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ABSTRACT

Introduction: The safety of anti-cancer agents on normal tissues has come under examination due to the increase in the usage
of these medications. Chlorambucil, which is anticancerous drug is associated with toxic side effects on testes. L-carnitine
might have a protective effect against a wide variety of testicular damage that might progress to male infertility.

Aim of the Work: To demonstrate the possible ameliorative action of L-carnitine on chlorambucil-induced testicular damage
on rats’ testes.

Materials and Methods: 40 adult male albino rats were assigned into four groups; Control group (I); L- carnitine group
(IT), where rats receiving daily oral dose of L-carnitine (500 mgkg); Chlorambucil group (III), where rats were received
chlorambucil orally by gastric tube at a dose of 0.2 mg kg day; and Combined group (IV), where rats were co-administered
L-carnitine and chlorambucil. After 21 days, all rats were sacrificed, and their testes were weighted, processed into paraffin
blocks, and prepared to be examined under light microscope.

Results: Chlorambucil strongly altered the testicular architecture which was evidenced by seminiferous epithelial vacuolization
and rarefaction, germ cell degeneration and the presence of multinucleated giant cells. Also, there was a high percentage of
damaged tubules, decreased germinal epithelial height, and absence of sperms in lumina. Histological examination of sections
from combined group showed a considerable amelioration of testicular damage and vacuolations reflected by a statistically
significant decline in damaged tubules count. Additionally, there was a significant increase in testicular weight and germinal
epithelial height when compared to the chlorambucil group.

Conclusion: L- carnitine can protect against chlorambucil-induced testicular insult in rats.
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INTRODUCTION peroxidation and eventual tissue damage on the cellsP!.
It was estimated that administering antioxidants in
addition to chlorambucil might provide some protection
against oxidative damage to the testes. Consequently,
supplementation with antioxidants may lessen the severity
of these hazardous side effects without affecting the
medication's anti-cancer properties!®.

The safety of anti-cancer agents on normal tissues has
come under examination due to the increase in the usage
of these medications. Numerous kinds of anticancer drugs
were recognized to cause tissue damage in biological
systems by producing high levels of oxidative stress!l. In
Western countries, chronic lymphocytic leukemia (C.L.L)
is considered the most prevalent variant of the disease. The natural amino acid, L-carnitine, can be now

The nitrogen mustard alkylating agent, chlorambucil, is described as a potential cytoprotective medication and
the most used form of treatment when it is necessary. 17 plays an important role in cellular energy generation™. It

Also, chloramb}lc:,il is used in [r3r]1anagement 9f Hodgkin's is essential for the mitochondria to produce ATP through
and non-Hodgkin’s lymphomas®. Many studies suggested fatty acid oxidation™?). L- carnitine was considered to have

that Chlorambucil toxicity might be elicited by free .. .. . .
radicals’ formation or by depletion of the body's supply of potent anti-oxidant, anti-inflammatory and anti-apoptotic
functions!!®11:12],

antioxidants™.

The aim of the current study was to demonstrate the
possible ameliorative action of L-carnitine on chlorambucil-
induced oxidative histological changes on adult rats’ testes.

Since the testis is a lipid-rich organ, therefore the
extensive exposure to pro-oxidants may exhaust its
antioxidant reserve, putting the risk of excessive lipid
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MATERIAL AND METHODS

Experimental animals

40 male adult albino rats (200-250 grams) were utilized
in the current work. Rats were bought from the Medical-
Ain-Shams-Research-Institute (MASRI). All animals were
living in the same environment and had unrestricted access
to water. The research plan was completed in concordance
with the guidelines of Research-Ethics-Committee (REC),
Faculty of Medicine, Ain-Shams University. Ethical
approval committee number FMASU MS 420/2022.
Ethical conduct in experimenting on laboratory animals
was carefully considered all through the study.

