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ABSTRACT

Combination Antiretroviral Therapy (CART) has been shown in previous studies to induce histopathological
changes in the testes. An essential function of the c-kit signalling system is to control cell survival, proliferation,
differentiation, and death. Consequently, certain male infertility may be explained by deregulating the SCF/c-kit
system by attenuating or overactivating its signaling strength. This study examined the effects of antiretroviral
drugs and a bioactive flavonoid, Naringenin on testicular ultrastructure, function and the SCF/c-kit ligand system.
Six groups of five Sprague Dawley rats were assigned into CART (H), distilled water (DW), naringenin 40 mg/kg
(N40), naringenin 80 mg/kg (N80), cCART+naringenin 40 mg/kg (HN40), and cART+naringenin 80 mg/kg (HN80).
Electron microscopy was employed to study testicular ultrastructural changes. The expressions of intratesticular
SCF and c-kit MRNA were evaluated using quantitative PCR. The apoptotic assay and levels of intratesticular
antioxidant enzymes were studied using ELISA. Using CART resulted in nuclear membrane breakdown, anomalies
in the ultrastructural appearance of the germinal epithelium, and distortion of the progressive cellular growth.
These changes were reduced with the co-administration of Naringenin. Co-administration of Naringenin limited
the identified dysfunction of Sertoli cells as a sign of testicular toxicity from cART and this study suggests that as
an adjuvant therapy, naringenin might help prevent testicular toxicity associated with long-term use of CART.
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INTRODUCTION phases of sperm cell maturation are affected by SCF
signaling via the c-Kit receptor, the expression, and
function of which are crucial to successful
reproduction “. Previous studies demonstrated that
stimulation of the c-kit receptor by its ligand is
essential for maintaining differentiated type A
spermatogonia in the germinal epithelium of the testes
5, In addition, abnormal expressions of SCF and c-kit
have been linked to a distorted antioxidant balance

and ultrastructural changes in the testes ©.

Highly Active Antiretroviral Therapy (HAART) in
the form of Combination Antiretroviral Therapy
(cART)is recommended for persons with HIV to
reduce morbidity and prevent transmission of the virus
to others. Unfortunately, cCART often damages the
testes and impair sperm  production 2,
Spermatogenesis is an event that is controlled by
several regulatory factors, including the interaction of
the c-kit protein and the kit ligand-stem cell factor

(SCF) 3. The c-kit gene codes for a transmembrane
tyrosine kinase receptor for the SCF protein. Germ
cell proliferation, migration, and survival during the

The two processes of steroidogenesis and sperm
generation are straddled by the testis.
Spermatogenesis is heavily reliant on oxygen, but the
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testes are also extremely susceptible to the harmful
effects of reactive oxygen metabolites .
Consequently, the testis produces a potent antioxidant
system that includes both enzymatic and non-
enzymatic elements. During the spermatogenesis
process, the enzymatic component is activated.
Currently, superoxide anion (0?) is formed by the
high mitochondrial oxygen consumption of the
germinal epithelium. O% is converted to hydrogen
peroxide (H;O2) in the presence of superoxide
dismutase (SOD). The formation of H,O, prevents the
formation of highly toxic hydroxyl radicals. The
resulting H;O, is also a powerful transmembrane
oxidant that must be rapidly removed from the cell by
the system to limit oxidative damage to lipids, proteins
and DNA. H;O, is removed by either catalase or
glutathione peroxidase .

Several factors may perturb the smooth antioxidant
balance in the testes. These factors cause a state of
oxidative stress in the testes. Free radical damage is
now considered the most important cause of testicular
dysfunction in the pathogenesis of many male
infertility. The causes range from varicocele °,
diabetes 0, testicular torsion !, xenobiotic exposure
(drug, pesticide, or carcinogen) 2% as well as
idiopathic cases 4. In addition, antiretroviral therapy
has been linked with harmful structural changes in the
testes, demonstrated by tubular degeneration and
altered morphometric indices 2. The mechanism of
injury is, however, still unclear.

Naringenin is a bitter, colourless flavanone'® found
predominantly in grapefruit'® and is a variety of fruits
and herbs'’. Naringenin is identified with its potent
bioactive effects on human health in a wide range of
beneficial ways. These include anti-inflammation??,
antioxidant °, oestrogen activity modulator® as well
as DNA protection and repair . This study examined
testicular ultrastructural abnormalities and expression
of the c-kit gene and its ligand SCF following oral
administration of cART and Naringenin.

