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EDITORIAL 

 
 The Department of Medical Research (Lower Myanmar) has published 

Myanmar Health Sciences Research Journal since 1989 in order to share 
and disseminate health research findings to the medical personnel from 
various disciplines. Now, it is the time to celebrate the 50th Anniversary of 
the department which will be on 10th June, 2013. In welcoming the 
auspicious occasion of Golden Jubilee Anniversary, we publish this issue 
with a great honor and some changes. 
The number of research articles in this journal has increased up to 16 in 
numbers, and the cover design and size of the journal are different from 
the previous ones. There are 14 long articles and 2 short reports in this 
issue. Among them, the leading article concerns about the cervical cancer 
which is the third most common cancer in women and the seventh overall 
with an estimated 530, 000 new cases in 2008 all over the world.  
We have learnt that cervical cancer is responsible for more than two 
hundred thousand deaths in 2008, about 88% of which occur in developing 
countries. In Myanmar, estimated cervical cancer incidence in 2008 was 
quite high (26.4%, 6434 cases per 100,000) and, over 30 years, starting 
from 1976, cervical cancer accounted for 13181 cases which always being 
either the commonest or the second commonest female cancers among 
56097 total commonest female cancers. It was observed that the study was 
conducted at Cervical Cancer Screening Clinic which opened in DMR 
(LM) in 2008 with the aim of determining the proportion of high-risk 
human papilloma-virus infection and genotypes in women with abnormal 
cervical cytology.  
This article pointed out that HPV 16 & 18 types were mainly responsible 
for cervical cancer in Myanmar as in other countries, and the 
implementation of routine vaccination against HPV in preadolescent and 
adolescent groups will greatly reduce the burden of HPV-associated 
cervical cancer. Its findings will be very useful for the Obstetric and 
Gynaecologist dealing almost every day with patients. 
Moreover, other interesting articles are mentioned in this Pre-Golden 
Jubilee issue of 2013. They provide concise and invaluable research 
information about immunoenhancement property of Ganoderma lucidum 
(Lingzhi) extract, transforming growth factor-Β (TGF-Β) protein 
expression in urinary bladder cancer, determination of IGG antibody to 
Helicobacter Pylori by using ELISA, reemerging of Japanese encephalitis 
in different regions of Myanmar, accessibility of health services in Shan 
State, measurement of air quality in PyinOoLwin Township, acceptability 
of homemade weaning mixes meeting nutritional needs,  histopathological  
 

 
 



 
and biochemical study of alloxan-induced diabetes mellitus on rats,  
in vitro susceptibility status of Plasmodium falciparum to antimalarial 
drugs and prevalence of its Pfmdr1 86  polymorphism  in  Kawthaung, 
effect of potash alum on arsenic content in drinking water in Myingyan 
Township, effective decontamination methods to fruits and vegetables, 
antihyperglycemic effect of the Moringa Oleifera Lam. ('efY'vGef) and 
identification of quercetin compound, physical activities of medical cadets 
from Defence Services Medical Academy, microbiological analysis and 
antibacterial effect of hydrogen peroxide on fruits and vegetables, and 
sero-prevalence of hepatitis D viral infection in healthy carriers and blood 
donors with HBsAg positivity.  
Therefore, we hope that this issue provides stimulating and useful health 
information to those who wish to emphasize the improvement of Health in 
Myanmar. We would like to express sincere gratitude to all the authors for 
their great effort in preparation of manuscripts and sharing their updated 
health knowledge in this journal.  
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Genotyping of High-risk Type Human Papillomavirus (HR-HPV) 
in Women with Cervical Cytological Abnormalities 

 
Mu Mu Shwe, Hlaing Myat Thu, Mo Mo Win, Khin Saw Aye, Khin Khin Oo, 

 Ko Ko Zaw, Aye Aye Win, Nan Cho Nwe Mon & Yin Lin Myint 
 

Department of Medical Research (Lower Myanmar) 
 

Human papillomavirus genotype identification is important for the 
estimation of the impact of HPV-based cervical cancer screening and  
HPV vaccination. This study aimed to determine the proportion of high- 
risk human papillomavirus (HR-HPV) infection and genotypes in women 
with abnormal cervical cytology. A cross-sectional descriptive study was 
carried out in women attending the cervical cancer screening clinic,  
DMR (LM) in 2010-2011. Cervical swabs were collected from 96 women 
with abnormal cervical cytology and 20 with normal cytology, age ranging 
from 18-69 years. HR-HPV DNA testing was performed by polymerase 
chain reaction (PCR) with pU1M/pU2R primers. HR-HPV were identified in 
(22/62) 35.5% of inflammatory smear, (6/10) 60% atypical squamous cells 
of undetermined significance, (13/15) 86.7% low-grade squamous intraepi-
thelial lesion, (3/6) 50% high-grade squamous intraepithelial lesion, (3/3) 
100% squamous cell carcinoma and (1/20) 5% normal cytology. In PCR 
positive cases, HPV genotyping was analyzed by cleaved amplification poly-
morphism method. The most prevalent HPV genotypes were HPV16 (60.4%) 
followed by HPV 31 (14.6%), HPV18 (12.5%) and HPV 58 (12.5%). The 
women with abnormal cervical cytology were 10 times more likely to  
be HR-HPV positive than those with normal cytology (p=0.0001). Among 
cervical cancer cases, 66.7% was genotyped as HPV 16 and 33.3%  
was HPV 18. Most patients infected with HR-HPV were aged between  
40-49 years followed by 30-39 years. This study suggests that HPV 16 & 18 
were mainly responsible for cervical cancer in Myanmar as in other 
countries and the implementation of routine vaccination against HPV in 
preadolescent and adolescent groups will greatly reduce the burden of HPV-
associated cervical cancer.  

 
INTRODUCTION 

 
Worldwide, cervical cancer is the third most 
common cancer in women and the seventh 
overall with an estimated 530,000 new cases 
in 2008. More than 85% of the global 
burden occurs in developing countries, 
where it accounts for 13% of all female 
cancers. Cervical cancer remains the most 
common cancer in women only in Eastern 
Africa, South-Central Asia and Melanesia. 
Overall, the mortality: incidence ratio is 
52% and cervical cancer is responsible for 
275,000 deaths in 2008, about 88% of 
which occur in developing countries.  WHO  

South-East Asia region (SEARO) reported 
that cervical cancer incidence and mortality 
is an estimated 188,000 new cases and    
102,000 deaths in 2008.1 This is due to the 
fact that the majority of women in the world 
do not have access to cervical screening 
which can prevent up to 75% of cervical 
cancer.2  In Myanmar, over the past 30 years  
(1976-2006) showed that among 56097 total 
commonest female cancers, cervical cancer 
accounted for 13181 cases which always 
being either the commonest or the second 
commonest female cancers all along.3 

Estimated cervical  cancer incidence in 2008 
was 26.4% (6434 cases per 100, 000).1  
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Worldwide, HPV 16 and 18, the two 
vaccine-preventable types contribute to over 
70% of all cervical cancer cases, 41-67% of 
high-grade cervical lesions and 16-32% of 
low-grade cervical lesions. In South-Eastern 
Asia, prevalence of HPV 16 and HPV 18 by 
cytology was 72.6% in cervical cancer, 
33.3% HSIL, 14.2% LSIL and 3.2% normal 
cytology.4 

Human papillomavirus (HPV) can be 
identified in virtually all 99.7% of cervical 
cancer cases and has been established as 
etiological agents of invasive cervical 
cancer5 and they are the most common 
sexually transmitted viral infection world-
wide. Persistent infection with oncogenic or 
high-risk HPV (HR-HPV) is necessary for 
the development of premalignant lesions 
and/or progression of the disease.6 

The HPV prevalence and genotype distri-
bution are important for the estimation of 
the impact of HPV-based cervical cancer 
screening and HPV vaccination on the 
incidence of diseases etiologically linked  
to HPV. Distribution of HPV genotypes          
varies across different populations and 
geographical regions.7 In Myanmar, limited 
data are available on the distribution of 
HPV genotypes in the general population 
and in low-grade and high-grade lesions of 
cervix and cervical cancer. With the advent 
of preventive HPV vaccines that target HPV 
16 and 18 which are responsible for 70% of 
invasive cervical cancer in the world, such 
information is crucial to predict how 
vaccination and HPV-based screening will 
influence the prevention of cervical cancer. 
This study aimed to determine the 
proportion of high-risk human papilloma-
virus infection and genotypes in women 
with abnormal cervical cytology. 
  

MATERIALS AND METHODS 
 

A laboratory-based cross-sectional descrip- 
tive study was carried out in women who 
have cervical cytological abnormalities 
reported by cytopathology in cervical cancer 
screening clinic, DMR (LM) in 2010-2011. 

After getting informed consent, cervical 
swabs were taken from 96 women with 
abnormal cervical cytology and 20 with 
normal cytology for HPV-DNA testing and 
genotyping. Those cervical cells were 
collected in the phosphate buffer saline and 
stored in -20ºC. 

