Vol. 5(2), pp. 20-29, May, 2013
DOI 10.5897/JNBH12.012
ISSN 2141-2286 ©2013 Academic Journals
http://www.academicjournals.org/JNBH

Journal of Neuroscience and
Behavioural Health

Full Length Research Paper

Analysis of combined anti-tuberculous drug induced
neurotoxicity in the cerebral cortex of adult wistar rats
by immunohistochemistry
Fakoya Francis Adelade1,2*, Osoniyi Omolaja3 and Obuotor Efere Martins3
1

Department of Anatomy and Cell Biology, Faculty of Basic Medical Sciences, Obafemi Awolowo University,
Ile-Ife, Nigeria.
2
Department of Anatomical Sciences, St. George’s University School of Medicine, True Blue, St. George’s Grenada,
The Caribbean.
3
Department of Biochemistry, Faculty of Science, Obafemi Awolowo University, Ile-Ife, Nigeria
Accepted 29 March, 2013

Combined Isoniazid (INH) and Rifampicin administration still remain as two of the main drugs of choice
in the treatment regimes of tuberculosis (TB) world wide, particularly in Africa, where tuberculosis
incidence rates are among the highest in the world. This study evaluated the effects of chronic
administration of combined Isoniazid/Rifampicin on the cerebral cortex of the adult rats by
immunohistochemistry. Adult wistar rats (average weight of 220 g) maintained under standard
laboratory conditions were randomly grouped into treatment and control (n = 10). The treatment group
A received combined INH + Rifampicin (50 mg/kg each, i.p) while the control group B received normal
saline (0.5 ml, i.p.) only; daily at 1600 h for 15 days. Animals were sacrificed by cervical dislocation for
whole brain weight determination (n = 6) and by whole body perfusion following anaesthesia for
neurohistology and immunohistochemistry (n = 4) from each group. Coronal samples of the
frontoparietal cortex were taken from each hemisphere and processed routinely for paraffin embedding
followed by Nissl staining of 6 µm thick sections. 30 µm thick sections were cryo-sectioned at -23°C,
after cryoprotection in 30% sucrose/phosphate buffered saline (PBS) from the remaining samples and
reacted for flourescent glial fibrillary acidic protein (GFAP) immunoreactivity and terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) method for the detection of apoptosis.
The treatment group showed highly reactive intracortical and subpial GFAP positive astrocytes, mostly
localized as clusters, compared to the control; GFAP immunostaining intensity was quantified using
Adobe Photoshop Element 6.0. Cerebral cortical lamina was well preserved in both groups, while
neuronal pyknotism were not observed in the treatment group, compared to the controls. The treatment
group showed intense darkly stained discrete cells, positive for the TUNEL signals. These
microanatomical and microchemical changes suggest neurotoxicity of these drugs, which though was
not overt clinically.
Key words: Tuberculosis, anti-tuberculous drugs, neurotoxicity, quantitative immunocytochemistry, adobe
photoshop elements, astrogliosis, apoptosis, cerebral cortex, isoniazid, rifampicin.
INTRODUCTION
The global burden of disease caused by tuberculosis

(TB) was estimated in 2011 to be at 8.7 million incidence

*Corresponding author. E-mail: ffakoya@sgu.edu. Tel: +1(473)5349960. Fax: +1(473)4441602.

Fakoya et al.