MATERIALS AND METHODS

Adult male Sprague-Dawley (SD) rats between 200—
220 g were obtained from the animal house of the
Biomedical Resource Unit, University of KwaZulu-
Natal, South Africa. They were housed in standard
plastic cages (three rats/ cage) with dimensions of 30
cm long, 20 cm wide, and 13 cm high. Wood shavings
were used for bedding in the cages. Animals were kept
under controlled environmental conditions. They had
free access to standard rat pellet food and clean water.
HAART fixed-dose combination (FDC) containing
efavirenz (EFV) 600 mg, emtricitabine (FTC) 200 mg,
and tenofovir (TDF) 300 mg [TDF/FTC/EFV] was
obtained from Pharmacare Ltd, Port Elizabeth,
Republic of South Africa and was administered daily

to rats (Adult Antiretroviral Therapy Guidelines
2014). The dose of FDC was adjusted according to
animal weight using the human therapeutic dose
equivalent (7.5/5/15 mg/kg) for the rat model.

The powdered form of Naringenin (95%) was bought from
Sigma Aldrich Avengelee.

Thirty (30) adult male SD rats were randomly divided into
six groups of 5 animals each. Group DW served as control
and was given distilled water, H had the Fixed-Dose
Combination FDC) of cART containing Tenofovir (TDF),
Emtricitabine (FTC), and Efavirenz (EFV); N40 had
Naringenin, 40 mg/kg, N80 was given Naringenin, 80
mg/kg. The last two groups- HN40 and HN80 had FDC of
TDF/FTC/EFV and naringenin 40 mg/kg and 80mg/kg,
respectively. All administrations were through the oral
route and were done between 8:00 am and 10:00 am for ten
weeks. Animals were weighed on alternate days for dose
adjustments. The study followed the Guiding Principles in
the Use of Animals in Toxicology, which the Society of
Toxicology adopted in 1989. The Animal Research Ethical
Committee approved this research of the University of
KwaZulu-Natal (UKZN), South Africa (protocol reference
number AREC/046/016D).

Animal Sacrifice and Collection of Samples

The SD rats were euthanized on day 70 under excess
halothane anesthesia. The testes were excised, weighed,
and processed for electron microscopy and molecular
studies. Then, the cauda epididymides of each rat were
excised and gently minced in 2 ml of normal saline. The
resulting solutions were stored at -20 °C.

RNA Extraction and cDNA Synthesis

The Zymo Research Quick-RNA™ Miniprep kit (Zymo
Research U.S.A.) extracted the total RNA according to the
manufacturer's instructions. Before RNA extraction, the
tissues were homogenized in RNA lysis buffer. According
to the manufacturer's instructions, cDNA synthesis was
then done using the iScript cDNA Synthesis Kit (Bio-Rad,
US.A).

Real-time Polymerase Chain Reaction (PCR)

The Roche LightCycler 96 (Roche Diagnostics,
Mannheim, Germany) was used for PCR
amplification. The total reaction volume was 20 pL,
made up of 2 pL of cDNA, 10 pL of ROCHE
LightCycler SYBR green 1 master-mix (Roche
Diagnostics, Mannheim, Germany), 4 uL of nuclease-
free water, 2 pL each of forward and reverse primers
at 20 pM concentration. The primers sequence used
can be found below:

e Ratc-kitF TTCCTGTGACAGCTCAAACG
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Rat c-kit R AGCAAATCATCCAGGTCCAG #
e Rat SCF F CAAAACTGGTGGCGAATCTT
Rat SCF R GCCACGAGGTCATCCACTAT 2122

The thermal cycler parameters are 94 °C for 10 min,
followed by 45 cycles of denaturing at 94°C for 15
seconds, annealing at 60 °C for 30 seconds, and
extension at 72 °C for 30 seconds. In each was
included a positive and negative control. All samples
were analyzed in duplicate. The comparative Ct
method (2-AACt) was used to compare cycle threshold
(Ct) values (the number of cycles required for the
fluorescent signal to cross the threshold) of the test
groups to that of controls. A pool of cDNA from
control samples was used to construct standard curves.
In this study, glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as the
housekeeping gene, and Ct values of control, as well
as test groups, were normalized to GAPDH 23,

Apoptosis Assay

The level of apoptosis on epididymal sperm samples
was determined by assaying for caspase 8 using
standardized Elabscience enzyme-linked
immunoassay (ELISA) rat specific kits (catalog
number E-EL-R0280).

