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EDITORIAL 

 
 Being a research institute, the Department of Medical Research 

(Lower Myanmar) always focus on conducting a variety of research work 

for the benefit of public as well as disseminating health research findings 

practically through various means; holding Myanmar Health Research 

Congresses annually, publishing research journals regularly and appearing 

in TV channels and, newspapers frequently. 

In view of that, we publish this Journal, Volume 26, No. 3, the last 

issue of 2014, consisting of 11 long articles and a short report with the 

essence of contributing to the improvement of the health of the people in 

our country. There are different topics about invaluable health research 

information on environmental health, maternal health, fitness of students, 

dengue haemorrhagic fever, hypertension, urinary tract infection, food 

safety, antimicrobial resistance and chronic alcohol consumption.  

The leading article of this issue discusses about health effects of 

arsenic in drinking water even with low level of arsenic contamination for 

a long time. Arsenic, one of the poisonous compounds, is widely 

distributed throughout the earth’s crust, and found in groundwater supplies 

in a number of countries in the world.  The major sources of arsenic in 

drinking water are erosion of natural deposits; runoff from orchards; and 

runoff from glass and electronics production wastes. Long-term human 

exposure, through drinking of contaminated water, is an important public 

health problem in some regions of the world and is associated with cancers 

of the skin, lungs, bladder and kidney. Nearly ten thousand people          

are known so far to have been affected by arsenic-related diseases in  

many Asian countries. Therefore, the health hazards due to arsenic 

contamination have raised the serious concern to public health these days.   

Previous health surveys in Myanmar also pointed out that the 

presence of varying amount of arsenic in several water sources in different 

parts of Myanmar. It has attracted much attention to arsenic in drinking-

water  even  with  low  level  in  the  long  run.  This study highlighted that 

 

    
  
 



the effect of low level arsenic contamination on cardiovascular risk 

parameters in apparently healthy subjects who exposed to even very low 

level of arsenic contamination in drinking water for long-term duration. 

Accordingly, we must pay great attention to water pollution 

prevention and control measures which are critical to improving water 

quality and reducing the need of costly treatment for waste water and 

drinking water in our country. 

In addition, as we can clearly see that all scientists of the articles 

presented concise and informative facts and figures in their own studies, 

the editorial committee sincerely hopes that the readers will have delight 

of reading this issue. Finally, we would like to thank all authors for their 

great efforts in conducting respective research works and publishing their 

findings in this issue of MHSR Journal.  
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Nowadays, the interest of researchers focuses on non-cancer health effects 
of arsenic contaminated drinking water for a long-time. The aim of this 
study was to investigate the effect of chronic exposure to drinking water 
with low level of arsenic contamination on arsenic-related cardiovascular 
risk parameters in apparently healthy subjects. This study was a cross-
sectional, comparative study comparing arsenic-related cardiovascular risk 
parameters between arsenic-exposed group (n=75), drinking water with 
arsenic contamination of 51 g/L and non-exposed group (n=75), drinking 
water with no arsenic contamination (0 g/L). The cumulative arsenic 
exposure index (CAI) was calculated and nail arsenic level was determined 
by using atomic absorption spectrophotometer. Systemic arterial blood 
pressures were measured by indirect method. The QT interval was recorded 
by routine 12-lead ECG, and corrected QT interval (QTc) was calculated. 
Ankle and brachial systolic pressures were determined by Doppler ultra-
sound and ankle brachial pressure index (ABPI) was calculated. The mean 
CAI was 1.26±0.46 mg/L-years and the median nail arsenic level was     
0.09 µg/g (interquartile range, 0.065-0.195 µg/g) in the exposed group. All 
cardiovascular risk parameters were within normal limits in both groups. 
However, the estimated risk of high normal mean blood pressure, borderline 
prolongation of QTc interval and borderline decrease in ABPI were 5.3, 1.3 
and 2.1 times higher in the exposed group than the non-exposed group, 
respectively. Therefore, the arsenic-related cardiovascular risks were found 
to be increased relatively in people with chronic exposure to the low level of 
arsenic (51 g/L) in drinking water.  

Key words:  Arsenic, ABPI, Blood pressure, QTc 
 

 
INTRODUCTION 

 
The health hazards due to arsenic conta-
mination have raised the serious concern to 
public health. About 700,000 people are 
known so far to have been affected by 
arsenic-related diseases in many Asian 
countries. Arsenic crisis in Bangladesh has 
been described as one of the worst cases     
of mass poisoning in world history. In 
Bangladesh, at least 30 million people are 
exposed to arsenic-contaminated water of 
50 µg/L or more. According to World Bank 

Policy Report (2005), 3.4 million people in 
Myanmar are at risk of exposure to arsenic-
contaminated water of 50 µg/L or more.     
In Myanmar, permissible level of arsenic 
contamination in drinking water is 50 µg/L.1 

Reviewing world-wide research activities on 
the pathological effects of chronic exposure 
to arsenic, today studies emphasize on non-
cancer  effects (i.e., ischaemic heart disease, 
___________________________________
*To whom correspondence should be addressed. 
Tel: +95-09-5341034 
E-mail: drsmhtway@gmail.com 
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hypertension, peripheral vascular disease 
and diabetes) rather than carcinogenic 
effects.  
Recent epidemiological studies have shown 
that the cardiovascular system is particularly 
sensitive to arsenic exposure through long-
term ingestion of contaminated drinking 
water.2 Cardiovascular effects include 
altered myocardial depolarization such as 
prolonged QT interval and nonspecific     
ST segment changes, cardiac arrhythmia, 
ischaemic heart disease, cerebrovascular 
disease, hypertension, and peripheral vas-
cular diseases.3-8 Cardiovascular risks are 
increased among people drinking arsenic-
contaminated water, and mortality due       
to cardiovascular diseases is also increased.    
A number of human studies also revealed 
that increased cardiovascular risk is  
strongly associated with drinking arsenic-
contaminated water, even with arsenic    
level as low as 10 µg/L - the level set as 
permissible by the WHO.9  
Health survey results have proved the 
presence of varying amount of arsenic in 
several water sources in different parts        
of Myanmar. Previous small-scale health 
surveys focused mainly on the assessment 
of arsenic content in groundwater and the 
prevalence of arsenicosis. In addition, there 
is a limited evidence of systemic effects of 
chronic arsenic exposure in Myanmar.  

Previous studies investigated the relation-
ship between blood arsenic level and liver 
enzymes, between the blood arsenic level 
and blood pressure, renal function and      
the haematological parameters in people 
drinking arsenic-contaminated groundwater 
in arsenic exposed area.10-12 Yet, there is no 
study regarding the cardiovascular risk 
parameters in those exposed to arsenic-
contaminated drinking water in Myanmar. 

This study would provide the awareness     
of harmful effects of drinking arsenic-
contaminated water. It might be helpful    
for the ongoing preventive measures for 
healthcare providers. Because cardiovas-
cular  diseases  are  of   high  morbidity  and  

mortality, preventive measures before clini-
cally full-blown disease comes into notice 
would be immensely important for people 
exposed to arsenic-contaminated drinking 
water.  

This study aimed to investigate the effect    
of low level arsenic contamination on 
cardiovascular risk parameters in apparently 
healthy subjects.  
 

MATERIALS AND METHODS 
 

Seventy-five subjects (male=35, female=40), 
living in Monpin Village, Sintgaing Town-
ship, Mandalay Region, who drink arsenic-
contaminated water (>50 g/L) were re-
cruited. Written informed consent was taken. 
History taking and thorough physical exami- 
nation including anthropometric measurement 
were done according  to pro forma. Another 
75 subjects (male=35, female=40), living    
in Shwebonthar Village, who drink water 
with no arsenic-contamination (0 g/L) 
were also recruited. Age of all subjects in 
this study ranged from 18 to 45 years.  

Cumulative arsenic exposure index (CAI) 
and nail arsenic level were determined. The 
cumulative arsenic exposure index for 
individual was calculated by multiplying the 
arsenic level in water from a specific well 
by the duration of consuming water from 
this well. Nail clipping samples were taken 
from all fingers and toes, and then collected 
in labeled sealed plastic bags. Another nail 
clipping samples were taken fortnightly     
for one month if necessary. The plastic   
bags were stored in ambient temperature till 
analysis.  
The nail arsenic level was determined by 
nail digestion and graphite furnace-atomic 
absorption spectrophotometry method (GF-
AAS) in Pharmacology Research Division, 
Department of Medical Research (Lower 
Myanmar). Ethos-E microwave digester 
(Milestone microwave lab system, Italy) and 
atomic absorption spectrophotometer (GBC 
932 plus, GBC Scientific Equipment Pty. 
Ltd., Australia) were used. 
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Routine 12-lead ECG together with                   
10-second rhythm strip was performed after             
15-minute rest (lying quietly on the bed) 
using digital ECG (DECG-03A, Schenzhen 
Mindray Biomedical Electronics Co., Ltd, 
China). The R-R intervals and QT intervals  
were measured using vernier caliper. Heart 
rate and corrected QT interval (QTc) were 
calculated.  
After 15-minute supine rest, systemic 
arterial blood pressure was taken from both 
right and left arms using indirect method    
by mercury sphygmomanometer (300-Desk, 
Merino Co., Ltd, Japan). The average of 
three measurements at one minute interval 
was taken. After getting systolic blood 
pressure (SBP) and diastolic blood pressure 
(DBP), mean arterial pressure (MAP) was 
calculated. Then, ankle and brachial systolic 
pressures were taken from both right and 
left arms and legs using Doppler ultrasound 
(Bidop ES-100V3, Hadeco Inc., Japan) to 
calculate ankle brachial pressure index 
(ABPI). 

Cardiovascular risk parameters were 
compared between those with and without 
chronic arsenic exposure by using           
Student’s independent ‘t’ test. To determine 
relationship between CAI and nail arsenic 
level, Pearson’s correlation coefficient was 
used. Odd ratio was used to estimate 
cardiovascular risk of the exposed and non-
exposed group. Level of significance was 
set at p<0.05.  

RESULTS 

The mean CAI in the exposed group was 
1.26±0.46 mg/L-years. It ranged from     
0.15 to 2.19 mg/L-years. The median nail 
arsenic level in the exposed group was    
0.09 µg/g (interquartile range, 0.065-     
0.195 µg/g). The minimum level was 0 µg/g 
and the maximum level was 0.69 µg/g. 
Because normal nail arsenic level ranges 
from 0.43 to 1.08 µg/g,13 nail arsenic level 
of any subject did not exceed the upper 
normal limit. It was noted that there was      
a  significant   positive  correlation  between  

cumulative arsenic exposure index (CAI) 
and nail arsenic level in the whole study 
population (r=0.595; n=150; p<0.001) as 
well as in the exposed group only (r=0.281; 
n=75; p<0.05) (Fig. 1 & 2). 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

Fig 1.    Correlation   between   chronic   arsenic  
 exposure index  and  nail  arsenic  level   

in the  study population 

 
 
 

 
 

 
 

 
 

 
 
 
Fig  2.   Correlation   between    chronic    arsenic  

exposure  index  and  nail  arsenic  level 
 in the  exposed group 

Although cardiovascular risk parameters of 
all subjects were within normal limits, mean 
arterial blood pressure (MAP) was signi-
ficantly higher in the exposed group than 
the non-exposed group (p<0.001). Similarly,  
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corrected QT interval (QTc) was longer in 
the exposed group than the non-exposed 
group though statistically insignificant 
(p=0.082). Regarding ankle brachial pressure 
index (ABPI), it was significantly lower     
(p<0.05) in the exposed group than the non-
exposed group (Table 1). 
 
Table 1.  Comparison of MAP, QTc  and  ABPI 
                between arsenic-exposed group and 

non-exposed group 

Para- 
meters 

Exposed group 
(n=75) 

Non-exposed  
      group (n=75) p value 

 MAP 85.20±8.28 mmHg     78.57±7.09 mmHg <0.001 
 QTc 405.71±20.51 ms 399.44±23.24 ms 0.082 
 ABPI     1.07±0.07        1.10±0.06 <0.05 

In the present study, since blood pressures 
of all subjects were within normal range, it 
was categorized into high normal blood 
pressure and normal blood pressure. High 
normal mean arterial blood pressure was 
defined as 100-110 mmHg.14 In the exposed 
group, 5 out of 75 subjects (6.7%) in the 
exposed group were high normal mean 
arterial blood pressure, but the only one 
subject out of 75 subjects (1.3%) in the non-
exposed group was high normal. The odd 
ratio was found to be 5.3 (95% CI 0.6-46.4). 
Therefore, the estimated risk of high normal 
mean arterial blood pressure was 5.3 times 
higher in the exposed group than the non-
exposed group. 

The QTc more than or equal to 450 ms is 
defined as the prolonged QTc interval       
and less than or equal to 430 ms is regarded 
as normal.15 Therefore, the QTc between 
430 ms and 450 ms is said to be borderline. 
The 10 out of 75 (13.3 %) subjects in the 
exposed group and the 8 out of 75 (10.7 %) 
subjects in the non-exposed group were 
found to be borderline QTc interval.        
The odd ratio was 1.3 (95% CI 0.5-3.5).                       
It showed that the estimated risk of border-
line QTc interval was 1.3 times higher in the 
exposed group than the non-exposed group. 

Although normal value of ABPI ranges 
from 0.9 to 1.3, the ABPI value from 0.91   
to 0.99 is defined as borderline ABPI.16     
In the present study, 6 out of 75 subjects 

(8%) in the exposed group were found to be 
borderline ABPI while 3 out of 75 subjects 
(4%) in the non-exposed group were border-
line ABPI. Therefore, the odd ratio was     
2.1 (95% CI 0.5-8.7), indicating that the 
estimated risk of borderline ABPI was       
2.1 times higher in the exposed group than 
the non-exposed group.  
 

DISCUSSION 
 
Previous Myanmar studies on health effect 
of chronic arsenic exposure were done       
in the Ayeyawady delta region where        
the arsenic contamination is the highest                
(i.e., >100 µg/L). In one study, arsenic level 
in drinking water was as high as 942 µg/L 
and two cases of arsenicosis has been 
detected in this area.17 Another study in     
the  same area found arsenic contamination 
of 100-300 µg/L in drinking water.11,12 
Similarly, a study in the area reported 
arsenic contamination of 100-120 µg/L.10  
Nowadays, the interest of researchers 
focuses on health effects of drinking water 
with low level of arsenic contamination     
for a long time. Therefore, the present    
study was done in Sintgaing Township, the 
newer area with low to moderate arsenic 
contamination in Myanmar. This is the first 
time in Myanmar to study the health effect 
of chronic arsenic exposure in the area of 
arsenic contamination <100 µg/L.  
In this study, all subjects had similar 
socioeconomic status and life-style. General 
characteristics of subjects in the non-
exposed group were more or less similar to 
those of subjects in the exposed group        
in all aspects, except that their drinking 
water has no arsenic contamination (0 µg/L). 
Moreover, the subjects in both groups were 
young-age, non-smokers, non-obese and 
apparently healthy, so that they had low risk 
of cardiovascular diseases.  
In the present study, all subjects in the 
exposed group were exposed to the same 
level of contamination (51 µg/L), and the 
different thing was duration of exposure      
to arsenic contaminated water source.      
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The mean duration of exposure was 
24.63±8.95 years and the mean CAI in the 
exposed group was 1.26±0.46 mg/L-years. 
The median nail arsenic level in the exposed 
group was 0.09 µg/g (interquartile range, 
0.065-0.195 µg/g). None of the subjects had 
nail arsenic level exceeding the upper limit 
of normal level (0.43 to 1.08 µg/g).13 The 
observed CAI and nail arsenic level gave 
supportive evidence that the subjects in     
the exposed group were exposed to low 
level of arsenic contamination for long-term 
duration. 
The present study showed that there was      
a significant positive correlation between 
cumulative arsenic exposure index (CAI) 
and nail arsenic level in the whole study 
population (r=0.595; n=150; p<0.001) as 
well as in the exposed group only (r=0.281; 
n=75; p<0.05). It agreed with a population-
based study in which there was a significant 
positive correlation between water arsenic 
concentration and nail arsenic level 
(r=0.348; n=103; p<0.001).18  
In the present study, arsenic-related 
cardiovascular risks were increased in the 
exposed group. Moreover, dose-dependent 
relationship was found between CAI and 
blood pressure, as well as between nail 
arsenic level and QTc. Previous studies on 
the effect of blood pressure pointed out that 
prevalence odd ratios for hypertension is 
dose-dependent in nature. A study in 
Taiwan found that the higher the CAI,      
the higher the prevalence of hypertension. 
This exposure-response relation remained 
significant after adjustment for age, sex and 
BMI.19 Similarly, a study in Bangladesh 
showed that the prevalence ratios, adjusted 
for age, sex, and BMI, had exposure-
response relationship with CAI.7 
The present findings also pointed out that 
increased blood pressure appeared to              
follow an exposure-response relationship, 
extending to low level arsenic exposure,    
as mean arterial blood pressure increased 
significantly with CAI. The subjects were 
divided into categories: CAI of 0, <1.0, 1.0-
1.5, and >1.5 (mg/L-years). These exposure 

categories were assessed with respect to their 
risk of high normal blood pressure (mean 
arterial blood pressure of ≥100 mmHg). It 
was found that the odd ratios, adjusted for 
age, sex, and BMI, were 3.7, 4.6, and 7.7, 
respectively in relation to CAI. 

There was an exposure-response relation 
between QTc interval and nail arsenic level. 
The subjects were divided into categories: 
nail arsenic level of 0, <0.1, 0.1-0.2, and 
>0.2 (µg/g). These categories were assessed 
with respect to their risk of  borderline QTc 
interval (QTc interval between 430 ms and 
450 ms). It was found that the odd ratios, 
adjusted for age, sex, and BMI, were 1.1, 
1.5, and 1.6, respectively. 

In actual fact, there are a few studies 
regarding ABPI and chronic arsenic 
exposure. Most of the previous studies   
were epidemiological studies, focusing on 
arsenic-related morbidity and mortality rates 
for peripheral vascular disease. One study 
demonstrated that the prevalence rate of 
peripheral vascular disease increased with 
cumulative arsenic exposure in dose-
responsive pattern.20  

In addition, these studies were conducted in 
highly arsenic-contaminated areas such as 
Bangladesh and Taiwan (Blackfoot disease-
endemic area). Very limited data concerned 
with low-dose arsenic exposure indicates 
that further research are still needed to 
elaborate the effect of low-dose arsenic 
exposure on ABPI and peripheral vascular 
disease.  

One limitation of the present study is that 
other trace elements rather than arsenic in 
drinking water were not assessed. In the 
area of the present study, it is not known 
whether the possible trace elements such     
as sodium, magnesium, manganese, iron, 
mercury, chromium, lead, and fluoride 
could be present in the water or not. These 
contaminants might possibly affect the 
cardiovascular parameters to some extent. 
However, there is no evidence of any 
remarkable presence of such trace elements 
in the study area. Moreover, it is not clear 
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yet whether such elements would have    
any stronger influence on cardiovascular 
parameters.  
Being a cross-sectional study design, the 
present study could just describe the 
relationship between the low-level arsenic 
exposure and cardiovascular risks. To assess 
the cause-effect relationship, more studies 
using a prospective cohort design should    
be carried out among large, diverse 
populations. The observation of the present 
study indicated that chronic arsenic 
exposure affected the cardiovascular risk 
parameters even though arsenic in drinking 
water was at the low level (51 µg/L). 
However, clinically significant arsenic-
related health hazards were not detected in 
the study population in spite of chronic 
exposure (up to 43 years). Therefore, it is 
still unconvinced whether the current 
permissible level of arsenic in drinking 
water (50 µg/L) should be revised or not. 
Further confirmative evidence is necessary 
to verify this issue. 

In summary, this study found that chronic 
arsenic exposure might cause increased 
systemic arterial blood pressures, prolonged 
corrected QT interval and low ankle 
brachial pressure index in apparently 
healthy people. Therefore, it could be 
concluded that arsenic-related cardio-      
vascular risks seem to be increased in 
apparently healthy people exposed to even 
low level of arsenic contamination (51 µg/L) 
in drinking water for long-term duration. 
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Reproductive tract infection (RTI) is a global health problem affecting 
women that can have major devastating effect on pregnancy and newborn 
baby. A cross-sectional descriptive study was carried out on pregnant 
women at antenatal clinic of North Okkalapa General Hospital (NOGH) 
from February to March, 2012 to detect five selective curable reproductive 
tract infections: syphilis, gonorrhoea, vaginal candidiasis, trichomonas 
vaginitis and bacterial vaginosis in pregnant women and to identify the 
relationship between the underlying socio-demographic characteristics        
of the pregnant mother and reproductive tract infection (RTI). Socio-
demographic data and data concerned with reproductive tract infections 
were collected. Two milliliters of venous blood were collected to perform 
Rapid Plasma Reagin test (RPR) and Treponema Pallidum Heme 
Agglutination test (TPHA) for detection of syphilis and urine sample for 
isolation of Neisseria gonorrhoeae and high vaginal swabs for detection of 
Trichomonas vaginalis by wet mount preparation, Candida albicans by 
culture and bacterial vaginosis by Nugent’s scoring and Amsel’s criteria.  
Out of 216 pregnant women, 146(67.6%) had RTI including syphilis (3.7%). 
The most prevalent RTI was bacterial vaginosis being 112/216 (51.9%) 
followed by vaginal candidiasis 55/216 (25.5%), trichomonas vaginitis 
18/216 (8.3%) and syphilis 8/216 (3.70%). No Neisseria gonorrhoeae was 
isolated. Women with previous history of abortion were significantly 
associated with presence of RTIs (Chi square=3.71; df=1; p=0.05). It is 
anticipated that the findings from this research will provide the necessary 
information to implement the effective preventive and health educational 
programmes for control of reproductive tract infection among pregnant 
mothers. 