Drugs

1. Chlorambucil (Leukeran2 mg tablet) was
manufactured by Excella GmbH & CO.KG,
Feucht, Germany. The tablets were pulverized,
then dissolved in distilled water and the solution
was given to rats via gastric tube at a dose of 0.2
mg/kg/day!!>14,

2. L-carnitine 1000 mg tablets produced by MEPACO,
Sharkeya, Egypt. Tablets were pulverized and
dissolved in distilled water and the solution was
given to rats via gastric tubel'l.

Study design

Animals were divided into four equal groups [N=10];
Group I (Control group)receiving distilled water by
gastric gavage; Group II (L-carnitine group) having
500 mg/kg/day of L-carnitine administered; Group III
(chlorambucil group) receiving chlorambucil at a dose of
0.2 mg/kg/day; and Group IV (Combined group), where
rats were co-administered L-carnitine and chlorambucil.
The experimental period lasted for three consecutive
weeks. Then, all rats were anesthetized and sacrificed
in concordance with the protocol of REC, Faculty of
Medicine, Ain-Shams University.

histological studies

Both testes from each animal were carefully dissected
then weighed. One of both testes was fixed in Bouin’s
solution for 24 hours, processed to paraffin sections and
stained with Hematoxylin &Eosin (Hx &E). The other
testis was prepared for semithin sections, where 1 mm?
specimens were fixed in glutaraldehyde 2.5% at 4 © C
for 24H, then washed three times in phosphate buffer,
post fixed in 1% aqueous osmium-tetroxide for 2H. The
specimens were dehydrated using propylene oxide and
a graded ethanol series before being embedded in epoxy
resin. The embedding blocks were divided into semi-thin
(I m) pieces, analyzed, and photographed after being
stained with 1% toluidine-blue!®.

Morphometric study

The Image-J software (Image-J 1.52a, Maryland, USA)
was used to analyze images. The seminiferous epithelial
height and the percentage of damaged tubules were

assessed at low power field (X100) per cut section of the
testes for all groups of the study.

Statistical Analysis

Records of seminiferous heights and percentage of
damaged tubules were expressed as mean + standard
deviation. one-way analysis of variance was used to identify
any differences between studied groups. The findings were
esteemed statistically-significant and high-significant with
P <0.05 and 0.001, respectively.

RESULTS

Histological results

Group I (Control group): Examination of Hx
&E-stained testicular sections from both control and L-
carnitine groups looked similar and showed numerous
seminiferous tubules (ST) attained regular outline with
interstitial tissues in between (Figure 1). ST were enclosed
by a well-defined basement membrane (BM) and acquired
a whirly appeared lumen due to arrangement of sperms.
The germinal epithelium composed of spermatogenic
cells at various phases of spermatogenesis. These cells
involved spermatogonia, primary (lry) spermatocytes the
largest cell, rounded spermatids with acrosomal cap and
elongated spermatids (Figures 1,2). Semithin sections
showed the arrangement of spermatogenic cells with
basal layer of spermatogonia located very close to the
BM. The lry spermatocytes, appeared larger in size than
spermatogonia, constituted the next layer. The early or
rounded spermatids were arranged in two or three layers
that could be identified. Finally, mature, or late spermatids.
Pyramidal-shaped Sertoli cells were observed with their
large triangular nuclei laying on the basement membrane.
(Figure 3).

Group II (L-carnitine group): The examination of
hematoxylin and eosin-stained sections of rat testes of the
L-carnitine group (group II) showed normal organization
of the seminiferous tubules with interstitial tissues in
between. The tubules were lined by germinal epithelium
and sertoli cells. The lumens of the tubules showed whirly
arrangement of the sperms (Figure 4).

The germinal epithelial layer showed normal
arrangement of spermatogonia, primary spermatocytes,
and rounded spermatids (Figure 5).

Semithin sections showed normal appearance of
the spermatogonia, primary spermatocytes, rounded
spermatids and, Sertoli cells (Figure 6).

