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SUMMARY: The effects of chronic administration of efavirenz commonly used as part of highly active antiretroviral therapy
(HAART) for the treatment of Human Immunodeficiency Virus (HIV) type-1 therapy on the chromatophilic substance of the intracranial
auditory relay centre namely the inferior colliculus and medial geniculate body of adult wistar rats were carefully studied. The rats of
both sexes (n=20), with an average weight of 200g were randomly assigned into treatment (n=10) and control (n=10) groups. The rats in
the treatment group received 600 mg/70kg body weight of efavirenz dissolved in distilled water daily for 30 days through the orogastric
tube. The control group received equal volume of distilled water daily for 30 days through the same route. The rats were fed with
grower’s mash obtained from Edo Feeds and Flour Mill Limited, Ewu, Edo state, Nigeria and given water liberally. The rats were
sacrificed by cervical dislocation method on the thirty-first day of the experiment. The inferior colliculus and medial geniculate body
were carefully dissected out and quickly fixed in 10% formal saline for histological study. The histological findings indicated that the
treated sections of the inferior colliculus and medial geniculate body showed that the chromatophilics substances were less intensely
stained as compared to the control. The parenchyme was vacuolated and with evidence of hypertrophy and more spaces between the
axonal mesh around the sparsely distributed neurons as compared to the control group. The treated section of the inferior colliculus
showed neurons with faintly stained chromatophilics substances in large, medium and small sized neurons while that of the medial
geniculate body showed less intense and enlarge chromatophilics substances with some vacuolations. Chronic administration of efavirenz
may therefore have an adverse effect on the chromatophilics substances of the inferior colliculus and medial geniculate body of adult
wistar rats. It is recommended that further studies aimed at corroborating these observations be carried out.
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INTRODUCTION

