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EDITORIAL 

 
 At the occasion of the 53rd Anniversary of Department of Medical 

Research on 10th June 2016, our department was declared as “Smoking 

Free Zone”, and publication on “Annotated Bibliography of Research 

Findings on Cancer in Myanmar (1958-2015), (Volume 1 & 2)” was 

launched to distribute officially. It is a good opportunity to the scientists 

who use every moment as an inspiration as well as devote themselves on 

cancer research since cancer is one of the 10 leading causes of morbidity 

and mortality in Myanmar. Coincidentally, study about oral cancer, due to 

its importance has been chosen as the leading article of this issue, 

Oral cancer incidence is rising gradually and it is the sixth commonest 

type of malignancy in the world. The prevalence of oral cancer is 

particularly high among men with incidence rates of 1 to 10 cases per 

100,000 populations in many countries. Tobacco smoking, excessive 

alcohol drinking, unhealthy diet, sunlight, chewing betel quid and Human 

Papilloma Virus (HPV) infections are the commonest causes of oral 

cancer. Globally, the strengthening of prevention and control of oral 

cancer are paid attention by implementation of early diagnosis of common 

cancers, improvement of health in community and personal life style such 

as cigarette smoking and excessive alcohol drinking.  In this study, it was 

investigated that types of HPV in oral brushings from patients with 

different types of premalignant and malignant oral mucosal lesions by 

using polymerase chain reaction with type specific primer pairs, one of the 

advanced technologies. The correlation between types of HPV and 

histological types of potentially malignant and malignant oral lesions  

was assessed and highlighted that early diagnosis and treatment of  

HPV infection in oral mucosal lesions are more important for prevention 

of oral cancer.  

There are another twelve research articles published in this issue apart 

from the above leading article.  The concerned articles in this issue are; 

Effect of clopidogrel on C-reactive protein and malondialdehyde level in 

hypercholesterolemic subjects, Establishment of Modified WST8/1 

 
 



ii 

methoxy PMS method in detection of G6PD enzyme deficiency, Effect of 

Cyp2c19*2 polymorphism on the pharmacokinetics of gliclazide in 

healthy Myanmar volunteers, Determination of pesticide residues in 

Brassica vegetables (broccoli and cauliflower) in field trial and market 

samples, Ankle-brachial index and initial severity of acute ischaemic 

stroke, Fluorescence versus conventional sputum smear microscopy for 

examination of acid fast bacilli, Chemical analysis of drinking water 

bottles, Common clinical spectrum, risk factors and fungal isolates of 

otomycosis, Larvivorous effect of Aplocheilus panchax and Trichogaster 

trichopterus native fishes of Hpa-an Township, Kayin State, Effect of 

Triphala on serum total cholesterol level in human healthy volunteers, 

Association between serum epidermal growth factor receptor and 

cyclooxygenase-2 levels in patients with non-small cell carcinoma of lung, 

Insecticides susceptibility profile of Anopheline mosquitoes in selected 

areas of Kyaukme District, Northern Shan State in 2014. 

Last but not the least, we would like to encourage all the scientists  

and interested readers to use our Journal website, www.myanmarhsrj.com 

as one of the reliable reference sources in Myanmar. In addition, we would 

like to request all researchers who expertise in their related research work 

to become online authors of MHSRJ by using Journal Online Submission 

which is quick and easy to access now.    
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Molecular Typing of Human Papilloma Virus (HPV) in Oral Mucosal 
Lesions of Potentially Malignant and Malignant Cases 

 
Moh Moh Htun1*, Yin Min Htun1, Myat Mon Oo1, Than Than Swe1,  

Hnin Nu Htwe1, Ohnmar1, Hlaing Myat Thu1 & Swe Swe Win2 

 
1Department of Medical Research 

2University of Dental Medicine (Yangon) 
 

A cross-sectional descriptive study was performed on eighty oral  
mucosal lesions collected from 43 potentially malignant cases including  
12 cases of oral leukoplakia, 6 cases of erythroplakia, 15 cases of oral 
submucous fibrosis (OSMF), 6 cases of oral lichen planus and 4 cases  
of other uncommon types and 37 patients of different grades of  
squamous cell carcinoma (OSCC) attended the Oral Clinical Unit of Dental 
University (Yangon) within one year. DNA was extracted from all fresh 
samples by using Qiagen kit USA. ADH2 gene (Alcohol dehydrogenase 2 
gene) was detected in 41 cases (51.25%) at 146 bp for internal control. 
Samples of ADH2 positive were tested for HPV malignant and benign types 
by PCR. The malignant type (HPV-16) was detected in only one case of 
OSCC and benign types (HPV6 and 11) were found in one case of OSMF 
and two cases of OSCC by using PCR with specific two primer sets  
(HPV-M and HPV-BK) Takara kit, Japan. Mean age of both sexes was 
44±2.4 years in potentially malignant and 54±2.4 years in OSCC cases. Age 
variance between these two types was significantly different (p=0.0068) 
but there was no sex difference (p=0.314). Both HPV types were  
not significantly related to different histological types of oral lesions 
(p=0.278 and p=0.470). HPV type 16 was detected in old female OSCC  
but benign types were found in two young male patients with OSMF  
and OSCC. The benign types more commonly occur in younger  
age that may persist or relapse spontaneously. HPV-positive OSCC has                
a better prognosis than HPV-negative OSCC because it has higher response 
rate to radiation and chemotherapy. Early diagnosis and treatment of HPV 
infection in oral mucosal lesions are more important for prevention of oral 
cancer.  

   Key words: Oral squamous cell carcinoma, Human papilloma virus benign and malignant types 
 

INTRODUCTION 
 

The squamous cell carcinoma is one of the 
most common types of head and neck 
cancer and includes cancers of the oral 
cavity, oropharynx, hypopharynx, larynx, 
sinonasal tract and nasopharynx. Oral 
cancer incidence is rising gradually and it is 
the sixth commonest type of malignancy in 
the world.1 The prevalence of oral cancer             
is particularly high among men, incidence 
rates in men from 1 to 10 cases per 100, 000 
populations in many countries. In South- 
central Asia, oral cancer is one of the  

three most common types of cancer.2                                
In Myanmar, the prevalence of oral cancer 
was 10.9% according to the data from 
Yangon General Hospital Registry, 2006.3  
The commonest causes of oral cancer                
are tobacco smoking, excessive alcohol 
drinking, unhealthy diet, sunlight, chewing   
betal quid and Human Papilloma Virus  
(HPV)   infections.  There are   more   than  
100 types  of  HPV in  the mucous tissues of  
___________________________________ 
*To whom correspondence should be addressed. 
Tel: +95-95070214 
E-mail: mohmoh.htunn@gmail.com 
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cervix, anogenital and head and neck of 
human body. Double-stranded circular  DNA  
(8 kb) of HPV genome has 52-55 nm viral 
capsid with L1 and L2 capsid proteins and 
E1-E2, E4-E7 enveloped proteins that            
take part in gene regulation, replication, 
pathogenesis and transformation. HPV 16 
and 18 are the most common types of high- 
risk HPVs that may produce cancer 
development. Other low-risk HPV types            
are HPV-31,-33,-58,-59,-62 and -72. The 
incidence of oral squamous cell carcinoma 
(OSCC) is rising in young generation  
in Europe associated with changes in 
sexual patterns such as increased oral sex  
or increasing numbers of sex partners.1  
In South Asia, the most common cause of 
oral cancer is the widespread habit of 
chewing betel quid (paan) and using areca 
nut.  

Alcohol is one of the major factors for 
development of oral cancer and higher 
chance in heavy drinkers with smoke. The 
most common premalignant oral lesions          
are leukoplakia and erythroplakia and rare 
precancerous lesions are lichen planus, oral 
submucous fibrosis, syphilitic glossitis and 
sideropenic dysphagia.4 

This study investigated types of HPV in oral 
brushings from patients with different types 
of premalignant and malignant oral mucosal 
lesions by using molecular method of 
polymerase chain reaction (PCR) with type-
specific primer pairs. The correlation 
between types of HPV and histological 
types of potentially malignant and malig-
nant oral lesions was also assessed. 
 

MATERIALS AND METHODS 
 

Sample collection 
A cross-sectional, descriptive study was 
carried out on total 80 mucosal brushing 
samples including 48 male and 32 female 
patients with potentially malignant and 
malignant oral lesions referred to Clinical 
Unit of Oral Medicine, University of Dental 
Medicine, Yangon within one year. Of these 
subjects, age range was 13 to 85 years  

for both genders. All tissue samples were 
collected and fixed by 10% formalin            
for 24 hours and tissue processing and  
haematoxylineosin staining were preformed 
to describe histological reports by two well-
experienced oral pathologists.  

All mucosal samples were obtained by 
cytobrush and collected in sterile 2-ml 
tubes containing 1 ml of 0.01% sterile 
phosphate buffer saline that was kept under 
cold condition (2-8ºC) and transported to 
Pathology Research Division, Department 
of Medical Research for DNA extraction. 

Sample preparation  

All mucosal sampling cytobrush were 
shaken to remove part of mucosal debris in 
tubes and discarded from each tube. All 
tubes were centrifuged at 3000 rpm for              
15 minutes and 0.5 ml of supernatant was 
discarded.  

The remaining 0.5 ml (500 µl) was mixed 
with same volume of AL solution from 
Qiagen DNA extraction test kit, USA. 
Twenty microlitres of proteinase enzyme 
from this kit were added to each tube and 
put into waterbath at 57ºC for 2 hours and           
30 minutes. DNA extraction was carried out 
for all tubes by spin column method 
according to manual of Qiagen kit. Finally, 
DNA was dissolved by 50 µl of TE buffer 
from this kit. 

The DNA polymerase chain reaction (PCR) 

Each PCR reaction was carried out in a total 
volume of 23 µl containing 2 µl of DNA 
template sample, 2.5 µl of External Paq 10X 
buffer, 2.5 µl of DNTP, 0.25 µl of Paq 5000 
polymerase enzyme, 0.4 µl of ADH2 
forward primer, 0.4 µl of ADH2 backward 
primer and 17.45 µl of sterile de-ionized 
water. ADH2 gene was detected for internal 
control at 146 bp by using thermocycler 
according to PCR reaction (enzyme acti-
vation at 95ºC for 5 minutes, denaturation  
at 94ºC for 15 seconds, annealing at 55ºC                 
for 30 seconds, extension at 72ºC for  
30 seconds followed by 35 cycles and final 
extension at 72ºC for 5 minutes). All 
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ADH2-positive samples were investigated 
to find out common malignant type of             
HPV 16 and 18 by using HPV 1 M and 
HPV backward primer and benign types of 
HPV 6 and 11 by using HPV BK and HPV 
backward primer from Takara HPV test             
kit, Japan (Table 1). After running PCR, all 
PCR products of amplified DNA fragments 
were analyzed by 1.5% (wt/vol) agarose             
gel electrophoresis containing 2-4 µl of 
ethidium bromide in 1X Tris-Borate EDTA 
(TBE) buffer for 30 minutes.  

The specific DNA band of HPV malignant 
type 16 was identified in 232 bp and the 
specific DNA band of HPV benign types          
(6 and 11) was identified in 292 bp 
according to low molecular weight marker. 

Table 1.  Sequences of primers used for ADH2 
gene (internal control) and HPV 
malignant and HPV benign types 

Gene Primer 
name Nucleotide sequences Amplicon 

sizes (bp) 
ADH2   
  gene 

Forward 
 
Backward 

GGAATTTGGGTATGTTA
AATTCAT 
TGGCCTAAAATCACAG
GAAGG 

156 bp 

HPV16 
  malig- 
  nant 

Forward 
 
Backward 

TGTCAAAAACCGTTGT
GTCC 
GAGCTGTCGCTTAATT
GCTC 

238 bp 

HPV 6 &11 
  benign 

Forward 
 
Backward 

TGCTAATTCGGTGCTA
CCTG 
GAGCTGTCGCTTAATT
GCTC 

228 bp 

Data analysis 

In this study, data analysis was carried  
out using SPSS version 16 software.  
Mean age of premalignant and malignant 
cases and age group between these two 
types of oral mucosal lesions were analyzed 
by using two-sample ‘t’ test with equal 
variances. The sex difference between these 
two types of mucosal lesions was calculated 
by Pearson's chi-squared test. Relations 
between HPV types (benign and malignant) 
and two main types of oral mucosal lesions 
were investigated by the Fisher exact test, 
odds ratios (Ors), and corresponding 95% 
confidence interval (CIs). 

 

RESULTS 

Age and sex distributions 
In this study, oral mucosal lesion samples 
were collected from 13-85 years of both 
genders who attended the Clinical Unit of 
Dental University (Yangon). The mean age 
of both genders was 44±2.4 years in 
potentially malignant cases and 54±2.4 years 
in oral squamous cell carcinoma (OSCC) 
cases. Age variance between these two types 
was significantly different (p=0.0068) but 
there was no sex difference (p=0.314).            
The most common age group was younger    
(20-39 years) in potentially malignant oral 
cancer and old age group (>60 years) in  
oral malignant cases. There was no 
significant difference in sex variation 
between potentially malignant oral cases 
and oral malignant cases (p=0.314) in this 
study. In potentially malignant oral cases, 
the most common age groups were 20-39 
years in male and 40-59 years in female 
subjects. In malignant oral cases,  the most 
common age groups were 40-59 years in 
male and >60 years in female subjects. The 
most common was 40-59 years group in 
both types of oral mucosal lesions (Table 2). 
Table 2. Age and sex distributions of malignant 

and potentially malignant oral mucosal 
lesions. 

Age 
group 
(Year) 

Male Female 

Histological types of 
oral cases Total no. 

of cases  Malignant  
 

Potentially 
malignant 

<20 1 1 0 2 2 
20-39 22 4 8 18 26 
40-59 16 12 12 16 28 
>60 9 15 17 7 24 
Total 48 32 37 43 80 

Histological types of oral mucosal lesions 
A total 80 oral mucosal samples were 
collected from 43 potentially malignant 
cases including 12 cases of oral leukoplakia, 
6 cases of erythroplakia, 15 cases of oral 
submucous fibrosis (OSMF), 6 cases of    
oral lichen planus and 4 cases of other 
uncommon types and 37 cases of different 
grades of  squamous cell carcinoma (OSCC) 
(Table 3).
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Table 3. Proportion of HPV malignant and benign types in mucosal lesions of potentially malignant   
and malignant cases 

Oral mucosal lesions Different histological 
types of oral mucosal lesions 

No. of 
case 

HPV-malignant type, No. (%) HPV- benign type, No. (%) 
Positive Negative Positive Negative 

Potentially   
  malignant  
  oral mucosal  
  lesions 
 

OSMF 
Leukoplakia 
Erythroplakia 
Lichen planus 
Fibroma 
Squamous papilloma 

15 
12 
6 
6 
2 
2 

0 
0 
0 
0 
0 
0 

15(100) 
12(100) 
6(100) 
6(100) 
2(100) 
2(100) 

1(6.6) 
0 
0 
0 
0 
0 

14(93.3) 
12(100) 
6(100) 
6(100) 
2(100) 
2(100) 

Malignant  
  oral mucosal lesions 

Well differentiated SCC 
Moderately differentiated SCC 

26 
11 

1(3.8) 
0 

25(96.2) 
11(100) 

1(3.8) 
0  

25(96.2) 
11(100) 

Total  80 1 79 2 78 
P value   0.278 0.470 

 

Molecular results of oral mucosal lesions of 
potentially malignant and malignant cases 

Overall, ADH2 gene (Alcohol dehydro-
genase 2 gene) was detected in 41 cases 
(51.25%) at 146 bp for internal control. 
Samples of ADH2 positive were tested for 
HPV malignant and benign types by PCR. 
The malignant type (HPV-16) was detected 
in only one case of OSCC and benign types 
(HPV6 and 11) were found in one case of 
OSMF and two cases of OSCC by using 
PCR with specific two primer sets (HPV-M 
and HPV-BK) Takara kit, Japan. Both  
HPV types were not significantly related to 
different histological types of oral lesions 
(p=0.278 in HPV malignant type and 
p=0.470 in HPV benign type). HPV type 16 
was detected in old female OSCC but 
benign types were found in two young male 
patients with OSMF and OSCC. 

 
 
 
 
 
 
 

 

Polymerase Chain Reaction (PCR) amplified products 
of ADH2 gene for internal control at 156 bp by 
using 6% acrylamide gel electrophoresis stained with 
ethidium bromide. Lane 20 showed molecular 
marker of 100 bp and Lane 1, 2, 8, 10, 12, 13, 14, 16 
showed positive DNA band of ADH2 gene.  

Fig. 1.  Electrophoresis of amplified human 
ADH2 gene (156 bp) from oral tissue 
samples 

 

 

 

 

 
 
 
 

 
Polymerase Chain Reaction (PCR) amplified  
products of HPV malignant type-16 at 238 bp by 
using 6% acrylamide gel electrophoresis stained  
with ethidium bromide.  Lane M showed molecular 
marker of 100 bp and Lane 4 showed positive band 
of HPV type 16. 

Fig.  2. Electrophoresis of amplified human 
papilloma virus malignant type 16 DNA 
(238 bp) from oral tissue samples 

 

 
 
 
 
 
 
 
 
 

Polymerase Chain Reaction (PCR) amplified  
products of HPV benign type-6 and 11 at 228 bp  
by using 6% acrylamide gel electrophoresis stained 
with ethidium bromide. Lane M showed molecular 
marker of 100 bp, Lane P showed positive control 
and Lane 1 and 2 showed positive band of HPV 
benign type (6, 11)  

Fig.  3. Electrophoresis of amplified human 
papilloma virus benign type 6, 11 DNA 
(228 bp) from oral tissue samples 
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156 bp 
         

                 
100 bp 
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DISCUSSION 
 

Eighty patients with oral mucosal lesions 
were observed to determine the different 
histological types of potentially malignant 
and malignant cases. The most common 
histological type was oral submucous 
fibrosis (OSMF) in potentially malignant 
cases and squamous cell carcinoma in 
malignant cases in this study. The com-
monest oral cancer was squamous cell 
carcinoma and the highest incidence was in 
the 50-60 years age group with both genders 
in a study of common oral malignancies in 
1984 at Yangon General Hospital.5  In  2007, 
the incidence of oral cancer was 37% of the 
head and neck cancer and 5% of total cancer 
patients in Yangon General Hospital.6  

Benign type HPV was more common in 
young age group and malignant type of 
HPV was mainly in old age group. Oral 
HPV infection was found in 6% of healthy 
men over the age of 55 years in other study. 
HPV infection is associated with body 
immune surveillance that depends on 
anatomic sites, oral hygiene and tobacco 
used in that study. Therefore, oral region is 
more resistant to HPV infection compared 
with anogenital region. HPV 16 was the 
most commonly detected type in carcino-
genic HPV types.7 Mean age of both sexes 
was 44±2.4 years in potentially malignant 
and 54±2.4 years in OSCC. Age variance 
between these two types was significantly 
different (p=0.0068) but there was no sex 
difference (p=0.314).  

Both HPV types were not significantly 
related to different histological types of oral 
lesions (p=0.278 and p=0.470). HPV type 
16 was detected in old female OSCC but 
benign types were found in two young male 
patients with OSMF and OSCC. The benign 
types more commonly occur in younger age 
that may persist or relapse spontaneously.8 
HPV-positive OSCC has a better prognosis 
than HPV-negative OSCC because it has 
higher response rate to radiation and 
chemotherapy. HPV-related OSCC has 
lower risk of tumor progression giving to 

better prognosis.9 Oral HPV 16 DNA is 
commonly detected among patients with 
HPV-OPC at diagnosis, but not seen in their 
long-term sexual partners in previous 
study.10  
The World Health Organization (WHO)  
Co-sponsored Congress on oral cancer held 
in 2005 in Greece described to extend the 
strengthening of prevention and control of 
oral cancer in the world especially in 
developing countries by implementation               
of early diagnosis of common cancers, 
improvement of health in community and 
personnel life style such as cigarette 
smoking and excessive alcohol drinking.11 

Early diagnosis and treatment of HPV 
infection in oral mucosal lesions are more 
important for prevention of oral cancer.  
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Level in Hypercholesterolemic Subjects 
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Cardiovascular diseases are the number one cause of death globally in which 
thrombotic complications play a major role. Recent investigations have 
indicated that inflammation and free radicals are involved throughout the 
atherogenic process. The use of antiplatelet, clopidogrel, has been one of the 
major pharmacological interventions in the treatment of myocardial 
infarction, stroke and peripheral vascular disease. The aim of this study   
was to identify whether clopidogrel attenuated inflammatory activity 
determined by C-reactive protein (CRP) and oxidative stress determined by 
malondialdehyde (MDA). Bleeding time was evaluated for the safety profile 
of the drug. The study was pre (baseline) -and post (4 weeks after 
clopidogrel therapy) -design which included twenty-seven, 40 to 60 years 
old, hypercholesterolemic subjects who had taken 75 mg clopidogrel daily. 
The serum CRP and plasma MDA levels were measured by turbidimetric 
method and thiobarbituric acid reaction test, respectively. Bleeding time was 
determined according to Duke method. There were 8.09% reduction in 
serum CRP and 18.79% reduction in plasma MDA at 4th week after 
clopidogrel therapy. Bleeding time at 4th week after clopidogrel therapy was 
significantly prolonged (11.46%) compared to baseline although they were 
within the normal range. During the study period, clopidogrel was well 
tolerated by all subjects. It was concluded that clopidogrel effectively 
reduced the levels of CRP and MDA and it prolongs bleeding time. This 
study suggested that clopidogrel could have the beneficial effects in the 
prevention and treatment of atherosclerosis by its anti-inflammatory and 
anti-oxidant actions beyond its antiplatelet activity with a favourable   safety 
profile. 

Key words: Clopidogrel, C-reactive protein, Malondialdehyde, Bleeding time 
 

INTRODUCTION 
 

Cardiovascular disease (CVD) is a global 
burden in which thrombotic complications 
play a major role. CVDs are the number  
one cause of death globally; more people 
die annually of CVDs than of any other 
causes.1 Atherothrombosis, defined as athero-
sclerotic plaque disruption with super-
imposed thrombosis, is the major cause of 
acute coronary syndromes (ACS) and 
cardiovascular death.2  

A variety of recent investigations have 
indicated that inflammation has a prominent 
role in the progression of atherosclerotic 
disease. The inciting event of athero-

sclerosis is likely an inflammatory insult 
that occurs decades before the disease 
becomes clinically apparent.3 Elevation of 
C-reactive protein has been widely studied 
as novel predictor for the development and 
progression of atherosclerosis.4 The free 
radicals are  also involved throughout the 
atherogenic process, beginning from endo-
thelial dysfunction in an intact vessels wall 
up to the rupture of a lipid-rich, athero-
sclerosis plaque, leading to acute myo-
cardial infarction  or  sudden  death.5 The 
important role of antiplatelet  therapy for the 
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prevention and treatment of thrombotic 
complications of atherosclerotic disease is 
well-established. The currently available 
antiplatelet agent, clopidogrel has shown 
varying effects on inflammatory markers.6 
Recent trials have raised the possibility that 
clopidogrel may also possess the effects     
on oxidative stress. This study was aimed       
to identify whether clopidogrel attenuates 
inflammatory activity by the decrease of 
inflammatory biomarker C-reactive protein 
(CRP) and oxidative stress by reduction of 
malondialdehyde (MDA) level in subjects 
with hypercholesterolemia.  

MATERIALS AND METHODS 

The study was longitudinal study design  
and was carried out at Department of 
Biochemistry, University of Medicine 2 
(Yangon). Both male and female subjects, 
who were hypercholesterolemic and not 
taking any lipid lowering medications, were 
selected as study population according to 
inclusion and exclusion criteria. Hypercho-
lesterolemia was defined as total cholesterol 
between 200-239 mg/dl (according to NCEP 
guideline, 2002). The required sample size 
was calculated by using the formula of Chow, 
et al, 2003.7 The minimum required sample 
size was 27 hypercholesterolemic subjects. 
Drug used in the study was clopidogrel 75 mg 
tablet (Clopilet 75 mg tablet). This protocol 
was approved by the Ethical Committee of 
University of Medicine 2 (Yangon) before 
commencement of the study.  
After taking informed consent, history 
taking and clinical examinations were done 
from each subject. Before the study, 3 ml   
of blood samples were taken from each 
subject for screening of hypercholestero-
lemia. Clopidogrel 75 mg once daily was 
given to all subjects for 4-week period. The 
serum CRP levels and plasma MDA levels 
at before and after 4-week treatment of 
clopidogrel were compared. Bleeding time 
was  also compared  before and  after taking 
of clopidogrel for 4 weeks. Incidence of 
minor side effects such as GI discomfort, 
nausea and vomiting were also noted. 

Under aspetic condition, 15 ml of venous 
blood samples were withdrawn from ante-
cubital vein of each subject by using 20 ml 
disposable plastic syringe. The serum CRP 
level and plasma MDA level were determined 
immediately at the day of collection in          
the laboratory of Biochemistry Department. 
Serum C-reactive protein was analyzed  
by turbidimetric method. HUMAN CRP test 
reagents were used to determine the 
concentration of C-reactive protein in the 
samples.8 Plasma MDA level was determined 
by thiobarbituric acid reaction test.9 Bleeding 
time was determined according to Duke 
Method.10 
Data collection and analysis 
Data was collected by using proforma. The 
data was entered into Microsoft excel spread 
sheet and checked again for error and 
completeness. Data analysis was performed 
by applying the computer-based statistical 
package of statistical products and service 
solutions (SPSS) version 16. Results were 
reported as mean±SD. Continuous data was 
analyzed by student and paired “t” test. 
Level of significance was set at p<0.05. 

RESULTS 

In this pre- and post- study, twenty-seven 
(12 males and 15 females) hyperchole-
sterolemic subjects, with the ages ranging 
from 40 to 60 years, were studied for changes 
of their serum CRP by turbidimetric method 
and plasma MDA levels by thiobarbituric acid  
 

 
 

 
 

 
 
 
 

 
Fig.  1.  Comparison of  serum CRP level before  

and after clopidogrel thearpy 
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Fig. 2.  Comparison of plasma MDA level 

before and after clopidogrel therapy 

reaction test before and after four-week 
administration of clopidogrel. The mean age 
was 48.11±5.97 years. According to the phy-
sical data, serum bilirubin, alkaline phos-
phatase, urea and fasting blood glucose 
levels of all subjects were found to be 
within normal range. The mean total choles-
terol was within the range of 200-239 mg/dl. 
The mean±SD levels of serum CRP before 
and after 4 weeks clopidogrel therapy were 
shown in Fig. 1. After 4 weeks intervention 
with clopidogrel therapy, serum CRP 5.56 
±1.33 mg/l was decreased to 5.11±1.2 mg/l 
and the decrease  was statistically signify-
cant (p<0.001). The mean±SD levels of 
plasma MDA before and after 4 weeks 
clopidogrel therapy are shown in Fig. 2. 

 

 

 
 

 
 

 
 
 

Fig. 3.  Comparison of bleeding time before  and  
 after clopidogrel therapy 

After 4-week intervention with clopidogrel 
therapy, plasma MDA 1.65±0.24 µmol/l was 
decreased to 1.34±0.24 µmol/l and the de-
crease was statistically significant (p<0.001). 

Comparison of bleeding times before and 
after 4 weeks administration of the drug is 
shown in Fig. 3. Before the clopidogrel 
therapy, the mean bleeding time was 1.57± 
0.36 minutes. The bleeding time was pro-
longed to 1.75±0.47 minutes after 4 weeks 
of drug therapy. Significant prolongation of 
bleeding time was seen after 4 weeks inter-
vention of clopidogrel therapy (p<0.001). 
The percent changes of serum CRP, plasma 
MDA and bleeding time after clopidogrel 
therapy are shown in Table 1.  

