PHYTON-ANNALES REI BOTANICAE
ISSN: 0079-2047
Volume 66 No. 1(2026)

https://phyton-annales.com

The Possible Ameliorating Role of L-Carnitine on Furan-Induced Testicular Damage in
Adult Albino Rats

Rasha A. Alshali!
'Department of Clinical Anatomy, Faculty of Medicine, King Abdulaziz University, Jeddah,

Saudi Arabia
Received : 10-01-2025 Accepted : 05-02-2026 Published :04-05-2026

Abstract

Introduction: Furan is a chemical found in some industrial products and naturally occurs in
heat-processed foods. This study investigated whether L-carnitine (LC) could mitigate
testicular tissue damage caused by oral furan administration in male albino rats.
Methodology: Forty adult male albino rats were divided into four groups: Group I (negative
control), Group II (L-carnitine-treated) received 350 mg/kg/day of LC orally, Group III (furan-
exposed) received furan at 16 mg/kg daily for 35 days, and Group IV (furan+LC) received both
LC and furan at the same doses as described. Biochemical, histopathological, and
histomorphometric analyses were performed on testicular tissue.

Results: Furan caused vacuolations, reduced the thickness of the germinal epithelium,
decreased the seminiferous tubule diameter. Degenerated and exfoliated spermatogenic cells
were observed alongside degenerative changes in Sertoli cells. There was a significant decrease
in serum testosterone and antioxidant markers, with a notable increase in the oxidant profile.
However, LC alleviated furan-induced testicular toxicity by improving total antioxidant
capacity (TCA) activities and reducing malondialdehyde (MDA) levels. It also increased the
lowered levels of luteinizing hormone (LH) and testosterone. Additionally, LC treatment
effectively alleviated the histopathological damage.

Conclusion: Pretreatment with L-Carnitine reduced the damaging impact of Furan on
spermatogenesis parameters in adult albino rats.
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1. Introduction

Nowadays, there is increasing public concern about reported high rates of human
infertility, which affects about 190 million people globally [1,2]. Multiple factors can cause
male infertility, but it is frequently attributed to unhealthy lifestyles, including nutrition. In
connection with this, exposure to environmental and occupational hazards is also thought to be
responsible for the increasing incidence of infertility [3].

Furan (C4H4O) is a colourless, highly volatile, aromatic heterocyclic organic chemical
with lipophilic and aromatic properties [4]. Furan is a chemical agent that is used in industry
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to produce organic compounds, herbicides, plastics, and pharmaceuticals. It is related to a
group of dioxins (polychlorinated dibenzo-furans) that are formed within the thermal
degradation of natural food products [5,6]. In a 2011 report, the European Food Safety
Authority (EFSA) detected a high level of furan in coffee brands, including roasted bean coffee
(3660 ng/g), unspecified coffee (2016 ng/g), roasted ground coffee (1936 ng/g), and instant
coffee (394 ng/g). Also, low levels of furan were detected in food products such as soft drinks
(0.8-1.2 ng/g), tea (1-1.7 ng/g), wine and liquors (1.3 ng/g), vegetable fats (1.5-1.7 ng/g), and
fruit juice (2.2-4.6 ng/g)[7]. Moreover, according to the EFSA, the primary sources of furan
exposure to children are milk-based products, fruit juices, and cereal-based products. At the
same time, adults are primarily exposed to furans via brewed coffee [4,7].

Therefore, furan should be used with caution due to potential harmful effects on adipose
tissue, liver, and kidneys [8—10]. Recent findings revealed that Furan exposure may cause male
reproductive dysfunction and testicular injury. Furan can decrease daily sperm production and
cause testicular atrophy [4,11,12].

A significant factor in the aetiology of male infertility is oxidative stress [13,14]. Oxidative
stress is a mediator of Furan reproductive toxicity, causing a decrease in semen quantity and
quality, which affects male infertility. Elevated levels of reactive oxygen species accelerate
oxidative stress, which is dangerous to the process of spermatogenesis [15].

New strategies have been developed to prevent the toxic effects of furan by using antioxidants
that protect against cell damage through neutralizing the harmful effects of free radicals [12].

