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Abstract: Highly active antiretroviral therapyi (HAART), a combination of drugs (lamivudine, zidovudine
and nevirapine) used for pre-exposure prophylaxis and management of Human Immunodeficiency Virus
infection in sub-Saharan Africa. The objective of this research work was to investigate the potential
Ameliorative effect of neuroviteon on HAART induced toxicity on the cerebellum. Thirty two Wistar rats
were divided into 4 groups of 8 rats each. Group A served as the control, while group B were administered
with 9.28 mg/kg of HAART, group C received 9.28 mg/kg of HAART and 0.07mg/kg of folic acid and group
D received 0.07mg/kg folic acid. Drugs were administered twice daily for 30 days after which
neurobehavioural test of open field maze was perform. The rats were then sacrificed and their cerebellum
harvested, processed and stained using haematoxylin and eosin method and nuro-fillament (NF)
immunochemistry method. The slides were viewed under light microscope. Results showed a significant
reduction in the brain to body weight index between the HAART group and the control and folic acid group.
There was significant reduction in locomotor activity following administration of HAART to the animals
compared with control, there were also significant reduction in rearing frequency , walling frequency and
freezing duration, with a significant increased in freezing duration in the HAART treatment group. The
freezing frequency, central line crossing and grooming frequency were not significantly different. The
cerebella were affected with mild to moderate shrinkage of pyramidal cells and distortion of the granular cells.
There was increased expression of NF in the HAART group compared to controls. HAART affects the weight,
histology of the cerebellum and neurobehaviour. Neurovite has the potential of ameliorating the histological
distortion and may be beneficial to people taking HAART.
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1. Introduction

Human immunodeficiency virus type 1 (HIV-1) infection of the central nervous system is associated with
characteristic virological, clinical, and neuropathological findings in adults and children. Productive infection in the
brain and spinal cord occurs in blood-derived macrophages, resident microglia, and multinucleated giant cells [1]. it
does cause prominent neurological symptoms including HIV associated neurocognitive disorder (HAND) [2, 3].
Highly active antiretroviral therap (HAART) has greatly extended the lives of HIV infected (HIVV+) individuals and
diminished the number of opportunistic infections. However, the prevalence of HAND has remained relatively
unchanged due to HAART toxicity, [4] with milder forms now predominating. Neuropsychological performance
(NP) testing remains crucial for detecting neural dysfunction due to HIV. However, cognitive normality does not
imply the absence of neural dysfunction. Indeed, pathophysiologic changes occur prior to changes in NP [5, 6]. The
Department of Health and Human Services now recommends immediate initiation of cART with HIV positive
diagnosis [7]. With these guidelines in place, it is important to determine the effects of HAART on brain functional
connectivity. In general, most research groups have found HAART to have beneficial effects on cognitive status and
neurobiology [8]. While HAART may have detrimental effects, these do not outweigh the tremendous benefit in
restoring overall health and lifestyle [8]. The risk of specific side effects varies from drug to drug, from drug class to
drug class and from patient to patient.
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Cognitive impairment occurs in a substantial (15-50%) proportion of HIV-infected patient on highly active
antiretroviral therapy [9, 10]. Other side effects reported are neurologic complications such as myelopathy,
neuropathy, neuropathic pain, and cognitive decline [11]. HAART toxicity is likely going to be a public health issue
in Africa very soon due to the increasing number of people exposed to HIV drug as a result of social conflicts and
crime leading to rape and subsequent post exposure prophylaxis (PEP). PEP is also practiced by health workers
when they have occupational exposure to HIV; they are expected to commence treatment within 72 hrs after
exposure and to continue with the medication for as long as 30 days. HIV positive pregnant women are also given
this medication to prevent mother to child transmission of HIV thereby exposing the mother and the unborn child to
this medication.

