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Editorial

Bedaquiline: An Effective Anti-tuberculous Drug with

Novel Mechanism of Action
Zaw Lin, Urban John Arnold D’Souza, Sadia Choudhury Shimmi
Faculty of Medicine & Health Sciences, Universiti Malaysia Sabah, 88400, Kota Kinabalu, Sabah, Malaysia

There were 480,000 new cases of multidrug-
resistant tuberculosis (MDR-TB) and 100,000
new  patients with  rifampicin-resistant
tuberculosis (RR-TB) in 2015. Mortality
was common in Asia with 250,000 deaths in
the same year.! Treatment was successful in
52% of the MDR/RR-TB patients whereas
17% mortality and 9% treatment failure were
reported. Extensively drug-resistant TB (XDR-
TB) have acquired in 9.5% of MDR-TB cases
with 117 countries have reported for XDR-TB
in the world.? Treatment success rate was only
26% in XDR-TB cases.! Drug sensitive strains
of TB need treatment duration of 6 months
whereas MDR-TB and XDR-TB requires more
than 20 months of treatment.2 The burden of
MDR-TB is increasing in various regions of the
world. In the last 40 years after rifampicin has
been started to be used in 1970s, no new anti-
tuberculous drug was introduced.? The research
for the development of new anti-tuberculous
drugs is expensive and slow because the
replication rate of tubercle bacilli takes time and
the pharmaceutical manufacturers which are
present in well-developed countries without TB
burden have no much interest.?

There was an increasing interest in the
development of novel drugs with a different
mechanism of action which can combat both
drug-sensitive as well as drug-resistant strains
of M. tuberculosis in last 10 years after global
plan has been launched to stop TB.2 Andries
and co-workers at Janssen Pharmaceutical
Company discovered bedaquiline, a new anti-
tuberculosis (TB) drug and was approved by the
US FDA in 2012 to treat MDR-TB as part of
combination therapy.? Bedaquiline was known
to have a novel mechanism of action with the

effect on the metabolism of M. tuberculosis.?
It inhibits mycobacterial ATP synthetase and is
effective against both replicating and dormant
organisms because ATP is still essential in
dormant organisms for the survival. Although
it has long half-life, early bactericidal activity
of bedaquiline at the dose of 400 mg daily
was nearly the same to 600 mg rifampicin and
300 mg isoniazid from 4th day onwards in
the course of 7 days.? Phase Il trials indicated
that bedaquiline has been well tolerated by the
patients and efficacy was good when it is used in
combination with background regimen (BR) to
treat MDR-TB.2 Time of sputum conversion was
shorter and percentage of sputum conversion
was higher in both two months and six months
phase trials.? Two black boxes were observed
with bedaquiline, which are prolonged QT
interval and higher mortality when compared
with the placebo treatment®. Currently Phase
I11 trials are on the way to verify its safety and
effectiveness.??

Drug resistance mechanisms occur usually
by means of horizontal transfer of plasmids or
transposons carrying resistance genes between
bacteria.* For antibiotics, it is feasible to identify
resistance in bacteria only after market release.*
However, drug resistance in the Mycobacterium
tuberculosis emerged by  chromosomal
mutations.* The methods for detecting resistance
mechanisms include identifying drug-resistant
mutants in-vitro, in-vivo animal models and
clinical trials.* Mutations in the ATP synthase
associated with bedaquiline resistance have
been found to emerge in the next-generation
sequencing approach. Drug resistance was
known 8 vyears after the mechanism of
bedaquiline was well understood.* Subunit c of
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ATP synthase was encoded by atpE gene. Five
single nucleotide polymorphisms namely A28V,
A28P, G61A, A63P and 166M were associated
with bedaquiline-resistance.> However, 28%
of the bedaquiline-resistant Mycobacterium
tuberculosis harboured these mutations and the
remaining 72% did not have such mutations.® The
mutational upregulation of an efflux pump was
observed to be other mechanism of bedaquiline-
resistance and the cross resistance to clofazimine
can occur because of this mechanism.® As a
consequence, regimens including both drugs
need to be reconsidered as the combination
of these two drugs has significant effects on
reduction of treatment success.®

A standardised shorter MDR-TB
regimen was recommended by World Health
Organization for the treatment of MDR/
RR-TB patients who are still sensitive to
fluoroquinolones or second-line injectable
agents such as kanamycin, amikacin or
capreomycin.t Currently, bedaquiline has been
started to be used in 70 countries together with
BR. Furthermore, the important information is
addition of bedaquiline to BR has advantages

of decrease in disability-adjusted life years and
reduced total healthcare costs when compared
with BR.®> The significance was observed
remarkably in high TB burden countries.®
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ABSTRACT

Oxidative stress is an imbalance in redox coupling
in the body. Lack of antioxidants to scavenge the
reactive oxygen species produces adverse effects
on health. The causes for an imbalance in redox
coupling are multi-factorial. Though, reactive
oxygen species are beneficial in the body, excessive
generation and lack of proper scavenging may
pose a threat. Both internal and external factors
may elevate the level. Environmental pollution is
amajor contributor. Man-made chemicals such as
pesticides, heavy metals, and carbon combustion
products are blamed. Chronic exposures lead to
disease processes through oxidative stress. They
mediate pro-inflammatory cytokines and produce
free radicals. Pro-oxidant to antioxidant mismatch
leadstotheadverseeffects. Nrf2 activatesanumber
of genes that encode the antioxidants. Glutamate
cysteine ligase is activated in response to Nrf2
and it is a key enzyme for GSH production. Nrf2
functionality protects the cells from environmental
pollutants. Nrf2 mediates the antioxidant response
due to chemical insults, translocated in the cell
nucleus. Oxidative stress is known to induce a
number of diseases such as genetic abnormalities,
carcinogenesis, cardiovascular and respiratory
diseases, neuro-degeneration - Parkinson’s and
Alzheimer’s diseases. Pesticides are the major
pollutants. Studies confirm oxidative stress and
environmental pollution need to be addressed for
public welfare.

Keywords: oxidative stress, pesticide, Nrf2,
antioxidant, pollution

INTRODUCTION

Environmental pollution is a global phenomenon
and the risks and outcomes on human health
are a worrying factor. The present situation
of pollution is a man-made calamity though
the fact of benefit-risk ratio also needs to be
weighed equally before complaining on the
issue of pollution. From time immemorial,
scientists, researchers and policy makers
focused on improving the quality of life of
people. New technologies, chemical products
and medicines were able to increase the life
expectancy over the years. Food and water are
the basic needs of life; population explosion in
turn potentiated the green revolution to increase
the food production. Better yield, protection of
farm yields from pesticides and other predators
were the basic necessity. As a result, different
chemicals and pesticide productions were
made their way in view of supporting the
green revolution. Pesticides are classified into
insecticides, herbicides and fungicides based on
their target of predator or pest. Over the years
new formulations targeted specifically different
breeds of pests with the mission of providing
basic food need in the world for growing
population. The benefit aspect of pesticides
was hunger alleviation which is largely met
but on the other hand; the risks of exposure,
contamination of environment and short and
long-term health issues of world population were
a new challenge. Pesticides and its metabolites
reach easily to every organ system including
endocrine glands, reproductive, nervous,
cardiovascular, immune, respiratory and renal
systems which are the targets for the pesticides.
Genetic anomalies and different types of cancers
on exposed population challenged the scientific
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world. However, the researchers focus in finding
the basic mechanisms of pesticide toxicity at
organ and cellular levels could yield future path
to find solutions.

Chronic exposure to pesticides is directly
linked to chronic diseases and mortality to an
extent of 60%. According to WHO (2009)!
reports, around 36 million people died due to the
chronic diseases in the world. Pesticides results
in production of reactive oxygen species whichin
turn brings down the antioxidant levels and their
defense against oxidative damage in the cellular
system. Lipids, proteins and nucleic acids
are targeted due to the imbalance and cellular
signalling pathways are affected. Oxidative
stress and reactive oxygen species induce the
long-term health effects such as carcinogenesis,
neuro-degeneration, cardiovascular, respiratory,
renal, endocrine and reproductive problems.
When pesticides disturb the oxidative balance,
they pave way for these diseases and homeostasis.
Nrf2 is a leucine zipper protein which plays a
role in expression of antioxidant proteins against
the oxidative stress induced damage. Nrf2
function is maintaining the cellular homeostasis
on exposure to oxidative stress due to chemical
exposure. On exposure to different pesticides,
Nrf2 expression is increased which protects
against the oxidative damage.

Written informed consent was obtained
from the patient to publish the case with its
related pictures. A copy of the written consent is
available for review by the Chief Editor of this
journal.

Oxidative Stress

Way back in year 2011 by Sies, based on Nernst
formula, oxidative stress and imbalance in redox
coupling are same and synonymous. According
to Lushchak, oxidative stress in the cells is as
result of transient and chronic elevation in
reactive oxygen species that harms the normal
cellular metabolism and the regulatory process
hence adversely affecting the homeostatic
balance?. Moses Gomberg has described the

reactive oxygen species or free radicals almost
a century back which are constantly produced
in in all the living systems®. Their role in varied
pathological conditions and disease states were
gradually proved over the years by constant
research in this area, confirming the deleterious
effects in biological systems of animal kingdom
and human beings. Free radical scavenging
enzyme superoxide dismutase discovery by
McCord and Fridovich further strengthened
the constant production of free radicals®.
Though free radicals were thought as agents
that produce only adverse effects in the body
were disproved and were proved to be useful
in attacking the infection producing organisms
through activation of immunity and also in the
endothelial derived relaxation in response to
the production of nitric oxide by arginine and
its good effects in the body. Though oxidative
stress is dangerous, its positive effects and role
in biological functions are thoroughly updated
gradually. It is the imbalance and lack of natural
scavenging system in combating the deleterious
effects which mostly a subject of constant
challenge in understanding the oxidative stress
among the scientific discoveries.

Most of the reactive oxygen species
(abbreviated as ROS) were produced in the
mitochondria in eukaryotic organisms. More
than 90% of oxygen in the body is converted
into water by cytochrome oxidase by reduction
process in the electron transport chain (ETC)
through four-electron mechanism, but ROS
were not released. Electron transport chain in
eukaryotes was generally present at interior
membrane of mitochondria but in prokaryotes
in plasma membrane. Remaining 10% of
oxygen is converted into superoxide anion, then
to hydrogen peroxide (H,O,) which is further
yielding hydroxyl radical and anion by addition
of an electron. Hydrogen ion from lipids and
proteins initiates a chain reaction by abstraction.
In the meantime O, and HO™ are the major free
radicals, in addition peroxide of proteins, lipids
and nucleic acids also constitute their role as free
radicals. Any toxic compounds in the biological
system may induce an imbalance in the redox



state. Toxic compounds such as heavy metals,
drugs and pesticides basically inhibit free
radical scavenging enzymes such as superoxide
dismutase and glutathione peroxidases while
enhancing the generation of malondialdehyde
and release of lactate dehydrogenases. Liver is a
common target of such insults and generation of
superoxide radicals resulting in oxidative stress.
A variety of pesticides, organophosphates,
chlorpyripos, carbamates, benomyl and
diazinon® & 7. Diquat induced an increase in
reactive oxygen species and long term oxidative
stress in genetically CuZn superoxide dismutase
enzyme genetic ablated has upregulated the
thiol antioxidants mediated by redox sensitive
Nrf2 transcription factor®. A soil fumigant, 1,
3 —dichloro-2-propanol (1, 3-DCP) induces
hepatic toxicity through oxidative stress, nuclear
translocation of Nrf2 with an expression of Nrf2
genes®. This clearly indicates that, pesticides
induce oxidative stress along with translocation
of Nrf2 gene expressions. Pesticides are
known to induce disruption of endocrine and
reproductive axis and a number of molecular
mechanisms are disrupted such as enzymes
involved in metabolic pathways, synthetic
steps of hormones, membranous receptors and
nuclear receptors. Pesticides which are also
named as xenobiotics mediate their toxicity via
the receptor interaction. These receptors are
membrane receptors and nuclear receptors. In
the nuclear receptors, xenosensors get activated
mainly to initiate the metabolism of pesticide
molecule so that it may be excreted. Secondly it
also lead to the activation of different hormone
receptors and the normal hormonal pathways
are disturbed. Most of the pesticide induced
toxicity is receptor and nuclear mediated in the
organism. Around 127 pesticides are classified
under endocrine disrupting chemicals which are
in use for at least 55 to 60 years in the globe®.
Promotion of oxidative stress by generation of
reactive oxygen species and there by induction
of apoptosis by activation of caspases as well

Pesticide Toxicity and Oxidative Stress: A Review

as genetic mutation that have procarcinogenic
effects through epigenetic alterations, induction
of oncogenes and suppression of tumour genes.