Group III (Chlorambucil group): Examination of
Hx&E-stained sections of chlorambucil group revealed
disruption of the ST architecture. Absence of sperms in
the tubular lumen, and wide spacing between tubules was
detected in most of the sections (Figure 7). Another sign
indicating tubular damage was the depletion of germinal
epithelial layers with sloughing of spermatogonia into
the lumen. Most of the tubules showed diffuse areas of
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vacuolations with eosinophilic residual bodies dispersed
throughout their lumina. Some cells appeared with dark
shrunken nuclei, while others showed multiple nucleated
giant cells (Figures 8,9). Semithin sections showed tubular
damaged with loss of general architecture. Whereas
Spermatogonia, primary spermatocytes, and spherical
spermatids had disappeared from the germinal epithelium.
There were desquamated cells observed near the lumen
(Figure 10).

Group IV (Combined group): Examination of Hx
&E-stained sections of the combined group (group IV)
revealed retaining of the normal architecture in most of
the ST, where they showed adequate thickness of germinal
epithelial layers which are surrounding by spindle shaped
telocytes. However, some tubules still demonstrated some
signs of damage such as vacuolations, detachment of BM,
and separation of the germinal layers (Figure 11). On higher
magnification, there was preserved germinal epithelial
architecture with intact primary spermatocytes and rounder
spermatids (Figure 12). Semithin sections showed intact
germinal epithelial cells layers such as spermatogonia,
primary spermatocytes, and rounded spermatids. On the
other hand, tubules revealed evidence of damage such as
vacuolation and detachment of BM (Figure 13).

Histo-morphometric results

Estimation of the rats’ testicular weight: Comparing
Chlorambucil group to control group, there was a highly
significant (P< 0.001) decline in the weight of rats' testes.
Co-administration of L- carnitine and chlorambucil
(Combined group) led to a highly statistically significant
(P< 0.001) rise in rats’ testicular weight in comparison
with group III (Chlorambucil Group) (Figure 14).

Estimation of the germinal epithelial height:
Assessment of the germinal epithelial height changes
in various groups when compared to the control group
assumed a highly statistically significant (P< 0.001)
decline in germinal epithelial height of ST in group III
(Chlorambucil group) and group IV (combined group).
However, animals in group IV (Combined group)
revealed a highly statistically significant (P< 0.001) rise
in germinal epithelial height in comparison with group III
(Chlorambucil Group) (Figure 15).

Estimation of the percentage of damaged ST to
normal ones: The percentage of damaged ST in rats of
group III (Chlorambucil Group) and group IV (Combined
group) displayed a highly statistically significant
(P< 0.001) when comparing it to the control group.
However, rats in group IV (Combined group) exhibited
a highly statistically significant (P< 0.001) decline in the
percentage of damaged tubules in comparison with group
I (Chlorambucil Group) (Figure 16).

Fig. 1: A photomicrograph of testicular section of control rat showing the
ST compactly packed together as rounded or oval shape having multiple
layers of germinal cells. The lumen of the tubules shows the presence of
sperms in a whirly appearance (*). Notice the presence of the interstitial
tissue between the tubule (black arrow). (H & E 100X)

Fig. 2: Higher magnification of a control rat testicular section showing
part of ST with several layers of germinal epithelium (black bracket),
Spermatogonia (black arrow) resting on basement membrane, primary
spermatocytes (P), rounded spermatids with its acrosomal cap (R) and
elongated sperms towards the lumen (black star). Notice elongated
triangle Sertoli cells (red arrow) and interstitial cells. (Hx &E 400)

Fig. 3: A photo-micrograph of a control rat testicular section showing ST
lined by germinal epithelium &Sertoli cells(S) with characteristic nucleus
and nucleolus. Various cells of germinal epithelium; Spermatogonia (Sg)
near the base of the tubule on the basement membrane, 1ry spermatocytes
(P), and rounded spermatids (Rs) with acrosomal cap (red arrow).
Notice the regular adherent basement membrane (black arrow) and the

intercellular bridges (*). (Toluidine blue 1000)
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Fig. 4: A photomicrograph of testicular section of
L-Carnitine treated group showing seminiferous tubules
packed together with germinal epithelial cells arranged in a
normal manner. Note the presence of the whirly distribution
of sperms in lumen (*). (H&E X100)