The fact that NRTIs (especially didanosine, stavudine, zalcitabine, and to a lesser extent zidovudine, abacavir
and lamivudine) may be responsible for CNS toxicity is based on their documented toxicity on peripheral tissues
(e.g.,liver, heart, muscles). This toxicity has been shown to involve dysfunction of mitochondria resembling those in
genetic mitochondrial diseases [12]. The NRTIs’ pharmacologic effectiveness depends on their relative selective
interference with viral DNA as opposed to host DNA, especially with long-term treatment [12]. Clinically, NRTIs
can cause hematologic toxicity, myopathy,

cardiomyopathy, lactic acidosis, exocrine pancreas failure, liver failure, bone marrow failure and peripheral
neuropathy. Toxicity sometimes reverses when the treatment is stopped but not always. In addition, HIV itself has
been shown to cause mitochondrial toxicity [13]. While some NRTIs have poor CNS penetration, potentially leading
to less mitochondrial toxicity in brain tissues, it has been shown that with advanced HIV infection, the BBB is often
impaired [14], therefore increasing the likelihood of NRTIs toxicity in the brain.

Indeed, following treatment initiation some HIV-positive persons can develop a paradoxical neurological
deterioration, despite improvements in HIV viral load and CD4 Tcell counts [13]. This immune reconstitution
inflammatory syndrome (IRIS) has been reported in several case studies which observed the occurrence of a
dementing illness [15].

The objective of this research therefore was to investigate the potential effects of cocktail of Lamivudine,
zidovudine and nevirapine (Douvir-N) and the possible ameliorative effect of neurovite a free radical scavenger with
reported antioxidant activity on the histology of cerebellum and locomotor and anxiety related behavior using open
field maze in Wistar rats.

2. Materials and Methods

2.1. Animals

Thirty two male Wistar rats weighting 173- 240 g at the time of acquisition and acclimatization were used in this
study. They were kept at the animal house of the University of Uyo. They had free access to food and water, and
kept at temperature (22 + 2°C) under a 12/12 h light-dark cycle. The guidelines of the Institutional Animal Care and
Use Committee (IACUC) were strictly followed throughout in the handling the animals.

2.2. Experimental Design

The animals were divided into 4 groups of 8 rats each. Group A served as the control and received 1 ml of
distilled water, while group B were administered with 9.28 mg/kg of Duovir-N, group C were administered with
9.28 mg/kg of Duovir-N and 7.05 mg/kg of Neurovite and group D received 7.05 mg/kg Neurovite . Drugs were
administered twice daily for 30 days after which neurobehavioural test of open field maze was perform.

2.2.1. Open Field Test (OFT) and Animal Sacrifice

Animals were individually placed in an open field apparatus made up of Perspex plastic with dimensions
(40x60x%50 cm) and the floor was divided into 25 equal squares by lines. The numbers of squares crossed with all
paws (frequent line crossing) were counted in a 5 min session and the following were recorded: (1) Frequency of
line crossing, (2) freezing and freezing period, and (3) rearing frquency (vertical postures of the rat with its hind
paws on the floor and forepaws on the wall) (4) central crossing and central crossing duration (5) grooming (6)
defecation and (7) urination [16].

After the open field maze the animals were put on overnight fast before they were sacrificed under chloroform
anaesthesia and their cerebellum harvested, processed and stained using haematoxylin and eosin method. The slides
were viewed under light microscope.

2.2.2. Statistical Analysis

In this investigation the software package Graph Pad Prism version 6 was used for analysis and graphical
representation of data. All data are presented as mean + SEM. The data were analyzed by two-way analyses of
variance (ANOVA). P<0.05 was considered statistically significant.

3. Result

A Effect of HAART and Neurovite group on body weight difference: Body weight of animals exposed to
HAART were not significantly different when with compared with Saline control and the Neurovite as shown in fig
la.
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B Effect of HAART and Neurovite on brain to body weight ratio: Following exposure to HAART there was
significant reduction in brain to body weight ratio compared to saline control and the Neurovite only group as
shown in fig 1b
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Fig-2. Effect of HAART and Neurovite group on locomotor activity in the open field
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Effect of HAART and Neurovite on brain to body weight ratio in the open field box. Each bar represents Mean +
S.E.M, p<0.05 compared to the control.

3.1. Effect of HAART and Neurovite on Horizontal Locomotion

Following exposure to the open field, there was significant reduction in locomotor activity following
administration in the HAART compared to control, there were also significant reduction in rearing frequency ,
walling frequency and freezing duration , with a significant increased in freezing duration in the HAART treatment
group. As shown in fig 2. The freezing frequency, central line crossing and grooming frequency were not
significantly different

4. Histology

Photomicrograph of the histology of the cerebellum of group A animals treated with 1 ml of normal saline
shows the three cerebellar cortical areas: molecular (M) layer, granular (G) layer, and Purkinje (P) cells. The
granular cells aggregate, and the Purkinje cells are single-lined arrow. H & E, x400.

