

solution. The amount of protein carbonyl was 

evaluated by reading the absorbance rate at 365 

nm with an absorption coefficient of 22,000 M-1 

cm-1 which was expressed as nmol of DNPH per 

mg of protein (27). 
 

Lipid peroxidation levels: The level of MDA, an 

index of lipid peroxidation, was measured using 

the thiobarbituric acid reactive substance (TBA-

RS) test. In short, the process involved adding 0.2 

ml of testicular suspension, 200 µl of phosphoric 

acid, and 25 µl of TBA reagent, and then mixing 

well. This mixture was then incubated in a water 

bath at 95°C for 30 min. After cooling, 0.45 ml of 

n-butanol was added, and the solution was centri-

fuged. The supernatant solution was separated for 

measurement at 532 nm wavelength, and the 

amount of TBARS was calculated using a stand-

ard curve. 
 

Statistical analysis: The statistical data obtained 

from this research was reported as mean±standard 

deviation and was evaluated by Prism version 8 

using one-way analysis of variance. Moreover, 

Tukey's post-hoc test was used to compare the 

differences between groups and the significance 

level was defined as p<0.05. 
 

Ethical considerations: Male Wistar rat weighing 

between 200-225 gr were obtained from the La-

boratory of Animals Researches Center at Ma-

zandaran University of Medical Sciences in Sari, 

Iran. The ethical protocols established by the 

Committee of Animal Experimentation of Ma-

zandaran University of Medical Sciences were 

Table 1. Temperature program and primers used for investigating inflammation and apoptosis using real time-PCR 
 

Genes Primer Thermal condition 

TNF-α 
F: TCAGCCTCTTCTCATTCCTGCT 

R: GCCATTGAACTGATGAGAGGGA 

95°C, 5 min 

40 cycles (95°C, 20 s; 63°C, 20 s; 72°C, 20 s) 

72°, 5 min 

IL-6 
F: TATACCACTTCACAAGTCGGAGG 

R: GAATTGCCATTGCACAACTCTTT 

95°C, 5 min 

40 cycles (95°C, 20 s; 63°C, 20 s; 72°C, 20 s) 

72 °, 5 min 

Bcl2 
F: CTGTGGATGACTGAGTACCTGA 

R: AGCCAGGAGAAATCAAACAGAGG 

95°C, 5 min 

40 cycles (95°C, 20 s; 63°C, 20 s; 72°C, 20 s) 

72°, 5 min 

Bax 
F: CCAAGAAGCTGAGCGAGTGT 

R: TGTCCAGCCCATGATGGTTC 

95°C, 5 min 

40 cycles (95°C, 20 s; 63°C, 20 s; 72°C, 20 s) 

72°, 5 min 

β-actin 
F: TTCTACAATGAGCTGCGTGTGG 

R: GGTGTTGAAGGTCTCAAACATGA 
Tubes were incubated under the same thermal condition as 

the genes of interest 
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followed throughout the experiment with an ethi-

cal code of IR.MAZUMS.AEC.1402.056. The 

rats were housed in an environment maintained at 

22±2°C, with access to proper food and water and 

a 12:12 hr light cycle. The minimum number of 

rats required for testing was used, and proper an-

esthesia procedures were ensured during any ex-

perimentally painful procedures. 

 

Results 

In examining the sperm count across the studied 

groups, the sperm count in the T/D group was 

significantly lower compared to the Sham group 

(p<0.001). Among the treatment groups, a gradual 

increase in sperm count was observed. In the 

group treated with of 900 mg/kg of Citrulline, this 

increase in sperm count was significant compared 

to T/D group (p>0.05). Also, in the examination 

of the percentage of sperm motility among the 

studied groups, a significant decrease in motility 

was observed in the T/D group compared to the 

Sham (p<0.001). Among the treatment groups, a 

gradual increase in sperm motility was observed. 

