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Abstract 
Background and Objective: Zidolam is an antiretroviral combination therapy for the treatment of HIV infection. This study investigated
the impact of highly active anti-retroviral (HAART) on the liver enzymes and blood glucose of adult Wistar rats of both sexes. Materials
and Methods: Thirty Wistar rats with body weight (b.wt.,) of 150-230 g were used for the 2-phase study. Solution of the drug in sterile
water was administered via oral cannula to the 2 groups of 10 rats (5 males and 5 females) each at daily dose of 1.29 mg/100 g b.wt.,
respectively for 21 days during phase I. Phase II was a recovery study involving 10 rats (5 males and 5 females) exposed to dose regimen
as in phase I and sacrificed after 21-day withdrawal of treatment. The control group of 10 animals (5 males and 5 females) was given sterile
water ad-libitum. Serum liver enzymes were determined using kits obtained from Randox Laboratories Ltd, UK. Blood from the cut-tips
of the tails of the animals were obtained and glucose values were determined using glucometer. Results: Zidolam caused significant
increase (p<0.05) in the liver enzymes: serum pyruvate aminotransferase, serum alkaline phosphatase and serum alanine aminotransferase
as well as in blood glucose of the animals. Discontinuation of the drug use however caused gradual recovery of the values of the liver
enzymes but the reverse was the case in blood glucose level where there was an increase in the values obtained. Conclusion: The results
suggested that Zidolam could induce hepatotoxicity and diabetics in the treated animals and by extension man. 
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INTRODUCTION

Human  Immunodeficiency  Virus  is  an  RNA
retrovirus, infectious agent that causes acquired
immunodeficiency syndrome (AIDS), a disease that leaves a
person vulnerable to life-threatening infections. Human
Immunodeficiency virus and Acquired Immunodeficiency
Syndrome remains a significant problem that affects all sectors
of the population1. HIV/AIDS remains the greatest public
health crises in the world today and is the 4th leading cause of
mortality in the world2. Scientists have identified two types of 
this virus. HIV-1 is the primary cause of AIDS worldwide. HIV-2
is found mostly in West Africa3. In 2004, the World Health
Organization estimated that almost 40 million people were
living with AIDS and that women and children constituted
approximately half that total number3. Already, 18.8 million
people around the world have died of AIDS, 3.8 million of
them children. Nearly twice that many-34.3 million are now
living with HIV, the virus3. Since the early 1990s, it has been
clear that HIV would help undermine development in
countries badly affected by the virus3. These effects are
becoming increasingly visible in the hardest-hit region of all,
sub-Saharan Africa, where HIV is now deadlier than war itself:
in 1998, 200,000 Africans died in war but more than 2 million
died of AIDS. AIDS has become a full-blown development
crisis3.

HIV/AIDS is chronic lifelong disease with no known cure
and therefore, people living with HIV (PLHIV) have to be
followed medically for the rest of their lives4,5. The core
component of treatment and care of PLHIV is provision of anti-
retroviral treatment (ART). Anti-retroviral therapy refers to the
use of pharmacologic agents that have specific inhibitory
effects on HIV replication. Optimal ART increases the length
and quality of life of HIV-infected patients and reduces the
onward transmission of the virus. Antiretroviral drugs are
medications for the treatment of infection by retroviruses,
primarily HIV. When several such drugs, typically three or four,
are taken in combination, the approach is known as highly
active antiretroviral therapy, or HAART6,7 and the use of HAART
has resulted in a marked improvement in prognosis of HIV
disease8.

In 1984, it became clear that HIV was the known cause of
acquired immunodeficiency syndrome (AIDS). Not quite long
after this knowledge, drugs that could devastate the virus
were placed on clinical trials9.

There are currently more ARV drugs and their clinical
effectiveness has improved remarkably. Fischl et al.10

explained that drug development for anti-HIV therapies rests
on our knowledge of replication cycle of the virus. Thus, some

sustained inhibition of viral replication might lead to partial
reconstruction of the immune system and a substantial
reduction in the risk of clinical disease progression. Most
importantly, blocking the initial phases of viral replication
prevents infection of new cells. Two groups of antiretroviral
compounds that interfere with HIV reproduction are reverse
transcriptase inhibitors and protease inhibitors.

Recent advances in the treatment of HIV-1 infection
involving co-administration of reverse transcriptase and
protease inhibitors to achieve near-complete suppression of
HIV-RNA concentrations have led to considerable
improvements in life expectancy of infected individuals11,12.
Highly active antiretroviral therapy (HAART), i.e., the use of
aggressive combination antiretroviral regimens consisting of
reverse transcriptase inhibitors (RTIs) and protease inhibitors
(PIs) has become the standard of care13,14. 