For DNA extraction, they were suspended 
in 300 µl of proteinase K and incubated 
at 50oC for 2 hours and then treated with 
100 µl of 5M NaCl. After centrifuged, the 
supernatant was treated with 900 µl of 
ethanol. DNA precipitates were collected by 
centrifugation at 12000 rpm for 10 minutes 
and washed with 400 µl of 70% ethanol. 
DNA was dissolved in 100 µl of TE.  

HPV-DNA testing was performed using 
polymerase chain reaction (PCR) method. 
Consensus sequence primer pairs within the 
E6 and E7 open reading frames (pU-1M & 
pU-2R) were used to amplify HR-HPV 
(HPV 16, 18, 31, 33, 35, 52b, 58). Reaction 
mixture was done using taq polymerase, 
10X buffer, dNTPs, forward and reverse 
primers, distilled water and DNA. They 
were subjected to 35 cycles of amplification 
using ASTEC thermal cycler. Each cycle 
included a denaturation, annealing and 
extension steps. Detection of the PCR 
products was performed by electrophoresis 
on 6% polyacrylamide gel (PAGE), 200V, 
30 minutes and silver staining.  

In PCR-positive cases, HPV genotyping was 
analyzed by restriction fragment length 
polymorphism (RFLP) i.e, cleaved amplified 
polymorphic sequence (CAPS) method. HR- 
HPV genotypes were decided by polycryla-
mide gel electrophoresis and silver staining 
of the digest of PCR product with restriction 
enzyme(s), Ava II (HPV 16, HPV 18 and 
HPV 33), Rsa I (HPV 31), Bgl II (HPV 52b), 
Acc I (HPV 58) and Ava I (HPV 35). The     
enzymatic digestion was done under the con-   
dition recommended by the manufacturer.8 

Statistical analysis 

Data analysis was done by using Statistical 
Package for Social Sciences (SPSS-15). 
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RESULTS 

 

In this study, high-risk human papillo- 
mavirus (HPV-DNA) testing was performed 
by polymerase chain reaction (PCR) with 
pU1M/pU2R primers in 96 women with 
abnormal cervical cytology and 20 with 
normal cytology, age ranging from 18-69 
years. Out of 116 women, 48 (41.4%) 
women were positive for high-risk HPV- 
PCR revealing around 240 bp-260 bp bands 
(Fig. 1a). HR-HPV were identified in (22/62) 
35.5% of inflammatory smear, (6/10) 60% 
atypical squamous cells of undetermined 
significance (ASCUS), (13/15) 86.7% low-
grade squamous intraepithelial lesion (LSIL), 
(3/6) 50% high-grade squamous intraepi-
thelial lesion (HSIL), (3/3) 100% squamous  

 

cell carcinoma (SCC) and (1/20) 5% normal 
cytology (Table 1).  

Table 1.   Proportion of high-risk human papillo-
mavirus (HPV) infection in women 
with cervical cytological abnormalities  
 

Cytology 
 

HPV- PCR 
Total 

No. (%) Positive 
No. (%) 

Negative 
No. (%) 

Normal 1(5) 19(95) 20(100) 
Inflammatory smear 22(35.5) 40(64.5) 62(100) 
ASCUS* 6(60) 4(40) 10(100) 
LSIL** 13(86.7) 2(13.3) 15(100) 
HSIL*** 3(50) 3(50) 6(100) 
Cancer 3(100) 0(.0) 3(100) 
Total (% within cytology) 48(41.4) 68(58.6) 116(100) 

*  =Atypical    squamous    cells   of   undetermined 
    significance 

** =Low-grade squamous intraepithelial lesion
***=High-grade squamous intraepithelial lesion 
 

       

Fig.  1.   Positive  PCR  for  (a) HPV  using  pU1M/pU2R  primers  (b) Human DNA  using β-globin 
primers, 6% PAGE with silver staining, molecular marker: ФX174/ HaeIII digest 

 

 

 

 

 

 

 

 

  
 

 
Fig. 2.     Electrophoresis of PCR products with pU1M/pU2R primers digested with restriction enzymes                          

(a, b) Ava II (c) Rsa I (d) Acc I (6% PAGE, 200V for 35-45 min) 

 603 bp 

 310 bp 
 281-271 bp 
 234 bp 
194 bp 

 (b) (a)

 (a)  (b)

 (c)  (d)
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All samples (100%) were amplified with  
β-globin primers which were used as human 
DNA integrity (Fig. 1b). The women with 
abnormal cervical cytology were 10 times 
more likely to be HR-HPV positive than 
those with normal cytology (p=0.0001). 

HPV genotyping was analyzed by cleaved 
amplified polymorphic sequence (CAPS) 
method using restriction enzymes digestion 
i.e., Ava II, Rsa I, Bgl II, Acc I and Ava I. 
Among 48 HPV-PCR positive cases using 
Ava II digestion, 29 samples appeared two 
fragments, about 155 bp and 80 bp bands 
being HPV 16 genotype (Fig. 2a) and  
6 appeared about 170 bp and 90 bp bands 
being HPV 18 genotype (Fig. 2b) but  
13 samples were undigested with Ava II, 
Ava I and Bgl II in the same original size. 
These were further digested with Rsa I and 
Acc I. Seven samples using Rsa I appeared 
the broad band overlapping the two 
fragments, about 119 bp and 114 bp regions, 
being HPV 31 genotype (Fig. 2c). Six 
samples using Acc I appeared the broad 
overlapping band about 126 bp and 118 bp 
regions being HPV 58 genotype (Fig. 2d). 

Table 2.  Proportion of high-risk human papillo-
mavirus (HPV) genotypes in women 
with cervical cytological abnormalities 

The most prevalent HPV genotypes were 
HPV 16(60.4%) followed by HPV 31(14.6%), 
HPV 18(12.5%) and HPV 58 (12.5%). HPV 
genotypes 16, 18, 31 and 58 were in 
11(50%), 2(9.1%), 5(22.7%), and 4(18.2%), 
respectively, in 22 cases of inflammatory 
smear, and 9(69.2%), 3(23.1%), 1(7.7%) 
and 0%, respectively, in 13 LSIL cases. 
HPV 16 and 58 were 4(66.7%) and 
2(33.3%), respectively, in 6 women with 
ASCUS. All cases of HSIL were HPV 16. 

Among women with cervical cancer, 66.7% 
was genotyped as HPV 16 and 33.3% was 
HPV 18 (Table 2).  
 
Table 3.  Proportion of high-risk human   

papillomavirus (HPV) genotypes in 
women with cervical cytological 
abnormalities by age 

 
Most patients infected with HR-HPV were 
aged between 40-49 years  (39.6%) 
followed by 30-39 years (29.2%), 50-59 
years (16.7%), 60-69 years (8.3%) and 20-
29 years (6.3%). HPV 16 was highest 
among women aged 40-49 years followed 
by 30-39 years. As for HPV 18, the 
detection rate was same in 40-49 years and 
50-59 years age groups. HPV 31 was high 
in age 30-39 years and 40-49 years. HPV 58 
was high in 30-39 years age group and also 
found to be the same in other age groups 
(Table 3). 
 

DISCUSSION 
 

Two main stages could be considered in 
HPV epidemiology: type distribution of 
cervical HPV infection in women with 
normal cytology and in women with 
abnormal cytology. Recently, a meta-
analysis of relevant studies about the 
worldwide prevalence and type distribution 
of cervical HPV-DNA in women with 
normal cytology has been published. In this 
manuscript, the overall HPV prevalence was 
estimated to be 10.4%. However, there were 
some differences depending of the region of 
origin. HPV 16 is the most common HPV 
type and the five most common HPV types 
in HPV-positive women worldwide were 

Cytology 
HPV genotypes Total 

No. (%)HPV 16 
No. (%) 

HPV 18 
No. (%) 

HPV 31 
No. (%) 

HPV 58
No. (%)

Normal 0(0) 0(0) 1(100) 0(0) 1(100)
Inflammatory 11(50) 2(9.1) 5(22.7) 4(18.2) 22(100)
ASCUS 4(66.7) 0(0) 0(0) 2(33.3) 6(100)
LSIL 9(69.2) 3(23.1) 1(7.7) 0(0) 13(100)
HSIL 3(100) 0(0) 0(0) 0(0) 3(100)
Cancer 2(66.7) 1(33.3) 0(0) 0(0) 3(100)
Total (% within 
cytology) 

29(60.4) 6(12.5) 7(14.6) 6(12.5) 48(100)