Efavirenz is an antiretroviral drug that belongs to thaot efficiently penetrate the blood brain barrier (BBB) or
class of drugs called non-nucleoside reverse transcriptage actively transported out of the central nervous system
inhibitor (NNRTI) used as part of highly active antiretrovira{Schranger & D'Souza, 1998). Even after antiviral treatment
therapy (HAART) for the treatment of humanthat successfully controls virus in the treatment
immunodeficiency virus (HIV) type-1 (AHFS, 2007).compartments, the central nervous system may suffer
Efavirenz has been found to be effective in mangontinuing damage induced by HIV infection (Feixal,
combination regimes for the treatment of HIV infection, botl2000). Efavirenz may be taken once a day without regards
in previously untreated and in treated individuals. It has beesimeal and it can penetrate the central nervous system and
combined successfully with nucleoside consisting afpinal fluids (AIDS INFONET, 2007; Puzantian, 2002)
lamivudine or emtricitabine plus abacavir, didanosine,
stavidine, tenofovir or zidovudine to achieve virologic Some adverse effect in the central nervous system
suppression in a high percentage of recipients (Staszewskis been commonly associated with efavirenz (Bud,
et al, 1999; Gulicket al.,2006). Most antiviral agents do 1999). The most common central nervous system effects
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include confusion, insomnia, abnormal vivid dreamsl981). It had been reported that chromatophilic body
dizziness and headache. Efavirenz has emerged asnprises of broadsheet of rough or granular endoplasmic
cornerstone of highly active antiretroviral therapy (HAART yeticulum, free ribosomes and ribosomes in clusters or
regimens. The side effect profile of the drug is generallpsette. These ribosomes had been found in large amounts
regarded as satisfactory. However, there are conflicting stuidythe cytoplasm of neurons as cytoplasmic RNA. Under
results in the medical literature as well as conflicting studieee control of nuclear deoxyribonucleic acid (DNA),
from patients and physicians regarding the neuropsychiatagtoplasmic RNA is concerned with protein synthesis.
problems associated with efavirenz (Baker, 2006 Alterations in chromatophilics substances are characterized
Lipodystrophy, moderate or severe pain, abnormal visiohy a change of membrane configuration forming lamella
arthralgia. asthenia, dyspnea, gynecomastia, myalgitadies such as anulate lamellae as elaborated with electron
myopathy and tinnitus have been reported concernimgicroscope (Davis & Robertson, 1991). This present study
efavirenz (AHFS). was to elucidate the effects of chronic administration of
efavirenz on the chromatophilic substance of the intracranial
The inferior colliculus and medial geniculate bodyauditory relay centre of adult wistar rats.
constitutes the intracranial auditory relay centres. The infe-
rior colliculus is the obligatory midbrain synaptic target of
the ascending auditory pathway, in which the contralated®IATERIAL AND METHOD
ear is represented primarily (Fall, 1999). Inferior colliculus
is essential for normal hearing and for the startle reflex it
receives its ascending input mainly from the contralaterAhimals. The School of Basic Medical Sciences, University
cochlear nucleus and the superior olive and sends axon@t®enin grant approval before the work begins. Twenty adult
the medial geniculate body (Fall). The medial geniculatgistar rats of both sexes with average weight of 200g were
body is the target of ascending projection from the inferisandomly assigned into two groups; control (n=10) and
colliculus and descending input from the auditory cortex thissatment (n=10). The rats were obtained and maintained in
is the obligatory synaptic target in the thalamus for hearirige Animal Holding of the Department of Anatomy, School
(Fall). It contains interleaved and overlapping tonotopic armaf Basic Medical Sciences, University of Benin, Benin City,
aural bands, the most beautiful structure in the brain (FalBdo State, Nigeria. They were fed with grower’s mash
The cerebral cortex strongly affects the medial geniculatdtained from Edo Feeds and Flour Mill Limited, Ewu, Edo
body through descending projections. These projectiosate, Nigeria and given water liberally. Efavirenz was
were thought to consist primarily of small areas with slowbtained from the President Emergency Plan for AIDS Relief
conduction velocities (Wineet al, 1996). It has been (PEPFAR) Unit, University of Benin Teaching Hospital, Benin
demonstrated that neurons of auditory cortex showed grézty, Edo State, Nigeria.
physiological plasticity when rats were exposed to specific
stimuli coupled with concurrent stimulation of a forebraibrug Administration . The rats in the treatment group
subcortical structure in the nucleus basalis. Changes inclugeeived the recommended dosage of 600mg/70kg body
massive expansion of frequency-specific representatioveight of efavirenz dissolved in distilled water for thirty days
(Wineret al, 1999). Cortical structures such as the medidgirough orogastric tube administration while the control rats
and lateral geniculate bodies, inferior and superior colliculeceived equal volume of distilled water through the same
have higher glucose utilization than other structures (Siesjoute and for the same period. The rats were sacrificed by
1978). There is a correlation between functional activity anzkrvical dislocation on the thirty-first day of the experiment.
metabolic rate such as in the visual and auditory systeFhe skulls were opened using bone forceps to expose the brain
(Siesjo). Since efavirenz crosses the blood brain barrierpitthe rats and the inferior colliculus and medial geniculate
is relevant to investigate its histochemical effect on the itvody were quickly dissected out and fixed in 10% formal
ferior colliculi and medial geniculate body. It is probablesaline for chromatophilic substance staining techniques.
that the adverse effects of efavirenz on hearing such as
tinnitus may be due to direct effect of efavirenz on the infédistological study. The tissues were dehydrated in an
rior colliculi and medial geniculate body. ascending grade of alcohol (ethanol), cleared in xylene and
embedded in paraffin wax. Serial sections of 6 microns thick
Chromatophilic substance had been reported to plawere obtained using a rotatory microtome. The deparaffused
key roles in cellular metabolism (Adams, 1965)sections were stained routinely for chromatophilic substance
Chromatophilics bodies are nodal points in the endoplasmising thionin method of Paget & Eccleston (1960) procedures.
reticulum, which permeate the cell body and dendrites. Th@ye sections were then rinse in distilled water, dehydrated
are absent at the axon and axon hillock (Noback & Demarest,ough ascending grades of alcohol, cleared in xylene and
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mounted in DPX for chromatophilic substance observatiotreated rats. This is mostly prominent in the medial geniculate

The photomicrographs of the desired results were obtaineddy (Figs. 1B and 2B).

using research photographic microscope in the Department

of Anatomy, School of Basic Medical Sciences, University The section of inferior colliculus of the treated rats

of Benin, Benin City, Edo State, Nigeria. showed neurons with faintly stained chromatophilics
substances in large, medium and small sized neurons. The
parenchyme was vacuolated and with evidence of

RESULTS hypertrophy (Figure 1B), while the sections of medial
geniculate body of the treated rats showed less intense and
enlarge chromatophilics substances in the neurons with some

The control group of rats showed intensely stainegacuolations (Fig. 2B).

chromatophilics substances in the neurons of the inferior

colliculus and medial geniculate body. No vacuolations was

observed in the stroma of the inferior colliculus and medi&@ISCUSSION

geniculate body of the control wistar rats (Figs. 1A and 2A).

