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ABSTRACT 
 
Background: Recent studies have revealed that HAART can disrupt endocrine function, adversely affecting female 
reproduction, particularly implantation process. This study investigated the effects of HAART regimen 
(Lamivudine, Efavirenz and Tenofovir combination) on uterine histology and hormones regulating implantation 
in female Sprague-Dawley rats.  

Methods: Thirty female Sprague-Dawley rats were randomly divided into three experimental groups and three 
control groups for comparison. 0.4ml/100gBW of HAART was administered to animals in groups AI, AII, and AIII 

for 8, 16, and 28 days, respectively, while animals in groups BI, BII, and BIII received normal saline for the same 
period of time. Histological examination of uterine tissues was performed after the administration to evaluate 
structural alterations. Uterine gland presence, vascularization, and endometrial integrity were used to establish 
uterine support of implantation. Standard biochemical techniques were used to estimate progesterone and LH 
levels, hormones that enhance implantation process. 

Results: The animals in AIII group experienced severe endometrial disruption, vascular congestion, and 
decreased uterine glands with HAART administration, while the AI and AII groups showed negligible abnormalities 
in the aforementioned uterine histological parameters. Progesterone and LH levels were significantly lower in 
HAART-treated groups, the most noticeable changes were seen in the AIII group of 28 days administration.  

Conclusion: Long-term HAART impairs implantation by altering uterine histoarchitecture and hormone profiles. 
There is the need to monitor reproductive health of HIV positive women on HAART. 
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INTRODUCTION 

Highly active antiretroviral therapy (HAART) has 

become known as the primary regimen for HIV 

management, drastically lowering viral loads 

and enhancing the quality of life and life 

expectancy of patient with HIV/AIDS.1 HAART 

has been linked to several negative side effects 

such as; metabolic, cardiovascular, and 

reproductive issues, despite its therapeutic 
efficacy in controlling viral replication. 

According to recent data, long-term HAART 

usage may interfere with reproductive processes 

through endocrine dysregulations.2 The female 

reproductive system functions through highly 

controlled endocrine processes along the 

hypothalamic-pituitary-gonadal (HPG) axis, 

which synchronizes the release of hormones 

necessary for ovarian function, uterine 

receptivity, and successful implantation. 3,4 

Implantation is a crucial reproductive event that 

has a significant impact on fertility, pregnancy, 

and the welfare of both the mother and the fetus. 

It indicates when the embryo successfully 

inserts itself into the lining of the uterus, 

creating a bond that is necessary for the 

sustenance of pregnancy. This attachment 

creates a crucial support system for the fetus by 

establishing pregnancy and laying the 

groundwork for the placenta's development. 5 A 

healthy endometrial tissue and an ideal uterine 

environment under balanced hormone levels are 

necessary for implantation. Any of these factors 

going wrong can affect implantation indices, 

which can result in decreased fertility or 

miscarriage.  

A successful implantation is essential for the 

success of reproduction and a topic of great 

significance in fertility research since a 

pregnancy cannot exist and proceed without it. 

Beyond conception itself, the study of 

implantation has consequences for reproductive 

health in general. This process is controlled by 

hormones such as; progesterone and estrogen 

and any interference with these hormonal 

pathways can impact on the uterine wall.6 

Additionally, implantation establishes the 

foundation for placental growth, which supports 

the fetus during pregnancy and affects fetal 
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growth, nutrition exchange, and even long-term 

health. With consequences that extend into 

postnatal outcomes, ensuring a healthy start 

through successful implantation promotes the 

health of both the mother and the fetus.  

The structure and function of the uterus are 

tightly controlled by hormonal cues as a vital 

component of female reproductive system. 

Maintaining normal uterine histology, guaran-

teeing tissue receptivity, and promoting implan-

tation all depend on hormones such as; 

progesterone and luteinizing hormone (LH).7 

HAART may interfere with the production and 

release of reproductive hormones such as; 

gonadotropin-releasing hormone (GnRH), 

follicle-stimulating hormone (FSH), and 

luteinizing hormone (LH), which drive the 
hypothalamic-pituitary-gonadal (HPG) axis. 