Zidolam is an antiretroviral drug belonging to the
antiretroviral group called nucleoside analogue reverse
transcriptase inhibitors (NRTIs). It is used in antiretroviral
combination therapy for the treatment of HIV infection. It
reduces the amount of HIV in the body and keeps it at a low
level. It also increases CD4 cell counts. CD4 cells are a type of
white blood cells that plays an important role in maintaining
a healthy immune system to help fight infection.

Not much work has been done on effects of antiretroviral
therapy on blood glucose but in 2004, Figuerio-Filho et al.15

conducted a test to experimentally evaluate the diabetogenic
effects of anti retroviral drugs on pregnant wistar rats and
perinatal effects on the offspring. Using zidovudine (ZDV),
lamivudine (3TC) and nelfinavir (NFV), they concluded that the
anti retroviral drugs interfered in carbohydrate metabolism of
pregnant rats and reduced the number of fetuses. 3TC caused
less maternal body weight gain, decreased fetus weight and
lactate and insulin levels and increased serum glucagon.
Hence, the need of this research to further investigate the
relationship between anti retroviral therapy and blood glucose
level as well as liver enzymes in adult albino rats of both sexes. 
The aim of this study was to determine the effects of Zidolam
on liver enzymes and blood glucose in adult Wistar rats of
both sexes.

MATERIALS AND METHOD

Animals: Thirty adult Wistar strain rats of both sexes (15
females and 15 males) weighing between 180 and 220 g were
obtained from author’s own departmental animal house and
were housed five animals per cage at room temperature
where  they  were  acclimatized for a period of 7 days. The
study   was     approved    by     departmental     animal   ethical
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committee. The animals were fed with standard rat pellets
(Ladokun Feeds Nig. Ltd.) and water ad libitum. 

Animal ethics: All procedures involving animals in this study
confirmed to the guiding principles for research involving
animals as recommended by the Declaration of Helsinki and
the Guiding Principles in the Use of Animals16. 
 
Experimental procedure: The study was divided into two
phases involving the use of drug and sampling in the first
phase, as well as drug administration, recovery period
followed  by  sample  collection  in  the  second  phase.
Zidolam was obtained from General Hospital, Ijebu Igbo,
Nigeria. The drug was administered orally at therapeutic
(human dose was calculated  down  to  rats  weights) (T) dose
of  1.29   mg  per 100 g b.wt., respectively to the rats daily for
21 days. 

Phase 1 entails the use of 10 rats (5 males and 5 females).
Each rat in the group was treated with 1.29 mg/100 g b.wt., of
zidolam daily for 21 days. 

Phase 2 was a recovery study involving ten rats (5 males
and 5 females).The animals were given 1.29 mg/100 g b.wt. of
zidolam each for 21 days and allowed to recover from the
treatment for another 21 days.

There was a group of 10 rats (5 males and 5 females)
given sterile water throughout the study and these serve as
the control (C) in both phases. 

Analytical procedure: The rats were weighed prior to
treatment and at the end of each phase to obtain differential
weight gains (if any).

Serum glutamate oxaloacetate transaminase (SGOT),
serum glutamate pyruvate transaminase (SGPT) and serum
alkaline phosphatase (SALP) were determined using kits (from
Randox Laboratories, Ltd., UK) according to manufacturer’s
instructions. 

Blood  from  the  cut-tips  of  the  tails  of  15   males  and
15 females’ rats were obtained and blood glucose values were
determined using glucometer. 

Statistical analysis: All calculations were done using the
SPSS-V15 statistical software package17 for analysis of the data.
The data were presented as Means±Standard deviation (SD)
and statistical analysis carried out using the Student’s t-test
and One-Way ANOVA. Differences were considered to be of
statistical significance at an error probability of less than 0.05
(p<0.05).

Table 1: Effect of Zidolam on liver enzymes
Groups SALP (U LG1) SGPT (U LG1) SGOT (U LG1)
Control group male 0.04±0.02 0.06±0.01 0.04±0.02
Control group female 0.02±0.01 0.09±0.02 0.03±0.02
Test group male 0.07±0.01* 0.11±0.02* 0.09±0.03*
Test group female 0.05±0.02* 0.13±0.03* 0.09±0.04*
Recovery group male 0.04±0.01* 0.08±0.02* 0.06±0.04*
Recovery group female 0.05±0.02* 0.09±0.02* 0.05±0.01*
*p<0.05

Table 2: Effect of Zidolam on blood glucose
Groups Blood glucose
Control group male 91.61±21.7
Control group female 101.00±14.32
Test group male 125.60±10.88*
Test group female 148.80±8.17* 
Recovery group male 148.40±46.55*
Recovery group female 157.40±26.32*
*p<0.05 (p is significant at p<0.05)

RESULTS

Effect of Zidolam on liver enzymes: The results were
shown in Table 1.

Administration of Zidolam at 1.29 mg/100 g of b.wt./day
for 21 days significantly (p<0.05) increased the values of SGOT,
SGPT and SALP in both male and female rats and these values
gradually return to normal values after allowing the rats to
recover from effects of the drug. 