Biochemical Estimation for Oxidative Enzyme
Levels

One testis from each rat was homogenized using a
Teflon homogenizer (Heidolph Silent Crusher M). The
homogenates were centrifuged at 10,0009 at 4°C for
15 min. Homogenized tissues were used for catalase
and glutathione peroxidase assay using standardized
ELISA rat specific kits (catalog numbers: E-EL-
R2456 and E-EL-R2491, respectively).

Ultrastructural Studies

One testis from each rat was cut into 1-mm cubes. These
were fixed overnight at 4°C in 3% glutaraldehyde in 0.1 M

sodium cacodylate buffer (pH 7.4), and transferred to 0.1
M phosphate buffer (pH 7.2). The cells were postfixed in
1% osmium tetroxide in S-collidine, dehydrated in graded
ethanols, transferred to propylene oxide, and embedded in
Epon 812. The sample was further sectioned into ultrathin
sections (75 nm) and contrasted with uranyl acetate and
lead citrate. A transmission electron microscope was used
to image detailed morphologic and compositional
information .

Statistical Analysis

Statistical analysis was done using SPSS version 23
for windows. The data were calculated as mean +
SEM and presented as bar charts. The statistical
significance of differences was evaluated by using a
one-way analysis of variance (ANOVA) followed by
Fisher's LSD procedure for multiple comparisons.
P<0.05 was considered statistically significant and P<
0.01, very significant.

RESULTS
Testicular Expression of SCF and c-kit

The expression of intratesticular SCF in the H group
was significantly lower than in DW. Those of the
naringenin-only treated groups [N40 and N80] were
also lower than the control but not in significant
amounts. The expressions in groups treated with both
Naringenin and cART (HN40, and HN80) were not
significantly different compared to the H group, as
shown in figure 1 (a).

Testicular c-kit expression in the DW group was not
significantly different from that of the H group.
Higher expressions were observed in groups N40 and
N80 than in the other groups. The minimum
expressions were observed in groups HN40 and
HNB8O0. Significantly different observations existed
between groups DW and HN80 and between HN8O
and the naringenin-only groups (N40 and N80), as
shown in figure 1(b).
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Figure 1(a)
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Figure 1(b)
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(a) Testicular SCF and (b) Testicular c-kit in groups DW (control), H (HAART), N40

(Naringenin 40 mg/kg), N80 (Naringenin 80 mg/kg), HN40 (HAART + Naringenin 40 mg/kg)
and HN80 (HAART + Naringenin 80 mg/kg) after 10 weeks of treatment. Bars indicate

mean+SD. and ®® represents difference (p<0.01) between the group and DW group.

Apoptotic Assay

There was a significant reduction in the testicular
caspase 8 in the Naringenin administered groups
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Figure 2:
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compared to control (DW) and HAART (H) groups.
Levels in H were the highest with a significant
difference when compared to N40 (p=0.007), N80
(p=0.009), and HN8O (p=0.049), as shown in Figure
2.

Testicular caspase 8 in groups DW (control), H (HAART), N40 (Naringenin 40 mg/kg), N80

(Naringenin 80 mg/kg), HN40 (HAART + Naringenin 40 mg/kg) and HN80 (HAART +
Naringenin 80 mg/kg) after 10 weeks of treatment. Bars indicate mean+SD. a represents
significant difference (p<0.05) between the group and control, Brepresents significant difference
between the group and P group (p<0.05).

Antioxidant Enzymes

The DW group displayed significantly higher levels of
testicular  glutathione peroxidase levels when
compared to the H group. The levels observed in the
N40 and N80 groups were higher than DW but not

significantly. Catalase activity does not differ much in
the DW and H groups. The N80 group showed a
significantly higher level of testicular catalase activity
than groups DW (p=0.024) and H (p=0.003) see figure
3 (a) and (b). The level in the HN40 was significantly
higher than that of H (p=0.019).
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(a) Testicular glutathione peroxidase and (b) catalase in groups DW (control), H (HAART),

N40 (Naringenin 40 mg/kg), N80 (Naringenin 80 mg/kg), HN40 (HAART + Naringenin 40
mg/kg) and HN80 (HAART + Naringenin 80 mg/kg) after 10 weeks of treatment. Bars indicate

mean+SD. % represents significant difference (p<0.05) between the group and control, ’
represents significant difference between the group and H group.

