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1 | INTRODUCTION

| Edidiong Nnamso Akang'? |
| Koffi Kouame?! |

| Onyemaechi Okpara Azul?

Abstract

Human immunodeficiency virus-infected man may require assisted reproductive
technology not just for safer conception but also due to subfertility. The study inves-
tigated the effect of antiretroviral drugs on the fertility potentials of males and the
possible protective role of Naringenin, using Sprague Dawley rats. Thirty adult male
Sprague Dawley rats were grouped into—A: Distilled water; B: Highly Active
Antiretroviral Therapy (HAART); C: Naringenin 40 mg/kg; D: Naringenin 80 mg/kg,
E: HAART + Naringenin 40 mg/kg; F: HAART + Naringenin 80 mg/kg. The rats were
euthanised after 10 weeks. Results showed a significant decrease in sperm count in
group B when compared to the control and other groups. Spermatozoa with normal
morphology also reduced significantly in the B group and progressive sperm motility
reduced when compared to the control, D and the F group. The serum testosterone
was not significantly different between groups A and B, however the groups C and D
displayed significant increase when compared to groups A and B. The serum luteinis-
ing hormone was significantly higher in group B when compared to groups A, E and
F. Our data suggest that Naringenin improves the male reproductive anatomy and
function, therefore, it promises to be a beneficial adjuvant for mitigating HAART

testicular and reproductive perturbations.
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suggest that most people living with HIV and Acquired Immune
Deficiency Syndrome (AIDS) (PLWHA) are in their reproductive age

Even though infection with Human Immunodeficiency Virus (HIV)
depresses the health status of men, it does not eliminate the de-
sire for future fertility (Cooper et al., 2009; Heys, Kipp, Jhangri,
Alibhai, & Rubaale, 2009; lliyasu et al., 2009; Tesfaye, Admassu,
Getachew, & Sharma, 2012; Wekesa & Coast, 2014) yet testicular
toxicity has been a major complication associated with Highly Active
Antiretroviral Therapy (HAART). The Nucleoside reverse transcrip-

tase inhibitors (NRTIs) are particularly a major culprit. Reports

(Azu et al., 2014; Lewis, Day, & Copeland, 2003; van Leeuwen et
al., 2008). The vigorous efforts directed to reducing and treating
HIV infection has recorded success in improving the life expectancy
and aspirations among PLWHA (lliyasu et al., 2009; Nakagawa et
al., 2012). Reports of The Joint United Nations Program on HIV/
AIDS (UNAIDS) suggests that approximately 1.8 million people
were newly infected in 2016. The number of people accessing an-

tiretroviral has increased steadily over the years (UNAIDS, 2016).
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An estimated 19 million people were accessing antiretroviral drugs
globally as at the end of 2016 (UNAIDS, 2016). According to this
report, South Africa had the highest figure of 3.4 million people on

treatment. HAART has been associated with deleterious organ tox-
icity especially as it affects the gonads (Azu et al., 2014; Bujan et al.,
2007; Semprini et al., 2013).

HAART-induced toxicity has been reported to cause deleterious
histopathological changes in the testes. Changes observed include
tubular atrophy with altered morphometric indices (Adana et al.,
2017; Azu et al., 2014). Autopsy studies on individuals on HAART
revealed testicular histomorphologic abnormalities, and testicular
atrophy in more than 95% of cases (Da Silva et al., 1990). Earlier
study carried out by researchers equally reveal that HAART-in-
duced alterations result in significantly decreased total sperm count,
progressive motility, and increased numbers of abnormal forms
(Nicopoullos, Almeida, Vourliotis, & Gilling-Smith, 2011). In addition,
structural integrity of the testis is essential for maintenance of the
hormonal equilibrium including testosterone production. Therefore,
with altered androgen levels linked to HAART protocols (Adana et
al., 2017; Muthiah, Kallikadavil, Shivaswamy, & Menon, 2016), fertil-
ity issues become very rife in men on HAART.

An intact testicular microanatomical structure is essential for
normal testosterone production. The exact mechanism for HAART-
induced organ toxicity is still unclear however the most popularly
proposed pathway is through initiation of a cascade of events in-
volving the oxidant-antioxidant pathway (Azu et al., 2014; Olaniyan,
Maduagwu, Akintunde, Oluwayelu, & Brai, 2015). Earlier studies
have reported that increased activities of reactive oxygen species
(ROS) overwhelm tissue's total antioxidant status leading to oxida-
tive stress (Aitken & Curry, 2011; Aitken & De luliis, 2007; Aitken
& Roman, 2008). The overall effect is reduced fertility of men on
HAART. This calls for an intervention strategy to protect against de-
clining fertility.

Currently, the most specialised form of treatment of infertility
is assisted reproductive techniques especially in vitro fertilisation.
However, availability and access to these techniques are hindered
by the relatively high cost (Chambers, Sullivan, Ishihara, Chapman,
& Adamson, 2009) and availability of trained personnel. In addition,
failure rates are high even when the male appears to have normal
spermiograms (Liu & Baker, 2000; Younes et al., 2016). Therefore
there is need for continued search for alternative effective, afford-
able and easily accessible therapies.

The use of medicinal plants for the treatment of diseases is gain-
ing more popularity in the 21st century especially in Africa (Kayode
& Kayode, 2011; Mahlangeni, Moodley, & Jonnalagadda, 2014) This
is consequent on their various biologically active phytochemicals
(Krishnaiah, Sarbatly, & Nithyanandam, 2011; Rahmatullah et al.,
2010). Flavonoids mitigate free radical/oxidative stress induced tis-
sue damage (Chen et al., 2015; Salem et al., 2016).

Bioflavonoids are known for their immense health benefits in
many human tissues (Cetin, Ciftci, & Otlu, 2016; Ma, Zhang, &
Jiang, 2017; Shoskes, 1998; Tirkey, Pilkhwal, Kuhad, & Chopra,
2005) and particularly in the reproductive functions in males

(Ciftci, Ozdemir, Aydin, & Beytur, 2012; Jamalan, Ghaffari,
Hoseinzadeh, Hashemitabar, & Zeinali, 2016). Naringenin, a bit-
ter colourless flavone extract from citrus species (Felgines et al.,
2000; Yanez et al., 2008) has been reported to have a wide va-
riety of bioactivity. Naringenin and closely related bioflavonoids
are reported to be beneficial for protecting and ameliorating tes-
ticular toxicity (Ganaie, 2015; Jamalan et al., 2016; Roy, Rahaman,
Ahmed, Metya, & Sannigrahi, 2013; Sahin, Ozkaya, Cuce, Uckun,
& Yologlu, 2017). This has been attributed to their free radical
scavenging properties (Ganaie, 2015; Roy et al., 2013). This study
was designed to quantify testicular damage associated with use
of HAART and investigated the effect of naringenin on these
changes. This was carried out by assessing the semen character-
istics, serum biochemical parameters, pregnancy occurrences and
testicular histoarchitectural changes in Sprague Dawley rats fol-

lowing long-term use of HAART.