T TN A o e Nt

Fig. 5: A photomicrograph of testicular section of L-Carnitine treated
group showing the spermatogonia (1), Iry spermatocytes (2) and rounded
spermatids (3) and the Sertoli cell laying on the basement membrane (red
arrow). Notice the interstitial tissues (*). (H&E 400X)

Fig. 6: A photomicrograph of a semithin section of testicular section of
L-carnitine treated rat showing normal stages of the germinal epithelium:
spermatogonia (Sg), Sertoli cells(S), primary spermatocytes(P), and
rounded spermatids (Rs). Notice adherent basement membrane (black

arrow). (Toluidine blue 1000X)

Fig. 7: A photo-micrograph of testicular section of a chlorambucil-
treated group showing apparent decrease in tubular diameter (T). The
tubules are widely separated STs with interstitial tissue in between (*).
Some tubules are devoid of germinal epithelium and contain acidophilic
threads of Sertoli cell cytoplasm. Other tubules show vacuolated germinal

epithelium (black arrow) (Hx &E 100)

S :&-.

Fig. 8: A photo-micrograph of testicular section of chlorambucil-treated
group showing disruption of the normal epithelial architecture of the
tubule. Germ cells lie on thick irregular basement membrane and are
widely separated. Multiple vacuoles are seen in the germinal epithelium
(*). Primary spermatocytes are present in the tubular lumen (green arrow).
Notice the appearance of Multinucleated giant cell (red arrow), residual

bodies (black arrow) and interstitial cells (black star). (Hx &E 400)

L)

Fig. 9: A photo-micrograph of a testicular section of chlorambucil-treated
group showing a multinucleated giant cell within the damaged germinal

epithelium (black arrow). (Hx &E 400)
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Fig. 10: A photo-micrograph of a testicular section of chlorambucil-
treated group showing the ST lined by only Sertoli cells (S). Many
vacuoles are present at varying depth in the tubule (*). Notice absence
of germinal epithelium with desquamated cells near the lumen (black
arrow). (Toluidine blue 1000)

Fig. 11: A photo-micrograph of testicular section of the group IV showing
widely separated tubules. Some tubules appear to have normal structure
with sperms inside the lumen (). Other tubules showing separation in
the layers of germinal epithelium (*) in addition to vacuolations. Notice
the presence of network of spindle shaped cells surrounding both tubular
basement membrane and interstitial cells. (Hx &E 100)

Fig. 12: A photo-micrograph of testicular section of group IV showing
two adjacent ST, one revealed normal appearance (N) except for some
vacuolations (V) and relative fewer cells (*) within the epithelial germ

cell. (Hx &E 400)

Fig. 13: A photo-micrograph of testicular section of group IV
showing preserved germinal epithelial cells; spermatogonia (Sg), lry
spermatocytes(P), and rounded spermatids (Rs) with acrosomal cap (red
arrow). Notice focal detachment of BM (black arrow) and the vacuolation

of the germinal epithelium (*). (Toluidine blue 1000)
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DISCUSSION

Numerous antineoplastic medications are annually
formulated due to the high incidence of neoplastic
diseases. Most often, these medications could cause injury
to vital organs, but investigations on reproductive organs,
particularly the testes, have been relatively scarce. There
are few studies conducted on chemotherapy-induced
damage attributed to the disturbance of the testicular
antioxidant system™. Finding efficient ways to lessen the
adverse effects of chemotherapeutic agents has taken great
concern especially in young cancer patients to maintain
their fertility. In addition to freezing the gonadal tissues,
which is an effective method for preventing infertility after
chemotherapy, Antioxidants are also capable of protecting
cells and tissues from disorders resulted from release of
reactive oxygen containing elements and free radicalst'”.

