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Abstract

Background: Highly active antiretroviral therapies (HAARTSs) and other antiretroviral therapies (ARTSs)
are widely used in the management of human immunodeficiency virus/acquired immune deficiency
syndrome (HIV/AIDS) as well as repurposing for other infectious conditions despite their reported
toxicities. We investigated the gonado-toxicities of two HAARTs and five ARTSs in vivo model.

Materials and methods: Forty adult male Wistar rats were allotted into eight groups; where Group 1
served as normal control (NC) and received 5 mL distilled water per kg, while Groups 2 to 8 received
(Efavirenz+Lamivudine+Tenofovir disoproxil fumarate [ELT 17.14 mg]),
(Lamivudine+Nevirapine+Zidovudine [LNZ 9.28 mg]), (Abacavir+Lamivudine [AL 12.86 mg]),
(Lamivudine+Zidovudine [LZ 6.43 mg]), (Fumarate de tenofovir disoproxil+Lamivudine [TL 8.57
mg]), (Atazanavir+Ritonavir [AR 5.71 mg]) and (Liponavir+Ritonavir [LR 3.57 mg]) per kg body
weight respectively at therapeutic doses via oral route for 30 days, and thereafter sacrificed under
anesthesia injection. Blood was obtained via cardiac puncture for hormonal assay, while testes were
dissected out for histological assessments.

Results: Testosterone concentrations significantly (p < 0.05) declined in the HAART and ART-
administered groups compared to NC. Testicular microstructure demonstrated mild to moderate
degeneration of the germinal epithelium in the HA ART- and ART- groups compared to NC.

Conclusion: ELT was less gonadotoxic compared with LNZ, while LZ was the most gonadotoxic ART
based on severity of alterations in the testicular hormone and microstructure.

Keywords: Highly active antiretroviral therapies, antiretroviral therapies, testes, histology

accounted for 59 % of all new human
immunodeficiency virus (HIV) infections in West

Introduction

Globally an estimated 38.0 million people were
living with human immunodeficiency virus
(PLWHAS) at the end 0f 2019 up from 2017 figures
which was 36.9 million infected persons."” Nigeria
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and central Africa in 2016.” Morbidity and mortality
associated with HIV/AIDS related infections has
been drastically reduced by the advent of highly
active antiretroviral therapy (HAART)." The
antiretroviral therapy (ART) guidelines include use
of the antiretroviral-combination drugs which
encumber the onset of HIV, leading to reduced viral
load, thereby prolonging the life span and
improving the quality of life of the patient.” These
therapies are a combination of two or more
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antiretroviral drugs, usually nucleoside/nucleotide
reverse transcriptase inhibitors (NRTIs) and
protease inhibitors (PIs) or non-nucleoside reverse
transcriptase inhibitors (NNRTIs).”” WHO
recommends lifelong ART for all people living with
HIV, notwithstanding the level of their CD4 count,
and the clinical stage of disease inclusive of
pregnant and breastfeeding women.’

The male genital tract has been shown to be a
sanctuary site for HIV, allowing the virus to persist,
despite adherence to pharmacotherapy and a
significant reduction in the plasma viral load.’
Sanctuary site for HIV-1 simply means an anatomic
site that is highly impermeable to some ARTs and in
which viral replication continues during treatment."’
It has been reported that the testes can be infected by
HIV-1 early during acute infection and remain
infected during the asymptomatic stage."

Increase in abnormal sperm morphology, reduction
in ejaculate volume and reduced potential to
fertilize an oocyte could be associated with
HAART.™"

The testes are the male gonads, paired-ovoid shaped
reproductive glands that produce sperms
(spermatozoa) and male hormones, primarily
testosterone.* This study investigated the gonado-
toxic effects of some HAARTs and ARTs on the
testicular testosterone and histomorphology in adult
male Wistar rats.