Table  1.  Percent    changes    of    serum   CRP, 
plasma MDA and bleeding time  after 
clopidogrel therapy 

Parameter Percent changes after 
clopidogrel therapy P value 

Serum CRP level  -8.09 <0.001 
Plasma MDA level  -18.79 <0.001 
Bleeding time +11.46 <0.001 

Clopidogrel significantly reduced serum 
CRP and plasma MDA levels after 4 weeks 
(p<0.001). There was also significant pro-
longation of bleeding time after 4 weeks of 
clopidogrel therapy. Concerning adverse 
drug effects, epigastirc distress occurred in 
1 out of 27 subjects (3.7%) and nausea also 
occurred in 1 subject (3.7%).  

 
DISCUSSION 

 
Atherosclerosis, the underlying cause of   
acute myocardial infarction, stroke, and 
peripheral vascular disease, is the main    
cause of morbidity and mortality worldwide. 
Inflammation plays a critical role in the 
initiation, progression, and clinical complica-
tions of atherosclerosis. An emerging para-
digm is the linkage between inflammation 
and thrombosis - namely, inflammation can 
cause thrombosis, and thrombosis can amplify 
inflammation. Inflammation itself promotes 
oxidative stress and endothelial dysfunction, 
resulting in deficiencies of endogenous anti-
thrombotic factors such as nitric oxide, 
prostacyclin, and thrombomodulin.11  

Antiplatelet therapy is one of the most 
effective therapies for treatment of athero-
thrombotic and other associated diseases. 
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Clopidogrel is a member of the thieno-
pyridine group that acts by blocking the 
platelet adenosine diphosphate (ADP) 
receptor, thereby affecting GP IIb/IIIa 
complex activation. 

In this study, anti-inflammatory and anti-
oxidant effects of clopidogrel were investi-
gated in 27 hypercholesterolemic subjects. 
There was no drop out of the patients  
during study period. The compliance of the 
subjects was good and all the subjects 
completed a total of 4 weeks interventional 
therapy. Incidence of minor side effects 
such as GI discomfort, nausea and vomiting 
were also noted. 

Regarding baseline physical data of 27 
eligible hypercholesterolemic subjects, mean 
age was 48.11±5.97 year. In this study,         
14 subjects were above 48 years of age and   
13 subjects were under 48. Out of 27 subjects, 
12 were males and 15 were females. All      
the subjects had no known history of 
hypertension, diabetes mellitus, cardio-
vascular diseases and bleeding disorders. 
Pulse rate, systolic and diastolic blood 
pressure were found to be within normal 
range. Regarding the biochemical data, the 
screening full blood count, serum urea, liver  
function test and fasting blood glucose were 
found to be within normal range. The mean 
value of screening total cholesterol level was 
222.59±11.65 mg/dl and within the range of 
200-239 mg/dl. The mean serum CRP was 
5.56±1.33 mg/l which is a little bit higher  
than normal value; mean plasma MDA was 
1.65±0.24 µmol/l.  

In the present study, the effect of clopidogrel 
was measured on the inflammatory marker, 
serum CRP. As shown in Fig. 1, serum CRP 
was decreased after 4-week interventional 
therapy and it was statistically significant 
(p<0.001). Regarding the percent changes of 
the mean serum CRP, there was 8.09% 
reduction in serum CRP after 4-week period 
of treatment. One study compared clopidogrel 
75 mg alone with aspirin 75 mg daily on 
thrombotic variables and C-reactive protein in 
patients with an acute myocardial infarction. 
By the time of clinical visit one month after 

baseline, average levels of both measures of 
CRP were significantly lowered compared 
with baseline in each treatment arm.  
The median level of CRP was decreased by 
91% on clopidogrel therapy compared with 
baseline (p<0.05).12  Variation of percentage 
in CRP levels fell by clopidogrel therapy in 
the above study and the present study reflect 
different methods and procedures. That study 
was conducted on documented myocardial 
infarct patients within the last 3-7 days over   
6 months period and CRP level was measured 
by high-sensitivity immunonephelometric 
method. The present study was limited by the 
small number of patients (n=27), by the 
absence of a control or placebo group, and by 
the short duration of therapy (4 weeks). 
Similarly, another study demonstrated that 
clopidogrel pretreatment (>24 hours before 
percutaneous coronary intervention) reduced 
serum CRP, CD40L and IL-6 levels after 
the procedure in patients undergoing PCI. 
The study with an experiment in rabbits   
also demonstrated that clopidogrel reduced 
vascular inflammation and suppressed the 
formation of atherosclerosis.13 
CRP is an acute-phase reactant that has been 
shown in prospective cohort studies world-
wide to be a reliable measure of underlying 
systemic inflammation and a strong pre-
dictor of future MI and stroke. Although 
CRP levels may increase up to 1000-fold in 
response to major infection or trauma, levels 
are remarkably stable over long periods     
of time when measured in asymptomatic 
adults, in whom CRP in the high-normal 
range has been found to be a potent, 
independent predictor of future vascular 
events.14  
One of the most frequently used biomarkers 
providing an indication of the overall     
lipid peroxidation level is the plasma 
concentration of malondialdehyde, one of 
several byproducts of lipid peroxidation 
processes. In the present study, the anti-
oxidant effect of clopidogrel was repre-
sented by measuring plasma MDA level.   
As shown in Fig. 2, plasma MDA was 
decreased after 4-week interventional 
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therapy and it was statistically significant 
(p<0.001). Regarding the percent changes of 
the mean plasma MDA, clopidogrel therapy 
demonstrated 18.79% reduction of plasma 
MDA from baseline level. It has been 
consistently found in a study that the 
treatment with clopidogrel improved 
glycemic indices and reduced oxidative 
stress in patients with type 2 diabetes. In 
patients treated with clopidogrel, there was 
a significant reduction in MDA level after   
2 months of treatment compared with the 
baseline value (p<0.05) and a decrease 
12.18% in MDA level was reported. This 
result suggests that clopidogrel has anti-
oxidant effect.15 

In the present study, clopidogrel treatment 
was well-tolerated. All the subjects completed 
the study protocol. Mild gastrointestinal 
symptoms such as epigastric distress and 
nausea were found but reduction of dose or 
withdrawal of the drug was not needed. These 
untoward drug reactions are mild, well-
tolerated  and  no  treatment  was required and  
resolved spontaneously. No serious adverse 
drug reactions such as GI haemorrhage or 
hypersensitivity reaction were seen in all  
the subjects. 

In this study, the bleeding times were 
performed in all subjects before and  
after 4-week clopidogrel therapy as safety 
assessment parameters. The bleeding time 
measured according to Duke method,      
was significantly prolonged after 4 weeks     
of clopidogrel therapy. The mean bleeding 
time was increased at 4 week after clopi-
dogrel therapy and it was statistically signi-
ficant (p<0.01). Normal range of bleeding 
time by Duke method is 1-3 minutes. The 
clopidogrel therapy showed prolongation of 
bleeding times but these were within normal 
limits in the present study. This prolon-
gation did not show bleeding complications.  
The results of this study in hyperchole-
sterolemic subjects showed a significant 
reduction in serum CRP and plasma MDA 
levels with clopidogrel therapy. It is also 
concluded that the study drug is well-
tolerated over 4-week study period.  

Conclusion 
This study demonstrated that clopidogrel  
can decrease the levels of inflammatory 
marker, CRP and oxidative stress marker, 
MDA in the hypercholesterolemic subjects. 
Despite the increase in bleeding time, the 
profile of hemostatic safety was adequate. 
The data of the present study supported that 
these effects may play an important role in 
the clinical benefits for long-term use of clopi-
dogrel in atherosclerotic vascular diseases 
such as myocardial infarction, ischemic 
stroke or peripheral arterial disease. 
Future studies for determination of serum 
CRP level after clopidogrel therapy in 
different patient populations for longer 
duration should be done for efficacy and 
safety profile. Effect of clopidogrel on      
other inflammatory markers should also be     
carried out. 
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Glucose-6-phosphate dehydrogenase (G6PD) enzyme deficiency is the most 
common heredity disorder in Myanmar. For screening of this disorder in 
community, transport of fresh blood and doing of laboratory procedures in 
time are the important factors. In Myanmar, many researchers tried to 
diagnose G6PD enzyme deficiency with different methods. All of these tests 
are tedious, time consuming and unsuitable for mass screening. Agarose gel 
electrophoresis, a semi-quantitative method routinely used for screening  
is also time consuming, more expensive and needs special equipment. 
Recently, the laboratory in Department of Medical Research (DMR) has 
developed modified WST8/1methoxy PMS method, a semi-quantitative 
method for screening purpose. In this method, blood samples were collected 
in Whatman 3MM chromatography paper and enzyme activity was 
measured by ELISA method. The aim of the study was to compare the 
applicability of agarose gel electrophoresis method and modified WST8/1 
methoxy PMS method in community for screening of G6PD enzyme 
deficiency. Blood samples were collected from 600 pregnant women and 
316 husbands from Antenatal Care Unit of Central Women’s Hospital from 
January to March in 2014. The deficient rate in Modified WST8/1 Methoxy 
PMS was 2.7% in female subjects and 3.8% in male subjects; in agarose gel 
electrophoresis method- 3.71% in females and 4.1% in males. The Kappa 
statistics for the agreement of results between these two tests were 0.88 
(p<0.0001). The above findings showed the efficacy of modified WST8/1 
Methoxy PMS method is not different with agarose gel electrophoresis 
method in detection of G6PD enzyme deficiency. 

Key words: G6PD, WST8/1 Methoxy PMS method, ELISA, Pregnancy 
 

INTRODUCTION 
 

Glucose-6-phosphate dehydrogenase (G6PD) 
enzyme deficiency is the most common 
hereditary disorder, and it is estimated to 
affect 400 million people worldwide mainly 
in tropical regions.1, 2 G6PD deficiency may 
cause acute hemolytic anaemia after taking 
certain oxidative drugs especially anti-
malaria drug primaquine, eating of fava 
beans and infections.3 G6PD enzyme 
deficiency is also important in neonatal 
jaundice. In Myanmar, many researchers 
tried to diagnose G6PD enzyme deficiency 
with different methods. Glutathione in-
stability method, agarose gel electrophoresis 

method, formazan ring test, cogent test kit 
and cytochemical staining method.4-8 All of 
these test are tedious and time consuming 
and unsuitable for mass screening. A new 
enzymatic method was described by a study9 

that utilizes a tetrazolium salt known as 
WST8, a less light sensitive form of the  
1-methoxy -5- methyl- phenaziniummethyl 
sulphate (PMS) hydrogen carrier, called 1-
methoxy PMS. This method was modified 
by Melissa Kuwahata from Australia10 to do 
the mass screening of G6PD enzyme 
deficiency on filter paper dried blood spot.  
_____________________________________________________ 
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In Myanmar, the screening methods usually 
used for G6PD enzyme deficiency are 
brilliant cresyl blue decolourization test, 
methaemoglobin reduction test, NADPH 
fluorescent spot, ring method and sephadex 
gel MTT-PMS method. Among these test, 
the International Committee for Standar-
disation in Haematology recommended the 
NADPH fluorescence spot tests the gold 
standard test for screening. 

In DMR’s laboratory, the screening method 
for G6PD enzyme deficiency is methae-  
moglobin reduction method (Brewer’s 
method).11 Brewer’s method is a qualitative 
method and it requires water bath. When 
Brewer’s test shows deficient, the next 
procedure is agarose gel electrophoresis 
method. In this method, centrifuge and 
electrophoresis apparatus are required. This 
test diagnoses the normal, mild deficient 
and severe deficient. Diagnosis of G6PD 
enzyme deficiency is important in anti-
malarial therapy especially primaquine 
therapy.  

In Myanmar, malaria endemic areas are 
remote areas and there is no facility for 
diagnosis of G6PD enzyme deficiency. In 
modified 1-methoxy PMS method, blood 
samples are collected in filter and sent to the 
laboratory to diagnose many samples in one 
time. The aim of the study was to compare 
efficacy of modified WST8/1 methoxy PMS 
method and agarose gel electrophoresis 
method. 

MATERIALS AND METHODS 

The comparative study was conducted    
from January to March, 2014. The study 
populations were 600 pregnant women who 
attended at the Antenatal Clinic of Central 
Women’s Hospital and 316 husbands. Two 
milliliters of blood were collected from each 
subject for 2 different methods: modified 
WST8/1 methoxy PMS method and agarose 
gel electrophoresis method. This study was 
approved by the Ethic Review Committee of 
Department of Medical Research. Informed 
consent was obtained from each subject 

before blood collection. Subjects were 
assured that all the information would be 
kept confidential. 
Modified WST8/1 methoxy PMS method10  

Blood was collected on 3MM chromato-
graphy paper and the blood spot on the filter 
must be more than 1 cm diameter and both 
surfaces were soaked with blood. The filter 
papers were dried at ambient temperature 
and stored individually in zip-lock bags at 
4-8ºC. For this method, 2 assay mixes and 
WST-8 solution were prepared.  

(a) The concentrated assay mix contained  
50 mM glucose 6 phosphate, 4 mM NADP, 
1 M Tris-HCl, 100 mM MgCl.  
(b)  Control mix was also prepared as above 
and it did not contain glucose-6-phosphate 
and NADP.  
(c) 5 mM  WST-8 (Cell  counting  kit-8, 
Sigma-Aldrich) solution was also prepared. 
Working assay mix was prepared just before 
each assay. For each 96-well plate, 0.5 ml of 
concentrated mix and 0.5 ml of WST8 
reagent were added to 19 ml of water. No 
substrate control mix was also prepared with 
1 ml water, 26.3 µl concentrated no substrate 
mix, and 26.3 µl WST8 reagent.  
Blood spot (2 mm diameter) was placed in  
a single well of 96-well flat bottom micro-
plate. Two hundred microlitre of working 
assay were added and mixed into each well 
except the substrate negative well, into 
which 200 µl of no-substrate assay mix was 
added.  Plates were incubated for 2 hours   
at ambient temperature. The filter papers 
were removed from the microplate, and  
then read in Microplate reader (Awareness 
Technology Inc) at 492 nm. 

Normal G6PD activity was indicated by 
dark yellow to orange coloration, while 
severe and intermediate deficiency appearing 
as almost colorless, and faintly yellow 
coloration, respectively. 
Agarose gel electrophoresis method 5 

Red blood cells were washed three times 
with same volume of phosphate buffer 
saline (PBS) pH 7.2. after that, 0.15% (v/v) 
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Triton was added. Tris citric acid buffer  
(pH 8.6) was prepared with 0.05 M Trizma 
base, 0.005 M citric acid, and 10 µM 
NADP. TrisHCl (pH 8) was prepared with 
0.05 M Trizma base and pH was adjusted 
with HCl. Agarose 1.2 gm% in Tris citric 
acid buffer was also prepared. 
After 2-hour running time the agar gel was 
stained with 10 mg glucose-6-phosphate,  
2 mg MTT, 2 mg PMS, 2 mg NADP in      
30 ml TRisHCl buffer. It was incubated at 
37ºC for 30 minutes. After staining with 
glucose-6-phosohate, MTT, phenozineme-
thosulfate, NADP and Tris-HCl buffer 
normal enzyme activity gave a deep 
purplish blue color and intermediate type 
gave a faint coloration while deficient type 
showed no band. All these chemicals were 
bought from Sigma Company. 
Quality assurance 
A commercial standard reagent of known  
G6PD enzyme activity (normal, interme-
diate and deficient, Trinity Biotech) was 
used as standard. 

Statistical analysis 
The degree of agreement in these two test 
was calculated by Kappa test and its value 
was 0.88 (p<0.0001). 

RESULTS 

In this study, 916 subjects were recruited; 
among these subjects, 600(65.5%) were 
pregnant women and 316(34.5%) were 
husbands of these women (Fig. 1). 
 
 
 
 
 
 
 
 
Fig. 1. Sex distribution of recruited subjects 

Red blood cells were washed with 1:1 
volume of phosphate buffer saline (PBS) 
(0.05 M Tris, 0.005 M). 

Each blood sample was diagnosed with  
2 different methods for G6PD enzyme defi-
ciency namely: modified WST8/1 methoxy 
PMS method and agarose gel electro-
phoresis method. Both were semiquanti-
tative methods. A commercial standard 
reagent of known G6PD enzyme activity 
was used as standard. Samples for both tests 
were diagnosed as normal and deficient 
ones by 2 different persons.  
 
Table  1.   Comparison  of   results   of  modified 

WST8/1 methoxy  PMS  method   and 
agarose gel electrophoresis method 

Study  
popu- 
lation 

 

Deficient  
No. (%) 

Normal  
No. (%) 

P 
value 

Modified 
WST8/1 
methoxy 

PMS 

Agarose  
gel  

electro-
phoresis  

Modified 
WST8/1 
methoxy 

PMS 

Agarose  
gel  

electro-
phoresis 

Total 
  (916 ) 

60 
(6.6) 

72 
(7.9) 

856 
(93.45) 

844 
(92.1) 

<0.0001 

Male  
  (316) 

35 
(3.8) 

38  
(4.1) 

281 
(96.25) 

278  
(95.9) 

 

Female   
  (600) 

25 
(2.7) 

34 
(3.7) 

575  
(97.3) 

566 
(96.3) 

 

 
The Kappa statistic for agreement of results 
to Modified WST8/1 methoxy PMS method 
and agarose gel electrophoresis method was 
0.88 (p<0.0001). Sensitivity of these tests 
was 94%, specificity was 100% and positive 
predictive value was 100% and negative 
predictive was 99%. 
 

DISCUSSION 
 

Detection of G6PD enzyme deficiency with 
various screening methods requires tedious 
and time consuming laboratory techniques 
and equipments such as heated water baths, 
UV lamps, spectrophotometer and micro-
scope. It also needs significant financial, 
infrastructural and technical support. 
Because of these reasons, the usual methods 
are not suitable for field-based mass 
screening. In Myanmar, most of the 
laboratories use methaemoglobin reduction 
methods for qualitative diagnosis. For 
research purpose, this methods is used       
as qualitative method and agarose gel 
electrophoresis method as semi-quantitative 
method. Methaemoglobin reduction method 
needs water bath and reaction time takes 

Male Female
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nearly 4 hours. In agarose gel electro-
phoresis method, it needs centrifuge for hae-
molysate, electrophoresis tank for gel 
electrophoresis and incubator for gel 
staining.  

The reaction time takes more than 24 hours. 
Both of these methods need electricity and 
are not suitable for remote areas. In 
modified WST8/1 methoxy PMS method, 
the concentrated assay mix is prepared       
in the laboratory and frozen aliquots are 
transported to the survey area. The assay 
mix is stable up to two weeks at ambient 
temperature.10 In Melissa’s study, concen-
trated assay mix was prepared in the 
laboratory and sent to the study area. They 
performed the microtiter plate assay in the 
field.  

In this study, the blood was collected with 
filter paper and the 96-well microtiter plate 
assay was done in the laboratory. The mean 
duration between blood collection and 
performing of laboratory test was 3±1 days. 
The main aim of the study was to compare 
the results of the WST8/1 methoxy PMS 
and agarose gel method which was 
traditionally used. According to the findings, 
the results of both tests were not different. 
To obtain the semiquantitative result in the 
laboratory there were two steps to be con-
ducted: methaemoglobin reduction method 
and agarose gel electrophoresis method. In 
modified 1 methoxy PMS gave semi-
quantitative result, directly. Although the 
spectrophtometric method is the gold 
standard for quantitative assessment and 
fluorescence spot tests is qualitative 
assessment, there was no facility for those 
tests at that time. In Myanmar, as facility for 
detection of G6PD enzyme deficiency is 
only available in large city, this study was 
conducted to collect the blood from remote 
areas and to perform the test in the 
laboratory.  

As the results of both tests showed high 
agreement, using the modified WST8/1 
methoxy PMS method may fulfill to 
diagnose large number of samples from 
remote areas in short durations. 
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This study aimed to determine the effect of CYP2C19*2 polymorphism on 
the pharmacokinetics of gliclazide in healthy Myanmar volunteers. In the 
phase I study, a total of 150 subjects, of either sex of different ethnicities, 
were randomly selected for determination of CYP2C19 genotype. Among 
them, 53.3% were normal/wild type, 40% were heterozygous and 6.67% 
were homozygous for CYP2C19*2 genotype. In the phase II study, one 
tablet of Reclide containing 80 mg of gliclazide was given to each volunteer 
and blood samples were collected at 0, 1, 2, 3, 4, 5, 6, 8, 10 and 24 hr after 
drug administration. Plasma gliclazide concentrations were determined  
by validated HPLC method and the pharmacokinetic parameters were 
compared among three different genotypes. All the elimination parameters 
of gliclazide (Cmax, Tmax, T1/2el, Kel, clearance/F) were significantly lower in 
those with polymorphism but no significant differences were observed in the 
absorption parameters (T1/2ab and Kab). The results of this study suggested 
that CYP2C19*2 polymorphism affect the metabolism of gliclazide but not 
its absorption.   

Key words: Cyp2c19*2, Polymorphism, Pharmacokinetics of gliclazide 

 
INTRODUCTION 

 
Pharmacogenetics is the study of the linkage 
between an individual’s genotype and its 
ability to metabolize a foreign compound. 
Cytochrome P-450(CYP) enzyme system is 
one of the most important drug metabolizing 
enzyme systems in humans. It is composed 
of families and subfamilies of enzymes 
which are responsible for metabolism of 
drugs, steroid and cholesterol. Of the 
CYP450 content in human liver, CYP3A4 is 
the most abundant (~28%), followed by 
CYP2C family (18%), CYP1A2 (~12%), 
CYP2E1 (7%), CYP2A6 (4%), CYP2D6 
(1.5%) and CYP2B6 (0.2%).1  

Of these, CYP3A4 metabolizes more than 
half of the currently prescribed drugs (51%) 
followed by CYP2D6 (24%) and the 
CYP2C subfamily (~20%).1 CYP2C9 and 
CYP2C19 are responsible for metabolizing 
over 20% of clinical therapeutic drugs. 

There are altogether 21 variant alleles of 
CYP2C19 that have been described to date. 
Normal/wild type genotype is CYP2C19*1 
and the two most common variants are 
CYP2C19*2 and *3, both of which result in 
the total absence of enzyme activity. They 
account for approximately 87% of all poor 
metabolisers (PMs) in Caucasians and 100% 
of all PMs in Orientals. The variant alleles 
of CYP2C19 (except*17) explain almost all 
PMs of CYP2C19. CYP2C19*17 is the one 
and only allele that results in ultra-rapid 
metaboliser status. The rest of the variant 
alleles account for poor metaboliser status.2  
Genotyping of CYP2C19 has clinical 
importance particularly for drugs which are 
mainly eliminated by CYP2C19 especially 
for those with narrow therapeutic index. 
Of all the CYP enzymes, Asians have the 
_________________________________________________ 
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highest incidence of CYP2C19 polymor-  
phism. Substrates of CYP2C19 include 
tricyclic antidepressants (e.g amitriptyline), 
antiepileptics (e.g phenytoin), proton pump 
inhibitors (e.g omeprazole), β blockers  
(e.g propanolol) and NSAIDs (e.g indo-
methacin, diclofenac), oral hypoglycemic 
(e.g gliclazide), etc. Impaired metabolism  
of these drugs due to polyorphism of 
CYP2C19 can lead to serious clinical 
consequences. 
Among the substrates of CYP2C19, glicla-
zide is of particular interest because it is 
frequently prescribed drug in current 
clinical practice since the incidence of 
diabetes mellitus is increasing nowadays. 
Unlike other substrates of CYP2C19, 
gliclazide has to be given daily for long 
period since diabetes is a chronic metabolic 
disorder. It is relatively free of side effects 
in normal subjects but may lead to serious 
consequences in subjects with CYP2C19 
polymorphism.3 
Genetic polymorphism of CYP2C19 was 
examined in three South-east Asian popu-
lations. The study was conducted in 772 
Thai, 127 Burmese and 131 Karen. 
Genotype analysis revealed that allelic 
frequency of CYP2C19*1, *2 and *3 in 
Thai were 0.68, 0.29 and 0.03, respectively 
and in Burmese were 0.66, 0.30 and 0.04, 
respectively. And Karen were 0.71, 0.28  
and 0.01, respectively. The prevalence of 
PMs estimated from data among these three 
ethnic populations were 9.2%, 11% and 
8.4%, respectively.4 

CYP2C19 polymorphism and pharmaco-
kinetics of gliclazide modified release (MR) 
Zhang and co-workers investigated the 
influence of CYP2C9 and CYP2C19 genetic 
polymorphism on the pharmacokinetics     
of gliclazide MR in healthy Chinese 
subjects with both single and multiple dose 
studies. In the single dose study, AUC0-∞    
of gliclazide was significantly increased    
by 3.4 fold (p<0.01) in CYP2C19 PM 
subjects compared to CYP2C19*1 homo-
zygotes   (normal/wild type).   The   half-life  

(T½el) was prolonged from 15.1 to 44.5 hrs 
(p<0.01). Similar differences were found in 
the multiple dose study. AUC and Cmax of 
gliclazide were 4.5 fold and 2.9 fold 
increased (p<0.01) in CYP2C19 PM subjects, 
respectively, compared with CYP2C19*1 
homozygotes, and T½ was also increased 
from 13.5 to 24.6 hrs (p<0.01).5  

When extensive metabolisers (EMs) of 
CYP2C19 were compared with PMs of 
CYP2C19, AUC and Cmax were significantly 
higher (p=0.000) and oral clearance was 
significantly lower (p=0.000) in CYP2C19 
PMs. The half-life of gliclazide in 
CYP2C19 PMs was also prolonged  
but the difference was not significant 
(p=0.052). 

In that study, AUC0-∞ ratio between 
CYP2C19 PMs and CYP2C219 EMs is  
5-12, suggesting that CYP2C19 PMs have 
a considerably increased exposure to glicla-
zide in Chinese Han subjects.6 The main 
objective of this study was to find out the 
frequency of CYCP2C19*2 polymorphism 
in Myanmar and to study its effect on 
pharmacokinetics of gliclazide MR. 
 

MATERIALS AND METHODS 
 
This study was a cross-sectional, analytical 
study. The method for phase I study 
(genotyping of CYP2C19 polymorphism) 
was developed and established in Renal 
Immunology Laboratory, Institute of 
Medical and Veterinary Sciences (IMVS), 
Royal Adelaide Hospital, Adelaide, Australia 
and actual genotyping of Myanmar volun-
teers was carried out in the Pathology 
Department, National Health Laboratory 
(Yangon), Myanmar. Phase II study i.e., 
pharmacokinetic assay was carried out in 
the Common Laboratory of University of 
Medicine 1 (Yangon).  

One hundred and fifty healthy Myanmar 
volunteers, ages between 25 to 50 years, of 
either sex and different ethnicities who gave 
consent to participate in this study were 
chosen for the phase I study.  
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Phase I: Identification of CYP2C19*2 
polymorphism 
After obtaining informed consent, 10 ml of 
venous blood was taken from each subject 
for genotyping. DNA was extracted from 
peripheral blood leukocytes using QIAamp 
DNA Blood Mini kit. The extracted DNA 
were dissolved in sterile distilled water and 
stored at -20ºC until PCR analysis. PCR 
amplification of CYP2C19 was done in 
an Eppendorf PCR system (Mastercycler 
Gradient) using the specific forward and 
reverse primer 5-’ATTACAACCAGAGCT 
TGGC-3’ and 5’TATCACTTTCCATA AAA 
GCAAG-3’. The amplification conditions 
were as followed: initial denaturation at 
95ºC for 2 minutes, then, 40 cycles of 
denaturation at 95ºC for 30 seconds, 
annealing at 54ºC for 30 seconds, extension 
at 72ºC for 30 seconds.  