The rationale of the present study was to study the
possible ameliorative action of L-carnitine against the
gonado-toxic effects of one of the medications used in
the treatment of leukemia, which is chlorambucil, and its
sequel on the histological architecture of adult male albino
rats’ testes.

Chlorambucil is a chemo-therapeutic agent used
in the treatment of CLL. It has the potential to cause
oxidative stress or deplete tissue antioxidant reserves™.
Testicular oxidative stress has a detrimental effect on male
fertility. Numerous research on anti-cancer drugs have
demonstrated that they can disrupt testicular function via
inducing oxidative stress!'®l. Kim et al., 2023 found that
reduced testicular weight, decreased sperm motility and
count, and unorganized morphology of the ST were all
signs of testicular damage, which might have been caused
by increased oxidative stress in the testis. According to
Marco di Antonio et al., 2014 Chlorambucil can be used as
anti-cancer medication by inhibiting DNA replication and
damaging the DNA in a cell. This DNA damage leads to
cell cycle arrest and cell apoptosis.

Our study declared that chlorambucil administration
led to severe histopathological and histo-morphometrical
damage in the testicular structure over the fixed
predetermined time of the study which was three weeks.
Pathological changes in the testicular architecture included
all components of ST.

In the contemporary work, we found a significant
decline in rats’ testicular weight in chlorambucil group in
comparison with the control group. This result was agreed
with the previous work of Adejuwon et al., 2015, who
explained that lack of germ cell maturation and ceased
spermatocytes throughout various phases of division led
to ST shrinkage, which in turn resulting in gonadal weight
reduction.

Intertubular spaces were seen widened than normal
in rats’ testes of chlorambucil group (Group III). This
indicated that the tubules might shrunk and decreased
in size. Kim el at., 2023 suggested that tubular atrophy
resulted from the downregulation of Sertoli cells' adhesion

proteins like cadherin, could accelerate the seminiferous
epithelial cells' sloughing!'’l.

Irregular and detached BM were found in the ST of
many treated rats with chlorambucil Group I112%2!1. Severe
functional impairment of the testis could be attributed to
altered BM structure®??. Sasso-Cerri & Cerri, 2008 also
explained that there is a close association between affection
of Sertoli cells and BM damage!®*.

In the ongoing study, there was marked depletion
in germinal epithelial layers of the spermatogenic cells
with remaining Sertoli cells only in many ST. This was
explained by Maran & Arudhas., 2009 who stated that the
depletion of the germinal epithelial cells were occurred by
the arrest in differentiation and proliferation of germ cells.
This finding is similar to the Sertoli-cells only syndrome,
only sertoli cells were found lining the ST with extremely
low or absent spermatogenesis®¥,

Monses et al., 2000 stated that the abnormality in the
Sertoli cells led to loss of spermatogenic cells, mostly due
to blood testicular barrier disruption. The damage of this
barrier also explained the degeneration of the primary
spermatocytes and the spermatids in this study®!.

In the concurrent work, desquamation of spermatogenic
cells in the lumen was observed, a finding was common
with the study of Shaaban et al., 202324, It was explained
by many authors that organized germ cells were preserved
in situ due to strong link between their plasmalemmas and
the cell membranes of Sertoli cells®’!. Hess & Nakai, 2000
mentioned that germ cells' early signs of degeneration
could cause disruption in their plasmalemmas resulting in
shedding of these cells into ST luminal®®!.

In the current study, vacuolations within the germinal
epithelium is due to destruction of cellular processes of
Sertoli cells and this is finding was repeated in many treated
groups. According to Justin D. and Katherine M. [2014]
vacuolations seen within and between Sertoli cells is an
early indicator of the damage of these cells™. Injury to the
Sertoli cells is commonly present with losing its function
instead of death and loss of the Sertoli cells themselves’l.
Cellular process of Sertoli cells destruction leads to
loss of nutrition of cells, loss of barrier, loss of junction
between apex of Sertoli cells and head of sperms, and
finally sloughing of cells inside the lumen®!!. Vacuolated
ST epithelium due to the affection of the spermatogenesis
process leading to germinal epithelium disorganization®?.