The amino acid L-carnitine (LC), also referred to as B-hydroxy-y-trimethylamino-
butyric acid, is produced when methionine and lysine are combined. LC helps to stabilize cell
membranes by promoting the oxidation of long-chain fatty acids and participating in the
metabolism of branched-chain amino acids. 14 Humans get it primarily from exogenous
sources found in animal diets, with smaller amounts coming from the brain, kidney, and liver
for methionine or lysinel5. Through its ability to facilitate the transport of long-chain fatty
acids into mitochondria, it makes a significant contribution to cellular energy metabolism.
Research has demonstrated that it acts as an antioxidant by scavenging reactive oxygen species
(ROS). It might also stabilize damaged cell membranes and stop mitochondrial oxidative stress
caused by apoptosis and mitochondrial damage in various cell types.

L-carnitine (LC) is found in the epididymis and sperm, with a concentration
approximately 2000 times higher than in plasma. It is essential in lipid metabolism that
facilitates the PB-oxidation of long-chain fatty acids in mitochondria, which is necessary for
energy production [16]. It acts as a substantial non-enzymatic antioxidant, protecting the cell’s
mitochondrial membrane and DNA integrity against free oxygen radicals [17]. Several studies
have been performed to evaluate the effect of carnitine on infertile men, indicating the
improvement of sperm fertility, count, and motility, so it is effective in improving fertility
[18,19].

Therefore, the objective of the present study was to investigate the possible ameliorating role
of L-carnitine (LC) on the testicular tissue damage induced by orally administered furan on the
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testes in male albino rats for 35 days. In this respect, biochemical, histopathological, and
histomorphometric examinations were performed.

2. Materials &methods

2.1. Experimental grouping

Forty male albino rats (10-12 weeks old), weighing around 250g were used in this study.

Animals were housed in clean, stainless-steel cages under controlled conditions for two weeks

prior to use, during which they adjusted to a 12-hour light/dark cycle, a relative humidity of

44-50%, and a temperature of 25+ 2°C. The rats were acclimatised for seven days under

natural daily photoperiod; fed and provided clean water ad [libitum. Rats were divided

randomly into four experimental groups. Each group consisted of 10 rats.

e Group I (negative control group): rats received saline and maize oil simultaneously at
the same dose in Groups II and III for 35 days.

¢ Group II (L-carnitine-treated group): rats received LC at a dose of 350 mg/kg/day orally
for 35 days. It was administered to the rats in Groups Il and IV at this dosage as
recommended by Ghanbarzadeh et al. [20]. Acetyl L-carnitine was obtained from Sigma-
Aldrich Co., St. Louis, USA.

¢ Group III (Furan-exposed group): rats received oral administration of Furan at a dose of
16 mg/kg/day for 35 days as recommended by Alam et al. [21]. Furan was diluted with
maize oil and subsequently stored in brown glass vials at 4 °C for exposures. New solutions
were developed every week as needed. Furan (C4H40,>99% purity, molecular weight
68.07, CAS number 110-00-9) was acquired from Sigma-Aldrich Co., St. Louis, USA.

¢ Group IV (Furan + L-carnitine-treated group): rats received LC and were concurrently
exposed to Furan at the previously described dose regimen.

Lastly, 24 hours after the last dose of both drugs, all animals were anesthetized by

intraperitoneal injection of sodium pentobarbital at a dose of 40 mg/kg [22]. Euthanasia was

performed by decapitation.

2.2. Blood collection for Steroid hormone analysis

For steroid hormone analysis, blood samples were collected from the retro-orbital venous
plexus of all rats and allowed to clot. Centrifugation of the samples at 1000 x g for 15 minutes
was performed, and the sera were separated and stored at -20°C. Using commercial rat ELISA
kits (MBS282195 and MBS2018978, respectively) and following the manufacturer’s
instructions (My BioSource), the concentrations of serum testosterone and luteinizing hormone
(LH) were measured.