Ultrastructural Study

Group DW: Basal and ad luminal compartments and
interstitium

The ultrastructure of the control group (DW) displays
cells in the different stages of maturation. The early
and late cellular stages of spermatogenesis presented
a well-circumscribed nuclear membrane. The Sertoli
cells displayed prominent nucleolus next to the myoid
cells of the basement membrane with normal
thickness. The primary spermatocytes appear rounded
with large nuclei [figure 4 (a) - (d)]. The germinal
epithelium depicting normal testicular architecture
with an orderly progression of cells of the
spermatogenic series indicates active
spermatogenesis. Shown in figure 4(e) - (g) are the ad
luminal compartments displaying round and
elongating late spermatids surrounded by residual

cytoplasm with several microtubules of the midpieces,
suggesting multiple spermatozoa. Each piece depicts
typical flagella axonemes composed of an array of
microtubules containing nine doublets arranged
radially around two single central ones. Mitochondria
sheaths are seen in the middle pieces. Also observed
are the lysosomes, ribosomes, and smooth
endoplasmic reticulum.

The interstitium houses the interstitial cells of Leydig
(Ly), with the nucleus having slight indentation and
rich in euchromatin. A rim of heterochromatin lines
the nuclear membrane. A large lymphatic vessel is
seen traversing the interstitium. There was an
abundance of mitochondria and lipid droplets
suspended within the cytoplasm of the Leydig cell.
Other organelles such as lysosomes and smooth
endoplasmic reticulum are dispersed in the Leydig cell
cytoplasm. [figure 4(h) - ()].
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Figure 4:

Ultrastructure of seminiferous tubule portion of group DW (control) depicts normal testicular

architecture with an orderly progression of cells of the spermatogenic series showing the Sertoli
cell (Se) with basement membrane (Bm), myoid cells (My), elongating late spermatid (St)
midpiece (Mp), the interstitium (In) containing the interstitial cells of Leydig (Ly), blood vessel
(Bv). Also seen is the lymphatic vessel (Lv). Scale bar for a, ¢, d, ¢, f, h, i is 2000 nm and 5000

nm for b,g

Group H: Basal and ad luminal compartments and interstitium

Figure 4 shows the electron micrographs of the
ultrastructural of the seminiferous tubule portion of
group H. This group has several ultrastructural
abnormalities and disorganized germinal cells. There
are alterations in the normal progression of cells in the
germinal epithelium. The more matured cells
belonging to the ad luminal compartment - early and
late spermatids appear in the basal compartment. The
outline of the basement membrane displays
irregularities and increased thickness  with
hypertrophied myoid cells. There is a widening of the
internuclear space between Sertoli cells, and there are
scanty spermatogonic cells along with the basement
membrane [figure 5(a) - (d)]. Seen are spermatocytes
showing discontinuous nuclear membrane indicating
degenerative processes in the cells. Also observed are

abnormally formed spermatid heads. The axonemes of
the midpieces appear disorganized in cross-section.
The germinal epithelium appeared scanty, with
spermatocytes surrounded by an abundance of
residual cytoplasm suggestive of germ cell atrophy.
Cross-section through the tail of the spermatozoa
revealed axonemal defects in the form of lost
organizations [figure 5(e) - (h)].

The interstitium presents Leydig cells appearing
smaller with a reduced nuclear diameter and slight
nuclear indentation [figure 5(i)]. In addition, there is
less euchromatin within the nucleus, and the
cytoplasm appeared scantier with fewer suspended
organelles.
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Figure 5:

Ultrastructural micrograph of seminiferous tubule portion of group H highly active

antiretroviral therapy (HAART only). This group has several ultrastructural abnormalities and
disorganized germinal cells. Round Spermatid (St) and late spermatids (red arrow) basement
membrane (Bm) and myoid cell (My), Sertoli cells (Se). Also, spermatid heads (yellow arrow)
and midpiece (blue star) are surrounded by an abundance of residual cytoplasm (Rc). Scale bar
for a, d, f, his 2000 nm and for b, c, €, g, i is 5000 nm.