Other findings were detected in this study involve the
appearance of giant cells and eosinophilic hyaline materials
inside the tubules in rats’ section of group III [Chlorambucil
group]. Giant cells seemed to be a strong indicator of
testicular degeneration®. Testicular degeneration can be
manifested by non-specific cells stacked together forming
multinucleate giant cells. When the testicular damage is
occurring slowly, then the nearby germ cells may form
multinucleated giant cells. This finding mostly occurred
due to destruction of the cytoskeletal fibers supporting the
cytoplasmic bridges connecting these cells. These giant
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cells cannot be easily phagocytized by Sertoli cellsB*l.
Wang S, et al., 2020 & Yadav et al., 2022 assumed that
oxidative stress on testis can lead to apoptosis of germ cells
and then these apoptotic cells were replaced by eosinophilic
hyaline materials?®*3¢],

Turk et al, 2008 suggested that chemotherapy
accelerated intra-cellular ATP loss, causing sperm motility
to decline, and reduced viability of sperms?®”.. Additionally,
it was stated that the unusual production of ROS and
oxidant\antioxidant imbalance in the gonadal tissue might
be responsible for histological alterations produced by
chemotherapy®®,

On the other hand, all these pathological findings were
markedly ameliorated in the rats receiving L-carnitine
and chlorambucil together. According to Eid ef al.,2016,
L-carnitine could significantly reduce testicular injury
by reducing inflammation, oxidative stress, as well as
enhancement of testicular histological characteristics and
spermatogenesis!'¥,

In the present work, L- carnitine could ameliorate
gonadal weight decline induced by chlorambucil and
lead to substantial restoration of testicular function
through preserving intact ST morphology. In addition, the
percentage of damaged ST in rats’ testes of the combined
group was highly significant declined in comparison with
those of chlorambucil group. Hafezi et al., 2022 found
that L-carnitine led to restoration of testicular volume
and germinal epithelial height of ST!'”. Ramadan et al.,
2002 also affirmed that pre-treatment with L- carnitine
could transpose most of the histo-pathological alterations
induced by oxidative stress®. This came in correspondence
with Olayinka and Ore,2014 who added that antioxidant
supplementation prevented the degeneration of germ
cells™., Sagar, 2005. also claimed that the observed anti-
oxidant capabilities of L-carnitine might be implicated
in the scavenging of ROS produced by chlorambucil®™.
Famularo G. et al., 2004 proposed that l-carnitine promotes
ATP action, and this can be involved in DNA protection,
which by its role stimulates protein phosphorylation used
in the nucleic acid synthesis and processing*!l. it was
reported that l-carnitine activates the DNA repair enzyme
poly (ADP ribosyl) polymerase, a nuclear protein that is
linked with the occurrence of DNA repair mechanisms®3.,

Koohpeyma et al., 2022 confirmed the finding in this
study by stating that L- carnitine elevates serum level of
LH, FSH and testosterone resulting in a significant increase
of the weight of the testis, the length, the diameter, and the
height of the germinal epithelium. L-carnitine enhances
testosterone production, so it improves testicular function
and makes presenting testosterone more activet*?.

In this study, it is likely that L-carnitine provides
protection to the seminiferous tubules by acting mainly
on Sertoli cells improving their development and
maturation™, and by maintaining blood-testis barrier as
the Sertoli cells express OCTN?2 (organic cation transporter
2) and the carnitine/organic cation transporter 24, This

also can be proved by the presence of the telocytes which
play an important role in communication between ST and
establishing intact blood-testis barriert!.

CONCLUSION

In conclusion, L-carnitine can exert a considerable
ameliorative action against chlorambucil induced testicular
damage in rats. Because of its potential to eliminate ROS
and boost antioxidants, L-carnitine can be advantageous
as an adjunctive treatment with chlorambucil in cancer
patients.
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