2.3. Biochemical analysis

Rats were sacrificed, and both testes from each animal were carefully dissected. The left testes
were homogenized for analysis and assessment of lipid peroxidation levels and total
antioxidant capacity. Testicular samples were treated with sodium phosphate solution, and the
tissues were maintained at —80°C. Testis tissue samples were homogenised using a glass pestle
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(glass homogenizer). The homogenate was centrifuged at 10,000 x g for 15 min at 4°C, and the
supernatant was collected and stored at -80°C for further use for the determination of
malondialdehyde (MDA) and total antioxidant levels. The MDA level was assessed utilizing
the test described by Ohkawa et al.[23] and is expressed as nmol MDA/mg tissue. The total
antioxidant capacity (TAC) of testicular tissue was measured using the ferric reducing
antioxidant power (FRAP) assay method [24] and is expressed as Units per Gram of tissue.

2.4. Histological examination

The right testes were obtained and immediately fixed in Bouin's fixative, then manipulated
through gradual dehydration, followed by clearing in xylol solution and embedding in paraffin.
Sections were obtained at a thickness of 56 pm using a microtome. Testicular sections were
processed for routine histological examination by staining using hematoxylin and eosin (H&E)
stain and for the demonstration of collagen fibers using Masson Trichrome stain [25]. A light
microscope (Olympus, Japan) with a built-in camera was used to examine and photograph all
slides.

2.5. Morphometric analysis

Using Image] software (National Institute of Health, Bethesda, Maryland, USA), ten different
non-overlapping randomly selected fields from each slide of each group were quantified for
the mean diameter (mm) of the seminiferous tubules was measured in H&E-stained sections
(% 400), and the mean thickness of germinal epithelium (um) in H&E-stained sections (x 400)
[26], and the mean area percentage of collagen fibers in Masson’s trichrome-stained sections
(x 400) [27].

2.6. Statistical analysis

The means and standard deviations (SD) were used to express all the data. One-way analysis
of variance (ANOVA) followed by Tukey's multiple comparisons test was performed using
GraphPad Prism version 10.6.0 for Windows at a P-value less than 0.05 (the level of
significance).
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3. Results

3.1. Biochemical findings

Mean serum testosterone and serum LH from group III (0.8450+ 0.1153, 16.87+ 3.596,
respectively) demonstrated a significant drop (P<0.0001) regarding both groups I (1.803 £
0.1109, 35.59 £ 1.513, respectively) and group II (1.793+ 0.2657, 35.71 £ 1.523, respectively).
However, group IV (1.510+0.3004, 32.56+2.586, respectively) exhibited a significant rise with
respect to group III (P<0.0001), yet it was non-significantly different from the control group
(P=10.0523, P=0.0888, respectively) (Figure 1 A&B).

Additionally, group III expressed a significant increase (P<0.0001) in mean tissue MDA
(2.441+0.3951) that was associated with a significant decrease (P<0.0001) in mean tissue TAC
(0.8990+ 0.07608) about both groups I (0.6760+ 0.06275, 1.754+ 0.05481, respectively) and
group II (0.6820+ 0.05329, 1.850+ 0.07703, respectively). However, group IV demonstrated a
significant decrease (P<0.0001) in mean tissue MDA (0.8980+ 0.03393) that coupled with a
significant increase (P<0.0001) in mean tissue TAC (1.558+ 0.05203) with respect to group III.
However, both parameters were still significantly different from those of the control group
(P<0.0001, respectively) (Figure 2A&B).
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Figure 1: Effects of L-carnitine on the (A) serum level of Testosterone hormone and (B) serum
level of luteinizing hormone (LH). Graphs are presented based on Mean + standard deviation
(SD) values. **** significant at P<0.0001, and ns means non-significant.
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Figure 2: Effects of L-carnitine on the (A) malondialdehyde (MDA) and (B) total antioxidant
capacity (TAC). Graphs are presented based on Mean =+ standard deviation (SD) values.
* Significant at (P<0.05), **** Significant at P<0.0001, and ns means non-significant.

3.2. Histological and morphometric results:

3.2.1. Hematoxylin and eosin-stained sections:

The negative control group (Group I) exhibited a regular histological pattern of the testis,
characterized by a tunica albuginea surrounding it. Tunica albuginea is formed of connective
tissue fibers and fibroblasts. The testicular tissue revealed seminiferous tubules separated by
interstitial tissue, which contains blood vessels in addition to Leydig cells. The sections showed
regular seminiferous tubules surrounded by a connective tissue layer called the basal lamina,
which consisted mainly of flat myoid cells. These tubules were lined by Sertoli cells and
germinal epithelium consisting of: spermatogonia, primary spermatocytes, rounded or
elongated spermatids, and spermatozoa. The spermatogonia were observed resting on the basal
lamina. The primary spermatocytes exhibited large, rounded nuclei, while the spermatids were
located near the tubular lumen, where they were observed to have formed entirely sperms.
Sertoli cells were found close to the basal lamina, having oval pale nuclei (Figure 3 A-C).
When testicular tissues from the L-carnitine-treated group (Group II) were
histomorphologically evaluated, they were found to be similar to those of Group I (Figure 4 A-
O).