Key words: Reproductive tract infection, Pregnant women 
 

INTRODUCTION 
 
Reproductive tract infection (RTI) is a 
global health problem. It includes both 
sexually transmitted infections (STIs) and 
non-sexually transmitted infections (non-
STIs) of the reproductive tract. Bacterial 
vaginosis in which there is disappearance  
of lactobacilli of normal vaginal flora     
with overgrowth of facultative pathogens, 
can cause preterm premature rupture          
of membranes and pre-labour rupture of 

membrane at term leading to preterm deli-
very, chorioamnionitis and neonatal infec-
tion that can contribute to neonatal deaths.  

RTIs can have life-threatening, devastating 
consequences on health of both mother and 
baby in pregnancy. Some RTIs (syphilis, 
gonorrhoea,   chlamydia  infections)  during 
pregnancy    can    cause   pregnancy-related 
___________________________________
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complications, sepsis, spontaneous abortion, 
premature birth, stillbirths and congenital 
infections. Globally, the burden of STIs in 
women is more than 5 times that in men.1 

Curable STIs (syphilis, gonorrhea, tricho-
moniasis and chlamydial infections) occur 
every year throughout the world, of which  
80-90% is in the developing world. The 
largest number of new infections occurred in 
the South and South East Asia region.2 In 
Myanmar, there had been an estimated 0.17% 
new cases of STIs in 2006, of which 0.44% 
was reported from Yangon Division.3 
The majority of RTIs are asymptomatic. 
Asymptomatic infections can be transmitted 
to sexual partners and certain sexually 
transmitted infections increase the risk       
of acquiring or transmitting HIV. There     
are over 20 different sexually transmitted 
infections and bacteria and viruses cause the 
majority of STIs.4 Prevalence of women 
with reproductive tract infections during 
pregnancy is associated with increased risks 
of prematurity and having low-birth-weight 
infants.5, 6  
In a study in Zimbabwe in 2010, the pre-
valence of syphilis among pregnant women 
was 1.2% and the prevalence of tricho-
monas vaginitis was 11.8%, bacterial vagi-
nosis 32.6% and candidiasis 39.9%.7 A study 
in Yangon showed that, among asymp- 
tomatic antenatal clients, the prevalence of 
chlamydia was 7.1%, trichomoniasis 2.2%, 
and syphilis 1.3%.8 

Bacterial STIs, which include infections 
such as syphilis, gonorrhea, and chlamydia 
can be cured with antibiotics. Other lower 
reproductive tract infections such as trichomo- 
niasis and candidiasis, and bacterial vaginosis 
are also curable. As these infections are 
curable, early detection, prompt treatment and 
prevention from re-infection are critical to 
prevent the consequences of STI and RTI in 
pregnant mothers and new-born babies. As 
the disease impact of the RTIs during 
pregnancy is very high on the mother, fetus 
and the partner, detection of causal agents of 
treatable RTIs among pregnant women need  
to be performed. 

MATERIALS AND METHODS 

 
A cross-sectional study was conducted from 
February 2012 to March 2012. All pregnant 
women of any gestational age attending the 
antenatal clinic at NOGH were included 
except those with bleeding per vagina and 
those who were in labor and who had taken 
antibiotics within 7 days.  

Information on demographic data, obstetric 
history, past RTI history and current clinical 
symptoms were collected after obtaining 
informed written consent. The clinical 
examination was done by specialist obste-
tricians at antenatal clinic. In addition to 
routine obstetric examination, examination 
of external genitalia including inguinal 
region was performed. Any abnormal 
discharges, genital ulcer and inguinal lymph 
nodes enlargement, if present were recorded. 
Then, sterile speculum examination was 
done to inspect vagina and cervix. If 
discharge is present, the nature, colour, 
amount and smell of the discharge were 
recorded. Signs of inflammation and 
presence of surface ulcer were recorded.  

Three high vaginal swabs were taken by 
sterile cotton wool swab sticks to detect 
Trichomonas vaginalis, Candida albicans 
and bacterial vaginosis. One high vaginal 
swab was rolled on a clean glass slide and 
heat dried for gram staining. Then, the swab 
stick was put into a 0.4 ml of normal saline 
to detect the Trichomonas vaginalis under 
light microscope immediately. The second 
high vaginal swab was used to measure 
vaginal pH using pH indicator paper and 
whiff test using 10% potassium hydroxide 
(KOH). Microscopic examination of wet 
film, pH measurement and whiff test were 
performed at antenatal clinic. The third   high 
vaginal swab was placed in Stuart’s transport 
medium to isolate Candida albicans. After 
that, 2 ml of venous blood was collected for 
serological tests on syphilis and urine 
specimen was collected by the participant in a 
sterile universal container for isolation of 
Neisseria  gonorrhoeae.  
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The collected samples were taken to 
Department of Medical Research (Lower 
Myanmar). Microscopic examination of 
gram-stained vaginal smear and culture 
inoculations were performed within five 
hours of sample collection. 

Detection of bacterial vaginosis 
Bacterial vaginosis was diagnosed by two 
methods: Amsel’s criteria and Nugent’s 
score.9, 10 Dried smear of high vaginal swab 
was gram stained and searched for presence 
of clue cells and scoring done by Nugent’s 
score method.  
Detection of Candida albicans 
The high vaginal swab specimens were 
inoculated on Sabouraud Dextrose Agar   
and incubated at 37ºC up to 48 hours. 
Candidiasis was diagnosed when isolated 
yeast cells turned out to be germ tube test 
positive. 

Detection of syphilis 
Syphilis was detected by two serology   
tests: a non treponemal test, rapid plasma      
reagin (RPR) test and a treponemal test, 
Treponema pallidum heme agglutination 
(TPHA) test. Positive result with any of 
these two tests was regarded as serology 
positive for syphilis. 

Detection of Neisseria gonorrhoeae 
Urine samples were centrifuged and the 
pellets were inoculated onto chocolate and 
Thayer-Martin agar and incubated at 37ºC 
with 10% carbon dioxide for cultivation of 
Neisseria gonorrhoeae. The growth was 
checked each day for two days. 

Treatment 
After examination, bedside tests and after 
laboratory results, infected patients were 
treated according to hospital guideline.  

Statistical analysis 
The data were analyzed using SPSS version 
20.0 statistical software. Statistical com- 
parison between various groups was made 
using X2 test and Fisher’s exact test when 
appropriate and their 95% confidence inter-

vals were used to measure the strength of 
associations. The level of significance was 
set at p≤0.05. 

Ethical consideration 

This study was approved by the Ethical 
Review Committee on Medical Research 
involving Human Subjects, Department of 
Medical Research (Lower Myanmar).  

RESULTS 

A total of 216 pregnant women were 
recruited within the study period. Demo-
graphic, social and reproductive charac-
teristics of pregnant women attending ante-
natal clinic at NOGH is shown in Table 1.  

Table 1.  Demographic, social  and  reproductive  
characters of study population 

Characteristics 
Number of cases 

(n=216) 
No. Percent 

Age in years   
   <30 127 58.8 
   ≥30 89 41.2 
Occupation   
   Housewife 175 81 
   Workers 38 17.6 
   Students 3 1.4 
Education   
   Illiterate, read and write, primary school 36 16.7 
   Middle school 66 30.6 
   High school 65 30.1 
   University 49 22.7 
Gravida   
   G1 98 45.4 
   G 2, 3, 4 105 48.6 
   ≥G 5 13 6 
Parity   
   Nulliparity 116 53.7 
   Parity 1 62 28.7 
   ≥Parity 2 38 17.6 
Trimester   
   First 5 2.3 
   Second 125 57.9 
   Third 86 39.8 

The age of participants was 18-43 years and 
58.8% were of under 30 years age group. 
Most of the participants had middle school 
and high school level of education. Nearly 
half of them (45.4%) were primigravida and 
half (53%) were nulliparous women. Only 



169 

2.3% of women attended for first antenatal 
visit in the first trimester and majority (58%) 
attended in second trimester. 
Proportion of RTI among pregnant women 

Among 216 pregnant women, 146(67.6%) 
had at least one reproductive tract infection. 
Bacterial vaginosis was the most frequent 
(112/216, 51.9%), followed by vaginal can-
didiasis (55/216, 25.5%). Trichomoniasis 
was detected in 18/216 (8.3%) of pregnant 
women. Serology tests for syphilis were 
positive in 8/216 (3.7%) and co-infection 
were found in 21/216 (9.7%). Neisseria 
gonorrhoeae was not isolated. Among 216 
women, 47.7% had only one type of RTI 
while 18.1% and 1.9% had two and three 
types of co-infection, respectively. Table 2 
shows the distribution of types of RTI 
among study population.  
 
Table  2.  Distribution of  different  types of RTI  

 among pregnant women 

                 Infections 
Number 
(n=216) 

Percent 
(%) 

No RTI 70 32.4 
RTI positive 146 67.6 
Type of Infections 
  Candidiasis  55 25.5 
  Bacterial vaginosis by Amsel’s criteria 90 41 
  Bacterial vaginosis by Nugent’s Score 108 50 
  Bacterial vaginosis by any criteria  112 51.9 
  Candidiasis and bacterial vaginosis 25 11.6 
  Syphilis 8 3.7 
  Gonorrhoea 0 0 
  Trichomoniasis 18 8.3 
  Co-infection 21 9.7 
  Only one RTI 103 47.7 
  Two RTI 39 18.1 
  Three RTI 4 1.9 

Occurrence of RTI in relation to demo-
graphic and social characteristics 
Occurrence of RTI in relation to demo-
graphic, social and reproductive charac-
teristics is shown in Table 3. The most 
frequent age group that had RTI was 
younger than 25 years (73.4%). Older age 
group had less RTI: 67.5% in 25-34 years 
versus 57.1% in over 34 years. The relation-
ship  between  education  level and presence  

of RTI, in three groups: illiterate to primary 
school, middle school and high school         
to university education were not much 
different (60-70%).  
 
Table 3.   Demographic, social and reproductive  
 characteristics  according to RTI status 

Characteristics 

Pregnant women 
Total 

(n=216) RTI positive 
(n=146) 

No RTI 
(n=70) 

No. % No. % No. % 

Age in years       
  ≤24 47 73.4 17 26.6 64 100 
  25-34 79 67.5 38 32.5 117 100 
  ≥35 20 57.1 15 42.9 35 100 

  Chi square=2.74; df =2; p=0.25 
Education             
  Illiterate to primary    
    school 

25 69.4 11 30.6 36 100 

  Middle school 42 63.6 24 36.4 66 100 
  High school &    
    University 

79 69.3 35 30.7 11 100 

                                        Chi square=0.68; df = 2; p=0.71 
Occupation             
  Dependent 123 69.9 53 30.1 176 100 
  Laborer 17 54.8 14 45.2 31 100 
  Sedentary worker 5 71.4 2 28.6 7 100 
  Student 1 50 1 50 2 100 

  Chi square=3.05; df=3; p=0.38 
Gravida             
  Primigravida 60 61 38 38.8 98 100 
  Gravida 2-4, 80 76 25 23.8 105 100 
  Gravida ≥5 6 46 7 53.8 13 100 
  Chi square=8.08; df=2;p =0.18 
Parity             
  Nulliparous 77 66 39 33.6 116 100 
  Parity 1 47 76 15 24.2 62 100 
  Parity 2+ 22 58 16 42.1 38 100 
  Chi square = 3.61; df= 2; p=0.16 
History of abortion             
  Yes 30 81 7 18.9 37 100 
  No 116 65 63 35.2 179 100 

  Chi square=3.71; df=1; p=0.05 

According to type of occupation, sedentary 
workers were found to be the highest   
71.4% followed by housewives (69%), 
labourers (54.8%) and students (50%). 
Eighty-one percent of women with previous 
history of abortion had RTI while 64.8%    
of women with RTI give no history of 
abortion. The presence of previous history 
of abortion was significantly associated  
with presence of RTI in this pregnancy 
(p=0.05). 
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Clinical symptoms in pregnant women with 
RTI  

Table 4 shows the results of laboratory 
investigations of pregnant women according 
to   the   presence   or   absence  of   symptoms  
suggestive of RTIs.  

Table  4. Laboratory  results of pregnant women  
according  to  the  presence or absence  
of symptoms suggestive of RTIs 

   All pregnant 
       women 

Status of RTI by laboratory 
investigation Total 

(n=216) 
 RTI positive 

(n=146) 
No RTI 
(n=70) 

No. % No.   % No. %  

Presence of RTI    
   symptom 

86 73.5 312   6.5  117   100  

No RTI  symptom 60 60.6   39   39.4 99 100  

Although 117 women out of  total 216 study 
population  presented with  at  least  one 
symptom concerning RTI, the remaining 
were asymptomatic. Out of symptomatic 
women, only 73.5% had positive laboratory 
test. The remaining women were negative 
on laboratory test although they had 
symptoms suggestive of RTI. Among those 
99 asymptomatic women, 60(60.6%) were 
positive for at least one RTI on laboratory 
investigation. Fifteen percent (15/99) of 
those asymptomatic women had 2-3 RTIs 
co-infection on laboratory investigation. 
None of the women had genital warts,   
ulcer or clinical signs of herpes on clinical 
examination.  

DISCUSSION 

From this study, it was found that the 
occurrence of RTI among pregnant women 
was 67.6% by laboratory investigation. 
Among them, STI was 12.0%. The figures 
were higher than the findings from neigh-
boring countries. In Vietnam, prevalence of 
RTI among pregnant women varied from 
19% to 54% in different communes and in 
India, RTI 51.3% and STI 8.9%. Bacterial 
vaginosis was the most prevalent RTI 
(51.9%) that was followed  by vaginal 
candidiasis (25.5%), whereas findings from 

other countries showed vaginal candidiasis 
as the most prevalent RTI among pregnant 
women.11, 12 It was found that the occur-
rence of bacterial vaginosis was higher than 
that of studies done in Central Womens’ 
Hospital in 1997 and 2003 which showed 
19% and 25% and of other countries where 
it ranges from 6.4% in India, 7% in Vietnam, 
17.7% in Bangladesh and 32.6% in 
Zimbabwe.7, 11-14  

It may be due to the fact that in this study, 
bacterial vaginosis was detected by two 
methods: Amsel’s criteria and Nugent’s 
scoring.  The result was taken as positive 
when any one of these two methods showed 
bacterial vaginosis. While only 41% of 
women showed positive bacterial vaginosis 
by Amsel’s criteria, 50% was positive by 
Nugent’s score. Still, there is Amsel’s 
positive with negative Nugent’s score; the 
cumulative result for bacterial vaginosis 
became 51.9%.  

Awareness and treatment of bacterial vagi-
nosis during pregnancy is very important for 
the outcome of pregnancy as bacterial 
vaginosis detected in the second trimester of 
pregnancy is strongly associated with late 
miscarriage, premature rupture of membrane 
and preterm birth. The preterm delivery rate 
was obviously low in treatment group than 
in control group (6.5% vs. 20.7%). Preterm 
birth among similar women could be reduced 
by >40% by screening and treatment of 
common genitourinary tract infections in 
pregnancy. 6, 13 

Although there is no affect on developing 
fetus, vaginal candidiasis can contaminate 
and cause infection to newborn baby 
especially if it occurs in third trimester.      
In this study, it was found to be the second 
most common RTI, present in 25.5%          
of pregnant women and that was com-
parable to the prevalent range among other 
countries.7, 11, 12, 15  

Among exogenous infection or STI, 
trichomonas vaginitis infection was 8.3% 
(18/216). Trichomoniasis is a highly pre-
valent STI and associated with premature 
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rupture of membrane, preterm birth and low 
birth weight. A study found that second 
trimester trichomoniasis was associated with 
mental retardation in children.16 

According to report from Department of 
Health Planning and Department of Health, 
Myanmar in 2008, 1.44% of VDRL positive 
rate were found among primigravida. In  
this study, 3.7% (8/216) of pregnant women 
were serologically positive for syphilis.    
No Neisseria gonorrhoeae was isolated.   
As a result, a total of curable STI among 
study population was 12% (26/216). This   
is more than the findings from studies in 
India and Vietnam where the prevalence of 
STI were 8.9% and 3.3%, respectively.12, 17 

A total of 11.6% of women suffered from 
both bacterial vaginosis and vaginal candi-
diasis. Patients with both endogenous and 
exogenous co-infection were 21/216 (9.7%). 
Patients co-infected with 2 types of RTI and 
3 types of RTI were 39/216 (18.1%) and 
4/216 (1.3%), respectively. These included 
15% of asymptomatic women. 

By comparison, though 73.5% of sympto- 
matic women were confirmed as having 
RTIs, 60% of the 99 asymptomatic women 
had laboratory-diagnosed RTIs. Types of 
RTI in this group included both endogenous 
and exogenous co-infection. RTIs in many 
cases are asymptomatic among women, 
making their detection and diagnosis 
difficult.18 It indicated that asymptomatic 
infection rate is remarkably high among 
pregnant women and need to emphasize     
to rely on screening by laboratory tests.      

At present, the syndromic approach is 
considered the most feasible approach at 
health centers in resource-poor settings in 
the management of common RTIs and STIs. 
In Myanmar, routine surveillance of syphilis 
is carried out but there is no routine 
surveillance program for other curable RTIs. 
It should be consistently supplemented      
by risk assessment in order to reduce   
under- and over-treatment and microscopic 
diagnosis could be applied in primary     
care   settings   to   achieve   more   accurate  

diagnosis especially in pregnant women.   

In this study, the age group of women with 
highest infection rate was younger than     
25 years (73.4%). Though it was statistically 
not significant, the trend in the occurrence 
of RTI was reduced as increasing age: 
67.5% in 25-34 years group and 57.1% in 
age ≥35 years.  

Poor knowledge of reproductive health and 
being the age of leading active sexual life 
have more chance of getting RTI in young 
pregnant women. There was no association 
between education status and occurrence   
of RTI though study in other countries 
showed the prevalence of RTI was common 
among illiterate women (46.5%) and a 
decreased trend with an increase in level    
of education.12 High RTI prevalence is 
strongly related to the level   of reproductive 
health knowledge and behaviors. 

It was found in this study that there is an 
association between history of abortion in 
previous pregnancy and occurrence of RTI 
which is statistically significant (p=0.05). 
Some women had history of repeated 
abortion which may be due to recurrence of 
untreated RTI since the time of previous 
pregnancy in these women. 

Conclusion 

The occurrence of curable RTI including 
STI in pregnant women was high in the 
selected study area. Among them, number  
of asymptomatic women with positive 
laboratory test for RTIs were also high.  

This study highlighted the role of screening 
of curable RTI in all pregnant women 
during antenatal care. Education on RTI      
to all women of reproductive age for    
better awareness and better practice to 
prevent RTIs, screening and giving 
treatment to pregnant women with curable 
STIs and vaginal infections are of public 
health importance to reduce maternal        
and perinatal morbidity and mortality.          
It should be reinforced by contact tracing     
of sexual partners of these infected women. 
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The aim of this study was to determine the mercury content in river water 
around Shwekyin gold reclamation site by using Inductively Coupled 
Plasma Optical Emission Spectrometer. Mercury was used to extract large 
gold particles by Amalgam technology for the accelerated growth of gold 
production. In most areas, the burning of Au-Hg amalgam is done in the 
open air, releasing Hg vapor to the atmosphere. It can pollute environment 
such as rivers, soils and atmosphere. In Shwekyin, gold panning has been 
carried out for many years. Mercury might be used to extract gold particles 
in the process. Occupational exposure of mercury has resulted in broad-
ranging functional disturbance, including irritability, excitability, excessive 
shyness, and insomnia. Long-term, low-level exposure has been associated 
with more subtle symptoms of erethism, including fatigue, irritability,      
loss of memory, vivid dreams and depression. A total of 7 water samples:     
2  from Sittaung River, 3 from its tributaries where gold panning was carried 
out and 2 from gold extraction sites were purposely collected. Mercury 
content in 5 of the samples varied between 0.009 and 0.112 ppb and 
mercury was not detected in 2 samples, 1 from Sittaung River and 1 from its 
tributaries. According to this study, river water in Shwekyin is not harmful 
because the results are lower than the guideline values for chemicals from 
industrial sources and human dwellings that are of health significance in 
drinking water (6 ppb). 

Key words: Mercury, Water, Gold reclamation 

 
INTRODUCTION 

 
Mercury (Hg) was used only to extract large 
gold particles. Amalgam technology is used 
for almost all gold extraction. The use of Hg 
in extraction process is the major reason for 
the accelerated growth of gold production. 
Mercury is used for separation of fine gold 
particles through amalgamation in gold 
mining operations. After the amalgamation 
step, the Au-Hg complex is burned in 
retorts, but in most areas, this operation is 
done in the open air, releasing Hg vapor to 
the atmosphere.  

During the amalgamation process, a good 
amount of metallic Hg is also lost to rivers 
and soils through handling under rough field 
conditions and to volatilization.  In addition, 

 
Hg rich tailings are left in most mining sites. 
Large quantities of Hg are being released 
into the waters and atmosphere from gold 
mining operations. One of the major   
sources of mercury contamination in the 
environment is the burning of Au-Hg 
amalgam. Discharging metallic Hg into 
rivers during the amalgamation process 
represents the second largest source of 
contamination. Mercury can also be released 
from tailings to adjacent aquatic eco-
systems. Although Hg leaching from tailings 
seems a slow process, the migration of 
tailings themselves over the years may be the 
most important Hg dispersal mechanism.1, 2 
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Acute exposure to mercury vapor has     
been shown to result in profound central 
nervous system effects, including psychotic 
reactions characterized by delirium, halluci-
nations, and suicidal tendency. Occupational 
exposure has resulted in broad-ranging 
functional disturbance, including irritability, 
excitability, excessive shyness, and inso-
mnia. With continuing exposure, a fine 
tremor develops and may escalate to violent 
muscular spasms. Tremor initially involves 
the hands and later spreads to the eyelids, 
lips, and tongue. Long-term, low-level ex-
posure has been associated with more subtle 
symptoms of erethism, including fatigue, 
irritability, loss of memory, vivid dreams 
and depression.4, 5 

Case-control studies have shown effects 
such as tremors, impaired cognitive skills, 
and sleep disturbance in workers with 
chronic exposure to mercury vapor even      
at low concentrations in the range             
0.7-42 µg/m3. 6, 7 A study has shown that 
acute exposure (4-8 hours) to calculated 
elemental mercury levels of 1.1 to 44 mg/m3 
resulted in chest pain, dyspnea, cough, hemo-
ptosis impairment of pulmonary function, 
and evidence of interstitial pneumonitis.8  
In Shwekyin, gold panning has been carried 
out for many years. Mercury might be used 
to extract gold particles in the process. So, 
mercury content in river water around gold 
reclamation site from Shwekyin Township 
needed to be studied. 

