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Abstract
INTRODUCTION: There are genuine concerns that long-term use of antiretroviral drugs may be associated
with reproductive complications in females. This study aimed to ascertain the effect of highly active
antiretroviral drugs on the ovarian reserve and reproductive potential of female Wistar rats and by
extension to HIV-positive human females.

METHODS: A total of 25 female Wistar rats, weighing between 140g-162g, were randomly allotted into
non-intervention and intervention groups, receiving the anti-retroviral drugs, Efavirenz (EFV), Tenofovir
Disoproxil Fumarate (TDF), Lamivudine (3TC), and a �xed-dose combination (FDC). The dosage was
administered orally at 8 am daily for 4 weeks. Serum concentrations of anti-Mullerian hormone (AMH),
follicle stimulating hormone (FSH), luteinising hormone (LH) and estradiol were measured using standard
biochemical techniques (ELISA). Follicular counts were made on �xed ovarian tissue from the sacri�ced
rats.

RESULTS: The mean AMH level for the control group and the EFV, TDF, 3TC, and the FDC groups were
11.20, 6.75, 7.30, 8.27, and 6.60 pmol/L, respectively. The EFV and FDC groups had the lowest AMH,
compared to the other groups, but there was no statistically signi�cant difference in AMH across the
groups. The mean count of antral follicles was signi�cantly lower in the group that received EFV when
compared to the other groups. The corpus luteal count was signi�cantly higher in the control group than
in the intervention groups (p=0.033).

CONCLUSION: The study demonstrated a disruption in the reproductive hormones of female Wistar rats
receiving antiretroviral regimens containing EFV. Clinical studies are required to determine if these
changes are seen in women receiving EFV-based treatment, as this may compromise reproductive
function and predispose them to early menopause.

Introduction
Patients infected with HIV are known to make remarkable improvements in their clinical condition and
quality of life when managed with highly active antiretroviral therapy (HAART). These drug regimens
usually comprise the use of three different antiretroviral drugs with at least two different mechanisms of
action. This treatment strategy has been shown to reduce the risk of resistance compared with the use of
monotherapy or dual therapy1. Despite the positive factors that have been demonstrated from the use of
HAART, there are genuine concerns that the long-term usage of these drugs to manage HIV may be
associated with some complications and side effects. There is evidence in in vitro and in vivo studies to
show that zidovudine and other nucleoside analogues exhibit mitochondrial damage. Gametocytes are
also not spared in this process.2 HAART may compromise fertility through depletion of mitochondrial
DNA by inhibition of DNA polymerase.3 This mechanism is also seen in the development of metabolic
syndrome among individuals who are taking HAART. The metabolic syndrome is associated with
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polycystic ovarian syndrome and hormonal imbalance, being a factor for a possible increase in cases of
sub-fertility associated with patients receiving HAART.

Mitochondrial integrity is relevant to the functional integrity of oocytes and the pre-implantation embryo.
The use of HAART has also been postulated as a cause of oxidative stress.4

The ovarian reserve is a measure of ovarian store and it re�ects the quantity and quality of oocytes
available for ovulation, essentially being a test of fertility potential and a re�ection of follicular
development.5 The American College of Obstetricians and Gynecologists (ACOG) recommends that anti-
Mullerian hormone (AMH) estimation and antral follicle count are two reliable methods of determination
of ovarian reserve.5 With the advancement in reproductive age, there is diminished ovarian reserve. There
is a marginal decline in the ovarian reserve of the females above the age of 30 years and a signi�cant
decline in the ovarian reserve above the age of 40 years.6. There has been concern about the
development of anovulation and early menopause in patients living with HIV, but there is no certainty as
to whether this is related to the progress of the disease or the use of HAART.7

In HIV-positive individuals being evaluated for infertility, there is some evidence to suggest that they show
a diminished ovarian reserve, as demonstrated by AMH levels when compared with matched controls of
HIV-negative women who are also being evaluated for infertility.)8 It is not clear if diminished AMH levels
can be ascribed to the disease or HAART. We, therefore, aimed to determine this further in a rat model, and
speci�cally, to demonstrate the effect of �rst-line HAART on the follicular development of female Wistar
rats, as ascertained by AMH levels. The rationale for conducting this study in an animal model was also
to ensure a detailed study of the morphology and histology of ovarian tissue.