cases and 12 million prevalent cases (WHO, 2012). TB, a
disease of poverty, is contagious and air borne, affecting
mostly young adults in their productive years and ranks
as the second leading cause of death from an infectious
disease worldwide, after the human immunodeficiency
virus (HIV). With a reported estimate of 8.7 million new
cases of TB (13% co-infected with HIV), 1.4 million
people die from TB, including almost one million deaths
among HIV-negative individuals and 0.43 million among
people who were HIV-positive (WHO, 2012). This is a
slight reduction from the reported figures of new cases of
TB in 2009 (WHO, 2010a) but the impact of HIV infection
on mortality is still on the increase (WHO, 2012) and is
one of the top killers of women, with 300,000 deaths
among HIV-negative women and 200,000 deaths among
HIV-positive women in 2011. This is despite the
availability of treatment that will cure most cases of TB.
Short-course regimens of first-line drugs that can cure
around 90% of cases have been available since the
1980s (WHO, 2003; ATS, 2003).
While efforts are being made on the progress towards
global targets for reductions in TB cases and deaths
(Raviglione, 2006; WHO, 2003, 2012), with a mortality
rate decreased by 36% since 1990 and the world
appears to be on track to achieving the global target of a
50% reduction by 2015, the global burden of TB remains
enormous, being highest in Asia and Africa 59 and 26%,
respectively (WHO, 2012). Almost 80% of TB cases
among people living with HIV reside in Africa. TB
incidence rates in Africa are among the highest in the
world (Raviglione et al., 1995; Dye et al., 1999, WHO,
2009, 2010a) and these rates have increased steadily
over the past two decades as a result of the HIV
epidemic (Cantwell and Binkin, 1996; Raviglione, 2006),
the strongest known risk factor for the progression from
tuberculosis infection to disease (Rieder, 1999),
increasing susceptibility to primary tuberculosis and reactivation of latent tuberculous infection, thus increasing
tuberculosis incidence directly (Harries, 1990; Perriens et
al., 1991; De Cock et al., 1992; Range et al., 2001; WHO
2012).
Worldwide, 3.7% of new cases and 20% of previously
treated cases were estimated to have multi-drug resistant
tuberculosis (MDR-TB) (WHO, 2012; Connell et al.,
2011). India, China, the Russian Federation and South
Africa have almost 60% of the world’s cases of MDR-TB.
The highest proportions of TB patients with MDR-TB are
in Eastern Europe and central Asia (WHO, 2012).
Current treatment of TB is usually the combination of
isoniazid (INH) and rifampicin, which are given for at least
six months, along with pyrazinamide and ethambutol (or
streptomycin), which are used only in the first two months
(WHO, 2003, 2010b, 2012; ATS, 2003). This treatment
regime is referred to as short-course chemotherapy
(Addington, 1979; Jawetz, 1987; NIAID, 1999; WHO,
2010b) and its success has been demonstrated through
the Directly observed treatment short course (DOTs) and
“Stop TB Strategy (WHO, 2010a; 2012). Major progress
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in global TB control followed the widespread
implementation of the DOTS strategy (Raviglione and
Uplekar, 2006; WHO, 2003, 2006).
Antituberculous drugs are generally safe but can
occasionally be associated with life-threatening
complications, since there has been sporadic reports of
cases of neurotoxicity following use of the drug in the
initiation of antituberculous therapy (Bharat et al., 2003),
and as a preventive therapy (Martinjak-Dvorsek et al.,
2000). INH is one of the anti-tuberculosis drugs widely
prescribed for patients since the early 1950s. It is
relatively nontoxic but some patients develop peripheral
neuropathy attributed to a disturbance of vitamin B6
metabolism. The incidence of acute isoniazid (INH)related poisonings has increased, with parenteral
pyridoxine as the antidote for INH-induced seizures
(Romero and Kuczler, 1998; Santucci et al., 1999; Citak
et al., 2002; Desai and Agarwal, 2004). While some
isoniazid metabolites are hepatotoxic, little is known
about their neurotoxic property (Sanfeliu et al., 1999;
Kass and Shandera, 2010).
This study is an immunohistochemical evaluation of the
cerebral cortex for microchemical and structural
anomalies that could possibly underlie the adverse
effects of chronic administration of combined INH and
rifampicin.
MATERIALS AND METHODS
Adult wistar rats (Rattus norvegicus) of either sex (average weight
220 g) used for the experiment were maintained under standard
laboratory conditions, fed with standard mouse chow (Ladokun
Feeds, Ibadan, Nigeria) and provided with water ad libitum. All
experimental protocols and animal use and care were approved by
the University Research and Ethical Committees. The animals were
randomly assigned into two groups (n = 10). Group (A) received a
combined dose of 50 mg/kg body weight of INH and Rifampicin
(Smithkline-Beecham, Nigeria) administered intraperitoneally (i.p.)
daily at 1600 h for 15 days while group B received an equal volume
of normal saline (i.p.). A pair-fed group (C) (n = 7) was included to
control for the stress of chronic i.p. administration, and received
food and water ad libitum. Feeding patterns and animal body
weights of all groups were monitored throughout the experiment. All
animals were monitored closely for clinical signs of neurotoxicity
(generalized weakness, ataxia and paralysis of the limbs). At the
end of administration, animals were sacrificed by cervical
dislocation (n = 6) from Groups A and B; and (n = 4) from Group C
and the whole brain was quickly removed, dried with Whatman filter
paper No. 1 and weighed. The remaining animals were anaesthetized by an overdose of pentothal intraperitoneally, whole-body
perfused under gravity, first with normal saline, followed by 10%
formol calcium fixative.
The brains were removed and a 6 mm coronal sample of the
frontoparietal cortex (para central sulcus) was taken from each
hemisphere under stereoscopic dissection and further fixed in the
same fixative for 4 h. Specimens of samples were processed
routinely for paraffin embedding and 6 µm thick sections cut on a
sliding microtome (Histoslide 2000, Hamburg, Germany), mounted
unto slides and left overnight at 37°C in the incubator (for good
adherence to the frost slides). The remaining samples were
cryosectioned (Fibrigol cryocut) at -23°C, after cryoprotection in
30% sucrose/PBS and 30 µm thick sections were then cut, stored in
wells containing 1 ml of acidic phosphate buffered saline (PBS)
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at 2 to 8°C before immunohistochemistry.
NISSL staining
Slides of paraffin sections were dewaxed and rehydrated according
to standard protocol and stained in 2% cresyl violet solution (Nissl
stain) for 5 to 10 min, rinsed briefly in distilled water and then
dehydrated with ascending grades of alcohol, cleared in xylene and
mounted using Canada balsam and cover slipped.
GFAP immunohistochemistry
Sections were washed thrice for 5 min in tris buffered saline (TBS)
(pH 7.4), then blocked in 2% bovine serum with 5% normal goat
serum (NGS) for one hour at room temperature. Incubation was
done with Cy3-coupled-monoclonal anti-GFAP-antibody [Sigma
(1:500)] in blocking solution for 2 h at room temperature. Sections
were again washed thrice for 5 min in TBS (pH 7.4) and mounted
on gelatinized slides and air dried overnight.
Tunel reaction
Apoptosis of nuclei were assessed by in situ terminal
deoxynucleotidyl
transferase
(TdT)-mediated
deoxyuridine
triphosphate (dUTP)-biotin nick-end labeling (TUNEL) of DNA
strand breaks using the in situ cell death detection, POD kit, for
immunohistochemical detection of apoptosis (Roche Diagnostics,
Mannheim, Germany). Sections were transferred unto slides
through 0.2 M PBS, pH 7.4, and allowed to air-dry overnight. The
following day, they were washed in PBS for 30 min. To block endogenous peroxidase activity and improve cell permeability, sections
were rinsed with PBS and incubated with blocking solution (3%
H2O2 in methanol) for 10 min at room temperature, then rinsed in
PBS and incubated in permeabilisation solution for 2 min on ice
(4°C). Labeling was done by rinsing sections in PBS twice, the area
around the section dried with filter paper and 50 µl TUNEL reaction
mixture was added onto the section, cover slip applied (to avoid
evaporative loss and ensure homogenous spread of the mixture)
and then incubated in a humidified chamber for 60 min at 37°C. For
positive control, sections of rat ileum were incubated simultaneously
without the enzyme in the reaction mixture. Sections were rinsed
with PBS thrice. The areas around sections were dried again for
signal conversion and analysis. 50 µl of converter-POD was added
onto the section, cover slip applied (to avoid evaporative loss and
ensure homogenous spread of the mixture) and then incubated in a
humidified chamber for 30 min at 37°C, then rinsed thrice with PBS.
A 50 to 100 µl sigma-3,3′-diaminobenzidine (DAB) substrate
solution was added to sections and incubated for 10 min at room
temperature, rinsed thrice with PBS and counter stained in nissl
stain, dehydrated, cleared and mounted in entellan.
Image analysis
Sections were examined using Axioplan-2 epiflourescence
photomicroscope (Carl Zeiss, Germany), with a Sony 3-CCD video
camera (Tokyo, Japan) connected to a Compaq computer that has
the AxioVision 3.0-Rel. software for digital image analysis. Images
were opened in Adobe Photoshop (version 6; Adobe Systems, San
Jose, CA) and stored in a TIFF file format on the hard drive.
Photomicrographs were produced from the grabbed frames and
printed on Hp premium photo glossy paper using an Hp 5700
DeskJet printer.
Quantification of immunocytochemical staining
For the entire study, the camera had its auto mode turned off and

