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Effect of L-carnitine on the expression of the
apoptotic genes Bcl-2 and Bax
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Objective: The genes Bcl-2 and Bax play important roles in apoptosis. Many studies have shown that formalin has a strong deleterious effect
on male fertility and can induce apoptosis. L-carnitine has been reported to potentially reverse the negative effects of formalin, leading to im-
proved spermatogenesis. In this study, we examined the levels of expression of Bcl-2 and Bax in mice treated with formalin and L-carnitine.
Methods: Thirty adult BALB/c mice were categorized into three groups. The mice in the control group (n=10) were not injected with any sub-
stance. The mice in the second group (n=10) received 10 mg/kg of formalin daily via an intraperitoneal injection, while those in the final group
(n=10) were intraperitoneally injected daily with a dose of 10 mg/kg of formalin and 100 mg/kg of L-carnitine. All mice were kept in isolated
cages for 31 days.

Results: The expression of Bax was significantly higher in the formalin-treated mice than in the mice of the control group, while the expression
of Bcl-2 was significantly lower in the formalin-treated mice than in the control mice. Additionally, relative to control mice, Bcl-2 expression in-
creased and Bax expression decreased in the mice administered both formalin and L-carnitine.

Conclusion: In this study, L-carnitine was shown to augment Bcl-2 expression and to reduce Bax expression, indicating that this compound
may inhibit apoptosis. Due to its positive effects, L-carnitine can be used as a prophylactic treatment for people who routinely come into direct

contact with formalin as an occupational hazard.
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Introduction

Infertility and the personal and social problems that it may cause
are extremely important issues in modern life [1,2]. Studies have dem-
onstrated the destructive role of environmental pollutants on human
fertility [3,4]. Formalin (an aqueous solution of formaldehyde) is a pol-
lutant that is widely used in the manufacture of disinfectants and de-
tergents as well as in hospitals and factories [5]. Formalin has been
shown to affect reproduction in mammals [6]. The deleterious effects
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of formaldehyde on fertility in both human and laboratory animal
models have been documented; these effects include alterations in
spermatogenesis, apoptotic changes in the testes, and decreased
testosterone secretion, all of which may decrease fertility [7-9]. The
adverse impact of formalin on the male reproductive system may re-
sult from hormonal changes in the hypothalamic-pituitary-gonadal
axis [10]. Formalin also causes cellular and oxidative damage in many
tissues by increasing the production of reactive oxygen species (ROS)
[6]. Studies have indicated that 25%-40% of infertile men exhibit in-
creased levels of ROS. In addition, ROS generated through DNA dam-
age are important intracellular signals in the induction of apoptosis
[11-13].

L-carnitine plays a crucial role in the B-oxidation of long-chain fatty
acids in the mitochondria and ultimately in the energy production of
the cell [14]. L-carnitine also protects DNA and cell membranes from
damage caused by oxygen free radicals [15]. Previous studies have
shown that L-carnitine may act as an antioxidant to prevent H,0,-in-
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duced oxidative stress in SH-SY5Y neuroblastoma cells [16]. L-carni-
tine also enhances the cell’s capacity to prevent both apoptosis and
the H,0,-induced accumulation of ROS in the cell. Researchers have
found that L-carnitine is a therapeutic option in patients with azo-
ospermia, as it can increase sperm count both in those patients and
in those exhibiting abnormal sperm maturation [17,18]. L-carnitine
has also been demonstrated to increase cytochrome oxidase activity,
resulting in the increased production of adenosine triphosphate [19].
In addition, flow cytometry and caspase activity experiments have
shown that L-carnitine prevents alkaline phosphatase-induced
apoptosis in cardiomyocytes [20]. L-carnitine protects against cyclo-
phosphamide-induced testicular damage by inhibiting cell apoptosis
and autophagic modulation [21].

Apoptosis is a physiological and biological process that is important
for normal development and the maintenance of homeostasis. How-
ever, apoptosis also occurs when cells are exposed to cytotoxic agents
[22]. Additionally, severe damage to the genetic material of the cell
can trigger multiple pathways that lead to apoptosis [23]. The key
characteristics of apoptosis include cell wrinkling, membrane destruc-
tion, chromatin compaction, and DNA damage [24]. The control of
apoptosis is very intricate and involves multiple proteins. Members
of the Bcl-2 protein family, which includes apoptosis inhibitor pro-
teins, are key regulators of this process [22]. The protein Bcl-2 acts as
a suppressor of apoptosis, whereas the protein Bax promotes apop-
tosis. Bcl-2 helps to maintain the integrity of the mitochondrial mem-
brane by binding to receptors on the outer mitochondrial membrane
[25]. If the cell is exposed to apoptosis-inducing agents, Bax is moved
from the cytoplasm to the mitochondrial membrane and acts to alter
the permeability of the outer membrane [26]. These changes release
cytochrome ¢ and other apoptosis-inducing factors from the mito-
chondria and eventually lead to DNA fragmentation [27]. Given the
positive effects of L-carnitine and the deleterious effects of formalin
on male fertility, the present study was planned to examine the ef-
fect of L-carnitine on apoptotic gene expression in formalin-treated
BALB/c mice.