Methods
Prior ethics approval for the study was obtained from the local research ethics committee (LREC) of the
Nigerian Institute of Medical Research (NIMR) in Lagos, Nigeria (NIMR 2018/0201). The study is reported
in accordance with ARRIVE guidelines (https://arriveguidelines.org).

A total of 25 female Wistar rats were weighed using an animal weighing balance (Kent Scienti�c Inc.,
Torrington, CT, USA). The animals weighed between 140g to 162g and were kept in the experimental
animal house of the Yaba Campus of NIMR in Lagos, Nigeria. They were housed in clean, steel cages at a
temperature of 28oC. The animals were kept in accordance with conditions stipulated by the U.S. National
Institute of Health (NIH), involving a cycle of 12 hours light and dark, being the institutional ethics
committee-enforced standard required for the care of laboratory animals. The animals were fed
standardized laboratory chow (Livestock Feeds Ltd, Ikeja, Nigeria) and were allowed 2 weeks to
acclimatize to their new environment. The animals were then observed for a further 4 weeks during the
dosing study, receiving daily treatment at 8 am through an oral cannula, having been allotted randomly
into 5 groups with �ve animals per group:



Page 4/18

Group 1 (Control): This group was given water as a placebo

Group 2: This group received Efavirenz (EFV). The dosage was 9mg/kg body weight

Group 3: This group was given Tenofovir (TDF). The administered dosage was 4.5mg/kg body weight.

Group 4: This group was given Lamivudine (3TC) at a dosage of 4mg/kg body weight (0.2mg/50g body
weight).

Group 5: This group received a combination of EFV, TDF, and 3TC as a �xed-dose combination. The dose
combination comprised TDF at 4.5mg/kg body weight, EFV at 9mg/kg body weight, and 3TC at 4mg/kg
body weight in a �xed-dose combination.

Vaginal �uid examination: The daily procedure involved the use of a dropper that was rinsed in distilled
water and �lled with 10µL of normal saline. The dropper with normal saline was carefully inserted into
the vagina of the rats to express the vaginal �uid daily to determine what phase of the cycle the rat was
passing through. The vaginal �uid was subsequently placed on a slide for examination under a light
microscope using a x40 magni�cation (Olympus Microscopes, Shinjuku, Tokyo, Japan). The smears were
evaluated for the characteristic cell type and used for the identi�cation of the various phases of the
estrous cycle. The dominance of leukocytes in the smear was indicative of the diestrus phase, while the
dominance of nucleated epithelial cells was taken to indicate proestrus. The presence of corni�ed
epithelial cells along with some cell debris in the smear was taken to indicate estrous. The metestrus was
identi�ed by the presence of mixed leucocyte and corni�ed cells.

The rats were sacri�ced by cervical dislocation at the end of the 4 weeks. Blood samples were obtained
through cardiac puncture. The ovaries, oviducts and the uterus were harvested for analysis. These organs
were initially placed in saline solution because the saline solution was considered good at maintaining
the tissue parenchyma of lower animals, such as rats (without disrupting the tissue structural integrity),
before transferring to formalin solution. Serum concentrations of follicle-stimulating hormone (FSH),
luteinizing hormone (LH), estradiol, and AMH were determined using ELISA kits (Biocode Ltd, Brussels,
Belgium).