Pesticides

Pesticides are artificially manufactured chemical
compounds, developed to contain the pests such
as different vectors of diseases, agricultural
produces, and harmful plants. It may affect the
growth of unwanted plants, helps to protect the
yields of plants produce such as grains, fruits and
vegetables. Overall, it arrests the pests, insects,
and acts as a defoliant or desicant. They are the
toxic organic substances. Though pesticides
were used very long back in history, 19th
century documents the usage of them in human
welfare in terms of better food production and
health. Poisonous substance arsenic was in used
against the insects. Gradually sulphur was also
used as a pesticide. In 1873, Ziedler developed
a compound dichlorodiphenyltrichloroethane,
popularly called DDT and Paul Muller tested
insect containing properties of same'. As the
population of the globe was increasing, demand
for food need to be met and around 1950s green
revolution was initiated in Mexico to increase
the agricultural produces. Since then a number
of pesticides compounds were manufactured
and marketed widely irrespective of their hidden
potential towards adverse health effects. Based
on their hazard, WHO classified pesticides into
a number of different classes. Secondly based
on the pest they control, pesticides are classified
into different groups — insecticides, herbicides,
rodenticides, nematicide, fungicide, acasicide
and bactericide.

Based on their chemical nature, classified into:
- Organochlorines

- Organophosphates

- Carbamates

- Synthetic pyrethroid

- Microbial insecticides

- Insect growth regulators
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Functional basis of classification of pesticides was on the target organisms. Accordingly they are

classified as shown in Table 112

Table 1 Classification of pesticides based on the pests they target

Pesticide class Target/Action Example(s)
Acaricide Mites Aldicarb, Bifenazate
Algaecide Algae Copper sulphate
Attractant Attracts wide range of pests Pheromones

Avicide Birds Avitrol (aminopyridine)
Bactericide Bacteria Copper complexes, streptomycin
Bait Wide range of organisms Anticoagulants
Biopesticide Wide range of organisms Bacillus thuringiensis
Defoliant Removes plant foliage Tribufos
Desiccant Removes water Boric acid
Fumigant Wide range of organisms Aluminum phosphide
Fungicide Fungi Azoxystrobin, chlorothalonil
Herbicide Weeds Atrazine, glyphosate, 2,4-D
Insect growth regulator Insects Diflubenzuron
Insecticide Insects Aldicarb, Carbaryl, imidacloprid

Molluscicides Snails, slugs Metaldehyde

Nematicide Nematodes Aldicarb, fenamiphos
Piscicide Fish Rotenone

Plant growth regulator Regulates plant growth Gibberellic acid, 2,4-D

Predacide Mammal predators Strychnine
Repellent Vertebrates and invertebrates DEET, methiocarb

Rodenticide Rodents Warfarin
Silvicide Trees Tebuthiuron

Termiticide Kills termites Fipronil

All the different types of pesticide
compounds have the potentiality to induce
toxicity in normal cells of both animal and
human and may pose long term threat to
homeostasis in the body, thus disturbing the
health. Earlier studies have proved evidences
towards organophosphate induced oxidative
stress in both in vivo and in vitro models of
liver and brain. They increase the production of
malondialdehyde by glutathione and superoxide
dismutase inhibition and DNA strand break™.
Endosulphan in low doses induce lipid
peroxidation in a dose-dependent manner with
simultaneous decrease in antioxidant status in
liver and heart tissues®. Paraquat is capable of
inducing oxidative stress by over expression
of SOD enzymes, apoplastic reactive oxygen
species, activation of NADPH oxidase complex
and apoptosis'®>. Methyl parathion induces
oxidative stress, damage of DNA and apoptotic
cell death in human gingival fibroblasts which
acts as a cytotoxic and genotoxic pesticide
through generation of free radicals®. Methyl
parathion has weak genotoxic and cytotoxic

effects induced by a decrease in ascorbic acid in
the testicular cell lines in rat model*’.

Exogenous Agents and Oxidative Stress

Oxidative stress is the results of production
of reactive oxygen species (ROS) sometimes
they are also have nomenclature as reactive
oxygen intermediates (ROI). They are a result
of metabolism of tissues. ROS act as signalling
mediators as most of the time may be beneficial.
Most of the exogenous substances may activate
the production of these ROS. Cigarette smoke,
UV radiation in the atmosphere, alcohol,
drugs and cancer chemotherapeutic agents and
radiotherapy treatments as well induce oxidative
stress.  Petroleum  combustion  products,
heavy metals as well as pesticide particles
and their metabolic end products too initiate
the oxidative stress. Infections, tissue injury,
and ischaemia also contribute in the elevated
levels of ROS. Cigarette smoke is one of the
exogenous agents that induce oxidative damage
in cell line. Cigarette smoke induces oxidation



of structural and functional components and
also able to decrease the endothelial growth
factors®® °, In a recent study, Kau et al. (2016)
reported that, exposure to cigarette smoke has
elevated the oxidative stress as indicated by
the significant elevation in the MDA levels in
orbital fibroblasts®. Exposure to smoking during
gestational period has resulted in oxidative
stress and hypoxia in BALB/c mice; antioxidant
manganese superoxide dismutase activity
was reduced with an increase in nitrotyrosine,
a protein damage marker?. Pathogenesis of
lung parenchymal cell population by smoking
has a direct correlation with reactive oxygen
species generation. In animal model, exposure
to cigarette smoke has confirmed a reduction in
superoxide dismutase, catalase and glutathione
peroxidase with a simultaneous elevation in
thiobarbituric acid levels in the lung tissues
of mice?. E- Cigarette or vap is gaining more
popularity among the adolescents and young
generations as the perception of society at large
as a reduced risk for higher levels of nicotine
compared to the conventional cigarettes.
Exposure of lung epithelial cells to e cigarette
vapours resulted in higher levels of oxidative
stress?. Few natural antioxidants such as icaritin
was proved to decrease cigarette smoke induced
oxidative stress by up-regulation of glutathione
through P13K-AKT-Nrf2 dependent pathways.
Host defense functions and redox homeostasis
and mitochondrial biogenesis are possible by
the transcription factor Nrf2 which is also a key
element on metabolism and cell cycle processes.
Heavy metal such as cadmium is a toxic
compound that is present in the environment.
Cadmium toxicity results in a decline in
antioxidant status and an increased oxidative
stress levels. When cadmium intoxicated rats
were supplemented with proanthocyanidins,
Nrf2 expression were increased in cardiac
cells®. It is also speculated and proved that,
neurodegenerative effects in Parkinson’s disease
is an outcome of oxidative stress leading into
the loss of dopaminergic neurons. Heavy metals
were basically are the root cause such as cobalt,
iron and copper by generating reactive oxygen
species that gradually deteriorate the functional

Pesticide Toxicity and Oxidative Stress: A Review

ability of dopamine neurons®. Hepcidin is a
hepatic antimicrobial peptide which helps in
the absorption of iron which is generated by the
presence of xenobiotic and heavy metals, but the
cells are protected and regulated by Nrf2 which
defences against the hepcidin and extending its
role as an antioxidant®. Another heavy metal,
antimony induces oxidative stress in biological
system leading to programmed cell death. Nrf2
is expressed in response to this toxicity which
tries to nullify the apoptotic mechanism induced
by antimony?. Heavy metals such as Pb, Cd, Ni,
Al, Mn and Zn though are not directly generating
reactive oxygen species in the biological system,
they contribute indirectly in oxidative stress by
NADPH oxidase system and the subsequent
ROS produced affect the expression of genes,
cell cyles and programmed cell death in both
plant and animal cells. Heavy metals in the
environment are a constant threat to mankind
and along with petroleum combustion products
which also enhances the oxidative stress and
subsequent disease processes.

Pesticide Induced Oxidative Stress

Agricultural workers those are continuously
exposed for a long duration of pesticides had
a remarkable decrease in antioxidant enzyme
levels such as superoxide dismutase; in addition
genetic polymorphism of paraoxonase-1 (PON1),
glutathione S-transferases and cholinesterases
metabolizing enzymes. It is clear in the literature
that, pesticides generate oxidative stress by
production of ROS which in turn decreases the
antioxidant status. Oxidative stress is the major
toxic pathway that affects the cell cycles and
death on exposure to xenoestrogens. Exposure to
environmental toxins is known to affect the neuro-
physiological processes that may develop autistic
spectrum of conditions. Pathogenesis of autism
was speculated to be based on environmental
toxins such as pesticides. Gestational stage
exposure of mice to chlorpyrifos has resulted in an
oxidative stress which led to the autism features
exhibiting delay in functional and somatic growth
at the postnatal stages?®. Organophosphate
compounds which are in common usage induce
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lipid peroxidation, nitric oxide synthase are
activated that synthesizes nitric oxide which
also forms a pro-oxidant damaging the normal
neurons. Exposure to diuron resulted in DNA
damage through oxidative stress in both male
and female germinal cell lines of Pacific oyster
crassostrea gigas®.

In aerobic organisms oxidative stress
is a continuous process that keep generating
reactive oxygen species. In normal conditions
of health, ROS scavenging system is able to
bring a balance by nullifying the toxic potential
of these oxidative stress insults. If there is any
imbalance in scavenging the oxidative stress,
it may result in toxic effects at molecular,
genetic and cellular levels. Mitochondria and
endoplasmic reticulum, the two cell organelles
along with cytochrome P450 which forms the
electron transport chain in animal kingdom
are the main molecules. In plants, chloroplasts
function as alternative sources. In response
to oxidative stress, a series of products are
released which actually has a tissue damaging
effect. As a marker of oxidative stress, lipid
peroxidation products such malonyldialdehyde
(MDA) thiobarbutyric acids, and 8-hydroxy-2-
deoxyguanosine (8-OHdG) are released and in
response to these, different antioxidant enzymes
such as superoxide dismutase, GSH, catalase,
xanthine oxidase, etc.

Organophosphate, organochlorine and
flurorines, herbicides, carbamates and pyrethroids,
etc. were known to generate oxidative stress.
Organophosphate  compounds inhibit the
enzyme acetyl cholinesterases which favours
the lipid peroxidation. This will follow ATPase
activity disturbances. Prolonged exposure also
depletes superoxide dismutase, GST, GPX, etc.*
Depletion of glutathione S- transferase activity
with an elevated hydroxyperoxide levels are
also common in few vital organs on exposures.
In our own previous studies, diazinon has
elevated the level of oxidative stress in testis and
endosulphan in the vital organs” !4, In addition
others study have also confirmed a reduction in
Na*/K* - ATPase activities. Methyl parathion

increased the MDA and a reduction in GSH and
also in SOD. Chlorpyriphos, carbamates and
monocrotophos have also increased the lipid
peroxidation with a reduction in CAT, SOD and
GST levels in experimental models in different
organs. Similarly paraquat, cypermethrin,
atrzine rotenone and diurons have also depleted
the antioxidant status with an increase in lipid
peroxidation parameters.

Antioxidants

Natural antioxidants are commonly found in
the nature. Phytochemicals, enzymes and few
vitamins are few of the antioxidants which
generally are the plant sources. Some co-factors
such as selenium, copper, zinc magnesium and
iron are essential for the activity of antioxidant
enzymes in the biological system. Few
antioxidant enzymes are superoxide dismutase
(SOD), catalases, glutathione peroxidases and
reductases which are synthesized in the body.
Dietary vitamins which are not synthesized
also function as antioxidants such as vitamin
A, C, and E, beta carotenes and folates. Some
phytochemical molecules play an important role
in the antioxidant properties mainly derived from
plants. Polyphenols, flavonoids and carotenoids
are few examples. Chlorpyrifos exposure is
known to decrease SOD activity, catalase,
glutathione reductase in experimental rats®.
Dichlorvos and lindane treatment in brain tissues
of the rats have significantly attenuated the
concentrations of SOD, catalases and glutathione
transferase activities which was reversed by
ginger®. A mixture of pesticides-molinate,
thiobencarb, linuron, phorate, primiphos methyl,
fenvelerate and lambda — cyhalothrin treatment
to Drosophila and analysis of CAT, GS and Mn-
SOD genes by real time PCR exhibited a rise
in their expressions with a concomitant increase
in heat shock proteins (HSP26) and a decrease
in HSP60 transcription®. Organophosphate,
dichlorvos induced lipid peroxidation in human
erythrocytes were attenuated by vitamin C and E,
and a simultaneous beneficial effects on a series
of antioxidant enzymes in in-vitro studies®.
In a meta-analysis report, there was a higher



antioxidant levels and lesser concentration of
cadmium and pesticides in organic farming
compared to that of non-organic practices®.
This is another fact that, pesticides and other
heavy metals impact the antioxidant system
in the food chain. Nuclear factor erythroid 2
- Nrf2, a NF- E2 transcription factor plays an
important role in the oxidative stress induced by
any chemical compounds. Chemical insults lead
to exhaustion of glutathione and activate Nrf2
in the cell nucleus. This in turn affects the heme
oxygenases. Nrf2 is a leucine zipper protein
and activates a number of genes that encode
the antioxidants. Glutamate cysteine ligase
is activated in reponse to Nrf2 and it is a key
enzyme for GSH production. Nrf2 functionality
protects the cells from environmental pollutants.
Nrf2 mediates the antioxidant response element
which is expressed in response to chemical
insults and is translocated in the cell nucleus.
Nrf2 regulates the antioxidant related genes
thereby both normal and adverse effects of
oxidative stress will be nullified. Reactive
oxygen species and nitrogen species are mainly
neutralized by different antioxidants to maintain
the redox balance in biological cells. Majority of
afore-mentioned antioxidants are low molecular
weight molecules which enable NADP*/NADPH
and NAD*/NADH. NADPH further helps in
the reduction process. Nrf2-Keap 1 signalling
pathway provides the functional support in the
antioxidant system. Nrf2 involves suppression
and activation processes. A variety of molecules
produce ARE gene such as environmental
pollutants such as few pesticides, chemicals,
therapeutic drugs, photochemical and few
endogenous substances like nitric oxide through
Nrf2. So Nrf2 is the key factor in homeostasis
by regulatory control on antioxidant system on
oxidative stress markers.