2 | MATERIALS AND METHODS

2.1 | Materials

Thirty (30) adult male and 18 female Sprague Dawley (Aitken &
Roman, 2008) rats, weighing 200-220 g (Jegede, Offor, Onanuga,
Naidu, & Azu, 2017), were obtained from the animal house of the
Biomedical Resource Unit, University of KwaZulu—Natal, South
Africa. They were housed in standard cages under controlled envi-
ronmental conditions (25°C and a 12-hr light/dark cycle). The animals
had free access to pulverised standard rat pellet food and tap water.
The approval of the Animal Research Ethical Committee (AREC),
UKZN, South Africa was sought and gotten with reference number
AREC/046/016D. A fixed-dose combination (FDC) of HAART con-
taining 600 mg of Efavirenz (EFV), 200 mg of Emtricitabine (FTC)
and 300 mg of Tenofovir (TDF) [TDF/FTC/EFV] was administered
daily. The therapeutic dose of the FDC was adjusted for animal
weight using the human therapeutic dose equivalent for a rat model
(7.5/5/15 mg/kg) (Meintjes et al., 2014). The drug was procured from
Pharmacare Ltd, Port Elizabeth, South Africa. Naringenin was pro-

cured from Sigma Aldrich Avengelee.

2.2 | Experimental design

Thirty (30) disease-free adult male SD rats were randomly divided
into 6 equal number groups. Group A served as control and was
given distilled water, B was given the FDC of HAART contain-
ing TDF/FTC/EFV, C had naringenin, 40 mg/kg, D had naringenin,
80 mg/kg (Adana et al., 2017). The last two groups, E and F had TDF/
FTC/EFV and naringenin 40 and 80 mg/kg respectively.

All administrations were through the oral route and were per-
formed between 8:00 a.m. and 10:00 a.m. for a period of 10 weeks
(March 13th to 23rd of May 2017). Animals were examined and
weighed on daily for signs of toxicity and dose adjustments. Weights
were taken between 8:00 and 10:00 a.m.
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2.3 | Determination of fertility index

At the end of the 10-week period of drug administration to male
rats, eighteen female animals in the proestrous or oestrus phase
were randomly divided into 6 groups of 3 animals each and labelled
according to the male animal grouping (A%, A%, A% B, B2, B%; Ct, C2,
c3 DY, D% D3 EY E?, B3 FY, F?, F°) described above. They were then
introduced to the corresponding males for copulation to take place.
The morning on which spermatozoon is found in the vagina lavage
was designated gestational day zero (gd 0) (Hafez 1970). Female
animals were studied at day 20 of pregnancy. The number of preg-
nancies and subsequently number of litters per group were noted.
Fertility index (F1) was calculated as follows:

Fl=(number of pregnancies)/(number of mated females) x 100

(Hood, 2016).

2.4 | Animal sacrifice and collection of samples

Five days after mating, each male SD rat was euthanised under ex-
cess halothane anaesthesia and blood samples were collected via
transcardial puncture. Five millilitre (5 ml) of blood sample was ob-
tained from each rat and divided into two: One half in a plain bottle
and the other half in an ethylenediamminetetraacetic acid (EDTA)
bottle. Plasma and serum were obtained by centrifugationat 1401 x g
for 20 min. The testes were excised, weighed and fixed in Bouin's
fluid for histological analysis. The cauda epididymis was gently
minced and assayed for sperm count, sperm motility and sperm mor-
phology. The relative testicular weights were calculated using the

following formula:

Organ weight/Final body weight x 100

(EI-Aziz, El-Fark, & Hamdy, 2016; Patrick-lwuanyanwu, Udowelle, &
Okereke, 2016)

2.5 | Sperm characteristics

Sperm count, motility and morphology were assessed as described
by Amniattalab and Razi (2015) and Jalali, Najafi, Hosseinchi, and
Sedighnia (2015). In brief, Epididymal spermatozoa were collected
from the cauda epididymis in 1 ml of human tubular fluid (HTF)
solution and incubated for 10 min at 37°C in an atmosphere of
5% CO, incubator to allow sperm to swim out of the epididymal

tubules.

2.5.1 | Motility

To assess the sperm motility, one drop of sperm suspension was
placed on a microscope slide, and a coverslip was placed over the
droplet. Ten (10) microscopic fields were observed at 400x magnifi-

cation using a phase contrast microscope.

ANDROLOGIagiZIB=%
2.5.2 | Count

The epididymal sperm counts were obtained by the standard hemo-
cytometric method using the Biorad automated counting chamber
and equipment. In brief, after dilution of epididymal spermatozoa to
1:20 in HTF medium, approximately 10 microlitre (ul) of this diluted
specimen were transferred to each of the counting chambers for au-

tomatic counting.

2.5.3 | Morphology

Sperm morphology was accessed by staining dry smeared spermato-
zoa on glass slide with eosin-nigrosin staining. Morphology was de-
scribed as normal, abnormal head, abnormal midpiece, and abnormal
tail (Adana et al., 2017; Azu et al., 2014).

2.6 | Determination of reproductive hormones

The serum levels of luteinising hormone (Hegazy, Ali, & Sabry, 2016), and
free testosterone were determined by Elabscience rat specific kits with
catalogue numbers: E-EL-R0026 and E-EL-R0389 respectively. Procedure
was carried out in accordance with manufacturers’ instructions.

2.7 | Histomorphometric studies

For histopathological examination, fixed testicular tissues were dis-
sected. Samples were then processed using a graded ethanol series
and embedded in paraffin. The paraffin sections were cut into 5 um-
thick slices using a microtome (microm HM 315 microtome, Walldorf,
Germany) and stained with haematoxylin and eosin for histological
examination. The sections were viewed and photographed using an
Olympus light microscope (Olympus BX51, Tokyo, Japan) with an at-
tached camera (Olympus E-330, Olympus Optical Co. Ltd., Japan).

A ten millimetre (10 mm) grid was placed on the 20 pm haema-
toxylin and eosin stained testicular tissue sections. Eleven sections
per animal were selected using the Leica slidePath gateway LAN
software. Selections were carried out using the systematic random
sampling method with a random start. Four blocks per testes were
used. The same number of grid points was allowed on all sections.
The number of grid points falling on each component of the semi-
niferous tubules (ST)- germinal epithelium (GE), lumen (L) and inter-
stitium (l) were noted. The volume fraction (Vv) of each component
was calculated as follows:

Vv(Component/Ref Volume) =
Y Points component / Y Points reference x 100

(Bordbar, Esmaeilpour, Dehghani, & Panjehshahin, 2013;
Howard & Reed, 2004).

