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Abstract: Testicular torsion (TT) is the ischaemic-reperfusion injury that occurs in the tesis. It is the twisting of the testis
along the axis of the spermatic cord which is commonly seen in neonates, children and adolescents. Timely
intervention is key to the salvage of the testicular tissue against irreversible damage. The aim of the study was
to investigate the modulatory effect of L-carnitine on inflammatory mediators during TT. Forty-five adult male
Wistar rats were used for to conduct the experimental. The rats were weighed and randomly divided into three
groups comprising of fifteen each group. Five animals from each group i.e. Sham, TT and TT treated with
500mg/kg of L-carnitine were sacrificed on day twenty two (22), forty two (42) and sixty two (62) of the study
respectively. At the end of the experiment, epididymis and testes were removed and Gonadosomatic indices
were evaluated. Blood samples were collected from each of the animals through cardiac puncture and serum
was harvested to assay for follicle stimulating hormone (FSH), luteinizing hormone (LH) and testosterone (T4).
The results obtained showed significant decrease in the epididymal body ratio for TT +L for 62 days, lack of
significance for testicular body ratio and increase in T4 and FSH concentrations in the L-carnitine treated
groups. In conclusion, L-carnitine was found to reduce epididymal body ratio, protect the testicular germ cells
against reactive oxygen species mediated damage and caused increase in the secretion of FSH.
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Introduction

Testicular torsion occurs due to the rotation of the
spermatic cord around its longitudinal axis, leading to
strangulation of the vessels that irrigate the scrotum. It is one
of the main acute urological emergencies that affect boys
which can be extravaginal or intravaginal, that is more
common in the perinatal period and, this in the other
ages. The main risk factor for the occurrence of testicular
torsion is the presence of clump anomaly, allowing
movement of the testicle within the tunic. The spermatic
cord usually twists 180° to 720°, disrupting blood flow
to the testis, causing ischemia and possible necrosis of this
organ. The condition consists of sudden onset, unilateral
severe scrotal pain that is less than 24 hours in duration and
may be associated with nausea, vomiting, scrotal edema,
testicular tenderness, and erythema. Time is an extremely
important issue when it comes to the diagnosis and treatment
of torsion, since the longer it takes to do them, the lower the
testicular salvage rate (Da Conceicao et al., 2024)
L-carnitine is a vital molecule that is found in all living cells.
It is a quaternary amine  (3-hydroxy-4-N-
trimethylaminobutyrate) ~ whose  main  function in
mammalian cells is the transfer of long chain fatty acids
across the inner mitochondrial membrane for - oxidation
and generation of ATP energy. This process requires specific
enzymes and transporters and any defects in these can cause
disorders of the carnitine cycle. Once fatty acids are inside
mitochondria, they undergo the process of [B-oxidation
through a series of acyl-CoA dehydrogenase enzymes that
mediate the shortening of long-chain fats used to produce
ATP. Deficiency of any of these enzymes can cause
symptoms similar to those encountered in disorders of the
carnitine cycle (Virmani and Cirulli, 2022).
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The aim of this study was to determine the effect of treatment
with supplemental L-carnitine on gonadosomatic indices and
sex hormones following TT.

Materials and Methodology
Materials

Well-aerated ages, clean water, feed, normal saline, scissors,
buffered distilled water, containers, 1 ml, 2 ml and 5ml of
syringes, soap, masking tape, oral intragastric tube, watch,
cotton wool, dissection Kit, filter paper, chromic suture, Petri
dish, electronic balance, Enzyme-linked immunosorbent
assay (ELISA) kits for hormonal assay were purchased from
Wuhan Fine Biotech Co., Ltd., China and L-Carnitine was
purchased from GNC Well, USA.