Disturbance of the HPG axis can cause 

abnormalities in hormone levels, which can 

affect how menstrual cycles, ovulation, and 

uterine function are regulated. 8  

The study was spurred on by rising concerns 

about the possible negative effects of highly 

active antiretroviral therapy (HAART) on 

reproduction, particularly in women who are of 
reproductive age. Although HAART has 

transformed HIV treatment by dramatically 

lowering viral loads and improving patient 

outcomes, new research indicates that long-

term use of the medication may have 

unexpected effects on female fertility and 

conception. Understanding the potential effects 

of HAART on the reproductive health of women 

of reproductive age, especially concerning 

implantation and pregnancy maintenance, is 

becoming more important as more women 

receive this treatment. To ensure that women 

living with HIV can preserve both their health 

and fertility as the results of this study will be 
essential for providing the understanding 

needed for creating therapeutic approaches that 

strike a balance between the efficacy of HIV 

therapy and the preservation of reproductive 

health. Therefore, the objective of this study was 

to investigate the effects of HAART on uterine 

histology and hormones regulating implantation 

process in female Sprague-Dawley rats. 

MATERIALS AND METHODS 

Animal Population and Source 

A total of thirty female Sprague-Dawley rats 

displaying regular estrous cycles of approximate 

four days were recruited from a breeding stock 

of Priceless Test Animals, Ilogbo Eremi Oko-Afo, 
Badagry, Lagos. The animals were accommo-

dated in standard protective cages in the Animal 

Care Unit of the College of Medicine, University 

of Lagos. They were fed with commercially 

available rat chow from Priceless Test Animals, 

Ilogbo Eremi Oko-Afo, Badagry, Lagos, and had 

free access to tap water. The animals were kept 

in a temperature-controlled environment (22 ± 3 

°C) with a regular 12:12 h light: dark cycle. The 

animals were initially allowed to acclimatize for 

two weeks under standard laboratory conditions 

before the commencement of the study. The 

weights of the animals were monitored and 

regularly observed for any indications of distress 
and discomfort during experimentation. The 

experimental protocols complied with the 

Animal Ethics Committee’s guidelines of the 

College of Medicine, University of Lagos, Nigeria 

with ethical approval number CMUL/ACUREC/ 

10/24/1671.  

Source and Dosage of Highly Active 

Antiretroviral Therapy (HAART) 

The HAART drug was obtained from the HIV 

clinic, Lagos University Teaching Hospital, Idi-

Araba, Lagos. The standard of HAART 

administered in humans was calculated based 

on the animal’s weekly weight. 9The adminis-

tration was done daily for 8, 16, and 28 days 

with the use of an oropharyngeal cannula.  

Animal distribution, events, and durations 

A total of thirty female SD rats were randomly 

divided into treatment and control groups (A and 

B) of three sub-sets each. The treatment groups 

of five animals each (AI, AII, AIII) received 

0.4ml/100gBW of HAART for 8, 16, and 28 days 

respectively while the control groups of five 

animals each (BI, BII, BIII) received distilled 

water for 8, 16, and 28 days respectively. 

Collection of blood sample 

Blood samples were obtained alive from animals 

in all groups from the orbital venous sinus with 

a microhematocrit tube inserted into the lateral 
canthus and collected in an EDTA-coated 

capillary tube between 7-8 a.m. and immediate-

ly centrifuged to separate the serum from blood. 

The serum plasma was kept refrigerator at 8°C 

until the hormonal assays were performed. 10 

Determination of Progesterone Hormone 

Progesterone levels were measured using ELISA 

kit, where standards and samples were added to 

antibody-coated wells, followed by an enzyme-

conjugated detection antibody. After incubation, 

a substrate was added, and absorbance was 

measured proportional to progesterone concen-

tration. 

Determination of Luteinizing Hormone 

LH levels were measured using ELISA kit, where 

standards and samples were added to antibody-

coated wells, followed by an enzyme-conjugated 

detection antibody. After incubation, a subst-

rate was added, and absorbance was measured, 

proportional to LH concentration. 
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The protocol and necropsy schedule 

The animals were sacrificed using cervical 

dislocation. Death was confirmed by 
determining that there was no respiration or 

heartbeat .11 The rat was placed on its back on 

a sterile, clean surface, and its limbs were tied 

off to provide access to the abdomen. A midline 

incision was made, being careful not to harm 

internal organs, from the lower abdomen to the 

ribs. The uterus was fully exposed and dissected 

out by carefully retracting the surrounding 

tissues. The uterus was harvested and weighed. 