HISTOLOGY AND FOLLICULAR COUNT

The ovarian tissue obtained was �xed in 10% formalin and embedded in para�n wax. To study
folliculogenesis, all tissue blocks were serially sliced. Follicle identi�cation was based on the detection of
a nucleus. The numbers of follicles were counted. Follicle recognition criteria were based on the type of
epithelial cells surrounding them. For example, primordial follicles were attributed if they were surrounded
by a single layer of �attened granulosa cells, whereas primary follicles were attributed if they were
surrounded by single or several layers of cuboidal granulosa cells. This process was followed by an
examination under the light microscope at a magni�cation of x200 (Olympus Microscopes, Shinjuku,
Tokyo, Japan). Micrographs were taken.9
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STATISTICAL ANALYSIS

The statistical package for social sciences (SPSS) version 22 was used for statistical analysis (SPSS,
Mountain View, California, USA). The results obtained were expressed using mean and standard
deviations. Statistical signi�cance was evaluated via a one-way analysis of variance (ANOVA) and the
Student t-test. P < 0.05 were considered statistically signi�cant.

Results
The weight of the rats used in the study before the commencement of the intervention ranged between
(140–160)g with an average of 153g. After the intervention, the weight of the rats had a range of (140–
162)g with an average of 153.2g. There was no statistically signi�cant difference in the average weight
of the rats between the study and control groups; (p = 0.99) weights did not vary before or after the
administration of the intervention.

The mean serum AMH level for the control group and the respective treatment groups of EFV, TDF, 3TC,
and FDC were 11.20, 6.75, 7.30, 8.27, and 6.60 pmol/L, respectively. There was no statistically signi�cant
difference in AMH levels. (p = 0.180). The mean serum estradiol levels for the control group, EFV, TDF,
3TC, and FDC were 10.35, 9.40, 27.10, 15.20, 17.60 pmol/L, respectively. There was no statistically
signi�cant difference in estradiol levels. (p = 0.373). The mean serum LH level for the control group and
the respective treatment groups: EFV, TDF, 3TC and FDC were 0.0420, 0.0280, 0.0320, 0.030, 0.0320
pmol/L, respectively. There was no statistically signi�cant difference in LH (p = 0.190). These data are
summarised in Table 1.
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Table 1
This shows the comparison of average follicular counts in the treatment and control groups

(n = 5 animals in each of the �ve groups), together with serum anti-Mullerian hormone (AMH)
levels, serum estradiol levels, serum luteinizing hormone (LH) levels and serum follicle-

stimulating hormone (FSH) levels between the treatment groups and the control groups. EFV 
= Efavirenz; TDF = Tenofovir; 3TC = Lamivudine; FDC = �xed dose combination of Efavirenz;

Tenofovir and Lamivudine
VARIABLE CONTROL EFV TDF 3TC FDC P-VALUE

PRIMARY 4.60 1.60 0.60 3.00 1.60 0.055

ANTRAL 2.60 0.00 0.20 0.40 0.00 0.000

SECONDARY 2.60 1.00 0.60 1.40 2.20 0.098

GRAFFIAN 0.08 0.06 0.25 0.00 0.40 0.374

CORPUS LUTEUM 8.00 4.40 4.00 4.80 5.40 0.033

AMH 11.2000 6.7500 7.3200 8.2700 6.6000 0.180

ESTRADIOL 10.3500 9.4000 27.1040 15.2000 17.6000 0.373

LH 0.0420 0.0280 0.0320 0.0300 0.0320 0.190

FSH 0.9200 1.1680 0.2380 3.1600 3.4400 0.224

The mean serum FSH level for the control group and the respective treatment groups of EFV, TDF, 3TC,
and FDC were 0.92, 1.16, 0.24, 3.16, and 3.44 pmol/L, respectively. There was no statistically signi�cant
difference in FSH levels across all groups, (p = 0.224). However, FSH level in the group that received the
TDF was 0.238 pmol/L, while that of the control was 0.92 pmol/L. FSH levels were markedly elevated in
the group that received the �xed-dose combination of the drugs when compared to the control group. FSH
value for the group that received the �xed-dose combination of the drugs was 3.44 pmol/L while that of
the control group was 0.92. (p = 0.05). In other study groups that received EFV, FSH was marginally
elevated when compared to the control group. FSH was however elevated in the 3TC group when
compared against control, but this difference was not statistically signi�cant (p = 0.08). These data are
summarised in Table 1.