Animals

Forty five (45) Male Wistar rats weighing 104g-230g were
used for the study. The animals were purchased from the
Animal House of the Department of Human Physiology,
Ahmadu Bello University, Zaria. They were housed in well
aerated laboratory cages and allowed access to growers mash
from Labar Feeds and Grains Merchant, Zaria, Nigeria and
water ad libitum throughout the duration of the experiment.

Methodology

Group 1 (Sham): In this group, the testes were brought
through the scrotal incision and then returned backto the
scrotal sac and sutured. The rats were given distilled water 1
ml/kg each day orally after reperfusion and five animals each
were sacrificed on day 22 day 42 and day 62 respectively.
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Group 2 (TT): Rats in this group were induced with torsion
for 6 hours followed by detorsion. Five animals each were
sacrificed on day 22, day 42 and 62 respectively.

Group 3 (TT+L-Carnitine ): Rats in this group were induced
with torsion for 6 hours followed by detorsion and then
treated with 500mg/kg of L-Carnitine (Dokmeci et al., 2007)
orally. Five animals each were sacrificed on day 22, day 42
and 62 respectively.

Induction induction of testicular torsion

The rats were anaesthetised through chloroform inhalation in
a closed chamber and consequently sacrificed. The testes
were exposed through identically-opened and closed right-
sided ilio-inguinal incision. The testes were exposed by
opening the tunica vaginalis. The spermatic cords were
exposed and torsions were created by rotating the testes 7200
clockwise. The rotated testes were maintained for six hours
by fixing them medially and laterally to the scrotum using a
surgical silk suture. The detorsions were carried and the
animals kept until the time of sacrifice. The testes were
surgically removed through a lower abdominal incision
according to the method described by Akusu et al. (1985)
and Oyeyemi and Ubiogoro (2005).

Gonado-somatic index

The testes and epididymis were dissected and immediately
separated out from the adherent tissue and weighed to the
nearest mg on an electronic balance according to the method
described by Franca et al. (2006). The GSI calculated using
the formula:

Gonad weight

Gsl= Total body weight

X 100

Where gonad weight= (weight of right testis + weight of left
testis)/2

Hormonal assays
Follicle stimulating hormone

Standard, test samples and control were set on wells on the
pre-coated plate and then their positions were recorded.
50pL of standard, blank or sample were added per well. The
blank well is added with sample/standard dilution buffer.
Immediately 50uL of Biotin-detection antibody working
solution was added to each well. The plate was sealed and
incubated for 74 minutes at 27°C. Each well was aspirated
and washed, repeating the process thrice using wash buffer.
The plate was then inverted and patted against thick clean
absorbent paper.100pL of SABC working solution was
added to each well, covered with a new sealer and
incubated for 58 minutes at 27°C. After the incubation,
aspiration of the plate and 5 times washing was carried out.
90uL of TMB substrate was added to each well, covered
with a new plate sealer and incubated for 15 minutes at 37°C.
50uL of stop solution was added at the end of incubation
period and the coloured changed to yellow. The optical
density was determined using microplate reader at 450 nm.

Luteinising hormone
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The HRP-Streptavidin Conjugate (SABC) working solution
solution was prepared within 30 minutes before the
experiment. The total volume of the working solution was
estimated by multiplying 0.1ml/well by quantity of wells and
0.1-0.2 ml in excess of the total volume is allowed. The
SABC was diluted with SABC dilution buffer at 1:100 and
mixed thoroughly

Standard, test samples and control were set on wells on the
pre-coated plate and then their positions were recorded.
50uL of standard, blank or sample were added per well. The
blank well is added with sample/standard dilution buffer.
Immediately 50uL of Biotin-detection antibody working
solution was added to each well. The plate was sealed and
incubated for 88 minutes at 27°C. Each well was aspirated
and washed, repeating the process thrice using wash buffer.
The plate was then inverted and patted against thick clean
absorbent paper.100uL of SABC working solution was
added to each well, covered with a new sealer and incubated
for 62 minutes at 27°C. After the incubation, aspiration of
the plate and 5 times washing was carried out. 90uL of TMB
substrate was added to each well, covered with a new plate
sealer and incubated for 45 minutes at 37°C. 50uL of stop
solution was added at the end of incubation period and the
coloured changed to yellow. The optical density was
determined using microplate reader at 450 nm.