In the group treated with 900 mg/kg of Citrulline, 

this increase was significant compared to T/D 

group (p<0.01). The use of Citrulline at the dose 

of 900 mg/kg was the most effective in increasing 

both sperm count and sperm motility (Table 2). 

Finally, in the examination of the percentage of 

sperm morphology, a significant increase in ab-

normal morphology was observed in the T/D 

group compared to the Sham group (p<0.01). 

Among the treatment groups, despite the decrease 

observed in the percentage of abnormal sperm 

morphology, this decrease was not statistically 

significant (Table 2). 

As demonstrated in table 2, in the T/D group, a 

significant decrease in the level of glutathione was 

observed compared to the Sham group (p<0.001). 

In the Citrulline treatment group, the decrease in 

abnormal sperm morphology was only significant 

at the 900 mg/kg dose (p<0.01). The increase was 

not significant in other groups. The amount of 

ROS in the T/D group was significantly increased 

compared to the Sham group (p<0.001). However, 

a significant decrease in ROS levels was observed 

in the 900 mg/kg and 600 mg/kg Citrulline treat-

ment groups (p<0.001) compared to the T/D 

group. A significant decrease in ROS was also 

observed in the vitamin E group (p<0.01). As 

shown in table 2, there was a significant increase 

in the levels of MDA and protein carbonyl in the 

T/D group, compared to the Sham group (p< 

0.001). A gradual decrease in these markers was 

observed in the treatment groups. The decrease 

was significant in the 600 mg/kg Citrulline group 

for MDA (p<0.05) and in the 900 mg/kg Citrulline 

group for both MDA (p<0.001) and protein car-

bonyl (p<0.001). In the positive control group  

(vitamin E), there was a significant decrease in 

these markers compared to the T/D group (p< 

0.01). 

Figure 1 shows the histopathological findings of 

testicular tissue in all groups. In the Sham group, 

the thickness of the epithelium was completely 

normal and the primary and secondary spermato-

genic cells (spermatocytes and spermatids) were 

in normal condition. The lumen of the seminifer-

ous tubule was small and abundant with sperma-

tozoa. In the group that underwent torsion/detor-

sion surgery, the thickness of the epithelium was 

completely decreased. The dissociation between  

Table 2. The effect of T/D and Citrulline on sperm analysis and oxidative stress parameters 
 

 Sham T/D T/D+Cit300 T/D+Cit600 T/D+Cit900 T/D+vitE 

Sperm count (10^6/ml) 69.67±3.2 37.67±4.16 ** 42.33±6.1 50.67±2.5 55.33±4.5 $ 45.33±8 

Motility (%) 80.67±7 58±2.64 ** 61±2 70±4.58 76.67±4.2 $$ 63.67±5 

Abnormal morphology (%) 18.67±2 36.33±4.2 * 35.6±6.5 30.13±4.8 24.67±2.5 29.67±5.6 

Ros (fluorescence intensity) 18.35±2.8 70.12±8 ** 56.39±16 37.14±4.8 $$$ 29.9±7.2 $$$ 51.83±10.1 $$ 

Protein carbonyl (mM) 0.4±0.11 0.98±0.17 ** 0.96±0.15 0.84±0.04 0.59±0.08 $$ 0.67±0.07 $$ 

MDA (µM) 4.66±1.6 20.66±1.2 ** 18.58±1.18 16.43±2.7 $ 9.42±0.44 $$$ 15.17±4.2$$ 

GSH (µM) 81.59±13.5 32.2±7.2 ** 40.52±13.5 54.82±20.8 69.34±13.4 $$ 47.5±13.55 
 

Sperm analysis and oxidative stress factors including ROS, protein carbonyl, MDA, and GSH were evaluated in the following groups: Sham, tor-
sion/detorsion (T/D), torsion/detorsion with different doses of Citrulline (T/D+Cit), and torsion/detorsion plus vitamin E (T/D+vitE). Data are 

expressed as mean±SD 

* Significantly different from Sham group (p<0.01) 