Materials and Methods

Experimental animals

Forty (40) adult male Wistar rats weighing between
150 —267g, aged 8 — 12 weeks were obtained from
the Faculty of Basic Medical Sciences Animal
House, University of Calabar, Cross River State,
Nigeria. The animals were weighed, labelled and
kept in wooden cages at the Animal House, Faculty
of Basic Medical Sciences, University of Uyo,
Akwa Ibom State, Nigeria, and were acclimatized
for two weeks under optimum environmental
conditions of temperature 25 + 5 °C prior to the start
of the experiment. Experimental animals were fed
daily with pelletized growers (Vital® brand) and
provided drinking water ad libitum. Rat cages were
daily cleaned by changing the beddings. Animal
care followed the already established principles of
the National Guideline for the Care and Use of
Laboratory Animals."”

Drug acquisition

The highly active antiretroviral therapies (HAART)
were two namely; Lamivudine (150 mg) +
Nevirapine (200 mg) + Zidovudine (300 mg)
(manufactured by Strides Acrolab Limited,
Bangalore-562 106, India. Mfg. Lic.No.:
KTK/25/415/98) and Efavirenz (600 mg) +
Lamivudine (300 mg) + Tenofovir disproxil
fumarate (300 mg) (manufactured by Aurobindo
pharma Limited, Telangana State, India.
M.L.No./Licence Fab.No: 22/MN/AP/2009/F/R),
and five ARTs which include; Atazanavir (300 mg)
+ Ritonavir (100 mg) (manufactured by Mylan
Laboratories Limited, Maharashtra, India. Mfg.Lic.
No./Lic. Fab. No.: NKD/89), Liponavir (200 mg) +
Ritonavir (50 mg) (manufactured by Mylan
Laboratories Limited, Maharashtra, India. Mfg.Lic.
No./Lic. Fab. No.: NKD/89), Lamivudine (150 mg)
+ Zidovudine (300 mg) (manufactured by Mylan
Laboratories Limited, Maharashtra, India. Mfg.Lic.
No./Lic. Fab. No.: NKD/89), Abacavir (600 mg) +
Lamivudine (300 mg) (manufactured by Mylan
Laboratories Limited, Maharashtra, India. Mfg.Lic.
No./Lic. Fab. No.: NKD/89) and Fumarate de
tenofovir disoproxil (300 mg) + Lamivudine (300
mg) (manufactured by Hetero labs Limited,
Telangana, India, Mfg. Lic. No.:
22/RR/AP/2001/F/R). All drugs were sourced from
the Pharmacy Department of the University of Uyo
Teaching Hospital, Uyo.

Administration of experimental drugs
Tablets of experimental drugs were grounded into
powder, dispersed in 400 mL of distilled water and
administered through oral intubation. Dosages were
calculated in per body weight of animals in relation
to the clinical dose for a 70 kg man using the
formula:

V (mL)=D (g/kg) x P (kg)

C(g/mL)

Where D = dose used in the study; P = body weight
of each animal; C = concentration of drug; V =
volume of drug administered; and 1 kg=1000g.

Experimental Design

The male adult Wistar rats were weighed, marked
and distributed into eight groups of five adult male
Wistar rat per group. Group 1 represented the
control and received SmL distilled water per kg
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body weight, groups 2 to 8 were administered 17.14
mg ELT, 9.28 mg LNZ, 12.86 mg AL, 6.43 mg LZ,
8.57 mg TL, 5.71 mg AR, and 3.57 mg LR per kg
body weight respectively via oral route for 30 days.

Determination of organosomatic index

The body weights of each animal were noted before
treatment and after treatment (day 30). The weights
of both testes of respective group of animals were
also recorded. From the values, the organosomatic
index was calculated for all rats according to the
method of Vani and Reddy", to determine the organ
weight to body weight ratios as follows: Testis
weight/ Final body weight (g) x 100.

