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INTRODUCTION

Human immunodeficiency virus (HIV) infection 
is a worldwide problem [1] and increasing numbers 
of women are entering pregnancy on multiple anti-
retroviral agents [2, 3]. Thus, the use of anti-retroviral 
drugs during pregnancy has increased since the 
demonstration of reduction of mother-to-child trans-
mission (MTCT) of HIV-1 �rst with zidovudine mono-
therapy and more recently with highly active antiret-
roviral therapy (HAART) regimens [3, 4]. The report 
of WHO showed that the percentage (%) of pregnant 
women having HIV, receiving drugs for Prevention 
of Mother to Child Transmission (PMTCT) increased 
from 15% in 2005 to 45% in 2008 and 54% in 2009 in 
sub Saharan Africa [5]. 

The teratogenic risk of most of the anti-retroviral 
agents cannot be ruled out; human studies are lack-
ing, animal studies are either positive for fetal risk or 
lacking as well, data are generally limited or varied 
[6, 7]. Current guidelines recommend 3- or 4-drug 
regimens when initiating antiretroviral therapy in 
adults and many of these antiretroviral drugs have 
not been tested extensively for teratogenic potentials 
[8]. Zidovudine and efavirenz have had indications of 
potential teratogenicity in humans, although data are 
not consistent for either of these drugs [7]. Data from 
the European Collaborative Study (ECS) and the UK 
National Study of HIV in Pregnancy and Childhood 

did not detect an increased risk of defects with ARV 
exposure [9, 10]. However, the analysis of data from 
the Pediatric AIDS Clinical Trials Group (PACTG) 
that studied 185 subjects suggested an increased risk 
of ventricular septal heart defects after zidovudine 
exposure in the first trimester [11] and animal data 
suggest a potential increased risk for central nervous 
system and facial defects among cynomolgus monkeys 
after �rst trimester exposure to efavirenz, but human 
data are inconclusive [11, 12]. More so, Saitoh et al, 
2005 and the report of Perinatal HIV Guidelines, 2009, 
considered efavirenz, a non-nucleoside analogue, as a 
potential teratogen on the basis of both animal data 
and case reports [8, 13].

The present guideline in the management of HIV 
infected pregnant women that required combination 
of antiretroviral regimens and concomitant use of 
drugs such as cotrimoxazole may definitely increase 
risk [7]. The potential of antiretroviral agents to cross 
the placental has been well documented [14] and 
cautious approach to the use of anti-retrovirals during 
pregnancy (despite their beneficial effects) becomes 
even highly important because, after the thalidomide 
disaster of the 1960s, it has become apparent and more 
accepted that the developing embryo could be highly 
vulnerable to certain environmental agents (including 
drugs) that have negligible or non-toxic or bene�cial 
effects to adult individuals.

A number of theoretical mechanisms have sug-
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gested potential modi�cation of fetal toxicity (as seen 
in combination therapies) to include the induction 
of biochemical or metabolic changes (with negative 
consequences on the fetus) in the maternal system 
that would not have arisen in the use of a single drug 
or the combination increasing the dose available to 
interact with fetal mechanism leading to negative ef-
fects or changes that are absent in the use of the drug 
singly. An important mechanism of induction of fetal 
toxicity by teratogenic agents is the induction of oxida-
tive stress in the fetal system [15]. Oxidative stress can 
cause cell death and even moderate oxidation can trig-
ger apoptosis, while more intense stresses may cause 
necrosis [16].

Generally, there is paucity of data on the terato-
genic potentials of antiretroviral agents and additional 
data on their risks during pregnancy are needed [7]. 
Therefore, this study intends to assess the teratogenic 
effect of single and combination antiretroviral agents 
on the organogenesis stage of fetal development and 
also investigate the possible roles of vitamin C (an anti-
oxidant) in modulating the teratogenic effects of these 
agents on the fetus using animal model. The �ndings 
obtained from this study may give a directional surveil-
lance in humans and possible generation of more reli-
able and consistent data. 

METHODOLOGY

Drugs
The anti-retroviral drugs were obtained from the 

Aids Prevention Initiative in Nigeria (APIN) HIV/
AIDS Clinic of the University of Lagos Teaching 
Hospital (LUTH), Lagos-Nigeria

•　Lamivudine, 3TC (150 mg / tablet) 
•　Zidovudine, AZT (300 mg / tablet)
•　Nevirapine, NVP (200 mg / tablet)
•　Lopinavir/ritonavir, LPV (AluvirⓇ) (200/50 mg 

/tablet)

Animals
Sexually matured adult Albino rats (male and 

female) with average weight of 160 g were obtained 
from Laboratory Animal Centre of  College of 
Medicine, University of Lagos, Nigeria. The animals 
were authenticated in Zoology department, Faculty 
of Science, University of Lagos, Nigeria. They were 
made to acclimatize for two weeks before the com-
mencement of the experiment. The animals were fed 
on Pfizer Animal Feed cubes and water ad libitum. 
The investigation conforms to The Guide for the Care 
and Use of Laboratory Animals published by the U. S. 
National Institutes of Health (NIH Publication No. 85-
23, revised 1996) for studies involving experimental 
animals. Ethical clearance for use of animals for this 
research was obtained from the College of Medicine 
University of Lagos, Research Ethics Committee.

Cycle Determination
After two weeks of acclimatization, vaginal smears 

of female rats were done for viewing under the micro-
scope to determine the females that will be receptive 
to the males during mating. Vaginal secretion was 
collected (in the morning between 8:00 and 9:00 
a.m.) with a plastic pipette �lled with 10µ L of normal 

saline by inserting the tip into the rat vagina, but not 
deeply. Vaginal �uid was then placed on glass slides to 
observe under a light microscope (x 10 magni�cation) 
according to the method of Marcondes et al. [17]. The 
pro-oestrus stage is the receptive state that was micro-
scopically checked out for [18]. The vaginal smears of 
mated female rats were assessed for the presence of 
sperm plug. The �rst day to see sperm plug was taken 
as day 1 of pregnancy 

Treatment Groups
Rats have an average gestational period of 21 days. 

Exposure period (period in which drugs were adminis-
tered) was stage of organogenesis (days 6-17).

Pregnant rats were divided into 13 groups with 12 
animals per group. The therapeutic doses of drug 
administration were done to simulate the treatment 
pattern in APIN HIV/AIDS Clinic of the University of 
Lagos Teaching Hospital (LUTH), Lagos-Nigeria.