The mean count of primary, antral, and secondary follicles was lower in the treatment groups than in the
control group. The pattern is shown in the bar chart in Fig. 1. The mean count of primary follicles for the
control group and the respective treatment groups of EFV, TDF, 3TC, and FDC were 4.60, 1.60, 0.60, 3.00,
and 1.60 respectively. There was no statistically signi�cant difference across the groups. (p = 0,055). The
mean count of secondary follicles for the control group and the respective treatment groups of EFV, TDF,
3TC, and FDC were 2.60, 1.00, 0.60, 1.40, and 2.0 respectively. There was no statistically signi�cant
difference across the groups (p = 0,098). The mean count of antral follicles for the control group and the
respective treatment groups of EFV, TDF, 3TC, and FDC were 2.60, 0.00, 0.20, 0.40, and 0.00 respectively.
The mean count of antral follicles was signi�cantly lower in the group that received EFV when compared
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to other groups. (p < 0.005). The pattern is shown in the bar chart in Fig. 1. The mean corpus luteal count
for the control group and the respective treatment groups of EFV, TDF, 3TC, and FDC were 8.00, 4.40,
4.00,4.80, and 5.40 respectively. The corpus luteal count was signi�cantly higher in the control group than
in the treatment groups (p = 0.033).

Normal follicular development was demonstrable in the group that received water as a placebo with
follicles in this group seen at various stages of development. (This is as shown in Fig. 2). There are also
granulosa cells and basal cells in this control group (group 1), as shown in Fig. 2. In the group that
received EFV, there was a distortion of the granulosa and basal cells with marked reduction of all follicles
as shown in Fig. 3.

The histological �ndings of the group that received TDF revealed a non-signi�cant reduction in the
granulosa and basal cells with follicles at various stages of maturation distributed over as shown in
Fig. 4. The administration of 3TC resulted in a marginal decrease in granulosa and basal cells with a less
than normal distribution of follicles across various stages of maturation as shown in Fig. 5. A
representative slide from the group that received a combination of EFV, TDF, and 3TC (as a �xed-dose
combination) as shown in Fig. 6 had granulosa and basal cells sparsely distributed. The follicles were
markedly reduced across various stages of development.

Discussion
Folliculogenesis is a key aspect of female reproductive function. Disruption of this process leads to
compromise in female fertility potential. In the course of folliculogenesis, several follicles are destroyed
and end up as atretic follicles.10 This study made use of the rat model to study folliculogenesis, owing to
the relatively short cycle length averaging 4.8 days.11

Findings from the histological analysis of the ovarian tissue of the rats used in this study revealed a
reduction in the number of granulosa and basal cells of follicles across various stages of follicular
development in the study groups when compared to the control group. This reduction was more marked
in the group that received efavirenz. (This is as shown in Figs. 2–6). Published studies on the effect of
HAART on reproductive functions have shown highly heterogeneous outcomes. While most of the studies
have outlined the effect of antiretroviral medications on male reproductive functions, only a few have
looked at the effect of antiretroviral medications on female reproductive functions. In the study
conducted by Awodele and co-workers on rodents to demonstrate the effect of HAART on the
reproductive functions of rodents, there was a reduction in follicular development as well as the levels of
progesterone, prolactin, and estradiol in the female rodents that received HAART when compared to
controls.12 This is consistent with �ndings from our study. However, the exact mechanism of this action
has not been elucidated.

Awodele et al. found that there was a decrease in the weight of the testes and epididymis of the rodents
given HAART when compared to controls. The study revealed that the sperm count and the motility of the
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rodents on HAART were also reduced when compared to the controls. Hormonal parameters in the
rodents like FSH, LH, and testosterone were all reduced in the group that received HAART when compared
to controls.12

Collazos et al studied the effect of HAART on reproductive hormones of patients living with HIV and
showed that there was an increase in serum levels of estradiol and testosterone in patients receiving
HAART, but levels of LH and FSH were not in�uenced.13 In our study, there was no signi�cant change in
the serum levels of LH, while the serum levels of FSH were elevated in the study group that had EFV in the
combination. This elevation was statistically signi�cant. While Collazos’ work was on human
participants, this work was conducted in a rat model and this could account for the difference in �ndings.
Additionally, Collazos did not take into account follicular development in his study.13