Testosterone

Standard, test samples and control were set on wells on the
pre-coated plate and then their positions were recorded.
50pL of standard, blank or sample were added per well. The
blank well is added with sample/standard dilution buffer.
Immediately 50pL of Biotin-detection antibody working
solution was added to each well. The plate was sealed and
incubated for 45 minutes at 37°C. Each well was aspirated
and washed, repeating the process thrice using wash buffer.
The plate was then inverted and patted against thick clean
absorbent paper.100puL of SABC working solution was
added to each well, covered with a new sealer and incubated
for 50 minutes at 27°C. After the incubation, aspiration of
the plate and 5 times washing was carried out. 90pL of TMB
substrate was added to each well, covered with a new plate
sealer and incubated for 30 minutes at 27°C. 50uL of stop
solution was added at the end of incubation period and the
coloured changed to yellow. The optical density was
determined using microplate reader at 450 nm.

Statistical Analysis

All values were expressed as meanz standard error of the
mean (mean+SEM). The significance of the data obtained
was evaluated by using one-way analysis of variance
(ANOVA). Differences between means were analysed using
Turkey’s post hoc test. Values of P <0.05 were considered
significant.

Epididymal body ratio

There was no significant difference (P>0.05) in the L-
carnitine groups that received treatment for 22 and 42 days
when compared with the sham groups. However, there was
significant decrease in the L-carnitine group that received
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treatment for 62 days (0.77+0.00 mg/Kg) when compared to
the sham treated group (0.80+0.04 mg/Kg).

Table 4. 1: Effects of L-carnitine on Epididymal body ratio
in TT in Wistar rats

Duration Sham TT TT+L

(days) (mg/Kg) (mg/Kg) (mg/Kg)

22 0.80+0.20 0.94+0.13 0.84+0.22

42 0.99 +0.09 0.79 £0.09 0.77+0.12

62 0.80 £ 0.04 0.72 £ 0.04 0.77 £0.00°
a a

Table 4. 3: Effects of L-carnitine on Follicle stimulating
hormone concentration in testicular TT in Wistar rats

Duration Sham TT TT+L

(days) (miu/ml)

22 4,50 +0.39? 25.80 + 93.80 +1.36*
12.13°

42 21.40 £15.94 27.40+17.63  10.00 +1.76%Y

62 5.50 + 0.50° 67.00+ 10.00 +1.764Y
16.11¢

ab=Means on the same column with different superscript
letters differ significantly (P < 0.05) compared with the sham
groups

Testicular body ratio

There was no significant (P>0.05) difference across all the
treated groups when compared with the sham treated groups.
Length of time was not able to improve the testicular body
weight despite treatment for maximum 62 days.

Table 4. 2: Effects of L-carnitine on Testicular body ratio in
testicular TT in Wistar rats

Duration Sham TT TT+L
(days) (mg/Kg) (mg/Kg) (mg/Kg)
22 6.69+0.53 4.87+0.96 3.77+0.66
42 545+1.01 3.29 +0.36 3.92+0.46
62 415+045 4.02+036 3.04+0.09

Follicle stimulating hormone

There was significant increase (P<0.05) in the FSH levels in
the group that were induced with TT and kept for 62 days
compared with the sham groups that were kept for 22 and 62
days. There was also significant increase (P<0.05) in the
group that were induced with TT and treated with 500
mg/Kg of L-carnitine for 22 days compared with the sham
groups for 22 days and L-carnitine for 62 days.
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abcd= Means on the same column with different superscript
letters differ significantly (P < 0.05)

x¥=Means on the same row with different superscript letters
differ significantly (P < 0.05)

Leuteinizing hormone

There was significant increase in TT group for 62
(34.757.24 MIU/ml) days when compared with TT groups
for 22 (23.30+10.20 MIU/ml) and 42 (8.70+2.80 MIU/ml)
days respectively. There was also significant increase
(34.75£7.24 MIU/ml) when compared with the sham treated
group (5.65+1.28 MIU/ml) for the same duration. There was
significant decrease in TT treated for 62 days (4.33+0.24
MIU/ml) when compared with sham treated group for 62
days (5.65+1.28 MIU/ml).