Final extension at 72ºC for 5 minutes was 
performed.7 PCR products were then 
digested with restriction enzyme Sma1 at 
25ºC overnight.8 Then, digested PCR 
products were analyzed by electrophoresis 
in 2% agarose gels stained with ethidium 
bromide. In the CYP2C19*1 (wild-type) 
allele, the restriction enzymes Sma1 spliced 
the 169 bp DNA fragments into 120 bp and 
49 bp fragments.  
Therefore, only two fragments (120 bp and 
49 bp) were seen after the digestion.8 In the 
case of heterozygous polymorphism of 
CYP2C19*2 (*1/*2) carrying one normal 
allele and one mutant allele, there were 
altogether three fragments (120 bp, 49 bp 
and 169 bp) after enzyme digestion as  
a result of incomplete or partial digestion. 
But, in those with homozygous polymer-
phism of CYP2C19*2 (*2/*2), carrying two 
mutant alleles, since there was no restriction 
site in both alleles, the DNA fragments were 
totally undigested and only one undigested 
fragment (169 bp) was seen.8 

Phase II: Pharmacokinetic analysis of 
gliclazide MR 
Among the subjects from phase I, up to  
15 each of normal/wild type genotypes 

(*1/*1) and heterozygous genotypes (*1/*2) 
and all 10 of homozygous genotypes (*2/*2) 
who met the inclusion criteria were included 
in the phase II (kinetic) study. All eligible 
subjects underwent routine history taking, 
physical examination and thorough clinical 
examination. No medication was used for  
at least 2 weeks before phase II study and 
alcohol was forbidden within 72 hours prior 
to drug administration.  

All the volunteers were asked to undergo 
fasting since 10:00 pm onward the night 
before. On the day of the experiment, before 
drug administration, a control/blank venous 
blood sample was collected from each 
volunteer using sterile 5 ml syringe. Then, 
each subject received one tablet of Reclide 
containing 80 mg of gliclazide with 250 ml 
of drinking water in a fasted state in the 
morning. The subjects could have their 
breakfast 15 minutes after the drug 
administration.  

Sample collection and storage 

Five milliliters of serial blood samples were 
taken at 1, 2, 3, 4, 5, 6, 8, 10 and 24 hours 
after administration of gliclazide using 
disposable syringes and sera were separated 
within 3 hours of venepuncture. Serum 
samples were stored frozen at -20°C until 
time of assay. Plasma gliclazide concen-
trationsin the collected samples were 
analyzed by validated HPLC method.9 The 
separation was performed on an analytical 
HPLC C18 (5 m particle size) column using 
glipizide as internal standard.  

The wave-length was set at 229 nm. The 
mobile phase was a mixture of acetonitrile 
and water (49:51 v/v) titrated at pH 2.6  
by using phosphate buffer, and the mobile 
phase was adjusted with a flow rate of  
1 ml min-1. The average retention time of 
gliclazide and glipizide were 7.9 minutes 
and 4.4 minutes, respectively.  

Data analysis 

The allelic frequencies were calculated and 
the results of this study were compared with 
published results of the previous studies in 
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Asians as well as Westerners. Confidence 
intervals were set at 95% for all observed 
allelic frequencies. The correlation between 
genotypes and pharmacokinetic parameters 
was analyzed by method of analysis of 
variance (ANOVA) followed by post-hoc 
analysis using Dunnett 2 sided Test. ‘p’ Value 
of less than 0.05 was taken as the minimum 
level of statistical significance. 
Ethical Consideration 
This study was approved by Ethical 
Committee of the Academic Board of Post-
graduate Studies, University of Medicine 1 
(Yangon). 
 

RESULTS 
 

Phase I: Identification of CYP2C19 
polymorphism 

Among 150 healthy Myanmar volunteers, 
80(53.33%) were homozygous for CYP2- 
C19*1 (normal/wild type) (*1/*1) and 
60(40%) were heterozygous for CYP2- 
C19*2(*1/*2) and only 10 subjects (6.67%) 
were homozygous for CYP2C19*2 geno-
type (*2/*2) (Fig. 1). 

 
 
 
 
 
 
 
 
 

Fig. 1.  CYP2C19 polymorphism among healthy  
Myanmar volunteers 

 
Phase II: Pharmacokinetic analysis of 
gliclazide MR 

As seen in Table 1, AUC(0-24), AUC(0-∞) 
and Cmax of those with polymorphic alleles 
were significantly higher than those with 
normal/wild type genotypes.  Tmax was  also 
significantly prolonged in those with poly-
morphic alleles. When plasma gliclazide 

concentrations at specified times among 
three different genotypes were compared, 
plasma gliclazide concentrations obtained in 
those with normal (*1/*1) genotypes were 
significantly lower than those of hetero-
zygous and homozygous genotypes starting 
from 4th hour after drug administration upto 
the time of last collection i.e., 24th hr. 
 
Table   1.  Comparison    of     pharmacokinetic  

parameters   among   three  different  
genotypes 

Parameters 
(Mean±SD) 

Genotypes ANOVA (p value) 

*1/*1 *1/*2 *2/*2 
*1/*1 
 vs. 

*1/*2 

*1/*1 
 vs. 

*2/*2 

*1/*2 
 vs. 

*2/*2 
Cmax(µg/dL) 4.27 

±0.68 
5.32 
±0.88 

6.79 
±1.51 

0.014 0.000 0.002 

Tmax(hr) 2.93 
±0.26 

4.47 
±0.64 

5 
±0.82 

0.000 0.000 0.056 

AUC(0-24) 44.34 
±9.09 

65.12 
±16.37 

87.34 
±20.20 

0.000 0.000 0.002 

AUC(0-α) 53.99 
±10.88 

91.21 
±22.68 

125.51 
±2.92 

0.000 0.000 0.001 

T1/2 ab(hr) 0.82 
±0.27 

0.94 
±0.28 

0.89 
±0.26 

0.352 0.687 0.883 

Kab(hr-1) 0.94 
±0.32 

0.81 
±0.28 

0.85 
±0.32 

0.407 0.690 0.925 

T1/2el(hr) 8.71 
±0.59 

11.77 
±1.07 

12.19 
±1.08 

0.000 0.000 0.404 

Kel(hr-1) 0.079 
±0.01 

0.059 
±0.01 

0.057 
±0.01 

0.000 0.000 0.494 

CL/F(Lhr-1kg-1) 0.025 
±0.01 

0.015 
±0.00 

0.010 
±0.00 

0.000 0.000 0.020 

Vd/F(L/Kg) 0.31 
±0.06 

0.25 
±0.04 

0.19 
±0.04 

0.004 0.000 0.005 

 
 

 
 

 
 
 

 
Fig.  2.  Electrophoretic patterns of CYP2C19 

polymorphism evaluated by PCR-RFLP   
based assay 

Pharmacokinetic parameters of gliclazide 
MR among three different genotypes 
In this study, the peak plasma concentration 
Cmax of normal (*1/*1) genotypes was 

77   = Homozygous (2*/2*) 
72, 78, 79 = Heterozygous (1*/2*) 
71, 73, 74, 75, 76, 80 = Normal genotype (1*/1*) 

*1/*1 (Normal/wild type)
*1/*2 (Heterozygous)
*2/*2 (Homozygous)

71  72  73   74   75   76  77   78   79  80 

200   
150   
100   
20bp



 

87 

significantly lower than those of hetero-
zygous (*1/*2) and homozygous (*2/*2) 
(p=0.014 and 0.000, respectively). Tmax of 
those with normal genotypes was signi-
ficantly shorter than those with hetero-
zygous and homozygous genotypes 
(p=0.000). However, there was no statisti-
cally significant difference between Tmax of 
heterozygous and homozygous. AUC(0-∞) 
of  gliclazide  obtained in those with normal  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.  3.  Mean  plasma   gliclazide  concentration 
versus time graph after single oral 
administration  of 1 tablet of  Reclide 
(gliclazide MR) 80 mg 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Comparison of plasma gliclazide con- 
centrations  (µg/ml) of normal/wild type 
genotypes at specified times with hetero-
zygous and homozygous genotypes 

genotypes were significantly lower than 
those of heterozygous and homozygous 
(p=0.000). AUC(0-∞) of homozygous was 
also significantly larger than that of hetero-
zygous (p=0.001) (Table 1 &  Fig. 4).  

There was no statistically significant 
difference in absorption half-life (T1/2ab) and 
absorption rate constant (Kab) of gliclazide 
among three different genotypes. However, 
elimination rate constant (Kel) and elimin-
ation half-life (T1/2el) of gliclazide in normal 
genotypes were significantly lower and 
shorter than those with heterozygous and 
homozygous genotypes with p values of 
0.000. But, T1/2el of gliclazide in those with 
heterozygous and homozygous genotypes 
were not statistically different (p=0.404). 
The clearance/F (L.hr-1.kg-1) of gliclazide  
in  those  with  normal genotypes was  signi- 
ficantly higher than those with heterozygous 
and homozygous genotypes (p=0.000) 
(Table 1 & Fig. 4). 
 

DISCUSSION 
 

CYP2C19*2 polymorphism in Myanmar 

The findings of this study were in agree-
ment with one study.4 In this study, the 
frequency of CYP2C19 *1/*1, *1/*2 and 
*1/*3 in Myanmar populations were 44.1%, 
39.4% and 9.4% and those of Thai were 
44.5%, 42.6% and 6.7%, respectively. 
However, the frequency of CYP2C19 *1/*1 
in the present study was higher than these 
findings.  

It may be due to the fact that, in the present 
study, those who were neither *1/*2 nor 
*2/*2 were regarded as *1/*1 (normal) 
genotypes. But in fact, there are other 
polymorphisms apart from*1/*2 and *2/*2 
(*3 to *17). So, the discrepancy of *1/*1 
between the two studies might be due to 
these other polymorphisms of CYP2C19. 
It is especially noteworthy for Myanmar 
since 40% of Myanmar populations are 
heterozygous and 6.7% are homozygous for 
CYP2C19*2 polymorphism which can 
significantly lower the activity of the 
enzyme. Therefore, it is clinically important 
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B=2nd hour E=5th hour H=10th hour 
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to take into consideration of CP2C19*2 
polymorphism before administration of its 
substrate drugs. 
Phase II: Pharmacokinetic analysis of 
gliclazide MR 
Plasma drug concentration at any time is      
a factor of absorption and elimination and   
is directly proportional to absorption and 
inversely to elimination. It is also directly 
proportional to the dose of the drug 
administered. If the dose is the same, as in 
this study, differences in the Cmax might be 
due to the differences in the rate of 
absorption or elimination between the 
subjects.11 In the drugs which follow first 
order kinetics, rate of absorption decreases 
with time until it becomes equal to the rate 
of elimination (i.e., Tmax) which gradually 
increases with time.11 
But, if the elimination rate is slowed, as 
with polymorphic alleles, then it takes 
longer for absorption to become equal to 
elimination and hence Tmax is delayed. 
Therefore, there will be more time for 
absorption leading to higher Cmax and larger 
AUC. The observed differences in plasma 
drug concentrations, Cmax, Tmax and AUC 
between polymorphic and normal/wild type 
genotypes could be either due to absorption 
or elimination since amount of drug in the 
body is a function of these two parameters. 
But, according to the comparison of the 
results, there were no significant differences 
in all the absorption parameters (Kab, T1/2ab) 
among three different genotypes. Therefore, 
it could be concluded that CYP2C19*2 
polymorphism did not influence the 
absorption kinetics of gliclazide. 
Therefore, the observed differences should 
only be due to the differences in elimination.  
At the same time, highly significant 
differences were noted in all the elimination 
parameters (T1/2el, Kel, CL) among three 
different genotypes suggesting that 
CYP2C19*2 polymorphism influences the 
elimination of gliclazide. Again, elimination 
is mainly influenced by age, liver and renal 
function. Gliclazide is extensively metabo-
lized into inactive metabolites which were 

excreted from the kidney and less than     
1% of administered gliclazide is excreted 
unchanged.10 In this study, all the subjects 
had to undergo renal and liver function test 
before the study and those with abnormal 
renal or liver function were excluded.  

Therefore, the observed differences in the 
elimination parameters could not be due to 
differences in renal function. Previously, 
CYP2C9 was assumed to be responsible for 
the metabolism of gliclazide. A study5 

incidentally found pharmacokinetic profile 
of gliclazide modified release (MR) was    
in good relation with CYP2C19, not with 
CYP2C9.5 Those findings were further 
supported by another once study6 which  
also found that CYP2C9 was not associated 
with any change in the disposition of 
gliclazide but CYP2C19 polymorphism 
appeared to exert the dominant influence  
on the pharmacokinetics of gliclazide  
in healthy Chinese Han subjects, and might 
also affect the observed pharmacodynamics 
of the drug as a result.6  

Therefore, differences in the pharmaco-
kinetic parameters of gliclazide in those 
with polymorphism in this study should     
be due to the differences in the activity  
of CYP2C19.  Although plasma gliclazide 
concentration in normal genotypes fell 
below the threshold concentration for hypo-
glycemic activity (i.e., 1.5 µg/ml)10 after 
10th hr, that of heterozygous and homo-
zygous genotypes were still above the 
threshold concentration even after 24th hr. 
This could be dangerous since gliclazide is 
usually administered as twice daily regimen, 
especially in homozygous genotypes whose 
plasma gliclazide levels were much high 
above the threshold concentration even at 
24th hr. Furthermore, poor metabolisers also 
had longer T1/2el and would take longer for 
their plasma gliclazide concentration to fall 
below the threshold, making it even more 
dangerous. According to this study, about 
one third of Myanmar population has at 
least one polymorphic allele, rendering one 
in three chance of administering gliclazide 
to poor metabolisers.  
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Conclusion 
In the present study, incidence of 
CYP2C19*2 polymorphism in healthy 
Myanmar population was found to be higher 
than expected, accounting for a significant 
portion of Myanmar population. This study 
also indicated that CYP2C19 played an 
important role in the metabolism of glicla-
zide MR providing a plausible explanation 
for interindividual variations of the phar-
macokinetics of gliclazide MR.  
This was clinically important since there 
was significant accumulation of gliclazide 
MR in poor metabolisers which could lead 
to serious adverse effects with usual twice 
daily regimen. Pharmacokinetic changes of 
gliclazide MR due to CYP2C19*2 polymor-
phism in this study can also be applied to 
other substrate drugs of CYP2C19. The 
findings of this study highlight the clinical 
significance of CYP2C19*2 polymorphism 
regarding administration of its substrates 
drugs. 
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Pesticides are chemicals used in agriculture to protect crops against 
destructive pests and thereby increasing food supply. The aim of this study 
was to assess the desirable safe waiting period between the last application 
of pesticides and release of the broccoli to the consumer and to determine 
pesticide residues in brassica vegetables (cauliflower and broccoli) from 
market samples. Laboratory-based, cross sectional descriptive study 
involved firstly, test field broccoli samples (Brassica italica) were sprayed 
with chlorpyrifos 40% EC (Emulsifiable concentrate) and were analyzed 
from treated and untreated plots by gas chromatography-flame photometric 
detector. Secondly, the rate of breakdown of chlorpyrifos pesticide in the 
plant foliage was also determined by half-life. The average initial deposit of 
14.12 ppm was observed after the last application of chlorpyrifos at the 
recommended dosage of 35/gallon. The residue in broccoli dissipated below 
its MRL value after 7 days. The half-life period of chlorpyrifos in broccoli 
foliage was observed to be 2.4 days. Cauliflower and broccoli samples from 
local markets (10 samples) were analyzed for of pesticide levels by gas 
chromatography-mass spectrometry. Among market samples, three samples 
contained OPPs residues seemed to be chlorpyrifos in qualitative analysis 
but only one sample was found to be contaminated with chlorpyrifos residue 
about 1.2 ppm. Maximum residue limit of chlorpyrifos on broccoli was  
2 ppm adopted by Codex. Market samples were observed to be treated with 
pesticides and pesticide levels may be declined below legal limits by the 
time food reached to consumers. But, market samples from over the country 
still needed to be analyzed to prevent human health hazard.  

 
Key words: Gas chromatography-flame photometric detector, Gas chromatography-mass  

spectrometry, Organophosphate pesticides residues 
 

INTRODUCTION 
 

Myanmar is one of the agricultural-based 
developing countries in Southeast Asia. In 
Myanmar, pesticides are used not only for 
protecting crop, but also for vector control. 
The consequences of their use and the 
realization that some foods contain residues 
of these compounds are of importance to the 
consumers. The problem of contamination 
of food commodities, especially fruits and 
vegetables by pesticide residues constitutes 

one of the most serious challenges to public 
health. Pesticides in general are chemicals 
used to kill or control unwanted pests. The 
unused pesticides and their degradation 
products and metabolites in various 
compartments of the environment may find 
their way into the human body through food 
chain, causing various health hazards.1  
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Pesticides are sprayed onto food, especially 
fruits and vegetables, they secrete into soils 
and groundwater by directly or indirectly 
absorption from roots which can end up in 
drinking water and pesticide spray can drift 
and pollute the air.2  

Pesticides can enter the human body 
through inhalation of aerosols, dust and 
vapor that contain pesticides, through oral 
exposure by consuming contaminated food 
and water and through dermal exposure by 
direct contact of pesticides with skin. 
Pesticide exposure of consumer through 
food chain may lead to chronic toxicity due 
to accumulation of residues in the body over 
a long period of time. Possible health 
problems associated with chronic pesticide 
toxicity include respiratory problems, 
immunological disorders, memory dis-
orders, dermatologic conditions, cancer, 
depression, neurological deficits, miscar-
riages, birth defects and worsening of 
existing health conditions.3 

Nowadays, people consume more fresh 
fruits and vegetables in the diet to improve 
their health. But, consumption of fruits and 
vegetables that have been sprayed with 
pesticides (insecticides, herbicides, and 
fungicides) can pose hazards to human 
health. Vegetables are of direct concern with 
respect to build up of pesticide residues 
from point of health hazards to consumers, 
as they are consumed freshly immediately 
after field harvest without giving much time 
for dissipation of residues.4 Conventionally 
grown fresh fruits and vegetables are more 
likely to contain one or more pesticides. 
Therefore,  pesticide residues on vegetables 
and fruits are under much public scrutiny. 
Under the Food Quality Protection Act of 
1996, tolerances are set to enforce the 
lowest possible levels for such unavoidable 
pesticide residues.5 Therefore, the maximum 
residue levels (MRLs) limit the types and 
amount of residues that can be legally 
present on foods are set by regulatory 
bodies worldwide. MRLs are trading 
standards used to ensure that imported and 
exported food is safe to eat. These MRLs 

vary from country to country depending on 
the pesticides available, the crops being 
treated and the way the pesticides are used. 
All over the world, the use of pesticides in 
farms will be worried because pesticides 
endanger human and the environment. 
Toxic, environmentally persistent and 
inexpensive chemicals are used intensively 
in developing countries, which make up 
about 20% of the world pesticide usage. In 
Myanmar, the use of pesticides has also 
increased due to widespread application in 
agricultural and environment pest control.6 
The pesticide residues causing food 
contamination have become increasingly 
frequent in recent years raising questions 
about public health. Public concern over 
pesticide residues in food is increasing since 
it has become a significant food safety 
concern. 

Therefore, monitoring of pesticide residues 
in food in Myanmar is urgently needed for 
food safety. The purpose of this study was 
to determine the residues of chlorpyrifos on 
broccoli in the field by using gas chro-
matography-flame photometric detector and 
gas chromatography-mass spectrometry to 
assess pre-harvest interval between the  
last spraying and release of the vegetable to  
the consumer as field trial, to determine 
pesticide residues on Brassica vegetables 
(cauliflower and broccoli) in the market as 
human food supply and to prevent health 
hazards from food. The finding of study 
may provide information concerned with    
(i) safe period of chlorpyrifos after last 
application on broccoli and (ii) OPPs 
residues in cauliflower and broccoli market 
samples and can be supportive to give 
health education associated with pesticide 
usage to farmers and consumers. 

MATERIALS AND METHODS 

Samples collection 
For broccoli field trial, samples were 
collected from Yezin Agricultural 
University (Hlegu Campus), Hlegu. For 
market survey, cauliflower samples from 
Thiriminglar market, and broccoli samples 
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from Lanmadaw Market and Junction 
Mawtin City Mart were collected. Total 
simple size were 20 field Broccoli samples 
and 10 market samples. 

This was laboratory-based analytical study 
by using gas chromatography-flame photo-
metric detector (Perkin Elmer Clarus 500, 
USA), and mass spectrometry (GCMS-QP 
5000, Shimadzu, Japan) as analytical 
instruments. 

The study was conducted in pesticide 
analytical laboratory, Plant Protection 
Division, Myanmar Agriculture Service 
(Yangon) and National Poison Control 
Center, Department of Medical Research.  
Sampling procedure 
According to FAO sampling guideline,7 
samples were left at the beginning or at the 
extreme of plots when collecting samples. 
For field broccoli samples, one sample from 
each plot collected. Samples were randomly 
collected at day 0 (after 2 hours), 5, 9, 15 
and 23 days. Only samples (two control and 
two treated samples) were collected in   
each day, then, extracted and determined. 
Therefore, samples were collected five 
times from field and totally 20 samples 
analyzed. 

Field trial of broccoli 
Field experiment was conducted from 
December 2012 to March 2013 following 
good agronomic practices at University 
using randomized block design (cross 
design). Broccoli crops were cultivated from 
seeds and transplanted to the field with row 
to row. Each plot has grown twenty samples 
water channel was between two plots. The 
plot size of each treatment was 20 feet.  

The distance between each plot was 3 ft. A 
single application of chlorpyrifos (40% EC) 
from Awba applied in the trial was 
performed when the broccoli had reached 
the harvesting stage. Application was 
conducted by a person with more than 
twenty years of experience in the field of 
pesticide application. The sample groups 
were negative control (without pesticide) 

(T1) and treated with pesticide (T2) 
(recommended dose that is 35 cc/gallon or 
1.4 mg/gallon). Negative control was 
sprayed with water only. 

Sample preparation and storage 
Collected broccoli samples were chopped 
into small pieces by chopper and stored 
individually with labeled plastic bags at  
-4°C until extraction. Before analysis, the 
samples were thawed to room temperature 
and mixed vigorously and thoroughly with 
long-handled spatula. Out of them, 50 g of 
sub-samples were taken and further analysis 
was carried out. 
Extraction of chlorpyrifos (AOAC 1984) 
Chopped broccoli sample (50 g) was put 
into 250 ml tall form beaker. Anhydrous 
sodium sulphate (60 g) and 50 ml of ethyl 
acetate were added into the beaker and it 
was homogenized manually with glass rod 
or ultra-turrax homogenizer for 5 minutes.  
Then, it was allowed to settled down. After 
that, the supernatant was decanted and the 
volume of extract was measured. Then, the 
ethyl acetate extract was transferred into  
a round-bottom flask. The solution was 
concentrated under vacuum to about 1 ml by 
rotary evaporator. Then, the concentrate  
was transferred into 5 ml graduated test-tube  
and made up to volume with 2 ml cyclo-
hexane. The volume was evaporated under 
the nitrogen gas stream to 0.5 ml and made 
up to 1 ml with cyclohexane that was done 
by two times. Finally, it was reduced to  
0.5 ml and made up to 1 ml with cyclo-
hexane for clean-up. 

Clean-up 
Clean-up is applied to the extracts to 
remove co-extractive materials such as lipid, 
chlorophyll, pigments which may interfere 
with the analysis. A small piece of cotton 
wool pretreated with n-hexane was placed  
in a short-form Pasteur pipette.  The neutral 
alumina (0.3 g) and about 0.6 g of anhy-
drous sodium sulphate were put into a 
Pasteur pipette. All extracts were added 
onto the column and eluted with 2 ml of 
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cyclohexane and the eluate was ready to 
inject into gas chromatographic analysis. 

Method validation for GC-FPD and GC-MS 
The method was validated according to 
principle and practice of method validation 
for pesticide residue analysis (Fajgelj and 
Ambrus, 2000) joint FAO and IAEA. 
Qualitative and quantitative determination 
of chlorpyrifos residue in broccoli field trial 
samples by GC-FPD 
Chlorpyrifos standard was injected first, 
followed by reagent blank solution, control 
sample, pesticide treated extract sample  
and spike sample. Total 20 samples were 
injected for declination study of chlor-
pyrifos residue as function of time in 
broccoli field trial. For qualitative, chlor-
pyrifos was identified according to retention 
time of standard chlorpyrifos. For quanti-
tative determination, chlorpyrifos content 
was determined from peak areas of standard 
and sample by using standard comparison 
method. 
Determination of half-life of chlorpyrifos 
residue in broccoli field trial samples 
After determination of dissipation rate of 
chlorpyrifos residue in broccoli field trial, 
residue concentration was plotted against as 
a function of time. And then, l/concentration 
and log concentration were calculated from 
residue concentration and plotted against as 
the function of time. If log concentration 
against time plot gave a straight line, obeys 
first order rate constant. Rate constant (K) 
and half-life of degradation of chlorpyrifos 
residue were calculated from first order rate 
constant equation t1/2=0.6931Kr.8 

Qualitative screening of pesticide residues 
in cauliflower and broccoli market samples 
by GC-MS 

The presence of some commonly used 
organophosphate pesticide residues in 
Brassica vegetables such as cauliflower and 
broccoli was determined at the market level. 
In this study, total ten samples of vegetables 
were analyzed  for OP pesticides,  especially  

dimethoate, diazinon, parathion-methyl, 
fenitrothion, chlorpyrifos and profenofos. 
Market sample extracts were determined by 
GC-MS using Scan mode and similarity 
searched with NIST pesticide library. When 
analyzing with Scan mode, m/z range  
50-500 amu were chosen. Therefore, MS 
detector was scanned these m/z range and 
each peak was similarity searched by using 
pesticide library. 

Quantitative measurement of chlorpyrifos 
residue in cauliflower and broccoli market 
samples by GC-MS 
After qualilative determination of chlor-
pyrifos residue in market samples, quanti-
tative measurements were done by GC-MS 
using SIM mode and calculated by the 
regression equation derived from the 
standard calibration curve. 
 

RESULTS 
 

In this study of qualitative determination, 
gas chromatogram showing peak of 
chlorpyrifos extracted from broccoli 
samples and standard chlorpyrifos peak at 
retention time 5.4 minutes are shown in  
Fig. 1 and 2, respectively. According to the 
chromatograms, retention time of standard  
chlorpyrifos test broccoli samples were 
found to be similar. Therefore, chlorpyrifos 
can be qualitative identified in broccoli field 
samples which left as residue after spraying 
of chlorpyrifos. 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. Chromatogram of standard chlorpyrifos 
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Fig. 2. Chromatogram of  chlorpyrifos residue in  
            broccoli field trial sample 
 
Table 1.  Dissipation  of  concentration of  chlor- 
               pyrifos  residue  in  broccoli  field  trial  
               samples as function of time 

Sampling 
 intervals (day 
after spraying) 

Chlorpyrifos concentration  
Negative 
control 

(R1T2) 
 (mg/kg) 
(ppm) 

(R2T2)  
(mg/kg) 
(ppm) 

(mg/kg) 
mean±SD 

0 (after 2 hr) 8.14 20.1 14.12±8.45 - 
5 3.24 3.61 3.43±0.26  

(75%)* 
- 

9 0.6 0.1 0.35±0.35  
(97%)* 

- 

15 0.07 0.06 0.065±0.007 - 
23 0.03 0.02 0.025±0.007 - 

*=Percent dissipation rate,  R1T2=Treatment replicate1, 
R2T2=Treatment replicate 2,   Maximal   residue   level    
(MRL)= 2 ppm 

According to this study, the average initial 
deposition of chlorpyrifos on broccoli  
was found to be 14.12 mg/kg following 
application of chlorpyrifos 40% EC as  
1.4 mg/gallon. On day 5, chlorpyrifos 
deposits was decreased to 3.43 mg/kg and 
approximately 75% of chlorpyrifos residue 
was lost in broccoli and amount was still 
found more than MRL. On day 9, chlor-
pyrifos residue was declined to 0.35 mg/kg 
and disappeared more than 95% of residue. 
On day 15 and 23 gradually decrease and 
observed the amount to be below MRL.     
In this work of half-life study, changes in 
concentration, 1/concentration and log of 
concentration are shown in Table 2. A plot 
of log concentration against time was found 
to be straight line and provided linear 
equation as y=-0.124x+0.986 and r2=0.938.  