The uterine tissue was immediately preserved in 

Bouin’s fluid and processed into histological 

sections.  

Histological processing 

The tissue samples were first dehydrated in 

graded ethanol. This was followed with 

embedding in paraffin wax (60°C) and tissues 

were processed using a KD- TS6A tissue 

processor. The sections of 8- 10µ thickness were 
cut off using a Shandon Finesse Manual Rotary 

Microtome, model 325, Thermo-scientific, and 

dried onto super frost microscopic slides (Fisher 

Scientific, Pittsburgh, PA, USA).  The sections 

were stained in hematoxylin and eosin, slides 

were dewaxed in xylene and dehydrated in 

graded alcohol. Histological images were 

captured using a digital microscope attached to 

a computer.12 

Statistical analysis 

All statistical analyses were performed using 

SPSS. The results were expressed as mean and 

standard deviation. The Z-test was used for the 

differences between means. A p-value of < 0.05 

was considered statistically significant 

RESULTS  

Histological studies of the uterus 

The photomicrograph of the uterus of animals in 

the 8 days HAART treated group (AI) showed 
intact myometrium with smooth muscle align-

ment as shown in figure1. The endometrial wall 

showed lamina propria containing connective 

tissue stroma and several secretory uterine 

glands underlining the mucosa layer. The 

mucosa layer is seen with simple columnar type 

of epithelium.  The uterine cavity or lumen at 

the central region is well-defined. Summarily, 

the 8 days control group (BI) showed the same 

projections with no visible abnormalities. The 

expressions in the 8 days HAART treatment 

group are comparable with the control 

counterpart of the same experimental duration 

as shown in figure 2 below.  

In the 16 days HAART treatment group (AII), the 

photomicrograph of the uterus revealed 

myometrium with normal smooth muscle 

alignment. The endometrial wall showed lamina 

propria with several well-pronounced secretory 

uterine glands. The mucosa lining contains 

simple columnar epithelium around a well-
formed lumen called the uterine cavity as shown 

in figure 3. However, the endometrial wall 

contained mixed inflammatory cells and a few 

aggregates of congested blood vessels, sugges-

ting vascular congestion. In the 16 days control 

group (BII), the uterus revealed myometrium 

with normal smooth muscle alignment as shown 

in figure 4. The lamina propria contains several 

secretory uterine glands beneath the mucosa 

layer, which is structurally made up of simple 

columnar epithelium around the uterine cavity. 

In the 28 days HAART treatment group (AIII) the 

photomicrograph of uterus showed retained 

smooth muscle alignment in the myometrium. 

The mucosal layer is structurally seen with 

simple columnar epithelium around a well-

formed uterine cavity. Nevertheless, mark 

aggregates of congested blood vessels were seen 

and less pronounced uterine glands as shown in 

figure 5 when compared with the 8 and 16 days 

HAART treated groups. The 28 days control 

group (BIII) showed no visible abnormalities 

with the mucosal lining structurally seen with 

simple columnar epithelium and several 
secretory uterine glands as shown in figure 6. 

Hormone profile evaluations 

Progesterone Level 

The 8 days HAART group (AI) had significantly 

higher progesterone levels than the control 

group (BI) (P < 0.05). Progesterone levels in the 

16 days HAART group (AII) were considerably 

lower than those in the 16 days control group 

(BII) (P < 0.05). The level of progesterone in the 

28 days HAART group (AIII) was substantially 

greater than the 28 days control group (BIII) (P 

< 0.05) as shown in figure7. All treatment 

groups showed overall alterations in progeste-

rone levels when compared to their control 
groups (figure 7). 