Pesticides — Oxidative Stress and Diseases

In toxicology studies, pesticide induced
oxidative stress is a major area of research as
environmental factors that aggravate the disease
processes due to the residues of these chemicals.
Pesticides have deleterious effects on biological
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system and are able to generate oxidative
stress. Though oxygen is the basic gas that is
indispensable for sustaining life, it may be toxic
enabling the formation of toxic substances in the
body. These chemicals are the reactive oxygen
species which is able to transfer oxygen forming
free radicals. These are unstable molecules
with unpaired electrons. They have hydroxyl,
lipid peroxyl, and superoxide and nitric
oxide moieties®. Since they are the unstable
molecules, they attack the neighbouring like
carbohydrates, proteins, nucleic acids and lipids
to accept an electron and meantime producing
a damaging effect. These adverse effects induce
genotoxic effects and may lead to carcinogenic
effects and also atherosclerosis and neuro-
degenerative problems and Parkinsonism?®.
These reactive oxygen species are generated
either due to external insults or also due to
normal biochemical metabolic functions.
Pesticides, heavy metals, cigarette smoke, drugs,
etc. are few of the common external insults.
Oxidative stress is a common basis for many of
the disease processes that may have chronic or
permanent health effects. Few of the diseases in
which oxidative stress was responsible for the
pathophysiological changes are — autoimmune
diseases, ophthalmic conditions like retinopathy,
cataract, bronchial asthma, neurodegenerative
diseases such as Parkinsonism, Alzheimer’s, and
dementia are the common among them. Various
types of malignancies, cardiovascular diseases
such as atherosclerosis, stroke, ischaemia,
thalassaemia and inflammatory conditions to
have their pathophyiological sequel which are
directly correlated to the oxidative stress®.

Pro-oxidant to anti-oxidant imbalance
lead to the intracellular damage, DNA, RNA was
also targeted and these reactive oxygen species
produce 8-hydroxy-2" —deoxyguanosine which
may produce gene-mutations and nicks in the
DNA. This may increase the carcinogenesis®.
As genetic factors are contributing to the
development of cancer, metabolic activities in
cancer cells further enhances the generation of
reactive oxygen species. Nrf2 in turn activates
a number of genes that promote antioxidant
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enzymes and few immune and inflammation
inducing genes. Nrf2 and its suppressor protein
Keap 1 help to regulate the harmful oxygen
species but carcinogenesis and metastasis may
also promote due to the ROS*. Secondly Ras
pathways are also activated by oxidative stress
whichmay induce pointmutationsandoncogenes.
Subsequently oncogenic proteins will be over
expressed and silencing of tumour suppressor
genes. Oxidative stress is also the prime factors
that induce inflammation and atherogenesis
in blood vessels. It leads the development of
fatty streaks in the vascular system. When
mitochondrial respiratory chain is dysfunctional,
it paves the way for the atherosclerosis. A
number of mediators of oxidative stress are
released from the dysfunctional mitochondria
such as NADPH oxidases, xanthine, lipogenase,
myeloperoxidase and nitric oxide synthases
which are the causative factors in the formation
of plaques and atherosclerosis. This is mainly
affected whenever there is an imbalance in the
pro-oxidant to antioxidant ratio*. Prolonged
exposure to organophosphate compounds has
been reported to accelerate the coronary blood
vessel atherosclerosis by a decline in paraxonase
activity. Cholesterolemia and increase in LDL
are the two sources that promote premature
atherosclerotic incidences and generally LDL
is a major source having atherogenic potential.
LDL once oxidized it enhances generation of
monocyte colony stimulating factor by a series
of steps. It leads to the formation of macrophages
which helps in the uptake of LDL. Oxidized LDL
promotes a number of biological activities and
along with oxidative stress agents it promotes
the atherosclerotic potential by the generation
of NADPH oxidase, eNOS, myeloperoxidases
xanthine oxidizes cyclooxygenase and oxidative
phosphorylation in the mitochondria®.

Parkinson’sdisease isaneuro-degenerative
disorder which keeps progressing over time.
There is loss of dopamine secreting neurons in the
selected nuclei of basal ganglia. Mitochondrial
respiratory chain dysfunction which lead to the
generation of ROS and in turn the toxic potential
of these oxidative stress products lead to the
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neuronal cell death in substantia nigra in the
corpus striatum. This neuronal loss is regulated
by the microglia cells, when stimulated produce
ROS like superoxide and nitric oxide. This is
the basis for inflammation of neurons and a
neurodegenerative process in dopaminergic
neurons. Further, dopaminergic neuronal
dysfunction lead to the activation of microglia
which release neuromelanin and a vicious cycle
of loss of dopamine secreting cells are set in
for the Parkinson’s symptoms*. Overall, most
of the pesticides which are discussed in this
chapter generate the oxidative stress and are the
basis for different diseases of cardiovascular,
neuronal, respiratory, genetic, reproductive, and
hepatic and many other system of the body.

CONCLUSIONS

Pesticides are basically used for the purpose
of mitigation of hunger, contain pests and
diseases. Use of pesticide has impacted
the hunger alleviation of the world. Along
with its benefits, untoward health problems
have been increased tremendously; genetic
toxicity, carcinogenesis, mutations, infertility,
respiratory, neurodegenerative and many more
diseases are on a rise. It is alarming to confirm
that, this health related adverse conditions are
directly proportional to the environmental
pollution and pesticides are blamed greatly.
Scientific evidences prove the mediation of
these toxicities is through an imbalance in the
redox equilibrium and they constantly generate
reactive oxygen species at cellular levels of
living beings. Mediators of oxidative stress are
released from the dysfunctional mitochondria;
NADPH oxidases, xanthine, lipogenase,
myeloperoxidase and nitric oxide synthases.
Nuclear factor erythroid 2 - Nrf2, a NF- E2
transcription factor plays an important role in
the oxidative stress induced by these chemical
compounds. Chemical insults lead to exhaustion
of glutathione and activate Nrf2 in the cell
nucleus. Thisinturn affectsthe heme oxygenases.
Nrf2 is a leucine zipper protein and activates a
number of genes that encode the antioxidants.
Glutamate cysteine ligase is activated in



response to Nrf2 and it is a key enzyme for GSH
production. Nrf2 functionality protects the cells
from environmental pollutants. Nrf2 mediates
the antioxidant response element which is
expressed in response to chemical insults and is
translocated in the cell nucleus. Nrf2 regulates
the antioxidant related genes thereby both
normal and adverse effects of oxidative stress
will be nullified. It is a major concern as many
of the incurable health conditions and diseases
are making their way in human life. Genetic
defects, inborn errors, mutagenecity, infertility
are of greater concern. Though benefit-risk ratio
outweighs towards the benefit to mankind, the
extent of health risk on exposure to pesticides
need to be heavily relooked and measures to
minimize the adversities need to be addressed in
the 21st century for the greater cause of healthy
human existence.
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ABSTRACT

Emergence of multidrug resistant tuberculosis
(MDR-TB) and extensively drug resistant
tuberculosis (XDR-TB) is one of the reasons
why tuberculosis (TB) continues to cause great
mortality and morbidity in less-developed
countries. The development of rapid diagnostic
methods targeting genetic mutations associated
with resistance to the anti-tuberculous drugs is
essential to fight this deadly pathogen. Isoniazid
(INH) has been included in the multidrug
regimens for the treatment of drug-susceptible
TB for the decades. In the worldwide setting,
isoniazid resistance was highly prevalent and was
observed in one of every seven TB cases. Since
katG315 mutation is highly prevalent, the common
mutation in the enzyme essential for the activation
of the INH concerned with the mechanism of drug
resistance and associated with high level resistance
to INH, katG315 mutation was necessary to be
identified by molecular method as a molecular
determinant of INH resistant Mycobacterium
tuberculosis. The prevalence of katG315 mutation
in various countries was discussed in this report
and a new molecular method for the detection of
the mutation was proposed.

Keywords: KatG 315 mutation, molecular
determinant, isoniazid resistance, Mycobacterium
tuberculosis

INTRODUCTION

Tuberculosis (TB) continues to cause great
mortality and morbidity in less-developed
countries although an effective drug regimen
has been available for decades. The reason for
high mortality is prevalence of TB in HIV/
AIDS pandemic population and emergence

of multidrug resistant TB (MDR-TB) and
extensively drug resistant TB (XDR-TB).
These two factors made the control of the TB
complicated worldwide.> 2 About 85% of new
cases of TB were in Asia and Sub-Saharan
Africa with 8.8 million new cases of TB were
reported in 2010 and 1.4 million deaths occurred
due to TB worldwide.?

Conventional methods for detection of
drug resistance were usually undertaken in the
reference laboratory in case of poor resource
country with the delay of 4 — 8 weeks to get the
results. Within that period, the patient was not
properly treated with consequence of acquiring
more serious drug resistance and having problem
of unnecessary toxic effects of drugs, especially
in HIV patients superimposed by TB. Rapid
detection of drug resistance and starting of the
correct treatment could overcome spread of
multidrug resistant pathogens in the community
and these measures are the top priorities in TB
control. The development of rapid diagnostic
methods targeting genetic mutations associated
with resistance to the anti-tuberculous drugs
in the tubercle bacilli is beneficial to fight this
deadly pathogen.*® Studies of mutations and
Single Nucleotide Polymorphisms (SNPs)
within the genes associated with drug resistance
were the research area which comes to the
frontier in the control of TB.

History of Drug Resistance in Mycobacterium
tuberculosis

Two anti-TB drugs, para-aminosalicylic acid
and isoniazid (INH) were discovered in 1946
and 1952 respectively.® 78 Although both of
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the drugs were active against Mycobacterium
tuberculosis (M. tuberculosis), drug resistance
emerged within short period during the clinical
usage of single drug.® ! Drug resistance has
emerged to these two drugs in a short time
because the drugs were used singly instead of
combination with other anti-TB drugs. These
two drugs, together with streptomycin (SM),
which was discovered earlier, were combined
in a first successful multidrug regimen for TB.*?
This three drug regimen was very effective that
it was thought a foe of man has been already
fought. The limitation of this regimen was
long and expensive so that dropped out cases
among patients made the therapy incomplete
and problem of drug resistance emerged. In
1984, a new short-course treatment was started
and this regimen had advantages of improved
efficacy and better compliance of patients.
The short course includes four drugs for 2
months followed by two drugs for 4 months.
Four drugs were INH, rifampicin (RIF),
pyrazinamide (PZA), and ethambutol and two
drugs included INH and RIF. Strains resistant
to INH and RIF started to emerge in 1985. To
date, 20% of previously treated TB cases are
caused by MDR-TB whereas nearly 4% of
new cases were infected by these strains.’* The
M. tuberculosis strains which are resistant to
INH, RIF, fluoroquinolones and one second-
line drug that has to be given by injection are
called XDR-TB. XDR-TB isolates are observed
in at least 84 countries and prevalent up to 9%
of MDR-TB. In addition, totally drug-resistant
(TDR-TB) M. tuberculosis strains have already
emerged in India, Iran, Africa and Europe and
these strains are characterized by resistance
formation to 10 TB drugs.** The reason for the
starting and spreading of drug resistance is the
delay in diagnosis because of unavailability
of rapid diagnostic facilities.*> Drug resistance
mechanisms are essential for the diagnosis of
these XDR-TB and TDR-TB. For MDR-TB,
drug resistance mutations are well known.
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INH Resistance in M. tuberculosis

INH is the prodrug and catalase peroxidase
(katG) activates INH which reacts with NAD+
resulting in INH-NAD. This compound inhibits
InhA with the consequence of stoppage of
mycolic acid biosynthesis which ends in
mycobacterial cell death. SNPs in katG gene
result in inactive katG with loss of activation of
INH. S315T mutation of katG was observed in
94 — 95% of INH-resistant clinical isolates.*®

INH was synthesized in 1912 and its
anti-tuberculous activity was known after 40
years. It has been included in the multidrug
regimens for the treatment of drug-susceptible
TB. In addition, INH monotherapy has been
recommended for the management of latent
TB. INH preventive therapy was well effective
for HIV-infected individuals. In the worldwide
setting, INH resistance was highly prevalent
and was observed in one of seven TB cases.'
In this review prevalence of katG 315 mutations
and other katG mutations for INH resistance in
different countries will be described.

KatG Mutation in Multiple Drug-resistant
Strains and Isoniazid Mono-resistant Strains

Fifty multiple drug-resistant, 50 INH mono-
resistant and 50 susceptible strains of M.
tuberculosis from the National Tuberculosis and
Lung Diseases Research Institute in Warsaw,
Poland were investigated for the prevalence
of isoniazid resistance-associated mutations.
Mutation distribution patterns between INH-
monoresistant and MDR strains were compared
in this study.