2.8 | Statistical analysis

The data were presented as mean + SEM. Variables were subjected
to Shapiro-Wilk test to check for normality. The differences were
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TABLE 1 Body weights (BW) and relative testicular weights (TW) in animals in groups A (control), H (HAART), C (Naringenin 40 mg/kg), D
(Naringenin 80 mg/kg), E (HAART + Naringenin 40 mg/kg) and F (HAART + Naringenin 80 mg/kg) after 10 weeks of treatement. Bars

indicate mean + SD

Group Initial BW Final BW Weight gain Relative TW
A (control) 147.40 £ 7.24 341.60 +15.16 194.20 + 15.89 1.02+0.04
B (HAART) 164.40 +1.33 339.80 + 15.50 175.4 + 15.56 1.01+0.04
C (naringenin 40 mg/kg) 161.20 £ 8.31 359.60 + 14.50 198.40 + 13.73 0.97 +0.02
D (naringenin 80 mg/kg) 165.00 £ 7.19 370.80 + 9.32 205.80 + 9.69 1.04 +0.02
E (HAART + Naringenin 40 mg/kg) 152.20 + 3.99 361.00 + 11.15 208.80 + 13.95 1.03+0.03
F (HAART + Naringenin 80 mg/kg) 149.80 + 5.01 355.80 + 5.68 206.00 + 2.26 1.03+0.03
Progressive Abnormal TABLE 2 Semen parameters

Group Sperm count (x10%)  motility (%)

A (Control) 29.28 +0.66 84 +2.92

B (HAART) 20.05 + 1.58** 58 + 3.74**

C (naringenin 40 mg/kg) 25.56 +1.78% 62 + 3.74**t1

D (naringenin 80 mg/kg) 2612 + 1.64 76 £2.92tt

E (HAART + Naringenin 24.92 +2.06 65+2.24"t1
40 mg/kg)

F (HAART + Naringenin 25.04 +1.17 74 £ 2921t
80 mg/kg)

spermatozoa (%)
5.5+£1.50
12.26 £ 5.03
4.64+1.18
8+3.78
5+0.77

5.6+1.17

Note. Semen parameters in animals in groups A (control), H (HAART), C (Naringenin 40 mg/kg), D
(Naringenin 80 mg/kg), E (HAART + Naringenin 40 mg/kg) and F (HAART + Naringenin 80 mg/kg)

after 10 weeks of treatment. Bars indicate mean + SD.

'p <0.05 between the group and control. “p < 0.001 between the group and control. p < 0.05 be-
tween the group and HAART group while. tp < 0.001 between the group and HAART group.

then evaluated using one-way analysis of variance (Ciz et al., 2012)
followed by Fisher’s Least Significant Difference (LSD) procedure for
multiple comparisons. p < 0.05 was considered statistically signifi-
cant and <0.01, very significant using Statistical Package for Social
Sciences (SPSS) version 23.

3 | RESULTS

3.1 | Body weight and relative testicular weight

There were no significant differences in the weight gain [ANOVA
p = 0.472] and relative testicular weights [ANOVA p = 0.506] across
the groups (Table 1).

3.2 | Semen parameters

Sperm count was significantly different between the groups [ANOVA
p = 0.019]. There was a significantly lower count in group B (HAART)
compared to A (control) [p =0.01] and C [p = 0.032]. There were
significantly lower progressive spermatozoa in group B when com-
pared to A [p < 0.0001], C [p = 0.001], D [p = 0.00], E [p = 0.00] and
F (HAART + Naringenin 80 mg/kg) [p = 0.001]. Group C [p = 0.001]
and E [p = 0.002] also displayed significantly lower progressive mo-
tility when compared to A (Table 2).

3.3 | Fertility index

Statistical comparison was not made for fertility index. However, the
fertility index was higher in the A group than in the B and C groups.
The number of pubs per group was also higher. The average num-
ber of pubs per pregnant female were lower in the B and C groups
(Table 3).

3.4 | Reproductive hormones

Serum testosterone levels were not significantly different [p = 0.344]
between groups A and B. Groups that were administered only nar-
ingenin- C and D displayed significant increase [p =0.025] and
[p = 0.006], respectively, when compared to groups A. Testosterone
level were higher in the D was compared to B group [p = 0.051]. The
serum luteinising hormone was significantly higher in group B when
compared to groups A [p =0.027], E [p =0.017] and F [p =0.018]
Figure 1a,b.

3.5 | Histomorphometry

There were significant differences in the volume fractions of
the seminiferous epithelium (SE) [ANOVA p =0.027] and lumen
[ANOVA p = 0.024]. The volume fraction of SE was higher in the B
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TABLE 3 Fertility index in animals in
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groups A (control), H (HAART), C (Naringenin Grou Nroeo:lancies iI:IeJ:;I(I:lZI) :.:‘:rf tions No of pubs
40 mg/kg), D (Naringenin 80 mg/kg), E P - o .
(HAART +Naringenin 40 mg/kg) and F A (control) 5 100.00 0.67 £0.58 8.67 £2.08
(HAART + Naringenin 80 mg/kg) after B (HAART) 3 60.00 0.67 +1.15 6.67+5.77
10 weeks of treatement. Bars indicate C (naringenin 40 mg/kg) 3 60.00 0.33+0.58 6.00+5.57
mean + SD
D (naringenin 80 mg/kg) 5 100.00 0.00 9.67 +1.53
E (HAART + Naringenin 5 100.00 0.67 £0.58 9.33+1.15
40 mg/kg)
F (HAART + Naringenin 5 100.00 0.33+0.56 988 2= LAl
80 mg/kg)

group than all groups except the C group which was significantly
higher [p = 0.017]. The lumen in group B was significantly smaller
than those of D [p = 0.007], E [p = 0.023], F [p = 0.002] (Table 4).

3.6 | Histomorphology

The seminiferous tubules (ST) of the control animals displayed the
normal progression of cells of the spermatogenic series with sperm
cells in the lumen and Leydig cells in the interstitium (Figure 2).
Group b had apparently smaller ST with scanty cells in the lumen of
some of the ST, whereas the ¢, d, e, and f displayed larger ST with the
normal progression of cells of the spermatogenic series. Leydig cells
in the interstitium and mature sperm cells in the lumen were similar

to control (Figure 2).

4 | DISCUSSION

Long-term use of HAART has become the cornerstone of the suc-
cess achieved in the prevention and management of HIV infec-
tions. It is associated with decline in AIDS incidence and death rates
across different parts of the world (Antiretroviral Therapy Cohort
Collaboration, 2008; Kitahata et al., 2009; Liu, 2016; Liu & Baker,
2000). However, it is also associated with myriads of biochemical,
physiological and structural changes and their attendant complica-
tions (Azu et al., 2014; del Valle, Hernandez, & Avila, 2013; Mudie
et al., 2014). This study investigated the effects of HAART on the
male reproductive potential and the protective role of naringenin in
animals.