Moreno-Perez et al noted an association between protease inhibitors and the development of erectile
dysfunction in HIV-infected males. This study did not state if this was linked to spermatogenesis.14.
Collazos et al. demonstrated that the use of antiretroviral treatment was the only predictive variable for
sexual dysfunction in a group of HIV-positive patients managed with antiretroviral therapy.13. The authors
further stated however that sexual dysfunction was not related to hormonal factors in that study.13

In another paper, Savasi and co-workers demonstrated a higher proportion of sperm nuclear
fragmentation in HIV-positive individuals on HAART when comparisons were made to HIV-infected
individuals not receiving HAART.15 On the �ip side in a subsequent study, Savasi et al. stated that the
duration of use and type of antiretroviral medication did not signi�cantly in�uence semen quality despite
generally low sperm parameters in HIV-positive patients.16 The mean count of primary, antral, and
secondary follicles was lower in the study groups than in the control group. FSH and LH are both
gonadotropins and play crucial roles in follicular development.10 Awodele et al. (2018) demonstrated
similar �ndings with a reduction in FSH and LH and disruption of follicular functions.2

In our study, serum levels of LH did not show any signi�cant difference between the study groups and the
control group. The analysis of the levels of FSH and LH between the study groups and the control
revealed a signi�cant degree of variation. FSH levels in the group that received TDF were reduced when
compared to the control group. FSH levels were markedly elevated in the group that received the �xed-
dose combination of the drugs when compared to the control group. This difference was statistically
signi�cant (p = 0.05). An elevated level of FSH is a signi�cant marker of menopause as females in
menopause demonstrate high levels of FSH due to marked reduction in follicular development and
reduction in the level of estradiol. The implication of this is that there is no negative feedback of estrogen
on FSH levels, hence the marked elevation in the level of FSH itself. The group that received the FDC
containing EFV possibly demonstrated elevated levels of FSH due to the toxic effect of the medication on
the ovaries, hence follicular damage giving rise to the unopposed action of estrogen and FSH elevation.
Awodele and coworkers demonstrated similar �ndings.12
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In our other treatment groups that received EFV, FSH was marginally elevated when compared to the
control group. FSH was however elevated in the 3TC group when compared against controls, but this
difference was not statistically signi�cant (p = 0.08). FSH levels are known to correlate with ovarian
failure and serum levels of estrogen. This relationship is inverse, as depletion of ovarian follicles leads to
reduced levels of estrogen.

Histological �ndings of the group that received EFV, revealed a distortion of the granulosa and basal cells
with marked reduction of all follicles as shown in Fig. 3. Figure 4 shows the histological �ndings of the
group that received TDF, which demonstrates that there was a non-signi�cant reduction in the granulosa
and basal cells with follicles at various stages of maturation.

The group that received 3TC showed a marginal decrease in granulosa and basal cells with a less than
normal distribution of follicles across various stages of maturation. The reduction in the number of
follicles was more marked in the study group that received EFV when compared to the study groups that
received TDF, 3TC, and a combination of all three drugs. The group that received a combination of EFV,
TDF, and 3TC as a �xed-dose combination had granulosa and basal cells sparsely distributed. The
follicles were markedly reduced across various stages of development. The effect was seen more in
follicles at the antral stage of development. A decreased follicular count has been documented in female
Wistar rats exposed to Heracleum persicum.17 This herbal medicinal plant is famously used in Iran for a
variety of traditional medicinal purposes. This plant has been used in some traditional settings as a form
of contraception. However, this is the �rst time that such changes have been observed in the context of
HAART in this animal model.