MATERIALS AND METHODS 

Study design was analytical laboratory 
study. The study area was gold reclamation 
site from Shwekyin Township and Chemical 
Toxicology Research Division, DMR (LM). 
Study period took one year. 

Sampling 
A total of 7 water samples: 2 water samples 
from Sittaung River, 3 water samples from 
its tributaries where gold panning was 
carried out and 2 water samples from gold 
extraction sites were purposely collected. 
Table 1 shows the detailed sampling sites.  

Table 1. Detailed sampling sites of samples 

Sampling sites Sample no. Detail sampling sites 

Sittaung River 1 Sittaung River 
2 Meeting point of Sittaung River  

  and Shwekyin Stream 
Tributaries 3 Shwekyin Stream 

4 Madama Stream 
5 Htipanwe Stream 

Gold extraction     
   site 

6 Khalein gold extraction site 
7 Htipanwe gold extraction site 

Preservation of sample  

At once, the samples were treated with nitric 
acid to make pH of the sample less than 2.9 
Disposable sampling bottles were covered 
with aluminium foil to protect direct sun light. 

Instrumental conditions 
Optima  TM  8000  Optimized experimental 
conditions are as follows:10 

Wavelength 253.652 nm 

Plasma gas flow  10 L/min 

Auxiliary gas flow 0.5 L/min 

Nebulizer gas flow 0.4 L/min 

Power 1400 watts 

Viewing height 15 mm 

Plasma view Axial 

Read parameters Auto 

Peristaltic pump flow rate 1.0 ml/min 

Processing peak Area 

Calibration linear calculated intercept 
Injector Alumina 2.0 mm i.d. 
Quartz torch 1- slot 

For hydride generation 
Equipment FIAS Manifold 

The samples were analyzed by using 
Indutively Coupled Plasma Optical Emis-
sion Spectrometer.  

 
 

 
 

 
 

 
 
 
 
Fig. 1. Spectrum of mercury standard 
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Fig.  2.  Calibration curve for mercury standard 

RESULTS AND DISCUSSION 

Mercury content in 5 of the samples varied 
between 0.009 and 0.112 ppb and mercury 
was not detected in 2 samples, 1 from 
Sittaung River and 1 from its tributaries 
(Table 2).  

Table 2. Mercury content in samples 

 ND=Not detected 

According to mercury contamination point 
of view, the results show that river water in 
Shwekyin is not harmful yet because the 
results are lower than the guideline values 
for chemicals from industrial sources        
and human dwellings that are of health 
significance in drinking water (6 ppb).11 

In monsoon, Shwekyin area is often 
flooded. The flood makes the river water 
dilute. Therefore, the samples were 
collected from upstreams and downstreams 
of gold reclamation sites at Sittaung River, 
and prior to monsoon period to avoid 
dilution.  

Conclusion 
The environment has not been polluted yet 
because of mercury. But everybody should 
be careful not to pollute the environment. 
The miners should be provided knowledge 
about proper gold extraction methods to 
sustain our environment. 
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The study was carried out to quantify the body mass index (BMI) among  
the medical students in University of Medicine (Mandalay). Second-year 
M.B.,B.S students (n=610) participated in this study. Height was measured 
to the nearest 0.1 cm using standard calibrated scale against  a wall. Weight 
was measured to the nearest 0.5 kg using bathroom scale weighing machine. 
BMI was calculated as weight (kg)/height (m2) and categorized according  
to BMI criteria by WHO 2007. Height, body weight, and BMI (mean±SD) 
for male (n=377; 18.34±0.82 years) and female (n=233; 17.94±0.61 years) 
students were 1.68±0.06 m, 59.72±11.6 kg, 21.05±3.71 kg/m2, and 1.57± 
0.05 m, 50.54±9.54 kg, 20.49±3.62 kg/m2, respectively. All anthropometric 
data were significantly different between male and female students (p<0.05, 
p<0.001 and p<0.01). Out of 377 male students, 13% (n=49) were under-
weight, 72.1% (n=272) were normal weight, 12.2% (n=46) were over-
weight and 2.7% (n=10) were obese. Out of 233 female students, 6.4% 
(n=15) were underweight, 85.0% (n=198) were normal weight, 6.1% (n=14) 
were overweight and 2.5% (n=6) were obese. Body weight and body mass 
index of the medical students attending University of Medicine (Mandalay) 
were found to be higher than those of previous Myanmar studies conducted 
decades ago. In conclusion, the present study showed the increasing 
prevalence of overweight and obesity among young adults. The present 
finding suggests that the practice of healthy habits and lifestyles should be 
started from adolescent age.  

Key words:  BMI, Sex difference 
 

INTRODUCTION 
 

Present day lifestyles of young adults are 
too sedentary. Young adults today are fond 
of eating unhealthy fast food and spending 
leisure hours watching television, surfing 
the internet, playing computer games and    
so on. Eating junk foods and indulging        
in passive enjoyment are two major causes 
of obesity.  

With the awareness of the rising prevalence 
of overweight and obesity among young 
adults, they can choose and aware of healthy 
life style. Therefore, the present study     
was carried out to assess and analyse the 
distribution of body mass index (BMI) 
among second-year medical students. 

MATERIALS AND METHODS 
 

The present study was undertaken on 
second-year M.B.,B.S (1/2013 batch) 
students at the University of Medicine 
(Mandalay), Myanmar. Total study popula-
tion was 610 in number (male=377; 
female=233). Body weight was measured 
with the subject in light clothing and 
without shoes to the nearest 0.5 kg on a 
bathroom scale weighing machine. Height 
was measured to the nearest 0.1cm using  
standard calibrated scale against a wall, with 
the subject standing erect, without shoes,       
____________________________________  
*To whom correspondence should be addressed. 
Tel: +95-09-5147751 
E-mail: sandakyaw.myanmar@gmail.com 



 

177 

both feet together, and looking straight ahead 
at eye level. BMI was calculated as weight   
in (kg)/ height in (meter2)1 and categorized 
according to BMI-for-age (girls and boys), 
WHO 2007 which sets <-2SD as under-
weight, -2SD to +1SD as normal, >+1SD to 
+2SD as overweight and >+2SD as obese, 
respectively.2 
Statistical analysis 
Data were analyzed by using the computer-
based statistical package of statistical product 
and service solution (SPSS). Results were 
reported as mean±SD. Differences of anthro-
pometric data between males and females 
were calculated by independent sample ‘t’ 
test.  

 
RESULTS 

 
Mean values of anthropometric data are 
shown in Table 1. All anthropometric para-
meters were significantly higher in male 
students than female students (Table 1).  

Table 1. Anthropometric data of medical students 

  Gender Height (meter) Weight (kg) BMI (kg/m2) 

Male (n=377) 1.68±0.06 59.72±11.6 21.05±3.71 
Female (n=233) 1.57±0.05 50.29±8.78 20.04±3.37 
p value <0.05 <0.001 <0.01 
Mean±SD 

Table 2. Comparison of underweight, over-
weight and obese between the study of 
Institute of Medicine 1 entrance and  
the present study 

Gender Batch Place of 
Study 

Age 
(year) 

Height 
(meter) 

Weight 
(kg) 

BMI 
(kg/m2) 

Male 2001 
(n=566) 

IM 1 17.00 
±0.55 

1.63 
±0.53 

56.73 
±10.95 

19.81 
±3.54 

2013 
(n=377) 

UMM 18.34 
±0.82 

1.68 
±0.06 

59.72 
±11.6 

21.05 
±3.71 

                  p value <0.001 >0.05 <0.001 <0.001 
Female 2001 

(n=601) 
IM 1 16.95 

±0.65 
1.55 

±0.41 
46.64 
±7.25 

18.71 
±2.73 

2013 
(n=233) 

UMM 17.93 
±0.61 

1.57 
±0.05 

50.29 
±8.78 

20.04 
±3.37 

                   p value <0.001 >0.05 <0.001 <0.001 

IM 1=Institute of Medicine 1, Mean±SD 
UMM=University of Medicine (Mandalay) 

Mean values of height, body weight and 
BMI of the present study were significantly 
higher than those of a study conducted one 

decade ago (Table 2). Out of 610 students, 
10.5% (n=64) were underweight, 77.1% 
(n=470) were normal weight, 9.8% (n=60) 
were overweight and 2.6% (n=16) were 
obese (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  1.  Percent  distribution of body mass index 
of medical students  

 

 
 

 
 
 

 

 
 
 

Fig.  2.  Percent  distribution  of  body weight of 
male and female students 

Out of 377 male students, 13% (n=49) were 
underweight, 72.1% (n=272) were normal 
weight, 12.2% (n=46) were overweight and 
2.7% (n=10) were obese. Out of 233 female 
students, 6.4% (n=15) were underweight, 
85% (n=198) were normal weight, 6.1% 
(n=14) were overweight and 2.5% (n=6) 
were obese (Fig. 2). 

 
DISCUSSION 

The present study found that height, weight 
and BMI of students were significantly 
different between male and female students. 
Percentage of normal body weight was 
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higher in female students but percentage of 
underweight, overweight and obese students 
were higher in male students than female 
students (Fig. 2).  

It was reported that body weight perception, 
eating attitudes and weight-loss strategies 
were significantly different between male 
and female undergraduates in University of 
Malaysia (Sarawak). Females were generally 
more concerned about body weight, body 
shape and eating than males. The present 
study did not focus on eating habit and 
weight loss strategies among the students. 
The sex difference in body weight and BMI 
observed in the present study could be 
explained by difference in genetic factor, 
hormonal factor and environmental factor or 
social factor.  

The percentages of underweight male       
and female students were 13% and 6.4%, 
respectively. They were much lower than 
the findings of a study carried out in 
Institute of Medicine 1 entrance in 20014    
in which the percentages of underweight 
male and female students were 45.8% and 
41.4%, respectively. Likewise, the percen-
tages of obese students were also higher 
2.7% of obese male students and 2.5% of 
obese female students in the present study.  

In the study of Institute of Medicine 1 
entrance, there were 2% of obese male 
students and 0.5% of obese female students. 
Both studies showed that the percentage of 
underweight students was greater than that 
of obese students. Multiple factors might 
contribute to the prevalence of underweight 
students that include body image and weight 
concerns. In a study of University students in 
China, 16.6% of students were underweight 
with the prevalence of BMI >30 obesity 
being very low. Their findings suggested 
that university and college areas represent       
the final opportunity for the health and 
nutritional education. Therefore, strategies 
should be designed to improve in the area   
of nutrition, and to give information relating 
to sources of nutrition and healthy weight 
management.5 

The body weight and BMI of the students   
in the present study were significantly 
higher than those of the students in the   
study of Institute of Medicine 1 entrance 
(Table 2) conducted in 2001. In 1957, 
similar study was carried out in which 
height and body weights of male students 
from Rangoon University were 1.63±0.06 m 
and 47.11±7 kg, respectively. The age and 
height of the male students in these studies 
were comparable. But, the weight of the 
young adult male students of the present   
age was higher than that of the students       
in 2001 and 1957 studies.  

Therefore, body weight and body mass 
index of university students seem to be 
changed with time-line and increased over 
decade. 

Conclusion 
The present study shows greater height, 
weight and BMI than that of other studies. 
Both under-nutrition and over-nutrition 
problems are detected. The present study 
shows less underweight but more over-
weight and obese males and females than the 
study in 2003. Increased percent distribution 
of obesity was more marked in females.  
The present finding suggests that the 
practice of healthy habits and lifestyles 
should be started from adolescent age. 
Therefore, strategies should be designed     
to promote health education about healthy 
lifestyle and to provide facilities en-
couraging the community for practicing 
healthy lifestyle.  
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Antibiotics are the most frequently prescribed medications in modern 
medicine. Along with increase usage, antimicrobial resistance has become a 
serious problem. Substandard antibiotics, genuine drug products which do 
not meet quality specifications set for them, being one of the main reasons, 
has been recognized as an emerging public health problem. Quinolone 
antibiotics such as ciprofloxacin, norfloxacin, levofloxacin and ofloxacin 
have been widely used in Myanmar, both in hospitals and in general 
practice. A laboratory-based study of 47 different brands of quinolones 
including 18 ciprofloxacin, 16 norfloxacin, 8 levofloxacin and 5 ofloxacin 
brands were done. They were purchased by mystery clients from New 
Bogyoke market and Shwepyaesone market in Yangon. All were coded and 
standard quality assurance tests were done according to USP (United States 
Pharmacopeia) and BP (British Pharmacopeia). In uniformity of weight, 
2(12.5%) brands of norfloxacin and 1(20%) brand of ofloxacin failed. Then 
in disintegration test, 1(6.25%) brand of norfloxacin failed. Regarding 
dissolution test, 1(2.13%) brand of ciprofloxacin failed. Fourrier Transform 
Infra-Red (FTIR) spectrum results showed 2(4.26%) brands of ciprofloxacin 
and 3(6.38%) brands of norfloxacin were unsatisfactory. In quantitative 
analysis, norfloxacin 7(14.89%) brands, ciprofloxacin 5(10.34%) brands, 
levofloxacin 3(6.38%) brands and ofloxacin 1(2.13%) brand failed. Overall 
results showed 24(51.06%) samples were substandard, indicating the 
existence of substandard drugs in markets and it was likely to be due to 
incomplete packaging, improper transport and storage conditions such as 
temperature and humidity. The results of this study will provide valuable 
data on the quality assurance of quinolone antibiotics in Myanmar market 
and such kind of information is always necessary to help not only authorized 
body but also for the public. 

Key words: Pharmaceutical equivalence, Quality assurance, Fluroquinolone, Dissolution and Disintegration 
 

 
INTRODUCTION 

 
Antibiotics are the most frequently 
prescribed medications in modern medicine. 
Fluoroquinolones are synthetic antibiotics 
that belong to the family of antibiotics 
called quinolones. They are useful in a 
variety  of  infections  caused  by  both gram  
positive and negative bacteria, like upper 
and lower respiratory tract infections, genito-
urinary infections.1 Along with increase 

usage, antimicrobial resistance has become 
a serious problem that strikes at the core of 
infectious disease control and has been 
recognized as an emerging public health 
problem having serious implications. 
Infections caused by multi-drug resistant 
organisms have a higher morbidity and 
mortality, and  the  treatment  is often longer  
___________________________________
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and more expensive.2 Quinolones antibiotics 
such  as  ciprofloxacin, norfloxacin, levoflo- 
xacin and ofloxacin have been widely used 
in Myanmar, both in hospitals and in 
general practice. They are also reserved for 
serious infections like multi-drug resistant 
tuberculosis.3 In Myanmar, a developing 
country with the high prevalence of TB, 
quinolones needs to be protected from 
developing resistance.4  

The centre for Global Development Report 
has shown several factors that have 
increased the prevalence of drug  resistance 
in developing countries. These include 
insufficient technology, inappropriate use  
of drugs, a lack healthcare system to 
ensuring the best use of drugs, excessive use 
of antibiotics in agriculture and use of poor 
quality of drugs.5 With the experiences and 
techniques developed and validated in 
previous study in collaboration with the 
FDA.6  

This study aimed to explore the pharma-
ceutical equivalence and quality assurance 
of fluoroquinolone drugs available in 
Yangon market.  

 
MATERIALS AND METHODS 

 
It was a laboratory-based, analytical study. 
All 47 brands of fluoroquinolone cipro-    
floxacin, norfloxacin, levofloxacin and 
ofloxacin of the same batch of each brand 
were bought for each quinolone at least      
60 tablets capsules by mystery clients     
from New Boghoke market and Shwe-
pyaesone market in Yangon. These samples 
were analyzed according to BP7 (British 
Pharmacopeia, 2009) and USP8 (United 
States Pharmacopeia, 2012) at Pharma-
ceutical Toxicology Research Division, 
DMR (LM). 
 

RESULTS 
 

Quality assurance parameters such as uni-
formity of weight, dissolution test, dis-   
integration test and presence of active 
compounds/ impurities were assessed      

according to BP and USP.  The results are 
shown in the following tables. 
   
Table1. Pharmaceutical    equivalence    in    uni-      

formity of  weight, dissolution  and   
disintegration   

Preparation 

Uniformity of 
weight Dissolution Disintegration 

Satis-
factory 
  (%) 

Un- 
Satis-
factory 
  (%) 

Satis-
factory 
  (%) 

Un- 
Satis- 
factory 
  (%) 

Satis-
factory 
(%) 

Un- 
Satis-
factory 
(%) 

Levofloxacin  8(100)   0  8(100)   0   8(100)  0 
Norfloxacin 14(87.5) 2(12.5) 15(93.7)1(6.25)15(93.75)1(6.25)
Ciprofloxacin 18(100)  0 10(94.4)8(5.56) 18(100)  0 
Ofloxacin  4(75) 1(25)  5(100)   0   5(100)  0 

 
Table 2.  Qualitative  analysis by FT-IR Spectro- 

photometer 

 Preparation FT-IR 
Satisfactory(%) Unsatisfactory(%) 

 Levofloxacin 8(100) (0) 
 Norfloxacin 13(81.2) 3(18.8) 
 Ciprofloxacin 16(88.85) 2(11.11) 
 Ofloxacin 5(100) (0) 

 
Table 3.  Results  of  the  quantitative  assays  of  

samples 

Preparation Total 
tested

Below 
BP/USP 
limit (%) 

Within 
BP/USP  
limit (%) 

Above  
BP/USP 
limit (%) 

Total 
failed 
(%) 

Ciprofloxacin 18 4(22.22) 13(72.22) 1(5.55) 5(27.7) 
Norfloxacin 16 5(31.25) 9(56.25) 2(12.5)  7(43.75) 
Levofloxacin 8 1(12.50) 5(62.5)   2(25.0) 3(37.5) 
Ofloxacin 5 - 4(80.0)   1(20.0) 1(20.0) 
Total 47 10(21.28) 31(65.96) 6(12.77) 16(34.04) 

 
Overall results showed 24(51.06%). 
Samples were substandard according to BP 
and USP. 
 

DISCUSSION 
 

The findings showed the existence of 
substandard drugs regarding to the accept-
ance criteria of United States Pharmaco-
poeia and British Pharmacopoeia which 
may affect the patients. The unsatisfactory 
result may be due to incomplete packaging, 
improper transport and storage conditions 
such as temperature and humidity. Based   
on the above mentioned, it is confirmed  
that the laboratory tests alone is not 
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adequate to tell  the  exact  cause  of  being 
substandard. This may happen during manu-
facturing stage or may have deteriorated 
during transport and storage.  
Therefore, it is recommended that the rules 
at issuing drug store license should be more 
strengthened to overcome the problem 
associated with the drug store owner or drug 
sellers. Finally, the overall results of this 
study provide the valuable data on the 
quality assurance of frequently and widely 
used quinolone antibiotics that may be 
helpful in the prevention of emergence of 
drug resistance in Myanmar. 
Larger studies and continued monitoring on 
quality control of drugs should be carried 
out in other life saving drugs like anti-
cancer, anti-retroviral drugs, etc. for the 
safety of patients. Further studies should be 
carried out in warehouses, standardized 
pharmacies and drug markets to know the 
likely cause of low quality. Most of the drug 
shop owners and drug sellers are neither 
pharmacists nor chemists not knowing how 
to store the drugs properly and there is also 
electricity problem to store drugs in proper 
conditions. Therefore, education of drug 
shop owners concerning proper storage and 
the rules in issuing drug shop license should 
be more strengthened to overcome the 
problem associated with improper storage 
conditions.  
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Hazardous waste producing industries can emit irritant gases, metals, 
solvents, pesticides, polyaromatic hydrocarbons and organo chlorines  
which can contaminate surrounding air, soil and ground water. The potential 
health effects from these compounds are of important concern to people 
living in close proximity. Altogether 27 soil samples and 6 water samples 
from  South Dagon Industrial Zone, 14 soil samples and 9 water samples 
from Hlinethaya Industrial Zone, 10 soil samples and 10 water samples  
from non-industrial zone (Thingangyun Township) were collected, coded 
and prepared by standard method for testing. All samples were subjected     
to analysis by Energy Dispersive X-ray Fluorescence (EDXRF) technique. 
The measuring time for each sample was 99 seconds and its minimum 
detectable level was 0.001 ppm. The presence of  Si (silicon), Fe (iron),      
K (potassium), Ti (titanium), Zn (zinc), Mn (manganese), Cr (chromium),   
Sr (strontium), Cu (copper) were determined. Among those elements,     
high levels of Fe (228.81±142.07 ppm), Mn (24.29±1.57 ppm) and Cu 
(26.57±1.35 ppm) were found in water samples of South Dagon Industrial 
Zone and high levels of Fe (219.08±9.97 ppm), Cu (26.39±1.41 ppm),       
Zn (21.87±0.54 ppm) and Mn (24.55±1.68 ppm) in Hlinethaya Industrial 
Zone. These levels were greater than the maximum permissible limits for 
water. The environmental impacts of elemental concentrations are very 
important. This study pointed out the environmental pollution that required 
sustainable control and the need for regular analyzing of elements in the 
industrial zones. 