4.1 | Semen parameters and fertility rate

This study reports that HAART-induced alterations in semen param-
eters in rats. This was evident from the decrease in the sperm count,
sperm motility and an increase in abnormal forms with the use of
TDF/FTC/EFV combination. This is in tandem with the findings of
earlier studies (Azu et al., 2014; Kehl et al., 2011; Ogedengbe et al.,
2016) who also reported semen abnormalities. The effect on sperm
parameters could explain the lesser number of pregnancies and
subsequently pubs in the rats on TDF/FTC/EFV combination. The
co-administration of naringenin (80 mg/kg) and HAART restored

(@ 100 -

Testosterone
(pg/mi)

(b) 54
[¢3

4 — o *
T .|l L
5 ¥
52
< 2-
il

1-

0

v ? ¥} Q <& <
Group

FIGURE 1 (a) Serum Testosterone and (b) Luteinising hormone
in groups A (control), B (HAART), C (Naringenin 40 mg/kg), D
(Naringenin 80 mg/kg), E (HAART + Naringenin 40 mg/kg) and

F (HAART + Naringenin 80 mg/kg) after 10 weeks of treatment.
Bars indicate mean + SD. *p < 0.05 between the group and control.
Pp < 0.05 between the group and HAART group

the fertility rate and did prevent alterations in the semen param-
eters as they were comparable to those of the control. This sug-
gests that naringenin may protect against HAART-induced testicular
toxicity. Roy et al., 2013 earlier reported the ameliorative proper-
ties of naringenin in diabetes-induced testicular toxicity (Roy et al.,
2013). The protective property of naringenin has been attributed to
its ability to prevent antioxidant enzyme inactivation by potential



Journal of Andrology

ADANA ET AL.

s |\ ey

aNDROLOGIGE

. .. TABLE 4 Volume fraction of the
Vol. fraction of seminiferous

Vol. fraction of Vol. fraction of

germinal epithelium lumen and

Group epithelium (%) lumen (%) interstitium (%) N .
interstitium
A (control) 56.67 £1.52 16.67 +2.91 25.00+1.96
B (HAART) 57.23+2.86 11.11 £ 1.76* 31.67 £2.58
C (naringenin 40 mg/ 61.66 £2.04 15.00 £ 2.07 23.33+1.11
kg)
D (naringenin 80 mg/ 57.22 + 1.67** 21.67 +1.36** 21.11+£1.11
kg)
E (HAART + narin- 56.67 £2.99** 18.89 + 1.84** 2444 +2.22
genin 40 mg/kg)
F (HAART + narin- 48.33 + 1.88** 20.55 +2.99** 31.11+4.60

genin 80 mg/kg)

Note. Volume fraction of in groups A (control), B (HAART), C (Naringenin 40 mg/kg), D (Naringenin
80 mg/kg), E(HAART + Naringenin 40 mg/kg) and F (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 B group.

-
2

iy R

FIGURE 2 Haematoxylin and eosin stained histological sections in groups (a; control), (b; HAART), (c; Naringenin 40 mg/kg), (d;
Naringenin 80 mg/kg), (e; HAART + Naringenin 40 mg/kg) and (f; HAART + Naringenin 80 mg/kg). The seminiferous tubules (ST) of the
control animals displayed the normal progression of cells of the spermatogenic series with sperm cells in the lumen and Leydig cells in the
interstitium. Group (b) had apparently smaller ST with scanty cells in the lumen, whereas the (c), (d), (), and (f) displayed larger ST with the

normal progression of cells of the spermatogenic series. Leydig cells in the interstitium and mature sperm cells in the lumen were similar to
control

prooxidants, prevention of excessive lipid peroxidation, and preven- Prabu, 2009) and inhibit the activity of ROS-forming enzymes such

tion of structural and ultrastructural tissue changes induced by toxic as NADPH oxidase (Ciz et al., 2012).
agents (Hermenean et al., 2013). The ability to scavenge free radi-
cal was explained by its 5-hydroxy and 4-carbonyl groups in the C
ring, which may interact with Cu and Fe ions (Podder, Song, & Kim,

2014). Naringenin has also been shown to be effective in inducing

4.2 | Reproductive hormones

In the present study, serum testosterone levels were reduced with

the expression of many antioxidant-related genes (Renugadevi & exposure to HAART. Sperm function and hence the fertility potential
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of a male is highly dependent on the state of his hypothalamopitui-
tary testicular axis (HPT) (Gandhi et al., 2017). This can be reflected
by the circulating level of the reproductive hormones including tes-
tosterone and the gonadotropins. A well balanced HPT axis is essen-
tial for a successful reproduction; however, the balance can be offset
by several factors such as the existing medical or surgical conditions
and drugs used (Whirledge & Cidlowski, 2010).

This is contrary to the findings of Collazos, Mayo, Martinez, &
Ibarra, 2002 who recorded an increase in testosterone levels. This
conflict could be attributed to the difference in class of drug and
mechanism of organ toxicity (Collazos et al., 2002). The earlier study
associated a use of protease inhibitor with an increase in circulating
testosterone (Collazos et al., 2002). This was however accompanied
by sexual dysfunction. Another study reported a similar reduction
in testosterone levels (Rochira et al., 2011). Naringenin conversely,
induced a significant increase in serum levels of testosterone when
compared to the control and HAART administered animals. The
combination of naringenin and HAART used in this study has min-
imal effects on the serum levels of testosterone. This may explain
the maintenance of the testicular weight and suggests other mecha-
nisms of altered sperm function.

Naringenin significantly increased the level of testosterone in a
dose-related manner. This may explain the high sperm count and mo-
tility (although not better than control) and the less abnormal forms
observed in the naringenin administered group. This is similar to the
findings from other studies (Roy et al., 2013; Sahin et al., 2017) and
contrary to others (Papiez, 2003; Ranawat & Bakshi, 2017). In study
examining the effects of naringenin on diabetes, naringenin-treated
diabetic rats showed an improved histological appearance, sperm
parameters and serum testosterone levels (Roy et al., 2013). An
earlier study revealed that naringenin also caused minor changes in
metabolic processes in the testes of the rats but did not significantly
affect the synthesis of androgens (Papiez, 2003).

The serum luteinising hormone levels increased significantly in
HAART administered animals. A normal serum level and intrates-
ticular concentration are required for optimal testicular weight and
function (Harada et al., 2016).

4.3 | Histomorphometry

Structural changes were observed across the groups. We ob-
served increase in the volume fractions of the interstitium with
the use of HAART. The seminiferous tubules (ST) of the control
animals displayed the normal progression of cells of the spermato-
genic series with sperm cells in the lumen and Leydig cells in the
interstitium. This was also observed in the HAART administered
group but there was an apparently smaller ST with scanty cells
in the lumen of some of the ST. On the other hand, the other
experimental groups displayed larger ST with the normal pro-
gression of cells of the spermatogenic series. Leydig cells in the
interstitium and mature sperm cells in the lumen were similar to
control. Minimal changes were detectable in the tubular structure
of the testis associated with HAART use in this study, although a
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reduced intertubular space may suggest oedema of the testes in-

duced by tissue inflammation. This, according to prior studies, pre-
ceed changes in the seminal epithelium (Chiquoine, 1964; Heuser,
Mecklenburg, Ockert, Kohler, & Kemkowski, 2012; Hijazi, Ahmed,
Ul Haqg, Naqvi, & Parveen, 2016). Likely mechanism of toxicity is
a disturbance of fluid homeostasis (Heuser et al., 2012). These
changes may be better delineated using transmission electron mi-
croscope studies. The study made use of viral free animal models.
The co-administration of naringenin and HAART is intended for
HIV infected men. The immunological reaction to the virus may
alter the observed interactions.

5 | CONCLUSION

The study has shown that use of the FDC-TDF/FTC/EFV induced
changes in serum reproductive hormones, local tissue inflamma-
tion and disturbed fluid homeostasis in Sprague Dawley rats. These
changes resulted in reduced sperm count and motility as well as
an increase in abnormal forms, and subsequently reduced fertil-
ity index. Naringenin demonstrated some protection against these
changes. Further studies on the testicular ultrastructure may be able
to authenticate the beneficial role of this bioflavonoid as an adjuvant
in the management of men on HAART.