AMH is a marker for reproductive potential and ovarian function and also a surrogate for follicular
development. It is used for the estimation of ovarian reserve and a prediction of fertility potential. The
correlation of AMH with the antral follicular count is because AMH is secreted by the granulosa cells of
the developing follicle. As menopause is being approached, AMH values correlate with the number of
antral follicles in the ovary. This has been demonstrated in mice as the antral follicular count is directly
proportional to the levels of AMH.18 Changes in the level of AMH are known to occur relatively early as it
relates to ovarian aging.

Furthermore, changes in AMH are known to predate changes in FSH levels and inhibin B.19 Thus, AMH
seems a better predictor of ovarian reserve than Inhibin B and FSH. It also seems a more reliable marker
of ovarian reserve, because it does not �uctuate through the menstrual cycle.19 Of note, the average AMH
level in this study was lower in the study groups that received HAART with the combined antiretroviral
therapy and EFV alone when compared to the control group, although the difference was not statistically
signi�cant. (p = 0.180). Recent studies tend to suggest that AMH could be protective against ovarian
depletion induced by chemotherapy for the treatment of malignancies.20

Serum levels of estradiol �uctuate throughout the estrous cycle and as such, estradiol is not a reliable
predictor of reproductive function.19 Estradiol is produced by the granulosa and theca cells of the
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developing follicle. The production of oestradiol is under the control of gonadotropins from the anterior
pituitary. Estradiol regulates female reproductive functions and it is diminished with aging and depletion
of follicles.10 HAART has been shown to counteract the contraceptive bene�ts of the estrogen-containing
oral contraceptive pill and invariably leads to a higher contraceptive failure rate.19

In this study, there was an increased average level of estradiol in the HAART study groups, when
compared to the control group. This change was not statistically signi�cant. However, some workers have
noted elevated levels of estradiol in males who are being treated with antiretroviral drugs; this elevation
leads to sexual dysfunction in this male.21 There is a need to further de�ne if this �nding applies to HIV-
positive women on HAART.

Reduced levels of estrogen obliterate the negative feedback of estrogen on FSH. This leads to a marked
elevation of FSH. Elevation of FSH is used as a marker of ovarian function, although it is not as reliable
and accurate as the use of AMH and antral follicular count. Concerns have been raised about the age of
menopause of women being managed for HIV. It is thought that women who are being managed for HIV
will get to menopause earlier than their HIV-negative counterparts.22 FSH levels in these individuals have
been used as a marker for ovarian function in this group of individuals, although challenges do exist with
its usage, due to �uctuation through the menstrual cycle.23

Conclusion
The study demonstrated a disruption in the reproductive hormones of female Wistar rats receiving
antiretroviral regimens containing EFV. Apart from the disruption in these hormones, there is an
impairment of follicular development. The study did not interrogate the mechanisms for this abnormality
and its implication on the reproductive health of HIV-positive women. There is the need therefore to
determine if these changes are seen in women receiving EFV-based treatment, as this may compromise
reproductive function and predispose them to early menopause.
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Figures

Figure 1

This �gure shows a comparison of the follicles in various stages of development for the control (n = 5)
and study groups: EFV = efavirenz group (n = 5); TDF = tenofovir group (n = 5); 3TC = lamivudine group (n
= 5)., FDC = �xed dose combination group.
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Figure 2

Normal follicular development, with follicles at various stages of development. There are also granulosa
cells and basal cells in the control group (group 1) given water as a placebo.
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Figure 3

This �gure represents the histological �ndings of the group that received EFV, which revealed a distortion
of the granulosa and basal cells with marked reduction of all follicles.
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Figure 4

This �gure shows the histological �ndings of the group that received TDF, which shows that there is a
slight reduction in the granulosa and basal cells; follicles at various stages of maturation are distributed
over the �eld.
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Figure 5

This slide shows the group that received 3TC which resulted in a marginal decrease in granulosa and
basal cells with a less than normal distribution of follicles across various stages of maturation in group
4. 
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Figure 6

This �gure shows the group that received a combination of Efavirenz, Tenofovir, and Lamivudine as a
�xed-dose combination had granulosa and basal cells sparsely distributed. The follicles were markedly
reduced across various stages of development.