Group N40: Basal and ad luminal compartments and interstitium

Ultrastructure of the testes of rats in N40 (Naringenin
40 mg/kg) was similar to DW, showing the normal
progression of cells of the spermatogenic series. The
spermatogonia and Sertoli cells were resting on the
basement membrane. The cells have well-
circumscribed nuclei. The basement membrane
demonstrates normal thickness and the myoid cells.
[figure 6(a) - (c)]. The different stages of development
of the spermatids were seen. The round spermatids
and the late spermatids (LSt) were observed
displaying normal appearance. The residual
cytoplasms of the late spermatids were present close
to the lumen, with the midpieces suspended within.

The nuclei appeared to be rich in euchromatin [figure

6(d) - (1.

The Leydig cells were seen in the interstitium with
slight nuclear indentations. The nucleus appeared
large and rich in euchromatin. There was an
abundance of cellular organelles suspended within the
cytoplasm, including mitochondria and lipid droplets.
Blood wvessels were observed traversing the
interstitium [figure 6(g) - (i)]. No vacuolation was
observed.
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Figure 6:

Ultrastructure of the testes of rats in N40 (Naringenin 40 mg/kg) The spermatogonia (Sg) and

Sertoli cells (Se) spermatogonia (Sg), spermatocytes (Sp), nucleus (N) round spermatids (St),
and the late spermatids (LSt), midpiece (Mp) Leydig cells (Ly), interstitium (In). Scale bar for
a,c, e f g,iis2000 nmand b, d, h are 5000 nm. Figure 6: Ultrastructure of the testes of rats in
N80 (Naringenin 80 mg/kg). Spermatogonia (Sg), Sertoli cells (Se), nucleus (Nu), primary
spermatocyte (Sp), ad luminal compartment (ALC), residual cytoplasm (Rc) and vacuoles (v),
midpiece (g) The Leydig cells (Ly) are seen, interstitium (In), blood vessel (Bv). Scale bar for
a, b, c e f g, h,iis2000 nmand dis 5000 nm.

Group N80: Basal and ad luminal compartments and interstitium

Electron sections of the testes of rats in N8O
(Naringenin 80 mg/kg) show the normal progression
of cells of the spermatogenic series. The
spermatogonia and Sertoli cells are aligned along the
basement membrane. Cells have a well-circumscribed
nucleus and normal internuclear space. The basement
membrane demonstrates normal thickness and myoid
cells. Also seen are the primary spermatocytes [figure
7(a) - (d)]. The cross-section of the ad luminal
compartment revealed a large population of
spermatozoa tails close to the lumen showing
midpieces and flagellum made up of the principal

pieces and the end pieces. The axonemes of the pieces
are well organized. Also seen are the residual
cytoplasm and vacuoles accommodating the
midpieces [figure 7(e) - (9)].

The Leydig cells (Ly) are seen in the interstitium. The
nuclei are large and rich in euchromatin. In addition,
the cells possess abundant mitochondria and lipid
droplets within their cytoplasm. A large blood vessel
containing red and white blood cells in the interstitium
was observed [figure 7(h) - (i)]. Other cell types are
observed within the interstitial tissue.
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Figure 7:

Ultrastructure of the testes of rats in N80 (Naringenin 80 mg/kg). Spermatogonia (Sg), Sertoli

cells (Se), nucleus (Nu), primary spermatocyte (Sp), ad luminal compartment (ALC), residual
cytoplasm (Rc) and vacuoles (v), midpiece (g) The Leydig cells (Ly) are seen, interstitium (In),
blood vessel (Bv). Scale bar for a, b, ¢, e, f, g, h, i is 2000 nm and d is 5000 nm.

Group HN40: Basal and ad luminal compartments and interstitium

Observation from testes of the HN40 group presented
some improvement in the ultrastructural appearance
compared to the H group. Electron sections show
Sertoli and spermatogonic cells lined along the
basement membrane. The myoid cells of the basement
membrane are closely related to the spermatogonic
cells. There is a slight thickening of the basement
membrane. The primary spermatocytes present with
some degenerative changes in the nuclear membrane
[figure 8(a) - (f)]. The cross-section of the tails of late
spermatids shows the midpiece, principal piece, and

end piece. There are a few midpieces with
disorganized axonemes and abnormal spermatid
heads [figure 8(g) - (h)].