Group 1 (control group) received distilled water 
(10 ml/kg); Group 2 received a combination of AZT 
(9 mg/kg), 3TC (5 mg/kg) and NVP (6 mg/kg); 
Group 3 received a combination of AZT (9 mg/kg), 
3TC (5 mg/kg), NVP (6 mg/kg) and Vitamin C 
(10 mg/kg); Group 4 received a combination of 3TC 
(5 mg/kg), AZT (9 mg/kg) and LPV (12/3 mg/kg); 
Group 5 received a combination of 3TC (5 mg/kg), 
AZT (9 mg/kg), LPV (12/3 mg/kg) and Vitamin C 
(10 mg/kg); Group 6 received NVP (6 mg/kg). Group 
7 received NVP (6 mg/kg) and Vitamin C (10 mg/kg); 
Group 8 received 3TC (5 mg/kg); Group 9 received 
3TC (5 mg/kg) and Vitamin C (10 mg/kg); Group 
10 received AZT (9 mg/kg); Group 11 received AZT 
(9 mg/kg) and Vitamin C (10 mg/kg); Group 12  
received LPV (12/3 mg/kg); Group 13 received LPV 
(12/3 mg/kg) and Vitamin C (10 mg/kg).

Morphological and Histopathological Examination 
Six rats in each group were randomly selected, sub-

jected to light ether anesthesia and sacri�ced on day 
20 by cervical dislocation prior to day 21 of gestation 
and the fetuses were harvested through abdominal 
incision for physical examination. The tail length, 
crown-rump length, umbilical cord length, total weight 
(includes weight of fetus and placenta) and weights of 
fetus were recorded. After the physical examination, 
the harvested fetuses were taken for gross histopatho-
logical analysis at the Morbid Anatomy Department 
of the College of Medicine, University of Lagos. The 
histopathological features observed were formation of 
digital rays, neural tube defects, cleft palate and gen-
eral growth abnormalities.

Biochemical and Haematological Examination
The six other rats in each group were allowed to lit-

ter and the litters were allowed to grow for a period of 
at least one month after which six litters were random-
ly selected from each of the groups. Blood samples 
were collected from the animals for biochemical and 
haematological examination. The fully automated 
clinical chemistry analyzer (Hitachi 912, Boehringer 
Mannheim, Germany) was used to determine the 
levels of Aspartate aminotransferase (AST), Alanine 
aminotransferase (ALT), Alkaline phosphatase (ACP), 
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Urea, Creatinine, Uric acid, Albumin, Total protein, 
Bilirubin, Cholesterol, Triglyceride, High density lipo-
proteins (HDL), Low density lipoproteins (LDL) and 
the fully automated clinical haematological  analyzer 
(Pentra-XL 80, Horiba ABX, USA) was also used to 
determine the levels of white blood cells, red blood 
cells, hemoglobin, hematocrit (packed cell volume), 
platelet, lymphocyte count and percentage, neutrophil 
percentage, mean red cell volume (MCV), mean cell 
hemoglobin concentration (MCHC) and mean cell 
hemoglobin (MCH)

Histopathological Examination
The liver, kidney, heart and brain of all the sacri-

ficed animals were fixed in 10% formalin in labeled 
bottles. Tissues were processed routinely and embed-
ded in paraf�n wax. Sections of 5 µ thickness were cut, 
stained with haematoxylin and eosin and examined 
under the light microscope by a pathologist.

Statistical analysis
Results were expressed as mean ± SEM. The 

data were subjected to one way analysis of variance 
(ANOVA) test and differences between samples were 
determined by Dunnett＇s Multiple Comparison Test, 
using the Graph Pad Prism (statistical) software. 
MANOVA analysis was also used to speculate the level 
of variations in between test groups. Results were con-
sidered to be signi�cant at P ≤ 0.05.

RESULTS

The anti-retroviral agents were administered to the 
rats at doses used clinically according to the standard 
guidelines. The drugs were administered orally from 
day 6 through day 17 of pregnancy which is the period 
of organogenesis.

The result on Table 1 showed the percentage (%) of 
live foetuses in all the groups to be 100 %. The mean 
number of live foetuses ranged from 6.5-8.5 and there 
was no record of fetal resorptions in all the groups.

Table 2 results showed that the mean tail length 
(TL) ranged from 0.9765 ± 0.0025 cm to 1.176 ± 
0.0265 cm. There were signi�cant reductions (p ≤ 0.05) 
in the mean tail lengths in groups 2, 5, 6, 7, 8, 10, 12 
and 13 compared to the control group. The mean um-
bilical cord length (UCL) ranged from 1.300 ± 0.0750 
cm to 2.306 ± 0.0565cm. The mean umbilical cord 
lengths were signi�cantly reduced (p ≤ 0.05) in all the 
treatment groups compared to the control group. The 
mean crown rump length (CRL) also ranged from 
4.673 ± 0.1263 cm to 5.412 ± 0.0742 cm. There were 
significant reductions (p ≤ 0.05) in the mean crown 
rump lengths in all the treatment groups (except 
groups 3 and 4) compared to the control group. 
Furthermore, the mean total weight (TW) ranged 
from 2.399 ± 0.0441 g to 4.428 ± 0.0501 g and there 
were significant reduction (p ≤ 0.05) in mean total 
weight in all the treatment groups compared to the 
control group. The results also revealed the mean fetal 
weight (FW) ranged from 1.934 ± 0.0227 g to 3.683 
± 0.330 g and significant reduction (p ≤ 0.05) were 
observed in all the treatment groups compared to the 
control group. 

Table 3 results show no gross malformations (neural 

tube defects, cleft palate abnormalities or abnormal 
digital rays’ formation) in the fetuses of all the treated 
groups.

Figure (a–c) show results from the histopathologi-
cal analysis of harvested organs of the litters. Analysis 
showed that the hearts were pathologically normal in 
all the groups (treatment and control groups). The 
Histology of the brains revealed a mild to moderate 
edema in all the groups (including control group). 
The liver tissues revealed intra-cytoplasmic vacuoliza-
tion/inclusions in groups 2, 3, 4, 5, 6, 7, 9, 10, 12 
and central vein (and/or sinusoidal) congestions in 
groups 3, 6, 10 and 12. There was also mild necro- and 
periportal inflammation in group 13. The results of 
kidneys revealed fatty in�ltration with or without mild 
vascular congestion and vacuolization of tubular cells 
in groups 3, 4, 6, 10, 11, 12, and 13.