      Key words: Elemental concentration, Soil, Water, EDXRF, Environmental pollution 
 

INTRODUCTION 
 
Industrial waste is a type of waste produced 
by industrial activity. Many of the critical 
pollutants contaminating human health and 
ecosystem are found in the setting of 
industrial waste sites. Hazardous waste sites 
can emit irritant gases, metals, solvents, 
pesticides, polyaromatic hydrocarbons and 
organochlorines which can contaminate 
surrounding air, soil and ground water.     
The potential health effects from these 
compounds are of important concern to 
people living in close proximity.1, 2, 3 Toxic 
wastes are harmful or fatal when ingested, 
absorbed or inhaled. When toxic wastes  are  
 

 
land disposed, contaminated liquid may 
leach from the wastes and pollute ground 
water.4  

Emission of air pollutants from industries 
becomes one of the major environmental 
issues and remains a serious threat to public 
health and environment. It can damage 
human health, vegetation, human property 
and also leads the global environment 
(global warming, ozone  layer  depletion, 
climate  change  and natural disasters, etc.) 
as well as create aesthetic insults in the form 
_______________________________________________ 
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of brown or hazy air or unpleasant smells.5, 6 

Chemical and radioactive substances can 
cause cancer, renal or respiratory diseases.7, 8  

Myanmar, like the other developing indus-
trialized countries, may face with these en-
vironmental pollution problems. So, deter-
mination of elemental concentration in soil 
and water is needed to investigate the 
exposure of environmental pollutants. The 
aim of the study was to determine the multi-
elements profile in soil and water.  
 

MATERIALS AND METHODS 

 
This study was conducted in collaboration 
with National Poison Control Centre, DMR 
(LM) and Department of Physics, Yangon 
University (YU) and Universities’ Research 
Centre (YU). A laboratory-based, analytical 
study was carried out from January to 
December, 2011. 

Altogether 27 soil samples and 6 water 
samples from South Dagon Industrial Zone, 
14 soil samples and 9 water samples      
from Hlinethaya Industrial Zone, 10 soil 
samples and 10 water samples from non-
industrial zone (Thingangyun Township) 
were collected, coded and prepared by 
standard method for testing. Photographic 
recording and documentation were done 
under strict confidentiality. 
Sample preparation 
The collected soil samples were grounded  
in order to get fine powder. The grinder 
produced samples that were tested to be fine 
enough to meet the conditions for homo- 
geneous dense materials. Each powder 
sample was poured into a steel container 
and pressed into pellets using 3-ton weight 
of hydraulic press. The diameter of each 
pellet was 2.5 cm.  

The collected water samples were accom-
plished by presenting the sample on a filter 
paper provided with a ring of 30 mm in 
diameter and marking a lattice arrangement 
on the filter paper. Then liquid were 
dropped on each lattice point with pipette. 

After preparation it was mounted on the 
sample holder.9, 10, 11 

Sample analysis 
All samples were subjected to analysis      
by Energy Dispersive X-ray Fluorescence 
(EDXRF) technique which is relatively 
simple, rapid, low cost and can perform 
multi-elements determination from ppm to 
high-weight percent of elements.11 The 
prepared samples were placed in a simple 
holder of EDXRF machine and covered 
with a cylindrical-shaped cover. The cham-
bers were pumped up to vacuum, using 
EDX-700 software, selected for the required 
measurement condition.  
After measuring, unknown peaks for each 
sample were received. Each unknown    
peak was identified by using library file in 
EDX-700 software to get quantitative and 
qualitative concentrations in the test 
samples. The measuring time for each 
sample was 99 seconds and its minimum 
detectable level was 0.001 ppm. 
 

RESULTS 
 
Wide variation in elemental concentrations 
was detected in all samples. Si, Fe, K, Ti, 
Zn, Mn, Cr, Sr and Cu were detected in all 
samples. The different elemental concentra- 
tions detected in soil samples are shown in 
Table 1, 2, 3 and water samples are shown 
in Table 4, 5, 6.  
Si, Fe and K mainly occurred in all soil 
samples. Cu was found in the soil samples 
except 3 samples in South Dagon Industrial 
Zone (one sample from school near the 
industrial zone and  two from monastery) 
and 7 samples from Hlinethaya Industrial 
Zone (five samples from ward near Indus-
trial zone and two samples from monastery) 
which were below the maximum permis-
sible limits for soil. Si and Fe were mainly 
found in all water samples. Fe (228.81± 
142.07 ppm), Mn (24.29±1.57 ppm) and     
Cu (26.57±1.35 ppm) were found in water 
samples of South Dagon Industrial Zone and 
Fe (219.08±9.97 ppm), Cu (26.39±1.41 ppm),  
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Table 1. Elemental concentration (ppm) of soil samples (SS 01-SS 27) South Dagon Industrial Zone  

Samples Concentration of elements (ppm) 
Si Fe K Ti Zn Mn Cr      Sr Cu 

SS 01 70.557 4.089 5.136 BDL 0.159 0.424 BDL BDL 0.235 
SS 02 83.276 9.936 3.847 0.877 0.072 0.14 BDL BDL 0.097 
SS 03 82.275 9.936 3.847 0.877 0.072 0.14 BDL BDL 0.097 
SS 04 75.054 17.135 4.527 1.662 0.124 0.307 BDL 0.061 0.096 
SS 05 75.054 17.135 4.527 1.662 0.124 0.307 BDL 0.061 0.096 
SS 06 74.89 16.85 4.778 1.875 0.103 0.265 BDL 0.074 0.093 
SS 07 74.89 16.85 4.778 1.875 0.103 0.265 BDL 0.074 0.093 
SS 08 73.813 17.847 4.452 1.767 0.096 0.378 BDL BDL 0.092 
SS 09 80.499 9.439 5.101 1.08 0.183 0.177 0.096 0.101 0.092 
SS 10 72.812 17.847 4.452 1.767 0.096 0.378 BDL BDL 0.092 
SS 11 80.456 11.015 4.508 1.116 0.185 0.258 0.132 BDL 0.086 
SS 12 79.455 11.015 4.508 1.116 0.185 0.258 0.132 BDL 0.086 
SS 13 79.17 11.921 4.052 1.338 0.264 BDL BDL BDL 0.082 
SS 14 72.285 19.735 4.466 1.583 0.107 0.418 0.12 0.063 0.077 
SS 15 72.285 19.735 4.466 1.583 0.107 0.418 0.12 0.063 0.077 
SS 16 72.983 19.236 4.375 1.586 0.127 0.401 0.073 BDL 0.075 
SS 17 72.983 19.236 4.375 1.586 0.127 0.401 0.073 BDL 0.075 
SS 18 82.415 9.937 4.552 1.004 0.088 0.237 BDL BDL 0.057 
SS 19 82.415 9.937 4.552 1.004 0.088 0.237 BDL BDL 0.057 
SS 20 82.644 9.434 4.568 1.153 0.074 0.119 0.058 BDL 0.054 
SS 21 81.641 9.434 4.568 1.153 0.074 0.119 0.058 BDL 0.054 
SS 22 82.189 8.9 3.939 0.903 0.145 0.324 BDL BDL 0.044 
SS 23 81.188 8.9 3.939 0.903 0.145 0.324 BDL BDL 0.044 
SS 24 3.085 0.032 0.064 0.008 0.001 0.002 0.001 BDL 0.001 
SS 25 BDL 0.012 0.016 BDL BDL 0.001 BDL BDL BDL 
SS 26 77.234 14.73 4.438 1.438 0.072 0.223 0.097 BDL BDL 
SS 27 77.234 14.73 4.438 1.438 0.072 0.223 0.097 BDL BDL 

BDL=Below detection limit (0.001) 

 
Table 2. Elemental concentration (ppm) of soil samples (HS 01-HS 14) Hlinethaya Industrial Zone 

Samples 
Concentration of elements (ppm) 

Si Fe K Ti Zn Mn Cr      Sr Cu 
HS 01 76.642 15.393 3.543 1.605 0.117 0.435 0.25 BDL 0.207 
HS 02 72.272 19.765 4.63 1.633 0.1 0.407 BDL BDL 0.087 
HS 03 88.663 9.037 3.908 0.983 0.07 0.189 0.096 BDL 0.083 
HS 04 78.258 15.032 3.879 1.648 0.061 0.274 BDL BDL 0.077 
HS 05 75.622 16.944 4.469 0.543 0.072 0.243 BDL BDL 0.075 
HS 06 79.717 13.865 3.776 1.611 0.074 BDL BDL BDL 0.067 
HS 07 76.464 15.595 4.114 1.423 0.077 0.331 0.099 BDL 0.065 
HS 08 77.61 16.887 3.462 1.575 0.056 BDL BDL BDL BDL 
HS 09 23.618  0.021 1.19  BDL 0.681 BDL BDL BDL BDL 
HS 10 24.049  0.021 1.206  BDL 0.668 BDL BDL BDL BDL 
HS 11 24.64 0.02 1.207  BDL 0.662 BDL 0.046 0.004 BDL 
HS 12 21.445  0.022 1.175  BDL 0.712 BDL BDL 0.004 BDL 
HS 13 23.593  0.019 1.234  BDL 0.686 BDL BDL BDL BDL 
HS 14 23.483  0.018 1.172  BDL 0.601 BDL BDL BDL BDL 

BDL=Below detection limit (0.001) 

 
Table 3. Elemental concentration (ppm) of soil samples (NS 01-NS 10) non-industrial zone  

Samples Concentration of elements (ppm) 
Si Fe K Ti Zn Mn Cr      Sr Cu 

NS 01 25.926 0.042 1.334 BDL 0.82 BDL BDL BDL BDL 
NS 02 23.193 0.038 1.219 BDL 0.658 BDL BDL BDL BDL 
NS 03 23.816 0.038 1.102 BDL 0.618 BDL BDL BDL BDL 
NS 04 25.572 0.036 1.315 BDL 0.787 BDL BDL BDL BDL 
NS 05 23.453 0.035 1.183 BDL 0.667 BDL BDL BDL BDL 
NS 06 22.942 0.034 1.195 BDL 0.671 BDL BDL BDL BDL 
NS 07 24.996 0.032 1.245 BDL 0.72 BDL BDL BDL BDL 
NS 08 26.131 0.029 1.301 BDL 0.802 BDL BDL BDL BDL 
NS 09 20.662 0.027 1.125 BDL BDL BDL BDL BDL BDL 
NS 10 17.086 0.024 0.807 BDL 0.445 BDL BDL BDL BDL 

BDL=Below detection limit (0.001) 
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Table  4. Elemental concentration (ppm) of water samples (SW 01-SW 06) South Dagon Industrial Zone  

Samples Concentration of elements (ppm) 
Si Fe K Ti Zn Mn Cr Sr Cu 

SW 01 BDL 489.554 BDL BDL 20.74 BDL 16.234 BDL 28.344 
SW 02 13425.08 126.357 253.629 35.638 22.305 23.25 17.161 BDL 27.11 
SW 03 19508.76 220.729 368.281 92.575 22.804 26.048 18.994 BDL 27.051 
SW 04 BDL 218.07 BDL BDL 20.62 22.24 16.302 BDL 26.699 
SW 05 BDL 79.937 BDL BDL BDL 24.416 14.565 BDL 25.854 
SW 06 11465.25 238.208 228.13 52.083 BDL 25.5 BDL BDL 24.356 

BDL=Below detection limit (0.001) 
 
Table 5. Elemental concentration (ppm) of water samples (HW 01-HW 10) Hlinethaya Industrial Zone 

Samples Concentration of elements (ppm) 
Si Fe K Ti Zn Mn Cr Sr Cu 

HW 01 10284.79 229.054 161.478 37.466 BDL BDL 19.296 BDL 28.344 
HW 02 BDL 201.433 64.777 BDL BDL BDL BDL BDL 27.4 
HW 03 6932.182 226.357 125.81 33.576 21.485 BDL 16.841 BDL 27.11 
HW 04 BDL 220.729 60.98 19.789 BDL 26.048 16.249 BDL 27.051 
HW 05 3242.886 218.07 123.888 19.226 22.251 22.24 BDL BDL 26.699 
HW 06 BDL 209.907 86.848 BDL BDL 24.416 16.072 BDL 23.865 
HW 07 BDL 217.937 BDL 14.13 BDL BDL 15.745 BDL 24.854 
HW 08 BDL 210.009 BDL BDL BDL BDL 10.023 BDL 25.819 
HW 09 BDL 208.228 BDL BDL BDL 25.5 15.341 BDL 20.306 
HW 10 5203.635 220.108 107.679 38.152 BDL 25.5 16.179 BDL 21.250 

BDL=Below detection limit (0.001) 
 
Table 6. Elemental concentration (ppm) of water samples (NW 01-NW 10) non-industrial zone  

Samples Concentration of elements (ppm) 
     Si      Fe    K     Ti      Zn      Mn Cr Sr      Cu 

NW 01 1084.79 0.024 101.478 0.466 BDL BDL 1.006 BDL 0.404 
NW 02 BDL 0.438 BDL BDL BDL BDL BDL BDL 1.130 
NW 03 3332.184 0.337 125.81 0.576 BDL BDL 10.801 BDL 1.100 
NW 04 BDL 0.29 60.98 1.780 BDL 0.042 9.242 BDL 0. 510 
NW 05 3242.886 0.07 123.888 0.298 BDL 0.204 BDL BDL 0.695 
NW 06 BDL 0.059 86.848 BDL BDL BDL 10.072 BDL 0.845 
NW 07 BDL 0.577 64.727 BDL BDL BDL 5.775 BDL 0.800 
NW 08 BDL 0.069 BDL BDL BDL BDL 5.230 BDL 1.011 
NW 09 2203.635 0.227 BDL BDL BDL 0.16 7.340 BDL 0.350 
NW 10 BDL 0.108 107.006 2.002 BDL BDL 6.149 BDL 1.200 

BDL=Below detection limit (0.001) 

 
Zn (21.87±0.54 ppm) and Mn (24.55±     
1.68 ppm) were found in water samples of 
Hlinethaya Industrial Zone, the levels of 
which were greater than the maximum 
permissible limits for water. 
 

DISCUSSION 
 
Regulation, handling and bioremediation of 
hazardous materials require an assessment 
of the risk to some living species other than 
human being, or assessment of hazard to  
the entire ecosystem. Heavy metals, such   
as cadmium, copper, lead, chromium and 
mercury are important environmental 
pollutants, particularly in areas with high 
anthropogenic  pressure.  Their  presence  in  

 
the atmosphere, soil and water, even in 
traces, can cause serious problems to all 
organisms. Soil and water to plant transfer  
is one of the key components of human 
exposure to metals through the food chain.12  

Large amounts of ingested iron can cause 
excessive levels of iron in the blood.       
Iron typically damages cells in the heart, 
liver and elsewhere, which can cause 
significant adverse effects including coma, 
shock, liver failure, adult respiratory distress 
syndrome, long-term organ damage, and 
even death. The permissible limit for water 
is 1.00 ppm.13 

Water is polluted with zinc, due to the 
presence of large quantities of zinc in the 
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wastewater of industrial plants. If waste- 
water is not purified, one of the con-
sequences is that rivers are depositing zinc-
polluted sludge on their banks. The 
permissible limit for water is 15.00 ppm. 
Zinc may also increase the acidity of waters. 
Some fish can accumulate zinc in their 
bodies when they live in zinc-contaminated 
waterways. When zinc enters the bodies of 
these fish it is able to biomagnify up the 
food chain.14 
Manganese is a very common compound 
that can be found everywhere on earth. 
Manganese is one of essential trace 
elements, which means that it is not only 
necessary for humans to survive, but it is 
also toxic when too high concentrations are 
present in a human body. After absorption 
in the human body, manganese will be 
transported through the blood to the liver, 
the kidneys, the pancreas and the endocrine 
glands. Manganese effects occur mainly     
in the respiratory tract and in the brains. 
Symptoms of manganese poisoning are hallu-
cinations, forgetfulness and nerve damage. 
The permissible limit for water is 0.5 ppm.15 

Low level of copper is essential for 
maintaining good health but high level can 
cause harmful effects such as irritation        
of the nose, mouth and eyes, vomiting, 
diarrhea, stomach cramps, nausea, and even 
death. Copper can cause cancer in humans. 
The U.S. Department of Agriculture has    
set the recommended daily allowance for 
copper at 900 µg/day for people older than 
eight years.16 The permissible limit for 
water is 1.5 ppm. The EPA has determined 
that it is not classifiable as to human 
carcinogenicity. 
This study showed its usefulness in 
screening of elemental concentration in   
non-biological samples for health purposes. 
It has indicated high concentrations of      
Fe, Mn and Cu in all water samples from 
Hlinethaya and South Dagon Industrial 
zones. High concentration of Zn was found 
in two samples from Hlinethaya Industrial 
zone. This is the sign for environmental 
pollution in these places. Although this 

study is a preliminary one, it has highlighted 
the environmental pollution in the industrial 
zones that required regular analyzing of 
elements to know how much surface soil 
and water are contaminated with unusual 
heavy toxic elements.  
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Synthetic insecticides are toxic and adversely affect the environment by 
contaminating soil, water and air. Therefore, there is a need to find 
biodegradable, low cost and indigenous methods for vector control as an 
alternative way for environmental safety. For this purpose, Aedes and Culex 
mosquito larvae were collected from different water storage containers from 
Hlinethaya, Shwepyitha and Dagon (North) townships, Yangon Region 
from January to December, 2013. In the laboratory, different emulsified 
concentrations of ethanol crude extract of garlic bulb (Allium sativum) were 
prepared freshly for Aedes  aegypti and Culex quinquefasciatus larvae in 
250 ml each of different water sources. Five replicates were carried out and 
mortality was checked and recorded after 24 hours of experiments. 
Persistency test of garlic bulb extract against Aedes and Culex larvae       
was done for ten days continuously. The result revealed that larvae             
of Aedes aegypti were more susceptible to garlic bulb extract than             
Culex quinquefasciatus larvae. These were 90-100% mortality of tap     
water and rain water bred Aedes aegypti  at 600 ppm of garlic bulb ethanol 
extract. For 3rd and 4th instar  Cx. quinquefasciatus collected from different 
areas, 2400 ppm was effective dose for 100% mortality. According to LC50 
and LC90 values, septic tank water bred  Cx. quinquefasciatus larvae were 
found to have highest tolerability to garlic bulb extract than other sources 
bred Culex mosquitoes. Persistency of garlic bulb ethanol extract was    
found to be 100% mortality for 5 days. Therefore, ethanol extract of garlic  
bulb acted as good biological control agent against 3rd and 4th instar       
larvae of Ae. aegypti and Cx. quiquefasciatus mosquitoes which bred          
in different water sources and it could be considered as potent natural 
larvicidal agent. 

Key words: Garlic extract, Aedes, Culex, Concentrations, Mortality 
 
 

INTRODUCTION 

 
Mosquito vectors are generally controlled 
by insecticides, bio-control agents and insect 
growth regulators. Aedes aegypti is one of 
the major vectors for dengue haemorrhagic 
fever (DHF) and Culex quinquefasciatus is a 
principle vector of the Bencroftian filariasis 
in various parts of the oriental region.1 
Mosquito control approach has been 
completely based on synthetic organic 
insecticides in the past. It can cause 

chemical hazard. Synthetic insecticides are 
toxic and adversely affect the environment 
by contaminating soil, water and air.2 
Therefore, there is a need to find alternative 
ways for environmental safety, biodegrad- 
able, low cost and indigenous methods      
for vector control. In an attempt to 
overcome these problems, great emphasis 
has been recently placed on the research and  
___________________________________
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development of pest control using natural 
plant products. 

Plant sources can act as larvicides, 
repellents and oviposition attractants and 
have deterrent activities as observed by 
many studies.2, 3, 4, 5 Botanical pesticides have 
been used traditionally by human commu-
nities in many parts of the world against pest 
species of insects.6, 7, 8 Many active insecti-
cidal materials have been derived from     
plant sources, i.e., nicotines, pyrethrins and 
rotenones. However, no derivative of garlic 
has been mentioned as an insecticidal agent.  
Garlic has long history of medicinal use, 
mentioned more than 2000 years ago in 
ancient Chinese medical literature. The use of 
garlic (Allium sativum Linn.) as mosquito 
larvicide was inspired by the relationship of 
its odor to that of Chara L., an alga in the 
family Characeae, which is being investigated 
as an agent for the biological control of 
mosquitoes. Certain species of Chara release 
toxic metabolites in the aquatic environment 
which inhibit the growth of mosquitoes larvae 
population. Therefore, investigation on larvi-
cidal action of garlic will support the further 
vector control activities in public environ-
mental sectors.  
 

MATERIALS AND METHODS 
 
Mosquito larvae collection 

Aedes and Culex mosquito larvae were 
collected from different water sources as 
Aedes from different water storage containers 
and Culex from the water of concrete gutter, 
earthen gutter, septic tank and polluted        
tube well water in a pool, from Hlinethaya, 
Shwepyitha and Dagon (North) townships, 
Yangon Region from January to December, 
2013.  
All collected larvae were carried to DMR 
(LM) laboratory for larvicidal test with    
garlic bulb extract. Aedes aegypti mosquito 
larvae were reared in tap and rain water and 
Culex quinquefasciatus larvae were reared in 
four different waters as above which were 
carried from different study sites.   

Mosquitoes species identification 
Larvae and adult mosquitoes emerged from 
larva survey were identified by morpho-
logical methods.9 
Collection and preparation of garlic bulb 
extraction  
The garlic bulbs were collected from Nan 
Huu Village, Taunggyi Township, Shan 
State. A total of 5 kg of garlic bulb material 
were cleaned, cut into small pieces and 
dried at room temperature. One kilogram of 
dried garlic bulb was extracted with 95% 
ethanol 1:5 wt/v by refluxing in a Soxhlet 
extractor at 70ºC for 6 hours. Complete 
removal of the solvent from the extract was 
accomplished in glass rotary evaporator. 
The resulting 22 gm of viscous material   
was obtained from 1 kg of dried garlic.    
The viscous material was stored at 4ºC    
until use. Garlic bulb extraction was       
done in Pharmacology Research Division, 
DMR(LM). 
Larvicidal testing procedure   
 

Based on preliminary tests, further dilutions 
were prepared with same type of test   
water. Different emulsified concentrations 
as 2400 ppm, 1200 ppm, 600 ppm,          
300 ppm, 150 ppm and 75 ppm of ethanol 
crude extract of garlic bulb were prepared 
freshly by dissolving in 250 ml each of     
tap water and rain water for Ae. aegypti 
larvae and same dilutions were prepared   
for Culex larvae in 250 ml each of different 
water sources as concrete drain water, 
earthen drain water, septic tank  water and 
polluted tube well water for Cx. quin-
quefasciatus larvae inside each enamel 
bowl. Negative control test was also done 
simultaneously. If the percentage of mor-
tality in the negative control was above 5%, 
then a correction was made using Abbot’s 
formula.10  
 

Twenty each Ae. aegypti and Cx. quin-
quefasciatus larvae were put into different 
concentrations of ethanolic crude extracts 
solutions. Detail testing was done according 
to standard method.11, 12 The exposure 
period of larvae was 24 hours for each 
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replication and concentration in laboratory 
at 27-30ºC and 70 to 90% relative humidity. 
Five replicates were carried out and mor-
tality was checked and recorded after         
24 hours of experiments. Dead larvae were 
identified when the larvae failed to move 
after probing with a needle in the thorax 
region of the body. Persistency test of garlic 
bulb extract was done against 10 each       
3rd and 4th instar larvae of Aedes and Culex 
mosquitoes at 2400 ppm and 1200 ppm 
dilutions (one-time diluted solutions) daily 
for 10 days. Mortality was recorded after   
24 hours. 
  