HPV 
genotypes 

Age range (years) Total 
No.(%)20-29

No.(%)
30-39

No.(%)
40-49 

No.(%) 
50-59 

No.(%) 
60-69 

No.(%)
HPV 16 1 

(3.4) 
10 

(34.5)
13 

(44.8) 
3 

(10.3) 
2 

(6.9) 
29 

(100)
HPV 18 0 

(0) 
0 

(0) 
3 

(50) 
3 

(50) 
0 

(0) 
6 

(100)
HPV 31 1 

(14.3)
2 

(28.6)
2 

(28.6) 
1 

(14.3) 
1 

(14.3) 
7 

(100)
HPV 58 1 

(16.7)
2 

(33.3)
1 

(16.7) 
1 

(16.7) 
1 

(16.7) 
6 

(100)
Total (% within 
  genotype) 

3 
(6.3) 

14 
(29.2)

19 
(39.6) 

8 
(16.7) 

4 
(8.3) 

48 
(100)
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PV 16, 18, 31, 58 and 52, being 50% of all 
HPV infections.7 
A study which focused the distribution of 
HPV genotypes in women with cervical 
lesions revealed HPV 16 and 18 as the most 
frequent HPV types identified in invasive 
cancers (80%) but the distribution patterns 
of HPV types in the intraepithelial lesions 
were highly varied.9  

Another study on the HPV type distribution 
in females with abnormal cervical cytology 
reported that 75% were positive for HPV-
DNA and 23.7% were negative. HPV 16 
was the most common type followed by 
HPV 58, 51, 33, 31 and 18.10  

In Czech women and men with diseases 
etiologically linked to HPV, HPV 16 was 
the most prevalent type both in precan- 
cerous lesions (45%) and squamous cell 
carcinomas (59%). HPV 16 and/or 18 were 
present in 76% of cervical cancer samples, 
33% of CIN 1, 43% CIN 2 and 71% of   
CIN 3.11  

In Japanese women, HPV genotypes were 
detected in 9.5% of negative for intraepi- 
thelial lesion or malignancy (NILM), 72.2% 
ASCUS or more cervical lesions. HPV 
genotypes were HPV 52 at 26.6%, HPV 16 
at 25.2%, HPV 58 at 21.8%, and HPV 18   
at 7.1%.12 

In Myanmar, the prevalence of HPV in 
women with premalignant and malignant 
lesions of cervix was 77/145 (53.1%).  
HPV was identified in 33.3% LSIL, 60% 
HSIL, 58.7% SCC and 50% adenocacinoma 
cervix. HPV 16 was the predominant geno-
type followed by HPV 31 and HPV 18.13 
One study reported that HPV-DNA was 
detected in 27/131 (20.6%) women among 
17.6% normal smear, 77.1% inflammatory 
smear, 0.8% LSIL and 4.6% unsatisfactory 
smear.14 Another study revealed that the 
high-risk human papillomavirus (HR-HPV) 
was detected in 81.25% of cervical tissue 
with squamous cell carcinoma (SCC), 
5.56% with CIN I and 8.33% with normal 
cytology.15  

In the present study, 47/96 (49%) women 
with abnormal cervical cytology and 1/20 
(5%) with normal cytology were positive for 
high-risk human papillomavirus (HR-HPV). 
They were identified in 35.5% of inflam-
matory smear, 60% ASCUS, 86.7% LSIL, 
50% HSIL and 100% SCC. HPV prevalence 
was much higher in the present study 
compared to the previous one i.e, 86.7% vs. 
33.3% in LSIL, 100% vs. 58.7% in SCC 
samples. The highest percentages of women 
with positive result for HR-HPV were found 
in patients with LSIL and cervical cancer. 
Therefore, HPV-DNA testing could be 
especially for triage of low-grade smears to 
improve the sensitivity of cytology alone 
and select women at most risk who require 
colposcopy. 

The most prevalent HPV genotype in this 
study was HPV 16 (60.4%), one of the 
vaccine- preventable HPV genotypes, which 
was consistent with other studies mentioned 
above, followed by HPV 31 (14.6%), HPV 
18 (12.5%) and HPV 58 (12.5%). Among 
cervical cancer cases, 66.7% was genotyped 
as HPV 16 and 33.3% was HPV 18. Clinical 
studies of HPV vaccines have demonstrated 
close to 70% protection against HPV 16 and 
HPV 18 related infections and diseases, 
implying potential cross-protection against 
HPV 31, 33, 45, 52, and 58.16, 17 

In this study, most patients infected with 
HR-HPVs and HPV 16 genotype were  
aged between 40-49 years followed by  
30-39 years. As for HPV 18, the detection 
rate was same in 40-49 years and 50-59 
years. HPV 31 was high in age 30-39 years 
and 40-49 years. HPV 58 was high in 30-39 
years.  

In Japan, most patients infected with HPV 16 
were between 20-29 years, decreasing with 
age thereafter. HPV prevalence by age 
revealed mostly in young women aged 
15-25 years and a second peak was 
observed in 55 years or older.12 HPV 
infections occur with a high-attack rate soon 
after sexual initiation. Follow-up studies of 
virgins from different countries after  sexual  
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debut have shown up to 70% of women 
becoming HPV-DNA positive at least once 
within 48 months. The cumulative life time 
exposure to HPV has been estimated to be 
close to 80% and for HPV 16 or 18 is  
20%. Thus, primary prevention with HPV 
vaccines should focus on the years before 
sexual initiation, in the adolescent and 
preadolescent age groups.18 

In the future, HPV-DNA testing in con-
junction with cervical cytology testing could 
be used for cervical cancer screening or  
in a follow-up program after conservative 
treatment of cervical lesions since 35.5%  
of inflammatory smear, 60% ASCUS and 
86.7% LSIL were HR-HPV positive. If no 
intervention is implemented in the near 
future, a dramatic increase in the number of 
cervical cancer cases is predicted. HPV 
vaccines offer an efficient way to prevent 
HPV-related cervical cancers. Results of 
this study together with many literatures 
allow estimating potential benefit that 
can be achieved by the implementation of 
routine vaccination for the prevention 
of HPV-associated cervical cancer in 
Myanmar.  

Conclusion 

The most prevalent HPV genotypes were 
HPV 16 followed by HPV 31, HPV 18 and 
HPV 58 in this study. Among cervical 
cancer cases, both vaccine-preventable HPV 
genotypes i.e. HPV 16 and HPV 18 were 
66.7% and 33.3%, respectively. The women 
with abnormal cervical cytology were 10 
times more likely to be HR-HPV positive 
than those with normal cytology. This study 
suggests that the implementation of routine 
vaccination programme against HPV in 
preadolescent and adolescent age groups 
will greatly reduce the burden of HPV-
associated cervical cancer in Myanmar.  
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The immunoenhancement action of Ganoderma lucidum was assessed in 
ICR strain mice.  Hepatitis B vaccine diluted to hepatitis B surface antigen 
concentration of 1 microgram per milliliter was injected intraperitoneally   
to 20 mice. G. lucidum ethanol extract at concentrations of 0 mg/ml, 4 mg/ml,   
6 mg/ml and 8 mg/ml orally was given daily for 28 days to four different 
groups of 5 mice each. The remaining 5 mice served as the control group.  
On the 28th day serum antibody to hepatitis B surface antigen (anti-HBs) 
levels were measured. A significantly higher level of anti-HBs (3273.41 
+5.61 IU/ml) was found in mice receiving G. lucidum as compared to those 
who did not receive G. lucidum (575.44+1.99).  Antibody levels of 1210.6 
+2.55 IU/ml were found in mice receiving 0.75 mg of G. lucidum extract    
per g body weight. Higher antibody levels (3863.67+6.41 IU/ml and 
2773.32+5.94 IU/ml) were found in mice receiving 1.06 mg of G. lucidum 
extract per g body weight and in mice receiving 1.69 mg of G. lucidum 
extract per g body weight, respectively. G. lucidum extract could enhance 
the production of antibody to hepatitis B vaccine in mice and the effect 
increases with higher doses.  
 

 
INTRODUCTION 

 
Hepatitis B virus (HBV) infection is an 
important health problem worldwide, 
because the infection can cause significant 
liver diseases that range from fulminating 
hepatitis to hepatocellular carcinoma.  
About two billion people worldwide have 
been infected with HBV and about 350 
million have chronic lifelong infections.1 

HBV infection in the Asia-Pacific region is 
among the highest in the world, and chronic 
HBV infection in most of the countries  
of the Asia-Pacific region is high (>10% 
prevalence).2 The most efficient way to 
control HBV is to prevent any susceptible 
person from contracting it, rather than 
treating those already infected. Immuni-
zation of the host is one of the main 
approaches and hepatitis B vaccines have 
been shown to be very safe when given to 
infants, children or adults.3  However, It has 
been reported that up to 10% of subjects 
cannot develop protective antibody levels 

after the appropriate hepatitis B vaccination 
series.4  In addition to physical factors such 
as age, obesity, and inappropriate sites of 
injections, it was found to be associated 
with impaired lymphocyte activation.5  Use 
of adjuvant for enhancing antibody 
production has been reported,6 and an 
adjuvant that could strengthen the immune 
system of an individual could promote 
production of antibody levels following 
hepatitis B vaccination thereby reducing the 
ratio of none- or low-responders.  