Table 4. 4: Effects of L-carnitine on Leuteinizing hormone
concentration in testicular IRI in Wistar rats

Duration Sham TT TT+L
(days) (MIU/ml)

22 6.80 £0.44 23.30+10.20¢ 11.16+4.42
42 11.70 £5.63 8.70+ 2.18% 0.00 £ 0.00
62 5.65 +1.28? 34.75+ 7.24%Y  4.33+0.24°

abc=Means on the same column with different superscript
letters differ significantly (P < 0.05)

*¥= Means on the same row with different superscript letters
differ significantly (P < 0.05)

Testosterone

There was significant increase in the T4 concentration in TT
group for 42 days (6.62+2.14 ng/ml) when compared with
the sham treated group for 42 days (5.82+1.46 ng/ml). The
TT group that was treated for 62 days with L-carnitine was
significantly higher (8.02£1.15 ng/ml) in T4 and
significantly lower (8.02+1.15 ng/ml) when compared with
the TT group for 62 days (12.17+0.09 ng/ml) and sham
treated group for 62 days (7.25+1.68 ng/ml).
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Table 4. 5: Effects of L-carnitine on Testosterone
concentration in testicular IRl in Wistar rats

Duration Sham TT TT+L
(days) ng/ml

22 502+1.72 7.34+1.99 8.60 £1.08
42 5.82+1.46% 6.62+2.14° 0.00+0.00
62 7.25+1.68% 12.17+0.098 8.02+1.15°

ab="Means on the same column with different superscript
letters differ significantly (P < 0.05)

*¥= Means on the same row with different superscript letters
differ significantly (P < 0.05)

Discussion

The gonadosomatic index which is either the testicular
volume per body weight or testicular weight per body weight
is species-specific and varies with age and breeding season,
even within the same species (Pochon et al., 2002). It was
reported that this index predicts the rate of sperm function in
a given species (Adebayo, 2009). It is also use to measure
sexual maturity in relation to the sexual development of
testes or ovaries, hence an index of fertility. For the
epipidymal body ratio, there was significant decrease in the
TT+L for 22 days when compared with the sham treated
group for the same duration. The epididymis contains high
concentration of fat which serve as a substrate for the
exogenous L-carnitine given to the animals during treatment.
Coenzyme A present in the blood binds with the fatty acid,
activates and then move it into the cytosol. A carnitine
molecule then attaches, which allows the transporting
receptor, carnitine-palmitoyl-transferase 1 (CPT1), which
recognizes and transport the fatty acid across the outer
mitochondrial into the inter membrane space. Then, a
carnine-specific transfer enzyme in the inner mitochondrial
membrane brings the fatty acid into the mitochondrion for
breakdown by carnitine-palmitoyl-transferase 2 (CPT2) and
the carnitine molecule returns back to the cytosol to shuttle
more fatty acids (Mehta, 2014). Continuous mobilization of
fatty acids for B-oxidation could be responsible for the
epididymal body ratio established in this study. There was
no significant difference in the testicular body ratio of the TT
and TT+L of all the durations when compared with the sham
treated groups despite treatment with L-carnitine. The two
major events in TT are ischaemia and reperfusion. These
result into elevated production of ROS, activation of
nitrogen-activated protein kinases, induction of transcription
and growth factors, including vascular endothelial growth
factors, triggering apoptotic machinery and induction of
several inflammatory cytokines, including TNF-o and IL-1.
This pathological cascade is responsible for testicular
atrophy, decreased blood flow and impaired
spermatogenesis (Atavilla, 2012). The results obtained
disagreed with the findings of Abdel-Emam, and Ahmed,
(2021). They reported decrease in testicular weight in rats
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that were subjected to trauma and treated with 100 mg/Kg of
L-carnitine.