Tables 4a and 4b results show the effect of in utero 
ARV exposure on biochemical parameters at �rst �lial. 
There were statistically signi�cant increases (p ≤ 0.05) 
in Aspartate Transaminase (AST) levels in all groups 
when compared with the control group. Uric acid 
(UA) levels were also signi�cantly (p ≤ 0.05) increased 
in all the groups except group 8 (Lamivudine–treated 
group) when compared with the control group. 
Results showed statistically significant reduction (p ≤ 
0.05) in Creatinine levels in all the groups in compari-
son with control. Alanine Transaminase (ALT) levels 
were significantly increased (p ≤ 0.05) in groups 4, 8 
and 12 when compared with control, while there were 
statistically signi�cant decrease (p ≤ 0.05) in ALT levels 
in the other groups when compared with control. Urea 
levels were signi�cantly increased (p ≤ 0.05) in groups 
2, 3, 4, 5, and 10 when compared with control, while 
there were statistically significant decrease (p ≤ 0.05) 
in Urea levels in groups 6, 7, 11 and 13 in comparison 
with control. Groups 8, 9 and 12 showed no statistically 
significant difference in Urea levels. Albumin (ALB) 
levels were statistically signi�cantly decreased (p ≤ 0.05) 
in groups 2, 3, 6, 7, 8, 10 and 11 when compared with 
control. There were statistically signi�cant reductions 
(p ≤ 0.05) in total protein (TP) levels in all the groups 
when compared with control. Furthermore, choles-
terol levels were significantly increased (p ≤ 0.05) in 
groups 12 and 13 when compared with control, while 
groups 4 and 6 show statistically signi�cant decreases 
(p ≤ 0.05) in Cholesterol levels compared with control. 
The triglyceride (TG) results showed statistically sig-
ni�cant increased (p ≤ 0.05) in groups 11 and 13, while 
other groups except group 10 shows statistically signi�-
cant decreases (p ≤ 0.05) in TG levels compared with 
control. Alkaline Phosphatase (ALP) levels revealed 
significant increases (p ≤ 0.05) in groups 3, 6, 10, 11 
and 13 when compared with control, while groups 7, 
9, and 12 showed significant decreased (p ≤ 0.05) in 
ALP levels compared with control. The bilirubin (BIL) 
levels were signi�cantly increased (p ≤ 0.05) in groups 
2, 3, 4, 5 and 12 when compared with control. The low 
density lipoprotein (LDL) levels were increased (p ≤ 
0.05) in groups 12 and 13 when compared with con-
trol, while the high density lipoprotein (HDL) levels 
were reduced (p ≤ 0.05) in groups 3, 4, 5, 6, 7, 9, 10, 11, 
and 13 when compared with control.

Tables 5a and 5b results shows the effect of in utero 
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ARV exposure on hematological parameters at �rst �l-
ial. Results showed statistically signi�cant reductions (p 
≤ 0.05) in white blood cells counts, packed cell volume 
(PCV), red blood cells (excepts 2, 3 and 10), Platelet 
counts (excepts 2, 3 and 12) and hemoglobin (except 
groups 8 and 9) in all the groups when compared with 
control. Analysis of the mean corpuscular hemoglobin 
(MCH) showed a statistically significant reduction (p 
≤ 0.05) in groups 3, 7, 8, 9, 10 and 12 when compared 

with control. The neutrophil percentages (%) were 
signi�cantly increased (p ≤ 0.05) in groups 5, 12 and 
13 and reduced (p ≤ 0.05) in all other groups when 
compared with control. The results further showed sig-
ni�cant increase (p ≤ 0.05) in lymphocyte percentages 
(%) in groups 2, 10 and 11 and decreased (p ≤ 0.05) in 
groups 4, 5, 12 and 13 when compared with control.

Table 1	 Incidence of resorptions and live fetuses in treated animals.

Groups
Stage of drug exposure Percentage (%) of live 

fetuses

Average number of live 

fetuses

Number of resorptions

1

2

3

4

5

6

7

8

9

10

11

12

13

Organogenesis

Organogenesis

Organogenesis

Organogenesis

Organogenesis

Organogenesis

Organogenesis

Organogenesis

Organogenesis

Organogenesis

Organogenesis

Organogenesis

Organogenesis

100

100

100

100

100

100

100

100

100

100

100

100

100

8.5

8.5

8.5

7.5

7.5

8.0

8.0

7.5

6.5

8.0

8.0

7.0

8.0

0

0

0

0

0

0

0

0

0

0

0

0

0

Table 1 show the incidence of fetal resorptions and average number of live fetuses recorded in control and treated animals.
Group 1: Control group. Group 2: AZT (9 mg/kg), 3TC (5 mg/kg) and NVP (6 mg/kg). Group 3: AZT (9 mg/kg), 3TC (5 mg/kg), NVP 
(6 mg/kg) and Vitamin C (10 mg/kg). Group 4: 3TC (5 mg/kg), AZT (9 mg/kg) and LPV (12/3 mg/kg). Group 5: 3TC (5 mg/kg), AZT 
(9 mg/kg), LPV (12/3 mg/kg) and Vitamin C (10 mg/kg). Group 6: NVP (6 mg/kg). Group 7: NVP (6 mg/kg) and Vitamin C (10 mg/kg). 
Group 8: 3TC (5 mg/kg). Group 9: 3TC (5 mg/kg) and Vitamin C (10 mg/kg). Group 10: AZT (9 mg/kg). Group 11: AZT (9 mg/kg) and 
Vitamin C (10 mg/kg). Group 12: LPV (12/3 mg/kg). Group 13: LPV (12/3 mg/kg) and Vitamin C (10 mg/kg).

Table 2	 Incidence of growth retardation and size abnormality in fetuses of treated rats.

Groups
TL (cm)

[mean ± SEM]

UCL (cm)

[mean ± SEM]

CRL (cm)

[mean ± SEM]

TW(g)

[mean ± SEM]

FW (g)

[mean ± SEM]