The Leydig cells appear with deep nuclear
indentations. Nuclei present with normal chromatin
condensations. Cytoplasmic organelles are seen
suspended. Blood vessels are seen traversing the
interstitium. Improvement in observations from the H
group was noted [figure 8(i)].
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Figure 8:

Ultrastructure of testes of group HN40. Sertoli (Se), spermatogonic cells (Sg), basement

membrane (Bm), spermatogonic cells (Sg), degenerative changes in the nuclear membrane (blue
arrow), midpiece (Mp), principal piece, and endpiece (Ep), there are a few midpieces with
disorganized axonemes (blue star), abnormal spermatid heads (red star). Scale bars for a, b, c,
d, e, g, h are 2000 nm and 5000 nm for f, and i.

Group HN8O: Basal and ad luminal compartments and interstitium

Ultrastructure of the testes of group HN8O reveals the
normal progression of cells of the spermatogenic
series. The Sertoli and Spermatogonic cells lie on the
basement membrane with myoid cells in the adjacent
basement membrane. The basement membrane has a
relatively straight outline with slight thickening
[figure 9(a) - (d)]. Round spermatids display
acrosomal cap and occasional degeneration of nuclear
membrane. The Late spermatids in the process of
spermiation are observed. The Ilumen of the
seminiferous tubule contains a cross-section of tails

showing abundant midpieces and principal pieces.
There is some residual cytoplasm around the
midpieces. Occasional abnormal forms in the late
spermatids were observed [figure 9(e) - (h)].

Leydig cells lie amidst scanty cytoplasmic organelles.
The cells displayed reduced chromatin condensation,
and no vacuoles were observed. There is a slight
nuclear indentation in the Leydig cells [figure 9(i)].
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Figure 9:

Ultrastructure of testes of group HN8O. The Sertoli (Se), Spermatogonic (Sg) cells, basement

membrane (Bm). Round spermatids (St), midpieces (Mp), and the principal pieces (Pp). (g) Late
spermatids (LSt), residual cytoplasm (Rc) around the midpiece (Mp), abnormal forms in the late
spermatids (red star), Leydig cells (Ly, interstitium (In). Scale bars for (a), (c), (d), (f), (g), (h)

is 2000 nm and 5000 nm for (b), (e), (i).

DISCUSSION

Combination Antiretroviral Therapy (CART) is
recommended for all individuals with HIV, regardless
of CD4 cell count, to reduce the morbidity and
mortality associated with HIV infection and prevent
transmission. Commencement of cART, however,
means lifelong use despite the organotoxic properties
of the regimen. This study describes antiretroviral
therapy-induced alterations in testicular ultrastructure
and antioxidant activity of adult male Sprague Dawley
rats and evaluates the possible protective role of
Naringenin.

The Spermatogenic process is highly dependent on the
SCF/c-kit system. The c-kit gene encodes a
transmembrane tyrosine kinase receptor for the SCF
protein. Activation of c-kit signaling has been found
to mediate cell survival, migration, and proliferation
depending on the cell type. Signaling from c-Kit is
central to successful fertility, normal hematopoiesis,
amongst others 2%, The study revealed a reduced
expression of both SCF and c-kit in the cCART-treated
groups. This reduction may explain the scanty
spermatogenic cells found along the basement
membrane and alterations in the normal progression
of cells in the germinal epithelium. The expression of

c-kit was higher in the Naringenin-only groups;
however, co-administration of CART and Naringenin
could not ameliorate the distortion in the expressions
of either SCF or c-kit. The elevation of c-kit
expression has been linked with the commitment of
spermatogonial stem cells to differentiate?’. It has
been shown that the disruption of the SCF/c-kit
system displayed a crucial impact on germ cell
survival and male fertility 2.