Mammalian reproduction is mainly driven and regulated by
the hypothalamic-pituitary-gonadal (HPG) axis. Follicle-
stimulating hormone (FSH), which is synthesized and
secreted by the anterior pituitary gland, is a key regulator that
ultimately affects animal fertility. As a dimeric glycoprotein
hormone, the biological specificity of FSH is mainly
determined by the 3 subunit. Since FSH is a key regulator in
the hypothalamic-pituitary-gonadal (HPG) axis, it plays an
indispensable role in mammalian reproductive activities
(Wang et al., 2021). In our study, there was significant
increase in both FSH in IRI and IRI+L for 22 days when
compared with the sham treated group for the same duration.
According to Ahmed et al., (2016), the increase in FSH in
TT could be due to testicular damage caused by ischaemia.
Trauma to the testis affects the testicular cells, namely,
Leydig cells, Sertoli cells and germ cells. The assault on
these cells stimulate the release of GnRH which in turn
stimulate the anterior pituitary gland to release FSH. There
was also significant increase in the FSH level in the L-
carnitine group that was treated for 22 days compared to all
the sham treated groups. The result obtained agrees with the
findings of Rezaei et al., (2018) that treatment of L-carnitine
elevated FSH levels and could improve sexual potency. The
increase in FSH in TT+L for 22 days could be due to the
ability of L-carnitine to mop up free radicals, adhesion
molecules and inflammatory cytokines occasioned by TT.

Luteinizing hormone (LH) is a glycoprotein hormone that is
co-secreted along with follicle-stimulating hormone by the
gonadotrophin cells in the adenohypophysis (anterior
pituitary). Luteinizing hormone is a part of a neurological
pathway comprised of the hypothalamus, the pituitary gland,
and gonads. In this pathway, LH release is stimulated by
gonadotropin-releasing hormone (GnRH) and inhibited by
estrogen in females and testosterone in males (Nedresky, and
Singh, 2023). In the result of this study, there was significant
increase and significant decrease in the LH concentration in
TT and TT+Lfor 62 days respectively when compared with
the sham treated group for the same duration. The increase
in LH concentration in TT, just like we established in the
FSH concentration could due to the response to the damage
of the testicular tissue as a result of ischaemia (Ahmed et al.,
2016). The decrease could be due to the ability of L-carnitine
to mop up free radicals generated, repair the damaged cells
and restore the tissue to normal state.

Testosterone is the primary male hormone responsible for
regulating sex differentiation, producing male sex
characteristics, spermatogenesis, and fertility (Nassar and
Leslie, 2023). There was significant increase in the
Testosterone concentration in the TT+L for 62 days when
compared with the sham treated group for the same duration.
L-carnitine due to its antioxidant properties, reduced
testicular oxidation stress, led to prevention of the
destruction of Leydig cells, and thereby increases
testosterone levels without changing gonadotropin levels. L-
carnitine could also directly affected the testosterone
secretion by decomposition of long-chain fatty acid, which
reduced the aromatase enzyme in the adipose tissue, since
this enzyme converts testosterone to estrogen, thereby
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inhibiting the activity of this enzyme and increasing
testosterone levels in the blood (Ishii et al., 2015).

Conclusion

The result of this study established that TT created IRI and
treatment with L-carnitine resulted into decrease epipidymal
body ratio and increase in FSH and T4 concentrations. This
could be due to the ability of L-carnitine to confer stability
to the cells of the body exposed to oxidative stress, repair
damaged cells and also mop up free radicals and
inflammatory cytokines.
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