1

2

3

4

5

6

7

8

9

10

11

12

13

1.15 ± 0.12ab

0.98 ± 0.11*de

1.17 ± 0.11a

1.06 ± 0.27*bcde

0.96 ± 0.06*e

1.05 ± 0.05*bcde

1.05 ± 0.06*bcde

1.07 ± 0.62*bcd

1.10 ± 0.10ab

1.07 ± 0.07*bcd

1.15 ± 0.18ab

1.04 ± 0.71*cde

0.99 ± 0.67*de

2.30 ± 0.23a

1.59 ± 0.38*cd

1.812 ± 0.28*b

1.30 ± 0.29*e

1.47 ± 0.23*d

1.88 ±  0.13*b

1.95 ± -0.10*b

1.77 ± 0.19*bc

1.60 ± 0.20*cd

1.91 ± 0.23*b

1.93 ± 0.15*b

1.79 ± 0.19*b

1.77 ± 0.30*bc

5.41 ± 0.31a

4.74 ± 0.23*cd

5.45 ± 0.27a

5.18 ± 0.43b

4.84 ± 0.30*cd

4.83 ± 0.24*cd

4.92 ± 0.19*cd

4.67 ± 0.49*d

4.74 ± 0.37*cd

4.72 ± 0.24*cd

4.94 ± 0.33*c

4.74 ± 0.39*cd

4.69 ± 0.26*cd

4.42 ± 0.21a

2.40 ± 0.18*g

3.63 ± 0.14*b

3.46 ± 0.15*c

2.74 ± 0.20*de

2.53 ± 0.09*f

2.57 ± 0.11*f

2.64 ± 0.10*ef

2.59 ± 0.10*f

2.75 ± 0.15*de

2.77 ± 0.23*d

2.65 ± 0.07*ef

2.61 ± 0.11*f

3.64 ± 0.14*a

1.93 ± 0.09*f

3.17 ± 0.12*b

2.91 ± 0.27*c

2.24 ± 0.16*d

2.06 ± 0.06*e

2.06 ± 0.09*e

2.13 ± 0.08*e

2.05 ± 0.08*e

2.26 ± 0.14*d

2.23 ± 0.18*d

2.16 ± 0.06*de

2.12 ± 0.11*e

Table 2 shows the incidence of growth retardation (measured as tail length, crown-rump length and umbilical cord length) and size abnor-
mality (measured as total and fetal weight) in control and treated rats.
Results are presented as Mean ± SEM (n = 6).
abcdefg represent MANOVA analysis, results with the same alphabet in a column showed same levels of variations (disparity) in comparison with 
the control group.
* represents result of ANOVA analysis where p ≤ 0.05 as compared to the control (Group 1) 
Groups 1-13: as in Table 1. 
TL is tail length; CRL is crown-rump length; UCL is umbilical cord length; TW is total weight of foetus and placenta; FW is foetal weight; SEM 
is standard error of mean
Exposure period was stage of organogenesis (days 6-17).
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DISCUSSION

It is a general principle that the administration 
of any drug to a pregnant patient is to be avoided, 
because of possible fetal damage. However, increasing 
numbers of women are entering pregnancy on mul-
tiple anti-retroviral agents [2, 3] and the use of anti-
retroviral drugs during pregnancy has increased since 
the demonstration of reduction of mother-to-child 
transmission (MTCT) of HIV-1 first with zidovudine 
monotherapy and more recently with highly active 
antiretroviral therapy (HAART) regimens [3, 4].

The data obtained from this investigation employed 
both ANOVA and MANOVA statistical analysis proce-
dures. The ANOVA analysis revealed the significant 
differences {p ≤ 0.05} across test groups compared 
with the control group. While the MANOVA analysis 
showed the levels/degree of variations in the test 
groups as highlighted in the results. It was observed 
from the present study that the foetal weight of lit-
ters decreased (p ≤ 0.05) across the groups when 
compared with the control group with the Zidovudine 
/Lamivudine/Nevirapine combinations giving the 
maximum foetal weight reduction (1.934 ± 0.0227g). 
There were also reductions in the foetal weight 
plus placental weight in all the groups as compared 
to the control group with maximum reduction in 
Zidovudine/Lamivudine/Nevirapine combinations 
(2.399 ± 0.0441g).  Earlier studies have shown that 
children with low birth weight (LBW) have an in-
creased risk of developing diabetes [19, 20], obesity 
[21] and reduced intelligence [22] later in life.

There were also reductions in the crown-rump 
lengths of the foetuses that received both single and 
combined ARV as compared to the control. Crown-
rump length (CRL) is the measurement of the length 
of human embryos and foetuses from the top of the 
head (crown) to the bottom of the buttocks (rump). It 
is typically determined from ultrasound imagery and 
can be used to estimate gestational age. The measure-

ment of CRL is useful in determining the gestational 
age (menstrual age starting from the first day of the 
last menstrual period) and thus the expected date 
of delivery (EDD). Some unconfirmed studies have 
shown that the crown-rump length is proportional to 
the umbilical cord length (UCL); the UCL as found in 
this study, reduced statistically (p ≤ 0.05) compared to 
the control group. Reductions in CRL and foetal size/
weight are an indication of growth retardation (stunted 
growth) and have clinical implications for threatened 
abortion [23] and the risk of spontaneous abortion 
in assisted conceptions [24]. These observations in 
animals have positive correlations with human＇s stud-
ies (HIV pregnant women on combination antiret-
roviral therapy) [25, 26, 27]. These �ndings may also 
postulate however, that low birth weight outcomes 
and risk for preterm birth are not due to exposure to 
the combined antiretrovirals alone, but are expected 
occurrence even on single agent exposure. It has 
been postulated that exposure to HAART or other 
antiretroviral combinations, which often contains at 
least one PI, leads to insulin resistance and endothelial 
inflammation, with a concomitantly increased risk 
of pre-eclampsia (a condition in which hypertension 
arises in pregnancy in association with significant 
amounts of protein in the urine) [28]. Pre-eclampsia, 
in turn, is associated with LBW and preterm birth [29]. 
Researchers concluded at the 18th Conference on 
Retroviruses and opportunistic Infections in Boston 
that premature births and LBW in HIV-positive 
women continue to be a concern, and need to be an-
ticipated and managed actively [30]. Studies have sug-
gested that individuals who were born with low birth 
weight may be at increased risk for certain chronic 
conditions in adulthood. These conditions include 
high blood pressure, type-2 (adult-onset) diabetes and 
heart disease. When these conditions occur together, 
they are called metabolic syndrome. One study found 
that men who weighed less than 3,000g at birth were 
10 times more likely to have metabolic syndrome than 

Table 3	 Incidence of gross malformations in foetuses following anti-retroviral exposure.