Data analysis plan 
 

Data entry and processing were done using 
Microsoft Excel software. The lethal 
concentrations of LC50 and LC90 values 
were calculated after 24 hours using dose-
effect probit calculations.10, 13 

 

RESULTS 
 

Bioassay with crude ethanol extract of  
garlic bulb (Allium sativum) was done for 
larvicidal activities against Ae. aegypti and 
Cx. quinquefasciatus  3rd and 4th  instar 
larvae. The results revealed that larvae of 
Ae. aegypti were more susceptible to garlic 
bulb extract. These were 90-100% mortality 
at 600 ppm of garlic bulb crude extract 
against  tap  water  and  rain  water  bred  
Aedes aegypti.  

The evaluation for larvicidal activities 
against the filarial mosquito Cx. quinque-
fasciatus 3rd and 4th instar collected from 
Dagon (North), Shwepyitha and Hlinethaya 
townships showed that 2400 ppm was 
effective dose for 100% mortality and    
1200 ppm had 84-100% effective mortality 
ranging 84-91%, 95.65-98.00%, 96-97% 
and 96-100% mortality in septic tank, 
earthen drain gutter, concrete drain gutter 
and polluted tube well water bred Cx. quin-
quefasciatus, respectively. The toxicity of 
garlic bulb extract to 3rd and 4th instars 
larvae of Aedes aegypti in the tap and rain 
water is shown in Table 1.  

Table 1.  Larvicidal efficacy of garlic bulb extract  
against  Aedes  aegypti  larvae  bred  in 
tap  and rain water  in three study areas 

Townships Dagon (North) Hlinethaya Shwepyitha 
Tap  water    
  LC50 ppm 199.60 168.55 172.18 
  LC90 ppm 595.10 351.28 370.64 
  X2 3.22 20.96 17.46 
Rain  water    
  LC50 ppm 214.01 257.27 166.66 
  LC90 ppm 397.37 541.65 377.04 
  X2 15.12 20.37 1.063 
p=<0.5 

Larvicidal activity of highest LC50 and LC90 
values were found to be 199.60 ppm and 
595.10 ppm in tap water of Dagon north and 
257.27 ppm and 541.65 ppm in rain water of 
Hlinethaya against Ae. Aegypti, respectively.  
 
Table 2. Larvicidal efficacy of garlic bulb extract  

against Culex  quinquefasciatus  larvae 
bred indifferent  water  sources in three 
study areas 

Townships Dagon (North) Hlinethaya Shwepyitha 
Earthen drain gutter 
  LC50 ppm 307.98 283.55 259.37 
  LC90 ppm 776.79 762.68 802.06 
  X2 22.32 15.42 9.92 
Septic tank    
  LC50 ppm 437.21 366.86 380.36 
  LC90 ppm 1477.14 1005.22 1230.36 
  X2 5.13 9.62 10.69 
Polluted tube well 
  LC50 ppm 271.52 314.22 331.75 
  LC90 ppm 648.13 798.93 956.12 
  X2 2.45 8.52 17.46 
Concrete drain gutter water 
  LC50 ppm 290.78 254.56 289.15 
  LC90 ppm 752.06 780.47 778.16 
  X2 6.74 3.63 1.063 

p=<0.5 

The highest effective LC50 values (lowest 
concentrations) of garlic bulb extract against 
Culex in different water sources were found 
to be 271.52 ppm in polluted tube well 
water from Dagon (North) Township, 
254.56 ppm in concrete drain gutter water 
from Hlinethaya and 259.37 ppm in earthen 
drain gutter water from Shwepyitha      
(Table 2). The highest effective LC90 value 
of garlic bulb extract (lowest concentra-
tions) in different water sources were found 
to be 648.13 ppm and 752.06 ppm in 
polluted tube well and concrete drain gutter 
water from Dagon (North), 762.68 ppm in 
earthen drain gutter from Hlinethaya and 



192 

778.16 ppm in concrete drain gutter water 
breeder of Culex larvae from Shwepyitha 
Township. Highest LC90 value was observed 
as 1477.14 ppm in septic tank water against 
Culex larvae from Dagon (North) Township. 
Chi-square values were significant at p<0.5 
level. From the LC90 it was evident that 
higher concentration was required for 3rd 
and 4th instars larvae bred in septic tank 
water. 

According to LC50 and LC90 values, septic 
tank water bred Cx. quinquefasciatus larvae 
collected from all townships were found to 
have highest tolerability against garlic bulb 
extract than other collected water (range 
between 360-440 ppm for LC50 and 1000-
1500 ppm for LC90 values). 
Ten-day trial of persistency test of ethanol 
extract of garlic bulb in water against        
Ae. aegypti and  Culex quinquefasciatus at 
1200 ppm and 2400 ppm was found to be 
100% mortality for 5 days, after which the 
mortality was sharply declined to zero at 
day 7.  

 
DISCUSSION 

 
Ethanol extract of garlic bulb was very 
effective against Ae. aegypti larvae. It     
was observed that 100% mortality against     
2400 ppm, 1200 ppm and 600 ppm 
concentrations of garlic bulb extract in rain 
water and 90% mortality in 600 ppm of tap 
water. Similarly, a study reported that 
aqueous garlic extract has toxic effect on the 
hatching eggs and emergence of larvae of 
Ae. aegypti.14 Garlic bulb extract was very 
effective as a repellent against Apismellifera 
honeybees.15  

The present study found that ethanol extract 
of garlic bulb was a very effective agent for 
controlling different water sources breeders 
of Aedes and Culex mosquitoes. It was 
found to be very effective for rain water 
breeders of Ae. aegypti although septic tank 
water bred Cx. quinquefasciatus had 
maximum tolerability against garlic bulb 
extract than other water sources bred        
Cx. quinquefasciatus. Crude extract and the 

oil fraction of garlic bulb were found to be 
larvicidal in nature and active against 3rd 
instar larvae of Ae. aegypti and Cx. peus 
with 100% mortality at 500 ppm methanolic 
extract of dehydrated garlic.16 Larvicides 
and insecticides need effective, long lasting 
and eco-friendly control againt DHF vector    
Ae. aegypti and filariasis vector of Cx. quin-
quefaciatus larvae. The results of present 
study found that 2400 ppm and 1200 ppm   
of garlic bulb extracts were very effective 
(100%) control for Cx. quinquefaciatus 
larvae bred in different water sources and 
600 ppm for Ae. aegypti. But septic tank 
bred Cx. quinquefaciatus larvae from 
different townships had highest tolerance 
than other water bred Culex larvae.  
The persistency of garlic bulb extract in tap 
water was found to be 5 days for 100% 
mortality against Ae. aegypti and Cx. quin-
quefaciatus, but after day 5, the mortality 
sharply declined to zero at day 7 of 10-day 
trial. 
The highest LC50 values of garlic bulb 
extract in different water  sources were 
found to be 307.98 ppm in earthen gutter 
water, 437.21 ppm in septic tank water, 
331.75 ppm in polluted tube well water    
and 290.78 ppm in concrete drain gutter 
water and the highest LC90 values among 
different geographical regions were found   
to be 802.06 ppm in earthen gutter water, 
1477.14 ppm in septic tank water,       
956.12 ppm in polluted tube well water and 
780.47 ppm in concrete drain gutter water 
bred Cx. quinquefasciatus in different 
townships, respectively. Septic tank bred 
Cx. quinquefasciatus larvae were found to 
have high tolerability because the highest 
LC50 and LC90 values (i.e., 437.21 ppm and 
1477.14 ppm) were observed. It was evident 
that higher concentration of garlic bulb 
extract was required for 3rd and 4th instars 
Culex larvae bred in septic tank water. 

Ae. aegypti larvae were found to be very 
sensitive to ethanol extract of garlic bulb 
with LC50 values ranging from 168.55 to 
199.60 ppm and LC90 377.048 to 541.65 ppm 
for tap and rain water bred Aedes larvae. 
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Chloroform: methanol (1:1 v/v) extract of 
garlic bulb was reported very effective       
as mosquito larvicide at very low con-
centration.17 The present study found that 
high concentrations (i.e., 1200 ppm and    
600 ppm) were needed for 90-100% 
mortality of Cx. quinquefasciatus and         
Ae. aegypti mosquitoes from different water 
sources. The chemical composition and 
broad spectrum of biological activity for the 
plant extract can vary with plant age, the 
plant tissues, geographical origin of plant 
and    the species and age of a targeted pest 
organism.18 

Conclusion 

Long-term extensive application of syn-
thetic insecticides creates the side effects  of 
toxicant and environmental contamination. 
Plant extracts have promising larvicidal 
efficacies because they are rich in bio- 
active organic chemicals, more beneficial 
over synthetic insecticides as easily bio-
degradable, less toxic to environment and 
cost effective. Ethanol extract of garlic    
bulb acted as good biological control    
agent against 3rd and 4th instar larvae of     
Ae. aegypti and Cx. quiquefasciatus mos-
quitoes breeding in different water sources.  

For effective control of mosquitoes larvae, 
different water sources need every 5 days of 
garlic bulb extract treatment. Garlic bulb is 
widely cultivated in Shan State and other 
parts of the country and its production could 
be increased for use as a source of botanical 
insecticide against vector mosquitoes in 
different stagnant water bodies which are 
main breeding ground of mosquitoes. 
Therefore, garlic bulb material exhibited 
significant larvicidal activity on mosquito 
larvae and could be considered as potent 
natural larvicidal agent for mosquito control 
in community.    
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Chronic alcohol consumption is one of the major problems in human 
society. Ethanol (C2H5OH) is the type of alcohol found in alcoholic 
beverages. It is related to the production of oxidative stress by producing 
reactive oxygen species. This study was aimed to find out plasma ascorbic 
acid and malondialdehyde levels, and their correlations in chronic alcoholic 
drinkers and healthy male adults.  It was cross-sectional, comparative study, 
and investigated 55 chronic alcoholic drinkers and 55 healthy males from 
Mingalardon cantonment area with comparable ages (20-60 years).  Average 
duration and amount of alcohol consumption were 8.73±5.10 yrs and      
95.4±43.44 g or 7.95±3.62 standard drinks.  Mean plasma vitamin C level   
of chronic alcoholic drinkers (0.68±0.35 mg/dl) was significantly lower than 
that of healthy male adults (1.12±0.14 mg/dl), (p<0.001). Mean plasma 
malondialdehyde level of chronic alcoholic drinkers (1.22±0.22 mol/L) 
was significantly higher than that of healthy male adults (0.77±0.09 mol/L), 
(p<0.001). Plasma vitamin C concentration was negatively correlated to 
plasma malondialdehyde concentration in chronic alcoholic drinkers  
(p<0.01) and healthy male adults (p<0.05), respectively. Therefore, this 
study showed that plasma vitamin C level was decreased and plasma 
malondialdehyde level was increased in chronic alcoholic drinkers.            
So, chronic alcohol consumption may cause oxidative stress with decreased 
antioxidant activity. 

Key words: Oxidative stress, Lipid peroxidation, Vitamin C, Malondialdehyde 

 
INTRODUCTION 

In many countries, alcohol consumption is 
becoming a major problem.1 Misuse of 
alcohol is a world-wide problem. Alcohol is 
any organic compound in which a hydroxyl 
functional group (-OH) is bound to a carbon 
atom, usually connected to other carbon or 
hydrogen atoms. An important class is the 
simple acyclic alcohols, the general formula 
for which is CnH2n+1OH. Of those, ethanol 
(C2H5OH) is the type of alcohol found in 
alcoholic beverages, and in common speech, 
the word alcohol refers specifically to 
ethanol. Alcohol-induced oxidative stress is 
linked to the metabolism of ethanol. Three 
metabolic pathways of ethanol have so far 
been described in the human body.2 When       
it is consumed in moderate amounts, the 
major part of the ethanol is metabolized by 
alcohol dehydrogenase in liver. The micro-

somal electron transport system also parti-
cipates in ethanol oxidation via catalysis by 
the cytochrome P450 isoenzymes.3  
Peroxisomal activity also contributes to 
ethanol oxidation in the liver, as is seen in 
the following reactions: Ethanol oxidation 
gives rise to acetaldehyde, which is further 
oxidized by hepatic aldehyde dehydro-
genases to acetate. The mitochondrial forms 
of aldehyde dehydrogenases play a promi-
nent role in maintaining a low concentration 
of acetaldehyde. The acetate is then acti-
vated by acetyl CoA synthetase to acetyl 
CoA.4 NADH generated during ethanol 
metabolism is shuttled into the respiratory 
complexes of mitochondria. During the       
Q cycle, it has been shown that electron 
___________________________________ 
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leakage to O2 yields superoxide anion 
radical (O2

•-) and hydrogen peroxide (H2O2).  

Thus, it appears that the cytochrome bc1 
complex may be a significant source of 
ROS during ethanol metabolism. An 
additional site of mitochondrial ROS 
generation may be the NADH dehydro-
genase complex, in which O2

•- is produced 
during auto-oxidation of the flavin mono-
nucleotide (FMN). Therefore, mitochon-
drial electron transport constitutes the major 
intracellular source of ROS.5 Ethanol meta-
bolism is directly involved in not only the 
production of reactive oxygen species (ROS), 
but also related in the formation of an 
environment favorable to oxidative stress.6 

Lipid peroxidation is also one of the mecha-
nisms of damage to cellular targets by oxi-
dative stress. It is a chain reaction providing 
a continuous supply of free radicals that 
initiate further peroxidation.7 Malondial-
dehyde (MDA) is the most abundant 
individual aldehyde resulting from lipid 
peroxidation.  

Vitamin C is one of the antioxidant vita-
mins. The recommended dietary allowances 
(RDA) for vitamin C in the USA are 60 mg 
per day for adults. Some people claim that 
the optimum intake is 500 mg per day. The 
normal plasma concentration of vitamin C is 
around 0.8-1.6 mg/dl (45-91 mol/L) and a 
concentration of 0.2 mg/dl is indicative of 
deficiency.  

Following ingestion of large doses of 
vitamin C, plasma levels may transiently 
reach 2-2.5 mg/dl.8 It is also a powerful 
antioxidant in the body because it can 
donate a hydrogen atom and forms ascorbyl 
radical. As compared to other free radicals, 
ascorbyl radical is relatively stable with       
a half-life of 10-5 seconds and is fairly 
unreactive. This property explains why 
ascorbate may be a preferred antioxidant. 
Reduction of a reactive free radical with 
formation of a less reactive compound is 
sometimes called free radical scavenging or 
quenching. Ascorbate is, therefore, a good 
free radical scavenger due to its chemical 

properties.9 In Myanmar, there is only a 
study of chronic moderate and heavy 
alcohol intake on lipoprotein metabolism.10 
Alcohol related diseases due to its oxidative 
stress become common in our communities, 
and there is limited information about anti-
oxidant vitamin C and, biomarker of oxi-
dative stress, malondialdehyde concentration 
among chronic alcoholic drinkers in our 
country. To bridge this gap, the main 
purpose of this study was to study the 
plasma vitamin C and malondialdehyde 
levels in chronic alcoholic male drinkers. 
 

MATERIALS AND METHODS 
 
This study was cross-sectional, comparative 
study and samples were collected at Medical 
Ward 7, No. 1 Defence Services General 
Hospital (1000 Bedded), Mingalardon Can-
tonment Area. The samples were analyzed 
at Laboratory of Biochemistry Department, 
University of Medicine 2 during 2011. 
Sample size was calculated by the method 
of Lwanga and Lemeshow.11  

From the previous study12 standard devi-
ation of MDA level was 1.3. Total 110 
subjects including 55 chronic alcoholic male 
drinkers and 55 healthy male adults were 
selected. Chronic alcoholic drinkers in the 
study were operationally defined as those 
who consumed alcohol on an average of  
4 standard drinks per day for more than five 
years. Ethanol intake was assessed by recall 
and calculated as follows.13 
Grams of 
  ethanol          

  =Volume of beverage × Strength × 0.8 
          (cm3)                  (v/v, as %)  

Ethanol contained in a standard drink is 
usually about 12 g of alcoholic beverages.14 
Heavy alcoholic drinkers is classified as 
those who take ethanol more than  
50 g/day.13 So, it is approximately equal to  
4 standard drinks per day. The cases were 
recruited from chronic alcoholic drinkers, 
newly hospitalized at Medical Ward 7 of 
No. 1 Defence Services General Hospital 
(1000 bedded) for the rehabilitation 
program. The controls were from non-
alcholic volunteers from Mingalardon 
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cantonment area. They were between 20 and 
60 years in age. Subjects with medical 
problems, with pervious history of any 
psychiatric disorders, with taking vitamin 
supplements daily, and with smoking 
cigarettes heavily (3-5 cigarettes per day for 
about 2 to 4 years duration)15 were excluded 
in the study. For sample collection, each 
case was interviewed, and thorough clinical 
history taking and physical examination 
were done in the evening of admission day.  

According to criteria, cases were selected. 
They were explained about the experiment 
and then their consents were obtained. For 
control subjects, non-alcoholic volunteers 
were selected according to criteria. They 
were also explained about the experiment 
and then their consents were obtained. In the 
morning of next day, fasting blood sample 
(7 ml) was taken from the antecubital vein 
of each, and 4 ml of blood were placed in 
the test tube containing 4 mg of potassium 
oxalate for vitamin C assay and 3 ml of 
blood in the test tube containing 3 mg of 
ethylene diamine tetra acetic acid (EDTA) 
for MDA assay.  

With ice bag at 2-8˚C, samples were    
carried to the laboratory of Biochemistry 
Department, University of Medicine 2 
within 1 hour after sample collection, and 
they were centrifuged at 1500 rpm for        
15 minutes and plasma was saved in other 
test tubes with caps. Spectrophotometric 
method was used with phosphotungstate 
acid in plasma vitamin C determination,16 
and with thiobarbituric acid in plasma 
malondialdehyde determination.17 The study 
was approved by the Ethical Committee.  
Data processing and statistical analysis were 
done by using the Statistical Package for 
Social Sciences (SPSS) software version 16.  

RESULTS 

Amount of daily alcohol consumption by 
alcoholic drinkers varied between 4 and  
16 standard drinks. Average daily intake 
was 95.4±43.44 g or 7.95±3.62 standard 
drinks. Duration of their alcohol consump-

tion varied between 5 and 20 years, and 
average duration was 8.73±5.10 years. The 
baseline characteristics of two study groups 
are shown in Table 1. 
 
Table  1.  Baseline characteristics  and compari-

son of plasma vitamin C and plasma 
MDA concentrations between chronic 

 alcoholic drinkers and  healthy   male 
adults  (n=55), (Mean±SD) 

       Parameters Cases Controls  

 Age (yr) 40.45±7.85 40.36±8.13 

 Height (m) 1.65±0.06 1.66±0.06 

 Weight (kg) 55.82±8.48 54.64±7.18 
 BMI 20.54±3.09 19.45±2.54 

 Plasma Vit C (mg/dl) 0.68±0.35* 1.12±0.14 

 Plasma MDA (µmol/L) 1.22±0.22* 0.77±0.09 

*=p<0.001 
Student’s t test compared with control group 
 

Average age of chronic alcoholic drinkers 
was 40.45±7.85 yrs and that of healthy 
adults was 40.36±8.13 yrs. Average height 
of chronic alcoholic drinkers was 1.65±  
0.06 m and that of healthy adults was 
1.66±0.06 m. Average weight of chronic 
alcoholic drinkers was 55.82±8.48 kg and 
that of healthy male adults was 54.64±   
7.18 kg. Average BMI of chronic alcoholic 
drinkers was 20.54±3.09 and that of healthy 
male adults was 19.45±2.54. In both study 
groups, there were 6 people between 21-    
30 years in age, 20 people between 31-       
40 years, 23 people between 41-50 years in 
age and 6 people between 51-60 years in 
age. Therefore, the age, height and weight 
of chronic alcoholic drinkers were com-
pared to the healthy adult group. In this 
study, mean plasma vitamin C concen-
tration of non-drinkers was found to be 
1.12±0.14 mg/dl and the mean plasma 
vitamin C concentration of alcoholic drinkers 
was 0.68±0.35 mg/dl. So, mean plasma 
vitamin C concentration in chronic alcoholic 
drinkers was significantly lower (p<0.001) 
than that of healthy male adults (Table 1).  

In current study, mean plasma malondi-
aldehyde concentration of non-drinkers was 
found to be 0.77±0.09 µmol/L. Mean plasma 
malondialdehyde concentration of alcoholic 
drinkers was 1.22±0.22 µmol/L. 
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Fig.  1. Correlation  between plasma  vitamin  C  
concentration  and plasma  malondi-    
aldehyde concentration in chronic 
alcoholic drinkers 

 

 
 

 
 

 
 

 
 
 
Fig.  2.  Correlation between plasma vitamin C 

concentration and plasma malondialde-
hyde concentration in healthy male 
adults  

 
 
 
 
 
 
 
 

 
 
 
 

Fig. 3. Correlation between  amount of alcohlol 
consumption and plasma vitamin C con-
centration in chronic alcoholic drinkers 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig.  4.   Correlation  between  amount  of  alco- 
hol consumption  and  plasma malon- 
dialdehyde   concentration   in   chronic  
alcoholic drinkers  

Plasma malondialdehyde concentration of 
chronic alcoholic drinkers was higher,     
and   it  was  significant  (p<0.001).  In   this 
study, negative correlation was found 
between plasma vitamin C concentration 
and  plasma malondialdehyde in chronic 
alcoholic drinkers and it was significant  
(r=-0.36, p<0.01) (Fig. 1).  
There was also significant negative corre-
lation between these parameters in healthy 
male adults (r=-0.35, p<0.05) (Fig. 2).   But, 
no significant correlation was found 
between amount of alcohol consumption 
and plasma vitamin C or malondialdehyde 
concentration in chronic alcoholic drinker 
group (Fig. 3 & 4). 
 