So, the reaction was found to obey first 
order and the rate constant was determined  

from the slope. From these results, the 
rate constant of chlorpyrifos pesticide in 
broccoli was found to be 0.2855 day-1and 
half-life of chlorpyrifos for broccoli sample 
was found to be 2.4 days. From half-life, 
PHI of broccoli after last application of 
chlorpyrifos was estimated.  

Table   2.  Changes  in  concentration, 1/concen- 
 tration,    log   of    concentration    of     

                 chlorpyrifos  residue in  broccoli field 
trial samples as function of time 

Day(s) after 
spraying 

Concentration 
 (mg/kg)  
(ppm) 

1/concentration 
(mg/kg) 
 (ppm) 

Log  
concentration 

(mg/kg) 
 (ppm) 

0 (after 2 hrs) 14.12 0.0708 1.1498 
5  3.425 0.2920  0.5347 
9  0.35 2.8571      -0.456 

        15  0.065 15.3      -1.18 
        23 0.025 40 -1.6021 

After that, from the study of market 
samples, two broccoli samples and one 
cauliflower samples were found to contain 
chlorpyrifos residue and no detectable level 
of other OP pesticide residues. According  
to library search, similarity index percentage 
of chlorpyrifos was 88% in BM-2, 9l% in 
BM-4 and 82% in CM-5. The results of 
market samples are shown in Table 3. 

Table 3. Qualitative screening of OPPs  residues  
in  cauliflower   and   broccoli   market  
samples by GC-MS 

Name  
of  

sample 

OP pesticides 
Dime-
thoate 

Diazi-
non 

P-
methyl 

Fenitro-
thion 

Chlor- 
pyrifos 

Pro- 
fenofos 

BM-1 ND ND ND ND ND ND 
BM-2 ND ND ND ND Detected ND 
BM-3 ND ND ND ND ND ND 
BM-4 ND ND ND ND Detected ND 
BM-5 ND ND ND ND ND ND 
CM-1 ND ND ND ND ND ND 
CM-2 ND ND ND ND ND ND 
CM-3 ND ND ND ND ND ND 
CM-4 ND ND ND ND ND ND 
CM-5 ND ND ND ND Detected ND 

ND=Not  detected,   BM=Broccoli   market   sample, 
CM=Cauliflower market sample 

After qualitative measurement of chlorpy-
rifos residue in detected cauliflower and 
broccoli in market samples, quantitative 
measurements of chlorpyrifos were done by 
GC-MS using SIM mode. In this study, 90% 
of vegetable samples (9 samples) contained 
no  detectable  level of  OP pesticide residue  
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Table  4.  Quantity of  chlorpyrifos  residues  in  
market  samples detected  by  GC-MS  
using SIM mode 

No.    Name of sample Quantity 
1 CM-5 ND 
2 BM-2 ND 
3 BM-4 1.2 ppm 
4 CM-1 ND 
5 CM-2 ND 
6 CM-3 ND 
7 CM-4 ND 
8 BM-1 ND 
9 BM-3 ND 

10 BM-5 ND 
ND=Not   detected,  BM=Broccoli   market   sample,  
CM=Cauliflower market sample 

and 10% of samples (Table 4) gave result 
with trace level of chlorpyrifos residue 
below MRL limit (i.e., 2 ppm). 

DISCUSSION 

Pesticide contaminated foods can readily 
reach the population and growing concern 
has been expressed as to the possible 
hazards for human health. Since human 
safety is the most important consideration in 
food production, international systems of 
legal control have been established to 
prevent residue contaminated products from 
entering the human food supply. So, an 
important aspect of food safety is the 
control of pesticide residues on food. There 
may be long-term health risk from small 
quantities of residues in food. Certain 
classes of pesticides like organophosphates 
have a common mode of action and their 
effect may be cumulative. Therefore, this 
study was aimed to investigate pesticide 
residues in Brassica vegetables such as 
broccoli and cauliflower for food safety. 

In declination study of chlorpyrifos residue 
in broccoli field trial safety period (PHI) 
was observed to be 7 days between appli-
cation and harvest for broccoli samples in  
the case of chlorpyrifos. Therefore, this 
information can help in harvesting broccoli 
samples after chlorpyrifos has been applied 
corectly, the vegetables should not contain 
violative level of residue (i.e., more than 
MRL level). It can also educate consumers 
and farmers that vegetables treated with 
pesticides should not be consumed in 7 days 

of pesticide application. In the half-life 
study of chlorpyrifos, it can be concluded 
that 50% of chlorpyrifos may be breakdown 
between 2 and 3 days and it can help in 
predicting safe interval of broccoli after 
spraying of chlorpyrifos and inform the 
persistence of chlorpyrifos in broccoli plant 
to consumers and farmers.  

Finally, screening of OP pesticide residues 
in locally produced market broccoli and 
cauliflower samples showed that 90% of these 
samples contained no detectable level of 
pesticide residue and l0% of samples gave 
results with concentration of chlorpyrifos 
below the MRL level (i.e., 2 ppm from codex) 
so that pesticide residue concentration in 
market samples may be safe for consumers. 
But, in this study, market samples cannot be 
representative for over the country. So, 
market samples from over the country will 
still be needed to be analyzed in order to 
prevent human health hazard. 
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A low ankle-brachial index (ABI<0.9) is predictive of peripheral arterial 
disease (PAD). PAD is frequently present in patients with acute ischaemic 
stroke and patients with PAD demonstrate higher vascular mortality during 
follow-up than do those without. However, there are limited data regarding 
the association between low ABI and the severity of stroke. ABI is an 
effective and cost efficient screening tool not only for PAD but also for 
cardiovascular diseases. This study was aimed to determine the prevalence 
of low ABI among acute ischaemic stroke patients and the association 
between ABI and the initial severity of acute ischaemic stroke. Eighty-eight 
patients of first ever ischaemic stroke were enrolled and ABI measurements 
were done at admission. Patients were categorized into the normal (≥0.9) 
and low ABI (<0.9) groups. The severity of stroke was assessed with the 
National Institutes of Health Stroke Scale (NIHSS) and it was compared 
between the groups. Among 88 patients, normal ABI was present in 81.82% 
of the patients whereas 18.18% had low ABI. In low ABI group, 9 out  
of 16 patients were between NIHSS 1-15 and the remaining 7 out of  
16 patients were between NIHSS 16-42. Therefore, there was no association 
between low ABI and the severity of acute ischaemic stroke (p=0.218). 
Therefore, this study showed that low ABI does not appear to be associated 
with more severe stroke.  

Key words: Ankle-brachial index, Peripheral arterial disease, Acute ischaemic stroke, Vascular mortality 
 

INTRODUCTION 
 
Stroke or cerebrovascular accident is an 
abrupt onset of a neurologic deficit attri-
butable to a focal vascular cause. It is the 
second commonest cause of death (9%) and 
major cause of disability worldwide.1 It is a 
common medical emergency with an annual 
incidence of between 180 and 300 per 
100,000. The incidence rises steeply with 
age, and in many developing countries, the 
incidence is rising because of the adoption 
of less healthy lifestyles. About one fifth of 
patients with an acute stroke will die within 
a month of the event, and at least half of 
those who survive will be left with physical 
disability.2 

Early death following a stroke is usually 
related to the underlying pathology and 
severity of the lesion. Stroke severity, 
neurological deterioration during hospi-

talization, non-use of antithrombotic drugs 
and lack of assessment by a stroke team 
were the most consistent predictors of case 
fatality at 7 days and 30 days.3 
The factors influencing the outcome of 
stroke patients are diverse. Some of these 
factors are well-known and some are not 
well established although they have some 
association. Older age, previous history of 
stroke, increased stroke severity, high blood 
pressure, high body temperature, medical 
complications like pneumonia and urinary 
tract infection, lack of family support and   
late  admission   are  some predictors for 
poor  outcome of stroke.4 In  addition  to 
these well-known predictors, there are many 
other parameters that may have their own 
significance  on  the  outcome  of  stroke. 
___________________________________________________ 
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In order to reduce the long-term burden of 
stroke and to provide appropriate care to  
the patient, it is necessary to study these  
less well-known factors. Low ankle-brachial 
index is one of these factors that may have 
significant association with the initial stroke 
severity and its outcome. 
Ankle-brachial index (ABI), which is 
closely related to atherosclerosis of the 
lower extremities, is widely used as a 
marker for peripheral arterial disease 
(PAD).5 ABI is not only a marker of lower 
limb PAD, but may also reflect the severity 
of systemic atherosclerosis. A low ABI is 
associated with a higher risk of coronary 
heart disease, stroke, transient ischaemic 
attack, progressive renal insufficiency and 
all-cause mortality.6 

It was reported that initial NIHSS score was 
higher in the low ABI group than in the 
normal ABI group. A low ABI was indepen-
dently associated with higher NIHSS   score 
and low ABI independently predicted sub-
sequent cardiovascular risk and mortality   
in patients with acute stroke.7 Until now, 
there is no study concerning the association 
between ABI and the initial severity of 
acute ischaemic stroke patients in Mandalay 
General Hospital. So, this study was aimed 
to determine the association between low 
ABI and the initial severity of acute ischae-
mic stroke. Therefore, this study will extend 
the knowledge about prognosis of stroke. 
 

MATERIALS AND METHODS 
 

Patients 
First ever acute ischaemic stroke patients 
getting admitted to Medical Units and 
Neuromedical Unit, Mandalay General 
Hospital from January to December, 2013 
were studied. Eighty-eight patients with   
CT proven acute ischaemic stroke were 
enrolled and patients with TIA and a history 
of previous ischaemic stroke, patients with 
high ABI value (>1.4), patients receiving 
previous vascular surgery in the lower limbs 
(any kind of arterial surgery of the lower 
limbs) were excluded. 

Proforma was used for structured inter-
viewing, history taking and physical exami-
nation. Explanation about the study was 
done and informed consent was obtained. 
Data collection was carried out with a 
proforma. The patient's demographic data, 
medical history and clinical manifestations 
were investigated and thorough physical 
examination including standard neurological 
examination was done by researchers.      
On admission, severity of stroke was deter-
mined by using National Institutes of Health 
Stroke Scale (NIHSS) on patients getting 
admitted within 7 days of stroke onset. At 
the same time, ankle-brachial index (ABI) 
measurement was done on those patients. 

Procedure 

Ankle-brachial index measurement was 
performed by using an automatic device 
(Elite, model No. 100, Nicolet Vascular, 
USA) and sphygmomanometer. 

Measurement of brachial systolic pressure 
was performed after at least 5 minutes of 
rest. Pressure cuff was applied evenly on the 
arm with the lower margin of the cuff 1 inch 
above the cubital fossa. Doppler probe was 
applied on brachial artery in cubital fossa 
just medial to the biceps tendon. Doppler 
probe was held 45-50º to the artery to obtain 
the best quality of signal. The pressure cuff 
was inflated until the Doppler signal 
disappeared, and then deflated slowly (not 
more than 2 mmHg/sec). The brachial sys-
tolic pressure was taken at the point at 
which the first Doppler signal appeared 
during deflation of the cuff. The pressure 
was measured on both arms and the higher 
value was taken and recorded.  

Then, ankle systolic pressure was measured. 
Pressure cuff was applied evenly on the calf 
with the lower margin of the cuff 1 inch 
above the medial malleolus. Doppler probe 
was applied on posterior tibial artery just 
behind the medial malleolus or dorsalis 
pedis artery just lateral to the extensor 
hallusis longus tendon against the proximal 
head of the 1st metatarsal bone. The ankle 
systolic pressure was measured in the same 
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procedure as the brachial systolic pressure 
measurement. The pressure was measured 
on both ankles and the lower value was 
recorded. ABI was calculated as follows: 

ABI=  
 

Patients were categorized into normal 
(≥0.90) and low (<0.90) ABI groups. 
Statistical analysis 
Statistical analysis was performed with the 
use of computerized statistical software 
SPSS 16 (Statistical package for Social 
Sciences). The statistical significance of the 
differences between two groups were ana-
lyzed with student ‘t’ test. For categorical 
data, the differences in proportions were 
analyzed with X2 test (Chi square test) and 
Fisher’s exact test. A value of p=0.05 was 
considered significant. 

 
RESULTS 

 
Two groups of age stratification were done 
in this study. In normal ABI group, 50 out 
of 72 stroke patients were older than           
55 years and the other 22 patients were     
≤55 years. In low ABI group, 12 out of  
16 stroke patients were older than 55 years 
and the remaining 4 patients were ≤55 
years. Therefore, stroke patients were older 
than   55 years in both normal and low ABI 
groups but it was not statistically significant 
(p=0.769). Distribution of acute ischaemic 
stroke patients according to age and ABI is 
shown in Table 1. 
Table 1. Frequency distribution of acute ischae- 

mic  stroke  patients  according  to  age  
and ABI  

Age 
(completed 

years) 

Ankle brachial index Total 
No. (%) Normal  

No. (%) 
Low 

No. (%) 
≤55 22(30.56) 4(25) 26(29.55) 
>55 50(69.44) 12(75) 62(70.45) 
Total 72(100) 16(100) 88(100) 

Fisher’s exact, p=0.769 

In this study, there were 41 male patients 
(56.94%) and 31 female patients (43.06%), 
in normal ABI group. In low ABI group, 
there were 11 male patients (68.75%) and   

5 female patients (31.25%). Therefore, low 
ABI was more common in male patients 
than in female patients but it was not statis-
tically significant (p=0.385).  Distribution of 
acute ischaemic stroke patients according to 
sex and ABI is shown in Table 2. 
 
Table  2.  Frequency distribution of acute  

ischaemic stroke patients  according  
to sex and ABI 

Sex 
Ankle brachial index 

Total 
No. (%) Normal 

No. (%) 
Low 

No. (%) 
Male 41(56.94) 11(68.75) 52(59.09) 
Female 31(43.06) 5(31.25) 36(40.91) 
Total 72(100) 16(100) 88(100) 
X²=0.7547, p=0.385 

Out of 88 patients, 16(18.18%) patients had 
low ABI and 72(81.82%) patients were 
found to have normal ABI. The prevalence 
of low ABI in acute ischaemic stroke 
patients is shown in Table 3. 

Table 3.  Prevalence  of  low  ABI  among  acute  
ischaemic stroke patients 

Ankle brachial index Frequency % 
Normal  72 81.82 
Low  16 18.18 
Total 88 100 

Two groups of NIHSS severity stratification 
were done in this study. In low ABI group, 
9 out of 16 patients were between NIHSS  
1-15 and the other 7 patients were  between 
NIHSS 16-42. Therefore, there was no asso-
ciation between low ABI and the severity of 

Table 4.   Association     between    ankle-brachial 
index and the severity of acute 
ischaemic stroke by NIHSS on admis-
sion within 7 days of stroke onset   

NIHSS score range 
(on admission within 

7 days of stroke onset) 

Ankle brachial index Total 
No. (%) Normal 

No. (%) 
Low 

No. (%) 
1-15 54 

(75) 
9 

(56.25) 
63 

(71.59) 
16-42 18 

(25) 
7 

(43.75) 
25 

(28.41) 
Total 72 

(100) 
16 

(100) 
88 

(100) 
Fisher’s exact, p=0.218 

acute ischaemic stroke (p=0.218). Distribu-
tion of association between ankle-brachial 
index and the severity of acute ischaemic 
stroke by NIHSS is shown in Table 4. 

Ankle   systolic   pressure 
Brachial systolic pressure 
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DISCUSSION 

Ankle-brachial index (ABI), which is 
closely related to atherosclerosis of the 
lower extremities, is widely used as             
a marker for peripheral arterial disease 
(PAD).5 ABI is not only a marker of lower 
limb PAD, but may also reflect the severity 
of systemic atherosclerosis. PAD was 
previously described as a strong predictor of 
stroke and also predicts cardiovascular risk 
and mortality in patients with acute stroke.8 

A number of studies evaluated the pre-
dictive value of ABI in patients with acute 
ischaemic stroke and showed that low ABI 
(ABI<0.9) increases the long-term risk for a 
recurrent stroke or other cardiovascular 
events.8-12 

This study was carried out to determine the 
prevalence of low ABI among the acute 
ischaemic stroke patients and its association 
with the initial severity of acute ischaemic 
stroke. Out of 88 acute ischaemic stroke 
patients, the prevalence of low ABI in this 
study was 18.18% whereas 81.82% of the 
study population had normal ABI. It was 
consistent with the study done in Korean 
patients in which the prevalence of low ABI 
was 13%. That study suggested that the 
prevalence of low ABI in Korean patients 
with ischaemic stoke was lower than that   
in Caucasian patients, which might be 
associated with ethnic differences in 
underlying stroke subtypes.13 

In this study, the mean age of acute 
ischaemic stroke patients was 61.81 years 
with SD±11.52, the youngest one being      
25 years of age and the eldest one being     
89 years of age. The majority of acute 
ischaemic stroke patients were within the 
age range of 56 to 70 years. The mean     
age of patients with normal ABI was 60.95 
±11.67 years and the mean age of patients 
with low ABI was 64.94±10.68 years. 
Therefore, patients with low ABI were older 
than those with normal ABI but it was not 
statistically significant (p=0.183). In the 
study done in Greece, the mean age was 
78.8±6.4 years but that study showed age 

did not differ between the patients with 
normal ABI and those with low ABI 
because of the advanced age of the study 
population.14 It should be emphasized       
that current guidelines recommend the 
measurement of ABI in all patients older 
than 65 years. 

In this study, NIHSS score did not differ 
between the patients with low ABI and the 
patients with normal ABI, therefore, there 
was no association between low ABI       
and the severity of acute ischaemic stroke 
(p=0.218). It was consistent with the study 
done in Greece patients in which study 
NIHSS score did not differ between the 
patients with normal ABI and the patients 
with low ABI (10.4±10.6 and 8.3±9.3 res-
pectively: p>0.05) and that study showed 
that low ABI was not associated with more 
severe stroke or worse outcome.14 

One small study on Asian patients (n=68) 
examined this association and did not 
identify a difference in the functional status 
at discharge between patients with low ABI 
and patients with normal ABI.15 

In previous studies in patients with        
acute ischaemic stroke, low ABI was 
independently associated with increased 
incidence of recurrent stroke or other 
cardiovascular events during long-term, 
follow-up.8-12 The study done in Korea7 
showed that the initial presentation of   
acute ischaemic stroke was more severe in 
patients with low ABI.  

In literature, the associations between low 
ABI and the severity of acute ischaemic 
stroke were mixed. Some reports showed 
strong association while the others did     
not. One possible explanation lies in the 
distribution of atherosclerosis between 
Caucasians and Asians. In Caucasians, 
carotid atherosclerosis is more marked   
than intracranial atherosclerosis but in 
Asians, intracranial atherosclerosis is more 
prevalent. Since pathology at the carotid 
arteries tends to produce large and more 
severe stroke, less severe cases of stroke 
patients in this study may reflect the low 
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incidence of carotid atherosclerosis in Asian 
population. 

Therefore, more studies are needed to clarify 
whether measuring the ABI in patients 
admitted for acute ischaemic stroke could 
provide prognostic information regarding 
their short-term and in-hospital outcome. 

Several limitations were recognized in this 
study. This was a unicenter study conducted 
in Mandalay General Hospital and the 
results did not necessarily represent for 
general populations.  

Differences in study design, the definitions 
of study populations and the calculation 
methods of abnormal ABI may account for 
some of the variability of results between 
the studies. Current guidelines for the 
management of PAD defined the ABI as the 
ratio of the higher of the systolic blood 
pressures of the two ankles to the higher    
of the systolic blood pressures of the    
upper limbs.16 However, there are growing 
evidence that a stronger association with 
prevalence of low ABI and future cardio-
vascular risk may be reached by the use of a 
modified calculation of the ABI with values 
based on the lower (and not the higher) of 
the two ankle pressures.17 Because ABI 
measurement based on the higher of both 
ankle pressures has recently been reported 
to underestimate the true prevalence of low 
ABI, the lower values of the two ABI were 
used to calculate the frequency of low ABI 
in this study.  

The criteria that low ABI was defined as 
<0.9 might include, by definition, only those 
who had significant PAD (usually stenosis 
>50%) in their lower limbs. Moreover, the 
Korean study measured the ABI using an 
automatic device that measures BP only in 
the posterior tibial artery and not in the 
dorsalis pedis artery and that study might 
underestimate the patients with PAD in 
cases of mild PAD or PAD in the dorsalis 
pedis artery.7 In addition, this device 
appears to overestimate ABI in patients with 
ABI <0.7.18 Furthermore, the patients  who 
had low ABI did not undergo confirmative 

procedures such as conventional or 
computed tomographic angiography. 

Since PAD frequently coexists with cere-
brovascular atherosclerosis and cardiovas-
cular risk factors, it might have been 
expected that patients with ABI <0.9 would 
suffer more severe strokes. The high 
prevalence of risk factors for PAD in 
patients with ischaemic stroke, particularly 
smoking, hypertension and type 2 diabetes 
mellitus, appears to contribute to the high 
rate of patients with ABI <0.9.19 In this 
study, no confounding factors were taken 
into account and statistically multivariate 
logistic regression was not calculated. 

Another limitation in this study was that 
ABI measurement and severity assessment 
by NIHSS were done only once on 
admission within 7 days of stroke onset and 
subsequent follow-up assessment was not 
done. Although the ABI is widely regarded 
as a reliable tool for detecting PAD with 
high specificity, there is some evidence 
suggesting repeated measurements within 
visits and over time may be preferable 
before arriving at the diagnosis of PAD and 
making therapeutic decisions. 
It is, therefore, possible that this study had 
limited power to detect the severity of 
stroke in patients with normal ABI and in 
those with low ABI. Large longitudinal 
studies are needed to clarify whether 
measuring the ABI in patients admitted for 
acute ischaemic stroke could provide infor-
mation regarding their short-term, in-
hospital outcome and thereby help in opti-
mizing secondary prevention in identified 
subgroups at high risk. 
Conclusion  
This study explored the prevalence of low 
ABI among acute ischaemic stroke patients 
and the association between ankle-brachial 
index and the initial severity of acute 
ischaemic stroke. This study demonstrated 
that the prevalence of low ABI among acute 
ischaemic stroke was 18.18%. But low ABI 
does not appear to be associated with more 
severe stroke. This study was relatively 
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small and possibly underpowered to detect 
an association between ABI and the severity 
of stroke. Therefore, given that ABI is a 
noninvasive, inexpensive, reliable and quick 
method for identifying PAD and that there 
is a paucity of data on the association 
between low ABI and the initial severity of 
patients with acute ischaemic stroke, larger 
studies are needed to demonstrate this. It 
also remains to be established whether more 
aggressive management of cardiovascular 
risk factors in patients with low ABI will 
provide additional benefits to these high-
risk patients. 
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A laboratory-based, cross-sectional comparative study involving 217 
patients suspected of having pulmonary tuberculosis, attended at Upper 
Myanmar Tuberculosis Center and Tuberculosis Out-Patient Department of 
Mandalay General Hospital from May 2012 to April 2013. This was a 
comparative study of two different staining methods of fluorescence 
microscopy and conventional light microscopy based on cultivation as gold 
standard. Sputum samples were collected and inoculated onto the 
Lowenstein-Jensen media. Two slides were stained by Ziehl-Neelsen and 
fluorescence staining methods. Positive smears were graded by WHO 
recommended Standard Operating Procedure and culture isolates were 
biochemically tested for identifications of species. In this study, out of     
217 cases, 16 specimens were found to be contaminated and removed from 
studied samples. Among 201(100%) cases, 45 cases were diagnosed as 
pulmonary tuberculosis by culture method as gold standard. Fluorescence 
microscopy showed 42(21%) positive cases and conventional microscopy 
showed 35(17%) positive cases. The difference between detection of AFB 
on sputum smear by two methods was statistically significant (p<0.001). 
There was more agreement between culture and fluorescence microscopy 
(93.3%) than with conventional microscopy (77.7%). The results were 
analyzed by using SPSS 11.5, by Kappa reliability test. This study found 
that detection of AFB on sputum smear by fluorescence microscopy was 
better than conventional microscopy. Screening of fluorescence microscopy 
was done under lower magnification (200x), and it was found to be less  
time consuming as compared to conventional microscopy that used high 
magnification (1000x) in diagnosis of tuberculosis. The efficacy and 
sensitivity of fluorescence microscopy proved to be much higher than 
conventional light microcopy.  

Key words: Mycobacterium tuberculosis, Ziehl-Neelsen staining technique, Fluorescence staining technique 
 

INTRODUCTION 
 
Tuberculosis is a disease of global 
importance. One third of the world’s 
population is estimated to have been 
infected with Mycobacterium tuberculosis 
and 8 million new cases of TB arise each 
year. The tuberculosis is likely to escalate 
since HIV epidemic has triggered an even 
greater increase in the number of cases of 
tuberculosis. The majority of TB patients 
are 15-45 years of ages; this is in their most 
productive years of life. Tuberculosis kills 

over 2 million people worldwide each year, 
more than any other single infectious 
disease, including AIDS and malaria.1 

Myanmar, population of 55.4 million, is  
one of the 22 countries in the region with 
the highest burden of TB in the world      
and the disease prevalence is 384 per 
100,000 populations and also incorporating 
the  Regional  Strategic  Plan for TB control  
_____________________________________________________ 
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2006-2015. Establishment of WHO publi-
cation, rate of co-infection with human 
immunodeficiency virus (HIV) has also 
increased about 9.2%.2 

Tuberculosis is caused by Mycobacterium 
tuberculosis which is an acid fast bacillus. 
The highest priority for tuberculosis control is 
the identification and cure of infectious cases 
i.e., patients with sputum smear positive 
pulmonary tuberculosis. The highest priority 
in the diagnosis of tuberculosis is, thus,   
given to sputum microscopy. The culture     
of Mycobacterium tuberculosis may only  
be feasible at a few of intermediate lab-
oratories.3 But, bright field microscopy does 
not need special requirements and the stain 
smear does not fade out the red color of 
bacilli within a few days. Because of no 
need of special requirements, it can be 
easily used in highly prevalence area where 
more than 90% of TB cases occur.4 
Fluorescence staining utilizes basically the 
same approach as Z-N staining, but carbol-
fuchsin is replaced by a fluorescent dye 
(auramine O, rhodamine, auramine-rhoda-
mine, acridine orange), the acid for de-
colourization is milder and potassium 
permanganate is used as counterstain to 
quench background fluorescence.5 
The advantage of fluorescence microscopy    
is that the microscopist can properly examine   
at least 100 smears per day by fluorescence 
microscopy compared with only 30-40 Ziehl- 
Neelsen stained smears. Fluorescence micro-
scopy is a useful, rapid and reliable tool for 
the examination of specimens for AFB. It 
should be seriously considered for supple-
mentary use in laboratories where handle 
large numbers of specimens.6 Mycobacterial 
culture is the reference method for the 
detection of tubercle bacilli but it is time 
consuming and requires specialized safety 
procedures in laboratories.7  

MATERIALS AND METHODS 

This Laboratory-based, cross-sectional 
comparative study was conducted at    
Upper Myanmar Tuberculosis Centre and 

Tuberculosis Out-Patient Department (OPD) 
of Mandalay General Hospital from May 
2012 to April 2013. Study population    
were patients who were attended at      
Upper Myanmar Tuberculosis Centre and 
Tuberculosis OPD at Mandalay General 
Hospital.  
Sample size and calculation 
According to culture performance done by 
Upper Myanmar Tuberculosis Centre from 
January to December, 2011, culture positive 
range was 11%-24%. So, sample size was 
calculated as follow: 
Average culture positive range was 16.85%, 
range (11-24%). 
Thus, sample size were calculated as follow: 
Hypothethical culture positive rate   =17% 
Precision (Confidence limit)        =5% 
Alpha           =0.05 
Power           =80% 
Therefore, estimated sample size required was 
calculated by Open Epi V.2.3.1. 
n  =217 
So, total 217 patients were included in this study. 