ACKNOWLEDGEMENTS

The authors acknowledge Dr Oluwole Alese and Mr Denis
Makhubela of Physiology Department University of KwaZulu-Natal
for their support and for making available laboratory equipment
during the course of the laboratory work. Profound gratitude goes
to the Professor Sanil Singh and Dr Linda Bester of the Biomedical
Resource Unit of the University of KwaZulu-Natal for their assis-

tance with animal handling and sacrifice.

ORCID

Misturah Yetunde Adana http://orcid.
org/0000-0001-8538-7838

Edidiong Nnamso Akang http://orcid.org/0000-0001-8690-7778
Peter Imo Aniekan http://orcid.org/0000-0002-1155-6368

Oluwatosin Olalekan Ogedengbe
org/0000-0002-1215-8521

http://orcid.

Onyemaechi Okpara Azu http://orcid.
org/0000-0003-0916-7184

REFERENCES

Adana, M., Akang, E., Peter, A, Jegede, A., Naidu, E., Tiloke, C,, ... Azu, O.
(2017). Naringenin attenuates highly active antiretroviral therapy-in-
duced sperm DNA fragmentations and testicular toxicity in Sprague-
Dawley rats. Andrology, 6, 166-175. https://doi.org/10.1111/
andr.12439


http://orcid.org/0000-0001-8538-7838
http://orcid.org/0000-0001-8538-7838
http://orcid.org/0000-0001-8538-7838
http://orcid.org/0000-0001-8690-7778
http://orcid.org/0000-0001-8690-7778
http://orcid.org/0000-0002-1155-6368
http://orcid.org/0000-0002-1155-6368
http://orcid.org/0000-0002-1215-8521
http://orcid.org/0000-0002-1215-8521
http://orcid.org/0000-0002-1215-8521
http://orcid.org/0000-0003-0916-7184
http://orcid.org/0000-0003-0916-7184
http://orcid.org/0000-0003-0916-7184
https://doi.org/10.1111/andr.12439
https://doi.org/10.1111/andr.12439

Journal of Andrology

ADANA ET AL.

8of 10
810 |\ EY

Aitken, R. J., & Curry, B. J. (2011). Redox regulation of human sperm func-
tion: From the physiological control of sperm capacitation to the eti-
ology of infertility and DNA damage in the germ line. Antioxidants &
Redox Signaling, 14, 367-381. https://doi.org/10.1089/ars.2010.3186

Aitken, R. J., & De luliis, G. N. (2007). Origins and consequences of DNA
damage in male germ cells. Reproductive Biomedicine Online, 14(6),
727-733. https://doi.org/10.1016/S1472-6483(10)60676-1

Aitken, R. J., & Roman, S. D. (2008). Antioxidant systems and oxidative
stress in the testes. Oxidative Medicine and Cellular Longevity, 1(1),
15-24. https://doi.org/10.4161/0xim.1.1.6843

Amniattalab, A., & Razi, M. (2015). Effect of phosalone on testicular tis-
sue and in vitro fertilizing potential. International Journal of Fertility &
Sterility, 9(1), 93.

Antiretroviral Therapy Cohort Collaboration (2008). Life expectancy
of individuals on combination antiretroviral therapy in high-income
countries: A collaborative analysis of 14 cohort studies. The Lancet,
372(9635), 293-299.

Azu, O., Naidu, E., Naidu, J., Masia, T., Nzemande, N., Chuturgoon, A., &
Singh, S. (2014). Testicular histomorphologic and stereological alter-
ations following short-term treatment with highly active antiretrovi-
ral drugs (HAART) in an experimental animal model. Andrology, 2(5),
772-779. https://doi.org/10.1111/j.2047-2927.2014.00233.x

Bordbar, H., Esmaeilpour, T., Dehghani, F., & Panjehshahin, M. R. (2013).
Stereological study of the effect of ginger's alcoholic extract on the
testis in busulfan-induced infertility in rats. Iranian journal of repro-
ductive medicine, 11(6), 467.

Bujan, L., Hollander, L., Coudert, M., Gilling-Smith, C., Vucetich, A.,
Guibert, J., ... Semprini, A. E. (2007). Safety and efficacy of sperm
washing in HIV-1- serodiscordant couples where the male is infected:
Results from the European CREAThE network. AIDS, 21, 1909-1914.
https://doi.org/10.1097/QAD.0b013e3282703879

Cetin, A, Ciftci, O., & Otlu, A. (2016). Protective effect of hesperidin on
oxidative and histological liver damage following carbon tetrachlo-
ride administration in Wistar rats. Archives of Medical Science, 12(3),
486. https://doi.org/10.5114/aoms.2015.49484

Chambers, G. M., Sullivan, E. A., Ishihara, O., Chapman, M. G., & Adamson,
G. D. (2009). The economic impact of assisted reproductive technol-
ogy: A review of selected developed countries. Fertility and Sterility,
91(6), 2281-2294. https://doi.org/10.1016/j.fertnstert.2009.04.029

Chen, R. C., Xu, X. D., Zhi Liu, X., Sun, G. B, Zhu, Y. D., Dong, X., ... Sun, X.
B.(2015). Total flavonoids from Clinopodium chinense (Benth.) O. Ktze
Protect against doxorubicin-induced cardiotoxicityin vitroandin vivo.
Evidence-Based Complementary and Alternative Medicine, 2015, 1-17.

Chiquoine, A. D. (1964). Observations on the early events of cadmium
necrosis of the testis. The Anatomical Record, 149(1), 23-35. https://
doi.org/10.1002/ar.1091490104

Ciftci, O., Ozdemir, ., Aydin, M., & Beytur, A. (2012). Beneficial effects
of chrysin on the reproductive system of adult male rats. Andrologia,
44(3), 181-186. https://doi.org/10.1111/j.1439-0272.2010.01127.x.

Ciz, M., Deney, P, Kratchanova, M., Vasicek, O., Ambrozova, G., & Lojek,
A. (2012). Flavonoids inhibit the respiratory burst of neutrophils in
mammals. Oxidative Medicine and Cellular Longevity, 2012, 6. https://
doi.org/10.1155/2012/181295.