Groups
Total number of 

fetuses studied

Formation of 

digital ray

Neural tube 

defects

Cleft palate 

abnormalities

Comments

1

2

3

4

5

6

7

8

9

10

11

12

13

17

17

17

15

15

16

16

15

13

16

16

14

16

0/17

0/17

0/17

0/15

0/15

0/16

0/16

0/15

0/13

0/16

0/16

0/14

0/16

0/17

0/17

0/17

0/15

0/15

0/16

0/16

0/15

0/13

0/16

0/16

0/14

0/16

0/17

0/17

0/17

0/15

0/15

0/16

0/16

0/15

0/13

0/16

0/16

0/14

0/16

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Table 3 shows the incidence of gross malformations in foetuses following antiretroviral (single and combination) exposure.  
Foetuses were grossly examined for formation of digital rays, neural-tube defects, and cleft palate abnormalities.
Groups 1-13: as in Table 1.
Exposure period was stage of organogenesis (days 6-17).
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Figure	(a) Microscopic (photomicrograph) illustration of liver from litter (first filial). A 
shows hepatocytes (thin arrows) with intracytoplasmic inclusions as seen in group 2 
(Zidovudine/Lamivudine/Nevirapine), group 4 (Lamivudine/Zidovudine/Lopinavir/
ritonavir), group 7 (Nevirapine/Vitamin C) and group 9 (Lamivudine/Vitamin C), mag-
ni�cation × 400. B shows congested hepatic central veins (thick arrow heads) as seen in 
groups 3 (Zidovudine/Lamivudine/Nevirapine/Vitamin C), 5 (Lamivudine/Zidovudine/
Lopinavir/ritonavir/Vitamin C), 6 (Nevirapine), 10 (Zidovudine), and 12 (Lopinavir/
ritonavir), magnification × 400. (b) Microscopic (photomicrograph) illustration of 
kidney from litter (�rst �lial). A shows the normal kidney (control group) magni�cation 
× 400. B shows focal areas of fat in�ltration (thick arrows) surrounded by normal renal 
tubules as seen in the group 3 (Zidovudine/Lamivudine/Nevirapine/VitaminC), group 
4 (Lamivudine/Zidovudine/Lopinavir/ritonavir) and group 9 (Lamivudine/Vitamin C) 
magni�cation × 400. (c) Microscopic (photomicrograph) illustration of heart from lit-
ter (�rst �lial). A shows the normal heart (control group), magni�cation × 400 B shows 
areas of mild hypertrophy of myocytes as seen in the group 13 (Lopinavir/ritonavir/
Vitamin C), magni�cation × 400

（c）

（a）

（b）
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the men who weighed more than 4,390g at birth [31]. 
The pathological results as seen in this study showed 
that the heart was normal in all the groups except 
in the Zidovudine group and Lopinavir/ritonavir/
Vitamin C group where focal areas of calci�cation in 
the heart and mild hypertrophy of myocytes were seen 
respectively. Hypertrophic cardiomyopathy (HCM) 

(seen in group 13) is a condition in which the heart 
muscle becomes thick. The thickening makes it harder 
for blood to leave the heart, forcing the heart to work 
harder to pump blood. Hypertrophic cardiomyopathy 
is often asymmetrical; meaning one part of the heart 
is thicker than the other parts. The condition is usu-
ally passed down through families (inherited) (the 

Table 4a	 Effect of in utero ARV exposure on biochemical parameters at �rst �lial

Groups

BIOCHEMICAL PARAMETER

AST

(µ/L)

UA

(µmol/L)

CRE

(µmol/L)

ALT

(µ/L)

UREA

(mmol/L)

ALB

(g/L)

TP

(g/L)

1

2

3

4

5

6

7

8

9

10

11

12

13

34.52 ± 1.15f

160.27 ± 14.85*c

109.27 ± 17.78*de

398.58 ± 33.84*a

118.10 ± 14.20*d

140.28 ± 12.57*c

98.72 ± 12.94*de

50.71 ± 3.19*f

95.70 ± 13.64*de

151.2 ± 7.84*c

97.35 ± 11.44*de

263.67 ± 18.64*b

94.60 ± 5.89*e

0.81 ± 0.11g

2.39 ± 0.22*b

1.54 ± 0.14*d

1.14 ± 0.17*ef

1.38 ± 0.05*de

2.28 ± 0.26*bc

3.40 ± 0.22*a

0.87 ± 0.06*fg

1.45 ± 0.17*de

1.412 ± 0.08*de

1.38 ± 0.11*de

2.20 ± 0.66*c

1.31 ± 0.06*de

56.11 ± 1.72*a

20.29 ± 2.72*fg

18.89 ± 9.89*g

38.84 ± 5.18*c

38.71 ± 1.73*c

23.25 ± 6.18*fg

25.73 ± 4.31*ef

39.50 ± 1.65*c

48.44 ± 2.09*b

34.26 ± 1.84*cd

30.72 ± 2.60*de

34.15 ± 2.09*cd

25.31 ± 0.99*ef

79.38 ± 3.43*bc

59.88 ± 3.85*d

63.50 ± 10.96*cd

204.10 ± 27.24*a

68.28 ± 2.40*cd

24.70 ± 1.50*e

28.14 ± 2.88*e

91.30 ± 3.41*b

67.77 ± 3.11*cd

41.35 ± 0.22*de

62.18 ± 5.49*cd

86.85 ± 1.96*b

25.46 ± 0.63*e

6.52 ± 0.42b

7.23 ± 0.36*a

8.48 ± 2.11*a

8.367 ± 0.30*a

9.57 ± 1.17*a

4.95 ± 0.71*b

4.80 ± 0.77*b

6.97 ± 0.56b

6.63 ± 0.51b

11.38 ± 0.27*a

4.700 ± 0.22*b

6.68 ± 2.77b

5.16 ± 0.31*b

39.73 ± 2.28ab

21.25 ± 3.27*d

23.73 ± 6.41*d

40.58 ± 2.04ab

40.08 ± 1.14ab

23.33 ± 5.87*d

24.14 ± 8.18*d

43.42 ± 2.87*a

41.41 ± 3.27ab

35.85 ± 1.43*c

34.11 ± 3.80*c

37.97 ± 3.12abc

38.44 ± 1.44abc

73.29 ± 2.30a

42.08 ± 2.20*cd

49.23 ± 3.49*c

63.65 ± 2.61*ab

65.88 ± 2.21*ab

45.00 ± 0.90*cd

43.50 ± 2.89*cd

67.73 ± 2.81*ab

66.73 ± 3.67*ab

62.87 ± 0.42*b

42.46 ± 0.50*cd

62.45 ± 5.98*b

42.22 ± 0.27*cd

Table 4a shows the effect of in utero ARV exposure on biochemical parameters at �rst �lial. 
Results are presented as Mean ± SEM (n = 6).
abcdefg represent MANOVA analysis, results with the same alphabet in a column showed same levels of variations (disparity) in comparison with the control 
group. 
* represents result of ANOVA analysis where p ≤ 0.05 as compared to the control (Group 1) 
Groups 1-13: as in Table 1. 
AST is Aspartate Transaminase; UA is Uric Acid; CRE is Creatinine; ALT is Alanine Transaminase; ALB is Albumin; TP is Total Protein; SEM is standard error 
of mean. Exposure period was stage of organogenesis (days 6-17).

Table 4b	 Effect of in utero ARV exposure on biochemical parameters at �rst �lial (cont＇d).