Sampling procedure 
After getting written informed consent, 
sputums were collected from patients 
suspected of pulmonary tuberculosis and 
patients who are diagnosed as pulmonary 
tuberculosis, with sterile wide mouth screw 
capped container. The specimens were 
treated according to modified Petroff’s 
method and the treated sample were centri-
fuged at 3000 g for 15 minutes. Then, 
obtaining sediment was isolated onto the 
Lowenstein-Jensen (L-J) media and it was 
incubated in incubator at 37ºC. Preparations 
of smears were done on two slides with the 
rough end of bamboo splinter. One of the 
smears was stained according to Ziehl-
Neelsen staining procedures and the other 
smeared slide was stained according to 
fluorescence staining procedures. 

Data collection and analysis 
All of the result were reported with WHO 
grading guideline but the result for the data 
calculation on each patient, highest grading 
result were used. The collected data were 
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checked for completeness. Checked data 
were entered into statistical software 
[Statistical Package for the Social Sciences 
(SPSS) - version 11.5] and the results were 
interpreted. Contaminated cultures were 
excluded in data analysis. 

Ethical consideration 
Informed consents were obtained after 
thorough explanation of the purpose and 
detailed procedure of this study to the patients 
to be voluntary participation. The study was 
not harm to the patients. The results of the 
study were used only for the health care of 
that particular patient and research purposes. 
Ethical considerations were obtained from 
Institutional Ethical Board. 
 

RESULTS 
  
During one year study period from May 
2012 to April 2013, detection of AFB on 
sputum smears were done on 217 patients, 
both were suspected of having pulmonary 
tuberculosis and patients who were dia-
gnosed as pulmonary tuberculosis cases. 
The study was a comparison of the index 
test with an independent reference standard. 
The fluorescence microscopy results were 
interpreted without knowledge (blinded)    
of the interpretation of the conventional 
microscopy results and vice versa. Also, 
microscopies were done without knowledge 
of the culture results.  

From these 217 patients, 2 specimens for each 
patients and so, total smears of 434 numbers 
were done throughout the study. But, accor-
ding to the data collection and analysis that 
described above, highest grading results   
were used for one of each patient. Among 
217 samples, 16 were contaminated. So, 
total 201 were valid for data calculation. 
Reporting of results was done according to 
their standard operating procedure of 
individual technique. During the period 
from June to April, 217 sputum specimens 
were stained with both Z-N stain and 
Fluorescence stain. One hundred and sixty-
one (80%) were negative, 9(4%) were 
positive scanty, 11(5%) were positive (1+), 

12(6%) were positive (2+), 8 were positive 
(3+), and 16(8%) were contaminated in total 
sample. So, total 201 numbers were valid 
for data calculation. 

In fluorescence staining technique, 153(76%) 
were negative, 6(3%) were positive scanty, 
10(5%) were positive (1+), 7(4%) were 
positive (2+), 25(12%) were positive (3+), 
and 16(8%) were contaminated in total 
sample. So, total 201 numbers were valid 
for data calculation. 

Table 1. Comparison of Z-N staining result with 
culture results 

        Culture results 
Result of Z-N  

staining technique Total 
Negative Scanty 1+ 2+ 3+ 

Negative (No growth) 151 3 1 1 0 156 
Positive (No. of colonies)  1 1 0 1 1 4 
Positive (1+)  8 0 4 5 0 17 
Positive (2+)  1 5 5 4 3 18 
Positive (3+) 0 0 1 1 4 6 
Positive (4+) 0 0 0 0 0 0 
Contaminated  12 2 2 0 0 16 
Total  173 11 13 12 8 217 

As shown in Table 1, total 217 numbers of 
patient samples, negative results obtained 
173 and 156 for culture and Z-N staining 
results, respectively. The different numbers 
of seventeen between these two results were 
found. Sixteen numbers were contaminated 
and the different between culture positive 
and smear negative were found out ten 
numbers. Kappa agreement between culture 
and Z-N method obtained 0.497 and the 
difference in case finding being highly 
significant (p<0.001). 

Table 2.  Comparison  of  fluorescence  staining  
technique result with culture results 

     Culture reading 
Result of fluorescence  

staining technique Total 
Negative Scanty 1+ 2+ 3+ 

Negative (No growth) 150 2 4 0 0 156 
Positive (No. of colonies) 0 1 1 0 2 4 
Positive (1+)  3 1 3 4 6 17 
Positive (2+) 0 2 2 3 11 18 
Positive (3+) 0 0 0 0 6 6 
Positive (4+) 0 0 0 0 0 0 
Contaminated  12 1 0 1 2 16 
Total  165 7 10 8 27 217 

As shown in Table 2, total 217 numbers of 
patient samples, negative results obtained 
165 and 156 for culture and fluorescence 
staining results, respectively. The different 



105 

numbers of nine between these two     
results were found. Sixteen numbers were 
contaminated and the different between 
culture positive and smear negative were 
found out three numbers. Kappa agreement 
between culture and Z-N method obtained 
0.525 and the difference in case finding 
being highly significant (p<0.001). 

Table  3.  Comparison  of  results  obtained  with 
fluorescence staining and Z-N staining 
technique 

Z-N staining technique 
Result of fluorescence  

staining technique Total 
Negative Scanty 1+ 2+ 3+ 

Negative (Not Seen) 162 5 4 2 0 173 
1-9 (1-9 AFB/100 HPF) 3 2 3 1 2 11 
1+ (10-99 AFB/100 HPF) 0 0 2 5 6 13 
2+ (1-10 AFB/HPF) 0 0 1 0 11 12 
3+ (>10 AFB/HPF) 0 0 0 0 8 8 
Total  165 7 10 8 27 217 
HPF=High power field 

Table 3 shows that scores were definitely 
higher by fluorescence microscopy: 52 
(7+10+8+27) positive as against 44 
(11+13+12+8) positive by the Z-N method. 
The difference in the case-yields was found 
to be highly significant (χ2=138.9, 
p<0.001). So, the different cases of negative 
were found out 8 numbers between these 
two techniques. But, it was already expressed 
in the previous exclusion criteria, not             
to calculate culture negative specimens 
according to the specific objective of to 
compare the sensitivity of Ziehl-Neelsen 
staining method and fluorescence staining 
method in patients with culture positive cases. 

Table  4.  Comparison  of  two different  staining  
techniques and culture results 

   Culture results               Z-N                   Fluorescence  
 Number (%)  Number (%) 

Smear(+), Culture(+) 35(17) 42(21) 
Smear(+), Culture(-) 5(2) 6(3) 
Smear(-), Culture(+) 10(5) 3(1) 
Smear(-), Culture(-) 151(75) 150(75) 
Total 201(100) 201(100) 

It was based on the culture (45) positive 
sample results for two methods. 
Z-N staining method 
smear(+), culture(+)=35=78% 
smear(-), culture(+)=10=22% 
 

Fluorescence method 
smear(+), culture(+)=42=93% 
smear(-), culture(+)=3= 7% 

It was found that in case of Z-N stain,    
there was agreement in 78% cases and 
disagreement in 22% whereas for fluo-
rescence stain, there was agreement in 93% 
cases and disagreement in 7% cases. 

DISCUSSION 

In conventional microscopy, screening of 
AFB on smears was done under oil 
immersion lens of high power magnification 
(1000X), and in fluorescence microscopy, 
screening of AFB on smears was done 
under low power magnification (200X).  
The amount of sputum on a slide for smear 
preparation is about 0.01 ml. This is spread 
over an area of 200 mm2 (10×20 mm). Since 
the area of an oil-immersion field seen in 
the microscope is about 0.02 mm2, 10000 
such fields would need to be screened in 
order to examine the entire smear at a 
magnification of 1000X, i.e., 100X for the 
oil immersion objective lens and 10X for 
the eyepiece. (The size of a field in 
fluorescence microscopy is about 15 times 
as large with an objective of 25X and        
an eyepiece of 10X.) By examining one   
length (20 mm) of a smear, some 100-120 
microscopic fields are screened, repre-
senting about 1% of the smear.8 
Thus, if a sputum specimen contains about 
5000 bacilli per ml, the entire smear will 
contain about 50 bacilli. If these 50 bacilli 
were evenly distributed over the 10,000 
fields of the smear, there would be one 
bacillus in 200 fields. If 100 fields were 
examined the chance of finding this bacillus 
would be 50%. To find at least three acid-    
fast bacilli (AFB), about 600 fields would 
have to be screened. If 300 fields were 
examined, the chance of finding three bacilli 
would also be 50%.8 The total positive yield 
from the 201 specimen was slightly higher by 
fluorescence microscopy 48(24%) as against 
40(19%) positive by Z-N staining technique. 
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Higher grades of positive smears were noted 
by fluorescence microscopy technique. If it 
was got 8% based on 201 numbers of 
patients, it was also got 4% on 100 numbers 
of patients. If case detection is promoted up 
to 4% by fluorescence microscopy, it will be 
very beneficial to achieve 50% reduction of 
1990 prevalence level by 2015 for large 
survey in field for projections of 2011-2015 
for Myanmar. 

Comparing fluorescence microscopy with 
conventional microscopy suggests that: (1) 
fluorescence microscopy is more sensitive 
for the diagnosis of pulmonary tuberculosis 
than conventional microscopy; (2) fluo-
chrome-stained smears take less time to 
examine than smears stained with the Ziehl-
Neelsen method. 

In this study, fluorescence microscopy    
was found to be 22% more effective than 
Ziehl-Neelsen staining. This showed that 
fluochrome staining of sputum smears        
in comparison to that of Ziehl-Neelsen  
staining is a better method of microscopy 
(χ2=138.95, p<0.001).  

The reliability of smear microscopy as         
a proxy for culture in the classification of 
tuberculosis cases with only 3-6% of smear-
positives having negative cultures. Many of 
these apparent false-positives of microscopy 
may be due to treatment, since rechecking 
of slides can often confirm the presence of 
(non-viable) AFB.9 The culture reliabilities 
of both staining methods for the whole 
group were evaluated individually using 
Kappa analysis. It was determined that 
culture reliability was moderate for fluo-
rescence staining technique to Z-N staining 
technique. 
As for the culture positive group, the 
reliability of both staining methods was 
moderate, that was for Z-N and culture 
Kappa value was 0.497 and for flouo-
rescence stain and culture, Kappa was 0.52. 
It was found that out of 201 cases, 45(22%) 
cases were diagnosed as pulmonary 
tuberculosis by culture method as gold 
standard. FM showed the nearest results as 

42(21%) positive cases, missed 9 cases. On 
the other hand, conventional microscopy 
detected 35(17%) cases positive and missed 
17 cases. AFB that can be seen under the 
microscope may not always be able to grow 
on culture, e.g, because they are dead or 
non-viable. 
The organisms may have lost their ablity    
to grow on culture media and be practically 
dead. Patients being treated with a rifam-
picin-containing regimen often become 
culture-negative by about the third week of 
treatment, although they may still be sputum 
smear-positive: bacilli are dead or non-
viable.10 

In patients who have not had treatment, 
sputum specimens may have been exposed 
to sunlight or heat, stored too long, dried 
out, or contaminated. Excessive deconta-
mination procedures before inoculation, 
over-heating during centrifugation, inade-
quate culture media, and deficient incu-
bation may also result in a negative culture. 
In a few instances, positive smears may be 
caused by non-tuberculous mycobacteria.10 
In this study, smear positive and culture 
negative results of Z-N staining method had 
2% and fluorescence staining method had 
3%, respectively.  
In this study, smear negative and culture 
positive results of Z-N staining method had 
5% and fluorescence staining method had 
1%, respectively. Tubercle bacilli to be seen 
by microscopic examination of sputum 
smears, there must be approximately 104 
organisms per ml of sputum. In contrast, 
culture technique can detect 10 to 100 
viable mycobacteria per ml of sputum.11 
As a diagnostic method, sputum culture      
is known to be more sensitive than       
smear microscopy. It differentiates tubercle 
bacilli from other microorganisms and 
therefore provides definite identification of 
the bacilli. The technical superiority of 
culture over smear microscopy is largely 
due to quantitative factors. Whereas the 
amount of sputum on a smear is 0.01 ml, the 
size of an inoculum for culture is usually  
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0.1 ml, i.e., about 10 times as much.12 
Moreover, usually only about 1% of  the 
smear (100 oil-immersion fields) is examined 
by bright-field microscopy, whereas in the 
culture test-tube the whole yield of colonies 
may be seen practically  at a glance. Although 
a large proportion of organisms were 
destroyed by decontamination procedures, the 
quantitative differences were still so large that 
the probability of finding bacilli by culture 
was higher than by direct smear microscopy. 
This is an obvious advantage in cases where a 
specimen contains only small amounts of 
acid-fast bacilli.12 
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The consumption of bottled water is widely spread in Myanmar and, 
therefore, it is vital important to know the safety and harmful effect of them. 
The sealed water bottles are made from various types of polymer such as 
polyethylene terephthalate (PETE) and plasticized polyvinyl chloride 
(PVC). These polymers may be contaminated with some elements. So, this 
research studied with the aim of identification of polymers and trace 
elements qualitatively. Types of polymers applied in drinking water bottles 
were identified by using Fourier Transform Infra-red Spectrophotometer 
(FTIR). Wavelength Dispersive X-ray Fluorescence (WDXRF) was used to 
detect the elements contained in the drinking water bottles by direct sample 
measurements. From this study, PETE was observed as type of polymer in 
all of the selected samples (five brands in Mandalay Region). According to 
the agriculture and trade policy, PETE polymer is safe for use in food 
packaging and drinking water.  In elemental analysis study, Na, Al, Si, Cl, 
K, and Fe were detected in all selected samples. Some other elements (Ca, 
P, S, Cr, Ti, Rh, Pb, I, Cu, Zn, Mn, Ag, Sb and Mg) were also observed 
depending upon brands. Among them, Ti, Rh, Sb and Pb are not suitable to 
contain in drinking water bottle due to their leachable ability into water, but 
Ti and Pb were observed only in cap of the drinking water bottles. If they 
leach into water from the bottles, their accumulation may lead to adverse 
reaction to human health depending on their concentration. 

Key words: FTIR-ATR, Polymer, Elements, WDXRF, Water bottle 
 

INTRODUCTION 
 

The consumption of bottled water is widely 
spread and a lot of brands have been 
distributed in Myanmar at the beginning of 
2000’s. Most people use bottled drinking 
water without knowing the safety and 
harmful effect of them. Bottled water is 
more consumed than other bottled 
beverages.  
Sealed water bottles are made from various 
types of polymer, plasticizers and other 
additives depending on the capacity of             
the container. The most common types                
of polymer are PETE or PET (polyethylene 
terephthalate), HDPE (high density 
polyethylene), PVC (polyvinyl chloride), 
LDPE    (low    density    polyethylene),   PP  

(polypropylene), PS (polystyrene) and 
others (usually polycarbonate). Among 
them, PETE is widely used to produce 
drinking water bottles. Sometimes, the 
water bottles are made from plasticized 
PVC. According to the statement of Institute 
for Agriculture and Trade Policy, PETE, 
HDPE, LDPE and PP are safe for packaging 
of food and drinking water. But PVC, PS 
and others (polycarbonate) must be avoided 
in the production of drinking water bottles 
because by-products of them have harmful 
effects to human health. Therefore, most 
people are interested in chemical compo-
sitions and safety of polymers. 
___________________________________ 
*To whom correspondence should be addressed. 
Tel: +95-9796512029 
E-mail: eieihtwaydmr@gmail.com 
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In  the processing of drinking water bottles, 
stabilizers and some additives are used with 
the intention of clarity, brightness, flexi-    
bility and tensile strength. Besides the 
additives, some NIAS (non-intentionally 
added substances) can be observed in initial 
polymerization and even in drinking water 
bottles.1 These NIAS can migrate into 
bottled water by a diffusion process. The 
presence of NIAS has been suggested as the 
source of toxicological effects.2 
The chemical constituents and processing 
methods are mainly correlated with safety of 
drinking water. Although compounds used 
for the manufacture of plastic packaging  
are carefully controlled, the stressing of 
polymers during their production can 
change the chemical structure and generate 
degradation products, which may have an 
estrogenic activity.3 
Epidemiological studies in test animals 
indicate an increase of some kinds of 
cancer, behavior changes and abnormalities 
in the reproductive and immunologic 
function of some  species, reason that some 
of plasticizers and additives are considered 
as endocrine disruptor compounds (EDC).4, 5 
Moreover, the elements can also be found in 
additives which are intentionally used in the 
production of drinking water bottles. Some 
of these elements are micronutrients, 
essential for human life but some are 
hazardous.  

For this study, FTIR (Fourier-Transform 
Infra-Red) spectroscopy was used to 
identify the type of polymer. WDXRF 
(Wavelength Dispersive X-ray Fluores-
cence) spectroscopy is a spectroscopic 
technique to identify the presence and 
amount of many elements that can give                 
a very high resolution spectrum. 

In recent years, chemical hazardous of 
drinking water bottles to human and 
environmental health are noticed. It is 
required to ensure the safety of plastic 
material in contact with foodstuff, especially 
for drinking water.   Assurance  of  safety of  

drinking water is a foundation for the 
prevention and control of waterborne 
diseases.  
So, this study was intended to fulfill the gap 
among limited information about types      
of polymer and trace elements in drinking 
water bottles. 

 
MATERIALS AND METHODS 

 
Collection of sample 
One litre capacity of drinking water bottles 
with well-known brands were collected 
from the markets in Mandalay Region. Five 
brands of single used, sealed purified 
drinking water bottles were collected before 
its expiry date. 

Identification of polymer 

Polymer identification was carried out by 
using ATR (Attenuated Total Reflectance) 
method of FT-IR (Fourier-Transform Infra-
Red spectrophotometer, IR Prestige 21). 
The stretching frequency of the C-R bond is 
characteristic of the polymer. If R is more 
than one atom (i.e., if the polymer has a 
“side chain”) R might have its own 
characteristic spectrum.6-8 

In the polymer identification, the plastics 
films were cut from the bottles, placed on 
the sample holder of ATR, fitted with          
a high pressure clamp, providing intimate      
contact between sample and ATR crystal.                  
And then samples, were analyzed in the 
mid-IR region (400-4000 cm-1). The spectra 
obtained were compared to a specialized 
database (Raman of Basic Monomers and 
Polymers).6-9  

Elemental analysis 
Elemental analysis was done by using 
WDXRF (Wavelength Dispersive X-ray 
Fluorescence, Super Mini 200, Rigaku) 
method at Mandalay University Research 
Center. The plastics films were cut                   
into disc with 33 mm in diameter and     
directly analyzed.  In  WDXRF,  the   sample                  
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is bombarded with X-ray which is high 
enough in energy to extract a K or L 
electron from many atoms. Electrons from  
a higher energy shell fill the vacancy and 
emit the radiation which will be transformed 
as a characteristic peak for particular 
element.10, 11  

 
RESULTS 

 
Polymer identification 
According to the results obtained from           
FT-IR spectroscopy, the wavenumbers; 
2975cm-1 and 1725 cm-1  in functional group 
region and 1410 cm-1, 1250 cm-1,  1100 cm-1, 
1020 cm-1, 875 cm-1 and 725 cm-1 in finger-
print region were observed as maxima for 
absorption bands in all of the samples.              
(Fig. 1 & 2). 
Elemental analysis 
Super Mini 200, WDXRF was applied for 
the elemental analysis. After determining  the 
 

elements, Na, Al, Si, P, S, Cl, K, Cr,  Mn, Fe, 
Mg, Ca, Ti, Cu, Zn, Rh, I, Pb, Sb and Ag 
were observed. The results were showed in 
Table 1.  
Table 1. Elemental analysis  of drinking water 

bottles by using WDXRF spectroscopy 

Elements Sample 
1 2 3 4 5 

Na + + + + + 
Mg + + + + + 
Al + + + + + 
Si + + + + + 
P + + + + + 
S + + + + + 
Cl + + + + + 
K + + + + + 
Fe + + + + + 
Zn + - + + - 
Cr + + + + + 
Mn + - + - - 
Ca + + + + + 
Ti + + + + - 
Cu + + - + - 
Rh + - - - - 
I + - - - - 

Ag + - - - + 
Pb - + - - - 
Sb - - + - - 

+=observed, -=not observed 

 
 Fig. 1. FT-IR spectrum (%T) of drinking water bottles measured by ATR method 

 

 Fig. 2. FT-IR spectrum (Abs) of polymer occurred in library search detected with ATR method 
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DISCUSSION 
 

The importance of polymeric materials for 
various applications in daily life has 
gradually increased. These materials 
provide significant benefits, such as being 
durable and light weight with an excellent 
cost/performance ratio. Although many 
technical polymers appear as chemically 
simple composition, these can be complex 
because of the presence of additives that            
are responsible for the final physical and 
chemical properties as well as the long            
term behavior. And then, polymer can be 
processed with many different ways to form 
intricate parts. 

FT-IR is a reliable method for polymer 
identification  and its peak-by-peak corre-
lation due to stretching and bending 
vibration of molecule is excellent evidence 
for identity.9 The IR spectrum shows the 
presence of bonds in the molecule that 
absorbs and vibrates in the specific wave-
number (cm-1). In this study, the wave-
numbers; 2975cm-1 and 1725 cm-1 in 
functional group region and 1410 cm-1, 
1250 cm-1,   1100 cm-1, 1020 cm-1, 875 cm-1 

and 725 cm-1 in finger-print region were 
observed as maxima for absorption bands. 
These results were in accordance not only 
with the characteristics of PET polymer 
mentioned in Plastics Material of 
Construction (661.1) but also with the 
library spectrum in Raman Basic Monomers 
and Polymers. The type of polymer 
observed in the selected samples in 
Mandalay Region is PET polymer.  

PET is a semi-crystalline polymer belonging 
to the family of polyesters. It is the most 
widespread polymer used for the manu-
facture of food contact packaging and films, 
especially for beverages and drinking water. 
PET bottles for drinking water have been 
marketed for the last four decades.1 The 
PET polymer has the highest tensile strength 
(8,500-10,500 psi) among all types of 
polymers. Due to its excellent properties, 
PET bottles have gradually replaced in 

polyvinyl chloride (PVC) and glass bottles 
in markets.  
In case of elemental analysis, Na, Al, Si, P, 
S, Cl, K, Cr, Mn, Fe, Mg, Ca, Ti, Cu, Zn, 
Rh, I, Pb, Sb and Ag were observed. Most 
of the plastics materials contain plastics 
additives which may have significant level 
of heavy metals. Plastics additives are               
not very stable and highly sensitive to 
hydrolysis and heat and so, they may leach 
into the drinking water. Even if leakage into 
drinking water is occurred, some elements 
are essential and beneficial to human body 
such as Na, Si, Cl, K, Fe, Ca, P, S, Cr, Cu, 
Zn, Mg and Mn. But some are polluting 
elements such as Pb. Although Al, Ti, Sb 
and Rh are not mentioned as polluting 
elements, their accumulative effect can lead 
to adverse effect on human health.  
Conclusion 
The type of polymer of selected sample in 
this study belonging to the PET polymer is  
a safe type for packaging of food and 
drinking water according to the statement of 
Institute for Agriculture and Trade Policy. 
In case of elemental analysis, some 
elements may be contaminated from initial 
polymerization and polymer additives which 
are intentionally added and some elements 
from processing steps of drinking water 
bottles, non-intentionally. 
Recommendation 
In fact, the trace amounts of elements 
observed in this study were only in the 
drinking water bottles, not in the drinking 
water. So, it is needed to conduct the study 
on the migration of the elements from 
drinking water bottles to drinking water. 
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A total of 4640 patients with ear problems were evaluated in this study. 
Among them, 760 patients (16.38%) were diagnosed as otitis externa, of 
which 100 patients (13.16%) were clinically suspected otomycotic patients. 
The ear swabs from 100 clinically suspected otomycotic patients from Ear, 
Nose and Throat, Out-Patient Department (OPD) of North Okkalapa 
General and Teaching Hospital and OPD of Ear, Nose and Throat Specialist 
Hospital, Yangon were collected and were examined for fungal species  
at the Mycology Section, National Health Laboratory, from the period of 
January to September, 2014. Out of 100 specimens taken from clinically 
suspected cases, 83 specimens (83%) yielded positive fungal culture, only  
2 cases (2%) yielded bacterial growth and 15 cases (15%) showed no 
growth. The highest incidence was found to be in the age group between  
41 and 50 years (n=19, 22.9%) followed by the age group between  
21-40 years (n=18, 21.7). The incidence was found to be lowest (n=2, 2.4%) 
in the age group less than 10 years. The dominant role of unilateral 
otomycosis with a slight preponderance of left sided involvement was seen 
(60.2% vs. 39.8%). Fifteen patients (18.1%) were in association with 
tympanic membrane perforation. Predisposing factors contributing  
to otomycosis were self-cleaning of ear (90.4%), water entry in the ear 
(68.7%), chronic suppurative otitis media (16.9%) and foreign body  
in the ear (1.2%). The fungal pathogens isolated were Aspergillus species 
(63/83, 75.87%), Candida species (17/83, 20.44%), Cladosporium species 
(2/83, 2.40%) and Mucor species (1/83, 1.20%). Single fungus was isolated 
from 87.87% (n=73) of fungal culture positive cases and two fungi were 
isolated from 12.05% (n=10) of cases. 

Key words: Otomycosis, Yeast, Mold 
 

INTRODUCTION 

Andral and Gavarret in 1843 and Mayer in 
1844 first described fungal infections of the 
external auditory canal. Otitis externa is 
common and manifests as an acute or 
chronic form. The acute form affects four in 
1,000 persons annually and the chronic form 
affects 3-5% of the population. Acute 
disease commonly results from bacterial 
(90%) or fungal (10%) overgrowth in an ear 
canal.1 Otomycosis or fungal external otitis 
is acute, subacute or chronic infection 
produced by yeasts and filamentous fungi 
that affect the squamous epithelium of the 
external auditory canal.2 The diseases may 
manifest itself in the middle ear in the  

case of a perforated tympanic membrane.3 

Aspergillus species are the commonest fungi  
found as the cause of otomycosis and  
they are primarily environmental fungi. 
These species grow well in warm, moist 
conditions, and decaying vegetables and soil 
are the common habitat. The ear canal is the 
portal of entry and is colonized by conidia 
of contaminated dust. They germinate,  
producing the characteristic tissue mycelia 
in the ear canal resulting in aspergillosis.4 

Another common causative agent of oto-
mycosis is Candida albicans, and it is also 
___________________________________
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an endogenous microorganism commonly 
inhabiting the gastrointestinal and urogenital 
tracts.5  

Candida albicans may also be recovered 
from soil, hospital environment, food,  
and other substrates. Among more than  
190 recognized species of Candida, 
Candida albicans is the most commonly 
identified pathogen in humans.6 Candida 
tropicalis appears to be especially virulent 
in patients with leukemia or similar 
malignancies. It is also found without 
evidence of disease. Candida parapsilosis is 
known to cause infections in particularly 
susceptible individuals. It is the second most 
common agent of fungal endocarditis. 
Candida guilliermondii infection can be 
fatal in the immunocompromised patient.  
Other less common fungi include Clado-
sporium species, Rhizopus and Mucor.7 

Cladosporium species of this genus are 
associated with fish diseases. They develop 
on the surface of glass fibers, inside the 
water pipes. Different species of plants are 
the food source to these fungi. They can be 
found on dead plants, wood plants, food, 
straw, soil, colours, and textile. 