Collazos, J., Mayo, J., Martinez, E., & lbarra, S. (2002). Association
between sexual disturbances and sexual hormones with spe-
cific antiretroviral drugs. AIDS, 16(9), 1294-1295. https://doi.
org/10.1097/00002030-200206140-00016

Cooper, D., Moodley, J., Zweigenthal, V., Bekker, L.-G., Shah, I., & Myer,
L. (2009). Fertility intentions and reproductive health care needs
of people living with HIV in Cape Town, South Africa: Implications
for integrating reproductive health and HIV care services. AIDS and
Behavior, 13(1), 38. https://doi.org/10.1007/s10461-009-9550-1

Da Silva, M., Shevchuk, M. M., Cronin, W. J., Armenakas, N. A.,
Tannenbaum, M., Fracchia, J. A., & loachim, H. L. (1990). Detection
of HIV related protein in testes and prostates of patients with AIDS.

aNDROLOGIGE

American Journal of Clinical Pathology, 93, 196-201. https://doi.
org/10.1093/ajcp/93.2.196

del Valle, L. G., Hernandez, R. G., & Avila, J. P. (2013). Oxidative
stress associated to disease progression and toxicity during an-
tiretroviral therapy in human immunodeficiency virus infection.
Journal of Virology and Microbiology, 2013, 1-15. https://doi.
org/10.5171/2013.279685

El-Aziz, G. S. A, El-Fark, M. O., & Hamdy, R. M. (2016). Protective effect
of Eruca sativa seed oil against oral nicotine induced testicular dam-
age in rats. Tissue and Cell, 48(4), 340-348. https://doi.org/10.1016/j.
tice.2016.05.006

Felgines, C., Texier, O., Morand, C., Manach, C., Scalbert, A., Regerat, F.,
& Remesy, C. (2000). Bioavailability of the flavanone naringenin and
its glycosides in rats. American Journal of Physiology. Gastrointestinal
and Liver Physiology, 279(6), G1148-G1154. https://doi.org/10.1152/
ajpgi.2000.279.6.G1148

Ganaie, M. A. (2015). The protective effects of Naringenin on testes
gonadotoxicity induced by cisplatin in rats. Bulletin of Environment,
Pharmacology and Life Sciences, 5, 15-21.

Gandhi, J., Hernandez, R. J., Chen, A., Smith, N. L., Sheynkin, Y. R., Joshi,
G., & Khan, S. A. (2017). Impaired hypothalamic-pituitary-testicular
axis activity, spermatogenesis, and sperm function promote infertil-
ity in males with lead poisoning. Zygote, 25(2), 103-110. https://doi.
org/10.1017/50967199417000028

Harada, Y., Tanaka, N., Ichikawa, M., Kamijo, Y., Sugiyama, E., Gonzalez,
F. J., & Aoyama, T. (2016). PPARa-dependent cholesterol/testoster-
one disruption in Leydig cells mediates 2, 4-dichlorophenoxyacetic
acid-induced testicular toxicity in mice. Archives of Toxicology, 90(12),
3061-3071. https://doi.org/10.1007/s00204-016-1669-z

Hegazy, H. G., Ali, E. H. A., & Sabry, H. A. (2016). The neuroprotec-
tive action of naringenin on oseltamivir (Tamiflu) treated male
rats. The Journal of Basic & Applied Zoology, 77, 83-90. https://doi.
org/10.1016/j.jobaz.2016.12.006.

Hermenean, A., Ardelean, A., Stan, M., Herman, H., Mihali, C.-V.,
Costache, M., & Dinischiotu, A. (2013). Protective effects of nar-
ingenin on carbon tetrachloride-induced acute nephrotoxicity in
mouse kidney. Chemico-Biological Interactions, 205(2), 138-147.
https://doi.org/10.1016/j.cbi.2013.06.016

Heuser, A., Mecklenburg, L., Ockert, D., Kohler, M., & Kemkowski, J.
(2012). Selective inhibition of PDE4 in Wistar rats can lead to dila-
tation in testis, efferent ducts, and epididymis and subsequent for-
mation of sperm granulomas. Toxicologic Pathology, 41(4), 615-627.
https://doi.org/10.1177/0192623312463783.

Heys, J., Kipp, W., Jhangri, G. S., Alibhai, A., & Rubaale, T. (2009).
Fertility desires and infection with the HIV: Results from a survey
in rural Uganda. AIDS, 23, S37-S45. https://doi.org/10.1097/01.
aids.0000363776.76129.fd

Hijazi, M. M., Ahmed, M. R, Ul Haq, H. S. I., Naqvi, S. N. H., & Parveen,
R. (2016). Testicular morphology of albino rat; withdrawal effects
of chronic androgenic anabolic steroid. Professional Medical Journal,
23(3), 343-349. https://doi.org/10.17957/TPMJ/16.3188

Hood, R. D. (2016). Developmental and reproductive toxicology: A practical
approach, 3rd ed.. Boca Raton, FL: CRC Press.

Howard, V., & Reed, M. (2004). Unbiased stereology: three-dimensional
measurement in microscopy. Garland Science.

lliyasu, Z., Abubakar, I. S., Kabir, M., Babashani, M., Shuaib, F., & Aliyu, M.
H.(2009). Correlates of fertility intentions among HIV/AIDS patients
in northern Nigeria. African Journal of Reproductive Health, 13(3),
71-83.

Jalali, A. S., Najafi, G., Hosseinchi, M., & Sedighnia, A. (2015). Royal Jelly
alleviates sperm toxicity and improves in vitro fertilization outcome
in Stanozolol-treated mice. Iranian Journal of Reproductive Medicine,
13(1), 15-22.

Jamalan, M., Ghaffari, M. A., Hoseinzadeh, P., Hashemitabar, M., &
Zeinali, M. (2016). Human sperm quality and metal toxicants:


https://doi.org/10.1089/ars.2010.3186
https://doi.org/10.1016/S1472-6483(10)60676-1
https://doi.org/10.4161/oxim.1.1.6843
https://doi.org/10.1111/j.2047-2927.2014.00233.x
https://doi.org/10.1097/QAD.0b013e3282703879
https://doi.org/10.5114/aoms.2015.49484
https://doi.org/10.1016/j.fertnstert.2009.04.029
https://doi.org/10.1002/ar.1091490104
https://doi.org/10.1002/ar.1091490104
https://doi.org/10.1111/j.1439-0272.2010.01127.x
https://doi.org/10.1155/2012/181295
https://doi.org/10.1155/2012/181295
https://doi.org/10.1097/00002030-200206140-00016
https://doi.org/10.1097/00002030-200206140-00016
https://doi.org/10.1007/s10461-009-9550-1
https://doi.org/10.1093/ajcp/93.2.196
https://doi.org/10.1093/ajcp/93.2.196
https://doi.org/10.5171/2013.279685
https://doi.org/10.5171/2013.279685
https://doi.org/10.1016/j.tice.2016.05.006
https://doi.org/10.1016/j.tice.2016.05.006
https://doi.org/10.1152/ajpgi.2000.279.6.G1148
https://doi.org/10.1152/ajpgi.2000.279.6.G1148
https://doi.org/10.1017/S0967199417000028
https://doi.org/10.1017/S0967199417000028
https://doi.org/10.1007/s00204-016-1669-z
https://doi.org/10.1016/j.jobaz.2016.12.006
https://doi.org/10.1016/j.jobaz.2016.12.006
https://doi.org/10.1016/j.cbi.2013.06.016
https://doi.org/10.1177/0192623312463783
https://doi.org/10.1097/01.aids.0000363776.76129.fd
https://doi.org/10.1097/01.aids.0000363776.76129.fd
https://doi.org/10.17957/TPMJ/16.3188

ADANA ET AL.

First International Journal of Andrology

Protective effects of some flavonoids on male reproductive function.
International Journal of Fertility & Sterility, 10(2), 215.