Groups

BIOCHEMICAL PARAMETER

CHOL

(mmol/L)

T.G

(mmol/L)

ALP

(µ/L)

BIL

(µmol/L)

LDL

(mmol/L)

HDL

(mmol/L)

1

2

3

4

5

6

7

8

9

10

11

12

13

2.00 ± 0.45cd

2.02 ± 0.16cd

2.15 ± 0.17c

1.33 ± 0.16*e

1.52 ± 0.33de

1.35 ± 0.38*e

1.54 ± 0.43de

1.97 ± 0.24cd

2.02 ± 0.23cd

2.41 ± 0.97bc

2.20 ± 0.17c

2.81 ± 0.52*b

4.03 ± 0.61*a

1.58 ± 0.21*cd

1.10 ± 0.11*ds

0.18 ± 0.16*f

1.23 ± 0.16*e

1.28 ± 0.17*de

1.07 ± 0.08*de

1.10 ± 0.17*de

1.01 ± 0.04*de

1.05 ± 0.05*e

1.400 ± 0.07cd

2.08 ± 0.08*b

1.07 ± 0.23*de

4.17 ± 0.41*a

339.40 ± 24.39ef

353.15 ± 17.50de

493.57 ± 34.71*a

348.63 ± 23.75ef

327.13 ± 17.31f

406.92 ± 30.04*c

384.14 ± 20.42*cd

362.42 ± 26.98de

253.37 ± 31.01*g

449.51 ± 33.49*b

408.50 ± 17.23*c

235.38 ± 24.53*g

465.38 ± 39.31*ab

3.25 ± 0.28c

4.30 ± 0.38*ab

4.08 ± 0.291*ab

4.05 ± 0.16*abc

3.65 ± 0.26*bc

3.63 ± 0.35be

3.50 ± 0.26bc

3.35 ± 0.42c

3.47 ± 0.53bc

3.67 ± 0.39bc

3.68 ± 0.43bc

4.67 ± 0.54*a

3.57 ± 0.41bc

0.15 ± 0.05c

0.12 ± 0.04c

0.12 ± 0.04c

0.15 ± 0.05c

0.12 ± 0.04c

0.17 ± 0.08c

0.12 ± 0.25c

0.13 ± 0.05c

0.12 ± 0.04c

0.23 ± 0.22c

0.10 ± 0.00c

0.62 ± 0.10*a

0.48 ± 0.21*b

1.05 ± 0.05ab

0.87 ± 0.28bc

0.73 ± 0.25*cde

0.78 ± 0.10*cde

0.83 ± 0.15*bcd

0.63 ± 0.81*def

0.64 ± 0.13*def

1.18 ± 0.18a

0.58 ± 0.10*ef

0.86 ± 0.17*bcd

1.20 ± 0.09*a

0.90 ± 0.26*bc

0.47 ± 0.13*f

Table 4b shows a continuation of the effect of in utero ARV exposure on biochemical parameters at �rst �lial. 
Results are presented as Mean ± SEM (n = 6).
abcdefg represent MANOVA analysis, results with the same alphabet in a column showed same levels of variations (disparity) in comparison with the con-
trol group.
* represents result of ANOVA analysis where p ≤ 0.05 as compared to the control (Group 1) 
Groups 1-13: as in Table 1. 
CHOL is Cholesterol; TG is Triglycerides; ALP is Alkaline Phosphatase; BIL is Bilirubin; LDL is Low Density Lipoprotein; HDL is High Density 
Lipoprotein; SEM is standard error of mean. Exposure period was stage of organogenesis (days 6-17).
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observed mild HCM in this study could thus be due to 
inheritance).  Once HCM has been identi�ed in a fam-
ily, immediate testing of all family members will help 
to identify those at risk. Children often do not show 
signs of HCM; the first sign many children display is 
sudden cardiac arrest. HCM is believed to be a result 
of several problems (defects) with the genes that con-
trol heart muscle growth. The myopathy may also be 
due to infection, disordered metabolism, nutritional 
excess or deficiency, toxic agents, autoimmune pro-
cesses, or degeneration. The cause of a hypertrophic 

cardiomyopathy may however remain unknown [32]. 
Zidovudine related cardiomyopathy has been reported 
though the frequency remains quite rare. One of the 
side effects of the NRTIs (also rare but potentially life-
threatening) is cardiomyopathy probably related to 
mitochondrial toxicity caused by NRTIs [33]. It should 
be noted however that children who have moderately 
symptomatic conditions according to the HIV Pediatric 
Classification System (Clinical Categories) may pres-
ent with cardiomyopathy as a clinical presentation of 
HIV infection and not a consequence of ART. Also 

Table 5a	 Effect of in utero ARV exposure on hematological parameters at �rst �lial.

GROUPS
HEMATOLOGICAL PARAMETER

WBC (103 /µL) HB (g/dL) PCV MCV (�) MCH (pg)

1

2

3

4

5

6

7

8

9

10

11

12

13

16.80 ± 0.198a

8.300 ± 0.294*d

12.82 ± 0.311*b

9.100 ± 0.177*c

9.333 ± 0.159*c

8.433 ± 0.236*d

9.167 ± 0.484*c

9.150 ± 0.253*c

9.367 ± 0.385*c

15.32 ± 0.351*a

15.30 ± 0.382*a

11.20 ± 0.365*b

9.950 ± 0.291*c

15.80 ± 0.258a

12.83 ± 0.370*d

13.95 ± 0.564*b

13.57 ± 0.364*c

13.55 ± 0.306*c

12.35 ± 0.136*d

12.82 ± 0.324*d

15.03 ± 0.288a

14.97 ± 0.307a

14.95 ± 0.245a

14.15 ± 0.382*b

12.77 ± 0.254*d

8.367 ± 0.253*e

48.43 ± 0.296a

37.95 ± 0.722*e

41.07 ± 0.627*cd

43.22 ± 0.838*c

42.48 ± 0.282*c

37.58 ± 0.232*e

38.70 ± 0.489*d

43.73 ± 0.321*c

42.63 ± 0.924*c

45.00 ± 0.562*b

43.50 ± 0.202*c

39.45 ± 0.793*d

26.82 ± 0.247*f

57.28 ±0.851cd

60.17 ± 0.443*b

58.16 ± 1.380c

58.68 ± 1.366c

60.03 ± 0.568*b

56.37 ± 0.594d

54.33 ± 0.738*de

53.28 ± 1.103*de

54.08 ± 0.806*de

53.13 ± 0.345*de

51.32 ± 1.805*e

55.17 ± 0.222*d

64.88 ± 0.663*a

18.83 ± 0.260b

18.45 ± 0.354b

16.82 ± 0.517*d

19.08 ± 0.316ab

19.37 ± 0.279a

17.88 ± 0.341c

15.93 ± 0.422*d

14.94 ± 0.323*e

15.27 ± 0.508*d

17.28 ± 0.174*c

19.17 ± 0.303ab

17.87 ± 0.270*c

19.18 ± 0.196ab

Table 5a shows the effect of in utero ARV exposure on hematological parameters at �rst �lial. 
Results are presented as Mean ± SEM (n = 6).
abcdefg represent MANOVA analysis, results with the same alphabet in a column showed same levels of variations (disparity) in comparison with 
the control group.
*represents result of ANOVA analysis where p ≤ 0.05 as compared to the control (Group 1) Groups 1-13: as in Table 1
WBC is White Blood Cells; HB is Hemoglobin; PCV is Packed Cell Volume; MCV is Mean Corpuscular Volume; MCH is Mean Corpuscular 
Hemoglobin; SEM is standard error of mean. Exposure period was stage of organogenesis (days 6-17).