Rhizopus and Mucor are included within the 
class Zygomycetes. The identification of the 
three most common Zygomycetes-Mucor, 
Rhizopus and Absidia is based on the 
presence or absence of rhizoids and the 
position of the rhizoids in relation to the 
sporangiophores.8  

A laboratory-based, cross-sectional des-  
criptive study was done at the Mycology 
Section, National Health Laboratory, Yangon 
from January to October 2014 to determine 
the occurrence of otomycosis among clini-
cally suspected otomycotic patients and to 
detect the different fungal pathogens from 
patients with otomycosis. A total of 100 
clinically diagnosed otomycotic patients 
attending the Department of Ear, Nose and 
Throat, North Okkalapa General and 
Teaching Hospital and Ear, Nose and Throat 
Hospital (Yangon) were included in this 
study.  

MATERIALS AND METHODS 
 
Collection and transport of specimens 
All patients were explained about the study 
and asked for an informed consent. After 
getting the informed consent, the clinical 
history was taken according to the pro-
forma. The affected ear was examined first 
with otoscope for confirmation of fungal 
infection. The fungal plug seen as white  
or black debris in the affected external ear  
was removed with a sterile cotton wool 
swab stick using the ear speculum, collected  
into the sterile test tube containing  
sterile normal saline and transported to  
the Mycology Section, National Health 
Laboratory (Yangon) to be processed as soon 
as possible. 

Microscopic examination of specimens 
Potassium hydroxide (20%) wet mount 
examination and Gram stain examination 
were observed by ordinary light microscope 
with reducing the light intensity. The 
presence of budding or non-budding yeast 
cells and hyphae were noted. 
Culture of specimens 
Under aseptic condition, the specimen was 
inoculated onto Sabouraud dextrose agar   
with chloramphenicol 0.05 mg/ml and 
Sabouraud dextrose agar with chloram-
phenicol 0.05 mg/ml and cyclohexamide     
0.5 mg/ml. These inoculated tubes were incu-
bated aerobically at 25C-28C up to 2 weeks. 
Identification of fungal colonies resembling 
mold 
Rate of growth, the gross morphology of the 
mold such as, texture (powdery, granular, 
velvety, or cottony), general topography 
(flat, heaped, regularly or irregularly 
folded), surface and reverse pigmentation 
were noted during that period. At every 
three-day interval, the culture tubes were 
examined for the above characteristics,  
and discarded after 2 weeks if there were  
no growth. Interpretations of species by 
colonial morphology were done according 
to Larone.9 
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Identification by microscopic examination 
of growth 

The definitive identificationis were based  
on the characteristic shape, method of 
production, and arrangement of spores and 
type and size of hyphae: the coenocytic 
(sparsely septate) hyphae of the Zygo-
mycetes, the dark and pigmented septate 
hyphae of the dematiaceous fungi, and the 
septate, nonpigmented hyphae of the hyaline 
molds. The large, ribbon-like hyphae of  
the Zygomycetes were easily recognized.8 

Lactophenol cotton blue mount (Tease 
mount) examination 

It was done by mixing a small portion of the 
colony resembling mold with a drop of 
LPCB and teased by teasing needle or 
straight wire. A cover slip was placed gently 
to avoid entrapment of air bubbles. It  
was then examined under low (10x) and 
high power (40x) lens of the ordinary light 
microscope and the morphological features 
were carefully observed. 

Slide culture 

Preparation of slide cultures was done in 
order to determine the relationship of spores 
to the conidiophores. The inside bottom of  
a 100-mm diameter sterile petri dish was 
covered with a piece of filter paper. A bent 
glass rod was placed in the petri dish. A 
clean, flamed glass microscope slide was 
placed on the glass rod plastic tube. Agar 
block measuring 4 mm deep, 1x1 cm was 
cut with a sterile scalpel from a plate of 
Sabouraud dextrose agar. The block was 
transferred to the center of the glass slide. 
With a sterile applicator stick, the fungus 
was inoculated onto the center of the four 
sides of the agar block.  
A flamed cover slip was placed over the 
block and apply slight pressure to ensure 
adherence. Approximately 1.5 ml of sterile 
water was placed in the bottom of the petri 
dish, the dish cover was replaced, and 
incubated at room temperature.  
The examination was done periodically for 
growth and water was added if the plate 

began to dry out. The fungus grew on  
the surface of the slide and also on the 
undersurface of the cover slip. The closed 
petri dish could be placed on the microscope 
stage and the slide culture was examined 
with the low power (10x) objective.  

When reproductive structures were well 
developed, the cover slip was removed and 
placed it on a drop of lactophenol cotton 
blue on a second slide. The examination was 
done under the microscope with lowered 
light, at low or high power objective of 
ordinary light microscope. 

Subculture on sporulating media 
Potato dextrose agar was used to stimulate 
the production of conidia and pigment. 
Mold colony was inoculated on culture  
and, when good growth was established, 
procedure for lactophenol cotton blue mount 
was followed.9 
Identification of fungal colonies resembling 
yeast 
Morphology of yeast colonies were 
identified by moist, compact, buttery in 
consistency and creamy to brown or orange 
coloured colonies with characteristic yeasty 
odour. Direct wet mount and gram stain 
smear of isolated yeast colony were done 
for microscopic identification and sub-
culture was done for further test. 
Identification by microscopic examination 

Direct wet mount examination was done 
according to McGinnis.10 Gram stain 
examination was also done. 
Identification procedure for Candida species 
Germ tube production test 

A yeast colony isolated from the sub-culture 
tube was taken aseptically with sterile wire 
loop and made into a light suspension in a 
clean test tube containing 0.5 to 1.0 ml of 
fresh human serum. The suspension was 
incubated at 37ºC incubator for 3 hours. 
After that, one drop of the yeast serum 
mixture was placed on a clean glass slide, 
covered with a cover slip and examined 
under low and high power objectives of 
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ordinary light microscope for germ tube 
production. 

Germ tubes appeared as filaments that were 
not constricted at their point of origin on the 
parent cell. Known strains of Candida 
albicans and Candida tropicalis were also 
tested with the same procedure as positive 
and negative controls.9 

Chlamydospore formation test 

Each petri dish containing corn meal agar 
was divided into four by using a marking 
pen. One fourth of the plate was used for 
each organism to be tested. With a sterile 
inoculating needle the isolated yeast colony 
from subculture tube was lightly touched 
and made two separate streaks appro-
ximately 3.5 cm long and 1.2 cm apart,  
but must not dig into the agar. Then, the 
inoculating needle was sterilized and 
streaked back and forth across the original 
streak lines to scatter the inoculum. 

A 22x22 mm cover slip was flamed, 
allowed to cool and then placed over the 
streak and the culture plate was incubated  
at room temperature 25-26ºC for 3 days. 
The control strain of Candida albicans    
was also inoculated as a positive control.     
Then, the petri dish was placed on the 
microscope stage and was scanned starting 
from the edge of coverslip by using the   
low power and high power objectives      
and observed chlamydospore formation. 
The development of chlamydospore indi-
cated positive chlamydospore formation of 
Candida albicans.10 

Biochemical identification 

Pure yeast colony from subculture was 
identified biochemically by both sugar 
fermentation test and sugar assimilation 
test.9 

Sugar fermentation test  

Twenty-four to forty-eight hours old pure 
yeast colony was mixed with 4.5 ml of 
sterile distilled water to get a suspension 
that was equivalent to a Mac Farland 
number 1 standard. The suspension (0.1 ml 

each) was pipetted into test tubes containing 
different sugars (lactose, dextrose, sucrose, 
maltose, galactose and trehalose). The tubes 
were tightly capped and incubated in 37ºC 
incubator for 10-14 days. The tubes were 
examined at 48-72 hours intervals for 
production of gas (observed in Durham 
tube). Carbohydrate fermentation was 
evidenced by colour changes, which indi-
cate acid production.9 

Sugar assimilation test 
Auxanographic plate method (Haley and 
standard modification) was applied for 
sugar assimilation test. Lactose, dextrose, 
sucrose, maltose, galactose and raffinose 
were used for testing each isolate. A few 
colonies of 24 to 72 hours old yeast culture 
were mixed in 4 ml of sterile distilled water 
to get a density of a Mac Farland number  
5 standard. A tube of sterilized yeast 
nitrogen base medium or basal medium  
was melt in a boiling water bath; and was 
allowed to cool to 47-48ºC. Then, the 
prepared yeast suspension was poured into 
molten agar and mixed thoroughly by 
inverting the tube several times. 

The yeast agar mixture was poured into a 
sterile 15x150 mm petri dish and allowed to 
solidify at room temperature under aseptic 
condition. When the agar plate was 
solidified, the carbohydrate discs were 
placed evenly spaced, on the plate by using 
sterile forceps. Then, the plate was incu-
bated in 37ºC incubator for 24-48 hours. 
The growth around a disc indicated that the 
yeast assimilated the sugar.9  

RESULTS 

Occurrence of otomycosis during study 
period 
Among those 100 suspected of having 
otomycosis, positive fungal culture was 
found in 83 patients (83%). 
Distribution of patients with culture proved 
otomycosis by age and gender  
The present study showed that out of  
83 patients with culture proved  otomycosis, 
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49 were females and 34 were males, of 
which 19 patients (22.9%) were between  
41 to 50 years old, followed by 18 patients 
(21.7%) each were between 21 to 30 years 
old and 31 to 40 years old, 17 patients 
(20.5%) were 50 years and above, 9 patients 
(10.8%) were between 11 to 20 years       
and 2 patients (2.4%) were under 10 years 
old. The youngest age was 4 years old     
and the oldest age was 83 years old.        
The mean age of this study group was       
38 years old. 
Laterality of otomycosis 
In this study, out of 83 culture positive 
patients, 33 patients (39.8%) were affected 
at right ear and 50 patients (60.2%) were on 
left side. 
Associated tympanic membrane perforation 
in otomycosis 
In this study, out of 83 culture positive 
patients, 15 patients (18.1%) were in 
association with tympanic membrane 
perforation.  
Predisposing factors for otomycosis 
Seventy-five patients (90.4%) gave a history 
of manipulation by self cleaning of the     
ear by cotton bud, metal probe and others. 
Fifty-seven patients (68.7%) came with       
a history of water entering into the             
ear during hair washing, swimming and 
water throwing at Thingyan Water Festival. 
Associated chronic suppurative otitis   
media was encountered in 14 patients 
(16.9%). Foreign body was found in the ear 
of only one patient (1.2%) during exami-
nation whereas only one patient (1.2%) did 
not gave a history of any predisposing 
factors.  

Association of otomycosis with previous 
drugs history 
Out of 83 patients, 35 patients (42.2%) gave 
a history of using ear drops including 
antibiotic and steroid. Another 33 patients 
(39.8%) had history of using traditional 
medicine (Coconut oil and Japan ear 
cleaning drops) and 15 patients (18.1%) 
showed no history of drugs used.  

Fungal isolates from otomycosis 
Out of 100 clinically suspected otomycosis, 
83 were fungal culture positive, growth of 
bacteria were found in 2 specimens (2%) 
and 15 specimens (15%) showed no growth. 
In 83 of the fungal culture positive samples, 
73 cultures had one kind of fungus and      
10 cultures had mixed fungal growth.  

Aspergillus species  
The most common fungal isolates were 
Aspergillus species and were isolated  
from 63 patients (75.87%). Among them, 
Aspergillus niger was isolated from  
43 patients (51.8%) followed by Asper-
gillus flavus from 11 patients (13.25%), 
other Aspergillus species from 2 patients 
(2.4%), Aspergillus terreus from 1 patient 
(1.2%) and Aspergillus glaucus from  
1 patient (1.2%) (Table 1 & 2). 

Table 1. Frequency  of  Aspergillus  species   and 
Candida species from otomycosis 

 Single infection Mixed infection Total 
Aspergillus species 58 5 63 
Candida species 12 5 17 

Table  2.  Distribution   of  fungal  isolates  from  
otomycosis 

Isolated fungi Number of patients Percentage 
Aspergillus niger 43 51.80 
Aspergillus flavus 11 13.25 
Aspergillus terreus 1 1.20 
Aspergillus glaucus 1 1.20 
Other Aspergillus species 2 2.40 
Candida albicans 2 2.40 
Candida guilliermondii 6 7.22 
Candida parapsilosis 2 2.40 
Candida tropicalis 2 2.40 
Cladosporium species 2 2.40 
Mucor species 1 1.20 
Mixed infection 10 12.05 
Total 83 100.00 

 
Candida species  
Candida species were isolated from  
17 patients (20.44%): Candida guillier-
mondii was isolated from 6 patients 
(7.22%), Candida albicans from 2 patients 
(2.4%), Candida parapsilosis from  
2 patients (2.4%), and Candida tropicalis 
from 2 patients (2.4%) (Table 1 & 2). 
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Other fungi  
Other fungi isolated were Cladosporium 
species from 2 patients (2.4%) and Mucor 
species from one patient (1.2%) (Table 2). 
Mixed infections 
Ten mixed infections were detected: six 
patients with Aspergillus niger and Candida 
guilliermondii, one patient with Aspergillus 
niger and Candida tropicalis, one patient 
with Aspergillus niger and Candida 
parapsilosis, one patient with Aspergillus 
niger and Candida albicans, one patient 
with Aspergillus glaucus and Candida 
tropicalis (Table 2). 
 

DISCUSSION 
 

It was reported that aetiology of the 
majority of the external ear infections were 
bacterial, only 15-20% were attributed to 
fungi. Although rarely life threatening,        
it frequently requires long-term treatment 
and follow-up. The recurrence rate remains 
high. The fungi that produce otomycosis 
were generally saprophytic fungi species 
that abound in nature and that form a part of 
the commensal flora of healthy EAC.2 
Eighty-six percent of the samples yielded 
positive fungal culture in the present study. 
Similar results were obtained in some 
studies where 79.4%, 86% and 91% of  
the specimens were culture positive.5, 11, 12 

The high degree of detection in this study 
could be attributed to favourable climatic 
and environmental conditions such as 
warmth, relative humidity and dusty 
environment. The poor personal hygiene 
and practice of some bad habits (e.g, self 
cleaning of the ear) also can contribute.  
An analysis of the age group revealed that 
otomycosis can affect any age from one 
year through 80 years. But the incidence 
was found to be low below 10 years and 
above 50 years. In our study, the incidence 
was high in the age group 21 to 40 years. 
The higher incidence in these patients may 
be due to the fact that these people are more 
exposed to the mycelia due to occupational 

exposure, travelling etc., where the older 
and younger age groups are not as exposed 
to these pathogens. The incidence of 
otomycosis was higher in female than male; 
out of 83 patients, 49(59%) were females 
and 34 males patients (41%). Similar 
finding was seen in a study in Brazil.13  

In which, 60% of otomycosis was seen       
in female patients. Incidence was more 
common among females, because of most of 
females were housewives have a lot of 
working in damp, cold condition of house 
and field lead to exposure to dust and 
deposion of fungal spores. Other reasons 
could be attributed to the use of dryer in the 
setting of wet hair by women that might 
increase the humidity in the external ear 
canal and encourage otomycosis. Besides, 
another reason could be that the female 
patients generally seek medical help for 
their ailments more often than the male 
patients.14 

Otomycosis is commonly one-sided 
disease.12 The present study found the left 
sided otomycosis in 50 cases (60.2%) and 
the right-sided otomycosis in 33 cases 
(39.8%). There is no significance regarding 
left and right fungal ear infection. As most 
people are right-handed, it was expected 
right ear infection may be due to self 
cleaning. In this study, the number of cases 
of otomycosis was more prevalent in May, 
June, July and August.  

Most patients are due to water entering into 
the ear during Thingyan Water Festival and 
hair washing, moisture trapped in ear canal 
in moist environment during rainy season. 
Moreover, widespread use of ear drops 
containg antibiotics and steroids, uses of 
traditional medicine (e.g., coconut oil and 
Japan ear cleaning drops) predispose to the 
infection. 

In this study 75.87% of otomycosis belong 
to Aspergillus species, 20.44% to Candida 
species, 2.40% to Cladosporium species and 
1.20% to Mucor species. This finding was 
comparable to that of a study in Tehran, 
where Aspergillus species were isolated as 
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the commonest fungal species followed by 
Candida species.15  The distribution of fungal 
species in otomycosis was related to the 
geographic location. In areas with mild to 
cold weather, Candida species were domi-
nant while in tropical or subtropical areas 
Aspergillus species were prevailing.16, 17 
The present study showed 51.8% of the 
isolates were Aspergillus niger followed by 
Aspergillus flavus (13.25%), other Aspergillus 
species (2.4%), Aspergillus terreus (1.2%), 
and Aspergillus glaucus (1.2%). The genus 
Aspergillus was the most common isolates of 
otomycosis at E.E.N.T Hosptial (Mandalay), 
2006. Aspergillus niger was isolated from 
67.08% of patients, and Aspergillus flavus 
from 16.45%, Aspergillus fumigatus from 
6.33%, and Aspergillus terreus from 3.79% 
of the total isolates (n=79).18 
Other studies from China and India also 
mentioned  Aspergillus niger as the most 
common isolates followed by Aspergillus 
flavus, Aspergillus fumigatus and Candida 
species.11, 14 In contrast, in the studies of 
from Nepal, Aspergillus flavus was the most 
common (49%) fungal isolates. In the 
present study, Aspergillus flavus was the 
second most common cause of otomycosis 
(16.45 %).5, 19 
In the present study Candida species 
isolated were Candida guilliermondii 
(7.22%), Candida albicans (2.4%), Candida 
parapsilosis (2.4%), Candida tropicalis 
(2.4%) were isolated and mixed infection 
with Aspergillus species (12.05%). The 
local study done in 2006 at E.E.N.T 
Hosptial (Mandalay), showed that, of  
79 patients with otomycosis, Candida 
pseudotropicalis from 6.33% of the total 
isolates.18 Although many of the stated 
studies mentioned Candida species only as  
a small portion of the isolated pathogens,  
a few study groups found Candida species 
to be the most common isolates of otomy-
cosis.13  
Variation in the findings of culture isolates 
might be attributable to differences in 
population groups, habits, climatic condi-

tions, and methods of isolation. Aspergillus 
species are more common in airborne  
dust, and their heavy growth is aided by 
earwax. Aspergillus otitis is a cosmopolitan 
condition that occurs more often in warm 
and humid climates. Variation in dominant 
organisms was also related to difference in 
geographic areas. 

In the present study, the rare etiologic agent 
of otomycosis, Cladosporium species was 
also isolated in 2.4% (2 out of 83) of fungal 
culture positive cases. Similar to the present 
study, Moharram, et al found that the 
incidence of this rare fungus was 2 out of  
92 cases mycologically positive patients 
(2.2%).20 

Regarding Mucor species, the incidence of 
Mucor species in the present study was 
1.2% (1/83). This result was comparable     
to that of a study from Turkey; a study   
from India where growth of Mucor species 
was found in 1.2% (1/45), 1.21% (1/82)  
of the fungal culture positive cases, 
respectively.7, 21 

In this study, mixed fungal growth of mould 
and yeast was detected in 12.05% of the 
patients. Contrast to the present study a low 
detection rates of mixed infection was  
found in 1.8%, 4.6%, 7.8% of the patients  
in the studies from Nepal and India, 
respectively.5, 7, 21  
In cases in which molds and yeasts grow 
simultaneously on culture, it was difficult to 
decide whether both species act as 
pathological agents or the growth of yeasts 
represent commensal added flora. Due to 
the continuous usage of broad-spectrum 
antibacterial drugs, the incidence of 
otomycosis in humans is suspected to be 
increasing. Like many other skin diseases, 
otomycosis also very often becomes a 
chronic and annoying problem to the patient 
and the doctor. It has become a frequent 
cause of morbidity. Therefore, the findings 
in this study highlighted the importance of 
preventing the access of environmental 
fungi to ear canal by avoiding predisposing 
factors and preventing the access of 
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commensal fungi, Candida species to the 
ear canal by maintaining good personal 
hygiene. 
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The species Aedes aegypti is considered as the major vector of dengue fever 
and dengue haemorrhagic fever. Laboratory-based larvivorous study was 
done on laboratory reared 3rd and 4th instar Aedes larvae. Native larvivorous 
fish Aplocheilus panchax and Trichogaster trichopterus from Mingalar- 
ywarthit and Taungnar villages in Hpa-an Township were used for tests. The 
study was done from February 2014 to January 2015. A series of laboratory 
experiments compared larva consuming rates of both species of fish in 
different water volumes, in order to determine their potential as mosquito 
control agent in water storage containers. Laboratory results found that 
native larvivorous fish Aplocheilus panchax and Trichogaster trichopterus 
consumed significant numbers of Aedes larvae. Mean larva consuming    
rate of one individual, two together and three together of Trichogaster 
trichopterus fish in three different water volumes was found to be higher 
than that of Aplocheilus panchax. When comparing larvae/day/gm weight, 
one gram weight of Aplocheilus panchax consumed 463.04 number            
of 3rd  and 4th instar Aedes larvae within 24 hours. It was 3.727 fold higher   
in consuming rate than one gram of Trichogaster trichopterus against   
Aedes aegypti larvae in the laboratory. Size and weight of Trichogaster 
trichopterus is bigger than Aplocheilus panchax. Larva consuming rates of 
both fish were significantly higher in the daytime than at night in all water 
volumes. Of the two native fish species, Aplocheilus panchax showed 
greater potential as a mosquito control agent against Aedes larvae in water 
storage containers in Hpa-an Township, Kayin State.  

Key words: Larvivorous fish, Aedes larvae, Water volume, Native, 
Aplocheilus panchax, Trichogaster trichopterus 

 
INTRODUCTION 

 
The species Aedes aegypti is considered as 
the major vector of dengue fever, dengue 
haemorrhagic fever and dengue shock 
syndrome (DF, DHF, DSS) in many sub-
tropical and tropical countries throughout 
the world. Dengue is a disease of increasing 
public health importance, with over 2.5 
billion people at risk globally.1 Over 100 
tropical countries are endemic for dengue 
and report increased epidemics, including 
more of the severe form of the disease, 
dengue haemorrhagic fever (DHF). These 
increases are the results of population 

growth and urbanization, poor sanitation 
and hygiene, and an increased range of both 
virus and vector.1-3 
In Myanmar, the highest numbers of DHF 
cases were reported from Irrawaddy, 
Kachin, Magway, Mandalay, Mon, Rakkine, 
Sagaing, Tanintharyi and Yangon regions.4 
A severe outbreak of DHF occurred for the 
first time in Yangon in 1970.5 The spread of 
DHF from Yangon to other states and 
regions started at the beginning of 1975.6  
___________________________________ 
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The urban areas within the Yangon City 
limits were more affected than the suburban 
townships of Yangon Region. This epidemic 
affected mostly school-going age groups. 
The main mosquito vector, Aedes aegypti, 
breeds in still, clear bodies of water and 
thrives in human-made receptacles such as 
discarded pots, tires, bamboo stems, spirit 
bowls and water storage containers such as 
metal drums, plastic drums, concrete jars, 
bago jars and earthen pots . 
Prevention of DHF outbreaks in endemic 
areas is based on long-term, anti-mosquito 
control measures particularly household and 
environmental sanitation with emphasis on 
larval source reduction. Only vector control 
promises permanency and a cost effective 
solution.7 Therefore, the exploration of 
more-effective and eco-friendly techniques 
to control mosquitoes seems to be very 
promising. Various organisms, known as 
natural biological control agents, can be 
utilized to control mosquito populations, 
thus avoiding the use of chemicals and   
harm to the environment in the process.      
It is desirable to use biological control 
agents that can adapt to mosquito breeding 
habitats, are found naturally, and pose no 
danger to people.8, 9 Biological control 
means the use of different kinds of living 
things, and/or their derivatives to eliminate 
mosquito populations. 

Small fish such as Claris fuscus, Tilapia 
nilotica, and Macropodus spp, have been 
used in many regions to eliminate larvae in 
domestic water containers with considerable 
success. These larvivorous fish have been 
widely used as biological control agents            
of mosquito larvae. Guppy fish (Poecilia 
reticulata) have been described as effective 
biological agents for the control of mosquito 
larvae.10-13 They are native to South 
America, have been introduced into other 
non-native countries in South America and 
Asia, and are commonly found in orna-
mental ponds in Cambodia and elsewhere.13 
Fish bred in artificial containers, such        
as large domestic tanks14, 15 and  rain   water   

vessels, have already been used as an 
alternative biological control in various 
parts of the world, including Nicaragua and 
Mexico.16, 17 Larvivorous fish  Applicheilus 
panchax grow to about 5 cm in length,      
and females produce 20-40 eggs and need  
4-6 month duration period for adult.      
They are abundantly found in pond, paddy 
fields, river beds and cheeks. Trichogaster 
trichopterus grow to about 8 cm in length. 
A female produces 120-200 eggs and    
needs 6-month developmental period to be 
adult. The fish are abundantly found in 
pond, paddy fields and cheeks and can be 
survived in both clear and polluted water. 
Both fish are good predators for mosquito 
larvae. 

New or alternative vector control methods 
are urgently needed which are more 
effective than routine methods. Thus, pre-
vention of mosquito bite by personal 
protection and control of vectors are the 
only methods available to prevent Dengue 
fever (DF) and dengue haemorrhagic fever 
(DHF). Lavivorous fish are very good 
predators of mosquitoes larvae.18 Therefore, 
the present laboratory study was conducted 
to investigate the larva consuming rate       
of native larvivorous fish of Aplocheilus 
panchax and Trichogaster trichopterus from 
Hpa-an Township to control water storage 
container bred Aedes larvae in Mingalar-
ywarthit and Taungnar villages. 

 
MATERIALS AND METHODS 

 
Study design and study period  
Laboratory-based, descriptive study was done 
with laboratory-reared Aedes larvae (Aedes 
colony larvae were collected from two 
villages in Hpa-an Township) against native 
larvivorous fish from Hpa-an Township 
from February 2014 to January 2015. 

Field collection site 

Hpa-an is situated 97º 21' to 98º 1' east 
longitude and 16º 30' to 17º 44' north lati-
tude. The population of Hpa-an Township is  
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about 373147 persons and is divided into 
100 villages and 474 small villages (Census, 
2014). Periurban areas of Mingalarywarthit 
Village is situated at 16º 51' 7.06" north 
latitude and 97º 40' 39.15"  east  longitude 
and Taungnar Village is situated at   16º 50' 
33.09" north latitude and 97º 39' 52.44"  east 
longitude of Hpa-an Township, Kayin State 
with high DHF prevalence within the last 
five years and  were chosen as study sites.  

According to the report of vector-borne 
diseases control (VBDC) in   Hpa-an, about 
588 cases of DHF occurred with one fatal 
case in 2013 and 184 cases of DHF occurred 
in 2014. In Eaindu subtownship, there was 
about 123 DHF cases in 2013 and 26 cases 
occurred in 2014 (personal communication). 
Mingalarywarthit Village and Taungnar 
Villages are included in Eaindu sub-
township.  