Testes of all animals treated with 16 mg/kg b.w./day of Furan (Furan-exposed group III)
showed marked distortion of the seminiferous tubules with thick basement membrane and
thickening of tunica albuginea with congested subcapsular blood vessels. Several seminiferous
tubules exhibited shrunken features, characterized by smaller diameters and obliterated lumina.
The germinal epithelium presented marked disorganization. Many vacuoles appeared among
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the spermatogenic cells, and the intercellular space widened. A depletion of the germinal cells
was discerned, mainly at the spermatid and spermatocyte stages of spermatogenesis. The
majority of the spermatogenic cells in some tubules became necrotic except for a few normal
germ cells lining the seminiferous tubules. Notice that Multinucleated giant cells could be seen
within the seminiferous tubule. Some Sertoli cells suffered degeneration. Sertoli cells revealed
with cytoplasmic vacuolation and pyknotic nuclei. Likewise, the number of germ cells in some
tubules was drastically reduced, and the spermatozoa, as well as spermatids, had partially
disappeared. Blood vessels in the interstitium appeared congested with hemorrhage in the
widened interstitial spaces, and homogenous acidophilic material. Interstitial cells of Leydig
appeared with cytoplasmic vacuoles and dark nuclei (Figure 5 A-D).

The Furan+ L-carnitine -treated rats (Group IV) showed no detectable structural
abnormalities and an apparently normal tunica albuginea. The seminiferous tubules were
apparently resuming their normal architecture, and most tubules contained spermatozoa with
normal morphological appearance. The interstitial tissue formed by Leydig cells and blood
capillaries was normal (Figure 6 A-C).

Figure 3: photomicrographs for testicular sections from negative control rats (group I),
revealing a normal histological pattern of the testis with thin tunica albuginea (T) around it.
Seminiferous tubules (St) are compactly packed together in a rounded or oval shape, having
multiple layers of germinal epithelium. Regular seminiferous tubules (St) are surrounded by a
connective tissue layer called basal lamina (dot arrow) that consists mainly of flat myoid cells
(blue arrow). These tubules are lined by Sertoli cells (arrowhead) and germinal epithelium
consisting of: spermatogonia (yellow arrow), primary spermatocytes (P), and rounded (R) or
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elongated (E) spermatids. The lumen of the tubules shows the presence of sperm in a whirly
appearance (S). Notice the presence of the interstitial tissue (I) between the tubules with Leydig
(L) cells (green arrow) (H&E stain Ax 5, Bx10, Cx20).