Determination of serum testosterone

Serum testosterone hormone concentration was
estimated using a microplate enzyme immunoassay
as described by Vani and Reddy'. The desired
number of coated wells was secured in a holder. Ten
microliter (10 pL) of standards, specimens and
control were dispensed into appropriate wells. Anti-
testosterone reagent (50 pL) was dispensed into
each well and mixed thoroughly. Testosterone HRP
conjugate reagent (100 puL) was dispensed into each
well and incubated for 90 minutes at 37 °C. The
micro-wells were then rinsed and flicked 5 times
with wash buffer. TMB substrate (1000 uL) was
dispensed to each well and gently mixed for 10
seconds. The mixture was incubated at room
temperature (18 — 22 °C) for 20 mins. The reaction
was stopped by addition of stop solution to each
well and gently mixed for 30 seconds to ensure a
complete colour change. Absorbance at 450nm was
read within 15 mins with a microtiter plate reader.

Histopathological assessment

After thirty (30) days administrations, animals were
injected ketamine (40 mg/kg)/xylazine (5 mg/kg)
anesthesia (Sigma Aldrich, Germany), and testes
were harvested, weighed, morphometrically
measured, then preserved in Bouin's fluid for six
hours then transferred into 70% alcohol for 24
hours", then further cleared, infiltrated in paraffin
wax and sectioned at Spum with a Leica RM2125
RTS microtome. The tissue on albumenized slides
were stained with Haematoxylin and counterstained
with Eosin”. Tissues slides were viewed under the
light microscope by three independent

histopathologists and images were obtained after
examination of least five fields with Amscope
digital camera (MU 1000, China) attached to a
microscope (Olympus - CX31, Japan).

Statistical analysis

Data obtained from this study were analyzed using
Graphpad 6 version Il system package. Results were
expressed as mean + standard error of mean. One
way ANOVA and multiple comparison and t-test
were employed with the significance level at p <
0.05.

Results

Effect of HAARTSs and ARTs on body weight and
organo-somatic index

The LNZ group had an increase in body weight
while in ELT group showed minimal changes in the
body weight of rats administered with HAART; the
AL group had positive impact on the overall body
weight gain while LR group had a very minimal
increase in body weight of rats administered with
ARTs. There was little or minimal increase of body
weight in NC group compared to AL group which
had a significant higher increase of body weight
(Table 1).

Effect of HAARTS
morphometry

The testicular weights were decreasing and
increasing in the drug-administered groups
compared to the normal control. There was a higher
increase of testicular weight in the AR group
compared to the NC group while the AL group
decreased beyond the NC group (Table 2).

The testicular length mostly had increase compared
to the normal control with only one of the groups
having a slight decrease. In the HAART
administered groups, LNZ group had a decrease in
the testicular length, while ELT group had a
remarkable increase in the testicular length. In the
ARTs administered group the AR group had a
significant increase in the testicular length while AL
group had a decrease in the testicular length (Table
2).

The testes of the administered groups were all
increased in diameter compared to the normal
control. In the HAARTS treated group ELT had an
increase in the diameter while LNZ had the same

and ARTs on testicular
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Table 1. Effects of HAARTs and ARTs on Body Weight and Organo-somatic Index

Group Initial Body Final Body Changes in % Change in ~ Organo-
Weight (g) Weight (g) Body Weight Body Weight somatic
(g2) Index
NC  151.20+037 15580+1.71 4.60+134 296 0.64
ELT 173.20+4.19 175.80+4.58 2.80+0.39 1.47 0.59
LNZ 167.00+£2.85 176.00£7.54 9.00+4.69  5.20 0.60
AL  151.60£0.51 170.20+£5.50 18.60+4.99 10.92 0.55
LZ 152.00+£1.55 159.00+3.91 7.00£2.36 4.40 0.65
TL  159.00+1.92 170.00+5.76 11.00+3.84 6.47 0.60
AR 22440+10.74 233.00+10.80 8.6+0.1 3.69 0.52
LR  198.00+241 199.80+2.87 1.4+0.46 0.7 0.57

Data is expressed as Mean+ Standard error of mean (SEM).