 Effect of zidolam on blood glucose: The results were
shown in Table 2. 

Administration of zidolam at 1.29mg/100 g of b.wt./day
for 21 days significantly increased (p<0.05) the values of blood
glucose in both male and female rats. 

The values of the recovery groups increased significantly
(p<0.05) when compared to the control groups.

From Table 2, the values of the recovery groups failed to
reduce but continue to increase even after zidolam had been
withdrawn for 21 days.

DISCUSSION

This investigation demonstrated that administration of
Zidolam to rats significantly (p<0.05) increased the liver
enzymes of the animals (Table 1).

Increase in liver enzymes such as serum glutamate
pyruvate transaminase (SGPT) and serum glutamate
oxaloacetate transaminase (SGOT) are common findings in
liver toxicity18. Elevated liver enzymes are signs of liver
inflammation and may be a warning of progressive liver
disease. Liver disease is a major cause of morbidity and
mortality  in   HIV  infected  persons19.   Abnormalities  in  liver
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function  are  common  and  may  be  caused  by   HIV  itself.
Co-infection with hepatitis viruses increases the risk of liver
toxicity while taking antiretroviral therapy. Hepatotoxicity is a
serious complication in patients taking HAART 20. The present
study has shown that there was a significant increase in all the
measured liver enzymes indicating some degree of damage to
the tissues in the liver. The study also demonstrated that the
noticeable effect is reversible as observed in the recovery
group and this is important to patients taking the drug as they
could readily recover from adverse effects on liver. This
reversal is time dependent and this may not be unconnected
with plasma clearance of the drug leading to secretion.
Elevated liver enzymes may be due to HAART or to other risk
factors such as hepatitis co-infection18-20. The different
components of HAART are each associated with different risks
of liver toxicity. Most drugs are metabolized by cytochrome
P450 enzymes in the liver and this may be affected by liver
disease21. The mechanisms for drug-induced liver injury
include dose-dependent toxicity, hypersensitivity reactions,
idiosyncratic reactions, mitochondrial toxicity and immune
reconstitution. The present study has shown that there was a
significant increase in all measured liver enzymes indicating
some degree of damage to the tissues in the liver.

This investigation also demonstrated that administration
of Zidolam to rats significantly (p<0.05) increased the blood
glucose of the animals. The increased in blood glucose failed
to decline even after the animals were allowed to recover from
drug effects and this might further complicate the health
hazards being faced by the patients .

Before the onset of the use of highly active anti-retroviral
drugs, HIV infection was thought to be protective against
development of diabetes mellitus22.

But with the advent of highly active antiretroviral therapy,
a new dysmetabolic syndrome emerged 23 and it has variable
expressions and includes insulin resistance, visceral adiposity,
peripheral lipodystrophy and glucose intolerance.

Several studies have shown an increased risk of diabetes
among HIV infected individual on highly active antiretroviral
therapy (HAART)24, 25.

The mechanism by which antiretroviral therapy (ART)
drugs induced diabetic is not clear, it has been shown that
indinavir dramatically inhibits glucose uptake in a dose
dependent manner in adipocytes by selectively inhibiting the
glut 4 transporter functions26. 

Also it has been found by Caron et al.27 that indinavir
down regulates peroxisome proliferators activated receptor
gamma receptor in adipocytes.

In 2004, Figuerio-Filho et al.15 conducted a test to
experimentally evaluate the diabetogenic effects of anti
retroviral drugs on pregnant Wistar rats and perinatal  effects

on the offspring. Using zidovudine (ZDV), lamivudine (3TC)
and nelfinavir (NFV), they concluded that the anti retroviral
drugs interfered in carbohydrate metabolism of pregnant rats
and reduced the number of fetuses. 3TC caused less maternal
body weight gain, decreased fetus weight and lactate and
insulin levels and increased serum glucagon.

CONCLUSION

The study demonstrated that Zidolam is injurious to the
liver  and  it  is  also  diabetogenic hence it should be used
with caution and under supervision of a qualify health
practitioner. 

The study was able to prove that there is need to monitor
the blood glucose and liver enzymes of patients undergoing
treatment using Zidolam by experienced medical practitioner.
The monitoring should continue even after the treatment has
stopped in order to control any unwanted side effects of the
drug.

SIGNIFICANCE STATEMENT

The present study revealed that the high level of blood
glucose observed during treatment stage failed to reduce
even during period of recovery. Diabetes is a chronic disorder
characterized by high levels of glucose in the blood and is a
common disorder affecting individuals of all ages. Since the
drug is diabetogenic without the presence of human
immunodeficiency virus in Wistar rats used for the experiment,
it means zidolam can induce diabetics in human beings hence
patients on ART should be treated for increased in blood
glucose level in order to combat this unwanted side effects of
the drug.
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