Figure 4: photomicrographs for testicular sections from the L-carnitine-treated group
(Group II), revealing a normal histological pattern of the testis with thin tunica albuginea (T)
around it. Parts of adjacent seminiferous tubules (St) are separated by a narrow interstitium (I).
Each tubule is lined by Sertoli cells (arrowhead), spermatogonia (yellow arrow), primary
spermatocytes (P), and rounded (R) with elongated (E) spermatids. Multiple spermatozoa (S)
are seen filling the lumen of seminiferous tubules (St). Peritubular myoid cells (blue arrow)
and basal lamina (dot arrow) are also noticed. Notice the presence of the thin interstitial tissue
(I) between the tubules with Leydig (L) cells (green arrow) (H&E stain Ax 5, Bx10, Cx20).
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Figure 5: photomicrographs for testicular sections from Furan-exposed rats (group III),
revealing thickening of tunica albuginea (T) and most of the seminiferous tubules (St) appear
with irregular thickened basement membrane (dot arrow) and widened interstitial tissue (I).
Some of the seminiferous tubules (St) are completely deteriorated and contain remnants of
damaged spermatogenic cells (n). Some cells appear with dark, shrunken nuclei (black arrow).
Sertoli cells (arrowhead) reveal cytoplasmic vacuolation and pyknotic nuclei. Notice large
multinucleated giant cells are seen (double crossed arrow). Wide interstitial spaces (I) with
darkly stained Leydig cell (L) nuclei (green arrow) and congested blood vessels (Bv) with and
homogenous acidophilic material (*). Interstitial cells of Leydig (L) appear with cytoplasmic
vacuoles and dark nuclei (green arrow). Many vacuoles (V) appear among the spermatogenic
cells, and the intercellular space widens (bifid arrow) (H&E stain Ax 5, Bx10, C&Dx20).
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Figure 6: photomicrographs for testicular sections from Furan+ L-carnitine-treated group
(group IV), revealing a normal histological pattern of the testis with thin tunica albuginea (T)
around it, and most of the seminiferous tubules (St) appear with regular intact basal lamina (dot
arrow). Most of the seminiferous tubules (St) appear normal with mostly intact germinal
epithelium. Each tubule is lined by Sertoli cells (arrowhead), spermatogonia (yellow arrow),
primary spermatocytes (P), and rounded (R) with elongated (E) spermatids. Abundant sperm
are detected in the lumina (S). Few vacuoles (V) appear among the spermatogenic cells. Notice
little interstitium (I) in between the tubules with some eosinophilic hyaline material (*) and
apparently normal (green arrow) Leydig cells (L). Some of the seminiferous tubules (St)
contain remnants of damaged spermatogenic cells (n) (H&E stain Ax 5, Bx10, Cx20).

3.2.2. Evaluation of the Seminiferous Tubules Diameter and the Thickness of Germinal
Epithelium

The mean seminiferous tubular diameters (Figure 7A) were 1.169 £ 0.1139 mm in the negative
control group (Group I); 1.089 + 0.03834 mm in the LC-treated group (Group II); 0.6024 +
0.07768 mm in the Furan-exposed group (Group III); and 1.012 + 0.1833 mm in the FU+ LC-
treated group (Group IV).

The mean values of germinal epithelium thicknesses (Figure 7B) were as follows: 157.0+ 7.976
um in the negative control group (Group I); 160.2+ 6.397 um in the LC-treated group (Group
IT); 55.28+ 7.904 um in the Furan-exposed group (Group III); 153.0+ 4.341 pm in the FU+ LC-
treated group (Group IV).

While no significant differences were observed between Groups I and I (P = 0.5244) regarding
tubular diameter, the tubular diameters in Group III were significantly lower compared with
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Group I (P<0.0001), Group II (P<0.0001), and Group IV (P<0.0001). Tubular diameters in
Group IV were greater compared with Group III (P<0.0001) and lower compared with Group
I (P =0.0547) and Group II (P =0.5623).

Additionally, there were no significant differences between Group I and Group II in germinal
epithelium thicknesses (P = 0.7236). The germinal epithelium thickness in Group III was
significantly lower than in Group I (P<0.0001), Group II (P<0.0001), and Group IV
(P<0.0001). The germinal epithelium thickness in Group IV was greater than in Group III
(P<0.0001) and lower than in Group I (P =0.5590) and Group II (P =0.1029).
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Figure 7: Effects of L-carnitine on the (A) mean seminiferous tubular diameters and (B) the
mean germinal epithelium thicknesses. Graphs are presented based on Mean =+ standard
deviation (SD) values. **** Significant at P<0.0001, and ns means non-significant.

3.2.3. Masson’s trichrome-stained sections:

Masson’s trichrome-stained testicular sections from both groups I and II demonstrated a
minimal amount of bluish-green-stained collagen fibers in the basal lamina of the seminiferous
tubules and around the blood vessels (Figure 8 A&B). Group III sections showed an excessive
accumulation of collagen fibers in the interstitium, basal lamina, and around the blood vessels
(Figure 8 C&D). Meanwhile, group IV sections depicted a moderate accumulation of collagen
fibers in the interstitium, basal lamina of some tubules, and around the blood vessels (Figure 8
E&F).

Morphometric analysis of the mean area percentage of collagen fiber content in group III
demonstrated a significant increase (P<0.0001) with respect to both groups I and II, while
group IV exhibited a substantial reduction in relation to group III (P<0.0001) but was not
significantly different from the control group (P = 0.0971) (Figure 8 G).