Apoptosis is a fundamental process of maintaining
tissue homeostasis, removing damaged cells, and
reprocessing cellular constituents. Caspases are a
group of cysteine proteases that act as apoptosis
initiators  to  dismantle  cellular  structures
proteolytically. They maintain homeostasis by
removing damaged cells and reprocessing cellular
constituents for further differentiation. Activated
caspase-8 propagates the apoptotic signal either by
directly cleaving and activating downstream caspases
or by cleaving BH3 interacting-domain death agonist,
a pro-apoptotic member of the Bcl-2 protein family 2.
This study showed that the level of caspase 8
following administration of HAART was not
significantly increased in the testes. However, a study
has shown that antiretroviral therapy can induce
apoptosis in some body organs . Caspase 3 levels
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were noticed to be increased with the use of HAART
31 this was not observed in the present study.
Administration of Naringenin further reduced the
levels of intratesticular caspase 8, suggesting reduced
cellular damage in the setting of a potent bioactive
flavonoid.

In this study, administration of HAART was
associated with a reduction in the activity of testicular
antioxidant enzymes. The testicular activity of
glutathione peroxidase increased significantly in the
naringenin-only groups compared to the other
experimental groups, particularly in the HAART
group. In vivo studies in humans however reported
increased oxidative stress and caused mitochondrial
alterations in HIV patients following long-term
treatment with HAART?2, The co-administration of
Naringenin and HAART restored enzyme activity at a
higher dose of Naringenin. Similar findings were
observed with the activity of catalase. Catalase
activity was highest with a high dose of Naringenin;
however, the enzyme activity was only restored to
values higher than that of control using low dose
naringenin. The improved activity of antioxidant
enzymes in tissues may explain the earlier identified
free radical scavenging properties of Naringenin as
previously described 3334 Similar to Naringenin,
Rutin, a citrus flavonoid, has been shown to increase
testicular Glutathione peroxidase and Glutathione
activities in a dose-dependent manner. 3%,

This study revealed alteration of the normal
ultrastructure of the testes with the use of CART. The
irregular contouring and thickening of the basement
membrane resulted from cellular infiltration of the
basement membrane. The occurrence of tubular
degeneration has been linked to the basement
membrane's thickening, thereby hindering metabolic
exchange between the germinal epithelium and the
interstitium 3. This subsequently leads to
gonadotrophin deficiencies %%, Similar pathology in
other atrophic testes with a different etiology are
consistent findings %°. The altered exchange of
materials within the testicular tissue further induces
basement membrane infiltration and further
thickening.

Aging is another situation related to a convoluted and
thickened basement membrane 1. An increase in the
expression of basement membrane genes has been
implicated in this process. This usually precedes
atrophy of the seminiferous tubules #. Both the
seminiferous tubule and the myoid cells are required
for appropriate deposition of basement membrane in
the testes; an abnormality in the basement membrane
may suggest a malfunction of either the myoid cell or
Sertoli cell .

Germ cell injury has been identified as the most
critical morphologic event underlying testicular
dysfunction following the administration of cytotoxic
compounds. These morphologic changes usually
explain the mechanism of action of the gonadotoxic
agent %243, The normal progression of the cells in the
seminiferous germinal epithelium was altered
following the use of cART. This was evidenced by
elongating spermatids being retained and resorbed
into basilar Sertoli cell cytoplasm within the basal
compartment. The spermatogonic cells along the
basement membrane were observed to be scanty
following the use of CART. However, the Sertoli cells
seem unaffected; there was an associated reduction in
the population of primary spermatocytes. In addition,
the spermatocytes and round spermatids displayed an
incomplete nuclear membrane. This suggests some
degenerative processes ongoing within the cell.
Exposure to environmental toxicants, mostly chemical
substances that target the reproductive organs, can
either directly disrupt the endocrine system or induce
changes in the organization. This results in the
malfunctioning of the cellular components of the
seminiferous tubules. The morphological changes
described have been associated with impaired Sertoli
cell function *. Other studies that described the
morphologic changes in the rat testes, such as
spermatid retention and degeneration of cells, linked

it with decreased intratesticular testosterone levels
45,46

The spermatogonia are a group of mitotically active
cell cohorts capable of self-renewal and
differentiation into mature sperm cells. Being the
mitotic component of spermatogenesis and the
primary germ cell type not protected by the blood-
testis barrier, spermatogonia are known to be the most
vulnerable to toxic effects 4748, However, stem cell
spermatogonia are known to be less sensitive to the
effects of gonadotoxic compounds; it thus seems
logical to hypothesize that injury to the testes may be
reversible following cessation of exposure through
seminiferous epithelial reconstitution from surviving
stem cell spermatogonia “°. This is, however,
dependent on the class of toxic agents as there exists
much variability across different compounds.