** Significantly different from Sham group (p<0.01) 
$ Significantly different from T/D group (p<0.05) 
$$ Significantly different from T/D group (p<0.01) 
$$$ Significantly different from T/D group (p<0.001) 
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the epithelial cells was observed in some of the 

seminiferous tubules. Edema was also evident 

among the seminiferous tubules. The administra-

tion of Citrulline at doses of 300 mg/kg, 600 mg/ 

kg, and 900 mg/kg had a healing effect on the tis-

sue damage caused by torsion/detorsion in the 

testes. However, this healing effect was complete-

ly evident at the dose of 900 mg/kg of Citrulline. 

The healing effect of vitamin E on the damage  

 

caused by torsion/detorsion was also observed in 

histopathological findings. 

 As shown in table 3, the investigation of TNF-α, 

IL-6, and Bax gene expression among the studied 

groups revealed a significant increase in the in-

flammatory cytokines TNF-α, IL-6, and Bax gene 

expression in the T/D group compared to the 

Sham group (p<0.01). Among the treatment 

groups, there was a significant decrease in TNF-α 

inflammatory gene expression in the patient group 

treated with two doses of 600 and 900 mg/kg of 

Citrulline, compared to the T/D group (p<0.01). 

For IL-6, the decrease was significant only with a 

dose of 900 mg/kg (p<0.05). The Bax gene ex-

pression showed a significant decrease in the vit-

amin E group and with 300, 600, and 900 mg/kg 

doses of Citrulline, compared to the T/D group. 

However, the increase in Bcl2 factor in the T/D 

group was not statistically significant when com-

pared to the Sham group. 
 

Discussion 

The testicular torsion is a medical emergency 

that necessitates prompt diagnosis and inter-

vention. Currently, surgery is the only available 

treatment and should be done as soon as possible. 

Despite successful surgery, loss of spermato-

genesis and a significant increase in basal cell 

apoptosis may occur due to increased testicular 

oxidative stress with reperfusion. Reperfusion 

injury, caused by the production of toxic free rad-

icals, can be prevented by the use of antioxidants, 

such as Citrulline, which has been shown to pro-

tect against lipid peroxidation and lipoprotein ox-

idation in circulation and reduce protein carbonyl-

ation in muscles and the brain (28). The most sig- 

 

Figure 1. H&E-stained histology of testis showing (A) Sham 

group, (B) torsion/detorsion (T/D) group, (C) vitamin E 

group (20 mg/kg), (D) torsion/ detorsion (T/D) group with a 

therapeutic dose of 300 mg/kg (T/D+Cit300), (E) torsion/ 

detorsion (T/D) group with a therapeutic dose of 600 mg/kg 

(T/D+Cit600), and (F) torsion/detorsion (T/D) group with a 

therapeutic dose of 900 mg/kg (T/D+Cit900). Thick black 

arrow: loss of integrity; Thin black arrow: edema - increased 

distance between seminiferous tubules; Black double-headed 

arrow: diameter of seminiferous tubule. Magnification: 20x 

and scale bar:100 µm 

 

Table 3. The effect of T/D and Citrulline on expression of inflammatory and apoptosis factors in testicular tissue of male rats 
 

 Sham T/D T/D+Cit300 T/D+Cit600 T/D+cit900 T/D+vitE 

IL 6 1.22±0.71 14.77±2.36 * 15.28±1.6 8.79±4.2 4.9±3.3 $ 8.22±3.8 

TNF-α 1.13±0.23 8.37±2.8 * 6.74±1.2 1.44±1 $$ 1.51±0.78 $$ 4.72±2.7 

Bax 1.05±0.25 7.7±2.2 ** 2.76±1.35 $$ 1.54±0.22 $$$ 1.54±0.3 $$$ 2.6±0.74 $$ 

Bcl2 1±0.04 1.38±0.66 1.77±0.9 3.88±2.3 2.43±0.76 2.34±1.1 
 

Gene expression of inflammatory factors (TNF-α and IL-6) and apoptosis factors (BAX and Bcl2) were evaluated in the following groups: 
Sham, T/D, T/D with different doses of Citrulline (T/D+Cit), and T/D plus vitE (T/D+vitE). Data are expressed as mean±SD 