Table 5b	 Effect of in utero ARV exposure on hematological parameters at �rst �lial (cont＇d).

GROUPS
HEMATOLOGICAL PARAMETER

MCHC (g/dL) PLAT (104 /µL) NEUT. (%) LYM (%) MONO (%) RBC (103 /µL)

1

2

3

4

5

6

7

8

9

10

11

12

13

32.57 ± 0.438d

34.45 ± 0.369*b

35.87 ± 0.331*a

31.05 ± 0.970e

32.67 ± 0.186d

32.97 ± 0.209d

34.85 ± 0.671*b

31.92 ± 0.547e

31.92 ± 0.547e

33.07 ± 0.0989c

32.38 ± 0.314d

31.70 ± 0.803e

28.57 ± 0.481*f

730.0 ± 6.593a

718.0 ± 6.792b

706.7 ± 10.230b

649.7 ± 13.290*d

639.8 ± 12.080*de

542.3 ± 10.150*f

673.5 ± 12.380*c

622.5 ± 15.130*e

622.5 ± 15.130*e

661.0 ± 14.760*c

622.5 ± 12.360*e

707.7 ± 56.500b

338.5 ± 4.731*g

28.80 ± 0.286c

27.02 ± 0.158*d

26.17 ± 0.484*d

29.35 ± 0.315*c

32.00 ± 0.481*c

27.40 ± 0.324*c

26.55 ± 0.457*c

26.18 ± 0.624*c

27.07 ± 0.307*c

24.98 ± 0.454*e

25.85 ± 0.255*d

47.50 ± 1.087*ab

49.57 ± 1.140*a

62.98 ± 0.717c

66.05 ± 0.268*ab

64.77 ± 0.903b

60.12 ± 0.425*d

58.70 ± 0.589*e

63.62 ± 0.726c

64.27 ± 0.544b

64.72 ± 0.659b

63.32 ± 0.890c

66.10 ± 0.493*a

65.75 ± 0.341*a

48.12 ± 1.476*f

41.52 ± 0.544*g

7.883 ± 0.361d

6.933 ± 0.370e

9.067 ± 0.735b

10.15 ± 0.231*a

9.150 ± 0.249*b

9.667 ± 0.481*a

9.183 ± 0.593*b

9.100 ± 0.747bc

9.617 ± 0.888a

8.233 ± 0.260c

8.567 ± 0.194c

4.867 ± 0.062*f

9.200 ± 0.457*b

8.378 ± 0.134b

8.217 ± 0.111b

8.000 ± 0.242b

7.235 ± 0.075*cd

6.975 ± 0.042*e

6.438 ± 0.148*f

7.583 ± 0.292*c

7.193 ± 0.167*d

7.167 ± 0.146*d

8.543 ± 0.094a

6.387 ± 0.122*f

7.032 ± 0.069*de

4.083 ± 0.031*g

Table 5b shows a continuation of the effect of in utero ARV exposure on hematological parameters at �rst �lial. 
Results are presented as Mean ± SEM (n = 6).
abcdefg represent MANOVA analysis, results with the same alphabet in a column showed same levels of variations (disparity) in comparison with the control 
group.
* represents result of ANOVA analysis where p ≤ 0.05 as compared to the control (Group 1) 
Groups 1-13: as in Table 1.
MCHC is Mean Corpuscular Hemoglobin Concentration; NEUT is Neutrophils; LYM is Lymphocytes; MONO is Monocytes; RBC is Red Blood Cells; SEM is 
standard error of mean. Exposure period was stage of organogenesis (days 6-17).
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in HIV infected patients, the HIV-associated dilated 
cardiomyopathy is of major interest. It corresponds to 
a dilated and less contractile left ventricle. 

The results from this study showed hepatic patho-
logical presentations ranging from central vein and/
or sinusoidal congestion and necrosis, intracytoplasmic 
vacuolization/inclusions, and mild necro- and peripor-
tal inflammation. These presentations are significant 
as they are absent (not observed) in the control group. 
These observations are therefore probably due to the 
in utero exposure of the infants to the antiretrovirals. 
However, (Lamivudine group) and (Zidovudine/
Vitamin C group) showed normal (similar to control) 
presentations. It thus may mean that Lamivudine 
exposure does not adversely affect the liver (hepatic 
system) of the fetus in utero and Vitamin C was ef-
fective (probably due to its anti-oxidant activity) in 
modulating the adverse effect of in utero exposure to 
Zidovudine. These modulatory effect was absent for 
other groups. Liver toxicity is common with HAART 
and occurs in up to 6% of patients [34]. Their occur-
rence depends on the drug classes or agents used as 
well as on pre-existing liver dysfunction. The level of 
liver toxicity ranges from mild and fully reversible liver 
enzyme elevation to rare but rapidly occurring, oc-
casionally fatal, liver failure. Nevirapine and ritonavir 
have been associated with severe hepatotoxicity and 
hepatic failure with several fatalities linked to nevi-
rapine [35] and in year 2000, the U.S. Food and Drug 
Administration issued a black box label on nevirapine, 
warning that it could cause severe liver damage, 
including liver failure. Chronic, high-dose therapy 
with Zidovudine is associated with signi�cant side ef-
fects, including hepatotoxicity and deducing from the 
results reported in this study vitamin C was effective 
(probably due to its anti-oxidant activity) in modulat-
ing the possible hepatotoxicity  that may occur due 
to in utero exposure to Zidovudine. Pathological pre-
sentations of the kidney showed effects ranging from 
normal presentations to fatty vacuolation of tubular 
cells and mild vascular congestion. Fatty in�ltration is 
a deposit of fat in tissues, especially between cells. It is 
also the presence of fat vacuoles in the cell cytoplasm. 
It should be noted that infiltration is the pathologi-
cal diffusion or accumulation in a tissue or cells of 
substances not normal to it or in amounts in excess 
of the normal. A fatty change represents the intra-
cytoplasmic accumulation of triglyceride (neutral fats). 