= R PHY’TON

% ANNALES RETBOTANICAE ap e


https://phyton-annales.com/

PHYTON-ANNALES REI BOTANICAE

ISSN

0079-2047

Volume 66 No. 1(2026)

//phyton-annales.com

https

ns

ns

* % Xk %k

* % %k Xk % %k %k Xk

ns

s1aqyy uabe|joo jo
abejuasiad eay

Group Il Group IV

Group Il

Group |

Groups

g
Ay

N

ANNALES RETBOTANIC

N

W PHYTO

A

LIL


https://phyton-annales.com/

PHYTON-ANNALES REI BOTANICAE
ISSN: 0079-2047
Volume 66 No. 1(2026)

https://phyton-annales.com

Figure 8: Photomicrographs for Masson’s trichrome-stained testicular sections: (A) Group I
and (B) Group II showing a minimal amount of bluish-green-stained collagen fibers in the basal
lamina (1) of the seminiferous tubules and around the blood vessels (v). (C&D) Group III
sections show an excessive accumulation of collagen fibers in the interstitium (I), basal lamina
(1), and around the blood vessels (V). (E&F) Group IV sections depict a moderate
accumulation of collagen fibers in the interstitium (I), basal lamina (1) of some tubules, and
around the blood vessels (V). (G) Effects of L-carnitine on the mean area percentage of
collagen fibers. Graphs are presented based on Mean + standard deviation (SD) values.

*Hx% Significant at P<0.0001, and ns means non-significant.
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4. Discussion

Male infertility is a complex and multifactorial condition impacting many individuals, caused
by various factors such as oxidative stress disruptions and deficiencies in essential trace
elements [28]. Current evidence connects oxidative stress (OS) to male infertility, decreased
sperm motility, sperm DNA damage, and a higher risk of recurrent abortions and genetic
diseases [29]. Furthermore, environmental pollutants and heat-related food contaminants, such
as furan, have been shown to cause oxidative stress in the testes, highlighting how external
factors negatively impact male reproductive health. [15].

The toxic properties of furan, which can be ingested through diet and air, result in its
accumulation in mammalian fat tissues, where it can persist for several years. During stress or
fasting, this stored furan is released into the bloodstream. Due to its low polarity, furan readily
crosses biological membranes and interacts with the body's natural antioxidants, thereby
disrupting their function and promoting the formation of free radicals [30]. Galimova et al.
found that infertile males had higher levels of furans in their ejaculate compared to controls,
indicating a potential association between furan exposure and reproductive health [31].

Some studies have reported using antioxidants and antioxidant-rich foods to limit oxidative
damage [4]. Research has extensively examined the antioxidant properties of L-Carnitine and
its role in energy metabolism, particularly regarding its potential therapeutic uses. Several
studies have investigated its advantages in treating male infertility. Treatment with L-Carnitine
has been linked to improvements in sperm motility and viability[32—-35]. Male reproductive
tissues, such as the epididymis and testis, exhibit higher levels of L-carnitine than plasma,
highlighting its role in sperm maturation and motility. Free carnitine is transported through
passive diffusion across the sperm plasma membrane and accumulates in the epididymis,
especially in the caudal region. Ultimately, L-Carnitine is incorporated into spermatozoa,
where it is acetylated during maturation [36]. Therefore, this study investigated the use of L-
carnitine, which has potential antioxidant properties, to reduce furan-induced damage to rat
testes.