DISCUSSION 
 
In this study, plasma vitamin C level was 
decreased in chronic alcoholic drinkers (0.68± 
0.35 mg/dl) compared with controls (1.12± 
0.14 mg/dl, p<0.001). Plasma vitamin C 
level of present study agrees with previous 
reports in which there were significantly 
differences in plasma vitamin C concen-
tration between chronic alcoholic drinkers 
and control subjects.12, 18, 19, 20  

Alcohol metabolism generates highly 
reactive molecular fragments called reactive 
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oxygen species. Vitamin C is a unique 
antioxidant “to scavenge aqueous peroxyl 
radicals” before these destructive substances 
have a chance to damage the lipids. It works 
along with vitamin E, a fat soluble anti-
oxidant and the glutathione peroxidase to 
stop free radical chain reactions.18 So, 
plasma vitamin C concentration is utilized 
to scavenge free radical produced from 
alcohol metabolism. 

Plasma malondialdehye concentration of 
chronic alcoholic drinkers (1.22±0.22 µmol/ L) 
was significantly higher than that of controls 
(0.77±0.09 µmol/L) in this study (p<0.001). 
The increase in plasma malondialdehyde in 
the alcoholic drinkers is in good agreement 
with previous reports which showed that 
malondialdehyde concentration was different 
between chronic alcoholic drinkers and 
control subjects.12, 18, 19, 21  

Alcohol-induced oxidative stress is linked to 
the metabolism of ethanol involving both 
microsomal and mitochondrial systems. 
Ethanol metabolism is directly involved in 
the production of reactive oxygen species 
and reactive nitrogen species. These form an 
environment favourable to oxidative stress. 
Ethanol consumption results in the depletion 
of GSH levels and decreases antioxidant 
activity. It elevates malondialdehyde, hy-
droxylethyl radical, and hydroxynonenal 
protein adducts.22 

Antioxidant vitamin C and malondialdehyde 
(lipid peroxidation product) were negatively 
correlated to each other in the study groups 
because alcohol  consumption causes enor-
mous systemic oxidative stress, a state 
marked by increased serum level of oxidi-
zing agents (TBARS content) and decreased 
serum level of potential scavengers of ROS 
(i.e., antioxidants).23  

But, there was no significant correlation 
between amount of alcohol consumption 
and plasma vitamin C or malondialdehyde 
concentration in chronic alcoholic drinker 
group. These findings may also indicate that 
the recorded number of alcohol units 
consumed by an individual may be a poor 

estimate for the actual exposure because the 
percentage of ethanol content may be varied 
according to local production brands, and 
different qualities, even in the same type     
of alcoholic beverages. Therefore, these 
factors may affect the relation between 
amount of alcohol consumption and plasma 
vitamin C or malondialdehyde concentration 
in chronic alcoholic drinker group. 
Conclusion 
Based on this study, it may be reasonable to 
conclude that chronic alcohol drinking 
increases production of free radical which 
leads to the lipid peroxidation. MDA is 
formed from lipid peroxidation. So, its level 
is increased. Vitamin C is utilized to 
scavenge the free radicals. So, there is a 
decline in plasma vitamin C level. 
Therefore, this study demonstrates that      
the plasma vitamin C level is inversely 
correlated with plasma malondialdehyde 
level in chronic alcohol drinkers.  
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In this study a total of 73 paired serum samples from the children             
with clinically diagnosed dengue haemorrhagic fever (DHF) admitted to 
Yankin Children’s Hospital and Thingangyun Sanpya General Hospital 
from January to October, 2013 were tested for serological confirmation           
of dengue virus infections by haemagglutination-inhibition (HI) test. 
Isolation of dengue virus by inoculation of acute serum phase into Aedes 
albopictus C6/36 cell line and serotyping of isolated dengue viruses by 
indirect immunofluorescence assay (IFA) were also done. Only 52 cases 
(71.2%) of clinically diagnosed DHF cases were detected as dengue HI 
antibody positive. Out of these 52 HI positive cases, 27 cases (51.9%)     
were diagnosed as primary dengue infection and 25 cases (48.1%) as 
secondary dengue infection. Dengue virus isolation, identification and 
serotyping of dengue virus isolates were attempted from 25 acute phase 
serum samples with HI titre of ≤1:80. Out of 25 acute cases, dengue virus 
was isolated from 10 cases and all 10 isolates were found to be dengue virus   
serotype 1(DENV-1). 

Key words:  Dengue Haemorrhagic Fever, Currently circulating serotypes, Haemagglutination 
 Inhibition test, I/D  Immunofluorescent Assay, C6/36 Cell line 

 
INTRODUCTION 

 
Dengue is caused by dengue viruses, single-
stranded RNA viruses belonging to the 
genus Flavivirus. This virus has five closely 
related but serologically distinct types: 
DENV-1, DENV-2, DENV-3, DENV-4 and 
DENV-5.1 All five types are implicated in 
causing classical dengue fever or severe 
dengue infections such as dengue hae-
morrhagic fever (DHF) and dengue shock 
syndrome (DSS). Dengue viruses are 
transmitted to humans through the bite of 
infected female mosquitoes, members of 
subgenus Stegomyia especially Aedes 
aegypti and Aedes albopictus.2 

Dengue is a major public-health concern 
throughout tropical and sub-tropical regions 
of the world. There are about 100-            
200 million infections per year in more than 

100 countries resulting in about 20,000 
deaths.3 DHF is endemic in Myanmar with a            
3-4 year cyclical epidemic pattern. Epi-
demic dengue, a leading cause of hospi-
talization and death in children, is a major 
public health problem in Myanmar.2 A large 
outbreak of dengue haemorrhagic fever 
occurred for the first time in Myanmar in 
1970.4 In 2001, Myanmar had one of its 
largest outbreaks of dengue and 95% of 
dengue viruses isolated from patients were 
serotype 1 viruses.5  The dengue situation of 
2007 was recorded as epidemic situation 
and about 88% of the virus isolated was 
DENV-3.6  

However, in 2009, DENV-1 (84.2%) was 
found  to be the most common serotype  and 
_______________________________________ 
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the second common serotype was DENV-3 
(15.8%).7 According to above findings, it 
can be concluded that multiple dengue virus 
serotypes, DENV-1 to DENV-4, are circu-
lating in Myanmar and the epidemiology of 
dengue virus and its prevalent serotypes has 
been ever changing. Therefore, continuous 
and comprehensive disease surveillance is 
essential. The laboratory diagnosis that can 
provide serologic and virologic support is 
essential for improved surveillance. 
Clinical and epidemiological studies require 
identification of dengue virus serotypes to 
monitor the circulating dengue serotypes in 
each year. A change in serotype and strain  
is particularly important to bring about a 
surge in DF/DHF cases. The regular cross- 
sectional, age stratified, serological surveys 
are the surveillance tools for monitoring the 
impact of dengue prevention/ control and a 
better way to plan for potential epidemics.  
The objective was to study the dengue virus 
serotypes in children with dengue haemor-
rhagic fever at Yankin Children’s Hospital 
and Thingangyun Sanpya General Hospital. 

 

MATERIALS AND METHODS 
 
Study population 
A cross-sectional, descriptive study was 
performed on a total of seventy-three 
children with clinically diagnosed dengue 
haemorrhagic fever admitted to medical 
wards of Yankin Children’s Hospital and 
paediatric ward of Thingangyun Sanpya 
General Hospital from January 2013 to 
October 2013. 
Sample collection 

After getting the informed consent from the 
parent or guardian of the child, the clinical 
history was taken according to the 
proforma.  

Then, about 2 ml of venous blood was 
collected under aseptic condition from the 
clinically diagnosed dengue haemorrhagic 
fever cases. The acute serum sample (S1) 
was collected within 24 hours of hospital 

admission usually during the first five days 
of illness. The convalescent serum sample 
(S2) was collected approximately 7-14 days 
later usually at the follow-up visit. 

Each specimen was labelled with the 
patient’s name, age, sex, and hospital 
registration number, the specimen number 
and date of specimen collection. The tubes 
were vertically placed in an ice box and 
were sent to the laboratory of Virology 
Research Division of the Department of 
Medical Research (Lower Myanmar) as 
soon as possible. 
Procedure for haemagglutination-inhibition 
test 
The paired serum samples were tested for 
the presence of anti-dengue HI antibody and 
the level of antibody titres using dengue 
virus antigen by the modified micro titre 
method of Clarke and Casals, 1958.8       
The serologic responses were classified as 
primary or secondary responses according 
to the WHO criteria, 1997.9  
Preparation of goose red blood cells 

Adult male white domestic goose (Anser 
cinereus) was used for the source of red 
blood cells. 

Preparation of haemagglutinin (antigen)  
Dengue antigen was extracted from suckling 
mouse brain (SMB) by sucrose-acetone 
extraction according to Clarke and Casals, 
1958.8  
Preparation of sera 

The test sera samples were treated by 12.5% 
kaolin to remove non-specific inhibitor and 
by 50% goose red blood cell to remove 
natural agglutinin. 

Serial two-fold dilutions of the treated sera 
were made from 1:10 to 1:10240 and 0.04% 
Bovine Albumin Borate Saline (BABS) as a 
diluent. Then, 0.025 ml of antigen was 
added to all wells except the sera control 
wells. The serum-antigen mixtures were 
kept overnight at 4oC. On the next day,   
0.05 ml of 10% goose cells were diluted to 
1:24 with Virus Adjusting Diluent (VAD) of     
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pH 6.6 was added to the serum-antigen 
mixtures. The plates were incubated for    
30-45 minutes at 37oC and then results were 
read visually. The results were interpreted 
according to the WHO criteria (Table 1). 
 
Table  1.    Interpretation of dengue  HI antibody  

response (WHO, 1997) 
Antibody 
response 

S1-S2 
interval 

Convales-
cent titre     Interpretation 

 ≥4 fold rise ≥7 days ≤1:1280 Acute flavivirus   
  infection, primary 

 ≥4 fold rise Any time ≥1:2560 Acute flavivirus  
  infection, secondary 

 ≥4 fold rise <7 days ≤1:1280 
 

Acute flavivirus  
  infection either  
  primary or secondary 

 No change Any time >1:2560 Recent flavivirus   
  infection, secondary 

 No change ≥7 days ≤1:1280 Not dengue 
 No change <7 days ≤1:1280 Uninterpretable 
 No change Single 

specimen 
≤1:1280 

 
Uninterpretable 

 
Method for isolation and serotyping of 
dengue virus 

All acute sera samples (S1) with HI titre 
≤1:80 were inoculated onto cells of Aedes 
albopictus, clone C6/36 (from Armed 
Forces Research Institutes of Medical 
Sciences-AFRIMS, Bangkok, Thailand) 
because high HI antibody titre (>1:80) can 
neutralize the virus. The cytopathic effect 
(CPE) in viral culture flasks was examined 
daily under the inverted microscope at 10X 
magnification to detect the growth of virus.  
The cytopathic effect was characterized as 
follow: small aggregates, multinucleated 
giant cells, syncytia and many degenerated 
cells. Identification of dengue viruses was 
done by indirect immunofluorescence assay 
(IFA) with polyclonal antibody (2H2). The 
serotyping of dengue viruses was done by 
indirect immunofluorescence assay with 
monoclonal antibodies. 

Method for indirect immunofluorescence 
assay (IFA) of dengue virus 

On day 14, the infected tissue culture fluid 
in the flasks was transferred into the tubes 
and centrifuged. The supernatant was 
poured off for further passage. Then, each 
drop (30 µl) of the resultant cell pellets was 

placed on the five wells of the clean glass 
microscope slide. Slides were air dried and 
fixed with chilled acetone for 10 minutes.  
A drop (30 µl) of polyclonal antibody (2H2) 
was put into the first well of the slide. Each 
drop (30 µl) of monoclonal antibodies to 
dengue virus 1 (M17), dengue virus 2 (3H5), 
dengue virus 3 (5D4) and dengue virus 4 
(1H10) was put into the second, third, fourth 
and fifth wells of the slide, respectively. 
Then, the slides were placed inside the 
humid chamber and incubated at 37°C for   
1 hour. Then, the slides were washed with 
phosphate buffer saline (pH 7.5) three times.  

One drop (approximately 25 µl) of fluores-
ceinisothiocyanate (FITC) conjugated anti-
mouse IgG (diluted at 1:10 with PBS) was 
put into the wells. The slides were placed 
again inside the humid chamber and 
incubated at 37oC for 40 minutes. Then, the 
slides were washed with phosphate buffer 
saline (pH 7.5) three times. 

After air drying the slides completely, the 
slides were mounted with a mixture of one 
part PBS and 9 parts of glycerol. The slides 
were covered with glass cover-slip and each 
well of the slide was examined under  
the fluorescence microscope at 100X magni-
fication for searching fluorescent cells.   

RESULTS 

Age distribution of dengue infection 

The majority of seropositive dengue patients 
were detected in the age groups of 5-8 years 
and 9-12 years. 
Seasonal variation of dengue infection 

In the period of specimen collection from 
February to July 2013, most DHF cases 
were found in March, May and June with 
peak number in May. 

Distribution of seropositivity among 
clinically diagnosed cases 

In the present study, the 52 samples (71.2%) 
out of 73 paired serum samples were 
positive for dengue antibody and 21 cases 
(28.8%) were negative by HI test (Table 2). 
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Table  2.  Distribution of seropositivity  among 
                  clinically diagnosed cases 

Clinical grading  
of DHF 

DHF 
cases 

Total cases (%)                      

 Seropositive       Seronegative     

 Grade I 34 25(73.5) 9(26.5) 
 Grade II 23 16(69.6) 7(30.4) 
 Grade III 12   7(58.3) 5(41.7) 
 Grade IV 4  4(100) - 
 Total 73 52(71.2) 21(28.8) 

Among the 52 seropositive cases, 27 cases 
(51.9%) were primary dengue infection,  
25 cases (48.1%) were secondary dengue 
infection. Out of 25 clinically diagnosed 
DHF grade I, 17 cases (68%) were primary 
infection and 8 cases (32%) were secondary 
infection. Out of 16 cases of DHF grade II, 
primary infection and secondary infection 
were equal in number (8 cases) (50% each). 
Out of 7 cases of DHF grade III, 2 cases 
(28.6%) were primary and 5 cases (71.4%) 
were secondary infection. All 4 cases of 
DHF grade IV (100%) were secondary 
infection (Fig. 1). 
 
       
                     
 
 
 

 
 
 
 
 

 
 
 
 

Fig.  1.   Two   types   of   infection  in  different 
clinical grades 

In the present study, there was a significant 
association between clinical grading and 
different types (Grade I and  II with primary 
infection and Grade III and IV with 
secondary infection) of dengue infection  
(χ2=8.461, p=0.037, p<0.05) (Fig. 1). 
Among 52 seropositive cases, 25 cases of 
low HI antibody titre ≤1:80 of acute serum 

samples (S1) were selected for dengue virus 
isolation. Out of 25 samples, 10 samples 
(40%) were culture positive and the rest     
15 samples (60%) were negative by indirect 
immunofluorescence assay (IFA) with poly-
clonal antibody. All isolates were found to 
be DENV-1 serotype by indirect immuno-
fluorescence assay (IFA) using specific 
monoclonal antibodies test. 

 
DISCUSSION 

 
Myanmar is one of the 30 most highly 
dengue endemic countries as reported to 
WHO, 2004-2010.3 Although in practice 
diagnosis is often made by clinical signs and 
symptoms only, dengue can be confused 
clinically with other vector-borne viral and 
parasitic diseases, such as chikungunya    
and malaria. Laboratory tests are essential 
for confirmation of dengue virus infection. 
WHO recommended that laboratory 
methods should include both serological and 
virological diagnosis.2  

In the present study, only 71.2% (52 out of 
73 cases) of clinically diagnosed DHF cases 
were serologically HI antibody positive. 
Similar result was obtained in a study in 
which 103 out of 150 cases (68.67%) from 
Yangon Children’s Hospital and North 
Okkalapa General Hospital were HI anti-
body positive.10  

It can be concluded that all clinically 
diagnosed DHF cases were not dengue 
infections and may be due to other febrile 
illnesses such as chikungunya fever, influ-
enza, measles, Japanese encephalitis, lepto-
spirosis, typhoid or malaria. Therefore, 
serologic confirmation is necessary to 
obtain definite diagnosis. 

In the present study, among the HI positive 
cases, 51.9% (27 out of 52 positive cases) 
were diagnosed as primary infection and 
48.1% (25 out of 52 cases) were secondary 
infection. This finding was in consistence 
with that of a study in which 46% of dengue 
patients had a primary infection.5 In 
contrast, only 11.28% were diagnosed as 
primary infection and 88.72% were 
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secondary infection in a study in 1998.11       
In the present study, 2 cases out of 11 dengue 
shock syndrome cases were found in the 
primary dengue infection. 

According to the data obtained in a study  at 
Pyinmana Hospital in 2004 and  Mandalay 
Children’s Hospital in 2006, primary DENV 
infection cases exist certainly among DHF/ 
DSS cases in Myanmar12 and suggesting that 
additional mechanism(s) aside from the anti-
body-dependent enhancement mechanism 
could have influenced the clinical severity 
in DHF/DSS cases.  DHF in primary infec-
tion might be due to other potential risk 
factors that may also affect clinical severity. 
These include nutritional status, age, 
serotype and virulence of the infecting virus 
strain, immune status, cytokine response 
and underlying disease and genetic back-
ground.13  
In the present study, serotyping of  
10 isolated dengue viruses by IFA using 
monoclonal antibodies showed DENV-1 
was the currently circulating virus serotype. 
DENV-2, DENV-3 and DENV-4 were     
not found. In contrast, 70(30.4%) out of   
233 cases hospitalized in Jeddah, Saudi 
Arabia from January 2006 to February 2008 
were confirmed as dengue infection by 
inoculation in C6/36 cells. Three dengue 
serotypes were detected simultaneously      
in the three-year study period. Serotype 
DENV-1 was the main isolated serotype 
(65/70, 92.8%), followed by dengue type 3 
(4 of 70 positive samples, 5.7%) and dengue 
type 2 (1 of 70 positive samples, 1.4%), 
DENV-4 was not found.14 In Malaysia, the 
commonest dengue serotype was DENV-1 
(43.9%), followed by DENV-3 (31.1%), 
DENV-2 (20%) and DENV-4 (5%) in 
2010.15 
A study on dengue virus serotypes and 
severity in Nicaragua revealed that more 
shock and internal haemorrhage (e.g., 
hematemesis, melena, hematuria, menor-
rhagia, epistaxis and gingival bleeding) 
were observed in the period when DENV-2 
predominated, whereas increased vascular 
permeability such as positive tourniquet test 

was associated to a greater degree with the 
DENV-1 period. The risk of hospitalization 
with a primary DENV infection was almost 
four times greater with DENV-1. During 
DENV-2 predominance, only 14% of hos-
pitalized patients had primary dengue 
infections. However, when DENV-1 predo-
minated, 36% of hospitalized dengue cases 
exhibited primary antibody response.16  

In Myanmar, all four dengue virus serotypes 
were recovered from patients in 1998      
and 1999 and DENV-1, DENV-2 and 
DENV-3 were recovered in approximately 
similar ratios each year. But in 2001,           
a single serotype had risen so that 95%      
of dengue viruses isolated from patients 
were serotype 1.5 Serotype 3 was the most 
common serotype and serotype 1 was the 
second common serotype in 2007 and 
2008.6 In the year 2009, dengue serotype 1 
(84.2%, 16/19 cases) was the most common 
serotype and the second common dengue 
serotype was serotype 3 (15.8%, 3/19 cases).7  

In the present study, only dengue serotype 1 
was detected. So, it could be said that the 
most common dengue serotype in Yangon 
in these years is serotype 1. Among the 
patients, most were diagnosed as primary 
infection. The increase in the proportion of 
patients with primary infections may have 
contributed to the decrease in the proportion 
of DSS cases.  

However, 2 cases of DSS were detected in 
these primary dengue infections indicating 
that DENV-1 might be more pathogenic 
compared to other serotypes. Another study 
supported that patients with DENV-1 
primary infection had significantly higher 
viral loads compared with patients with 
secondary DENV-1 infection.17  

Therefore, the results obtained from this 
research provide information on laboratory- 
confirmed dengue viral infection among 
children with fever with rash, circulating 
serotype of dengue virus, and the types of 
dengue infection in children. This may have 
an important implication on dengue control 
and prevention. 
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This study was done to determine the antihypertensive effect of Millingtonia 
hortensis Linn. f. dried leave powder tablet on 16 (Stage 1) hypertensive 
patients attending the Out Patient Department of Traditional Medicine 
Hospital, Yangon. Study design was open type (single arm) study.          
After the wash-out period of 3 days, the patients were treated orally with 
dried leaves powder tablet (500 mg), 3 g, three times daily for 4 weeks. 
Blood pressure was monitored at 0 hr, 0.5 hr and hourly up to 6 hr after the 
first dose of the trial drug. Monitoring of blood pressure and vital signs were 
done on day 1, day 2, day 3 and weekly up to 4th week. Side effects were 
monitored on each patient follow-up. Investigations of biochemical and 
hematological parameters (blood for complete picture, random blood sugar, 
Liver Function Test, Renal Function Test) and ECG were done before and   
at the end of the study. It was found that significant reduction of the      
mean supine blood pressure from baseline level was from 1 hr to 3 hrs after 
the first dose of the trial drug. At the end of  the trial , significant  reductions 
in the mean supine systolic and diastolic blood pressures were found      
from 144.69±5.62 mmHg (baseline) to 130.94±8.21 mmHg (p<0.001)  and 
97.19±6.82 mmHg (baseline) to 87.38±5.56 mmHg (p<0.001), respec-
tively. The results of laboratory investigations were within the reference 
normal ranges. No side effects were observed. In conclusion, this drug 
possessed significant antihypertensive effect on stage 1 hypertensive 
patients with no side effects. 