Mushrooms are considered as one of the 
many medicinal plants and medicinal 
formulations believed to be useful in 
strengthening the immune system of the 
individual. Both cellular components and 
secondary metabolites of some mushrooms 
have been shown to affect the immune 
system of the host.7  

Among the mushrooms, modern pharmaco-
logical and clinical investigations demon-
strated that Ganoderma lucidum had 
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immunomodulating activities.8 Ganoderma 
lucidum (Lingzhi) is wild growing in many 
parts of Asia, including Myanmar, and has 
been used as a traditional Chinese medicine 
to promote longevity. It has two major 
groups of bioactive components: polysac-
charides and triterpenes.7 The present study 
was carried out to study the immuno-
enhancement action of the ethanol extract of 
Ganoderma lucidum by determination of 
antibody to hepatitis B surface antigen (anti-
HBs) production in mice.  

MATERIALS AND METHODS 

Plant material 

Ganoderma lucidum (Leyss ex fr) Karst 
known as Linzhi mushroom was collected 
from PyinOoLwin, Mandalay Division. The 
collected mushrooms were identified by 
authorized botanist of the Department of 
Botany, Yangon University. The fruiting 
bodies were cut and thoroughly washed with 
water. After being dried at room tempera- 
ture for two weeks, it was made powder and 
stored in air-tight container.  

Phytochemical screening  

Examination of the fruiting bodies of 
Ganoderma lucidum indicated the presence 
of alkaloids, amino acids, carbohydrates, 
flavonoids, glycosides, phenolic compounds, 
reducing sugars, saponins, steroids, tannins 
and terpenoids. 

Preparation of Ganoderma lucidum extracts 

Dried Ganoderma lucidum powder (10g) 
was extracted with 50% ethanol at 100ºC  
for 2 hours and evaporated under reduced 
pressure to obtain crude extract. The extract 
was dissolved in distilled water with 
intermittent shaking to provide 4 mg/ml,     
6 mg/ml and 8 mg/ml concentrations of 
Ganoderma lucidum solution.  

Experimental animals 
ICR strain, five-week-old mice were 
obtained from the Laboratory Animal 
Services Division of the Department of 
Medical Research (Lower Myanmar). The 

mice were housed in a room maintained at 
25±2°C with a photoperiod of 12 h light and 
12 h darkness.  

Mouse immunogenicity test 

Mouse immunogenicity test was carried out 
according to the WHO guidelines.9  

Procedure 

Mice were grouped into five groups of five 
mice each. The first group (group A) was 
kept as the control group and distilled water 
(1 ml) was injected intraperitoneally to all 
mice.  They were given pure drinking water 
daily. To the remaining 20 mice (groups B, 
C, D, and E), plasma-derived hepatitis B 
vaccine diluted to hepatitis B surface 
antigen concentration of 1 microgram per ml 
was injected intraperitoneally. Ganoderma 
lucidum extract at concentrations of  
4 mg/ml, 6 mg/ml and 8 mg/ml were mixed 
with distilled water and given orally to three 
different groups of mice (groups C, D and 
E).  Ganoderma lucidum extract was not 
given to the remaining 5 mice (group B) and 
pure drinking water was given daily.   

The volume of drink taken by each mouse 
was measured daily and recorded. The 
average consumption of G. lucidum extract 
by each group was analysed at the end  
of the study. All mice were sacrificed  
at 28 days, blood was collected by cardiac 
puncture, and anti-HBs levels were 
measured. 

Blood collection 

All mice were anaesthetized with ether and 
the thoracic cavity was opened with scissors 
to expose the heart. The heart was punctured 
with a 25 gauge, 5/8" needle attached to      
a 2 ml syringe and blood was withdrawn    
as much as possible. Individual blood 
samples were placed in labelled tubes      
and centrifuged for three minutes in a 
microcentrifuge. Serum was separated from 
individual blood samples and stored at -20ºC 
until tested for antibody to hepatitis B sur- 
face antigen (anti-HBs) levels. Anti-HBs 
levels were measured with Vitros-Eci 
Immunodiagnostic System, version 2.3.3. 
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Statistical analyses 

Data were analyzed using MINITAB 14.1, 
Minitab Corporation, USA. Geometric mean 
antibody titers of the Ganoderma lucidum 
supplemented and non-supplemented groups 
were compared using the Student's 't' test. 
Geometric mean antibody titers of the 
Ganoderma lucidum supplemented groups 
were further subjected to ANOVA followed 
by Tukey's Test. The difference in geome- 
tric mean antibody titers of the G. lucidum 
supplemented groups were analyzed by 
Student's 't' test. The predetermined upper 
limit of probability for statistical signifi- 
cance throughout this investigation was       
p<0.05. 

RESULTS 

During the test period of 28 days, there was 
no mortality among the mice. The average 
body weight at the start of the experiment 
was 22 g and at 28 days the average body 
weight was 32 g. 

Average daily consumption of G. lucidum 
extract by mice 

The average daily consumption of 
Ganoderma lucidum extract by each of 
group C mice was 20.4 mg (755 mg/kg or 
0.75 mg/g body weight); group D mice was 
28.8 mg (1067 mg/kg or 1.06 mg/g body 
weight) ; group E mice was (45.6 mg/kg or 
1.69 mg/kg body weight). 

Anti-HBs levels  

A significantly higher level of anti-HBs was 
found in mice receiving G. lucidum (Groups 
CDE) as compared to those who did not 
receive Ganoderma lucidum (group B) 
(2349.63±4.71 IU/ml vs. 574.12±1.79, p<0.05, 
Student's "t" test). A dose-response antibody 
levels were also found; 1210.6± 2.55 IU/ml 
in mice receiving 0.75 mg of Ganoderma 
lucidum extract per g body weight, 3863.67 
±6.41 IU/ml in mice receiving 1.06 mg of 
Ganoderma lucidum extract per g body 
weight, and 2773.32+5.94 IU/ml in mice 
receiving 1.69 mg of Ganoderma lucidum 
per g body weight (Table 1). 

Table 1.  Geometric  mean  titres  of  antibody to 
               hepatitis B surface antigen by groups 

Group Number
of mice

Anti-HBs titre 
(IU/ml)(mean + SD) Student's 't' test 

B   5   574.12+1.79 - 
CDE 15 2349.63+4.71 *T value 2.95, p=0.009
CD 10 3273.41+5.61 *T value 2.88, p=0.014
C   5 1210.59+2.55 *T value 1.51, p=0.182
D    5 3863.67+6.41 *T value 2.95, p=0.009
E   5 2773.32+5.94 *T value 2.95, p=0.009

* Compared to group B 
 

DISCUSSION 
 

Immunomodulating or immunostimulants, 
which modulate or enhance the immune 
system response, has become an important 
role in immunology. There are many 
immunostimulants or immunoenhancing 
agents in western medicine. Bacillus 
Calmette Guerin (BCG), Human Immune 
Globulin, Levamisole, Isoprenosine, Cyto- 
kines, Interferon alpha and Interleukin 2 are 
well-known among others. The role of 
herbal preparations as immunostimulants 
has been investigated in recent years and  
the cell wall glucans of mushrooms are 
well-known for their immunomodulatory 
properties.  

Medicinal mushrooms have an established 
history of use in oriental therapies. 
Ganoderma lucidum is a well-known 
mushroom. Its distribution is worldwide and 
grows in densely wooded mountains of 
highly humidity and dim lighting. It is  
also called "Lingzhi" in Chinese, "Reishi" in 
Japanese and "Younchi" in Korean lan-
guages. Ganoderma lucidum has been known 
in Myanmar since the olden days. In 
Konbaung era (11th to 13th century) of 
Myanmar, it was prepared as a tonic by the 
court physicians for the kings.  Myanmar 
name is "Ut-Hto-Hmo" or "Uh-Site-Hmo".  
Eight species of Ganoderma grows wild 
throughout the country.10  

A number of reports have demonstrated  
that Ganoderma lucidum polysaccharides 
modulate immune function both in vivo and 
in vitro. The immunomodulating effects 
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include promoting the function of antigen-
presenting cells, mononuclear phagocyte 
system, humoral immunity, and cellular 
immunity.11  

Mice were used as experimental animals as 
recommended by the WHO for the potency 
testing of hepatitis B vaccines.9 Intra- 
peritoneal injection method is also the most 
commonly used method for introducing 
antigens into mice. Because of the large 
volume of the peritoneal cavity, the volume 
of the immunogen can be larger for intra- 
peritoneal injections than for other sites. 
Also because the intraperitoneal injections 
do not deliver the antigen directly into the 
blood system, particulate antigens such as 
hepatitis B vaccine can be used. 