Of 109 INH resistant isolates, katG 315
was observed in 46 isolates of the MDR strains,
31 of the INH-monoresistant strains whereas
it was present in 2 pan-susceptible strains.
G944C mutations at nucleotide level resulting
in Ser315Thr (S315T) amino acid change was
found in 33 MDR and 21 INH-monoresistant
strains. G944C and C945T substitutions were
coexistent in three of the isolates resulting in
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same S315T mutation. G383A (Argl128GlIn)
and C701G (Ala234Gly), G1388T (Arg463Leu)
mutations were observed in more than one isolate
in MDR strains whereas A1197G (GIu399Glu)
was present in three mono-resistant strains.

KatG Arg463Leu more Common than katG
Ser315Thr in Taiwan

In the study in Taiwan, the results were different
with the observations in the other studies.
Seventy M. tuberculosis isolates collected
during the period from 1999 to 2011 were
included in the study with the observation
of 41 INH resistant isolates among 46 drug
resistant isolates. Mutations were katG
Arg463Leu (R463L) (51%), S315T (29%),
Ser315Asn (S315N) (9.8%), and other loci
(22%). The canonical mutation S315T was
relatively uncommon when compared with the
other studies. This result makes the GenoType
MTBDR plus molecular technique unreliable as
this molecular diagnostic method used the katG
S315T as the probe (see Table 2).1” However,
the most prevalent mutation observed in the
study, katG R463L did not correlate with INH
resistance as shown by the study in Netherlands
where the mutation was nearly equalled in
proportion among INH-susceptible isolates and
INH resistant isolates.®® In addition, the activity
of the catalase-peroxidase in M. tuberculosis
was not significantly changed by R463L which
is induced in site-directed mutagenesis.*’

KatG315 Mutations
Literature Review

in 49 Countries: A

Although more than 95% of RIF resistance
is associated with mutations in Rifampicin
Resistance determining region (RRDR) which
is 81bp region of the rpoB single gene, INH
resistance isassociated with mutationsinmultiple
genes.t® 20. 21,22, 23,2425 The existing molecular
diagnostic methods for rapid detection of INH
resistance have focused on the identification of
the “canonical” mutations which are katG codon
315 and inhA promoter region -15 nucleotide.

However, the common one of the two canonical
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mutations was the point mutations in katG codon
315. KatG 315 mutations were prevalent up to
95% in the previous studies.?s " 2 KatG 315
mutation was averagely common up to 64.2 %
of 8416 INH resistant isolates and 0.1% of 2462
INH sensitive isolates. S315T mutation was the
most common mutation among kat gene of INH
resistant isolates with second most common
mutation has been S315N in the kat gene.?®
These two mutations can be used as molecular
determinants of INH resistance in most of the
studies although their frequency did not reach
100% in most of the studies.

InhA promoter region -15 mutation was
the most common mutations in the inhA gene and
it was common up to 19% together with other
mutations in the promoter region of the gene.?

Of 4505 isolates which had change of
nucleotide with consequent change of amino
acid information in katG 315 mutation, katG
S315T (AGC-ACC) was present in 93.4% of
isolates, whereas Ser315Asp (S315D) was 3.6%
and katG S315T (AGC-ACA) was 1.6%. Other
mutations occurred among less than 1% of the
isolates. As a common sense, those mutations
with one nucleotide change were more common
than those with two nucleotide change. However,
S315T (AGC-ACA) was more common than
Ser315lle (S3151) (AGC- ATC).#

Different katG Mutation at other Codons in
Malaysia

The study in HUSM, Kelantan for mutations
in katG gene for INH resistant genes indicated
that mutations in katG 315 codon were not
observed. Of 9 drug resistant isolates, only four
isolates were observed to have INH resistant
phenotypes. One isolate of these four isolates
has GIn247His mutation at codon 247, another
one has Val61Gly mutation at codon 61 and
one also has Ala62Thr mutation at codon 62.
The other INH resistant isolate has no mutation
in the amplified region of katG gene or no
mutation in the inhA gene or its promoter region
or in the other genes in which mutation leads to
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INH resistance by M. tuberculosis.®*® However,
katG Leu238Arg, Ser238Ala mutations were
collectively observed in 7 isolates with no
phenotypic resistance to INH.*°

Whole Genome Sequencing (WGS) Approach
for Detection of Drug Susceptibility in
Myanmar

Myanmar is highly prevalent for MDR-TB and
was included in high-burden tuberculosis (TB)
countries. It is of no doubt that earlier detection
of MDR-TB is important for the control of
tuberculosis.®* Well-resourced, low-TB burden
countries have facilities for WGS and it was
considered for the diagnosis of drug-resistant TB.
However, in resource-limited, high-TB burden
country like Myanmar, routine implementation
was not yet planned. As the improvement of
TB control should be adopted earlier in the
countries in which the facilities are needed most,
evaluation of the usage of WGS in the diagnosis
of MDR-TB and XDR-TB was conducted.

Moreover, drug susceptibility testing
(DST) with conventional method is time-
consuming and taking weeks due to the
prolonged culture necessary in M. tuberculosis
with subsequent phenotypic testing. For these
reasons, molecular methods such as GenoType
MTBDRplus v.2.0 and GeneXpert MTB/RIF
have been established in Myanmar. However,
these methods can detect drug resistant mutations
for the limited number of anti-tuberculous
drugs. Whole-genome sequencing (WGS) is the
possible way to supersede these methods.33 3435
Fourteen MDRTB isolates were sequenced
by WGS and the results were consistent with
phenotypic drug susceptibility testing (DST).
Of 14 MDRTB isolates, all the isolates were
resistant to INH with the mutations observed
were katG315 in 10 isolates and inhA promoter
mutation in 2 isolates. The rest of the two isolates
had G299C mutation in katG gene in one isolate
and frame shift mutation in katG gene in the
other isolate. KatG315 mutations in 10 isolates
were the same with change from Serine to
Threonine whereas inhA mutations were at —15
nucleotide in the promoter region (Table 1).%

18

INH Resistant Mutations in Brazil

MDR-TB isolates were randomly chosen and
collected from Central Public Health Laboratory,
State of Bahia, Brazil.*® These strains were
isolated from sputum samples collected from
local patients. Molecular determinants for MDR-
TB isolates commonly used in the previous
studies and observed to be prevalent were S315T
in katG, —15C/T in the promoter region of inhA,
and H526D and S531L mutations in rpoB genes.
Regarding katG S315Tpolymorphism, it was
observed to be 100% of INH resistant strains
in some countries (Table 2)%:38 3 and variable
number of percentage in other countries whereas
the study in Brazil indicated 41.9%. The —15C/
T (inhA) polymorphism, the other mutation for
INH resistance was observed to have frequency
of 25.6% in the study. From the previous studies,
there was an information that type of mutations
and frequency of these mutations associated
with drug resistance in M. tuberculosis varied
according to the geographical regions.* 4

KatG 315 Mutations in African Countries

A total of 63 drug resistant M. tuberculosis
clinical isolates were screened for genetic
mutations associated with INH, RIF, SM and
Ethambutol resistance among the positive
pulmonary tuberculosis patients enrolled from
April 2010 and March 2011. Thirty two of 44
isoniazid resistant isolates were observed to
have katG315 and/or the —15 inhA promoter
mutations. All the katG315 mutations, three
(=15C/T) inhA promoter mutation and 6 wild
types exhibit high level drug resistance. The
details were shown in Table 1 and described
under the heading of Minimum Inhibitory
concentration for INH resistant isolates.*?

Between 2008 and 2011, two drug
resistance surveys were conducted in Uganda by
using WGS method. Of these two surveys, 90 M.
tuberculosis isolates which are phenotypically
resistant to RIF and/or INH were selected
and sequenced for whole genome. Mutations
observed were katG S315T in 44 cases, S315N
in 2 isolates, S315R in 2 isolates, S315T with
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inhA promoter mutation —15 C/T in 1 isolate,
S315T with ahpC 48 G/A mutation in 1 isolate.
High-level INH resistance was observed in
katG codon 315 mutations whereas low-level
resistance was associated with inhA promoter
mutations. However, very high MIC to INH
was found in isolates carrying both katG315
and inhA promoter mutation. Furthermore, katG
mutations were associated with high incidence
of tuberculosis with higher transmission rates
and unfavourable outcome worldwide.*?

Methodology Applied
Resistant Mutations

in Studying INH

In most of the studies, resistance to INH
was detected on Lowenstein-Jensen medium
by using agar proportion method with INH
concentration of 0.2 mg/L. The MIC of INH was
measured and determined by 2-fold incremental
concentrations of INH starting from 0.05 mg/L,
ending at 60 mg/L.%®

Methodology for studying mutations
includes genomic DNA isolation, PCR of DNA
fragments flanking katG 315 mutation and inhA
mutations and sequencing of the PCR product
using same PCR primers using ABI Big dye
terminator sequencing kit.* 17:30.42 In the study
in Taiwan, four overlapping pairs of forward
and reverse primer pairs were applied for PCR
reactions and 1710 bp length DNA sequence
was studied to get the mutations of the katG
gene. Similarly, two overlapping sets of primers
were used for 810 bp PCR product in the PCR
for inhA mutations both in promoter region and
open reading frame. Comparison was undertaken
with the Mycobacterium tuberculosis reference
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strain H37RV to find out SNPsY. For the
katG 315 mutation, 210 bp was amplified and
sequenced whereas in case of inhA promoter
mutations, 248 bp PCR product was amplified
and sequenced in the study of INH resistant
mutations in Cameroon.*

WGS approach was used to study the

resistant mutations to all anti-tuberculous drugs
in Myanmar and Uganda after DNA extraction
and purification as described in Aung et al.*? and
Ssengooba et al.*.
Reasons of katG Mutation is Common in
some Countries and Rare in Other Countries
A conclusion was drawn in the study on
isoniazid resistant M. tuberculosis in Brazil that
type and frequency of the SNPs in katG gene
varied according to the geographical regions
without the reasons to explain it. However, the
following explanation can be undertaken. There
were many genotypic lineages in M. tuberculosis
infecting human worldwide such as Beijing,
T- families, LAM, Haarlem, etc.. In several
countries, studies indicated M. tuberculosis
isolates carrying the Beijing genotype had the
katG315 mutation associated with high-level
resistance to INH when compared with other
mutations. The Beijing genotype appears to
develop this katG mutation in comparison with
other genotypes.”® The genotypic lineage varies
with the various regions of the world. Therefore
taken together, the mutations associated with
INH resistance varies with the spreading of M.
tuberculosis genotypes in different countries.
Another example is katG R463L mutation is
common in Netherlands and Taiwan although it
is not associated with INH resistance as shown
by experimental finding.'"
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Table 1 INH resistant mutations in different countries with frequency of katG 315
mutations and inhA mutations

Countries of
study and no. of  S315T mutations
INH resistant

isolates studied

katG mutations and frequency of katG

Mutations in inhA promoter

region and inhA gene

Poland katG Ser315Thr, Argl28GIn, Ala234Gly, Mutations in the inhA promoter
(109 INH Arg463Leu, Glu399Glu region were detected in eight
resistant MDR strains (—15C/T in seven
isolates)®® 57 of 109 isolates strains and —8T/C in one strain).
Mutations in the inhA gene were
of four types.

Taiwan katG Arg463Leu, Ser315Thr, Ser315Asn, and Only one isolate with inhA
(41 INH resistant other loci promoter mutation (—15C/T)
isolates)* was observed.

12 of 41 isolates
*Myanmar katG Ser315Thr, Gly299Cys, frameshift. 2 isolates with inhA promoter
(14 INH resistant mutation (=15C/T).
isolates)32 10 of 14 isolates
Malaysia katG GIn247His, Val61Gly, Ala62Thr, -
(4 INH resistant
isolates)3
Cameroon katG315 13 isolates with inhA promoter
(44 INH resistant mutation (—15C/T).
isolates)*? 32 of 44 isolates
*Uganda katG315 Ser315Thr, Ser315Asn, Ser315Arg 9 isolates with inhA promoter
(50 INH resistant mutation (=15 C/T)
isolates)* 50 of 50 isolates 1 isolate with inhA promoter

mutation (—8T/C)

*Method of study is WGS.