manual controls were used to adjust the image intensity which was
kept at an identical level during the entire study. All images obtained
from treatment and control groups were at the same level of
magnification. Five fields were chosen so as to best reflect the
overall immunostaining of the reactivity on the entire slide. The
digitized images were stored on an external data storage device
(IOGEAR 2.5" eSATA 3Gbps/USB 2.0 Combo ION™ External Hard
Drive) until required.
The procedure for determination of immunostaining intensity and
the technique of selection of similar features on a digitized
immunohistochemical image has previously been described in
detail (Lehr et al., 1996, 1997, 1999). The software used in this
study
was
Adobe
Photoshop
Elements,
version
6.0
(20070910.r.377499). Briefly, using the magic wand tool in the tool
menu of Photoshop Elements 6.0, the cursor was placed on a
GFAP-positive astrocyte. The tolerance level of the magic wand tool
was adjusted so that the entire astrocyte was selected. Using the
similar command in the select menu, all immunostained astrocytes
were automatically selected. Subsequently, the image was
transformed to 8-bit grayscale. An optical density plot of the
selected area was generated using the histogram tool in the window
menu. The mean staining intensity (in arbitrary units, AU) was
recorded. Following this, the background was selected using the
inverse tool in the select menu, and immunostaining was quantified
using the histogram tool in the window menu. Immunostaining
intensity was calculated as the difference between astrocytic
immunostaining and background immunostaining and was
designated as immunocytochemical index with arbitrary units (AU).
The quantification of immunostaining data is presented in Figure 4.
Statistical analysis
The data were analyzed using the computerized statistical package
‘Statistica 5.0’. The mean and standard error of mean (SEM) values
for each group was determined. The means were compared by
analysis of variance at a level of significance of 95 and 99%.
However, the immunocytochemical index is unitless and hence
values are therefore reported as energy units per pixel (eu/pix). In
all instances, data are expressed as the means ± SEM.