* Significantly different from Sham group (p<0.01) 

** Significantly different from Sham group (p<0.01) 
$ Significantly different from T/D group (p<0.05) 

$$ Significantly different from T/D group (p<0.01) 

$$$ Significantly different from T/D group (p<0.001) 
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nificant outcome of testicular torsion/detorsion is 

the increase of ROS levels inside the testicular 

tissue. ROS is continuously produced in oxida-

tion-reduction reactions within the cell, primarily 

in the mitochondria during cellular respiration 

(16).  

ROS is composed of free radicals and peroxide, 

which are highly reactive molecules containing 

one or more free electrons. These radicals can at-

tack vital macromolecules such as proteins, DNA, 

and cell membranes, leading to oxidative damage 

and toxicity in different tissues (29). Malondial-

dehydes are considered one of the main markers 

of membrane lipid oxidation, which were also 

evaluated in the present study (30). The use of 

antioxidants, particularly glutathione, plays a cru-

cial role in neutralizing free radicals and prevent-

ing oxidative damage to the body's macro-mol-

ecules (31). However, excessive production of 

free radicals can lead to depletion of cell glutathi-

one reserves and induce damage to body tissues. 

Studies have shown that Citrulline, an antioxidant, 

can increase superoxide dismutase (SOD) activi-

ties and decrease MDA and NO levels. In the pre-

sent study, testicular torsion/detorsion in adult 

male rats increased oxidative stress, lipid peroxi-

dation, and decreased antioxidant activity, which 

were likely caused by the increase in ROS levels 

in the testicular tissue. The results of this study 

demonstrate the protective effects of Citrulline on 

testicular damage caused by torsion/detorsion in 

rats (32). Moreover, significant findings regarding 

the impact of testicular torsion/detorsion on oxi-

dative stress, lipid peroxidation, and antioxidant 

activity in adult male rats were obtained in the 

current study. The study indicated that these det-

rimental effects following testicular torsion/de-

torsion were likely attributed to the increase of 

ROS in the testicular tissue. Notably, a study by 

Liu et al. in 2013 demonstrated that oral admin-

istration of L-citrulline at varying doses signifi-

cantly decreased blood urea nitrogen (BUN), cre-

atinine, MDA, and increased SOD and GSH lev-

els compared to the control group (33). Further-

more, a study conducted by Zhou et al. in 2018 

highlighted the ability of Citrulline to enhance the 

antioxidant capacity of the heart while reducing 

the level of MDA, indicating its potential protec-

tive effects against oxidative damage (34). 