Minimum Inhibitory Concentration for INH
Resistant Isolates Carrying katG Mutation

MIC was expressed in mg/L in some literatures
and pg/ml in other literatures. In this report,
mg/L will be used for simplicity purpose. In the
study in Cameroon, the researchers divided the
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MIC into high level, 1 mg/L and low level, 0.2
mg/L. Twenty-four of 44 INH resistant isolates
had 1 mg/L MIC showing high level drug
resistance. Of these, 17 katG S315T mutant
isolates had high level drug resistance whereas
2 isolates showed low level resistance. Three
isolates carrying (—15C/T) inhA promoter point



KatG 315 Mutation as a Molecular Determinant for Isoniazid Resistance in Mycobacterium tuberculosis

mutation displayed high level resistance and ten
of these isolates showed low level resistance.
Five (-47G/C) inhA promoter mutant isolates
showed high level resistance with no low level
resistance.”? In the literature review in which
INH resistance isolates in 49 countries were
studied, it was observed that katG codon 315
was associated with high level resistance to INH
with 4 mg/L or more MIC value.? The finding in
Warsaw, Poland indicated that M. tuberculosis
isolates with katG 315 mutants had the MIC
values between 1 to 10 mg/L (Table 2) with
the average MIC of 2.5 mg/L in the MDR and
isoniazid mono-resistant phenotypic strains.*

Advantages and Limitations of Currently
using Molecular Methods

Although there was variation of the sensitivity
and specificity of the results in different
regions of the world where these were applied,

GeneXpert and GenoType MTBDRplus were
relatively simple and extremely rapid in
detection of drug-resistant TB.*“ However, the
main disadvantage of these molecular methods
IS resistance detection can be available for
fewer drugs and limited number of mutation.
GeneXpert cannot detect INH-monoresistant
cases (Table 2) that might become MDR-TB
in the future*. In most TB endemic countries,
Mono-INHR tends to rise as a result of
inability to capture these isolates by molecular
methods.®® Moreover, as observed in the
previous studies S315T, a canonical mutation
was lower in prevalence in INH mono-resistant
isolates whereas it was highly prevalent in
MDR-TB isolates.® Research on development
of rapid diagnostics which can encompass
novel mutations conferring drug resistant TB
are essential.*

Table 2 Significance of katG 315 mutations in INH resistant M. tuberculosis

In some countries, katG 315 mutations were prevalent up to 100%.%7 339

M. tuberculosis isolates with katG 315 mutants were commonly associated with the MIC values between 1 to 10 mg/L

showing high level INH resistance.*®

KatG 315 mutations were more common in MDR-TB isolates than INH monoresistant isolates.'®

Of two canonical mutations, katG 315 was the more common one than (—=15C/T) inhA promoter mutation. Other
mutations associated with INH resistance were not included in canonical mutations.?

Ser315Thr (AGC-ACC) was present in more than 90% in INH resistant isolates with katG 315 mutations.?

Ser315Asp was the second most common mutation among katG 315 mutations.®

KatG 315 mutation was included in the GenoType MTBDRplus molecular diagnostic method.!” The rapid molecular
diagnostic methods come to the front line in the diagnosis of drug resistant TB because conventional methods for drug
sensitivity test usually take 8 weeks in most regions and treatment of the patients will be delayed.®

KatG 315 mutation was not detected in the GeneXpert MTB/RIF molecular diagnostic method.*

Discussion on Molecular Determinants in
MDR-TB and XDR-TB

Although WGS is a perfect platform to detect
MDR-TB as well as XDR-TB, implementation
was still earlier for the routine purpose in the low
resource-high TB burden countries. Findings of
other molecular diagnostic methods are the main
areas of research. Researchers in the drug resistant
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TB now focus on identification of mutations
associated with drug resistance in the genome
of M. tuberculosis and innovation of molecular
diagnostics to detect these mutants. Accuracy
up to 100% was not obtained in these methods
because the association between the molecular
determinants and the phenotypes of the isolates
with these mutations is not strong enough.®
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WGS approaches in Ugandaand Myanmar
indicated that rpoB S531L and katG S315T
were the highly prevalent molecular markers for
MDR-TB isolates. In Myanmar, rpoB S531L
was observed in 11 of 14 isolates with H526Y
as the second common mutation. Regarding
INH resistant mutation, katG S315T was
also found in 11 isolates whereas inhA C-15T
promoter mutation was present in two isolates
as the second common mutation. In Uganda,
S531L and H526D were the most two common
mutations for RIF resistance whereas katG
S315T and inhA C-15T promoter mutation were
the most two common ones for INH resistance.
Although these results were observed in these
two studies, it was clear that rpoB S531L and
katG S315T are the pre-dominant molecular
determinants for RIF and INH respectively. The
outstanding characteristic of katG S315T SNP in
INH resistance is relatively more common than
rpoB S531L in RIF resistance. This fact indicated
that katG S315T was a stronger marker for INH
resistance than rpoB S531L in RIF resistance.®*
3 The observations in other studies of various
countries were consistent with these two studies.
In conclusion, drug resistant molecular markers
for MDR-TB were well established.

Besides mutations associated with RIF
and INH, it is necessary to study drug resistant
mutations commonly associated with resistance
to fluoroquinolones and other second line drugs
(SLD) to identify XDR-TB. Drug resistant
mutations for SLD were less studied and less
understood. Although detection of gyrA and
gyrB mutations additively gave rise to sensitivity
of 93% for the fluoroquinolone resistance, gyrB
mutations were widespread and molecular
determinants were inconsistently associated with
drug resistant phenotypes. Taken together, these
mutations were not reliable to prepare the rapid
molecular diagnostics. In the study in France,
gyrA mutants Ala90Val, Asp94Gly, Asp94Ala
were common molecular determinants for
fluoroquinolone resistance whereas 13 SNPs in
gyrB were observed. In addition, these SNPs
were observed to be present in fluoroquinolone
sensitive M. tuberculosis isolates®. SNP rrs
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Al1401G was highly prevalent in isolates
resistant to these SLD which have to be given
by injection like capreomycin (CAP), amikacin
(AMK) and kanamycin (KAN). However, the
rrs A1401G mutation was present only in 70 —
80% of M. tuberculosis strains resistant to CAP
and AMK whereas this mutation was observed
in 60% of strains resistant to KAN. MTBDRsI
line probe assay (LPA) is based on the principle
of hybridization and mutations in clinical
strains were detected by the probes that are
complementary to the mutated DNA. MTBDRsl|
LPA is the only available rapid molecular
diagnostic method widely used for identification
of XDR-TB. However, the method has variable
sensitivity with the range from 40 — 100%.5°

CONCLUSIONS

KatG gene encodes catalase peroxidase which
activates anti-TB drug INH and is an important
enzyme for the survival of the bacteria in the
macrophages and it is regarded as virulence
factor of M. tuberculosis.>

Although katG315 mutations has shown
to be highly common up to 95% in the previous
studies, other katG mutations are found in
the literatures and observed to be associated
with INH resistance. In addition, katG315
mutation was uncommon as low as 25% in INH
monoresistant cases. It will be necessary for the
researchers to develop the molecular methods
which can include probes possible to detect all
novel mutations.

Dissemination of MDR-TB and XDR-TB
will be dangerous and cause high mortality in
the TB endemic countries. In addition, second
line TB drugs have higher toxicity and are
expensive so that there may be many dropped
out during the regimen which leads to increasing
mortality. Therefore finding of hotspot areas and
screening of hotspots within the localities in the
poor resource countries with earlier diagnosis
and rapid implementation of appropriate anti-
tuberculous drug regime will be the essential
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measure in the control of TB. Hotspot areas
are defined as TB endemic localities with the
prevalence rate of more than 0.5 — 1%.

In spite of the fact that katG315 mutation
is not the only mutation for INH resistance, it is
highly prevalent and it is the common mutation
in the main enzyme essential for the activation
of the INH regarding the mechanism of drug
resistance. Moreover, katG S315T mutation has
been shown to be associated with high level
resistance to INH with average MIC of 1 ug/ml
in the previous studies. As a consequence, rapid
method of identification of this point mutation
with mismatch amplification mutation assay
(MAMA) is recommended in this report.

SNPs that are not detectable by other
polymerase chain reaction or PCR-RFLP
can be detected by MAMA PCR. One
nucleotide change in quinolone resistance
determining region of gyrA gene responsible
for fluoroquinolone resistant bacteria such as
Klebsiella pneumoniae, Campylobacter jejuni
and Neisseria gonorrhoeae can be identified
by PCR assays using MAMA method.>
Discrimination of the ctxB alleles in classical,
El Tor, and Haitian type Vibrio cholerae can be
undertaken by Double-mismatch-amplification
mutation assay (DMAMA) PCR.>* The
canonical mutations for INH resistance, katG
S315T mutation and (—15C/T) inhA promoter
mutation, the two SNPs can be proposed to be
detected by DMAMA.

In Malaysia, the study in Kelantan has
shown totally different mutations in four cases
with INH resistance. The common mutations
were not observed in the study because the total
number of samples studied was only nine. It will
be interesting if a large survey of drug resistant
M. tuberculosis isolates is undertaken in the near
future within Malaysia.
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ABSTRACT

Myasthenia gravis, the most common autoimmune
neuromuscular disorder, is characterised by
muscle weakness and fatigability. A 23-year-
old-lady with background history of breathing
and swallowing difficulty for six months was
presented with respiratory distress to the hospital
which is without an in-house neurology service.
Her diagnosis remained a challenge as patient
presented as an emergency without detailed
medical history. She was subjected to bedside ice
pack testing and subsequently managed along the
diagnosis of myasthenia crisis. She responded to
the treatment and survived the critical period. So,
diagnosis of myasthenia gravis by ice pack test
and managing a case of myasthenic crisis would
be possible in limited heath care setting.

Keywords: myasthenia gravis, ice pack test,
myasthenic crisis

INTRODUCTION

Myasthenia gravis (MG), the most common
autoimmune  neuromuscular  disorder, is
characterised by muscle weakness and
fatigability. There are two patterns described;
ocular myasthenia gravis and generalised
myasthenia gravis.! MG is diagnosed based
on appropriate clinical context supported
by diagnostic tools like serology testing,
edrophoniumtesting, repetitive nerve stimulation
testing and single fibre electromyography.?
Myasthenia gravis is easily diagnosed in tertiary
centre with neurology service and adequate
resources. However, it is a diagnostic challenge
to doctors in smaller hospitals who are mostly

the novices in medical hierarchy due to limited
resources. Ice Pack Test has long been described
as an alternative method in aiding myasthenia
gravis diagnosis. Unfortunately, this simple and
safe bedside diagnostic tool has been under-
utilised and remains unknown to majority of the
health care providers.

CASE PRESENTATION

A 23-year-old-lady without any known medical
iliness was brought in by her family, complaining
of difficulty in breathing associated with high-
grade fever and cough for two days. She has
background of breathing and swallowing
difficulties for six months with worsening a day
prior to admission. She has been seen and treated
by different primary health care providers
without any improvement of her symptoms.
Her medical problem remains unresolved. As
she presented acutely, a detailed history and
examination were not possible.

Upon admission she was cyanosed with
low Glasgow Coma Scale (Eye: 2, Verbal:
1, Motor: 1). Her blood pressure was 128/67
mmHg, with heart rate of 118 beats/min and
SpO2 88% under room air temperature of
38.5°C. Her blood investigations revealed that
Hb concentration was 12.7 gm/dl, total white
cell count 20.6x 10°/L, platelet count 399 x 10°
/L, ESR > 140 mm/H. Her biochemical profile
for urea 2.0 mmol/L, sodium 142 mmol/L,
potassium 2.84 mmol/L and creatinine 61
pmol/L. Her total bilirubin was 14.3 pmol/L,
albumin 40.6 g/L, ALT 8.4 U/L, AST 17.8 U/L
and ALP 35 U/L. C-reactive protein (CRP) was
11.62 mg/L. Her arterial blood gases (ABG)
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analysis were pH 7.32, pO2 173 mmHg, pCO2
38.4 mmHg, HCO, 19.7 mmol/L. Chest x-ray
showed heterogeneous opacity over both lungs
with lower lung field more prominent over
the right side. Computer tomography (CT) of
brain was unremarkable without any features
suggestive of stroke. Blood and sputum
specimen sent for culture and sensitivity but no
organism was isolated.

She was intubated for respiratory failure,
and treated for aspiration pneumonia with
intravenous Ceftriaxone in ICU setting.

During her stay in ICU, two attempts
of extubation were tried by anaesthetist but in
vain. Upon weaning her off from sedation, there
were copious amount of oral secretion needing
regular suctioning and obvious bilateral ptosis
noted. There was bilateral facial paresis with
pupillary sparing ptosis. Neurology assessment
of limbs revealed tetraparesis with medical
research council power grading 4 out of 5 for all
4 limbs accompanied by intact tendon reflexes
and flexor plantar responses.

She was initially planned for a transfer
to tertiary centre for further management by
neurology team. However this plan appeared
unwise given that the land transport (the
only mode available in our setting) takes
approximately four hours and she was deemed
unstable for transfer.

Hence she was subjected to ice pack test
based on the clinical findings of bulbar weakness
and bilateral ptosis . Figure 1 shows her eyelids
position before ice pack test. The ice pack result
is as in Table 1. Figure 2 shows her eyelids
position after application of ice pack test. There
was a drastic improvement in term of her ptosis
after two minutes of ice pack application.
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Figure 1 Eyelids position before ice pack test

Figure 2 shows her eyelids position after
application of ice pack test. There was a drastic
improvement in term of her ptosis after two
minutes of ice pack application.

Figure 2 Eyelids position after ice pack test

Table 1 Ice pack test result

Interpalpebral distance Right Left
Before ice pack 10 mm 10 mm
After ice pack 12 mm 13 mm

As her ice pack test was positive, blood
specimen was taken and sent to tertiary hospital
for acetylcholine receptor antibody testing.

There are few differential diagnoses to be
considered in a young lady with bulbar weakness
and bilateral ptosis, namely myasthenia gravis,
Guillain Barre Syndrome (GBS), botulism, and
acute stroke with brain stem involvement.

She was treated as myasthenic crisis.
This is because she presented with respiratory
distress requiring intubation and ventilatory
support. Tracheostomy was done for her in
view of repeated failed extubation. She was
treated with antibiotic (Ceftriaxone for one
week duration) for aspiration pneumonia,
intravenous immunoglobulin  (IVIG), high-
dose Prednisolone at 1 mg/kg/day (initiated at
day four of IVIG), subcutaneous Enoxaparin
for thromboembolic prophylaxis and tablet
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Pyridostigmine 30 mg 5 times/day (initiated
prior to discharge). Clinically, she progressively
showed improvement and was discharged well
after 2 weeks of inpatient treatment.