RESULTS
Administration of combined INH/rifampicin did not affect
the appetite of the animals and no clinical signs of
neurotoxicity were observed, while there was no
significant difference in the mean absolute and relative
brain weights of the treatment group compared to the
control (p > 0.05). Values were mean + SEM (Figure 1).
The results showed no significant changes on the body
weights of the animals throughout the duration of the
experiment.
Combined INH and rifampicin induced highly reactive
intracortical GFAP positive astrocytes, localized in
clusters in the cerebral cortex (Figure 2a and c), while the
control animals showed uniform distribution of GFAP
signals across the cortex (Figure 2b and d). Astrocytes
were intensely and brilliantly florescent, robust with short
and heavy branching limbs (Figure 2c) compared to the
slender, long and fewer branches seen in the control
group (Figure 2d). The pial and subpial regions
demonstrated GFAP positive reactions in both treatment
(Figure 3a and b) and control groups (Figure 3c and d),
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Figure 1. Mean absolute and relative brain weights of rats administered combined INH/rifampicin.
Values are mean ± SEM (p ˃ 0.5) [A and B: (n = 6); C: (n = 4)].

a

Figure 2. GFAP Immunohistochemistry of the cerebral cortex showing reactive astrocytosis in the treatment
group (a, c) compared to control group (b, d). Bars: [a, b - 300 µm; c, d – 100 µm].

with the treatment group being slightly more reactive than
the control group. The quantification of immunostaining

intensity of GFAP immunoreactivity revealed significantly
higher intensity over the entire cerebral cortex in the
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a