Key words: Antihypertensive effect, Millingtonia hortensis Linn. f.  

 
INTRODUCTION 

 
Globally, hypertension is an important 
health problem in both developing and 
developed countries. It was reported that in 
the year 2000, about one billion people 
worldwide had hypertension and the 
researchers predict that by the year 2025, 
the number will climb to 1.56 billion people 
worldwide.1 There are many complications 
of hypertension and hypertension is a 
common cause of death in cardiovascular 

disease.2 Today, the management of hyper-
tension is a challenge to the medical 
profession. There has been a continuous 
search for a remedy which produces least 
side effects and cost effectiveness. In 
Myanmar traditional medicine and Indian 
system of medicine, there are many 
medicinal plants which have been used to 
lower the blood pressure in human.  
_______________________________________ 
*To whom correspondence should be addressed. 
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However, many of them have not been 
established scientifically to lower the high 
blood pressure. Millingtonia hortensis Linn. f. 
(Family-Bignoniaceae) is known as Aykayit 
in Myanmar. Its common name is Indian 
Cork tree. The plant grows wildly 
throughout Myanmar. It is often cultivated 
in house compound for ornamental value.  
In Myanmar traditional medicine, this 
medicinal plant is known to be useful for 
dizziness, palpitation, muscle stiffness, 
pyrexia, hypertension, etc.3  

One study reported that watery extracts 
from the root barks and leaves of 
Millingtonia hortensis Linn. f. have been 
used by Myanmar people to treat 
hypertension.4 The leaves of this plant are 
also obtained in some Myanmar Traditional 
Medicine Formulations for hypertension. 
Another study5 reported that the watery 
extracts of the leaves and root barks of this 
plant showed hypotensive effect in dog 
model. 

In Myanmar, there is no scientific report     
of antihypertensive effect of this plant        
in human. This study was carried out           
to investigate the antihypertensive effect    
of Millingtonia hortensis Linn. f. (Aykayit) 
leaves in Stage 1 hypertensive patients. 
 

MATERIALS AND METHODS 

 
The study design was an open type clinical 
study (single arm) on Stage 1 hypertensive 
patients. Sample size, calculated by using 
this formula [Hypothesis tests for two paired 
means (two-sided test)] was found to be 16.  

Sixteen Stage 1 hypertensive patients of 
both sexes were recruited from Out Patient 
Department (OPD) of Traditional Medicine 
Hospital, Yangon.  

Tests for quality control parameters on      
the dried leaves powder tablets of 
Millingtonia hortensis Linn. f. were carried 
out in Pharmacology Research Division, 
Department of Medical Research (Lower 
Myanmar). 

Plant collection and preparation of  
Millingtonia hortensis Linn. f. leaves tablets 

The mature leaves of Millingtonia hortensis 
Linn. f. were collected from Mandalay and 
the leaves were identified by a Botanist in 
Department of Botany (Yangon University). 
The leaves were carefully cleaned with 
water and air-dried at room temperature. 
The air-dried leaves were made into powder 
by using grinding machine and the dried 
leave powder was made into tablets of  
500 mg each. 
Tests for quality control parameters on the 
dried leaves powder tablets of Millingtonia 
hortensis Linn. f.  

Tests for quality control parameters for the 
dried leaves powder tablets of Millingtonia 
hortensis Linn. f. included phytochemical 
and  physicochemical tests. Phytochemical 
tests of the dried leaves powder tablets of 
Millingtonia hortensis Linn. f. were done 
qualitatively for the detection of  alkaloids, 
flavonoids, glycolsides, steroids, saponins, 
tannins, resin, amino acids, carbohydrate, 
phenol and cyanogenic glycoside by using 
the method of Physicochemical Standard of 
Unani Formulations6 and Harborne (1984).7  

The physicochemical study of the dried 
leaves powder tablet was done by using the  
method of WHO (1998).8 Detection of UV 
spectrum of the dried leaves powder tablets 
of  Millingtonia  hortensis Linn. f. by  using  
UV-Vis Spectrophotometer DU-1601 (Shi-
madzu) and Thin Layer Chromatography of 
this trial drug was also done to detect the 
phytoconstituents of the methanolic extracts 
of dried leaves powder tablets of the plant. 

Ethical consideration 
Ethical approval for this study was obtained 
from Ethical Review Committee in 
Department of Medical Research (LM).     

Patient selection 
Eligible patients were selected from hyper-
tensive patients attending the OPD of 
Traditional Medicine Hospital according to 
the criteria sets. Only those patients who 
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gave voluntary written informed consent 
were included in this study. They were 
informed about the nature and purpose of 
the study and the right to withdraw at any 
stage of the study.  

Inclusion criteria involved established 
hypertensive patients, i.e., essential hyper-
tension patients of both sexes who had 
supine systolic blood pressure (SBP) ranged 
from 140 to 159 mmHg and supine diastolic 
blood pressure (DBP) ranged from 90 to    
99 mmHg (according to JNC VII, 2003, 
blood pressure classification),  aged between 
30-70 years. 

Exclusion criteria involved subjects with 
Stage 2 hypertension and hypertension with 
target organ damages, as well as patients 
with other diseases such as infectious 
diseases and other organ diseases. Moreover, 
pregnancy, lactating mothers and children as 
well as patients with regular consumption of 
alcohol were excluded.  
Withdrawal criteria were subject’s request, 
patients who showed no blood pressure 
reduction with two-week treatment of       
this trial drug and attending physician’s 
recommendation because of side effects of 
the trial drug.   
Procedure 

Baseline parameters 
After getting the informed consent, history 
taking, physical examination and laboratory 
investigations such as ECG, blood for 
complete picture, platelets count, liver 
function test (serum bilirubin, AST, ALT, 
serum alkaline phosphatase), renal function 
test (urine for routine analysis, blood urea 
and serum creatinine) and random blood 
sugar level test were done on each subject   
as stated in proforma before the clinical 
study. 
Procedure for clinical study 
As a preliminary study, 5 Stage 1 hyper-
tensive patients were selected according      
to the criteria sets. Any previous anti-
hypertensive therapy was stopped and wash-
out period for 3 days were done before entry 

into the clinical study. The patients were not 
allowed to take alcohol drinking, smoking, 
salty diet and other antihypertensive drugs 
during wash-out period and throughout the 
study period.  

On the first day of trial study, blood 
pressures were measured before giving the 
trial drug (Millingtonia hortensis Linn. f. 
leaves powder tablet) as baselines. Then,   
the trial drug 2 g (single dose) were admi-
nistered orally to the patients and the blood 
pressures were monitored at 30 min, 1 hr,     
2 hrs, 3 hrs, 4 hrs, 5 hrs and 6 hrs  after 
giving the trial drug. Vital signs such as 
heart rate, pulse rate, respiratory rate were 
monitored. It was found that there were no 
changes in blood pressure from baseline 
levels. So, on the second day, the patients 
were treated with the dose of 3 g (single 
dose) of the trial drug. The blood pressure 
and vital signs were monitored as described 
above. At that dose level, reductions of 
blood pressure from baseline levels were 
observed. Therefore, the dose of the trial 
drug (3 g three times a day daily) was used 
for  the  trial  study  up to  4th week.  These        
5 hypertensive patients were treated with   
the trial drug, 3 g three times daily up to       
4th week.  
Another 11 Stage 1 hypertensive patients 
were recruited. Wash-out period for 3 days 
was done before entry into the clinical 
study. On the first day of the study, blood 
pressure was measured before giving the 
trial drug as baseline. Then, the patients 
were treated with the trial drug, 3 g three 
times a day for 4th week. The blood pressure 
were monitored at 30 min, 1 hr, 2 hrs, 3 hrs, 
4 hrs, 5 hrs and 6 hrs after taking the        
first dose of trial drug. Vital signs were 
monitored. In all these patients, follow-ups 
were done on day 2, day 3 for first week and 
weekly up to 4th week. Blood pressure and 
vital signs of the patients were monitored 
and side effects were recorded at each 
follow-up visit.      

The blood pressures (BP) were measured 
from the right forearm by a standardized 
mercury sphygmomanometer and stetho-
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scope by the same observer. Supine BP and 
standing BP were measured in this study. 
Supine BP were measured in duplicate after 
patient was in recumbent position for  
10 minutes and standing BP were also  
measured after patient had been standing for 
2 minutes to detect postural hypotension. 
Under each condition, the average of         
the 2 measurements was taken. The dis-
appearances of sound so-called Korotkoff 
Phase V were taken as the diastolic blood 
pressure not Phase IV.9, 10  
In this study, reduction of blood pressure 
due to the treatment was defined as a 
reduction in systolic or diastolic blood 
pressure by 10 mmHg or more than           
10 mmHg from baseline levels. At the end 
of the   clinical   study (i.e, at the end of       
4th week), laboratory parameters described 
above were  tested again.  
Data   analysis 
The results were shown as (mean±SD).    
The results of blood pressure and the 
parameters of vital signs after treatment 
with the trial drug were compared 
statistically with baseline levels by applying 
paired ‘t’ test. 95% Confidence Interval  
(CI) for reduction of blood pressure       
from baseline levels were also calculated.   
A difference at p<0.05 was considered 
statistically significant. 
 

RESULTS 
 

Tests for quality control parameters on the 
dried leaves powder tablets of Millingtonia 
hortensis Linn. f.  

The phytochemical tests for the dried leaves 
powder tablets of Millingtonia hortensis 
Linn. f. showed the presence of alkaloids, 
flavonoids, glycosides, steroids, saponin, 
tannins, amino acids, polyphenol, carbo-
hydrate and resin. Cyanogenic glycoside 
was not detected. The results of physico-
chemical tests are shown in Table 1.  

In thin layer chromatography (TLC) test,     
it was found that the best solvent system 
was  toluene:  Ethyl acetate (1:1) for organic 

Table  1.  Quality  control  parameters   for    the          
                 dried     leaves    powder    tablets    of  
                 Millingtonia hortensis  Linn. f.  

No.               Tests       Results 
1. Colour Dark green 
2. Smell No characteristic   

  smell 
3. Taste Slightly bitter 
4. Uniformity of weight 5.1% 
5. Disintegration time 27 min 
6. PH 1% 6.2 
7. Swelling index 0.6 cm 
8. Foaming index <100 
9. Water and volatile matters  6.2% 
10. Ash values  

  Total ash value 9.3% 
  Water soluble ash 1.7% 
  Acid insoluble ash 1.2% 

11. Extractive values  
  Watery extract 31% 
  Ethanol extract 23% 
  Chloroform extract 7.63% 
  Petroleum ether extract 5.07% 

12. UV spectrum (0.5% in ethanol)    
  (w/v) (λmax) in nm 

Peak at 337 nm,  
  273 nm, 226 nm  

compounds. TLC screening of methanolic 
extract of dried leaves powder tablets 
Millingtonia hortensis Linn. f. showed         
5 spots at visible region, 6 spots  at           
UV 254 nm, 7 spots at UV 365 nm and        
7 spots  at iodine vapor spray.  Regarding 
the clinical study, a total of 16 Stage 1 
hypertensive patients of both sexes with 
mean age (mean±SD) (53.13±9.56 years) 
were included in this study. The results of  
mean supine blood pressures after giving 
treatment with the trial drugs are shown in 
Table 2, 3 and Fig. 1. 
It was observed that mean pulse rate was 
(72.38±7.7) pulse/minute at baseline and  
(71.25±8.2) pulse/minute at the end of the 
trial study (4th week). Mean heart rate was  
(72.88±7.85) beats/min at baseline and   
(72±7.86) beats/min at the end of 4-week 
treatment. Mean respiratory rate was    
(16.63±5.35) times/min at baseline and 
(17±5.79) times/min at the end of 4-week 
treatment. It was observed that there were 
no significant changes in mean pulse rates, 
heart rates and respiratory rate from baseline 
levels. No side effects were noted.  

The results of effect of the dried leaves 
powder tablets of Millingtonia hortensis 
Linn. f. on laboratory parameters of the 
patients  are shown in Table 4.  
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Table 2. Effect  of  the  dried leaves powder     
tablets of Millingtonia  hortensis   
Linn. f. on mean supine  systolic  
pressure in Stage 1 hypertensive 
patients (n=16) 

Time  
(hour) 

 Blood  pressure (mmHg)  
P  

value 

95% 
confidence 
interval (CI) 

Systolic 
(Mean±SD) 

Mean 
(decrease 

from baseline) 
Baseline 

(0 hr) 
144 .69±5.62    

0.5 hr 141.88±9.64 2.81  0.12 -0.83-6.45 
   1 hr 137.81±7.52 6.88 <0.01 3.26-10.5 

2 hrs 134.69±8.65 10 <0.001 6.63-13.37 
3 hrs 139.69 ±9.03 5  <0.05 0.76-9.24 
4 hrs 143.75±0.5 0.94    0.42 -1.49-3.37 
5 hrs 144.38±5.12 0.31    0.75 -1.74-2.36 
6 hrs 144.38±5.12 0.31    0.75 -1.74-2.36 

2nd day 138.44±11.51 6.25 <0.05 1.16-11.34 
3rd  day 138.13±9.11 6.56 <0.01 2.58-10.54 
1st week 136.88±9.98 7.81 <0.01 2.84-12.78 
2nd week 133.75±10.88 10.94 <0.001 6.78-15.1 
3rd week 132.81±8.15 11.88 <0.001 8.26-15.5 
4th week 130.94±8.21 13.75 <0.001 9.91-17.59 

  Statistical comparisons were made between systolic 
blood pressures at baselines and systolic blood pres-
sures after treatment with trial drug at  different time 
intervals. *p<0.05=slightly significant, **p<0.01= 
moderately significant, ***p<0.001=highly significant 
 

Table  3. Effect of the dried leaves powder 
tablets of Millingtonia hortensis 
Linn. f. on   mean   supine   diastolic 
blood pressures in Stage 1 hyper-
tensive patients (n=16) 

Time 
(hour) 

Blood pressure (mmHg) 
P 

value 

95% 
confidence 
interval (CI) 

Diastolic 
(Mean±SD) 

Mean 
(decrease 

 from baseline) 
Baseline 
 (0 hr) 

97.19±6.82    

0.5 hr 96.25±8.85 0.94    0.48 -1.85-3.73 
   1 hr 91.56±6.76 5.63  <0.01 2.41-8.85 

2 hrs 91.25±6.19 5.94  <0.01 2.68-9.2 
3 hrs 93.75±7.19 3.44  0.1 -0.76-7.64 
4 hrs 96.88±4.79 0.31    0.85 -3.12-3.74 
5 hrs 98.13±5.44 - 0.94    0.48 -3.73-1.85 
6 hrs 97.81±5.47 -0.63    0.65 -3.53-2.27 

2nd day 92.81±7.06 4.38    0.07 -0.37-9.13 
3rd day 92.81±5.76 4.38    0.05 -0.07-8.83 

1st week 90.31±6.94 6.88  <0.01 2.77-10.99 
2nd week 88.44±6.25 8.75 <0.001 5.32-12.18 
3rd week 86.88±4.79 10.31 <0.001 6.13-14.49 
4th week 87.38±5.56 9.81 <0.001 6.02-13.6 

Statistical comparisons were made between   
diastolic blood pressures at baselines and diastolic 
blood pressures after treatment with trial drug at 
different time intervals. *p<0.05=slightly signifi-
cant, **p<0.01=moderately significant, ***p<0.001= 
highly significant 

 

 
 

 
 

 
 

 
 
 

 
Fig 1.  Effect of Millingtonia hortensis Linn. f. 

dried leave power tablets on mean 
weekly systolic and diastolic blood 
pressure up to 4th week (Mean±SD) 
(n=16) 

Table  4.  Effect   of   the  dried  leaves   powder 
tablets     of    Millingtonia    hortensis 
Linn. f.   on    laboratory    parameters 
of   the patients (n=16) 

     Biochemical  
      parameters 

Before treatment 
(Baseline) 

After 
treatment 

P  
value 

Total serum bilirubin 
   (µmol/l) 

11.62±3.26 13.56±2.85 0.166 

Serum  aspartate  
  amino transferase  
  (AST) (IU/L) 

25.75±7.05 22.63±5.85 0.064 

Serum alanine amino- 
  transferase (ALT)    
   (IU/L) 

24.44±7.34 24.69±10.87 0.912 

Serum alkaline 
  phosphatase (ALP) 
   (µmol/l) 

84.56±55.71 65.44±36.87 0.88 

Blood urea  
  (mg/dl) 

19.62±5.53 22.81±7.78 0.99 

Serum creatinine 
   (mg/dl) 

1.2±0.27 1.25±0.33 0.609 

Random blood sugar  
  (mg/dl) 

96.75±21.33 94.94±17.86 0.727 

  The data were expressed in mean±SD. Statistical 
comparisons were made between laboratory para-
meters at baseline (before treatment with trial drug) 
and at the end of trial study (4th week). 

At the end of the trial drug study (4th week), 
it was observed that there were no 
significant changes in biochemical and 
hematological parameters. The results were 
within reference normal ranges. It was 
observed that there were no significant 
changes in body weight when compared 
with the baseline. 
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DISCUSSION 
 

Millingtonia hortensis Linn. f. (Aykayit) is 
one of the most commonly used medicinal 
plants for the treatment of hypertension in 
traditional medicine of Myanmar. Aqueous 
extract of leaves showed antimicrobial 
activity against E. Coli, Samonella typhyi-
murium and other gram-negative orga-       
nisms.11 Watery extract of leaves showed 
antioxidant activity and antifungal activity 
against Candida organisms.12, 13  

Myanmar people eat fresh leaves or boiled 
leaves of this plant as salad. Decoctions of 
the leaves and root bark of this plant have 
been used traditionally by Myanmar people 
to treat hypertension.  
Watery extract of leaves and root bark 
possessed hypotensive effect in dog model 
and no acute toxic effect.5 The dried leave 
powder of the plant showed no acute and 
subacute toxic effect in mice and rat 
models.14  
In the present study, the significant 
reductions of mean supine systolic blood 
pressures from baseline levels were found 
from 1 hr to 3 hrs after the first dose of the 
trial drugs on the first day of the treatment 
whereas there was no significant reduction 
of diastolic blood pressure after the first 
dose of the drug treatment. But, the 
significant reductions of mean supine dia-
stolic blood pressures from baseline levels 
were found after one week of the trial drug 
treatment.  

Weekly blood pressures were controlled     
at less than 140/90 mmHg up to 4-week 
treatment period.  At the end of 4-week 
treatment with the trial drug, it was 
observed that the trial drug significantly 
decreased the mean supine systolic blood 
pressure from 144.69±5.62 mmHg (baseline) 
to 130.94±8.21 mmHg (p<0.001) and mean 
supine diastolic blood pressure  from 97.19± 
6.82 mmHg (baseline) to 87.38±5.56 mmHg 
(p<0.001). Therefore, this trial drug reduced 
the mean supine systolic and diastolic blood 
pressures from baselines by 13.75 mmHg 

(95% CI=9.91 to 17.59) (p<0.001) and   
9.81 mmHg (95% CI=6.02 to 13.6) 
(p<0.001), respectively. In the present 
study, the dosage of the trial drug 3 g three 
times daily was needed to control the   
blood pressure of these Stage 1 hypertensive 
patients. 
Throughout the study period, there were    
no significant changes in vital signs from 
baseline levels and no side effects were 
found. At the end of 4-week treatment,   
there were no changes in laboratory 
investigations.  
Conclusion 

Millingtonia hortensis Linn. f. (Aykayit) 
leaves showed mild antihypertensive effect 
on Stage 1 hypertensive patients with no 
side effects.  
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Extended-spectrum beta-lactamases (ESBLs) are enzymes conferring    
broad resistance to penicillin, cephalosporin and monobactam and which  
are inhibited by clavulanic acid. These enzymes are produced by 
Enterobacteriaceae. The study was performed to determine the antimicrobial 
susceptibility pattern of ESBL-producing Enterobacteriaceae in urinary   
tract infection. It was a hospital-based, cross-sectional descriptive study     
on patients from Mandalay General Hospital during the period of January    
to September, 2012 with clinically diagnosed urinary tract infection with    
or without urinary catheter. Phenotypic confirmatory test for ESBL 
production was done by using disks containing cefotaxime and ceftazidime 
alone and in combination with clavulanic acid. Antimicrobial susceptibility 
test was done by the disk diffusion method. From 113 urine specimens,      
67(59.3%) were culture positive and 46(40.7%) were culture negative.        
Of the 67 positive urine cultures, Enterobacteriaceae were identified from  
60 specimens (89.6%). Among 60 isolates of Enterobacteriaceae, 31(51.7%) 
were confirmed as ESBLs producers. Out of 31 ESBL-producing 
Enterobacteriaceae, 96.7% of isolates were sensitive to imipenem, 93.5% 
were sensitive to amikacin, 61.3% were sensitive to cefoperazone/ 
sulbactum, 22.6% were sensitive to gentamicin, 16.1% were sensitive         
to trimethoprim-sulfamethoxazole and totally resistant to amoxicillin/ 
clavulanic acid, ciprofloxacin, cefepime, ceftazidime, cefotaxime and 
aztreonam. This study showed that ESBLs production was found in about 
half of the 60 isolated Enterobacteriaceae. As most of ESBL-producing 
isolates are resistant to many classes of antibiotics, it is important to control 
such strains closely in order to prevent and reduce their spread. 