Luteinizing Level 

The findings showed that the 8 days HAART 

group (AI) had significantly lower levels of 
luteinizing hormone (LH) when compared with 

the 8 days control group (BI) (P < 0.05). LH levels 

were significantly higher in the 16 days HAART 

group (AII) when compared with the 16 days 

control group (BII) (P < 0.05). Comparing the 28 

days HAART group (AIII) to the control group 

(BIII), showed no appreciable variations in LH 

levels (P > 0.05) as shown in figure-8.   
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Figure 1: Photomicrograph of the uterus of the HAART treated 
Female Sprague-Dawley rat for 8 days duration (AI), showing 

normal mucosa layer, well-pronounced uterine glands in the 
lamina propria, non-congested blood vessels and smooth 

muscle alignment of the myometrium. Abbreviations: MCL 

(Mucosa layer); LP (Lamina propria); MYL (Myometrial layer); 

SCE (Simple Columnar Epithelium); L (Lumen); S (Stroma); UG 
(Uterine Gland); BV (Blood vessel); Stains: Hematoxylin and 

Eosin; Mag: 100x 

 

 

 

 
 

Figure 2: Photomicrograph of the uterus of normal saline 
treated Female Sprague-Dawley rat for 8 days duration 

(BI), showing normal mucosa layer, and well-pronounced 
uterine glands in the lamina propria, non-congested blood 

vessels and smooth muscle alignment of the myometrium.  

Abbreviations: MCL (Mucosa layer); LP (Lamina propria); 
MYL (Myometrial layer); SCE (Simple Columnar Epithelium); 

L (Lumen); S (Stroma); UG (Uterine Gland); BV (Blood 
vessel); Stains: Hematoxylin and Eosin; Mag: 100x 

 

 

 

Figure 3: Photomicrograph of the uterus of the HAART treated 

Female Sprague-Dawley rat for 16 days duration (AII), showing 
normal mucosa layer, well-pronounced uterine glands in the 

lamina propria, congested blood vessels and smooth muscle 
alignment of the myometrium.   

Abbreviations: MCL (Mucosa layer); LP (Lamina propria); MYL 
(Myometrial layer); SCE (Simple Columnar Epithelium); L 

(Lumen); S (Stroma); UG (Uterine Gland); BV (Blood vessel); 
Stains: Hematoxylin and Eosin; Mag: 100x 

 

 

 

Figure 4: Photomicrograph of the uterus of normal saline 
treated Female Sprague-Dawley rat for 16 days duration 
(BII), showing normal mucosa layer, well-pronounced 

uterine glands in the lamina propria, non-congested blood 
vessels, and smooth muscle alignment of the myometrium.  

Abbreviations: MCL (Mucosa layer); LP (Lamina propria); 
MYL (Myometrial layer); SCE (Simple Columnar Epithelium); 

L (Lumen); S (Stroma); UG (Uterine Gland); BV (Blood 
vessel); Stains: Hematoxylin and Eosin; Mag: 100x   
 

 

 

Figure 5: Photomicrograph of the uterus of the HAART 
treated Female Sprague-Dawley rat for 28 days duration 

(AIII), showing normal mucosa layer, less-pronounced uterine 
glands in the lamina propria, mark congestion of blood 

vessels, and smooth muscle alignment of the myometrium.  
Abbreviations: MCL (Mucosa layer); LP (Lamina propria); MYL 

(Myometrial layer); SCE (Simple Columnar Epithelium); L 
(Lumen); S (Stroma); UG (Uterine Gland); BV (Blood vessel); 

Stains: Hematoxylin and Eosin; Mag: 100x 

 

 

 
 
Figure 6: Photomicrograph of the uterus of normal saline 

treated Female Sprague-Dawley rat for 28 days duration 
(BIII), showing normal mucosa layer, well-pronounced 

uterine glands in the lamina propria, non-congested blood 
vessels, and smooth muscle alignment of the myometrium. 