Six weeks after discharge, she achieved
full resolution of her weakness and was
independent in carrying out activity of daily
livings. Tracheostomy tube had been removed.
Her Acetylcholine receptor antibody came
back as positive during clinic follow-up (> 8.4
nmol/L; normal < 0.4 nmol/L) which confirmed
the diagnosis of myasthenia gravis.

DISCUSSION

This is a challenging case seen in a resource-
limited health setting. Patient was presented
acutely requiring ventilatory support and 1CU
care without much clinical history. Thus doctors
were to treat her based on best clinical judgement
and using all the slightest clues available. The
unavailability of neurology service added onto
this challenge. Escalation of care to tertiary
centre was impractical given patient’s instability
for transfer. Neurological consult with
neurologist of neighbouring tertiary hospital
was available via phone consultation; yet this is
not of much help given that the neurologist did
not have the opportunity to assess the patient and
had to rely on assessment of the referring doctor.
Serological investigations such as acetylcholine
receptor antibody take approximately three to
four weeks to be ready as the specimen has to be
sent to a tertiary centre laboratory for processing.
Neurophysiological study and edrophonium test
were also not available given the similar reason
as above.

According to the clinical judgement, she
had myasthenia gravis based on the presence of
bulbar weakness, bilateral ptosis and positive
ice pack testing. As she presented acutely with
respiratory distress requiring intubation and
ventilatory support. So, her case was considered
as myasthenic crisis. This case was managed
based on the latest recommendation.®
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The initiation of high-dose steroid may
worsen myasthenia gravis in 50% of patients
and even precipitate a crisis in another 10%.*
The quick action onset of IVIG helps to prevent
the transient worsening of MG associated with
steroid initiation.® In this case, IVIG was used as
acute therapy for myasthenia crisis. Total IVIG
given to her was 2 g/kg over the course of 5 days
(0.4 g/kg/day). Steroid was introduced at day
4 of IVIG when infection was well controlled
with antibiotic treatment based on clinical and
microbiological parameter.

Ice pack testing in myasthenia gravis is
well described in many literatures.* > & 7 8 This
test is performed by objective measurement
of interpalpebral distance before and after the
application of ice packs. The ice used should be
packed and placed on closed eyes for 2 minutes
as to minimise the risk of cold-induced injury.
Two independent observers should be available
to measure the interpalpebral distance as to
prevent bias in result interpretation. Ice pack
test is considered positive if there is objective
improvement of the ptosis by at least 2 mm of the
interpalpebral distance. The principles governing
Ice Pack Testing are that acetylcholinesterase
activity of skeletal muscle reduces with lower
temperature. The risk of this procedure is minimal
compare to edrophonium where the later has the
risk of precipitating heart block. Edrophonium
test can only be conducted by an experienced
neurologist with standby resuscitation trolley in
case of acute cardiac event.

In limited health care setting, this was the
only alternative available. Ice pack test can be
conducted at the bedside by non-neurologist,
much safer compare to edrophonium test and
cost effective. Moreover, a study comparing ice
pack test and edrophonium test showed that ice
pack test had sensitivity and specificity of 100%
in myasthenia gravis patient.* However, ice
pack test may not be reliable in cases of isolated
diplopia without ptosis.* In this patient, ice pack
test is reliable as she had ptosis.
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CONCLUSION

Myasthenic crisis need to be suspected in a
patient presented with weakness, difficulty in
breathing and swallowing. Ice Pack Test is a
simple, reliable, safer bedside test that can aid in
the diagnosis of myasthenia gravis especially in
resource-limited health setting.
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ABSTRACT

Wegener’s granulomatosis (WG) is a necrotizing
granulomatous inflammation. A 40-year-old lady
of Malay descent presented with unresolving
bilateral painful red eyes for three weeks. Clinical
examination revealed that best corrected vision
acuity of 6/9 for both eyes. Slit lamp examination
revealed diffuse scleritis. Other Investigations
result like UFEME blood cell: 2+, C-reactive
protein 70.06 mg/LL and ESR of 125 mm/h
suggestive on acute inflammations. Connective
tissue screening revealed cytoplasmic ANCA
was positive and was supported by Anti-Serine
Protease3 (PR3) 68. All the investigation results
revealed that she had Wegener’s granulomatosis
with ophthalmology manifestation in the
form scleritis. Patient was treated with guttae
Maxidex QID to reduce cells that present in
anterior chamber and oral ibuprofen 400 mg
thrice daily. Subsequently, oral prednisolone
and oral cyclophosphamide with oral Bactrim
were commenced. Patient responded well and
redness resolved. There are many differential
diagnoses for chronic conjunctivitis but to rule
out connective tissue disease should be one of the
primary differential diagnoses in young female.
Oral immunosuppressive and Trimethoprim/
Sufmethoxazole (Bactrim) were been found
beneficial and symptoms were resolved. Wegener’s
granulomatosis is a great mimicker as exemplified
in this case. This disease can be misdiagnosed and
maltreated as conjunctivitis. Thus, the authors
wish to emphasize that WG is one the differential
diagnoses that need to be considered in a person
with bilateral scleritis.

Keywords: Wegener’s granulomatosis, scleritis,
chronic conjunctivitis

INTRODUCTION

Wegener’s granulomatosis (WG) is a necrotizing
granulomatous inflammation involving small
to medium vessels in many organs.! Various
tests are needed for diagnosis of Wegener’s
granulomatosis, based on the clinically,
radiological and serological findings.? WG is a
great mimicker. Chronic conjunctivitis is one of
the rare manifestations of WG. Here, the authors
report a case of Wegener granulomatosis with
ocular involvement.

CASE PRESENTATION

A 40 vyear-old-Malay-female, presented with
episodic bilateral eye redness which did
not resolve for the past three weeks. Patient
however denied any ocular trauma or contact
with foreign body. It was associated with dull
aching pain upon eye movement only. Further
examination revealed that her best corrected
vision acuity for both eyes was 6/9. There was
no relative afferent pupillary defect. Slit lamp
examination revealed non-necrotizing anterior
diffuse scleritis bilaterally. There were cells
presented in anterior chambers of both eyes. Slit
lamp examination diffuse scleritis bilaterally.
Indirect ophthalmoscopy with mydriatics drops
revealed a normal fundus. Figure 1 shows the
initial appearance of the eyes. Cardiovascular,
respiratory and abdominal examinations were
unremarkable. The intraocular pressure for
both eyes was at 14 mmHg. Blood and urine
investigations were done (see Table 1).
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Figure 1 Initial appearance of the eye

Table 1 Investigations

Full blood count

White Cell Count 12,200/ml

Haemoglobin 11.6 g/dL

Platelet 495,000/ml

Erythrocyte Sedimentation | 125

Rate

MCV 75.5 fL

MCH 23.3 pg

MCHC 30.9 g/dL

Biochemical parameters

C-Reactive Protein 70.06 mg/L (<5)

Creatinine 59 mmol/L

Urine Analysis

pH 6.5

Blood 2+

Protein Negative

Red Blood Cell Cast Negative

Immunological parameter

Antinuclear antibodies Negative
C-ANCA Positive
P-ANCA Negative
RA Positive
MPO <0.0(CU)
PR3 68 (CU)

On investigations, she had hypochromic
microcytic anaemia which was confirmed via full
blood count accompanied by raised inflammatory
markers (Table 1). TB workup for her was
negative. She was screened for Staphylococcal
Aureus nasal carriage which turned out to be
negative. Her urine analysis showed the presence
of red blood cells which was later resolved upon
treatment commencement. Routine chest x-ray
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revealed a suspicious right upper lobe with
cavitation. So, CT scan of thorax was done. Her
CT scan of thorax showed dense consolidation
foci at other lobes with ground glass opacity as
shown in Figure 2. Immunological parameter
revealed cytoplasmic ANCA was positive and
was supported by Anti-Serine Protease3 (PR3)
68 (normal < 3.0 CU). Based on these evidences,
diagnosis of WG was made.
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Figure 2 Left upper lobe focal dense consolidation (dark-coloured arrow) with speculation and adjacent
fibrosis and pleural thickening on a background of ground glass opacity

Patient was treated with 6-hourly guttae Dexamethasone to reduce cells that present in anterior chamber. In
additional to that, the authors added oral ibuprofen 400 mg thrice daily to reduce inflammation. However,
redness of both eyes did not resolve. Immunosuppressive therapy in the form of oral prednisolone and
oral Azathioprine was initiated with prophylaxis Trimethoprim-Sulfamethoxazole (Bactrim). Patient
responded well and eye redness resolved (see Figure 3). Currently she is doing well and on regular
follow-up.

Figure 3 After commencement of treatment

DISCUSSION

Chronic conjunctivitis is one of the rare serine protease.? The c-ANCA test has a high
manifestations of WG. The non-responding sensitivity (96%) for WG.* Tissue biopsy from
nature of conjunctivitis coupled with the lung the suspected region of lesion is essential as
radiological findings lead to suspect vasculitis. to give a confirmatory histology diagnosis.
High resolution computer tomography of This patient refused to do tissue biopsy. On
thorax later confirmed a left upper lobe dense investigation, raised inflammatory markers
consolidation with speculation with adjacent supported WG. The aetiology of WG is unknown
fibrosis and pleural thickening on a background and postulated causes might be autoimmune
of ground glass appearance. These radiological origin, genetic predisposition, connective tissue
features are in consistent with \Wegener’s disease, viral or hypersentivity interaction.’®
granulomatosis.®* A set of investigations Clinical presentations are heterogeneous and
are needed for supportive diagnosis tools. can be either insidious or acute. The patient
Antineutrophil  cystoplasmic antibody test was started with oral prednisolone of 1 mg/
(ANCA) is an important diagnostic criterion kg per day and oral Azathioprine. Both her
for WG. More specific for WG is ¢c-ANCA is eyes and constitutional symptoms resolved
an autoantibody directed against the neutrophil with treatment (Figure 3). Staphylococcus
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Aureus is one of the aetiological factors for
WG in some patient and serve as trigger factor.
Trimethoprim /Sulfamethoxazole (Bactrim) has
been found beneficial and prevent S. Aureus
infections.” As such she was on Trimethoprim/
Sulfamethoxazole (Bactrim) apart from her
immunosuppressant therapy.

CONCLUSION

Connective tissue diseases may be one of the
differential diagnoses for female in reproductive
age. There are many differential diagnoses for
chronic conjunctivitis but connective tissue
disease especially WG should be kept in mind
as one of the primary differential diagnoses in
female. High index of suspicion can prevent
mistreatment and eventually prognosis of the
disease which may be fatal if untreated.
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ABSTRACT

Trimethoprim-Sulfamethoxazole ~ (TMP-SMX)
or Co-Trimazole is the treatment of choice for
meliodosis. A 52-year-old man presented with
generalized body weakness with reduced appetite.
He had bradycardia on examination. After
investigations, he was diagnosed as hyperkalaemia.
He had life-threatening hyperkalaemia treated
with  Trimethoprim-Sulfamethoxazole (TMP-
SMX) as part of the eradication therapy for
Meliodosis. Urgent haemodialysis was done. There
were changes done for his meliodosis treatment.
This case wished to highlight the importance of
considering hyperkalemia in patient treated with
Trimethoprim-Sulfamethoxazole especially when
risk factor for hyperkalaemia is present.

Keywords: Trimethoprim-Sulfamethoxazole,
hyperkalaemia, meliodosis

INTRODUCTION

Trimethoprim-Sulfamethoxazole (TMP-SMX)
or Co-Trimazole has been used as an antibiotic
since 1974, TMP-SMX is effective against a
wide variety of aerobic gram positive and gram
negative bacteria, P.jirovecii and some protozoa?*
3. In Meliodosis infection, TMP-SMX forms the
‘back bone’ of its treatment*. The efficacy of
TMP-SMX in Meliodosis treatment has been
well documented in literature*87. However, like
other antibiotics, TMP-SMX is not free from side
effects. One of the often overlook side effects
of TMP-SMX is hyperkalemia that may be life
threatening if not detected and treated promptly.
The association between  Trimethoprim-
Sulfamethoxazole and hyperkalaemia has been
well described in literature® °.

CASE PRESENTATION

A 52-year-old man known case of diabetes
mellitus, hypertension, chronic kidney disease
and chronic liver disease due to Hepatitis B
was seen in the medical outpatient clinic a
month after his discharge. He had a recent long
stay in the ward and treated for meliodosis
with chronic osteomyelitis of left tibia and
abdominal prostate abscess. He was discharged
with oral Trimethoprim-Sulfamethoxazole as
part of Meliodosis eradication therapy. The
antibiotic supply was given until his clinic
appointment date.

Two weeks after discharged, he was
reviewed in the clinic. During clinic review,
he complained of generalized body weakness
with reduced appetite, other systemic review
was unremarkable. He was compliance with
his medication. He was neither on nephrotoxic
drugs like ACEI or other diuretics nor traditional
medication. In view of his significant past
medical history and the possibility of meliodosis
relapse, he was admitted to the ward for further
clinical evaluation.