Photomicrograph of the histology of the cerebellum of group B treated animals treated with 9.28 mg/kg of
Duovir-N shows the three cerebellar cortical areas: molecular (ML) layer, granular (GL) layer, and disrupted and
shrunken Purkinje (Pk) cells. The granular cells appear swollen and cells appear scanty. H & E, x400.

Photomicrograph of the histology of the cerebellum of groups C animals treated with 9.28 mg/kg of Duovir-N
and 7.05 mg/kg of neurovite shows the three cerebellar cortical areas: molecular (ML) layer, granular (GL) layer
cells appear healthier than only Dourvir-N treated group H & E x400.

Photomicrograph of the histology of the cerebellum of group D animals treated with 7.05 mg/kg of neurovite
shows the three cerebellar cortical areas: molecular (M) layer, granular (G) layer, and Purkinje (P) cells the cells
appear normal H & E X 400.

Photomicrograph of the histology of the cerebellum of groups A,B,C,D treated animals treated with Distil water
, 9.28 mg/kg of Duovir-N, 9.28 mg/kg of Duovir-N and 7.05 mg/kg , 7.05 mg/kg of neurovite respectively shows
the three cerebellar cortical areas: molecular (ML) layer, granular (GL) layer There is increased expression of NF in
group B taking Dourvir —N only compared to controls NF ,x 100

Fig-3. Photomicrograph of the histology of the cerebellum of groups A,B,C,D treated animals treated with Distil water , 9.28 mg/kg of Duovir-
N, 9.28 mg/kg of Duovir-N and 7.05 mg/kg , 7.05 mg/kg of neurovite respectively shows the three cerebellar cortical areas: molecular (ML)
layer, granular (GL) layer H & E X 400
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Fig-4. Photomicrograph of the histology of the cerebellum of groups A,B,C,D treated animals treated with Distil water , 9.28 mg/kg of Duovir-N,
9.28 mg/kg of Duovir-N and 7.05 mg/kg , 7.05 mg/kg of neurovite respectively shows the three cerebellar cortical areas: molecular (ML) layer,
granular (GL) layer NF X 100

5. Discussion

Though the use of HAART in HIV management has significantly, reduced the morbidity, mortality and life
expectancy of people living with HIV/AIDS, there is increasing concerns about the quality of life of these population
of people due to adverse effects arising from chronic administration of these drugs.

The extensive use of highly active antiretroviral therapy (HAART) over the decade has led to a significant
improvement in the survival rate and quality of life of HIV positive patients in Africa. The increased in life
expectancy of people living with HIV has also raised concerns about the effect about the effects of HIV drug related
toxicity on the body organs, which can directly affect the quality of life of these people.

Our study was designed to investigate the effect of combind administration of Dourvir N and neurovite on the
cerebellum and neurobehavior using animal model. Morphometric findings revealed that there was no significant
weight difference between the experimental groups and the control. This might suggest that the drug did not affect
the feeding habit of the rats. Serotonin is involved in satiety and satiation through serotonin receptors [17]. The drug
did not affect these receptors. Evidence suggests that a progressive decrease in lean body mass in the HAART era
may be related to catabolic cytokines. [18, 19]. It is possible that our study did not last long enough to affect the
weight.

Despite not having effect on the weight difference the result of the brain to body index ratio was significantly
lower in the HAART group, implying that there was shrinkage of the brain size in this group. Organ-body weight
ratio is an important indicator of organ toxicity. A researcher had earlier reported a reduction in liver size in groups
of animals treated with HAART [20]. This finding is particularly important in pediatrics HIV treatment as the brain
of the new born is still developing and as such more prone to toxic chemical injuries (humanillnesses.com). Studies
have shown that the brain is more susceptible to drug toxicity.

The histology showed distortions in the cerebellum of the experimental groups administered with HAART only.
This included shrunken Purkinje cells, granular cell swelling and loss of granular cells. This may be due to over
excitation of the neurons, and gliosis, as well as depletion of myelin. These conditions may lead to cytotoxic
degeneration of the neuronal cells [21]. These changes were ameliorated in the neurovite and HAART combined
group which had healthy looking purkinje and granular cells when compared with the control. This could have been
as a result of the antioxidant properties of neurovite. The antioxidant effect of neurovite had earlier been reported to
ameliorate the toxic effects of lamivudine [22]. The toxic effect of HAART can lead to motor dysfunction as the
cerebellum is the center for motor control, motor coordination, memory, cognitive processing and emotional control
[23-25], This was in agreement with the immuno-staining which showed increased expression of NF in the treatment
groups that was mitigated by Neurovite.