Although Ganoderma lucidum has been 
reported to be effective and could be taken 
as syrups, soups, teas, tinctures, and tablets, 
and by injection, the oral route has been 
chosen as the method of delivery of 
Ganoderma lucidum extract in this study as 
it is the most feasible route for later use in 
humans. 

The immunogenicity test is successful as 
shown by production of antibodies to 
hepatitis B surface antigen in mice receiving 
the intraperitoneal injection of hepatitis B 
vaccine as compared to no production  
in those receiving intraperitoneal saline 
injections (Table 2). The immunomodu- 
lation effect of Ganoderma lucidum is also 
evident. A significantly higher level of   
anti-HBs was found in mice receiving 
Ganoderma lucidum as compared to those 
who did not receive Ganoderma lucidum 
extract.  

Although dose-response antibody levels 
were also found, no significant difference 
was observed among those receiving the 
highest concentration of G. lucidum and 
those receiving the second highest dose. The 
number of animals may not be sufficient  
to demonstrate such difference. The major 
limitation of the study could be the use      
of crude extract of Ganoderma lucidum.  
We failed to use the polysaccharides of 

Ganoderma lucidum that have been identi- 
fied by other investigators.12, 13  

A study on the effect of G. lucidum 
mycelium on mucosal immunity showed 
disappointing results. The effect of ingestion 
of Ganoderma lucidum mycelium on gut 
humoral immunity was investigated using 
mice as an animal model. G. lucidum 
mycelium reduced the mucosal specific   
IgA response of young adult mice orally 
immunized with cholera toxin.14 The 
compounds used could be different as it is 
now known that the immunomodulatory 
activities of various compounds isolated 
from Ganoderma lucidum showed diverse 
immune effects ranging from increase T and 
B lymphocyte proliferation to decrease 
antibody production.15 

Many therapeutic effects attributed to 
Ganoderma lucidum have been proven and 
suggestions for mass production have been 
put forward.16 In anticipation of mass 
production, clinical studies on G. lucidum 
extract have been conducted. The safety  
and tolerance of oral administration of 
Ganoderma lucidum in 16 human volun- 
teers who received 2 grams of the extract or 
placebo twice daily for 10 consecutive days 
has been evaluated.16, 17 

A recent study evaluated the safety and 
efficacy of a daily dose of 6 mg extract of 
Ganoderma lucidum in 88 men with lower 
urinary tract symptoms for 12 weeks and 
found to be well tolerated with improved 
clinical status.18   

It was evident from the present study that  
G. lucidum extract could enhance the 
production of antibody to hepatitis B 
vaccine in mice and the effect was dose 
dependent. Further investigation is warranted 
regarding the active component(s) and 
its/their mechanism of action in this 
experimental system. The present study 
could be extended to investigate the    immu- 
noenhancing activity in subjects who failed 
to develop protective antibody levels after 
the appropriate hepatitis B vaccination 
series.  
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Transforming growth factor-β (TGF-β) superfamily including TGF-β, 
activin and bone morphogenetic proteins (BMP) plays an important role in a 
broad spectrum of biology. The role of TGF-β in cancer development and 
progression is also complex and often controversial, involving both aspects 
of tumor suppression and promotion according to tumor type and stage.   
The purpose of this study was to determine and evaluate the association of 
TGF-β protein expression with histological characteristics of bladder cancer. 
We examined TGF-β expression immunohistochemically in 50 cases of 
bladder cancer by using standard immunoperoxidase method. TGF-β 
immunoexpression was positive in 37 (74%) cases. TGF-β mainly stained 
the cytoplasm, nucleus and occasional cell membrane. In this study, we 
found that the higher the grade and stage of tumor, the more the rate of 
positivity and intensity of TGF-β immunoexpression (p<0.05). Moreover, 
there was a significant positive correlation of invasiveness of tumor and 
TGF-β immunoexpression in tumor cells as well as severity of inflammation 
including their TGF-β immunoexpression (p<0.05). Interestingly, we also 
found a significant positive correlation between TGF-β immunoexpression 
of tumor cells and TGF-β immunoexpression of surrounding stroma cells 
especially inflammatory cells and fibroblasts (p<0.0001).  In conclusion, the 
synergistic action of TGF-β immunoexpression in tumor and stroma cells 
plays an important role in invasiveness of high-grade bladder cancer. 

INTRODUCTION 

In recent years, cancers have emerged as 
leading cause of death in developed as well 
as developing countries. Urinary bladder 
cancer is the seventh most common cancer 
worldwide with an annual estimated 260,000 
new cases in men and 76,000 in women.1  
Bladder cancer is not uncommon in 
Myanmar because of increase in risk factors 
and there seems to be a rising trend of the 
prevalence of bladder cancer according to 
cancer registry at Yangon General Hospital 
(23 patients in 1999, 23 patients in 2000 and 
35 patients in 2001).2 Moreover, bladder 
cancer death is the eighth most common 
cancer death and one of the ten leading causes 
of cancer deaths in Myanmar for 2005.3    

TGF-β is ubiquitously expressed in 
mammalian tissues and binds to their 

signaling receptors and initiates intracellular 
signaling via Smad and mitogen-activated 
protein kinase (MAPK) pathways.4 Trans-
forming growth factor-β (TGF-β) has been 
shown to inhibit normal epithelial cell 
growth by reducing the ability of cells to 
enter S-phase.  Conversely, many carcinoma 
cells show resistance to growth inhibition  
by TGF-β and express elevated levels of 
TGF-β. This loss of response to the inhi-
bitory effect of TGF-β has been associated 
with increased expression of TGF-β in 
progression of cancer, invasion and meta-
stasis.5 Moreover, TGF-β has both positive 
and negative effects on inflammation and 
immune response, depending on state of 
differentiation of the cells and tissue types.6 

In bladder cancer, some studies reported 
that over expression of TGF-β is found in 
muscle of invasive tumors; however, in 
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contrast with previous literature, some 
found that decreased levels of TGF-β are 
seen to be associated with advanced 
disease.5 Carcinoma of bladder is multifocal 
with multistep carcinogenesis and the exact 
pathogenic mechanism is not known.  It is   
a common cancer but relatively little has 
been studied. Little is known about the 
localization patterns of TGF-β in bladder 
cancer and the reported TGF-β protein 
expression is conflicting. In Myanmar, the 
research on role of TGF-β signaling in bladder 
cancer needs to be explored.  Therefore, the 
purpose of this study is to determine and 
evaluate the association of TGF-β protein 
expression with histological characteristics 
of bladder cancer. The findings from this 
study will provide information towards 
better understanding of carcinogenesis in 
bladder cancers of Myanmar patients.    
 

MATERIALS AND METHODS 
 

Patients 

Altogether 50 cases of histologically 
diagnosed bladder cancer from New Yangon 
General Hospital were included. The mean 
age of these 50 patients (41 males, 9 females) 
was 61.8±10.3 years, with the range of 42-83 
years. Serial sections (3-4 µm thick) obtained 
from the formalin-fixed, paraffin-embedded 
tissues were used for H&E staining to con-
firm the histological diagnosis and selected 
to proceed for immunohistochemical analysis. 

Haematoxylin and eosin staining 

Haematoxylin and eosin staining was 
performed for confirmation of diagnosis and 
grading of cancers. Tumors were classified 
according to the criteria of the World Health 
Organization (2004), and the International 
Society of Urological Pathology (ISUP).1 
Tumor invasion and inflammation were 
evaluated in each tumor. 

Immunohistochemistry 

Paraffin-embedded tissue blocks with 
adequate representative tumor tissue were 
chosen for each case and 3-4 μm sections 
were taken to poly-L lysine coated slides for 

immunohistochemical staining. Monoclonal 
Anti-Transforming Growth Factor-β1 (Sigma, 
USA) (1:50 dilution) was used as primary 
antibody. The immunoperoxidase staining 
procedure was performed at room tempera-
ture by using ExtrAvidin Peroxidase Staining 
Kit (Sigma-Aldrich, Missouri, USA) for  
TGF-β. Final development of the sections  
was carried out with 3, 3’-diaminobenzidine. 
Appropriate tissue sections previously 
known to react with both anti-bodies were 
used as positive control and phosphate 
buffer saline (PBS) instead of primary 
antibody was used as negative control for each 
experiment. Immunohistochemical staining 
was graded as negative (no staining) and 
positive (>10% of tumor cells immunoreactive 
staining) for TGF-β protein expression.  

Statistical analysis 

Statistical analysis was carried out using 
SPSS version 16 software. Categorical 
variables from bladder cancer cases were 
plotted into 2x2 contingency tables and 
evaluated using the ChiSquare test. All 
reported p values were two-sided and consi-
dered significant when p value was <0.05. 
 