On examination, he was alert with intact
cognition. He had stigmata of chronic liver
disease but no asterixis or jaundice to suggest
decompensation. There was a discharging sinus
over the left anterior shin with minimal clear
secretion. Vital sign revealed blood pressure
of 130/79 mmHg; heart rate 37 beats/min,
temperature 37°C, SpO2 97%. Cardiovascular
system: S1 and S2 without murmur; Respiratory
system: equal breath sound without added
sound; Abdomen system: soft, non-tender
without palpable liver/spleen.
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In view of the unexplained bradycardia and
background chronic kidney disease, we
performed urgent serum potassium, venous
blood gases and ECG (see Figure 1).

Venous Blood Gases (VBG): pH7.168,
pCO2 19 mmHg, HCO3 6.7 mmol/L, urea 25.7
mmol/L, sodium 128 mmol/L, potassium 8.91
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mmol/L, creatinine 487 pmol/L, creatinine
clearance 12 ml/min, haemoglobin 8.8g/dl, total
white cell 9.8x109/L, platelet 257 x 109/L. A
month ago, his renal parameters were urea 17.6
mmol/L, sodium 132 mmol/L, potassium 3.73
mmol/L, creatinine 374 pumol/L; creatinine
clearance 15.92 ml/min.
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Flgure 1 Sinus bradycardia with broad QRS complex and tall tented T-wave conS|stent
with hyperkalaemia changes before haemodialysis

He was treated as life threatening
hyperkalaemia secondary to Trimethoprim-
Sulfamethoxazole. He was dialyzed urgently
via a temporary femoral catheter. While waiting
for haemodialysis, he was given two cycles of
IV Calcium Gluconate 10% with IV Dextrose
50% and IV Insulin, twice Salbutamol 5 mg
nebulization and immediate dose of powder
calcium polystylene sulphonate (Kalimate)
and Syrup Lactulose. During admission, he
underwent twice haemodialysis session to
lower down his potassium. Trimethoprim-
Sulfamethoxazole was withheld and adverse
drug reaction to this agent was notified to the
pharmacy unit. Overtime, his serum potassium
level reduced to normal range and the initial
ECG changes had resolved as shown in Figure
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2. His initial bradycardia had resolved once
haemodialysis commenced and hyperkalaemia
resolved. Upon discharge, his heart rate was
in the range of 70 — 85 beats/min, regular with
good volume.

He was discharged with oral amoxicillin-
clavulanic acid and Doxcycline as an alternative
eradication therapy for his meliodosis
treatment. Both antibiotics were given for two
weeks where he was seen again in clinic after
that. His serum potassium has remained in the
normal range ever since not on Trimethoprim-
Sulfamethoxazole. Two months after discharge,
he was admitted again in septic shock with
relapse of meliodosis. Unfortunately he did not
survive the second admission.



Case Report: A Rare Life-threatening Side Effect of Trimethoprim-Sulfamethoxazole
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Figure 2 Sinus rhythm restored following haemodialysis

DISCUSSION

This case illustrates a rare yet important side effect
of trimethoprim-sulfamethoxazole in causing life
threatening hyperkalaemia especially in a chronic
kidney disease patient. Often this side effect is
overlooked in general practice, exposing patient
to unnecessary risk that may threaten life.

The association between Trimethoprim-
Sulfamethoxazole and hyperkalaemia has been
well described in literature 8, 9. The risk factors
for hyperkalaemia predisposition in patient
taking Trimethoprim-Sulfamethoxazole include
chronic kidney impairment, concurrent usage
of angiotensin converting enzyme inhibitor
(ACEI), angiotensin receptor blocker (ARB),
potassium sparing diuretic (i.e. spironolactone),
underlying immune-compromised state 9, 10.
Trimethoprim acts like Amiloride, a potassium
sparing diuretics by inhibiting the apical
membrane sodium channel of distal nephron.
As a result, the transepithelial voltage is reduced
causing potassium retention11. In our patient, he
had baseline kidney impairment but he was not
prescribed with any nephrotoxic medication.

Trimethoprim-Sulfamethoxazole  forms
the critical component meliodosis treatment4.
This is more essential with the presence of deep-
seated abscess and osteomyelitis like in our case.
Literature reviewshowed thatotheralternative for
meliodosis therapy like Amoxicillin-Clavulanic
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Acid is less effective, associated with higher
relapse rate as compare to regimen containing
Trimethoprim-Sulfamethoxazole 7. Based on
this finding, hence this patient was prescribed
with Trimethoprim-Sulfamethoxazole despite
having renal impairment as the benefit
outweighs the harm. Duration of Trimethoprim-
Sulfamethoxazole treatment is at least 5 months
depending on clinical and radiological response.

We wished to emphasize that close
monitoring of serum potassium and kidney
function  warranted once  Trimethoprim-
Sulfamethoxazole commenced for patient
especially for those with high-risk factors 8,
9, 10. A deterioration of kidney function may
need adjustment of dosage or even stopping the
agent directly. The most serious manifestation
of hyperkalaemia are muscle weakness,
paralysis, cardiac arrhythmia and conduction
abnormalities. Hyperkalaemia has many effects
on the heart; the cardiac manifestation can
varies from bradyarrhythmia at one end of
spectrum to tachyarrhythmia at the other end. In
our case, if the hyperkalaemia was not detected
earlier and treated promptly, he might went
into cardiac arrest due to cardio-toxic effect of
hyperkalaemia. The association between sudden
death and hyperkalaemia has been strongly
supported by various literatures 8, 9. Yet some
patient may be apparently well apart from some
vague symptoms as shown in this case. Hence a
strong clinical suspicion is necessary.
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CONCLUSION

Life-threatening hyperkalaemia and sudden
death are a known rare complication of
Trimethoprim - Sulfamethoxazole treatment.
High-risk patient for hyperkalaemia due to
Trimethoprim - Sulfamethoxazole include
chronic kidney impairment, concurrent usage of
angiotensin converting enzyme inhibitor (ACEI),
angiotensin receptor blocker (ARB), potassium
sparing diuretic (i.e. spironolactone), underlying
immune-compromised state like AIDS. Thus,
close monitoring of serum potassium and kidney
function warranted especially among the high-
risk group patients.
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ABSTRACT

Primary pleural melanomais avery rare condition
and highly aggressive tumour. A patient presented
with productive cough, haemoptysis, pluritic chest
pain and breathlessness. On investigation, she was
diagnosed as left-sided lung mass with pleural
effusion. Pleural biopsy confirmed malignant
melanoma of pleura and she was subsequently
referred to the oncology team for palliative
chemotherapy. In conclusion, primary melanoma
of pleura remains an uncommon disease and
for this no proven effective treatment regime is
available.

Keywords: primary, malignant melanoma, pleura

INTRODUCTION

Malignant melanoma (MM) commonly arises
from the skin or the eyes and is the leading
cause of death.! Primary malignant melanoma
is a rare condition. Malignant melanoma can
involve any mucosal regions like oral mucosa,
oesophagus, larynx and the ano-genital mucosa.t
It is commonly metastasize from skin cancers.

Few cases have been reported in medical
field with the criteria to diagnose primary pleural
melanoma.? The proposed criteria to diagnose
pleural melanoma is difficult to fulfil as all
extra pulmonary origin of the tumour should
be excluded first.* Unfortunately, many patients
are very anxious when this diagnosis is being
informed to them and hence further invasive
investigation to rule out other primary sources
are hard to be performed just like in this case
that we encountered.

CASE PRESENTATION

A 41-year-old non-smoker Malay lady presented
with two weeks history of productive cough
associated with haemoptysis and pleuritic chest
pain. She also reported weight loss and poor
appetite during this period.

Clinically, she was breathless. Respiratory
system examination was consistent with a left-
sided pleural effusion. There was no palpable
lymphadenopathy. Skin examination of the total
skin surface revealed no melanoma. She was
normotensive and non-diabetic.

Chest radiograph showed homogenous
opacity in the left lung (Figure 1). Bedside
ultrasound scan of her left lung showed a lung
mass with pleural effusion. We proceeded with
left pleural biopsy and a thoracostomy tube was
inserted and pleural fluid drained was sent for
analysis. The results came back as exudative
pleural effusion based on Light’s criteria. The
immunohistochemistry and histomorphological
report confirmed the diagnosis of malignant
melanoma of the lung. The tumour cells were
positive for the expression of intracellular
melan-A, human melanoma-45 (HMB-45),
vimentin and S-100 in immunohistochemistry. It
was negative for calretinin and pancytokeratin.
Her positron emission tomography/computed
tomography showed a left pleural mass with
large pleural effusion in the left hemithorax with
raised metabolic activity seen in left pleura, right
lung and ribs (Figure 2). There was possible
right lung and skeletal metastasis. Retinal
examination under slit lamp did not reveal any
evidence of melanoma. We had counselled her
for an endoscopic examination to rule out any
gastrointestinal tract source of her melanoma
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but she refused. We did not investigate for
leptomeninges melanoma metastasis in view that
she was asymptomatic with no headache or signs
of raised intracranial pressure. She was referred
to the oncology team who counselled her for
palliative chemotherapy. She received a cycle
of chemotherapy with dacarbazine (200mg/

m2, days 1 — 3) and cisplatin (30mg/m2, days
5—7) during her inpatient stay but subsequently
took self-discharged against medical advice to
seek alternative medicine opinion searching for
a cure to her illness. She eventually presented
after three months with severe dyspnoea and
succumbed to the disease.

Figure 1 Chest X-ray showed homogenous opacity over the left hemithorax

Figure 2 Computed tomography of thorax showed left pleural mass with effusion

DISCUSSION

Primary malignant melanoma (MM) of the
pleura is an uncommon condition accounting
in about 0.01% of all lung malignancy.t It
can present endobronchially with respiratory
symptoms such as cough, haemoptysis, lung
collapsed or atelectasis.®

This condition can mimic other lung
malignancy and hence a histopathological study
would be beneficial. The final diagnosis of
primary MM of the lung is established based on
clinical, radiological and pathological findings.®
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The proposed criteria for the diagnosis of
primary MM includes the following?:

1. Junctional changes like ‘dropping off’ or
nesting of the melanoma cells just beneath
the bronchial epithelium.

2. Invasion of the bronchial epithelium by
melanoma cells.

3. Malignant melanoma associated with
these epithelial changes.

4. A solitary lung tumour.

5. No history of cutaneous,
membrane or ocular melanoma.

6. Absence of other detectable tumour at the
time of diagnosis.

mucous



The pathogenesis of this melanoma
of the lung is still poorly understood.* One
hypothesis is that melanocytes are the cells
of neuroendocrine system in the body.!
Melanocytes migrate to the layers of skin like
epidermis and the dermoepidermal junction.
Sometimes these cells can also migrate to the
viscera during embryogenesis.®> This has been
suggested for the oesophagus, larynx and might
be the cause for the lung. The residual primitive
melanoblasts that share a common origin with
other melanoblasts located in the trachea,
oesophagus, and pharynx, giving rise to MM of
the lung. Their origin from the neuroectoderm
is also the cause of their low incidence in the
endodermal epithelium. There is another theory
that believes that melanoma cells may be the
derivative of pluripotent stem cells.®

Treatment of choice would be surgical
resection.® The role of post-operative adjuvant
chemotherapy is not clear. For the mucosal
melanoma of the head and neck, radiotherapy
had been tried but results were not good.* As
in this case, chemotherapy is used mainly for
palliative only. The prognosis of this disease is
poor but available data is inadequate to conclude
with conviction.?

CONCLUSION

Primary malignant melanoma of the lung is
an uncommon pathological entity. It can be
diagnosed with careful assessment of both
clinical and histopathological studies to establish
the diagnosis.
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ABSTRACT

Trigeminal schwannoma is a rare cause of
cerebellopontine angle tumour. This case report
of a 65-year-old lady presented with ipsilateral
facial numbness and instability. She was finally
diagnosed to have trigeminal schwannoma after
seeking multiple medical consultations with her
doctors. This case report highlights a rare cause
of cerebellopontine angle tumour.

Keywords: cerebellopontine angle tumour,
trigeminal schwannoma, schwannoma

INTRODUCTION

Trigeminal schwannoma is a rare cause of
cerebellopontine angle tumour as it only
constitutes 0.2 — 0.4% of all intracranial
tumours.* This tumour is slightly more common
in female than male and usually occurs in the age
group of 30 to 40s.22 The tumour grows slow
and may cause compression to the surrounding
structure. Due to the slow growing nature, patient
with trigeminal schwannoma may experience
symptoms for a long time before seeking
medical attention and rarely presented with
features of raised intracranial pressure as there
is sufficient time to compensate for the increase
pressure. With the advancement of imaging
techniques and refinement of neurosurgical
methods, trigeminal schwannoma is highly
treatable with a good prognosis if detected and
acted upon timely.234

CASE PRESENTATION

A 65-year-old lady with dyslipidaemia on diet
control under health clinic follow-up. She was

referred to the medical outpatient clinic with
the complaint of left-sided facial numbness for
a year. She initially noticed the symptom of
numbness describing as ‘pins and needles’ over
the left side of her face occurring intermittently.
However, for the past 3 months, the facial
numbness was consistently associated with
instability when walking. She felt that her body
swayed to the left side when she walks and there
was fullness felt in her left ear. She had sought
multiple medical attentions at various private
general practitioners without any symptomatic
relief. There was no associated headache,
blurring of vision or vomiting to suggest raised
intracranial pressure. Apart from instability, her
four limbs were of normal strength without any
numbness or pain sensation. Prior to the facial
numbness, there was no preceding fall or injury
to her face. The numbness was not associated
with lancinating facial pain suggestive of
trigeminal neuralgia. She had no difficulty
in chewing and swallowing food or drink and
no drooling of saliva. She has no history of
hypertension or diabetes. Her family history was
otherwise unremarkable for any brain tumour or
neurocutaneous disorder like neurofibromatosis.