Figure 3. GFAP Immunohistochemistry of pial and subpial regions of the cerebral cortex showing significant
immunostaining in the treatment group (a, b) compared to control group (c, d), respectively. Bar: 200 µm.

treatment group compared to the controls, even though
slightly less in the pial region (Figure 4)
Nissl staining revealed an even distribution of the
cortical lamina layers in all groups (Figure 5a and b).
There were close apposition of densely stained ‘peanutshaped’ bodies to neurons in the treatment group (Figure
5c) in contrast to the control (Figure 5d). Most of these
bodies appear granulated. Neither cortical lamina
distortion nor neuronal pyknotism were observed in the
groups (Figure 5a and b).
TUNEL reaction revealed numerous intensely stained
dark-brown cells of varying sizes, generalized over the
cortex (Figure 6a) in the treatment group. No predilection
for particular lamina in the treatment group. The control
group showed few slightly stained cells positive for the
TUNEL reaction (Figure 6b). The positive control was
negative for the reaction.
DISCUSSION
The first line drugs in the treatment of TB remains

isoniazid, rifampicin and ethambutol in Africa, Asia and
parts of Latin America, where TB as a chronic inflammatory condition is still very prevalent, with increase in
incidence due to the human immune deficiency
virus/acquired immune deficiency syndrome (HIV/AIDs)
scourge
(WHO,
2012).
Since
the
organism
(Mycobacterium tuberculosis) (been intracellular and
exhibiting long periods of metabolic inactivity) tends to
develop resistance to any one drug, the combination drug
treatment is employed (Addington, 1979; Dutt and Stead,
1982; Jawetz, 1987). The results of this study showed no
clinical signs of neurotoxicity or changes in body weight
or feeding pattern following chronic administration of
combined isoniazid and rifampicin. Absolute and relative
brain weight differences were not statistically significant.
Pyridine-4-carboxy hydrazide (isonicotinyl hydrazide;
isoniazid - INH), the hydrazide of isonicotinic acid, (MW
137) is a simple molecule freely soluble in water, that has
been used in the treatment of TB for over six decades,
while rifampicin was introduced in 1963 (Connell et al.,
2011). Neurotoxic effects of INH were reported since the
early 1950s, with complications of peripheral neuritis,
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Figure 4. Quantification of GFAP immunoreactivity in the cerebral cortex (CC), pial region (PR) and subpial
regions (SR) of the treatment and control groups compared.

convulsions, optic atrophy with blindness, and major
psychoses being major features in up to 5% of patients
(BMJ, 1958). Similar neurotoxic features have also been
reported in animal studies (BMJ, 1958). Acute isoniazid
intoxication is characterized by symptoms of vomiting,
rapid onset of seizures, with or without fever particularly
in children (Shah et al., 1995), metabolic acidosis (Koster
et al., 1985) and prolonged obtundation (Citak et al.,
2002). Isoniazid is also reported to be toxic to the optic
nerve (Thomas, 1994; Desai and Agarwal, 2004),
creating a mild sensory polyneuropathy and a bilateral
retrobulbar neuritis which can progress to a severe optic
atrophy (Leppert and Waespe, 1988) and acute
cerebellar dysfunction (Blumberg and Gil, 1990). These
complications have been attributed to a relative
pyridoxine deficiency which can be prevented by
administration of pyridoxine (Byrd et al., 1979; Lewin,
1996; Citak et al., 2002).
Our study showed that combined INH/rifampcin
administration for 15 days in adult wistar rats produced
astrocytic aggregation and hyperactivity in the cerebral
cortex. Astrocytes are major neuronal supports that react
to brain assault by aggregating, becoming enlarged in
what is referred to as astrogliosis or so-called "reactive
gliosis," a reaction with specific structural and functional
characteristics (Pekny and Nilsson, 2005; Raivich et al.,