Testosterone synthesis is essential for maintaining the structure and function of accessory sex
organs. When testosterone is withdrawn, it leads to the premature detachment of spermatids
from Sertoli cells, as this hormone is vital for the attachment of germ cells to Sertoli cells. This
could explain our findings in the current study, where rats in Group III (Furan-exposed) showed
lower testosterone levels, vacuolation in the germinal epithelium layers, reduced sperm in the
lumen, and degenerated Leydig cells. These results align with El-Hamied et al., who reported
that most pathological changes following Furan supplementation are linked to severe
coagulative necrosis, congestion, disorganization, and degeneration of germ cells, leading to
the leakage of cell contents. Furthermore, Furan’s composition affects germinal cell plasma
membrane proteins, increasing cell permeability and leading to enzyme leakage. These effects
may contribute to the observed lower testosterone levels, which likely resulted in decreased
sperm count and quality [12]. The hypothalamic-pituitary-testicular system is tightly regulated,
and male reproductive functions depend on maintaining gonadotropin-releasing hormone
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(GnRH) levels, including LH. LH, a glycoprotein, stimulates Leydig cells in the testes to
produce testosterone and regulate spermatogenesis. A decrease in LH levels negatively impacts
spermatogenesis and testicular enzyme activity [40]. In our study, treating Furan-exposed rats
with L-carnitine significantly increased serum levels of LH and testosterone. Similar results
were reported in previous studies involving L-carnitine [41,42]. Moreover, El-Damarawi and
Salama's infertility survey in obese men found that L-carnitine raises serum levels of LH and
testosterone [43].

Moreover, Al-Daraji and Tahir reported that L-carnitine can increase serum levels of FSH and
LH, which subsequently improve spermatogenesis and testosterone levels [44]. As an
antioxidant, L-carnitine can inhibit free radicals and increase the expression of the antioxidant
enzymes, leading to reduced oxidative stress [45]. Oxidative stress can decrease FSH, LH, and
testosterone levels [42]. Additionally, L-carnitine can increase the release of luteinizing
hormone-releasing hormone, which in turn activates the release of LH, leading to the release
of testosterone [46].

Many studies have suggested that oxidative stress, a condition characterized by an imbalance
between ROS production and antioxidant defense systems, is a new emerging factor in
unexplained male infertility [14, 47, 48]. An excessive ROS production represents a significant
cause of sperm injury. Indeed, due to the large amount of membrane unsaturated fatty acids
and the lack of cytoplasmic antioxidant enzymes, spermatozoa are highly susceptible to
oxidation, with consequent detrimental effects on sperm quality/functioning [49,50].

The administration of furan significantly reduced antioxidant enzyme activity in furan-treated
rats, which primarily includes total antioxidant capacity (TAC) [51,52]. In the current study,
MDA is an indicator of lipid peroxidation (LP). LP, as a result, increases the permeability of
the membrane. The MDA level in the testes was considerably elevated following exposure to
furan, accompanied by a concomitant reduction in testicular TAC level. These results align
with prior studies indicating that exposure to furan elevated cellular levels of reactive oxygen
species and lipid peroxidation [53—55]. Lipid peroxidation, which is a process that occurs
because of a chain reaction between unsaturated fatty acids in cell membrane lipids and ROS,
causes functional disorders by disrupting the cell membrane structure under stress conditions
[56]. An in vivo investigation with albino rats found that exposure to furan substantially
increased the levels of ROS and MDA [57]. According to a study on male rats, ROS activity
increased significantly with increasing furan concentration [51].

However, the co-administration of L-carnitine upsurged antioxidant enzyme activity.
Supplementation of L-carnitine in the Furan-treated group potentially alleviated the harmful
impacts of furan via decreasing oxidative stress in the testicles. The present research has shown
that L-carnitine considerably increased TAC activities, while lowering MDA, which may be
attributed to its antioxidant properties. Our results align with those of Deliktas et al. [58] and
Mateus et al. [36].

In vivo studies have demonstrated that L-Carnitine can reduce the concentration of MDA, a
marker of lipid peroxidation, ensuring efficient fatty acid oxidation and preventing the

295 . ,,!f‘ ‘PHYTON w

% ANNALES RET BOTANICAF d


https://phyton-annales.com/

PHYTON-ANNALES REI BOTANICAE
ISSN: 0079-2047
Volume 66 No. 1(2026)

https://phyton-annales.com

accumulation of damaged lipids [59,60]. Additionally, L-carnitine is also involved in
maintaining the cellular redox balance. It has been shown to enhance the activity of other
antioxidants, such as glutathione, which plays a crucial role in cellular defense against
oxidative stress, and promote the expression of enzymes with antioxidant properties when the
testis is exposed to toxicants that induce oxidative stress [61]. On the other hand, L-Carnitine
has been shown to have positive effects on improving sperm quality, motility, count, and
morphology [62]. Additionally, it plays a role in protecting spermatozoa from DNA damage
and preserving acrosome integrity, which is essential for successful fertilization [59]. These
combined effects contribute to an overall increase in fertility rates [35,63]. By enhancing the
antioxidant defense system, L-Carnitine improves the body's ability to combat oxidative stress-
induced damage, which is known to impair sperm function and overall reproductive success.
Its protective actions on spermatozoa can lead to improvements in key parameters related to
male fertility, ultimately increasing the chances of successful conception.