RESULTS 
 

Clinicopathological features 

Forty-one (82%) were men and nine (8%) 
were women. The mean age of patients was 
61.8±10.3 years, with a range of 42-83 
years. Out of 50 cases, 46 cases (92%), 2 cases 
(4%) and 2 cases (4%) were transitional cell 
carcinoma (TCC), squamous cell carcinoma 
(SCC) and adenocarcinoma, respectively. 
Forty-five cases (90%) and 5 cases (10%) of 
bladder cancers presented as papillary and 
flat/nodular pattern, respectively. Twenty 
(40%) were high-grade (all above-mentioned 
histological types) and, thirty (60%) were 
low-grade tumors (transitional cell carci- 
noma). Thirty-eight percent (19 cases) 
showed tumor invasion into submucosal 
connective tissue layers. All cases revealed 
sign of inflammation with mild degree in  
14 cases (28%), moderate degree in 28 cases  
(56%) and severe degree in 8 cases (16%). 
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A & B:  Low-grade bladder cancer (x200) 
C & D:  High-grade bladder cancer (x200)  
E & F:   High-grade bladder  cancer  with  squamous  
              differenttiation    and   moderate   to   severe  
              inflammation (x200)  
G & H: High-grade bladder cancer with glandular/adeno-

differentiation and severe inflammation (x200) 

Fig. 1.  H & E  staining and  corresponding  IHC  
            staining for TGF-β  

Immunohistochemical analysis 

TGF-β immunoexpression was positive in 
37 (74%) cases and negative in 13 (26%) 
cases. TGF-β mainly stained the cytoplasm, 
nucleus and occasional cell membrane. 
Twenty (40%) cases of bladder cancers 
showed strong staining intensity of TGF-β 
in tumor tissue compared with normal 
adjacent tissue. Moreover, forty (80%) cases 
of bladder cancers showed TGF-β immuno- 
expression in surrounding stroma cells 
especially inflammatory cells and fibro-
blasts with strong staining intensity of  
TGF-β in 22 (44%) cases. In this study, we 
found that the higher the grade and stage of 
tumor, the more the rate of positivity and 

intensity of TGF-β immunoexpression 
(p<0.05) (Fig. 1).  
Moreover, there was a significant positive 
correlation between invasiveness of tumor 
and TGF-β immune-expression in tumor 
cells as well as severity of inflammation 
including the TGF-β immunoexpression of 
inflammatory cells (p<0.05). Interestingly, 
we also found a significant positive corre-
lation between TGF-β immunoexpression of 
tumor cells and TGF-β immunoexpression 
of surrounding stroma cells especially 
inflammatory cells and fibroblasts (p<0.0001).   

DISCUSSION 

Neoplasms of the bladder pose biologic   
and clinical challenges. Of bladder cancers, 
70-80% is, at the time of initial 
examination, detected as low-grade non-
invasive or minimally invasive papillary 
cancer (pTa or pT1) with a high rate of 
recurrence, but with a low tendency for 
progression to advanced disease.7, 8 The 
remaining 20% are, despite improvements 
in diagnostic methods and treatments, 
detected as high-grade invasive cancer with 
poor prognosis,9 and appear as either 
superficial spreading flat (carcinoma in situ/ 
pTis) or invasive nodular tumors.10  

By conventional histopathological grading 
and staging of bladder cancer, it is often 
difficult to foresee which tumors will recur 
or progress to advanced stages. Further 
understanding of the underlying mechanisms 
in bladder carcinogenesis and progression 
is, therefore, needed to obtain new markers 
for management of bladder cancer.  

Transforming growth factor-β (TGF-β) 
superfamily of growth factors consists of 
more than 35 structurally related secreted 
polypeptides, including TGF-βs, activins 
and bone morphogenetic proteins (BMPs). 
TGF-β signaling plays an important role in  
a broad spectrum of biology including     
cell proliferation, cell growth/differentiation, 
migration, immune response/inflammatory, 
angiogenesis, extracellular matrix (ECM) 
deposition and apoptosis.4, 6, 11-13  
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The role of TGF-β in cancer development 
and progression is also complex and often 
controversial, involving both aspects of 
tumor suppression and promotion according 
to tumor type and stage. In general, TGF-β 
signaling initially plays the role as a tumor 
suppressor in epithelial cells, and then        
as a promoter for invasion and metastasis 
during the later stages of carcinoma 
progression.4, 13-16 Numerous genetic and 
epigenetic alterations in components asso-
ciated with the TGF-β signaling pathway 
that correlate with carcinogenesis, tumor 
progression and prognosis in malignancies 
have been identified.10, 14, 17-21  

In various types of cancers especially at 
later cancer progression stages, TGF-β, 
frequently produced by cancer cells them-
selves, promotes angiogenesis and epithelial-
to-mesenchymal transition (EMT). Further-
more, in a certain subset of aggressive 
cancers, the TGF-β signaling pathway often 
promotes cancer cell invasion and migration 
in an autocrine and paracrine manner.4, 15, 21  

As a multifunctional growth factor, it has 
both tumor suppressor and tumor promoting 
activities, depending on the stage of 
carcinogenesis and responsiveness of the 
tumor cell. In early tumor stages and in 
normal epithelial cells, TGF-β functions as 
an anti-proliferative factor inhibiting cell 
growth by induction of apoptosis and cell 
cycle arrest. Loss of the anti-proliferative 
responsiveness to TGF-β is often considered 
as a major step in cancer progression. 
Although mutations in TGF-β signaling 
components in cancers occur, complete 
abrogation of TGF-β signaling is not a 
generalized phenomenon in cancers. In fact, 
in various tumor cells, the TGF-β signaling 
pathway is functional, and tumor cells can 
use TGF-β as a tumor-progression factor.22 
As mentioned above, increased production 
of TGF-β occurs in different tumor types, 
and correlates with the severity of the tumor 
grade.23, 24 Tumor-derived TGF-β can affect 
several cell types in proximity of the tumor, 
thus producing a microenvironment that 

promotes tumor growth, invasion and 
metastasis.4 

Moreover, TGF-β is potent immuno-
suppressive agent, and it plays a role          
in development of chronic inflammatory 
diseases,25 and so blocking TGF-β may 
promote inflammation and development of 
autoimmune diseases.4 The functions of 
transforming growth factor β-1(TGF-β1)  
are cell-context specific and TGF-β1 over 
expression causes a severe inflammatory 
disorder. Given the important paradoxical 
role of inflammation in cancer development, 
TGF-β1-induced inflammation may over-
ride its tumor suppressive effect at early 
stages during carcinogenesis via abrogation 
of endogenous TGF-β1-induced inflam-
mation. The anti-inflammatory and immuno-
suppressive effect of TGF-β1 has been 
emphasized because TGF-β1 has both posi-
tive and negative effects on inflammation 
and immune response, depending on the 
state of differentiation of the cells and the 
cytokine profile,26, 27 and the action of  TGF-β1 
during the development of inflammation may 
vary depending on tissue types.28 

In this study, consistent with previous 
studies,29 we found the over-expression of 
TGF-β in invasive tumors. We also found 
that the higher the grade and stage of tumor, 
the more the rate of positivity and intensity 
of TGF-β immunoexpression. Moreover, 
there was a significant positive correlation 
between invasiveness of tumor and TGF-β 
immunoexpression in tumor cells as well as 
severity of inflammation including their 
TGF-β immunoexpression. Interestingly,  
we also found a significant positive corre-
lation between TGF-β immunoexpression of 
tumor cells and TGF-β immunoexpression 
of surrounding stroma cells especially 
inflammatory cells and fibroblasts.  

Conclusion 

The synergistic action of TGF-β immuno-
expression in tumor and stroma cells plays 
an important role in invasiveness of high- 
grade bladder cancer. 
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Helicobacter pylori (H. pylori) is one of the main causes of gastritis and is 
highly related to gastric and duodenal cancer. Different methods are 
introduced for diagnosis of bacterial infections but serological tests are more 
common. This study developed a sensitive and specific noninvasive partial 
in-house enzyme immunoassay for detection of Helicobacter pylori 
antibody in sera of H. pylori infected individuals. H. pylori whole-cell lysate, 
supplied by the Bacteriology Department, Okayama University, Japan was 
used to demonstrate the presence of target antibody in serum samples. 
Peroxidase-labeled antihuman IgG was used as the second antibody. 
Endoscopic biopsy specimens of 59 individuals (30 males and 29 females) 
with dyspeptic symptoms were evaluated for H. pylori infection with 
histologic findings of biopsy specimens as the gold standard for diagnosis. 
With the assumption that the demonstration of H. pylori in biopsy 
specimens stained with Giemsa’s stain as 100% accurate, the sensitivity and 
specificity of partial in-house enzyme immunoassay were 83% and 27%, 
respectively. When further evaluation was done with URINELISA on the 
urine samples of same patients, the sensitivity and specificity of the partial 
in-house enzyme immunoassay were 88% and 55%, respectively. The 
partial in-house enzyme-linked immunoassay greatly reduced the cost for 
mass screening and it is easy, rapid, non-invasive and accurate. Further 
evaluation of the partial in-house EIA should be carried out using a 
commercial EIA for H. pylori antibody as the gold standard. 