1999; McGraw et al., 2001; Tacconi, 1998; Hatten et al.,
1991). The marked immunostaining intensity of reactive
astrogliosis was quantified using the Adobe Photoshop
Element 6.0 as previously described by Lehr et al. (1996,
1997). This technique was found to be highly discriminatory and easy to establish. Once the chromogen is
selected, quantification is accomplished using the
histogram command in the window menu. The histogram
is used to analyze the image’s tonal distribution which is
shown as the distribution of an image’s pixel values in a
bar chart. The information derivable from the histogram
display include mean (represents the average intensity
value), standard deviation (SD) (represents how widely
intensity values vary), median (shows the middle value in
the range of intensity values), pixels (represents the total
number of pixels used to calculate the histogram) (Adobe
Help resource Center). The slight elevation of glial
fibrillary acidic protein expression in astrocytes of
superficial glial limiting membrane in the treatment group
usually is a response to sustained injury, which is
supported by the presence of large number of apoptotic
processes taking place in the cortex. A double labeling
for TUNEL reaction and GFAP reactivity would precisely
confirm whether astrocytes were also undergoing
apoptosis.
Sanfeliu et al. (1999) showed that in cultures studies
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a

Figure 5. Effects of Combined INH/rifampicin administration on the cerebral cortex of the
treatment group (a, c) compared to control (b, d) Nissl stain; [Red arrows – “peanut bodies”;
yellow arrows – pyramidal neurons]. Bars: [ a, b – 400 µm; c, d – 200 µm].

of mouse dorsal root ganglion (DRG) neurons and
N18D3 mouse hybrid neurons, isoniazid did not cause
neurotoxicity at exposures up to 7 days and hydrazine
was found to be the most toxic metabolite with LC50
values of 2.7 and 0.3 mM after 7 days of exposure to
DRG neurons and N18D3 hybrid neurons, respectively.
This is supported by our findings of microstructural and
microchemical anomalies after 15 days of administration
of INH/rifampicin. Since 1952, when the drug was first introduced, multiple INH metabolites have been identified,
including hydrazine (HZ), isonicotinic acid (INA),
ammonia, the acetylated derivative N(1)-acetyl-N(2)isonicotinylhydrazide (AcINH), hydrazones with pyruvic
and ketoglutaric acids (INH-PA and INH-KA, respectively), monoacetylhydrazine (AcHZ), diacetylhydrazine
(DiAcHZ), and oxidizing free radicals (Preziosi, 2007).
Their formation is the result of hydrolysis (INA, HZ),
cytochrome P450 (CYP)-dependent oxidation (HZ,
NH(3), oxidizing free radicals), and N-acetyltransferase
(NAT) activity (AcINH, AcHZ, DiAcHZ).
Doubts remain about isonicotinamide (INAAM) as an
INH metabolite in mammals (Preziosi, 2007). Sanfeliu et
al. (1999) suggested that metabolites including
acetylisoniazid, acetylhydrazine, diacetylhydrazine and
isonicotinic acid had moderate to minor neurotoxic effects
on N18D3 hybrid neurons. However, pyridoxine, which is
used in clinical practice to prevent or ameliorate the

isoniazid-induced neuropathy (Santucci et al., 1999; Citak
et al., 2002), did not consistently reverse the neurotoxicity
of any of the metabolites in the cell cultures. Pyridoxine
itself was found to be neurotoxic both in DRG neurons
and N18D3 hybrid neurons, in agreement with human
peripheral sensory neuropathy caused by prolonged
overdosage (Sanfeliu et al., 1999). Pyridoxine (vitamin
B6) is a co-factor in many enzymatic pathways involved
in amino acid metabolism; the main biologically active
form is pyridoxal 5-phosphate (Lheureux et al., 2005).
The enzymes catalase and superoxide dismutase and
the antioxidant agent selenium were reported to show
some protection against hydrazine neurotoxicity, suggesting an involvement of the generation of reactive oxygen
species in the pathogenesis of isoniazid neuropathy.
Astrogliosis, characterized by the enhanced expression
of GFAP, represents a remarkably homotypic response of
astrocytes to all types of injuries of the central nervous
system (CNS), including injuries to the developing CNS.
As such, astrocytes serve as microsensors of the injured
microenvironment regardless of their location in the CNS.
The diversity of insults that engender astrogliosis and the
brain-wide nature of the astrocytic response suggest that
common injury factors serve as the trigger of this cellular
reaction. Reactive gliosis traditionally has been examined
qualitatively by immunohistochemistry of GFAP
(O'Callaghan, 1994), and the prominent theme that has
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a
Figure 6. Effects of combined INH/rifampicin administration on the cerebral cortex of the treatment group (a) and control
group (b) TUNEL reaction. Bar: 200 µm.