Key words: ESBL- producing Enterobacteriaceae, UTI, Phenotypic confirmatory test 
 

INTRODUCTION 

 
Urinary tract infection (UTI) is a very 
common infection both in the community 
and hospital patients. Uropathogens have 
shown steady increase of resistance to 
several agents over the last decade. 
Escherichia coli and other Enterobacte- 
riaceae have become less susceptible to 
commonly used antimicrobials such as 
trimethoprim-sulfamethoxazole, in some 
areas, fluoroquinolones and associated resis-
tance to aminoglycosides. Furthermore, 
extended-spectrum beta-lactamases (ESBLs)  

found in Enterobacteriaceae hydrolyses 
extended-spectrum cephalosporins, which 
are used in the treatment of UTI.1 The 
ESBL-producing bacteria are increasingly 
causing urinary tract infection both in 
hospitalized and outpatients. The increase of 
drug resistance among these organisms has 
made therapy of UTI difficult and has led to 
greater use of expensive broad spectrum 
antibiotics. Extended-spectrum beta-lactamase 
(ESBL) is one group of beta-lactamases that 
_______________________________________
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is occasionally found in certain species      
of gram-negative bacilli. These enzymes 
confer upon the bacteria the additional 
ability to hydrolyze the beta-lactam rings of 
cefotaxime, ceftazidime, or aztreonam.2 

These enzymes are produced by Enterobac-
teriaceae mainly by Escherichia coli, 
Klebsiella pneumonia and Klebsiella 
oxytoca. They have been detected in other 
gram-negative bacilli such as Salmonella 
species, Proteus species, Pseudomonas 
aeruginosa and other Enterobacteriaceae.  

In 1983, the first ESBL-producing organism 
was isolated in Germany. Thereafter, such 
organisms were reported in the United 
States following outbreaks of infections 
caused by these pathogens. In the recent 
years, the importance of such ESBL-
mediated infections has been increasingly 
reported worldwide.3 

The SENTRY Antimicrobial Surveillance 
Program (1997-1999) showed that ESBL-
producing Klebsiella pneumoniae isolates 
were more prevalent in Latin America 
(45.4%), followed by the Western Pacific 
region (24.6%), Europe (22.6%), the United 
States (7.6%), and Canada (4.9%). A similar 
pattern was seen in ESBL-producing    
Esch. coli isolates although the percentages 
of isolates with resistance were lower.            

In Asia, the prevalence of ESBL-producing 
Esch. coli and K. pneumoniae isolates varies 
from country to country. In Taiwan, the 
prevalence of these organisms was ranging 
from 8.5% to 29.8% in K. pneumoniae      
and 1.5% to 16.7% in Esch. coli. The 
incidence of ESBL-producing Esch. coli and 
K. pneumoniae  isolates in Korea was in the 
range of 4.8-7.5% and 22.5-22.8%, res-
pectively. Reported ESBL production in 
Esch. coli and K. pneumoniae isolates from 
other countries in Asia were 41% and 36% 
in Pakistan, 43.2% and 39.5% in 
Bangladesh.4  In different regions of India, 
various studies showed the prevalence of 
ESBLs producers ranged from 6.6 to 91%.5  
In Myanmar, ESBL-producing Klebsiella 
pneumonia from medical and surgical wards 
of Military hospitals, Yangon showed 8% of 

total 50 isolates.6  Delay in the detection   
and reporting of ESBL production by   
gram-negative bacilli was associated with 
prolonged hospital stay, increased morbi-
dity, mortality and health care costs.3  

The Clinical and Laboratory Standards 
Institute7 describes standard disk diffusion 
and broth microdilution Minimum Inhi-
bitory Concentration (MIC) tests to be used 
as phenotypic confirmatory tests for the 
presence of ESBLs in Esch. coli, K. oxytoca, 
and K. pneumoniae. The CLSI has not 
addressed the utility of the screening or 
phenotypic confirmatory tests for detecting 
ESBLs in members of the family 
Enterobacteriaceae other than Esch. coli and 
Klebsiella spp. In theory, however, they 
should detect ESBLs in other genera that are 
normally susceptible to extended-spectrum 
cephalosporins.8 

In recent years, ESBL-producing organisms 
have become an interesting scientific 
observation and an important clinical 
problem due to their resistance to multiple 
antibiotics. Since ESBLs are most often 
encoded on plasmids and these plasmids 
also encode other antibiotic resistance 
genes, organisms that express ESBLs are 
frequently resistant to other antibiotic 
agents. Thus, antibiotic options in the 
treatment of these organisms are extremely 
limited.  

Knowledge of antibiotic susceptibility 
patterns of these organisms is useful as a 
guideline in selecting antibiotic therapy. 
Therefore, this study was done to detect    
the ESBL-producing Enterobacteriaceae 
causing urinary tract infections. Moreover, 
antimicrobial susceptibility testing was 
performed in order to establish the in vitro 
activities of antibacterial agents against 
local isolates of Enterobacteriaceae and also 
to detect drug resistance as early as possible.  

 
MATERIALS AND METHODS 

 
It was a hospital-based, cross-sectional 
descriptive study on patients with clinically 
diagnosed urinary tract infection with or 
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without urinary catheter from Surgical 
Units, Medical Units, Urosurgical Unit and 
Renal Medical Unit of Mandalay General 
Hospital during the study period January to 
September, 2012. Informed consent was 
obtained from the patient or attendants. 

Isolation of pathogens 
Midstream urine sample was collected by 
clean catch method with a sterile, wide 
mouth, screw-capped specimen container 
after instruction of proper collection of 
specimen.9 Urine specimens were delivered 
to the laboratory within 2 hours or refri-
gerated not longer than overnight.  A Gram-
stained smear was prepared for every 
specimen and examined under oil 
immersion lens of ordinary light microscope 
for the presence or absence of bacteria, poly-
morphonuclear leucocytes and squamous 
epithelial cells. A loop of every specimen 
was inoculated into blood agar and 
MacConkey agar plates and incubated at    
37ºC for 24 hours. Typical colonies from 
culture were further identified by a gram-
stained smear for characteristic morphology 
of gram-negative bacilli.  

Identification of pathogens 
Indole production test, methyl red test, 
Voges-Proskauer test, citrate utilization test, 
urease test, TSI sugar fermentation test and 
H2S production were done for identification 
of Enterobacteriaceae according to Cowan 
and Steel’s Manual for Identification of 
Medical Bacteria10 and Baily and Scott's 
Diagnostic Microbiology.11  
Test for ESBL production  

The products of Hi Media Laboratories Pvt. 
Limited were used for this study. Testing for 
ESBL production was carried out using 
Mueller Hinton agar plates that were ino-
culated with standardized inoculum of the 
isolates compared to 0.5 McFarland stan-
dards to form a lawn culture. Standard strain 
for quality control was E. coli ATCC 25922. 

Initial screening test 
Initial screening test was done by using 
three antibiotics i.e., ceftazidime (CAZ)   

(30 mcg), cefotaxime (CTX) (30 mcg) and 
aztreonam (AT) (30 mcg). If strains of 
Klebsiella species, Esch. coli and Proteus 
mirabilis showed ceftazidime zone ≤22 mm, 
cefotaxime zone ≤27 mm or aztreonam zone 
≤27 mm, such strains were indicated for 
ESBL production and phenotypic con-
firmatory test was performed. Other 
members of Enterobacteriaceae were tested 
for phenotypic confirmatory test if they 
showed intermediate or resistant by standard 
breakpoints to one or more of these agents.  
Phenotypic confirmatory test  
Disks containing cefotaxime (30 mcg) and 
ceftazidime (30 mcg) alone and in combi-
nation with clavulanic acid (10 mcg); cefota-
xime-clavulanic acid (CEC) (30/10 mcg)    
and ceftazidime-clavulanic acid (CAC)  
(30/10 mcg) were used for this test. A ≥5 mm 
increase in a zone diameter for either anti-
microbial agent tested in combination with 
clavulanic acid versus its zone when tested 
alone were considered positive for ESBL 
production (Plate1). 

 
Plate  1.  Pattern of phenotypic confirmatory test  

showing ESBL positive 

Antimicrobial susceptibility test  

 The antimicrobial susceptibility testing was 
performed using Muller-Hinton agar by 
modified Kirby-Bauer disk diffusion 
method.12 The Clinical and Laboratory 
Standards Institute (CLSI) zone size 
interpretation was used to identify sensitive, 
intermediate and resistant isolates. Antimi-
crobial susceptibility test for isolated ESBL-
producing Enterobacteriaceae was done by 
using eight antibiotics including amikacin 
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(AK) (30 mcg), amoxicillin/clavulanic acid 
(AMC) (20/10 mcg), cefoperazone/sulbac- 
tum (CFS) (75/10 mcg), cefepime (CPM) 
(30 mcg), ciprofloxacin (CIP) (5 mcg), gen-
tamicin (GEN) (10 mcg), imipenem (IPM) 
(10 mcg) and trimethoprim-sulfamethoxazole 
(COT) (1.25/23.75 mcg). 
Ethical consideration 

Before collection of specimens, explanation 
was given in detail to patients and written 
informed consents were obtained. Confiden-
tiality was maintained. Approval was 
obtained from the Postgraduate Academic 
Board of Studies, University of Medicine, 
Mandalay. 
 

RESULTS 
 
Among the total 113 urine specimens,  
67(59.3%) were culture positive and  
46(40.7%) were culture negative. Out of  
67 positive urine cultures, Enterobacteria-
ceae were isolated from 60 specimens 
(89.6%). Of 60 isolates of Enterobacteria-
ceae, 48 isolates were suspected to be 
ESBL-producing strains according to initial 
screening test and 31 were confirmed as 
ESBLs producers.  
Among 31 isolates of ESBL-producing 
Enterobacteriaceae, Escherichia coli was 
predominant (77.4%, 24/31), followed by 
Enterobacter species (9.7%, 3/31), Citro-
bacter species (6.5%, 2/31), Proteus vulgaris 
(3.2%, 1/31) and Klebsiella oxytoca (3.2%, 
1/31) (Table 1).  
 
Table 1.  Occurrence of ESBL-producing  entero-

bacteriaceae    causing    urinary    tract 
  infection  

Types of 
Enterobacteriaceae 

ESBL- 
producing 
isolates 

Non-ESBL- 
producing 
isolates 

Total 

No. % No. %  No. % 
Escherichia coli 24 51.1 23 48.9 47 100 
Enterobacter species 3 60 2 40 5 100 
Citrobacter species 2 40 3 60 5 100 
Proteus vulgaris 1 50 1 50 2 100 
Klebsiella oxytoca 1 100 0 0 1 100 
Total 31 51.7 29 48.3 60 100 

Occurrence of ESBL-producing Enterobac-
teriaceae in different units showed that 

among 36 isolates of Enterobacteriaceae 
from Medical Units, 18(50%) were ESBL-
producing strains. Of 16 isolates from 
Urosurgical Unit, 10(62.5%) were ESBL-
producing strains. From 4 isolates from 
Renal Medical Unit, 3(75%) were ESBL-
producing strains.  All 4 isolates from Surgi-
cal Units showed non-ESBLs producers 
(Table 2).  
 
Table 2. Occurrence  of ESBL-producing Entero- 
 bacteriaceae in different units   

     Ward 

ESBL- 
producing 
isolates 

Non-ESBL- 
producing 
isolates 

Total 

No. % No. %  No. % 
Medical Units 18 50 18 50 36 100 
Urosurgical Unit 10 62.5 6 37.5 16 100 
Renal Medical Unit 3 75 1 25 4 100 
Surgical Units 0 0 4 100 4 100 
Total 31 51.7 29 48.3 60 100 

Of 31 ESBL-producing strains, 10(32.3%) 
were from male patients and 21(67.7%) 
were from female patients.  

 

 
 
 
 
 
 
 
 
 
 

 
Fig.  1.  Antimicrobial  susceptibility  pattern of  

ESBL and non-ESBL-producing Entero- 
bacteriaceae  (n=60) 

Antimicrobial susceptibility pattern of 
ESBL-producing Enterobacteriaceae 

In ESBL-producing Enterobacteriaceae, 
96.7% of isolates were sensitive to imipe-
nem, 93.5% were sensitive to amikacin, 
61.3% were sensitive to cefoperazone/ 
sulbactum, 22.6% were sensitive to genta-
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micin and 16.1% were sensitive to trime-
thoprim-sulfamethoxazole. All isolates of 
ESBL-producing Enterobacteriaceae were 
resistant to amoxicillin/clavulanic acid, 
ciprofloxacin, cefepime, ceftazidime, cefo-
taxime and aztreonam (Fig. 1).  
 

DISCUSSION 

 
ESBLs can be found in a variety of 
Entrerobacteriaceae species, however, the 
majority of ESBL-producing strains are     
K. pneumoniae, K. oxytoca and Esch. coli. 
In many studies, the wide variation in 
ESBL-producing Enterobacteriaceae was 
seen and Escherichia coli and Klebsiella 
spp. were stated as major ESBL producers. 
In the present study, among 31 isolates       
of ESBL-producing Enterobacteriaceae, 
Esch. coli were predominant ESBL 
producers (77.4%). Only one isolated 
Klebsiella oxytoca was ESBL-producing 
strain. It may be due to few number of 
Klebsiella spp. isolated in this study. 

In many studies from other countries, 
ESBL-producing strains were seen in 
patients from all units of the hospitals and 
from outpatients. A study from India stated 
that the highest numbers of ESBL producers 
were obtained in the isolates from the 
ICCU, the surgical ICU and the medical 
ICU, followed by other wards such as pedia-
tric, ENT, Obstetrics and Gynecology and 
orthopedic units, medicine and surgery.5  

A study from Iran showed that ESBL- 
producing strains of Esch. coli and 
Klebsiella pneumoniae were seen as 
uropathogens of both hospitalized and 
outpatients.3 A study from Thailand showed 
that ESBL-producing strains were found in 
27% isolates of Esch. coli and 64% isolates 
of K. pneumoniae in children.4 In the 
present study, although ESBL-producing 
strains were more predominant in Medical 
Units, more than 50% of Enterobacteriaceae 
isolated from other units except Surgical 
Units were ESBL-producing strains. Since 
urinary tract infection is predominantly       

a disease  of  female.11, 13 ESBL-producing 
Enterobacteriaceae were isolated from more 
female patients in this study. This study 
revealed a slight female preponderance for 
ESBL production among the study subjects.  

Antimicrobial susceptibility pattern of 
ESBL-producing Enterobacteriaceae 

  In this study, 96.7% of isolated ESBL-
producing Enterobacteriaceae were sensitive 
to imipenem. This result agrees with the 
other studies from Saudi Arabia, Thailand 
and Sudan which reported that all ESBL- 
producing isolates of Esch. coli and 
Klebsiella species were susceptible to 
imipenem and meropenem.1, 4, 14  Amikacin 
also showed the highest sensitivity against 
93.5% of ESBL-producing strains. This also 
agrees with a study which showed ESBL- 
producing isolates of Klebsiella pneumoniae 
isolates were 100% sensitive to amikacin.6 

Cefoperazone/sulbactum sensitivity were 
seen in 66.6% of ESBL-producing E. coli, 
100% of ESBL-producing Citrobacter species 
and 33.3% of ESBL-producing Entero-
bacter species. ESBL-producing Proteus 
vulgaris and Klebsiella oxytoca were 
resistant to cefoperazone/sulbactum. This 
result showed lower sensitivity against 
cefoperazone/sulbactum in comparison to a 
study which reported that ESBL-producing 
isolates of Klebsiella pneumoinae isolates 
were 100% sensitive to cefoperazone/      
sulbactum.6 
Sensitivity to gentamicin was seen in 25% 
of ESBL-producing Esch. coli and 50% of 
ESBL-producing Citrobacter species and 
22.6% sensitivity to gentamicin among total 
ESBL-producing isolates. All isolates of 
ESBL-producing Enterobacter species, 
ESBL-producing Proteus vulgaris and 
Klebsiella oxytoca were resistant to 
gentamicin. This result agrees with other 
studies from Iran, Thailand and Saudi 
Arabia which also reported that both ESBL-
producing Esch. coli and K. pneumoniae 
isolates were highly resistant to gentamicin 
than other antibiotic agents.3, 4, 14 Sensitivity 
to trimethoprim-sulfamethoxazole was  seen 
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only in 20.8% of ESBL-producing Esch. 
coli. Other members of ESBL-producing 
Enterobacteriaceae showed no sensitivity    
to it.  

All isolates of ESBL-producing Entero-
bacteriaceae were resistant to amoxicillin/ 
clavulanic acid, ciprofloxacin, cefepime, 
ceftazidime, cefotaxime and aztreonam. 
This agrees with a study from Sudan which 
reported that all of the 53 ESBL-producing 
isolates of Esch. coli and Klebsiella species 
revealed a high resistance pattern for 
cefoxitin and cefepime, 100% and 97.09%, 
respectively,1 and a study from Saudi 
Arabia reported that ESBL-producing 
organisms were highly resistant to 
cefepime.14 
As the results of this study, carbapenem 
(imipenem), aminoglycoside (amikacin) and 
beta-lactam/beta-lactamase inhibitor com-
binations antibiotics (e.g., cefoperazone/ 
sulbactum) should be used for infections 
caused by ESBL-producing organisms in 
Myanmar. Most of ESBL-producing Entero-
bacteriaceae are resistant to many classes of 
antibiotics and it may result in limited 
treatment options. Therefore, it is important 
to implement control measure to prevent the 
spread of ESBL-producing bacteria. 
Proper infection control practices and 
barriers are essential to prevent spreading 
and outbreaks of ESBL-producing bacteria. 
In laboratories where special tests for ESBL 
detection are not available, an interpretative 
comment should accompany the suscep-
tibility results to indicate that the antibio-
gram is suggestive of ESBL-production.  
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Aflatoxin represents a major food safety 
issue in several parts of the world for         
its carcinogenic and acute toxicological 
effects. Out of eighteen different types        
of aflatoxins identified, aflatoxin B1 is the 
most toxic and considered to be associated 
with development of carcinoma of liver      
in human.1 A variety of agricultural commo-
dities like groundnut, maize, wheat, chillies, 
and pepper are often contaminated with 
aflatoxins.2  

As Myanmar is a tropical country, the 
climate favors the growth and production   
of aflatoxin on most of the agricultural 
products at pre-harvest, post-harvest, during 
storage and transport. Although aflatoxin 
levels of export commodities are screened, 
locally consumed food are rarely tested in the 
country. Among the commonly consumed 
food which has potential for aflatoxin 
contamination, chilli powder is widely used 
as curry powder as well as in pickled food 
and snacks in Myanmar. 

To determine aflatoxin B1 level in chilli 
powder, a total of 14 unpacked chilli powder 
samples were collected from 3 local markets 
(Thirimingalar, Insein and Thanlyin) and   
12 packed and branded chilli powder 
samples were collected from retail shops. 
The samples were collected between June 
and November 2007 and analyzed by     
High Performance Liquid Chromatography 
(HPLC) at Biological Toxicology Research 

Division, Department of Medical Research 
(Lower Myanmar). Aflatoxin extraction and 
detection by HPLC was done according to 
Association of Official Analytical Chemist 
(AOAC) official methods of analysis 
(1995).3 Aflatoxin B1 standards of different 
concentrations (25 ppb, 50 ppb, 100 ppb and 
250 ppb) were also prepared according to 
the AOAC method. 
Among 14 unpacked samples tested,            
4(28.57%) were found to be contaminated 
with aflatoxin B1 and concentrations      
were 1.75 ppb, 0.804 ppb, 0.221 ppb, and 
16.665 ppb, respectively. In 12 packed 
samples tested, 2 (16.66%) were found to be 
contaminated with aflatoxin B1 and concen-
trations were 0.837 ppb and 2.455 ppb, 
respectively (Table 1).  
 
Table 1.  Aflatoxin B1 contamination of unpacked 

and packed chilli powder samples 

 Sample Aflatoxin B1 samples (%) 
Total  Detected Not detected 

Unpacked  4(28.57) 10(71.43) 14 
Packed  2(16.66) 10(83.34) 12 
Total 6 20 26 
 

The percentage of aflatoxin contamination 
was greater in unpacked than packed samples 
but there was no statistically significant 
relationship (Chi square=0.516, p=0.652).  
_______________________________________
*To whom correspondence should be addressed. 
Tel: +95-09-5140652 
E-mail: drtheingiwinmyat@gmail.com 
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Fifty-nine percent of chilli samples collected 
from the principal market yards in Andhra 
Pradesh, India were contaminated with 
aflatoxin B1 and 18% contained the toxin    
at non-permissible levels.4 Another study    
in Pakistan5 reported that 40% of ground 
chillies tested were contaminated with afla-
toxin B1 with concentrations ranging from 
0.00 to 84.8 gkg-1. Pesticide Analytical 
Laboratory (PAL), Myanmar also had done 
analysis of aflatoxin in food crops by Thin 
Layered Chromatography (TLC) method for 
six years (1994-1999) and found that 
aflatoxin was detected in 22% of chilli 
samples and the level of aflatoxin ranged 
from <15-200 ppb.6 The percentage of afla-
toxin contamination in the present study       
(23%, 6 out of 26) is similar to the result     
of PAL but less than those of India and 
Pakistan studies. 

According to the European Union Com-
mission Regulations, the maximum permis-
sible level of aflatoxin B1 for spices like 
chillies, black pepper, ginger and turmeric is 
5 ppb.7 In this study, only one unpacked 
sample with aflatoxin B1 (16.665 ppb) 
exceeded EC permissible limit. As aflatoxin 
is known as a genotoxic carcinogen, it is not 
possible to determine a threshold level 
below which the toxin is considered to have 
no effect. The risk from consuming food 
containing very low levels of mycotoxins, 
however, is considered to be small.  
Now several National and International 
Institutes have been working out research on 
aflatoxin contamination of food and the 
maximum permissible limit for own country 
has been set up.8  

This study provides baseline data of 
aflatoxin concentrations in chilli powder. 
Although the sample size is small, the 
results highlight that awareness to be taken 
on commonly consumed food which might 
have certain degree of risk for aflatoxin 
contamination. Aflatoxin contamination 
should be tested not only in export com-
modities but also in locally consumed food. 
Research  work  on aflatoxin  contamination  

of different commodities should be ex-
tended and toxicological data should be 
compiled in order to set up the maximum 
permissible limit of aflatoxin in Myanmar 
based on the aflatoxin levels of different 
commodities of neighboring countries. 
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