Open field maze is used to assess locomotor and exploratory behavior in a novel environment [26]. Line
crossing, walling and rearing are usually used as measures of locomotor activity as well as exploration and anxiety.
A higher frequency of these behavior indicates increased locomotion and low anxiety. In this study, the HAART
groups had significantly lower frequencies in these parameters. These corroborated with the findings of histology
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using confirming the occurrence of cerebellar toxicity. This distortions were only partially mitigated by the
administration of neurovite. Central crossing and central crossing duration are also measures of exploratory behavior
and anxiety with higher frequency indicating higher exploratory behavior and low anxiety, in our study there was no
significant change in the frequency. Lastly the freezing frequency and grooming which are also indices of
exploratory activities were not affected by HAART administration. This did not agree with the findings of Romao, et
al. [27] that observed that Nevirapine which is a component of our HAART coctail did not affect locomotor activity
in open-field test in mice.

6. Conclusion

Highly active antiretroviral therapyi (HAART), a combination of drugs (lamivudine, zidovudine and
nevirapine) used for pre-exposure prophylaxis and management of Human Immunodeficiency Virus infection in
Nigeria. From our findings HAART affects the weight, histology of the cerebellum and neurobehaviour, neurovite
has the potential of ameliorating the histological distortion in experimental rat model.

References

[1] Gyorkey, F., Melnick, J. L., and Gyorkey, P., 1987. "Human immunodeficiency virus in brain biopsies of
patients with AIDS and progressive encephalopathy.” Journal of Infectious Diseases, vol. 155, pp. 870-876.

[2] Anthony, I. C. and Bell, J. E., 2008. "The Neuropathology of HIV/AIDS." Int Rev Psychiatry, vol. 20, pp.
15-24.

[3] Kaul, M., Garden, G. A., and Lipton, S. A., 2001. "Pathways to neuronal injury and apoptosis in HIV-
associated dementia.” Nature, vol. 410, pp. 988-994.

[4] Heaton, R. K., Franklin, D. R., Ellis, R. J., McCutchan, J. A., Letendre, S. L., and Leblanc, S., 2011. "HIV-
associated neurocognitive disorders before and during the era of combination antiretroviral therapy:
differences in rates, nature, and predictors.” J Neurovirol, vol. 17, pp. 3-16.

[5] Jessen Krut, J., Mellberg, T., Price, R. W., Hagberg, L., Fuchs, D., and Rosengren, L., 2014. "Biomarker
evidence of axonal injury in neuroasymptomatic HIV-1 patients." PLoS One, vol. 9, p. 88591.

[6] Garvey, L. J., Pavese, N., Politis, M., Ramlackhansingh, A., Brooks, D. J., and Taylor-Robinson, S. D.,
2014. "Increased microglia activation in neurologically asymptomatic HIV-infected patients receiving
effective ART. ." AIDS., vol. 28, pp. 67-72.

[7] DHHS Panel on Antiretroviral Guidelines for Adults, 2009. "Guidelines for the Use of Antiretroviral
Agents in HIV-1-Infected Adults and Adolescents.™ Afr J Med Pract, vol. 5, pp. 79-104.

[8] Ellis, R., Langford, D., and Masliah, E., 2007. "HIV and antiretroviral therapy in the brain: neuronal injury
and repair.” Nat Rev Neurosci, vol. 8, pp. 33-44.

[9] Xu, J. and Ikezu, T., 2009. "The comorbidity of HIV-associated neurocognitive disorders and Alzheimer’s
disease: a foreseeable medical challenge in post-HAART era.” Journal of Neuroimmune Pharmacology,
vol. 4, pp. 200-212.

[10] Schouten, J., Cinque, P., Gisslen, M., Reiss, P., and Portegies, P., 2011. "HIV-1 infection and cognitive
impairment in the CART era: a review." Aids, vol. 25, pp. 561-575.