emerged in recent years is that proinflammatory
cytokines and chemokines serve as a stimulus for
induction of astrogliosis (Little and O'Callagha, 2001).
The numerous TUNEL positive cells are a strong
indication of an active programmed cell death induced by
the combined drug administration in the treatment group.
With no particular predilection for any cortical lamina, it
was unlikely however that all the apoptotic cells were
neurons only. A double labeling for TUNEL reaction and
GFAP reactivity would precisely confirm the involvement
of astrocytes undergoing apoptosis. The cortical lamina
was well preserved in all groups. The presence of few
stained TUNEL positive cells in the control groups is an
indication of lack of foolproof of the method. Apoptosis
has been observed in a myriad of physiological and
pathophysiological conditions (Kerr et al., 1972;
Hengartner, 1998; Barinaga, 1998) including normal
development, morphogenesis, disease conditions and
degenerative disorders. However, Gal et al. (2000) has
demonstrated TUNEL positivity of non-apoptotic fixed
cells elicited by proteases, and was detected in both
formaldehyde- and ethanol-fixed specimens in agaroseembedded fixed cells, and in chromatin spreads.
By urea-agarose gel electrophoresis, the average
single-strand size of the DNA molecules carrying the free
ends was found between 50 and 250 kb. They suggested
that s=s discontinuities preexisting in the fixed normal
cells are unmasked by protease treatment eliciting
TUNEL positivity (Gal et al., 2000). While this study
confirms that chronic administration of combined
INH/rifampicin induces microchemical neurotoxicity in the
cerebral cortex of wistar rats, how this plays out clinically
is not yet known. There is a need to examine these
agents in animal models of the disease and for longer
periods to determine the manifestations of these
microchemical changes observed within just two weeks
of administration. When these agents are used for long

periods in the treatment of TB, it is imperative that users
are monitored closely for any manifestation, even after
the medications has been discontinued.
Although most physicians are aware of INH
hepatotoxicity, acute INH poisoning and its treatment are
not well recognized. INH is increasingly being used to
control the spread of tuberculosis, and health providers
should be aware and alert with heightened suspicious index for its potential toxic effects. Given the prolonged and
occasionally arduous nature of anti-tuberculous treatment
for patients, we face an increasing incidence of multidrug-resistant tuberculosis (MDR-TB), defined as
infection with M. tuberculosis that is resistant to both
rifampicin and isoniazid. Resistance to multiple antituberculous drugs has arisen for a number of reasons;
however, it can be argued that the principle reasons for
these are the indiscriminate or poorly managed use of
antibiotics, coupled with a lack of drug susceptibility
testing in regions where it is most needed (Conde et al.,
2009; Hall et al., 2009).
There is therefore a challenge not only to find new
drugs to treat increasingly drug-resistant TB but also to
find drugs that will allow shorter treatment courses and
less complication. Second-line agents are used in cases
of intolerance or some other contraindication to the
firstline antituberculosis agents (rifampin, isoniazid,
pyrazinamide, and ethambutol) and consist of
cycloserine, ethionamide, p- minosalicylic acid (PAS),
capreomycin, and the aminoglycosides. Fluoroquinolones
are recommended as second-line agents but are being
tested in multicenter trials as first-line agents (Hall et al.,
2009). Several clinical trials are testing the possibility of
replacing isoniazid with moxifloxacin, in an attempt to
reduce duration of therapy to 4 months (Hall et al., 2009;
Connell et al., 2011).
With an average of about 3.2 million new TB cases,
Africa accounts for a quarter of the global total, and has
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the highest incidence and prevalence rates of any region
(WHO, 2010a, 2012). Thirteen of the 15 countries with
the highest incidence rates in the world, and 9 of the 22
high burden countries (HBCs), are in Africa (WHO, 2012).
Hence, it is important to evaluate the impact of these
drugs on different parts of the brain to determine how it
will affect users on the long term.
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