Larvae collection 
All potential breeding sites in suspected 
high-risk areas were examined in order to 
carry out the systematic study. Aedes larvae 
were collected from positive containers of 
different container categories as major, 
minor and miscellaneous sources. Metal 
drums, concrete tank, concrete jar, bago 
jars, glazed or unglazed earthen jars                   
(up to 30 L in size), were considered as 
major sources. Other sources such as flower 
vases, small glazed earthen jars and ant-
guards were considered as minor sources.  

Miscellaneous container categories include 
discarded utensils (old cans, discarded car 
tyres, etc.), tree holes and hollow bamboo 
poles. All collected Aedes larvae were 
carried to laboratory and reared repeatedly 
in white tray (1x1.5 ft) to get sufficient 
amount of larvae for test. DMR larva food 
was used to feed larvae. 
Native larvivorous fish collection 
Native larvivorous fish such as Aplocheilus 
panchax and Trichogaster trichopterus were 
collected from ponds, creeks and river beds 
using fish net and net sweeper. Field 
collected    specimens   of    Aedes   mosquito  
 

larvae  and larvivorous fish were transported  
in plastic bags and oxygen was given by 
oxygen pump. Fish were reared in concrete 
tanks (2.5x3x3 ft) separately in laboratory 
for further study. Aedes mosquito larvae 
were used as fish food.     

Laboratory experiment for predatory rate  
of larvivorous fish in three different water 
volumes  

Twenty-four hours predatory rate of 
Aplocheilus panchax and Trichogaster 
trichopterus were tested against laboratory- 
reared Aedes larvae. Larvae consuming rate 
and day-and-night predatory rate were 
measured in three different water volumes.  

Before testing fish, weight and length     
were measured by HP 300 digital balance 
and ruler. Minmum and maximum larva 
consuming rate of each with two and      
three fish in different water volumes as one, 
three and five litres were measured in 
laboratory.  

One of each Aplocheilus panchax was put 
into three aquariums (7x7x10 inches) with  
1 L (water height 4 cm), 3 L (12 cm) and   5 L 
(20 cm) of tap water volumes. According   
to preliminary larva consuming test, 
laboratory-reared three hundred number of 
third and fourth instars of Aedes aegypti  
larvae for one fish were put into each 
aquariums at 06:00 hr and consuming rate 
was read after 6 hours (at 12:00 hr),  
12 hours (18:00 hr)  and 24 hours (06:00 hr) 
after introducing and consuming rate was 
recorded.  

The larva consuming rate for two and three 
fish comprised of 600 Aedes larvae for two 
fish and 900 Aedes larvae for three fish in 
each different water volume and consuming 
rate was recorded as above procedure. 
Room temperature, relative humidity and 
water pH were recorded. 

Data analysis   

Larva consuming rate, day-and-night 
predatory rate, larva/day/gm were calcu-
lated by Microsoft excel software. 
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RESULTS 
 

Highest mean consuming rate of 
Aplocheilus panchax was found to be 
152.66±38.35 and 517.22±87.03, 3rd and 4th 
instar larvae of Aedes in one and three liters 
of water against 0.62±0.12 gm weight and 
3.98±0.35 cm length of one fish and 0.64± 
0.15 gm and 4.00±0.32 cm length of three 
fish within 24 hours at temp 27±2ºC, RH 
76±5%. pH 6.7±.5. Larva consuming rate of 
two Aplocheilus panchax 0.61±0.15 gm   
and 3.96±36.83 cm length was found to     
be 325.33±36.83 against 3rd and 4th instar 
larvae of Aedes within 24 hours in five liters 
water volume.  
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Fig. 1.  Mean larva consuming rate of two native 
larvivorous fish against 3rd and 4th instar 
Aedes larvae in three different water 
volumes within 24 hours  

The highest mean larvae consuming rates of 
one, together two and three Trichogaster 
trichopterus were found to be 189.89± 
62.09, 480.56±99.69 and 798.44±101.06, 
respectively against Aedes larvae in 5-L 
water volume within 24 hours. Lowest 
consuming rate was found in 1-L water 
volume (Fig. 1). 

Maximum and minimum consuming rates              
of Applocheilus panchax in three different 
water volumes by weight were found            
to be 463.04 larvae/day/gm weight and 
122.86 larvae/day/gm weight in three             
liters   water   volume.   Maximum    number            

of  Aedes  larvae  consumed  by one  gm  of   
Trichogaster trichopterus fish in different 
water volumes were found to be 124.24 
larvae/day/gm weight in one liter water 
volume.  Minimum consuming rate or the 
lowest consuming rate was found to be 
19.61 larvae/day/gm weight in three liters 
water volume (Table 1). 
Table 1.  Minimum and maximum numbers of 

larvae consumed per day by weight 
of fish of Applocheilus panchax and 
Trichogaster trichopterus  

Water 
volume 
(Litre) 

Applocheilus panchax Trichogaster trichopterus 
Larvae/day/gm Larvae /day/gm 

Minimum 
No. 

Maximum 
No. 

Minimum 
No. 

Maximum 
No. 

1   140.91 330.00 30.56 124.24 
3 122.86 463.04 19.61 64.82 
5 264.86 330.00 28.04 103.83 

 
 

 
 

 

 

 
 
 
 
 
 

Fig. 2. Day-and-night time larva consuming rate 
of different number of native larvivorus 
fish against 3rd and 4th inster Aedes larvae 
in  laboratory conditions 

Fig. 2 shows the day and night time larva 
consuming rate of both Aplocheilus panchax 
and Trichogaster trichopterus measured 
against 3rd and 4th instar Aedes larvae              
from 06:00 to 18:00 for daytime and 18:00            
to 06:00 for nighttime duration. It was found 
that daytime larva consuming rate of               
both fish were higher than nighttime larva 
consuming rate of one, two together and 
three fish together in 1 litre, 3 litres   and     
5 litres water volumes. The consuming rates 
of both Aplocheilus panchax and Trichogaster  
trichopterus     fish    were   observed    to    be 
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87.44 ±23.38, 90.44±28.51, 92.33±24.36 and 
113.22±39.63, 117.67± 24.54, 117.00±42.83, 
respectively for one each fish. Together two 
fish each found 196.67±55.44, 183.89         
±69.17, 189.78±72.45, and 236.33±93.00, 
285.67±88.44, 308.78±85.62, respectively. 
Together three fish each found 289.89 
±39.78, 350.78±40.17, 338.56±25.31 and 
502.11±100.67, 518.89±70.94, 524.00±59.92, 
respectively in three different water volumes. 

 
DISCUSSION 

 
Mingalarywarthit and Taungnar villages are 
included in Eaindu subtownship. In Eaindu 
sub-township, there were about 123 DHF 
cases in 2013 and 26 cases occurred in 2014 
(personal communication). The study found 
that water storage containers of Mingalar- 
ywarthit and Taungnar villages were highly 
positive for Aedes larvae. Therefore, it was 
essential to control Aedes larvae in water 
storage containers in these areas. There are 
many biological control methods available. 
However, suitable cost effective and             
long-term indigenous control method is 
required. In control measure, some larvi-
vorous fish species can be used as biological 
control agents.19, 20  The dragonfly nymphs, 
Bradinopyga germinate rambur, were also 
found to be highly larvivorous.21, 22                                             

Among two larvivorous fish namely Aplo-
cheilus panchax and Trichogaster tricho-
pterus, Aplocheilus panchax species is 
native to southern Asia from Pakistan to 
Indonesia. It was discovered in two hot 
springs in Singapore. Trichogaster tricho-
pterus is native to Southeast Asia and found 
abundantly in pond and creeks in many 
parts of Myanmar. Both species were tested 
against third and fourth instars Aedes 
aegypti larvae in different water volumes    
in the laboratory at 27ºC, 70-80% Rh and 
pH 6.5-7.  

When comparing mean larva consuming 
rate of both fish as one, two together             
and three in three different water volumes, 
Trichogaster trichopterus were found                   
to have higher larva consuming rates            

than Aplocheilus panchax. Highest larva 
consuming rate was found in 5 litres water 
volume with three fish. But, when compared 
with the larvae/day/gm weight of both 
species, Aplocheilus panchax  was found to 
be the most suitable species in terms               
of minimum and maximum laboratory 
predatory rates at 122.86, 463.04 larvae/ 
day/gm weight within 24 hours.  One gram 
weight of Aplocheilus panchax consumed 
highest number (463.04) of larvae within  
24 hours, and it was 3.727 fold higher than 
consuming rate of one gram of Tricho-
gaster trichopterus against Aedes aegypti 
larvae in the laboratory. Aplocheilus pan-
chax consumed over 100 Anopheles larvae 
within 24 hours.23  
One study mentioned that the number of 
larvae removed varied from 188 larvae/ 
day/gm by Trichogaster trichopterus to            
523 larvae/day/gm by male Poecilia 
sphenops and female Betta splendens.24 
Another study reported that Trichogaster 
trichopterus is capable of consuming  up to 
47 Culex quinquefasciatus larvae/day/gm.25  
The present finding observed that 
Trichogaster trichopterus consumed 124 
larvae/day/gm of Aedes larvae, may be            
due to the nature of two different species             
of larvae. Another study26 showed that 
Astyanax bimaculatus has very high con-
sumption capacity, managing to consume 
between 342 and thousand larvae in              
24 hours (at an average of 655 larvae).  
When comparing the daytime  (06-18 hour) 
and nighttime (18-06 hour) larva consuming 
rates, daytime rates of both Aplocheilus 
panchax and Trichogaster trichopterus one, 
two and three were found higher than the 
nighttime. Similar result was found in          
a study, in which day feeding rates of 
female guppies were higher than those       
of male guppies against Ae. aegypti,         
Ae.  Albopictus and Cx. quinquefasciatus and 
feeding rates of both sexes of guppies were 
higher during daytime than in nighttime.27 

Although one Australia study reported that 
of the three native fish species of Australian 
mangrove, Psuedomugil signifier showed 
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the greatest potential as a mosquito control 
agent in that night consuming rate was 
significantly higher and significantly lower 
in Hyseleotris galii and Pseudogobius spp., 
and having consumption rates comparable 
to Gambusia holbrooki, and was the only 
species that did not show the significant 
reduction in larval consumption in night 
experiments.28 

Studies of breeding sites and breeding  
times are important as they are the breeding 
habits and habitat of local larvivorous fish 
which are good predators of Aedes, Culex             
and Anopheles mosquito’s larvae. Larval 
predatory rate of Aplocheilus panchax was 
found to be highest against Aedes larvae but 
it was not significantly different against 
other Anopheles and Culex mosquito’s 
larvae in laboratory.29  

Present study emphasizes on the habitat of 
the Aedes aegypti. Based on the knowledge, 
effective control strategies should emphasize 
on larval source reduction which will be an 
important achievement for long-term vector 
control. The development, survival condi-
tion and other attributes of Aedes aegypti   
in different container categories and types 
were studied since these breeding sites  
were focal points which are targeted in 
control activities. Larvivorous fish are good 
biological control agents for controlling 
vector mosquito larval density and they can 
be used in different water storage containers 
to reduce adult mosquito population in 
urban, peri-urban and rural areas. Therefore, 
the finding of present study could be useful 
for control of mosquitoes cost effectively 
and also help to reduce environmental 
pollution by chemicals.    
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This study was aimed to investigate the cholesterol lowering effect of 
Triphla as capsule dosage form in human healthy volunteers. A community- 
based interventional study was carried out on 40 subjects from State 
Pariyatti Sāsana University, Yadanarponsan Nunnery and University of 
Traditional Medicine from May 2012 to October 2013. The concentrated 
aqueous extract of Triphala was prepared as freeze-dried powder and the 
capsule dosage form of Triphala was prepared. The uniformity of           
filled weight and disintegration test were performed on the Triphala 
capsules. The serum total cholesterol (STC) levels after 4-6 hours from the 
last meal were measured serially by the ABX Pentra 400 Fully Automated 
Analyser on 0 week (before consumption of Triphala capsules) and at the 
end of 4 weeks, 6 weeks and 8 weeks after consumption of 600 mg of 
Triphala capsules per day. In all subjects, the STC levels (Mean±SD) was 
5.62±0.32 mmol/L on 0 week and on 4 weeks, 6 weeks and 8 weeks were 
5.25±0.5 mmol/L, 5.04±0.5 mmol/L and 4.83±0.46 mmol/L, respectively. 
The STC level was reduced by 0.365 (mean difference) at the end of               
4 weeks (p<0.001), 0.575 (mean difference) at the end of 6 weeks (p<0.001) 
and 0.792 (mean difference) at the end of 8 weeks (p<0.001). STC levels 
were significantly reduced at 4 weeks, 6 weeks and 8 weeks compared to             
0 week. The result from current study justified that Triphala can be used as 
the cholesterol lowering agent. 

Key words: Triphala, Serum total cholesterol, Human healthy volunteers 
 

INTRODUCTION 
 

According to the WHO report on non-
communicable disease, globally, a third of 
ischemic heart disease was attributable                
to high cholesterol and the global preval-
ence of raised total cholesterol among                
adults was 39% in 2008.1 In Myanmar, 
cardiovascular diseases were sixth leading 
causes of morbidity, and second leading 
causes of mortality.2 There are several 
cholesterol-lowering drugs including modern 
medicines, herbal medicine and traditional 
medicine available in Myanmar. Triphala    
is a combination of equal ratio of three 
herbal fruits: Zee-Phyu (Phyllanthus emblica 
Linn.), Phan-Khar (Terminalia chebula 
Retz.) and Thit-Saint (Terminalia belerica 

Roxb.) which are widely used and easily 
available herbal remedy in Myanmar.  

According to the traditional medical concept, 
Terminalia chebula Retz. and Terminalia 
belerica Roxb. have warm energy while 
Phyllanthus emblica Linn. is cool in nature. 
Therefore, Triphala is balanced synergetic 
formulation, being neither too cold nor too 
hot. This study aimed to develop the freeze-
dried powder of the aqueous extract of 
Triphala as capsule dosage form and to 
determine the serum total cholesterol level 
of human healthy volunteers at 4 weeks,               
6 weeks and 8 weeks by oral administration.  
 ___________________________________ 
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MATERIALS AND METHODS 
 

The study was carried out after permission 
of Ethical Board of University of Tradi-
tional Medicine and written informed 
consents were obtained from all subjects 
after thorough explanation about this study. 
This study was community-based interven-
tional study. A total of 40 human volunteers 
from State Pariyatti Sāsana University, 
Yadanarponsan Nunnery and University    
of Traditional Medicine who were  between 
the ages of 30-60 years, both sexes,            
<30 kg/m2 of BMI and 4-6 hours fasting     
total serum cholesterol levels between        
5.2-6.2  mmol/L participated from May 2012 
to October 2013. Those who had moderate 
and severe hypertension, diabetes mellitus, 
history of ischemic heart disease and liver 
or renal disease, heavy smokers, taking lipid 
lowering medications were excluded in this 
study. Serum total cholesterol levels were 
determined at the laboratory of Mandalay 
General Hospital by using the ABX Pentra 
400 Fully Automated Analyser. 
Preparation of Triphala powder 

The three kinds of fresh fruits required for 
Triphala preparation were collected from 
Mandalay Division during the period of 
August to October 2012 and the authentic 
identification of the fruits was carried out. 
The seedless dried pericarps of Triphala 
were prepared as 1:1:1 ratio. Aqueous 
extraction of Triphala was done by 150 gm 
of prepared Triphala with 600 ml of distilled 
water using reflux extractor for 3 hours       
for three times at 60ºC. The liquid extract 
was filtrated and filtrate was concentrated 
by using vacuum rotary evaporator. 

Freeze dryer (model FD-1, Japan) was used 
in this study to get the aqueous extract 
powder. The 100 ml of Triphala extract 
filled flasks were immersed and turned in 
the ethanol 95% pre-freeze bath (-50ºC) to 
get the layer of frozen solution inside the 
flask. The flasks containing layer of frozen 
solution were immediately attached to the 
drying chamber through the vacuum pumps. 

When the dried layer was formed in the 
flask, it was scraped and made powder. It 
took at most eight hours in preparation of 
freeze-dried powder from aqueous extract of 
Triphala.  
Preparation of Triphala as the capsule 
dosage form 
The capsules dosage form was prepared in 
this study for the purpose of easy to 
administrate and to obscure the bitter and 
astringent taste of dried extract powder of 
Triphala. 

Triphala freeze-dried powder (300 mg) was 
filled in each 0-size hard gelatin capsules  
by manual capsule filling machine and  the 
quality tests, for the uniformity of filled 
weight and disintegration tests  were done. 
The uniformity of fill weight test was 
involved four steps: weighing a specified 
number of capsules, emptying out their 
contents, reweighing the shells and calcu-
lating the weight of the filled. Disinte-
gration test was performed by using the 
digital microprocessor based disintegration 
apparatus.3 Then, 60 capsules were put in 
each small container and a silica gel pack 
was also put to prevent the moisture. 
Finally, the containers were sealed with 
aluminium foil and stored in refrigerated 
temperature. 

Phytochemical analysis of Triphala 
Phytochemical screening of Triphala freeze-
dried powder was carried out according               
to physiochemical standards of UNANI 
formulations. 
Determination of the cholesterol lowering 
effect of Triphala on serum total cholesterol 
(STC) levels in human healthy volunteers 
The 600 mg per day of freeze-dried powder 
of Triphala capsule dosage form was 
calculated from the data of pilot study 
which was traditionally given 2 gm of raw 
Triphala powder per day. On 0 week, 3 ml 
of blood were collected after fasting 4-6 
hours from each subject. The blood samples 
were labeled with code numbers and were 
carried in an icebox from the site of sample 
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collection to the laboratory of Mandalay 
General Hospital to analyze STC by using 
the ABX Pentra 400 Fully Automated 
Analyser. STC levels were determined at 
the end of 4 weeks, 6 weeks and 8 weeks 
after daily oral administration of drug in the 
morning (7-9 am). 
Data collection and data analysis  
Data analysis was performed by SPSS 
version 11.5. Results were summarized as 
Mean±SD. Paired ‘t’ test was used for the 
significant of result. A significance level of 
p value was set at 0.05. 
Ethical consideration 
All eligible subjects were explained the 
procedure of the study and informed consent 
was obtained from all the subjects. This 
study obtained ethical approval from Ethical 
Board and Post-graduate Board of Studies, 
University of Traditional Medicine. 

 
 RESULTS 

 
The result of yield percentage (w/w) of 
aqueous extract of Triphala was 33.33%.             
According to the, qualitative phytochemical 
analysis, carbohydrates, reducing sugar, 
glycosides, flavonoids, tannins, amino acids, 
steroid, phenols and saponin were present in 
Triphala freeze-dried powder. Uniformity of 
filled weight test was used to estimate the 
content of ingredient per capsule by using 
Electronic balance (OHASUS). The unifor-
mity of weight of Triphala capsules (n20) 
was 307.75±7.1963 mg. Therefore, all the 
capsules had been filled with 300 mg 
powder and all the patients had the exact 
dose.  All capsules (n=5) were disintegrated 
in 27.866±1.5 minutes. Therefore, disinter-
gration times of all capsules were within the 

standard range (30 minutes for hard gelatin 
capsule).4 

Comparison of mean serum total cholesterol 
levels on 0, 4, 6 and 8 weeks consumption of  
Triphala capsules 

The age distribution was 23(57.5%) in            
30-39 years, 12(30%) in 40-49 years and           
5(12.5%) in 50-60 years and the mean age 
in this study was 40.25. There were 23 male 
(57.5%) subjects and 17 female (42.5%) 
subjects in this study. The subjects with 
normal BMI was 67.5% and the overweight 
(BMI≥25 kg/m2) was 32.5% of total popu-
lation. 
 

 
 

 
 

 
 

 
 
 
Fig. 1. Distribution of mean serum total         

cholesterol levels during the inter-
vention with Triphala capsules (n=40) 

The STC level (Mean±SD) before intervention 
(0 week) was 5.62±0.32 mmol/L. The level 
was reduced by 0.365 (mean difference) at 
the end of 4 weeks (p<0.001), 0.575 (mean 
difference) at the end of 6 weeks (p<0.001) 
and 0.792 (mean difference) at the end of              
8 weeks (p<0.001). Comparison of the STC 
levels on 0 week and other weeks are 
statistically significant (Table 1 & Fig. 1). 

  

Table 1. Comparison of STC levels during the intervention (n40) 

Measures Serum total cholesterol in mmol/L  
0 wk vs. 4 wk  0 wk vs. 6 wk  0 wk vs. 8 wk 4 wk vs. 6 wk  4 wk vs. 8 wk 6 wk vs. 8 wk 

Means 5.62±0.32 vs. 
5.25±0.5 

5.62±0.32 vs. 
5.04±0.5 

5.62±0.32 vs. 
4.83±0.46 

5.25±0.5 vs. 
5.04±0.5 

5.25±0.5 vs. 
4.83±0.46 

5.04±0.5 vs.  
4.83±0.46 

Mean   
  differences 0.365 0.575 0.792 0.210 0.427 0.217 

P value  <0.001 <0.001 <0.001 0.002 <0.001 0.003 
wk=week       

6 

5 

4 

3 

2 

1 

0 
    0  4 6  8 
                        Week 
 

Error bars: 95% CI, *p<0.001,   =STC  

* * * 
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DISCUSSION 
 

Many researchers reported that Triphala had 
antioxidant activity, cholesterol lowering 
activity and balancing and rejuvenating 
effects.5-7 The tastes of Triphala described 
in traditional texts were madhura (sweet), 
amla (sour), katu (pungent), kasa`ya 
(astringent), tikta (bitter). Those tastes were 
likely for the presence of carbohydrates, 
vitamin C, polyphenolic compounds, flavor-
noids and tannins in Triphala. In addition, 
Triphala had ushna virya (warm energy), 
laghu (light), ruksha (dry) and guna 
(properties).8  
Therefore, according to the concept of 
Desana Medicine, those properties of 
Triphala could have the balancing effect on 
increased internal Pathivi and increased 
external Apo (Apo Abhandana) due to Sita 
Tejo  (the causative factor) which caused the 
hypercholesterolaemia.  

The powder dosage form is used mostly             
in traditional medicine practice although 
dispensing and consumption of raw powder 
is inconvenient. The capsule dosage form  
of traditional medicine formulations is not 
widely used. Therefore, the freeze-dried 
powder of Triphala capsule dosage form 
was developed in this study. The quality 
control of capsules was also maintained           
by uniformity of filled weight test                      
and disintegration test. The freeze-dried 
Triphala powder used in this study was in 
yellow color and good retention of fresh as 
flavor and taste, which could provide the 
solubility, and stability of drug. Disinte-
gration times of all capsules were within the 
standard range (30 minutes for hard gelatin 
capsule) for the capsules in accordance with 
the British Pharmacopoeia. 

During the study period, all subjects were 
on usual diet. The Triphala capsules were 
self-administrated by each subject daily and 
the drug compliance was checked in every 
week by the investigator. There was no 
possible side effect reported on the Triphala 
freeze-dried powder during the course of the 
study period. The freeze-dried Triphala 

powder used in this study was in yellow 
color and good retention of flavor, taste stay 
in fresh and could provide the solubility and 
stability of drug. 

Before consumption of Triphala capsules          
(0 week), the STC level (Mean±SD) was 
5.62±0.32 mmol/L. At the end of 4 weeks, 
the STC (Mean±SD) significantly reduced 
from 5.62±0.32 mmol/L to 5.25±0.5 mmol/L 
(p<0.001) in comparison with that of                    
0 week. The level reduced by 0.210 (mean 
difference) when compared with that of               
6 weeks (p0.002). The mean difference 
was 0.427 when compared with that of                     
8 weeks (p<0.001). 
The mean STC level (5.04±0.5 mmol/L) at 
the end of 6 weeks after consumption of 
Triphala capsules was significantly reduced 
(p<0.001) in comparison with that of                        
0 week.  The mean difference was 0.217 
when compared 6 weeks and 8 weeks 
(p0.003).  

At the end of 8 weeks, the mean STC level 
was 4.83±0.46 mmol/L. It was highly 
significantly reduced (p<0.001) in compare-
son with that of 0 week. Comparisons of the 
STC levels on 0 week and other weeks            
are statistically significant. It was evident            
that the freeze-dried powder of Triphala 
could significantly reduce the serum total 
cholesterol levels in human volunteers. The 
pinciple of traditional medicine concerned 
with lowering of serum total cholesterol 
involves the followings: to increase the Agni 
(digestive fire), to digest the Ama (the product 
resultant of improper functioning of Agni) 
and to regulate assimilation, elimination  
and controlling the causative factors.9 The 
ushna virya, laghu, and ruksha properties of 
Triphala may be detoxified the Ama in the 
arteries, which might be likely to produce 
cholesterol-lowering effect of Triphala. 
Conclusion and recommendation 
The result of the present study gave 
evidence that the cholesterol lowering effect 
of Triphala is related with the traditional 
medicine concept. This study suggested that 
Triphala had cholesterol lowering effect and 
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Triphala can be used as evidence-based 
traditional cholesterol lowering agent.  
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Relation of inflammation and cancer can be proven in most of the studies. 
Epidermal growth factor receptor (EGFR) over-expression is one of the 
commonest causes of non-small cell carcinoma of lung cancer (NSCLC). 
Cyclooxygenase-2 (COX-2) enzyme and its products: prostaglandin, 
prostacyclin, thromboxane are involved in inflammation. The aim of                 
the study was to determine the association between serum EGFR and 
cyclooxygenase-2 levels in patients with NSCLC and healthy controls.                 
It was a cross-sectional analytic study. This study included 53 patients 
diagnosed as NSCLC (3 adenocarcinoma and 50 squamous cell carcinoma 
(SCC) of lung patients) and 16 apparently controls. Serum EGFR and  
COX-2 levels were determined by ELISA. Serum EGFR levels of healthy 
controls and NSCLC patients were 3.56±0.48 ng/ml and 170.10± 
13.80 ng/ml, respectively. In patients with NSCLC, serum EGFR of  
SCC and adenocarcinoma lung were 172.10±14.30 ng/ml and 137.40± 
64.70 ng/ml, respectively. Serum COX-2 levels of healthy controls and 
NSCLC patients were 0.62±0.15 ng/ml and 13.21±3.17 ng/ml. In patients 
with NSCLC, serum COX-2 levels of SCC and adenocarcinoma lung were 
13.60±3.34 ng/ml and 6.69±5.52 ng/ml, respectively. There is a significant 
association between serum EGFR and COX-2 levels in NSCLC patients 
(X2=7.854, p=0.005). Mean level of serum EGFR (170.10 ng/ml) and 
COX-2 (13.21 ng/ml) are set as cut-off values for categorization of low and 
high groups. There was no correlation between serum EGFR and COX-2              
in healthy controls (r=-0.036, p=0.894) and NSCLC patients (r=0.161, 
p=0.250). After excluding 4 outliers, the correlation between serum EGFR 
and COX-2 levels in NSCLC patients became significant (r=0.454, 
p=0.001). Correlation between serum EGFR and COX-2 levels in SCC 
patients was not significant statistically (r=0.142, p=0.325) but after 
excluding the 4 outliers, it became significant statistically (r=0.418, 
p=0.004). There was a positive correlation in adenocarcinoma (r=0.999, 
p=0.021). These findings indicated that EGFR and COX-2 play an important 
role in carcinogenesis of lung and are positively associated.  