[11] Tozzi, V., Balestra, P., Libertone, R., and Antinori, A., 2010. "Cognitive function in treated HIV patients."
Neurobehav HIV Med., vol. 2, pp. 95-113.

[12] Lewis, W., 2005. "Nucleoside reverse transcriptase inhibitors, mitochondrial DNA and AIDS therapy."
Antiviral Therapy, vol. 10, pp. 13-27.

[13] Cysique, L. A. and Brew, B. J., 2009. "Neuropsychological functioning and antiretroviral treatment in
HIV/AIDS: a review." Neuropsychology review, vol. 19, pp. 169-185.

[14] Berger, J. R. and Avison, M., 2004. "The blood brain barrier in HIV infection." Frontiers Biosciences, vol.
9, pp. 2680-2685.

[15] Venkataramana, A., Pardo, C. A., McArthur, J. C., Kerr, D. A, Irani, D. N., and Griffin, J. W., 2006.
"Immune reconstitution inflammatory syndrome in the CNS of HIV-infected patients." Neurology, vol. 67,
pp. 383-388.

[16] Brown, R. E., Corey, S. C., and Moore, A. K., 1999. "Differences in measures of exploration and fear in
MHC-congenic C57BL/6J and B6-H-2K mice." Behavior Genetics, vol. 29, pp. 263-271.

[17] Ahima, R. S. and Antwi, D. A., 2008. "Brain regulation of appetite and satiety." Endocrinology and
metabolism clinics of North America, vol. 37, pp. 811-823.

[18] Roubenoff, R., Grinspoon, S., Skolnik, P. R., Tchetgen, E., Abad, L., Spiegelman, D., and Gorbach, S.,
2002. "Role of cytokines and testosterone in regulating lean body mass and resting energy expenditure in
HIV-infected men." American Journal of Physiology-Endocrinology and Metabolism, vol. 283, pp. 138-
145,

[19] Shikuma, C. M., Zackin, R., Sattler, F., Mildvan, D., Nyangweso, P., and Alston, B., 2004. "AIDS Clinical
Trial Group 892 Team. Changes in weight and lean body mass during highly active antiretroviral therapy."
Clinical infectious diseases, vol. 39, pp. 1223-1230.

[20] Azu, O. O., Jegede, A. I., Ugochukwu, O., Onanuga, I. O., Kharwa, S., and Naidu, E. C., 2016. "Hepatic
histomorphological and biochemical changes following highly active antiretroviral therapy in an

41



International Journal of Healthcare and Medical Sciences, 2017, 3(6): 35-42

experimental animal model: Does Hypoxis hemerocallidea exacerbate hepatic injury." Toxicology Reports,
vol. 3, pp. 114-122.

[21] Ohearn, E. and Molliver, M. E., 1993. "Degeneration of Purkinje cells in parasagittal zones of the cerebellar
vermis after treatment with ibogaine or harmaline.” Neuroscience, vol. 55, pp. 303-310.

[22] Peter, A. I., Ekong, M. B., Davies, K., Azu, O. O., Bassey, R. B., Ugwu, L. O., and Umoh, I. U., 2014,
"Effect of coadministration of neurovite and lamivudine on the histomorphology of the cerebellum of wistar
rats." ISRN neuroscience,

[23] Chizhikov, V. and Millen, K. J., 2003. "Development and malformations of the cerebellum in mice."
Molecular genetics and metabolism, vol. 80, pp. 54-65.

[24] Schmahmann, J. D. and Caplan, D., 2006. "Cognition emotion and the cerebellum.” Brain, vol. 129, pp.
290-292.

[25] Stoodley, C. J. and Schmahmann, J. D., 2010. "Evidence for topographic organization in the cerebellum of
motor control versus cognitive and affective processing.” Cortex, vol. 46, pp. 831-844.

[26] Weiss, S. M., Lightowler, S., Stanhope, K. J., Kennett, G. A., and Dourish, C. T., 2000. "Measurement of
anxiety in transgenic mice." Reviews in the Neurosciences, vol. 11, pp. 59-74.

[27] Romao, P. R., Lemos, J. C., Moreira, J., de Chaves, G., Moretti, M., Castro, A. A., and Gavioli, E. C., 2011.
"Anti-HIV drugs nevirapine and efavirenz affect anxiety-related behavior and cognitive performance in
mice." Neurotoxicity Research, vol. 19, pp. 73-80.

42