 
INTRODUCTION 

Helicobacter pylori (H. pylori), a gram- 
negative bacterium, infects the gastric 
mucosa in humans and induces several 
gastrointestinal complications ranging from 
mild gastritis (asymptomatic) to peptic 
ulcers and even gastric malignancies.1 The 
International Agency for Research on 
Cancer (IARC) has declared this pathogen 
as an independent carcinogen.2, 3  In addition, 
the etiologic associations of this infection 
with an increasing number of disorders, 
including cardiovascular diseases,4 skin 
allergies and autoimmune diseases5 and iron 

deficiency anemia6 are further revealed.  
It is present in about half of the world’s 
population with lower prevalence in 
developed (25-50%) than in developing 
countries (70-90%).7 As H. pylori infection, 
in addition to causing problematic symptoms, 
may lead to gastrointestinal ulcers and 
gastric malignancies, it is of utmost  
importance to detect the infection at early 
stages and pursue with eradication therapy 
and follow-ups. 

Numerous techniques have been proposed 
for the detection of Helicobacter pylori 
infection. The tests are classified as invasive 
if they detect bacteria in biopsies obtained 
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during the course of an endoscopy and non-
invasive when endoscopy is not required. 
The tests are based on indirect evidence of 
bacterium presence. Non-invasive tests 
compromise serology and urea breath tests. 

Serological detection of H. pylori infection 
is one of the major non-invasive methods 
which can be used in epidemiological studies, 
enabling us to screen patients suffering  
from dyspepsia before performance of 
endoscopies and for long-term follow-ups 
subsequent to drug therapy. Despite the fact 
that serum levels of IgG and IgA against  
Hp surface antigens drop within 2-6 months 
following treatment, they do not return to 
their initial titers before acquisition of 
infection.8 Use of serological tests, especially 
for infants, children and disabled individuals, 
is preferable to invasive techniques such as 
endoscopy and biopsy sampling. 

The most frequently used serological test for 
H. pylori detection is ELISA due to its 
simplicity, low cost and high sensitivity. 
There are several ELISA tests developed 
in different countries which can be used  
in the diagnosis of infection. Commercial 
serological assays for H. pylori detection 
demonstrate varying accuracies for different 
populations which may be due to the vast 
molecular diversity in genes and encoded 
proteins among isolated Hp strains from 
different geographic regions used for the 
coating antigen preparations.9, 10 

Serological assays for H. pylori are       
based either on whole-cell sonicate antigen 
or on one or several purified components       
of the bacterium as the antigen. A majority 
of serological studies are now conducted  
with commercial kits that have been 
evaluated in developed countries. These 
commercial kits are often too expensive for 
developing countries, and use of a validated 
in-house enzyme-linked immunosorbent 
assay (ELISA) based on sonicated antigens 
would be preferable. 

In this study, partial in-house ELISA kit  
was developed incorporating whole-cell  
antigens extracted from H. pylori strains and 

evaluated against commercially used urine 
ELISA kit. 

 
MATERIALS AND METHODS 

 
Subjects 

A total of 59 dyspeptic patients (30 males 
and 29 females) who were referred to 
Yangon General Hospital for endoscopy 
were included in this study after obtaining 
informed consent. Cases were considered as 
Helicobacter pylori-positive if (1) bacterial 
culture or (2) rapid urease tests (RUT)     
and histology was found positive. 
Helicobacter pylori-negative cases were 
those with no Helicobacter pylori-positive 
test results.  

Patients under medications such as 
antibiotics, antacids and H2 blockers for a 
period of less than four weeks prior to 
endoscopy were excluded from this study. 

Methods 

At endoscopy, biopsy samples were taken 
from antral portion of gastric mucosa. 
Different diagnostic tests were based on 
three antral biopsy specimens followed by 
rapid urease test (RUT), bacterial culture 
and histology. For RUT, one biopsy 
specimen was immediately placed into  
0.5 ml urea indicator broth at room tempera-
ture. Any change in color from yellow-
orange to pink in the next two hours 
indicated the presence of H. pylori in  
the sample. Homogenized gastric biopsies 
were cultured on Skirrow’s medium using  
blood agar base (Oxoid) with Skirrow’s 
supplements.  

Plates were incubated at 37°C under micro- 
aerophilic conditions for 5-7 days. The 
grown bacteria were identified as H. pylori 
using microbiological and biochemical tests. 
Histology slides were Giemsa stained and 
scored for the presence of H. pylori in 
several fields. Single void urine samples 
from subjects were taken for URINELISA 
test to detect Helicobacter pylori antibody. 
Three millilitres of venous blood were also 
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obtained from every subject for serological 
studies. Serum samples were collected and 
stored at -20°C for serological tests.  

Test principle of the developed partial 
in-house ELISA  

Detection of antibody against H. pylori 
whole-cells was done by enzyme-linked 
immunosorbent assay (ELISA) based on 
solid phase immunoassay principle. H. pylori 
whole-cell antibody present in serum 
sample was bound to whole-cell antigen 
immobilized on the surface of polystyrene 
wells. The wells were incubated with  
100 µl of the patient’s serum diluted 1:200 
in skim milk-PBS. After washing, the 
conjugate (peroxidase-conjugated anti-human  
IgG, specific to gamma chains, DAKO Inc., 
Glostrup, Denmark) was added to the         
H. pylori whole-cell antibody in the serum 
sample and captured by the H. pylori  
whole-cell antigen immobilized on the 
polystyrene wells.  

The excess conjugate   was removed by 
washing and enzyme activity was determined 
by action on the substrate, orthophenylene 
diamine dihydrochloride (OPD) (Wako Pure 
Chemicals, Tokyo, Japan). The reaction was 
stopped by adding 4N surphuric acid.  
The intensity of the yellow-orange color 
developed by reaction was proportional to 
the concentration of H. pylori whole-cell 
antibody in the sample. Absorbances at  
490 nm were measured with ELISA reader 
(BIO-RAD Microplate Reader Model-680, 
BIO-RAD Laboratories, UK).  

Preparation of antigen and validation and 
determination of cut-off value 

Antigen preparation from H. pylori (ATCC 
43504) strain was done in Okayama 
University and standard procedures and  
cut-off values were used according their 
valid method.11 

Evaluation of partial in-house ELISA kit 
against commercially imported URINELISA 
kit 

Partial in-house ELISA kit was compared 
with commercially available URINELISA 

kit (Otsuka Pharmaceutical, Tokushima, 
Japan), IBL. The test procedure was 
performed according to the manufacturer's 
instruction. The percentage of agreement 
was evaluated and equivocal results were 
excluded.12 

Statistical analysis 

MINITAB® 14.1, (Minitab Corporation, 
State Collage, PA, U.S.A) was used for 
statistical analysis. In order to determine the 
agreement between two different assays, 
Cohen's Kappa values were calculated. 
These values were interpreted as follows:    
0 to 0.2 (poor), 0.21 to 0.4 (fair), 0.41 to 0.6 
(moderate), 0.61 to 0.8 (good), 0.81 to 0.99 
(very good) and 1 (perfect agreement). 
 

RESULTS 
 
The mean age of the studied population 
(n=59; 30 males and 29 females) was 
48.15±15 years ranging between 16 and 86. 
The endoscopic findings were 28 cases of 
gastritis, 15 cases of ulcers, 7 carcinoma 
cases and 9 non-specific dyspepsia patients. 
The results and corresponding in-house 
ELISA positivity are shown in Table 1. 

Table 1. In-house ELISA test findings by                 
different categories of patients 

Endoscopic findings 
(No. of cases) 

In-house  ELISA 
Positive 
No. (%) 

Negative 
No. (%) 

  Gastritis (28) 17(68) 8(32) 
  Ulcers(15) 14(93) 1(7) 
  Gastric cancer (7) 7(100) 0(0) 
  NAD*(9) 7(77) 2(23) 

*NAD=Non-specific dyspepsia 

The results of partial in-house ELISA test  
as compared to those of the gold standard 
test (histological examination of gastric 
specimens) are shown in Table 2. 

Table  2. False  positive   and  false  negative            
results  of  ELISA  test  compared with 
gold standard test in 54 patients 
                      Gold Standard test (Histology) 
          Positive Negative Total 

In-house 
ELISA 

Positive 32 11 43 
Negative  7  4 11 

                        Total 39 15 54 
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Patient sera tested by in-house ELISA 
compared with gold standard tests (histo-
logical examinations) showed a sensitivity 
and specificity of 83% and 27%, respec-
tively. A total of 55 samples were tested by 
commercial urine ELISA kit (URINELISA) 
and compared with developed partial in-
house ELISA kit. The results are shown in 
Table 3. 