Aspartate Transaminase (AST) values were signifi-
cantly higher (p ≤ 0.05) in all the treatment groups 
compared to the control group. The results for ALT 
shows a significant increase (p ≤ 0.05) in groups 4, 8 
and 12 when compared with control, while there was a 
statistically signi�cant decrease (p ≤ 0.05) in ALT levels 
in the other groups when compared with control. 
Alkaline Phosphatase (ALP) levels showed statistically 
signi�cantly increases (p ≤ 0.05) in groups 3, 6, 10, 11 
and 13 when compared with control, while groups 7, 
9, and 12 show statistically significant decreases (p ≤ 
0.05) in ALP levels compared with control. Groups 2, 4, 
5, and 8 show non-statistically signi�cant difference in 
ALP levels when compared to control. Bilirubin (BIL) 
levels were statistically signi�cantly increased (p ≤ 0.05) 
in groups 2, 3, 4, 5 and 12 when compared with control 

while other groups show non-statistically significant 
differences in BIL levels when compared to control. 
These imbalances in liver function tests showed that 
the ARVs administered to pregnant mother-rats in one 
way or the other caused an effect observable in the 
fetal results at the �rst �lial and relatively corroborate 
the histopathological results which showed changes in 
liver cells constitution ranging from central vein con-
gestion to intracytoplasmic inclusion/vacuolation in 
all the treatment groups (except the Lamivudine and 
the Zidovudine plus Vitamin C group). Case reports 
also exist about liver failure occurring on indinavir, 
atazanavir, efavirenz and nelfinavir [36, 37]. Hepatic 
toxicity with hyper-bilirubinemia was described under 
Zidovudine (AZT) + Lamivudine (3TC) + Efavirenz 
therapy. 

Though these liver toxicities observable with the 
use of ARVs in patients have not been correlated in lit-
erature with possible toxicities (or effects) in fetuses/
offsprings, the results obtained from this study showed 
that these toxicities are possibilities that can be seen (to 
occur) in the fetuses at �rst �lial. The use of an anti-
oxidant in this study, (vitamin C) did not signi�cantly 
affect these changes in liver biochemical parameters. 

Uric acid levels were elevated signi�cantly (p ≤ 0.05) 
in all the groups except group 8 (Lamivudine–treated 
group). Results also showed a statistically significant 
reduction (p ≤ 0.05) in Creatinine levels in all the 
groups when compared with control. Urea levels was 
signi�cantly raised (p ≤ 0.05) in groups 2, 3, 4, 5, and 
10 when compared with control, while there was a sta-
tistically signi�cant decrease (p ≤ 0.05) in Urea levels 
in groups 6, 7, 11 and 13 when compared with control. 
Groups 8, 9 and 12 showed no statistically signi�cant 
difference in Urea levels. Serum uric acid can be el-
evated due to reduced excretion by the kidneys. Renal 
toxicity has been experienced with only a few ARVs 
particularly Indinavir and Tenofovir (which were not 
included in this study). With Indinavir, more than 20 
% of patients have persistent asymptomatic leukocy-
turia associated with a gradual loss of renal function 
without urological symptoms [38]. However, renal fail-
ure is rare [39]. Animal studies showed a dose-related 
nephrotoxicity with tenofovir, although several case 
reports have suggested its occurrence, severe renal tox-
icity occurs rarely and was not observed in the major 
clinical trials with tenofovir [40]. Acute renal failure 
and proximal tubulopathy, nephrogenic diabetes 
insipidus and rarely hypo-phosphatemicosteomalacia 
have been reported [41]. Studies also show that the use 
of tenofovir is also associated with a modest decline in 
creatinine clearance in comparison to patients never 
treated with tenofovir [42].

Hematological results from this study showed a 
statistically significant (p ≤ 0.05) reduction in White 
Blood Cell counts (i.e. leukopenia) in all the groups 
when compared with control. The results showed a 
general leukopenia suggestive of a decreased immune 
function and increased susceptibility to infection sub-
sequent to the in utero exposure to these drugs at the 
stage of organogenesis in all groups (implicating all 
the ARVs used in this study). Neutrophilia (increase in 
Neutrophils) was observed to be signi�cant in groups 
12 and 13. Neutrophilia is mainly as a result of acute 
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bacterial infections, in�ammation, tissue necrosis e.g. 
myocardial infarction or burns. Platelet counts were 
reduced (thrombocytopenia) in most of the groups 
suggesting that a potential reduction in ability to 
form clots or an increase in bleeding episodes may be 
observed in infants exposed in utero to these ARVs. 
This however has not been documented in human 
studies. Hemoglobin is the iron-containing oxygen-
transport metalloprotein in the red blood cells of all 
vertebrates as well as the tissues of some invertebrates. 
Hemoglobin in the blood carries oxygen from the re-
spiratory organs (lungs or gills) to the rest of the body 
(i.e. the tissues) where it releases the oxygen to burn 
nutrients to provide energy to power the functions of 
the organism, and collects the resultant carbon diox-
ide to bring it back to the respiratory organs to be dis-
pensed from the organism. Some of the antiretroviral 
drugs (especially zidovudine) are myelo-suppressive, 
especially with respect to the red cells, and therefore 
lead to anemia [43]. Most commonly affected are 
patients with advanced HIV infection and pre-existing 
myelosuppression, on chemotherapy or co-medication 
with other myelotoxic drugs such as co-trimoxazole, 
pyrimethamine, amphotericin B, ribavirin, and inter-
feron, or with other antiretroviral drugs. 5 to 10% of 
patients taking zidovudine develop anemia – usually 
during the first 3 months of therapy, but sometimes 
even after years on treatment [36]. Red cell counts 
were reduced (anemia) in most of the groups  as well 
as reduced hemoglobin levels in all the groups suggest-
ing that a potential reduction in ability of the blood 
(through the RBCs) to carry oxygen to tissues leading 
to tissue hypoxia and or necrosis in infants exposed in 
utero to these ARVs.

Pathological presentations of the brain showed 
(mild) brain edema. The observed cerebral edema oc-
curred across all the groups (treatment and control). 
This generality suggests that the pathology is possibly 
through causes other than the antiretrovirals (both 
single agents and combinations), as the control group 
was not given drugs yet the cerebral edema presented 
in the histology of the brain. 

CONCLUSION

It can be concluded that administration of single 
and combined antiretrovirals have potential terato-
genic effect shown by significant growth retardation 
as evident by reduced birth weight and crown-rump 
length. Gross pathological analysis showed no terato-
genic effects indicated by absence of neural tube 
defects, digital rays and cleft palate abnormalities. 
Histopathology studies reveal possible antiretroviral-
induced teratogenicity on the liver and kidneys; effect 
on the heart was unclear and absent in the brain. 
Biochemical results showed marked increases in liver 
function tests particularly Aspartate Transaminase 
(AST), signi�cant increase in uric acid and a marked 
decrease in creatinine levels at the first filial subse-
quent to in utero ARVs exposure. Hematological 
results reveal signi�cant reductions in WBC and RBC 
counts, Hemoglobin levels, Packed Cell Volume and 
Platelet counts due to the in utero exposure to ARVs 
at the �rst �lial. Ascorbic acid did not produce any sig-
nificant modulatory effect on the teratogenic effects 

of ARVs in single and combination therapy on fetal 
development. Further researches such as use of other 
animal species or controlled human studies (which will 
determine particular effects in humans) are necessary.  
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