Jegede, A. |, Offor, U., Onanuga, I. O., Naidu, E. C. S., & Azu, O. O. (2017).
Effect of co-administration of Hypoxis hemerocallidea extract and
antiretroviral therapy (HAART) on the histomorphology and semi-
nal parameters in Sprague Dawley rats. Andrologia, 49(2), e12640.
https://doi.org/10.1111/and.12640.

Kayode, A.A. A., & Kayode, O.T.(2011). Some medicinal values of Telfairia
occidentalis: A review. American Journal of Biochemistry and Molecular
Biology, 1(1), 30-38. https://doi.org/10.3923/ajbmb.2011.30.38

Kehl, S., Weigel, M., Miiller, D., Gentili, M., Hornemann, A., & Sitterlin,
M. (2011). HIV-infection and modern antiretroviral therapy impair
sperm quality. Archives of Gynecology and Obstetrics, 284(1), 229-
233. https://doi.org/10.1007/s00404-011-1898-6.

Kitahata, M. M., Gange, S. J., Abraham, A. G., Merriman, B., Saag, M.
S., Justice, A. C,, ... Brooks, J. T. (2009). Effect of early versus de-
ferred antiretroviral therapy for HIV on survival. New England
Journal of Medicine, 360(18), 1815-1826. https://doi.org/10.1056/
NEJMo0a0807252

Krishnaiah, D., Sarbatly, R., & Nithyanandam, R. (2011). A review of an-
tioxidant potential of medicinal plant species. Food and Bioproduct
Processing, 89(3), 217-233.

Lewis, W., Day, B. J., & Copeland, W. C. (2003). Mitochondrial toxicity of
NRTI antiviral drugs: An integrated cellular perspective. Nat Rev Drug
Discov., 2, 812-822. https://doi.org/10.1038/nrd1201

Liu, D., & Baker, H. (2000). Defective sperm-zona pellucida interaction:
A major cause of failure of fertilization in clinical in-vitro fertiliza-
tion. Human Reproduction, 15(3), 702-708. https://doi.org/10.1093/
humrep/15.3.702

Liu, H. (2016). Voltage-gated K+ channels and HIV-1-induced neural in-
jury: Implications for pathogenesis of HIV-1-associated neurocognitive
disorders.

Ma, S.-H., Zhang, L.-L., & Jiang, Q.-Q. (2017). Protective effect of biofla-
vonoid morin on Cadmium induced oxidative neuropathy. Biomedical
Research, 28(3), 000-000.

Mahlangeni, N. T., Moodley, R., & Jonnalagadda, S. B. (2014). Elemental
composition of Cyrtanthus obliquus and Lippia javanica used in
South African herbal tonic, Imbiza. Arabian Journal of Chemistry, 11,
128-136. https://doi.org/10.1016/j.arabjc.2014.07.007.

Meintjes, G., Conradie, J., Cox, V., Dlamini, S., Fabian, J., Maartens, G,, ...
Moorhouse, M. (2014). Adult antiretroviral therapy guidelines 2014.
Southern African Journal of HIV Medicine, 15(4), 121-143. https://doi.
org/10.4102/sajhivmed.v15i4.330

Mudie, K., Seifu, D., Challa, F., Abebe, A., Debella, A., & Gebregzabher, A.
(2014). Hepatoprotective activity of aqueous seed extract of Nigella
sativa against highly active antiretroviral therapy induced hepatotox-
icity in rats. Pharmacology Online, 3, 11-21.

Muthiah, B., Kallikadavil, A., Shivaswamy, R., & Menon, V. B. (2016).
The study of gonadal hormonal abnormalities and sexual dysfunc-
tion in HIV positive females: An exploratory study. Journal of Clinical
and Diagnostic Research, 10(4), OC11. https://doi.org/10.7860/
JCDR/2016/18992.7581

Nakagawa, F., Lodwick, R. K., Smith, C. J., Smith, R., Cambiano, V.,
Lundgren, J. D, ... Phillips, A. N. (2012). Projected life expectancy of
people with HIV according to timing of diagnosis. AIDS, 26(3), 335-
343. https://doi.org/10.1097/QAD.0b013e32834dcec9.

Nicopoullos, J., Almeida, P., Vourliotis, M., & Gilling-Smith, C. (2011).
A decade of the sperm-washing programme: Correlation between
markers of HIV and seminal parameters. HIV Medicine, 12, 195-201.
https://doi.org/10.1111/j.1468-1293.2010.00868.x

Ogedengbe, O. O., Jegede, A. ., Onanuga, I. O., Offor, U., Naidu, E.
C., Peter, A. I, & Azu, O. O. (2016). Coconut oil extract mitigates
testicular injury following adjuvant treatment with antiretroviral
drugs. Toxicological Research, 32(4), 317. https://doi.org/10.5487/
TR.2016.32.4.317

ANDROLOGI AT

Olaniyan, L. W. B., Maduagwu, E. N., Akintunde, O. W., Oluwayelu, O. O.,
& Brai, B. I. C. (2015). Lamivudine-induced liver injury. Maced. J Med
Sci, 15(3(4)), 545-550. https://doi.org/10.3889/0amjms.2015.110

Papiez, M. (2003). Influence of naringenin on the activity of enzymes
participating in steroidogenesis in male rats. Roczniki Akademii
Medycznej W Bialymstoku, 1995(49), 120-122.

Patrick-lwuanyanwu, K. C., Udowelle, N. A., & Okereke, C. J. (2016).
Testicular toxicity and sperm quality following exposure to
Solighum®: A Permethrin-containing wood preservative in adult
male Wistar rats. Journal of Interdisciplinary Histopathology, 4(1), 13-
16. https://doi.org/10.5455/jihp.20151125081952

Podder, B., Song, H. Y., & Kim, Y. S. (2014). Naringenin exerts cytopro-
tective effect against paraquat-induced toxicity in human bron-
chial epithelial BEAS-2B cells through NRF2 activation. Journal
of Microbiology and Biotechnology, 24(5), 605-613. https://doi.
org/10.4014/jmb.1402.02001

Rahmatullah, M., Ferdausi, D., Mollik, A., Jahan, R., Chowdhury, M., &
Haque, W. (2010). A survey of medicinal plants used by kavirajes of
chalna area, Khulna district, Bangladesh. African Journal of Traditional,
Complementary and Alternative Medicines, 7(2), 91-97. https://doi.
org/10.4314/ajtcam.v7i2.50859

Ranawat, P., & Bakshi, N. (2017). Naringenin; a bioflavonoid, impairs
the reproductive potential of male mice. Toxicology Mechanisms and
Methods, 27(6), 417-427. https://doi.org/10.1080/15376516.2017.1
296048.

Renugadevi, J., & Prabu, S. M. (2009). Naringenin protects against cad-
mium-induced oxidative renal dysfunction in rats. Toxicology, 256(1),
128-134. https://doi.org/10.1016/j.tox.2008.11.012.