The treated inferior colliculus and medial geniculate The treated inferior colliculus and medial geniculate
body showed that the chromatophilics substances of thedy showed that the chromatophilics substances of the
neurons were less intensely stained as compared to tleurons were less intensely stained as compared to the
constant intense staining observed in the neurons of the coanstant intense staining observed in the neurons of the con-
trol rats. Apart from the characteristic vacuolations in thiol rats. Apart from the characteristic vacuolations in the
parenchyma, there appeared to be more spaces betweemp#renchyma, there appeared to be more spaces between the
axonal mesh around the sparsely distributed neurons in #ise@nal mesh around the sparsely distributed neurons in the

Fig. 1. Chromatophilic substance in the inferior colliculus (IC) (Thionin stain).
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Fig. 2. Chromatophilic substance in the medial geniculate body (MGB) (Thionin stain).

treatel rats. This is mostly prominent in the mediaHence their absence in neurons could negatively affect their
geniculate body. The section of inferior colliculus of théunctions. It had been reported that chromatophilic body
treated rats showed neurons with faintly stainedomprises of broadsheet of rough or granular endoplasmic
chromatophilics substances in large, medium and smedticulum, free ribosomes and ribosomes in clusters or
sized neurons. The parenchyme was vacuolated and witisette. These ribosomes had been found in large amounts
evidence of hypertrophy, while the sections of mediah the cytoplasm of neurons as cytoplasmic RNA. Under
geniculate body of the treated rats showed less intense #émel control of nuclear deoxyribonucleic acid (DNA),
enlarge chromatophilics substances in the neurons wiftoplasmic RNA is concerned with protein synthesis. The
some vacuolations. protein synthesized is transported down the axon by
axoplasmic flow or transport. If nerve cells require large
Chromatophilics substances had been reported anounts of protein to maintain their integrity and perform
play key roles in cellular metabolism (Adams). Its depletiotiheir functional activities (Noback & Demarest); decreased
in efavirenz treated rats could be of health hazard especigliyptein synthesis due to decreased chromatophilic
at neuronal level. Under the light microscopesubstance leading to decreased neuronal intensity and
chromatophilics substances range in appearance fréamction as observed in locomotor activities of the treated
rhomboid blocks in large neurons to particulate materiatats.
in the cell bodies of smaller neurons. Chromatophilic
bodies are nodal points in the endoplasmic reticulum, Degeneration of chromatophilics substances is
which permeate the cell body and dendrites. They amsually characterized by disintegration resulting in
absent at the axon and axon hillock (Noback & Demarespowdering remains that are confined to the periphery of
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the cell. The cytoplasm appear homogenous, chromatolys@me cellular degenerative changes such as sparse cellular
is accompanied by a concomitant decrease in RNA apdpulation, hypertrophy, some microcystic changes and
protein synthesis caused by certain diseased conditiomacuolations in the stroma of the treated inferior colliculus
Other alterations in chromatophilics substances aas compared to the control group in adult wistar rats
characterized by a change of membrane configurati¢Adjeneet al.,2010). In this study, efavirenz was observed
forming lamella bodies such as anulate lamellae &s cause depletion of chromatophilics substances in the
elaborated with electron microscope (Davis & Robertsonpferior colliculus and medial geniculate body of the treated
In support of our observations, chromatophilics substancests. This observation could underline a possible
have been reported to be altered by chemicals, toxinsterference in protein synthesis in the inferior colliculus
certain drugs and oxygen-lack causing loss of function and medial geniculate body. It is however probable that
interference in normal metabolism (Davis & Robertsonj}his consequence of efavirenz on the neuronal metabolism
Neuronal degeneration had been reported earlier to cae$¢he inferior colliculus and medial geniculate body may
a decrease in chromatophilics bodies as chromatolysiffer possible explanation on the effects of the drug on the
occurs (Martinet al, 1978). During necrotic cell death, nervous system as observed by various workers specially
ribosomes are dispersed from the rough endoplasniichuman and animal models.