The basic patterns of reaction to xenobiotic-induced
injury to the testis described by Vidal et al., re
expressed using HAART %, The spermatocytes and
older cell types in the germinal epithelium are spared,
leaving the Sertoli and spermatogonic cells to face the
brunt of the injury. This is because the spermatocytes
and spermatids are protected by the blood-testis
barrier™. The toxic agent will have to circumvent this
barrier to affect them. However, extended exposures
to toxicants can cause maturation depletion, resulting
in the loss of more mature germ cell layers. It has also
been observed that Sertoli cell injury is expressed by
loss of function rather than Sertoli cells themselves.
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The many roles that Sertoli cells play in
spermatogenesis are reflected in various morphologic
manifestations associated with Sertoli cell toxicity. An
impaired Sertoli cell function expresses as germ cell
degeneration.  Similarly, degeneration of the
seminiferous epithelium may either present as
endocrine toxicity or direct germ cell injury following
penetration of the toxic compound through the blood-
testis barrier 44,

The co-administration of Naringenin  proved
beneficial. The normal cellular progression was
observed, and cells of the spermatogenic series were
well represented; however, there were occasional
defects in the continuity of the nuclear membrane.
This therapeutic potential associated with the use of
high-dose Naringenin is in tandem with earlier
observations!. Kwatra et al revealed that naringin
usage, a closely related flavonoid modified the
behavior alternation in Doxorubicin-treated rats,
oxidative  stress,  proinflammatory  cytokines,
mitochondrial dysfunction, and improved monoamine
contents in brain hippocampus of rats 5. The addition
of Naringenin to oseltamivir treatment improved the
neurofunctions of the brain through improving the Y
maze task and reducing the pathophysiological effect
of oseltamivir. This was attributed to increasing total
antioxidant capacity, brain fatty acid-binding proteins
FABP7 and Ca-ATPase, and reducing oxidative °. In
the same study, Naringenin was proposed to have
reduced total nitric oxide, total oxidant capacity, and
total cytochrome P450 (CYP450) contents °.

Some studies have proposed an improvement in
antioxidant activity. For example, the
supplementation of Naringenin and its synthetic
derivative enhanced antioxidant enzyme activities of
erythrocyte and liver in high cholesterol-fed rats by
enhancing the antioxidant defence system 2. In
cisplatin-naringenin  combined treated rats, the
activities of superoxide dismutase, glutathione

peroxidase, and catalase were significantly increased
34

Naringenin has also been regarded as a chelating agent
capable of binding to toxic metal ions to form complex
structures which are easily eliminated from
intracellular or extracellular spaces. Cavia-Saiz et al.
revealed that Naringenin acts as an active chelator of
metallic ions and inhibitor of the enzyme xanthine
oxidase. These ameliorative effects of Naringenin
may be attributed to its chemical structure. The
hydroxyl groups present can donate electrons and mop
up generated free radicals from the altered oxidative
status, restoring the testes' oxidant-antioxidant
balance. This provides an insight into the mechanism
of the gonadotoxic effect of antiretroviral therapy.
Ranawat et al. revealed opposing views when
Naringenin was administered intraperitoneally to
mice. They suggested that Naringenin may also act as

a pro-oxidant in a dose-dependent fashion despite
being a potent antioxidant. Hence, causing damaging
effects in the testes observed as decreasing sperm
motility and concentration and inducing alterations in
testicular histomorphology 2. This variance can be
attributed to the difference in the route of
administration used. Additionally, the naringenin
vehicle used in the study, Dimethyl sulfoxide, exhibits
a range of pharmacological activity, including the
ability to penetrate biological membranes increasing
the concentration of pharmacological agents within
the tissue.

Conclusion

The present study reports that cART-induced
ultrastructural changes in the testicular tissue due to
Sertoli cell dysfunction and altered expression of the
c-kit ligand system in the testes of adult rats. Some
restoration of structure and function were achieved
with Naringenin, therefore researchers suggest that it
could be a useful adjuvant in the treatment of HIV
patients, especially those desirous of future fertility.
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