Rochira, V., Zirilli, L., Orlando, G., Santi, D., Brigante, G., Diazzi, C., ...
Guaraldi, G. (2011). Premature decline of serum total testosterone
in HIV-infected men in the HAART-era. PLoS ONE, 6(12), e28512.
https://doi.org/10.1371/journal.pone.0028512

Roy, S., Rahaman, N., Ahmed, F., Metya, S., & Sannigrahi, S. (2013).
Naringenin attenuates testicular damage, germ cell death and oxi-
dative stress in streptozotocin induced diabetic rats: Naringenin pre-
vents diabetic rat testicular damage. Journal of Applied Biomedicine,
11(3), 195-208. https://doi.org/10.2478/v10136-012-0026-7

Sahin, Z., Ozkaya, A., Cuce, G., Uckun, M., & Yologlu, E. (2017).
Investigation of the effect of naringenin on oxidative stress-related
alterations in testis of hydrogen peroxide-administered rats. Journal
of Biochemical and Molecular Toxicology, 31, €21928. https://doi.
org/10.1002/jbt.21928

Salem, . B., Boussabbeh, M., Graiet, I., Rhouma, A., Bacha, H., & Essefi,
S. A. (2016). Quercetin protects HCT116 cells from Dichlorvos-in-
duced oxidative stress and apoptosis. Cell Stress and Chaperones, 21,
179-186. https://doi.org/10.1007/s12192-015-0651-7

Semprini, A. E., Macaluso, M., Hollander, L., Vucetich, A., Duerr, A.,
Mor, G., ... Jamieson, D. J. (2013). Safe conception for HIV-discor-
dant couples: Insemination with processed semen from the HIV-in-
fected partner. American Journal of Obstetrics and Gynecology, 208,
e401-e409. https://doi.org/10.1016/j.ajog.2013.02.009

Shoskes, D. A. (1998). Effect of bioflavonoids quercetin and cur-
cumin on ischemic renal injury: A new class of renoprotec-
tive agentsl. Transplantation, 66(2), 147-152. https://doi.
org/10.1097/00007890-199807270-00001

Tesfaye, L., Admassu, M., Getachew, A., & Sharma, H. R. (2012). Fertility
desires and family planning demand among HIV-positive clients in
follow-up care at antiretroviral treatment unit in Gondar University
Hospital, Ethiopia. Vulnerable Children and Youth Studies, 7(1), 20-35.
https://doi.org/10.1080/09540121.2011.647114

Tirkey, N., Pilkhwal, S., Kuhad, A., & Chopra, K. (2005). Hesperidin, a cit-
rus bioflavonoid, decreases the oxidative stress produced by carbon
tetrachloride in rat liver and kidney. BMC Pharmacology, 5(1), 2.

UNAIDS (2016). Global AIDS update. Retrieved from https://www.unaids.
org/en/resources/documents/2016/Global-AlDS-update-2016



https://doi.org/10.1111/and.12640
https://doi.org/10.3923/ajbmb.2011.30.38
https://doi.org/10.1007/s00404-011-1898-6
https://doi.org/10.1056/NEJMoa0807252
https://doi.org/10.1056/NEJMoa0807252
https://doi.org/10.1038/nrd1201
https://doi.org/10.1093/humrep/15.3.702
https://doi.org/10.1093/humrep/15.3.702
https://doi.org/10.1016/j.arabjc.2014.07.007
https://doi.org/10.4102/sajhivmed.v15i4.330
https://doi.org/10.4102/sajhivmed.v15i4.330
https://doi.org/10.7860/JCDR/2016/18992.7581
https://doi.org/10.7860/JCDR/2016/18992.7581
https://doi.org/10.1097/QAD.0b013e32834dcec9
https://doi.org/10.1111/j.1468-1293.2010.00868.x
https://doi.org/10.5487/TR.2016.32.4.317
https://doi.org/10.5487/TR.2016.32.4.317
https://doi.org/10.3889/oamjms.2015.110
https://doi.org/10.5455/jihp.20151125081952
https://doi.org/10.4014/jmb.1402.02001
https://doi.org/10.4014/jmb.1402.02001
https://doi.org/10.4314/ajtcam.v7i2.50859
https://doi.org/10.4314/ajtcam.v7i2.50859
https://doi.org/10.1080/15376516.2017.1296048
https://doi.org/10.1080/15376516.2017.1296048
https://doi.org/10.1016/j.tox.2008.11.012
https://doi.org/10.1371/journal.pone.0028512
https://doi.org/10.2478/v10136-012-0026-7
https://doi.org/10.1002/jbt.21928
https://doi.org/10.1002/jbt.21928
https://doi.org/10.1007/s12192-015-0651-7
https://doi.org/10.1016/j.ajog.2013.02.009
https://doi.org/10.1097/00007890-199807270-00001
https://doi.org/10.1097/00007890-199807270-00001
https://doi.org/10.1080/09540121.2011.647114
https://www.unaids.org/en/resources/documents/2016/Global-AIDS-update-2016
https://www.unaids.org/en/resources/documents/2016/Global-AIDS-update-2016

ADANA ET AL.

R R Y I N - i DROLOGI2

van Leeuwen, E., Wit, F. W,, Repping, S., Eeftinck Schattenkerk, J. K. M.,
Reiss, P., van der Veen, F., & Prins, J. M. (2008). Effects of antiret-
roviral therapy on semen quality. AIDS, 22, 637-642. https://doi.
org/10.1097/QAD.0b013e3282f4de10

Wekesa, E., & Coast, E. (2014). Fertility desires among men and women
living with HIV/AIDS in Nairobi slums: A mixed methods study. PLoS
ONE, 9(8), e106292. https://doi.org/10.1371/journal.pone.0106292

Whirledge, S., & Cidlowski, J. A. (2010). Glucocorticoids, stress, and fer-
tility. MinervaEndocrinologica, 35(2), 109.

Yanez, J. A., Remsberg, C. M., Miranda, N. D., Vega-Villa, K. R., Andrews,
P. K., & Davies, N. M. (2008). Pharmacokinetics of selected chiral fla-
vonoids: Hesperetin, naringenin and eriodictyol in rats and their con-
tent in fruit juices. Biopharmaceutics & Drug Disposition, 29(2), 63-82.
https://doi.org/10.1002/bdd.588.

Younes, G., Gilman, A., Tannus, S., Son, W., Chan, P., & Buckett, W.
(2016). Reproductive outcomes following surgical sperm retrieval

in couples with obstructive azoospermia (OA), non-obstructive
azoospermia (NOA) and repeated in vitro fertilization (IVF) failure.
Fertility and Sterility, 106(3), €225-e226. https://doi.org/10.1016/j.
fertnstert.2016.07.654

How to cite this article: Adana MY, Akang EN, Naidu ECS, et al.
Testicular microanatomical and hormonal alterations following
use of antiretroviral therapy in Sprague Dawley rats: Role of
Naringenin. Andrologia. 2018;50:€13137. https://doi.
org/10.1111/and.13137



https://doi.org/10.1097/QAD.0b013e3282f4de10
https://doi.org/10.1097/QAD.0b013e3282f4de10
https://doi.org/10.1371/journal.pone.0106292
https://doi.org/10.1002/bdd.588
https://doi.org/10.1016/j.fertnstert.2016.07.654
https://doi.org/10.1016/j.fertnstert.2016.07.654
https://doi.org/10.1111/and.13137
https://doi.org/10.1111/and.13137