reticulum and polyribosomes in disassociate resulting in a

number of monomeric ribosomes that are found free in In this study, neuronal degeneration was observed
the cytoplasm (Martiret al). In this study, neuronal in the sections of the inferior colliculus and medial
degeneration was observed in sections of the inferigeniculate body in the treated rats with efavirenz. There
colliculus and medial geniculate body in rats treated withas a decrease in the staining intensity of the
efavirenz. The decrease in the staining intensity of tlelaromatophilic substance, which may be due to the
chromatophilic substance in the treatment group may deleterious effects of efavirenz on the neuronal integrity
due to the deleterious effects of efavirenz on the neuroraald its chromatophilics substances with consequent
integrity and its chromatophilics substances witldecrease in cellular metabolism. Efavirenz was observed
consequent decrease in cellular metabolism. It has be@encause depletion of chromatophilics substances in the
reported that chronic administration of efavirenz resultadferior colliculus and medial geniculate body with a
in a significant decrease (P < 0.05) in the dry brain weigbharacteristic vacuolations in the parenchyma of the infe-
and a significant increase (P < 0.05) in the weight of thér colliculus and medial geniculate body. There appeared
dry inferior colliculus of an adult wistar rats as comparetb be more spaces between the axonal mesh around the
to the control group (Adjene & Arukwe, 2009).sparsely distributed neurons in the treated rats with that of
Consequently, efavirenz has also been reported to catise medial geniculate bodies more prominent.

ADJENE, J. O. & IGBIGBI, P. S. Efectos de la administracion crénica de efavirenz sobre la sustancia cromatofilica de los centros de
relevo auditivos intracraneales de ratas Wistar aduiftasl. Morphol., 30(3)993-998, 2012.

RESUMEN: Fueron estudiados los efectos de la administracion crénica del efavirenz, cominmente utilizado como parte del
tratamiento antirretroviral de gran actividad para el VIH tipo 1, sobre la sustancia cromatofilica del centro de relevmtaadiaweal,
el coliculo inferior y cuerpo geniculado medial, en ratas Wistar adultas. Ratas de ambos sexos (n = 20), con un pese@obeedio d
fueron asignadas aleatoriamente a tratamiento (n = 10) y control (n = 10). Las ratas del grupo tratado recibieron 600s0g/70kg pe
corporal de efavirenz disuelto en agua destilada durante 30 dias a través de sonda orogéstrica. El grupo de contrebhatieio un
igual de agua destilada durante 30 dias por la misma via. Las ratas fueron alimentadas con puré agricultor obtenidoslariedo Feed
Flour Mill Limited, Ewu, estado de Edo, Nigeria y aqaklibitum. Las ratas se sacrificaron por dislocacién cervical el dia 31. El
coliculo inferior y el cuerpo geniculado medial fueron disecados cuidadosamente y se fijaron en solucion de formalinkd8alina al
Los hallazgos histoldgicos indicaron que en las secciones tratadas del coliculo inferior y el cuerpo geniculado mediatida sust
cromatofilica fue menos intensamente tefiidas en comparacion con el control. El parénquima se vacuold, con evidencifiadg hipertro
mas espacios entre la red axonal alrededor de neuronas escasamente distribuidas en comparacién con el grupo conttohthdaseccion
del coliculo inferior mostré6 neuronas con sustancia cromatofilica débilmente tefiida en las neuronas de tamafio grande, mediano y
pequefio, mientras que las del cuerpo geniculado medial mostraron sustancia cromatofilica menos intensa, con algunass/acuolacion
amplias. La administracion crénica de efavirenz puede tener un efecto adverso sobre las sustancias cromatofilica détotigulo i
del cuerpo geniculado medial de ratas Wistar adultas. Se recomienda realizar estudios adicionales destinadas a cowbberaa-estas
ciones.

PALABRAS CLAVE: Efavirenz; Sustancia cromatofilica; Coliculo inferior; Cuerpo geniculado medial; Ratas Wistar.
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