Methods

1. Animal care

Thirty adult BALB/c mice were categorized into three groups. The
mice in the control group (n = 10) were not injected with any substance.
The mice in the second group (n=10) received 10 mg/kg of formalin
daily via intraperitoneal injection, while those in the final group were
intraperitoneally injected (n=10) daily with a dose of 10 mg/kg of
formalin and 100 mg/kg of L-carnitine. The mice were kept in isolated
cages for 31 days under proper temperature and light conditions. At
the end of that period, the animals were killed via neck dislocation,
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and one testis from each mouse was removed and kept in a freezer
at -80°C until RNA extraction.

2.RNA isolation and complementary DNA synthesis

For RNA extraction, the frozen testis tissues were homogenized, and
the total RNA was then isolated using a miRNeasy Micro Kit (Qiagen,
Hilden, Germany) in accordance with the manufacturer’s protocol.
Then, on-column deoxyribonuclease (DNase) digestion and in-solu-
tion DNase digestion were performed to avoid DNA contamination.
The purity and concentration of the RNA were determined via spec-
trophotometry (NanoDrop; Thermo Fisher Scientific, Waltham, MA,
USA) and optical density analysis at wavelengths of 260 and 280 nm.
The complementary DNA (cDNA) of Bcl-2 and Bax were synthesized
using a RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher Sci-
entific) in accordance with the manufacturer’s protocol.

3. Real-time quantitative polymerase chain reaction

Quantitative polymerase chain reaction was accomplished on a
StepOnePlus real-time polymerase chain reaction System (Applied
Biosystems, Foster City, CA, USA) with 1.5 uL of produced cDNA, 9.5 pL
of SYBR Green Master Mix (Applied Biosystems), 1.5 pL of each prim-
er, and 6.0 uL of DNase-/RNase-free water for the gene expression
profile. f-actin was used as the reference gene and Bcl-2 and Bax as
the target genes, with designed primers listed in Table 1. The reactions
consisted of an initial period of denaturation at 95°C for 12 minutes;
40 cycles of denaturation at 95°C for 12 seconds, annealing at 60°C
for 32 seconds, and extension at 72°C for 32 seconds; and a final peri-
od of extension at 72°C for 12 minutes. Relative gene expression was
calculated using the 272 quantitative method.

4, Data analysis

Statistical analysis of Bcl-2 and Bax gene expression in the formalin-
treated and L-carnitine—treated mice was conducted using the un-
paired t-test, and p <0.05 was considered to indicate statistical sig-
nificance. All analyses were performed using GraphPad Prism 6 soft-
ware (GraphPad Software, San Diego, CA, USA).

Table 1. Real-time reverse transcription-polymerase chain reaction
primers applied in the experiment

Gene Primers (5'—3’) Product size (bp) Tw (°C)

Bax F: TGGAGATGAACTGGACAGCA 201 60
R: GATCAGCTCGGGCACTTTAG

Bcl-2 F: CTGGCATCTTCTCCTTCCAG 202 60
R: ACATCTCTGCGAAGTCACGA

fS-actin - F: CGACGAGGCCCAGGCAAGAGAGG 180 60

R: TCAGGCAGCTCATGCTCTTCTCCAGG

bP, base pairs; Tu, melting temperature; F, forward; R, reverse.
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Figure 1. Relative expression of Bax in the formalin-treated group
compared to the control group.?p <0.01.
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Figure 2. Relative expression of Bc/-2 in the formalin-treated group
compared to the control group. ?p <0.001.

Results

1. Relative expression of Bcl-2 and Bax in the formalin-treated
group
As shown in Figures 1 and 2, the expression of Bax increased in the
formalin-treated group relative to the control, whereas the expres-
sion of Bcl-2 decreased. These results indicate that exposure to for-
malin led to the increased expression of pre-apoptotic genes and the
decreased expression of anti-apoptotic genes.

2. Relative expression of Bcl-2 and Bax in the formalin- and
L-carnitine-treated group

As shown in Figures 3 and 4, the expression of Bax decreased in the
formalin- and L-carnitine-treated group relative to the control, where-
as the expression of Bcl-2 increased. These results indicate that L-car-
nitine attenuated the negative effects of formalin, leading to the de-
creased expression of pre-apoptotic genes and the increased expres-
sion of anti-apoptotic genes.
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Figure 3. Relative expression of Bax in the group treated with forma-
lin and L-carnitine compared to the control group. ?p <0.01.
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Figure 4. Relative expression of Bcl-2 in the group treated with for-
malin and L-carnitine compared to the control group. ?p <0.001.