      Key words: Epidermal growth factor receptor, Cyclooxygenase-2, Non-small cell carcinoma of lung 
 

INTRODUCTION 
 

Tumorigenesis is a multi-step process of 
transformation from normal bronchial epi-
thetlium to overt lung cancer. The various 
molecular changes in this process result in 
dysregulation of key pathways involved in 
cellular growth and apoptosis. Major classes 
of human cancer genes targeted by genetic 
lesions are the protooncogenes and tumor 
suppressor genes.1 Epidermal growth factor 

receptor (EGFR) is one of the products of 
protooncogenes and is a kind of receptor 
tyrosine kinase expressed on the surface of 
epithelial cells. EGFR regulates vital cellular 
processes such as proliferation, migration, 
survival and angiogenesis.2 Many chronic skin 
inflammation or irritations are known to be 
____________________________________ 
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associated with increased prevalence of 
squamous cell carcinoma.3 Cyclooxygenase-
2(COX-2) is an inducible enzyme stimulated 
by cytokines, growth factors, oncogenes,    
or tumor promoters during inflammation     
or malignancy. COX-2 over-expression is 
increased in association with decreased 
apoptosis, increased tumor invasiveness, 
immunesuppression and angiogenesis.4 
Epidermal growth factor receptor and 
cyclooxygenase-2 share common signaling 
pathway5 in carcinogenesis in vitro studies. 
But the association between EGFR and 
COX-2 is still controversial and the previous 
studies were done in tissue by immunohisto-
chemistry method.  
 

MATERIALS AND METHDS 
 

Study design & patients 

It was cross-sectional, descriptive study 
conducted from December 2010 to June 
2014. A total 53 numbers of patients 
diagnosed as NSCLC by histology and 
cytology reports by pathologist were 
collected from Department of Respiratory 
Medicine and Department of Thoracic 
Surgery, Yangon General Hospital were 
included. Sixteen numbers of apparently 
healthy adults who lived in Lanmadaw 
Township and worked at Department of 
Biochemistry, University of Medicine 1 
(Yangon) were selected as control. Both men 
and women patients and normal subjects 
were included.  

But the patients who have renal or hepatic 
failure with high serum creatinine or liver 
enzymes, pulmonary tuberculosis, auto-
immune disease, other inflammatory 
diseases and other malignancies and patients 
who were taking NSAID and or steroid 
drugs within 3 weeks were excluded from 
the study. After taking informed consent, 
history taking and physical examination, 5 ml               
of blood were collected and serum were 
stored at -80°C before analysis. Deter-
mination of serum EGFR and COX-2     
were done at Nuclear Medicine Research 

Division, DMR by ELISA method which 
was a quantitative sandwich immunoassay 
and both kits were products of Uscn Life 
Science, USA.  

Data analysis 

Data entry was done in Microsoft Excel  
and data analysis was done by using  
the Statistical Package for Social Science 
(SPSS) software version 16. Standard 
statistical methods were applied for the 
calculation of mean, standard error of the 
mean and standard deviation. The numbers 
of patients with high or low serum EGFR   
or COX-2 were calculated by using mean 
serum level of EGFR or COX-2 as cut-off 
values.  

Then, the association between serum EGFR 
and COX-2 levels was analyzed by Chi-
square test. Correlation of serum EGFR and 
COX-2 levels was tested using Pearson 
correlation coefficient (r). Significant level 
was decided if the probability levels of all 
tests were <0.05.  

Ethical consideration  

The proposal of this study was approved by 
Ethic and Research Committee, University 
of Medicine 1 on 18th January, 2012. 

 
RESULTS 

 
Table  1.  Serum EGFR and COX -2 levels in  

patients with  NSCLC  and   healthy 
controls 

 
 

Parameter 
 

 
 

Serum EGFR level (ng/ml) 
 

 
 

Healthy control (n=16) 
3.56±0.48 (0.19-5.47) 

 

 
 

NSCLC# (n=53) 
170.10±13.80 (4.14-439.20) 

 
 

Healthy control (n=16) 
 

 
 

SCC# (n=50) 
172.10±14.30 (4.14-439.20) 

 
 
 

Healthy control (n=16) 
 

 
 

Adenocarcinoma#  (n=3) 
137.40±64.70 (64.70-266.40) 

 
 

Serum COX-2 level (ng/ml) 
 

 
 

Healthy control (n=16) 
0.62±0.15 (0.00-2.03) 

 

 
 

NSCLC# (n=53) 
13.21±3.17 (0.49-145.70) 

 
 

Healthy control (n=16) 
 

 
 

SCC# (n=50) 
13.60±3.34 (0.49-145.70) 

 
 

Healthy control (n=16) 
 

 
 

Adenocarcinoma# (n=3) 
6.69±5.52 (0.78-17.73) 

 

#=Patients, data were shown in Mean±SEM (range). 
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Age (mean±SD) of healthy controls, patients 
with NSCLC, SCC and adenocarcinoma of 
lung were 56.38±10.17 years (range=40-73), 

60.83±9.62 years (range=27-79), 60.66±9.85 
years (range=27-79) and 63.67±3.51 years 
(range=60-67), respectively.  

 
 
 
 

 

 

 
 

 
 
Fig. 1a & b. Correlation  between  serum  EGFR  and  COX-2  levels  in NSCLC  patients  before  and 

after excluding  4 outliers 

 

 
 
 
 
 
 
 
 
 
 

Fig. 2 a & b.  Correlation  between serum  EGFR  and COX-2 levels in  SCC patients before and after 
excluding 4 outliers 

 
Table  2. Association between serum EGFR 

and COX-2 levels in NSCLC patients  

EGFR level 

No. of subjects Total 
number 

X2  
value 

p  
 value 

Low 
COX-2 
 level 

High  
COX-2  
level 

 
  

Low EGFR level 22 4 26 

7.854 0.005 High EGFR level 13 14 27 

Total number  35 18 53 

There is no significant difference in  
age between healthy controls and patients 
with NSCLC or SCC or adenocarcinoma  
of lung (p=0.134, p=0.152 and p=0.052), 
respectively. In healthy control group, 
majority (63%) were females but in NSCLC 
patients, majority (70%) were males. In 

calculating association, mean level of  
serum EGFR (170.10 ng/ml) and COX-2 
(13.21 ng/ml) were set as cut-off values for 
categorization of low and high groups.  

 
DISCUSSION 

 
Lung cancer was the most commonly 
diagnosed cancer worldwide and had  
13% (1.8 million) of the total new cancer 
cases. It was also the most common cause of 
cancer death and had 19.4% (1.6 million) of 
the total cancer-related deaths.6  

EGFR normally involves in cell growth, 
proliferation, cell division, differentiation 
and apoptosis. Over-expression or mutation 
of EGFR activates cellular signaling path-
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ways that induce characteristics of cancer 
cells, including angiogenesis, metastasis, 
and invasiveness. COX-2 and its products 
prostaglandin are known to play an 
important role in carcinogenesis by stimu-
lating growth, survival, invasion, metastasis, 
and angiogenesis of tumor cells. Although 
the actions of COX-2 and EGFR are closely 
related in cells, expression patterns of  
COX-2 and EGFR are highly variable among 
cancer cell types and frequently seem to    
be independent of each other. Thus, deter-
mining the precise relationship between  
two proteins in a specific cancer type could 
provide useful clues for the development of 
new drugs or approaches e.g., combined 
targeted strategies.7 
In the present study, there was a significant 
association between serum EGFR and 
COX-2 levels in NSCLC patients. There 
was also a significant positive correlation 
between them in NSCLC and SCC patients 
after excluding 4 outliers although it        
was not significant before. These 4 patients 
were SCC lung cases and their COX-2 
levels were very much higher than the  
mean level of SCC patients although their 
EGFR levels were a little higher than the 
mean level.  
One patient had congestive liver and 
bilateral nephropathy in abdominal ultra-
sound report and another patient had parotid 
tumor. There were no significant findings  
in other 2 patients apart from smoking 
history of 33 and 45 years duration. It may 
be due to other inflammatory disorders  
apart from NSCLC. Although positive 
correlation was found in adenocarcinoma 
lung, it can’t be counted due to small 
sample size. There was no correlation 
between serum EGFR and COX-2 levels in 
normal subjects. 

The result of the present study was 
consistent with other studies.8-10 In these 
studies, EGFR expression was positively 
correlated with COX-2 expression although 
EGFR and COX-2 expression were detected 
by IHC. The correlation might be due to 

involvement of cross-talk between EGFR 
and COX-2 signaling. Transactivation of 
EGFR represents the paradigm for cross-
talk. The mediators involved in EGFR 
transactivation depend on the activated           
G-protein coupled receptor (GPCR), the cell 
type, and the specific physiological state of 
the cell.11 

COX-2 transactivates EGFR through 
production of prostaglandins mainly PGE2. 
Via EP4 receptor, PGE2 increases the 
expression of EGFR ligand; amphiregulin 
through cAMP-response element binding 
proein.12 PGE2 also causes release of 
membrane bound EGFR ligands by acti-
vating matrix metalloprotease (MMP).  
In addition, PGE2 activates non-receptor 
tyrosine kinase Src by increasing intra-
cellular calcium. Src activates intracellular 
EGFR by phosphorylation.13 

EGFR activation results COX-2 gene 
expression via transcription factor AP1. 
Activated EGFR also increases the level  
of PGE2 by inhibiting the expression of  
15-hydroxyprostaglandin dehydrogenase 
which is responsible for catabolism of 
PGE2.14 Activated EGFR activates urokinase 
type plasminogen activator leading to 
activation of plasmin which activates MMP. 
MMP can increase the release of membrane 
bound EGFR ligands resulting in more 
activation of EGFR.15 EGFR activation by 
ligand dependent or ligand independent  
can activate transcription of EGFR ligand 
genes through Ras-MAPK pathway.13 
EGFR ligands (i.e., EGF and TGF-α) itself 
can enhance release of membrane bound 
EGFR extracellular domain16 and leads to 
increased serum EGFR level.  
But, one study5 discovered that there was  
no correlation between EGFR and COX-2 
expression in NSCLC. EGFR can be acti-
vated by direct ligand binding or other 
stimuli. EGFR can be activated by other 
receptor tyrosine kinase agonists, cytokines, 
chemokines and cell adhesion elements,  
UV and gamma radiation, osmotic shock, 
membrane depolarization, heavy metal           
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ions and radical-generating agents such             
as hydrogenperoxide.17 The present study 
showed that there was an association 
between serum EGFR and COX-2 in  
SCC patients and they were positively 
correlated. It indicated that both EGFR and 
COX-2 have involved in development of 
NSCLC and relation of inflammation and 
carcinogenesis.  
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Malaria is one of the public health problems and Anopheline mosquito plays 
a major role of malaria transmission in Myanmar. Vector control mainly 
depends on insecticide usage. The susceptibility of Anopheles minimus and 
Anopheles annularis to four insecticides in Kyaukme District, Northern 
Shan State was monitored by using the WHO standard susceptibility test.  
Unknown ages of wild caught blood fed female mosquitoes were exposed  
to discriminating dosages of insecticides DDT (4%), Malathion (5%), 
Deltamethrin (0.05%) and Permethrin (0.75%) for one-hour exposure 
period. Knockdown effect was recorded every 10 minutes and mortality 
scored for 24 hours after exposure. Data analysis was conducted by         
using LdP (log-dosage probit) line software. The results revealed that all 
study populations of Anopheles minimus were still susceptible to DDT (4%), 
Malathion (5%), Deltamethrin (0.05%) and Permethrin (0.75%) from all 
study population, except Hsipaw population. Anopheles annularis from 
Naunghkio and Hsipaw populations showed resistant to DDT (4%) and   
still susceptible to Malathion (5%), Deltamethrin (0.05%) and Permethrin 
(0.075%). Kyaukme population showed susceptible to all test insecticides  
in the present study. It can be concluded that all study populations are          
still susceptible to Malathion (5%), Deltamethrin (0.05%) and Permethrin 
(0.075%) except DDT (4%). 

Key words: Susceptibility, Anopheles minimus, Anopheles annularis,  
DDT, Malathion, Deltamethrin, Permethrin 

 
INTRODUCTION 

Myanmar is one of the malaria endemic 
countries in the world and approximately 
61.7% of population resides in malarious 
areas. Since the last decade, malaria situa-
tion has improved to some extent as a result 
of scaling up preventive and curative tools 
in both private and public sectors. Although 
long-term trend shows decreasing malaria 
morbidity and mortality in Myanmar, it still 
remains as one of the leading causes of 
morbidity and mortality.1 
Mosquitoes transmit causative agents for 
several infectious diseases. Anopheline 
mosquitoes can only cause malaria trans-
mission. In Myanmar, six Anopheline species 

have been proven responsible for malaria 
transmission, namely Anopheles minimus, 
An. dirus, An. philippinensis, An. sundicus, 
An. annularis, and An. maculatus.2 The most 
important primary vectors are An. minimus 
and An. dirus and the other are regarded as 
secondary vectors. 

Several methods can be used to control 
vector populations. However, application of 
insecticides remains the primary control tool 
in the majority of vector and pest control 
programs throughout the world. Long 
Lasting  Insecticide   treated  Nets  (LLINs), 
___________________________________ 
*To whom correspondence should be addressed. 
Tel: +95-9798959230  
E-mail: mya.chawsu@gmail.com 
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impregnation of existing mosquito nets  
with insecticide tablets and Insecticide 
Residual Spray (IRS) are important and 
effective tools for vector control. In 
Myanmar, IRS application is mainly based 
on DDT and Malathion since the 1960s.  

However, concerning the environmental 
hazard and human health, DDT usage       
has been limited in specific condition and 
regular Insecticide Residual Spraying was 
terminated since 1993. It is implemented 
only in selective spraying, indicated by an 
important condition like epidemic or 
outbreak, development project and new 
settlements in malaria endemic areas.3 
Currently, pyrethroids are the main 
insecticides in malaria vector control 
throughout the country. Regular monitoring 
of insecticide resistance in vector popu-
lation is essential for effective vector 
control.  

Therefore, the main focus of this study     
was to determine susceptibility status of 
Anopheline mosquitoes to some insecticides     
in selected areas of Kyaukme District, 
Northern Shan State. 

MATERIALS AND METHODS 

It was a combination of field- and 
laboratory-based study conducted from 
September to December, 2014. Adult 
blood-fed Anopheles mosquitoes were 
collected from selected localities in three 
townships of Kyaukme District. In each 
township, two study sites were allocated      
to collect mosquitoes in the vicinities of 
breeding sources. 

Field collection of mosquitoes 

Adult Anopheline mosquitoes were 
collected from each selected villages 
by using cattle bait collection. Collected 
Anopheles mosquitoes were identified 
morphologically. Unknown age of wild 
caught blood fed females Anopheles 
minimus and An. annularis were selected  
to use in insecticides susceptibility tests. 

Insecticides susceptibility tests 
Unknown age of wild caught blood fed 
females Anopheles minimus and Anopheles 
annularis mosquitoes were randomly 
selected to use in insecticides susceptibility 
testing. The bioassay kit, mosquito (adult) 
diagnostic test kit WHO/VBC/81.806  
was employed. In each test kit, batches      
of 15-20 mosquitoes were exposed to test 
paper impregnated with (4%) DDT, (5%) 
Malathion, (0.75%) Permethrin (0.05%) and 
Deltamethrin.  Knockdown effect of each 
insecticide was recorded every 10 minutes 
up to one-hour exposure period. Then, 
mosquitoes were transferred to recovery 
tubes and provided with 5% sucrose 
solution. Final mortality was recorded for 
24 hours post exposure. The control 
mosquitoes were exposed to papers 
impregnated with the appropriate oil only, 
i.e., without insecticide. 

Data analysis  

Test procedures for insecticide resistance 
monitoring in malaria vector mosquitoes 
WHO (2013) was followed to assess the 
resistance/susceptibility status of tested 
mosquitoes.4 If control mortality is between 
5% and 20%, the percentage mortalities 
were corrected by Abbott’s formula.  
   Correct 
 mortality = % mortality of (test-control)    ×100    100 - %control mortality 

Data analysis was done by using (Logari-
thmic Dosage Probit-line) Ldp-line software. 
Data evaluation 
According to WHO (2013) criteria:  
i.  Mortality in the range of 98-100% indi-

cates susceptibility. 
ii. A mortality of less than 98% and more 

than 97% is suggestive of resistance and 
further investigation is needed. 

iii. If the observed mortality is between 90-
97%, the presence of resistance in the 
vector population must be confirmed. (If 
at least two additional tests consistently 
show mortality below 98%, then resistant 
is confirmed.) 
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iv. If mortality is less than 90%, con-
firmation of the existence of resistant    
in the test population with additional 
bioassays may not be necessary, as long 
as a minimum of 100 mosquitoes of each 
species was tested. 

RESULTS  

Unknown age of wild caught malaria main 
vector Anopheles minimus and secondary 
vector An. annularis from selected three 
study areas were used in insecticides 
susceptibility tests. All tests were conducted 

within 25ºC -29ºC and 70%-79% relative 
humidity. 
Mortality 
Collected Anopheline mosquitoes were 
morphologically identified and only the main 
vector An. minimus and secondary vector    
An. annularis were used in the study. Each  
species was separately exposed to discrimi-
nating dosages of insecticides {DDT (4%), 
Malathion (5%), Deltamethrin (0.05%) and 
Permethrin (0.75%)} for one-hour exposure 
period. The mortality and resistance status 
of  field  populations  of   An.  minimus   and 
  

Table 1.  Percent  mortality  and  susceptibility  status of An. minimus  and  An. annularis exposed to 
different insecticides 

Insecticide Study 
site 

Anopheles minimus Anopneles annularis 
No. of 
tested 

(replicate) 

No. of 
control 

(replicate) 

Mor-
tality(%) 
(24 hrs) 

Suscep-
tibility 
status 

No. of 
tested 

(replicate) 

No. of 
control 

(replicate) 

Mor-
tality(%) 
(24 hrs) 

Suscep-
tibility 
status 

DDT  
  (4%) 

N 90(5) 42(3) 98.8 S 113(6) 58(3) 94.7 R 
K 100(5) 41(3) 100 S 214(12) 80(4) 100 S 
H 87(5) 40(2) 97.7 SR 131(7) 71(4) 88.5 R 

Malathion  
  (5%) 

N 100(5) 50(3) 100 S 125(7) 51(3) 100 S 
K 101(5) 40(3) 100 S 105(5) 52(3) 100 S 
H 86(5) 40(3) 100 S 126(7) 57(3) 100 S 

Permethrin 
 (0.75%) 

N 102(6) 49(3) 100 S 135(7) 80(4) 100 S 
K 106(6) 40(3) 100 S 122(6) 58(3) 100 S 
H 114 (6) 50(3) 100 S 104 (5) 40(3) 100 S 

Deltamethrin    
  (0.05%) 

N 99(5) 40(3) 100 S 121(6) 52(3) 100 S 
K 127(7) 54(3) 100 S 118(6) 40(3) 100 S 
H 96(5) 42(3) 100 S 128(7) 50(3) 100 S 

N=Naunghkio, K=Kyaukme, H=Hsipaw, S=susceptible, SR=suggestive of resistant, R=resistant 
 
Table 2.   Knock-down time values of different insecticides against An. minimus and An. annularis 

Insecticide Study 
site 

Anopheles minimus Anopneles annularis 

KDT50 
(min) 

95% CI lower 
& upper limit 

KDT95 
(min) 

95% CI lower 
& upper limit 

KDT50 
(min) 

95% CI lower 
& upper limit 

KDT95 
(min) 

95% CI lower 
& upper limit 

DDT  
 (4%) 

N 35.70 33.71-37.81 73.91 66.54-84.63 52.34 49.64-55.79 98.65 86.37-119.56 
K 30.48 23.29-36.45 52.96 49.69-83.12 35.33 34.04-36.62 69.43 64.95-75.18 
H 41.13 39.43-42.79 56.60 58.85-67.60 70.80 64.93-81.69 143.26 113.85-213.00 

Malathion   
  (5%) 

N 33.71 32.48-34.89 43.09 43.94-49.34 37.01 35.59-38.40 61.19 57.72-65.69 
K 22.53 21.27-23.70 35.53 33.22-39.06 33.15 31.74-34.53 51.84 48.81-55.92 
H 27.07 25.64-28.43 42.42 39.59-46.40 31.45 29.73-32.90 48.71 45.98-52.66 

Permethrin   
  (0.75%) 

N 21.37 20.27-22.48 40.91 38.05-44.57 18.23 17.00-19.42 35.45 32.66-39.18 
K 19.75 18.43-21.02 37.59 34.66-44.51 17.49 14.77-19.83 27.71 24.90-35.16 
H 22.99 21.75-24.16 37.95 35.47-41.35 22.23 20.99-23.57 37.92 35.26-41.57 

Deltamethrin  
  (0.05%) 

N 19.86 15.24-24.16 46.49 39.83-51.81 17.22 15.21-18.82 31.62 29.54-34.47 
K 19.05 17.92-20.15 34.67 32.22-37.88 16.74 15.75-17.72 28.09 26.08-30.80 
H 19.34 17.30-20.96 35.15 32.25-39.72 16.10 15.06-16.85 25.18 23.47-27.47 

N=Naunghkio, K=Kyaukme, H=Hsipaw 
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An. annularis against the insecticides were 
shown in Table 1 & 2. After one-hour 
exposure, cent per cent mortality was 
observed in all insecticide except DDT (4%) 
in both species. In case of An. minimus, 
complete mortality was observed in 
Kyaukme population, however, 98.8%,    
and 97.7% mortality were observed in 
Naunghkio and Hsipaw population after    
24 hours post exposure to DDT (4%). 
Moreover, 100% mortality was found in 
tests with both organophosphates and 
pyrethroids groups (Table 1). 
After 24 hours post exposure, An. annularis 
tested with DDT (4%) revealed 94.7%, 
100% and 88.5% mortality in the population 
of Naunghkio, Kyaukme and Hsipaw, 
respectively. Furthermore, 100% mortality 
was found in test with the other insecticides 
in each study populations. 

Knockdown time 
The knockdown time (KDT50 and KDT95)  
of each species from different study sites are 
shown in Fig. 1 & 2.  
 
 

 
 

 
 

 

 
A=DDT (4%) C=Permethrin (0.75%) 
B=Malathion (5%) D=Deltamethrin (0.05%) 

Fig.  1.  KDT50  values  of  different  insecticides 
against An.minimus 

In the bioassays test of organochlorines 
{DDT (4%)}, the median knockdown  
time of An. minimus populations from 
Naunghkio, Kyaukme and Hsipaw were 
35.70, 30.48 and 41.13 minutes, for 
carbamate {Malathion (5%)} were 33.71, 
22.53 and 27.07 minutes. In case of 
pyrethoids,  50% population of An. minimus 

 
 

 
 

 

 

 
A=DDT (4%) C=Permethrin (0.75%) 
B=Malathion (5%) D=Deltamethrin (0.05%) 

Fig.  2.   KDT50  values  of  different insecticides 
against An. annularis 

was knockdown 21.37, 19.75 and 22.99 
minutes after exposed with Permethrin 
(0.75%) and 19.86, 19.05 and 19.34 minutes 
after exposed with Deltamethrin (0.05%), 
respectively (Table 2).  
Samples of An. annularis from Naunghkio, 
Kyaukme and Hsipaw revealed 50% 
population knockdown within 52.34, 35.33 
and 70.80 minutes after exposed with  
DDT (4%). Similarly, 37.01, 33.15 and 
31.45 minutes after exposure to Malathion 
(5%) half of the test population was down. 
The median knockdown time of Naunghkio, 
Kyaukme and Hsipaw samples were 18.23, 
17.49 and 22.32 minutes after being 
exposed with Permethrin (0.75%) and 
17.22, 16.74 and 16.1 minutes after being 
exposed with Deltamethrin (0.05%), 
respectively (Table 2). 

DISCUSSION 

For the present study, a number of 
Anopheline samples was collected from the 
predetermined localities and identified. 
Among the species, Anopheles minimus,    
An. annularis and An. vagus were found to 
be predominant. Thus, the major malaria 
vector An. minimus, and secondary vector 
An. annularis were selected to test for the 
susceptibility study. Using WHO (2013) 
criteria for insecticide resistant or suscepti-
bility assessment of the mosquito, the       
24-hour  post exposure  result indicated  that  
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the local malaria main vector is still 
susceptible to DDT (4%), Malathion (5%), 
Permethrin (0.75%) and Deltamethrin 
(0.05%), respectively. However,  An. minimus 
population from Hsipaw is suggestive  
of resistance in test with DDT (4%).   
Completed mortality was observed after 
one-hour exposure in all test insecticide 
except DDT (4%).  

After 24-hour post exposure with Malathion 
(5%), Permethrin (0.75%) and Deltamethrin 
(0.05%), completed mortality was observed 
in the secondary vector An. annularis from 
all the studied population. Although 
complete mortality was observed from 
Kyaukme population, 94.7% and 88.5% 
mortality were recorded from Naunghkio 
and Hsipaw populations, in test with     
DDT (4%). Therefore, the results revealed 
that secondary vector An. annularis is still 
susceptible to Malathion (5%), Permethrin 
(0.75%) and Deltamethrin (0.05%), respec-
tively. However, DDT resistant population 
was found in Naunghkio and Hsipaw. 
Anopheles minimus and An. annularis 
populations exposed to four different 
insecticides characterized by high KDT

50
 

value in all study sites. Although KDT50 
values were relatively high but they were 
fully susceptible to Malathion in both 
species. The results of  KDT50 and KDT95 
for An. minimus and An. annularis collected 
from all the study populations revealed  
that the most effective insecticides was 
Deltamethrin followed by Permethrin; then 
Malathion but DDT found to be the least 
effective. 

One Study mentioned that, tolerance against 
DDT has developed in An. minimus.5 
Another study reported that in Vietnam, 
pyrethroid susceptible and tolerant An. 
minimus popu-lations were found, whereas 
An. minimus from Cambodia, Laos and 
Thailand were susceptible. Only two An. 
minimus popu-lations showed DDT 
tolerance, one in the western Cambodia and 
one in the northern Vietnam.6 Between 1990 
and 1997, DDT resistance has been detected 

in the three primary malaria vectors         
An. dirus, An. minimus and permethrin 
resistance was suggested in a population of 
An. minimus from northern Thailand.7 
Based on the results of present study,       
An. minimus from all study sites was 
observed to be still susceptible to DDT 
(4%), Malathion (5%), Permethrin (0.75%) 
and Deltamethrin (0.05%). However,       
An. minimus population from Hsipaw was 
suggested to be resistance to DDT (4%). 
An. annularis, a secondary malaria vector   
in certain parts of India, has been found 
resistant to DDT as well as dieldrin/HCH 
from most parts of India.5 In Myanmar, 
insecticide resistance has been reported in 
secondary vectors. An. annularis shows 
high level of resistant to DDT in Rakkhine 
State.8 An. annularis in Chaung Thaphaw 
was resistant to DDT (4%).9 According  
to present result, An. annularis from 
Naunghkio and Hsipaw was resistant to 
DDT (4%) and still susceptible to Malathion 
(5%), Permethrin (0.75%) and Deltamethrin 
(0.05%). However, An. annularis from 
Kyaukme population was still susceptible  
to DDT (4%), Malathion (5%), Permethrin 
(0.75%) and Deltamethrin (0.05%). 
Relatively, Deltamethrin appeared as more 
efficacious than DDT (4%), Malathion (5%) 
and Permethrin (0.75%). The higher 
mortality was revealed when exposed to 
Deltamethrin compared to Permethrin and 
Malathion. In this study, the lowest level of 
mortality was recorded from An. annularis 
populations exposed to DDT (4%).  

Therefore, in the present study, An. annu-
laris, a secondary malaria vector was found 
to be resistant to DDT (4%).  

Conclusion 
Malaria main vector An. minimus is still 
susceptible to DDT (4%), Malathion (5%), 
Permethrin (0.75%) and Deltamethrin 
(0.05%) in the study area. Malaria 
secondary vector An. annularis is resistant 
to DDT (4%) and still susceptible to 
Malathion (5%), Permethrin (0.75%) and 
Deltamethrin (0.05%) in the study area. 
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Therefore, it is also concluded that the 
current vector control strategies using 
insecticides are still effective in this part of 
the area in Myanmar. 
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