Abbreviations: MCL (Mucosa layer); LP (Lamina propria); 
MYL (Myometrial layer); SCE (Simple Columnar 

Epithelium); L (Lumen); S (Stroma); UG (Uterine Gland); BV 
(Blood vessels);  
Stains: Hematoxylin and Eosin; Mag: 100x 
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DISCUSSION  

This study investigated the effects of combined 

highly active antiretroviral therapy (HAART) on 

uterine histology and hormone profiles targeting 

progesterone and LH which are hormones 

controlling implantation processes in female 

Sprague-Dawley rats. The data acquired 

demonstrate significant alterations in both 

hormone levels and uterine histology across 

different treatment durations, demonstrating 

that HAART can impair implantation indices by 

disrupting the hypothalamic-pituitary-gonadal 
(HPG) axis and its regulatory mechanisms on 

progesterone and LH secretions. In this study, 

the uterus of animals in the 8 days HAART 

group (AI) displayed intact myometrial smooth 

muscle with well-defined uterine glands and a 

normal mucosal lining, indicating negligible 

short-term effects.13  

These findings suggest that the early stages of 

HAART treatment may have a relatively low 
impact on uterine morphology, according to 

histological examination of the uterus, which 

showed noticeable structural changes over the 

longer treatment durations. The endometrial 

structure in the 16 days HAART-treated group 

(AII) was disrupted, with inflammatory cells and 

vascular congestion, suggesting uterine stress, 

which may affect uterine blood flow, that is 

essential for the transport of nutrients and 

oxygen necessary for the development of the 

embryo following implantation.14,15 The 

inflammatory infiltration suggests a localized 

immune response, which may complicate 

reproductive processes.16 Uterine distortion was 
more obvious in the 28 days HAART treated 

group (AIII), which also had fewer uterine glands 

and significant vascular congestion.  

These findings are may indicate an inhibition of 

endometrial secretory activity, which is 

necessary for successful implantation and 

pregnancy maintenance. Decreased glandular 

development and increased vascular congestion 

may result in compromised uterine receptivity, 

which could hinder implantation and early 

pregnancy sustenance. HAART treatment led to 

significant changes in LH and progesterone 

levels; the 8 days HAART treated group (AI) had 
a significant increase in progesterone when 

compared to the control group (BI) (P < 0.05), 

which is likely a compensatory response to 

endocrine feedback disruptions, specifically 

affecting steroid hormone synthesis and corpus 

luteum function. These findings are consistent 

with research showing HAART can change the 

HPO axis, influencing ovarian steroidogenesis. A 

significant decrease in progesterone (P < 0.05) 

was observed in the 16 days HAART-treated 

group (AII), suggesting a more severe disruption 

of ovarian function with prolonged HAART 

exposure, possibly due to luteal phase defects or 

ovarian follicle depletion, as previously 
observed.17,18, 19.  

A significant increase in LH levels (P < 0.05) 

indicated a disruption in the HPO axis negative 

feedback mechanism, which may result in 

anovulation, a known effect of HAART on 

gonadotropin secretion. Progesterone levels rose 

significantly (P < 0.05) in the 28 days HAART-

treated group (AIII), suggesting potential 

compensation mechanism over prolonged 
exposure, while LH did not alter appreciably. A 

complex adaptive or maladaptive endocrine 

 
Figure 7: Progesterone levels in the treatment and control 
groups for 8, 16, and 28 days durations in female Sprague-

Dawley rats 

 
 
Figure 8: Luteinizing hormone levels in the treatment and 

control groups for 8,16 and 28 days durations in female 
Sprague-Dawley rats 

 



20 Journal of Medicine & Biomedical Research 

 

Volume 24, Number 2, December, 2025 

Research 

 

response to long-term HAART treatment may be 

indicated by the lack of LH alterations. Studies 

on long-term ARV usage in animal models have 

shown similar results, with extended exposure 

resulting in disrupted endocrine profiles, 

specifically influencing the production and 

release of reproductive hormones. 20 21, 22 These 
results provide more credence to the theory that 

HAART influences implantation, potentially 

disrupting the production and control of 

important reproductive hormones.23 

Conclusion: The findings of this study show 

that HAART had a significant effect on uterine 

histology and hormonal profiles responsible for 

implantation. However, extended exposure to 

HAART for 16 and 28 days durations resulted in 

changes to hormone levels, such as oscillations 
in luteinizing hormone (LH) and decrease in 

progesterone, which are signs of disturbances in 

the hypothalamic-pituitary-ovarian (HPO) axis. 

The combined effects of histopathological 

changes in the uterus and hormone dysregu-

lation suggest that HAART may change from 

being helpful to harmful on reproductive health. 
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