Discussion

Reports published in the last 2 decades have emphasized that vari-
ous chemicals can affect the structure and function of the genitouri-
nary system. Formalin is one such chemical. Formalin has a profound
adverse impact on sperm characteristics, chromatin stability, and apop-
tosis. Formalin intake leads to impaired testicular function, reduces the
efficiency of antioxidant enzymes, and exacerbates oxidative stress.
Formalin also causes increased DNA damage and augments the tran-
scription of Hsp70, p53, and genes involved in apoptosis, such as Bax
[28]. Research has shown that L-carnitine can counteract the negative
effects of formalin [29]. Previous studies have provided strong sup-
port for the importance of L-carnitine in improving sperm parame-
ters, reducing oxidative stress and apoptosis, and enhancing the effi-
ciency of adenosine triphosphate production [30,31]. Since the early
1990s, numerous studies have been conducted on the effect of L-car-
nitine on idiopathic infertility in men. Increased sperm motility has
been observed in some studies of patients treated with L-carnitine

157



B CERM

[32,33]. The highest concentration of carnitine in the human body is
in the epididymis, where the concentration is 2,000 times that found
in the blood. Several studies have shown lower carnitine levels in the
semen of infertile men than in the semen of fertile men [34,35]. In
2019, Micic et al. [36] revealed the beneficial impacts of carnitine de-
rivatives on progressive motility, vitality, and sperm DNA fragmenta-
tion.

Two genes known to participate in apoptosis are Bcl-2 and Bax. Ex-
perimental results have shown that the dysfunction of these genes
leads to defects in spermatogenesis and infertility in mice [37]. Accord-
ing to a review of the literature, the present study was the first to eval-
uate the impacts of formalin and L-carnitine on the expression of Bcl-
2 and Bax. The outcomes of this experiment showed that the expres-
sion of Bax in the formalin-treated mice was significantly increased
compared to the control group, while the expression of Bcl-2 in the
formalin-treated mice was significantly decreased compared to the
control mice. These results confirm that in the testis, formalin enhanc-
es the expression of apoptotic genes and accelerates the process of
apoptosis, eventually leading to impaired spermatogenesis and ste-
rility.

Bhatia [38] stated that formalin induces potent cytotoxicity due to
the increased activity of caspase-9 (an initiator of apoptosis), the in-
duction of oxidative stress, mitochondrial dysfunction, and ultimately
apoptosis itself. Hegazy et al. [39] observed the destruction of the
genetic content of germ cells in formalin-treated mice. Similar to the
results of the present experiment, Yang et al. [40] reported that in
mice administered formalin, apoptosis and testicular injury were ag-
gravated, Bax expression was increased, and Bcl-2 expression was de-
creased. Cell line studies have shown that Bcl-2 protein can prevent
the transfer of Bax from the cytosol to the mitochondria, thereby in-
hibiting apoptosis [41]. Although the lack of Bax seems to decrease
apoptosis in the testis and thus to improve spermatogenesis, male
Bax™~ mice exhibited defective spermatogenesis as well as infertility
[42]. These results indicate that the balance between the levels of ex-
pression of genes involved in apoptosis is essential for proper sper-
matogenesis.

Another finding of this study was an increase in Bcl-2 expression
and a decrease in Bax expression in mice administered both formalin
and L-carnitine. This result suggests that L-carnitine can minimize the
negative effects of formalin and reduce the expression of pro-apop-
totic genes, such as Bax. In a mouse study, Cankorkmaz et al. [43] sug-
gested that L-carnitine could facilitate the repair of testicular injury in
mice by reducing apoptosis. Altun et al. [44] investigated the anti-
apoptotic effect of L-carnitine on the testicular tissue of mice receiv-
ing gamma radiation and reported that L-carnitine inhibited the apop-
tosis of germ cells during radiation therapy. In addition, several human
studies have shown that L-carnitine has a positive effect on sperm
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parameters.

Overall, the present study showed that exposure to formalin increased
Bax expression, decreased Bcl-2 expression, and could lead to increased
apoptosis. L-carnitine can counteract the effects of formalin, and the
results revealed that L-carnitine augmented Bc/-2 expression and re-
duced Bax expression, indicating that it may inhibit apoptosis. Due to
the positive effects of L-carnitine, it can be used as a prophylactic treat-
ment for people who routinely come into direct contact with forma-
lin as an occupational hazard. Further research is needed to confirm
the results of this study and to use its findings in treatment.
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