Assessment revealed a full Glasgow
Coma Scale with normal speech. Her face
appeared symmetrical without any involuntary
twitching of the facial musculature. Both eyelids
were symmetrical without any obvious ptosis
or proptosis; pupils were equal and reactive.
There was no obvious scar or skin lesions
like neurofibroma appreciated on her face and
any other part of body. Local palpation of the
temporomandibular joints was non-tender, no
crepitus felt on passive closure of her mouth.
Oro-buccal cavity assessment revealed good
dental hygiene without any dental carries. There
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was reduced pin prick and light touch sensation
on the left side of her face in the V, to V,
distribution of the trigeminal nerve. The corneal
reflex was impaired on both sides. Muscle bulk
and power of mastication muscle was intact both
sides. Auditory assessment revealed Rinne’s test
of air conduction better than bone condition for
both ears; Weber’s test was centralised. Formal
audiometry assessments were done (Table
1).Otherwise other cranial nerves assessments
were unremarkable.

All four limbs showed normal tone,
power and sensation with intact normal tendon
reflexes. Coordination was intact with negative
Romberg sign.

The differentials for ipsilateral facial
numbness includes trauma to the face and its
underlying nerve branches, dental pathology
with referred pain to the ipsilateral face, lesions

involving the trigeminal nerve along its route
from the brainstem to the cerebello-pontine space,
cavernous sinus and lastly skull exit foramina.
There was neither associated crossed long tract
sign nor opthalmoplegia to suggest brainstem and
cavernous sinus involvement respectively.

As she had ipsilateral reduced sensation
of V, - V, distribution of trigeminal nerve,
with absence of corneal reflex on both sides
and subjective ipsilateral instability over a year
duration; cerebello-pontine angle tumour need
to be considered.

We  proceeded  with  Computed
Tomography of the Brain for her case which
revealed a suspicious cerebro-pontine angle
mass lesion. A Magnetic Resonance Imaging of
the Brain was performed to further delineate the
nature and extent of the mass in relation to the
surrounding structures (Figure 1).

Figure 1 (A) MRI axial view showing tumour occupying the left cerebellopontine angle; (B) A more
rostral axial view showing the same tumour compressing the adjacent pons; (C) MRI coronal view
showing tumour compressive effect on the brainstem. The tumour measured at 2.8 cm (W) x 2.7 cm
(H) x 3.5 cm (AP). The tumour lies superior and medial to the left internal auditory canal without any
extension into the canal. The pons, left middle cerebellar peduncle and the 4th ventricle are compressed
by the tumour without any hydrocephalus or significant midline shift.

Table 1 Formal Audiometry Assessment

Left Ear Right Ear

Tympanometry

Type As bilateral suggestive of middle ear stiffness

Pure Tone Audiometry

Normal bilateral
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Once diagnosed with cerebello-pontine
angle tumour, she was referred promptly
to neurosurgical team for evaluation. She
underwent neurosurgical operation for excision
of the tumour, followed by Gamma Kbnife
Surgical Intervention to remove the residual
tumour. The intraoperative specimen was sent
for histopathological examination which was
later reported as trigeminal schwanoma. Six
months post-operation, she still had left-sided
reduced pin prick and light touch sensation over
V, -V, distribution with intact corneal reflex.
Other aspects of neurological assessment were
unremarkable. She was able to ambulate without
feeling unstable unlike prior to neurosurgical
intervention. Figure 2 shows residual tumour
after neurosurgical intervention.

Figure 2 MRI axial view illustrates the residual
tumour after resection. The adjacent brainstem
compression is significantly improved compared
to Figure 1B. The residual tumour measured at
1.4 cm (W) x 1.7 cm (H) x 2.5 cm (AP).

DISCUSSION

Cerebellopontine (CP) angle is a shallow
triangle space bounded by the undersurface of
cerebellar hemisphere, lateral aspect of pons and
the superior surface of the inner third petrous
ridge. This space spans cranially from the cranial
nerve V" to the cranial nerve IX" rostrally.® In
view of the close proximity of the structures, a
lesion in CP angle (mostly tumours) causes a
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constellation of signs and symptoms. The extent
of involvement depends on the location and size
of the lesion. CP angle tumours consist of 5 —
10% of all intracranial tumours. Of all these CP
angle tumours, 80 — 90% comprise of vestibular
schwannoma or better known as acoustic
neuroma. The remainder 10 — 20% consists
of trigeminal schwannoma, epidermoid cysts,
dermoid cysts, meningioma, arachnoid cysts,
lipomas and secondary tumours.> 2 Trigeminal
schwannoma as in our case constitutes only 0.2
to 0.4% of all intracranial tumours. Hence it is a
very rare cause of CP angle tumours.*

Trigeminal schwannoma is a benign
tumour of the Schwann cells which surrounds
the trigeminal nerve. This tumour can arise
from the trigeminal nerve root entry zone,
the Gasserian ganglion, or any of the three
branches of trigeminal nerves, namely
ophthalmic, maxillary and  mandibular
branches.® Patients with trigeminal schwannoma
commonly present with facial numbness, pain,
hypoesthesia like this case. Other clinical
features include diplopia, gaze abnormalities,
nystagmus, wasting of mastication muscles.
Less frequently, they may have hearing loss,
ataxia, dysarthria or pathological crying due to
brainstem compression.2 The symptomatology
varies largely depending on the size and
location of the lesion. In view of the benign
nature, most trigeminal schwannoma grows
slowly and are treatable with neurosurgical
intervention. Magnetic Resonance Imaging
of the brain is the best diagnostic imaging
modality to guide neurosurgical intervention
given its high soft tissue resolution compare
to computer tomography of the brain.® The
outlook and prognosis have gotten better given
the improvement in diagnostic imaging and
operative techniques.’

We highlight the challenges in the
diagnosis of cerebellopontine (CP) angle
tumour. The patient’s symptom had been
there for over a year and the only reason that
prompted her to seek medical consultation was
her facial numbness that had been more frequent
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of late. Her symptom was overlooked as CP
angle tumour, a rare diagnosis especially more
so in our setting. The authors had only seen two
cases of CP angle tumour in a year including
the present case. During her initial visit to the
doctors, there was no prompting to perform
brain imaging given the rather subjective sign
and symptom. Her presentation of ipsilateral
facial numbness with subjective instability was
typical for CP angle tumour. The finding of large
tumour upon diagnosis was expected given that
she had been experiencing the symptoms for a
year before diagnosis. However, the absence of
other neurological deficits was a surprise given
that there was significant compression of the
surrounding brain structures in particularly the
brainstem. The absence of corneal reflex on the
contralateral side when she initially presented
could well represent a false localising sign yet
there was no other features like abducens nerve
palsy to support this postulation. Reduced facial
sensation to light touch and pin prick persisted
postoperatively as there was still residual tumour.
Complete resection was not possible given the
close proximity of tumour to the adjacent cranial
nerves and brainstem.

CONCLUSION

Cerebellopontine angle tumour, although rare,
need to be considered for any individual who
presented with facial symptoms and subjective
ipsilateral instability due to the good prognosis if
detected early and treated. We have highlighted
the challenges in diagnosing cerebellopontine
angle tumour in our healthcare setting which
could be due to unfamiliarity of this clinical
entity.
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References, should not normally exceed 2700
words. Brief and case reports are inevitably
shorter. Manuscript should contain the following
sections in the order listed.

Title Page, carrying the following information:

The title of the article. Concise titles than long,
convoluted ones. Titles that are too short may,
however, lack important information, such as
study design (which is particularly important in
identifying randomized controlled trials).
Authors should include all information in the
title that will make electronic retrieval of the
article both sensitive and specific.
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Abstract

Abstract should be one paragraph, without
sections and provide information on:
Background/ objective of the study, Materials
and Methods used (selection of study subjects
or laboratory animals, observational and
analytical methods etc.), Results (main findings
giving specific effect sizes and their statistical
significance, if possible), and Conclusion (it
should emphasize new and important aspects
of the study or observations). Altogether,
abstract should not exceed 250 words. Do not
usereference citation in Abstract.

Keywords

The authors should provide 3 to 5 keywords
for indexing purpose. These words have to be
selected from the terms recommended in the last
version of the Medical Subject Headings (MeSH)
(http://www.nIm.nih.gov/mesh/meshhome.
html).

INTRODUCTION

Itshould provide the background ofthe study (i.e.,
the nature of the problem and its significance).
State the specific purpose or research objective,
or hypothesis tested, the study or observation;
the research objective is often more sharply
focused when stated as a question. Both the main
and secondary objectives should be made clear,
and any pre-specified subgroup analyses should
be described. Only exact pertinent references
should be provided and do not include data or
conclusions from the work being reported.

MATERIALS AND METHODS

This section should include only information
that was available at the time the plan
or protocol for the study was written; all
information obtained during the conduct of the
study belongs in the Results section. It should
include information on:

e Selection and Description of Participants
(patients or laboratory animals, including
controls). Describe your selection of the
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observational or experimental participants
(patients or laboratory animals, including
controls) clearly, including eligibility and
exclusion criteria and a description of
variables such as age and sex.

e Identify the methods and procedures in
sufficient detail to allow other workers to
reproduce the results. Give references and
brief descriptions for methods that have been
published but are not well known; describe
new or substantially modified methods, give
reasons for using them, and evaluate their
limitations. Identify precisely all drugs and
chemicals used, including generic name(s),
dose(s), and route(s) of administration.

e Describe statistical methods with enough
detail to enable a knowledgeable reader
with access to the original data to verify the
reported results. When possible, quantify
findings and present them with appropriate
indicators of measurement error or
uncertainty (such as confidence intervals).
Avoid relying solely on statistical hypothesis
testing, such as the use of p values, which
fails to convey important information
about effect size. Define statistical terms,
abbreviations, and most symbols. Specify
the computer software used.

RESULTS

Describe your results in words, with reference
to tables or graphs or figures when necessary.
Present your results in logical sequence, giving
the main or most important findings first. Do
not repeat in the text all the data in the tables
or illustrations; emphasize or summarize
only important observations. When data are
summarized in the Result section, give numeric
results not only as derivatives (e.g. percentages)
but also as the absolute numbers from which
the derivatives were calculated, and specify
the statistical methods used to analyze them.
Restrict tables and figures to those needed to
explain the argument of the paper and to assess
its support. Use graphs as an alternative to
tables with many entries; do not duplicate data
in graphs and tables.



DISCUSSION

Emphasize the new and important aspects of
the study and the conclusions that follow from
them. Do not repeat in detail data or any material
given in the Introduction or the Results section.
For experimental studies it is useful to begin
the discussion by summarizing briefly the main
findings, then explore possible mechanisms or
explanations for these findings, compare and
contrast the results with other relevant studies,
state the limitations of the study, and explore the
implications of the findings for future research
and for clinical practice.
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site where the corresponding table or figure is
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according to the Index Medicus (http://www.
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Instructions to Authors

Nguyen AND, Lunheimer RL, Henry JB:
Principles of Instrumentation. In Henry JB (2001).
Clinical diagnosis and management by laboratory
methods. Saunders, Philadelphia. pp. 60 — 78.

Tables

Should be printed on separate sheets, and
appear after References. They should be self-
explanatory, clearly designed, and do not
duplicate the text. Identify statistical measures
of variations, such as standard deviation or
standard error of the mean. Be sure that each
table is cited in the text.

Figures

Should be provided only if they improve the
article. For X-ray films, scans, and other diagnostic
images, as well as pictures of pathology specimens
or photomicrographs, send sharp, glossy, black-
and-white or colour photographic prints, usually
127 .90 mm. On back of each figure, list the figure
number, name of the first author, title of the article,
and an arrow indicating the right orientation of the
figure. Colour photographs, if found to improve
the article, would be published at no extra charge.
Letters, numbers, and symbols on Figures should
therefore be clear and even throughout, and of
sufficient size that when reduced for publication
each item will still be legible. Figures should be
made as self-explanatory as possible. Type or
print out legends for illustrations on a separate
page, with Arabic numerals corresponding to the
illustrations. When symbols, arrows, numbers, or
letters are used to identify parts of the illustrations,
identify and explain each one clearly in the legend.
Explain the internal scale and identify the method
of staining in photomicrographs. Markers should
be clear with high-contrast with appropriate
explanation in the corresponding legend. Be sure
that each figure is cited in the text.

Abbreviations and Symbols

Use only standard abbreviations; the use of
non-standard abbreviations can be extremely
confusing to readers. Avoid abbreviations in the
title. The full term for which an abbreviation
stands should precede its first use in the text
unless it is a standard unit of measurement.
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