In the present study, after the induction of tor-

sion/detorsion, a notable decrease in the serum 

concentration of GSH enzymes and an increase in 

the serum levels of MDA, protein carbonyl, and 

ROS were observed. Research has shown that the 

extent and duration of torsion and detorsion sig-

nificantly impact the damage to testicular tissue, 

leading to excessive production of active oxygen 

and oxidative stress (35). This oxidative stress can 

result in irreversible degenerative responses, 

apoptosis, or necrosis in living cells. Mitochon-

dria play a crucial role in initiating the intrinsic 

pathway of apoptosis in cells, with the production 

of ROS activating the mitochondrial pathway of 

apoptosis (36). The balance between pro-apop-

totic and anti-apoptotic factors, such as Bcl2 and 

Bax proteins, regulates the process of cell apopto-

sis (37). Notably, Citrulline has shown promise in 

protecting against cell death induced by pyropto-

sis and apoptosis through the Nrf2 signaling path-

way, as demonstrated in a study by Xue et al. in 

2022 (38). Additionally, recent study in 2023 has 

highlighted the potential of L-citrulline to increase 

the Bcl2 factor in serum, acting as an anti-apop-

totic agent (39). The study conducted by Doğan 

and İpek in 2020 demonstrated that Ganoderma, 

an antioxidant, reduced MDA levels and increased 

Bcl2 in testicular torsion/detorsion syndrome, 

leading to apoptotic effects (40). Additionally, 

vitamin E has been shown to inhibit antioxidant 

potential, prevent oxidative damage on testes and 

epididymides, and restore sperm motility (41). In 

the present study, the group receiving vitamin E 

exhibited decreased oxidative stress by reducing 

oxidant factors including MDA, PC, and ROS, 

while increasing antioxidant factors of GSH. Mor-

phological observations of testicular tissue in the 

torsion/detorsion group revealed degenerated or 

degenerating germ cells in the germinal epitheli-

um, separation of germ cells from the basement 

membrane, edema, and congestion of blood ves-

sels in the interstitial tissue. However, there was 

no significant presence of inflammatory cells. In 

the torsion/detorsion group, the number of cells 

and the diameter of seminiferous tubules were 

significantly decreased. In contrast, groups treated 

with Citrulline showed improved morphology 

compared to the control group. These improve-

ments included the presence of intact germ cell 

lines, such as spermatogonia, primary and sec-

ondary spermatocytes, and round spermatids. 

Higher doses of Citrulline resulted in significant 

increases in sperm count and sperm motility. The 

study by Zhang et al. shown that testicular torsion 

can lead to testicular damage and changes in se-

men quality and sperm count (42). 
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Studies have reported low sperm count and poor 

sperm viability in more than 50% of patients with 

testicular torsion, as well as unusual changes in 

sperm morphology and decreased sperm count in 

15 to 66% of patients with unilateral testicular 

torsion (43-46). One study showed that IL-6 ex-

pression has increased after testicular torsion, 

whereas IL-10 expression has decreased (47, 

48). In addition, two other studies have shown 

that oral administration of Citrulline can reduce 

the expression of the TNF-α gene and help to at-

tenuate inflammation and intestinal damage (49, 

50).  

The results of the present study demonstrated the 

protective effects of Citrulline on testicular tissue. 

These included reducing damage to testicular tis-

sue, increasing sperm count, increasing sperm 

motility, improving sperm morphology, and re-

ducing the expression level of inflammatory 

genes. The use of 900 mg/kg Citrulline dose im-

proved damage caused by the disease and had a 

positive effect on seminiferous tubules, reducing 

destruction due to oxidative stress. The study also 

showed an increase in the number of sperm in 

groups receiving Citrulline compared to the T/D 

group, indicating the positive effect of Citrulline 

in improving sperm count after testicular torsion. 

The protective effect of Citrulline includes reduc-

ing the expression level of IL-6 and TNF-α in-

flammatory genes, with higher doses showing 

more improvement. Citrulline supplementation 

has been reported to improve serum levels of 

TNF-α, indicating a possible reduction in inflame-

mation.  
 

Conclusion 
The study in rats demonstrated that Citrulline 

administration mitigated the negative effects of 

torsion/detorsion on testicular tissue by reducing 

oxidative stress and inflammation. Increasing Cit-

rulline doses notably improved sperm count, mo-

tility, and seminiferous tubule quality. The study 

concluded that a 900 mg/kg dose of Citrulline was 

the most effective in reducing oxidative stress and 

ameliorating the damage caused by testicular tor-

sion/detorsion. These findings suggest that Citrul-

line has the potential to protect against testicular 

damage by enhancing antioxidant defenses and 

reducing inflammation. Future research could ex-

plore optimal dosing of Citrulline in humans, in-

vestigate its interactions with other treatments, 

and delve into the mechanisms by which Citrul-

line improves sperm motility and reduces oxida-

tive stress, in order to develop novel therapeutic 

strategies for the treatment of testicular torsion. 
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