Seminiferous tubules are responsible for about 80% of the total testicular volume. In the cross-
section, the lumen of the seminiferous tubule is lined by Sertoli cells. It contains spermatozoa
in various stages of development, from spermatogonia near the base of tubules to progressively
mature forms (spermatocytes, spermatids, and spermatozoa) arranged towards the center of the
lumen [64]. The most common pathological feature observed in relation to testicular toxicity
is that the germinal epithelium is loosening [65,66]. Therefore, quantitative assessments of
germinal epithelium thickness or seminiferous tubule diameter have been performed in various
studies [64, 67, 68]. The results of the current study indicated that furan induced
histopathological changes in the testes of the rats. These changes included a significant
reduction in tubular diameter and germinal epithelium thickness, reflecting a decline in
spermatogenic activity. In addition, seminiferous tubules showed maturation arrest, a reduction
to an absence in the luminal sperm reserve, an exfoliation of the normal germinal epithelium
in the lumen of seminiferous tubules, a formation of multinucleated giant cells, hypertrophied
spermatocytes, hyalinization of luminal contents, spermatocytes with pyknotic nuclei, and
vacuolations in Sertoli cells and interstitial connective tissue. Similar alterations in the rat testis
were previously reported by El-Akabawy and El-Sherif [55] and Abd El-Hakim et al. [54].
The results of the current study confirmed that furan supplementation led to marked
histological distortion of the seminiferous tubules and degeneration of Leydig cells. The
germinal epithelium presented marked disorganization and depletion of the germinal cells. The
majority of the spermatogenic cells in some tubules became necrotic. Some of the seminiferous
tubules were completely deteriorated and contained remnants of damaged spermatogenic cells.
Additionally, Sertoli cells exhibited degenerative changes. Several explanations can underpin
the observed histopathological changes after furan treatment. First, the increased oxidative
stress caused by furan may be responsible for these alterations [51]. Second, given that
spermatogenesis is androgen-dependent, testosterone deprivation, resulting from Leydig cell
apoptosis, may affect spermatogenic morphological parameters, such as tubular diameter and
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germinal epithelium thickness [69]. Third, furan and/or its active toxic metabolites may have a

direct toxic effect on germ cells [4,8,70] [55].
In the current study, multinucleated giant cells, a specific form of degenerating germ cells,
were observed in the seminiferous tubules. These giant cells were suggested to be one of the
evident features of testicular cell degeneration and atrophy. It resulted from the failure of
spermatid separation due to damage in the intercellular bridges and impaired cytokinesis, or
it could be a result of increased phagocytosis activity in apoptotic spermatogenic cells [54,55].
It was noted that sperm and spermatids were rarely observed. This might be explained by the
ROS production, which is known to be cytotoxic and often causes tissue injury [11]. Wide
interstitial spaces were observed in our study, and this finding was in line with Anuar et al.,
who accounted that the excess interstitial spaces could also be explained by the presence of
acidophilic homogenous material in the interstitium. This material might be formed because
of excess lymphatic exudate oozing from degenerated lymphatic vessels, as well as an
increase in vascular permeability that may result from the accumulation of ROS and free
radicals [71].
However, L-carnitine supplementation considerably alleviated the histopathological
impairments instigated by furan. These results concur with other earlier studies [59,61,72,73].
These improvements may be attributed to the androgenic as well as anti-apoptotic and
antioxidant nature of L-carnitine [74,75].

5. Conclusion
The current study's findings suggest that administering L-Carnitine alongside furan
exposure might help rat testes recover from damage caused by furan. The combination of
L-Carnitine and furan effectively reversed the testicular toxicity indicators induced by
furan. The protective mechanism is likely related to reducing oxidative stress and lipid
peroxidation. Additional research is needed to gain a clearer understanding of these
mechanisms.
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