Table 2. Effects of HAARTSs and ARTs on testicular morphometry in Wistar rats

Group Testicular Testicular Testicular
Weight (g) Length (mm) Diameter (mm)

NC 1.00 £0.03 15.70 £ 0.26 7.24+0.29
ELT 1.03 £0.05 17.06 £ 0.74 8.75+0.57
LNZ 1.04 £0.08 14.69 +0.49 7.24 £0.37

AL 0.93 £0.04 15.24 +0.47 7.95 +0.44

LZ 1.04 £0.08 17.29 £0.38 9.16 £0.24°¢
TL 1.02 £0.04 17.06 +0.43 8.24 £ 0.30
AR 1.22 £0.04* 17.79 £ 0.34° 8.77+0.18

LR 1.14 £0.05 16.08 + 0.34 8.77 +0.21

Data is expressed as Mean + Standard error of mean (SEM).

* significantly increased compared to NC, ELT, LNZ, AL, and TL
b significantly increased compared to LNZ and NC

¢significantly increased compared to LNZ and NC

mean value as the normal control group while in the
ART administered group the diameter of LA group
was significantly increased compared to the other
groups whose values were higher than the control
group (Table 2).

Effect of HAARTs and ARTs on Serum
Testosterone

Blood was obtained via cardiac puncture, and
centrifuged to obtain sera from which the
testosterone concentrations were assayed. The
testosterone concentrations were markedly
decreased in all the drug administered groups when
compared to the normal control. In HAART
administered groups, ELT showed a higher serum
testosterone concentration compared to the LNZ

group, whereas AL-administered group had the
highest testosterone concentration compared to LA

group (Fig. 1).

Histopathological assessments

Photomicrograph of NC showed normal
arrangement of spermatogenic cells with rays of
migrating germinal cells within the seminiferous
tubules. ELT micrograph showed normal
arrangements of spermatogenic cells within the
seminiferous tubules, with intact interstitial tissue
cells. LNZ micrograph showed normal histo-
architecture of the spermatogenic cells and well
protected basement membrane of the seminiferous
tubules. AL micrograph showed areas of mild
necrotic degenerations of the spermatogenic cells
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Fig. 1. Effect of HAART and ARTS on serum testosterone concentration in Wistar rats

Histopathological Assessment
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Figure 2: Photomicrographs of transverse section of the testis (H&E x400). NC — Normal
control which received placebo, and ELT — Efavirenz + Lamivudine + Tenofovir disoproxil
fumarate, LNZ - Lamivudine + Nevirapine + Zidovudine, AL - Abacavir + Lamivudine, LZ -
Lamivudine + Zidovudine, TL - Fumarate de tenofovir disoproxil + Lamivudine, AR -
Atazanavir + Ritonavir, and LR - Liponavir + Ritonavir administered groups respectively.

Legend: Red line — width of seminiferous tubular lumen; Red arrow head — condensed
nuclear; Red star —degenerated germinal epithelium.

with widened lumen within the seminiferous tubule.
LZ micrograph showed areas of necrotic
degenerations of the spermatogenic cells,
hypertrophied spermatids, with widened lumen
within the seminiferous tubules. TL micrograph
showed areas of necrotic degeneration of
spermatogenic cells, loss of interstitial connective
tissues and presence of widened lumen. AR
micrograph showed hyperplasic spermatogenic
cells, within the seminiferous lumen. LR
micrograph showed wide areas of cellular swellings
with nuclear shrinkage, degenerating
spermatogenic cells with widening tubular lumen
within the seminiferous tubule shown in Fig. 2.

Discussion

The body weight gain was significantly increased in
the AL treated group when compared to the normal
control and other administered groups. This
observation presents the fact that AL administered
may have a positive impact to the body weight
index, and may not have the altered nutritional
intake and genetic factors to body development. The
result also showed that the LR treated group had the
least body weight gain, which suggests an alteration
to internal metabolism for body development.
Weight coefficient (organ/BW ratio) is a sensitive,
effective and economic indicator of the toxicology
of an organ and thus important in the identification
of target organ of toxicants.” In this study, it was
noted that the administration of HAARTs and ARTs
produced significant changes in testicular weights;
the NC group was lower than all the groups except
AL group. The weight of the testes in the AR group
was significantly increased following ART
administration. This correlates with investigation
that reported that testicular weight in HAART
administered animals was significantly higher than
those of controls.”’ Gonadotoxicity can manifest in
the form of organ swelling, atrophy or

hypertrophy.”

The testosterone concentrations were significantly
reduced in the test groups in comparison to the NC
group, however the ELT and AL-administered
groups had increased testosterone compared to
other test groups. The LA-administered group had a
testosterone concentration which was the lowest.
Semen quality is a key factor determining
reproductive success in men” especially as with
chronic diseases,” and due to the increased
incidence of toxicity of ART, it has necessitated
proper evaluation of their effects on reproductive
health.”

Testicular photomicrogragh showed normal
features in the NC group, with seminiferous tubules
having normal testis histoarchitecture that were
regularly spaced with all cells of the spermatogenic
series and lumen of the seminiferous tubules
populated by spermatozoa. Groups administered
HAARTs showed mildly distorted seminiferous
tubules with less observable degenerations to
spermatogenic cells, whereas ART-administered
groups revealed features of degeneration of
seminiferous tubules and derangements in the
histoarchitectural patterns. All the ARTs
administered groups showed varying levels of
necrotic effects as, hypertrophy with nuclear
shrinkage, some hypertrophied nuclei, degenerated
cells, widened tubular lumen and hyperplasia of the
spermatogenic cells. It had been reported that
HAARTSs rather than HIV-1 were responsible for the
topographic changes in sperm cells.” It has been
reported that HAART induces negative changes on
spermatogenesis by causing declines in testicular
structure,” and this is supported by the findings of
this study. Thus, the testicular morphological
alterations can be attributed anti-HIV therapies,
thus challenging the optimal management of the
HIV infection long term.” Histopathological
changes in the testes of patients dying of AIDS are
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frequent, with common findings at autopsy
including decreased spermatogenesis, thickened
basement membrane and an interstitial infiltrate™
but this study was limited to drug-induced testicular
toxicities. During the 30-day treatment period, most
of the tubular and epithelial areas in the testes of
HAARTs and ARTs treated rats were not
significantly altered in comparison with the
negative control groups.

The long-term deleterious effects of antiretroviral
drugs exposure to the male reproductive system
may not be unrelated to the production of highly
reactive oxygen radicals, and subsequent induction
of oxidative stress.” Reactive oxygen species
(ROS) can be generated by cellular and acellular
mechanisms such as lymphocytes during HIV
infection.” and drug toxicity.' respectively.
Physiologically, ROS are required by spermatozoa
to attain functional maturity.” These low levels of
ROS are essential for normal fertilization,
capacitation, hyperactivation, motility and
acrosome reaction.” As spermatozoa acquire
fertilizing ability in a favourable environment,
capacitation occurs.™

Reproduction is a fundamental process that allows
living organisms to preserve their progeny and
evolve by transmitting genes. However,
metabolism, which is supported by sex steroid
hormones, is highly activated during
spermatogenesis, indicating that the reproductive
system itself generates high levels of ROS.”
Damaging effect of HAART on the mitochondria
could result in adverse effects on sperm motility.””

Conclusion

Therapeutic doses of triple or double ART have
deleterious effects on the testosterone
concentrations and testicular histology after a 30-
day oral administration, with ELT causing less
damage compared to LNZ. Likewise, TL
demonstrated the most testicular distortion, while
AR elicited the least testicular alterations. Lifelong
administration of ARTs will require supplementary
adjuvants to mitigate effect of toxicity.
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