Table  3.  Agreement  between the URINELISA  
                and in-house ELISA 

                       URINELISA 
          Positive Negative Total 

In-house 
ELISA 

Positive 36 5 41 
Negative   8 6 14 

                        Total 44 11 55 
Pearson Chi-square=6.123, DF=1,  
p=0.013 Kappa 0.329 
Thirty-six samples were positive by both 
tests and six samples were negative by both 
tests. If we considered the commercial kit 
(URINELISA kit) as the gold standard 
against which the partial in-house ELISA 
test was compared, the result is as follow: 
sensitivity 88% (95% CI: 0.69%-0.92%), 
specificity 55% (95% CI: 0.27%-0.87%), 
positive predictive value 90%, and negative 
predictive value 43%. There was "Moderate" 
agreement between partial in-house ELISA 
kit and URINELISA kits (the average 
Cohen’s Kappa value 0.36) 
 

DISCUSSION 
 
The majority (69-75%) of the Myanmar 
adult population are H. pylori seropositive 13 
which may be due to acquiring H. pylori 
infection in the early years of life such 
that inclusion of true negatives in sero-
epidemiological studies is quite problematic. 
Screening this population to determine 
H. pylori seropositive cases for an effective 
treatment and monitoring the success of 
therapy can be an appropriate approach in 
devising H. pylori eradication strategies   
and follow-ups for such a highly infected 
population. 

H. pylori infection provokes both local and 
systemic antibody responses. The systemic 
response typically comprises a transient rise 

in IgM, followed by a rise in specific IgA 
and IgG maintained throughout infection. 
A large number of kits which detect these 
antibodies by enzyme-linked immunosorbent 
assay (ELISA) or latex agglutination have 
been developed and most clinical labora-
tories are experienced in performing sero-
logical tests. Such tests most commonly use 
serum, although detection of IgG in urine 
has also proved accurate. 

The enzyme-linked immunosorbent assay 
(ELISA) method has been widely used for 
detection of H. pylori infection and has been 
validated by comparison with reference 
methods such as histological, culture and 
breath test. In this study, partial in-house 
ELISA test was compared with those of the 
gold standard tests culture and/or histolo- 
gical examination of gastric specimens of 
Myanmar patients. 

Various antigen preparations from whole- 
cells, sonicated cell extracts and non- 
detergent extracts to highly purified 
individual antigens, recombinant antigen 
were used for serodiagnosis. Our in-house 
EIA uses a crude whole-cell antigen for 
serodiagnosis. Despite the current useful- 
ness of bacterial whole-cell antigens for 
diagnostic purposes, many researchers have 
reported false positive results with whole-
cell ELISA test.14, 15 These results can be 
due to common antigenic epitopes between 
H. pylori flagella proteins and Campylo-
bacter species and other bacteria.16, 17 This 
is more important in developing countries 
with high prevalence of Camphylobacter 
jejuni infection.17 The in-house EIA uses a 
crude whole-cell antigen whereas the 
commercial test, URINELISA was based on 
antigens from whole-cell bacteria with 
sensitivity and specificity of 99% and 100%, 
respectively, according to manufacturer 
brocher. In this study, the calculated Kappa 
value indicated “Moderate agreement” 
between partial in-house ELISA kit and 
URINELISA kits (the average Cohen’s 
Kappa value 0.36). 

A reliable test for detection of H. pylori 
infection is crucial, but none of the available 
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tests are appropriate for all cases. Invasive 
tests have been considered as the gold 
standard tests, but these biopsy-based 
methods may suffer from sampling error, 
because of the patchy nature of the infection 
and low concentration of bacteria in frag-
ments. Culture also has a low sensitivity, 
therefore a combination of the tests is 
recommended as gold standard.18, 19 

In the present study, we compared the 
serology with histology and with discrepant 
result between the invasive (histology) and 
non-invasive tests (serology). Histology is 
routinely available method but the primary 
limitation of histology is subjectivity of 
assessment and associated inter-observer 
variation. Reliability of histology also 
depends essentially on the number and 
localization of specimen collected.  

Our results showed that partial in-house 
ELISA test as compared with gold standard 
test, histology, is sensitive but not specific, 
The high sensitivity of the in-house ELISA 
is probably due to the detection of all 
subclasses of antibodies in the sera sample 
of the person who had been exposed to 
H. pylori but might not be harboring the 
bacteria in the gastrointestinal tract at 
present.   

In conclusion, this ELISA test could not 
distinguish present infection from past 
exposure. Due to its high sensitivity, it could 
be used as the screening test. Comparison of 
the in-house ELISA with a commercial 
ELISA test kit for serum or whole blood 
would be more appropriate than comparison 
with an ELISA system for urine. 
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In the late 60s, the presence of Japanese encephalitis, the most common 
arboviral encephalitis in South East Asia, had been documented in 
Myanmar. Sporadic outbreaks with clinically suspected JE cases have been 
reported from some parts of Myanmar but only few cases have been 
confirmed. Acute Encephalitis Syndrome (AES) Surveillance done at the 
National Health Laboratory, found Rakhine State endemic for JE in 2007 
and 2008. From 2009 to 2011, a total of 409 sera samples and 41 CSF 
samples were tested for JE IgM using Panbio JE/Dengue Combo and  
X-Cyton JEV Che X (JE IgM) ELISA Kits. In 2009, no JE positive was 
detected but in 2010, 17 cases were positive from the 216 sera samples.  
Up to September 2011, 17 out of 156 sera samples and 3 out of 22 CSF 
samples tested positive for JE IgM antibodies. All positives were confirmed 
at the WHO Reference Center at the National Institute of Mental Health and 
Neurological Science (NIMHANS) in Bangalore, India. JE positives were 
from Yangon, Mandalay, Bago, Magway, Ayeyawady, Taninthayi Regions 
and Rakhine, Shan, Kayin, Kayah and Mon States, showing a wide geogra-
phical range. Was JE already in those areas and diagnosed after heightened 
awareness or was it due to the climatic and environmental changes, bringing 
about the surge of vectors and spread of the disease? Will vaccination be 
needed? These are the questions which need to be answered. 
 

INTRODUCTION 
 
Japanese encephalitis (JE), the most 
important cause of arboviral encephalitis 
and the major cause of mortality and 
morbidity in children of countries in South 
East Asia and the Western Pacific regions, 
is reported to cause more than 50,000 cases 
annually with 10,000 deaths.1  

JE virus (JEV) is a member of the genus 
Flavivirus (family Flaviviridae) that is 
naturally transmitted by Culex mosquitoes  
especially Culex tritaeniorhyncus in an 
enzootic cycle among birds, pigs and other 
vertebrate hosts and humans are infected 
when the enzootic cycle is encroached upon. 
The birds of the family Ardeidae (herons 
and egrets) are the natural maintenance 
reservoir for JE and pigs act as amplifiers of 
the virus, producing high viraemias which 
infect mosquito vectors. JEV infections are 
usually mild with fever and headache or 

without any symptoms, but approximately 
1:200 infections result in severe disease 
presenting with rapid onset of high fever, 
headache, neck stiffness, disorientation, 
coma, seizures, spastic paralysis and death.   

Among those with severe disease, the case 
fatality can be as high as 60% and of those 
who survive, 30% will be left with residual 
neurological deficits. In 2005, a serious 
outbreak of JE in India and Nepal which 
infected 6500 people, with nearly 2000 
deaths, brought worldwide attention. JE 
disease burden in the region is not known 
due to under reporting, thus WHO has 
established an Acute Encephalitis Syndrome 
(AES) surveillance. The presence of JEV 
antibody had been first documented in 
Myanmar in 19682 and studies done on the 
prevalence of JE3-11 Sporadic outbreaks with 
clinically suspected JE cases had been 
reported from some parts of Myanmar but 
only a few cases had been confirmed.         



  25

In 2007, the National Health Laboratory, 
Yangon started AES surveillance in 
Myanmar and it was found that Rakhine 
State was endemic for JE with consecutive 
outbreaks in 2007 and 2008. In this study, 
the sera and CSF samples sent from AES 
cases from all over the country were tested 
for JE IgM antibodies and the results were 
analyzed. 

MATERIALS AND METHODS 

For AES Surveillance, WHO has defined 
clinically a case of Acute Encephalitis 
Syndrome as a person of any age, at any 
time of the year with the acute onset of 
fever and a change in mental status 
(including symptoms such as confusion, 
disorientation, coma or inability to talk) 
and/or new onset of seizures (excluding 
simple febrile seizures). 

Sera and CSF samples received at the 
Arboviral Unit of the Virology Section      
of NHL, were tested for the presence of     
JE IgM antibodies. There were 37 serum 
samples and 5 CSF samples in 2009. In 
2010, 216 serum samples and 10 CSF 
samples were received and there were 156 
serum samples and 24 CSF samples up to 
2011 September. The sera samples were 
tested using Panbio JE/Den Combo ELISA 
kit and the CSF samples were tested for JE 
IgM with X-Cyton JEV Che X (JE IgM) 
ELISA Kits.  Calculation of the Panbio units 
was done and the results were interpreted 
according to the test kit. 

 
 
 
 
 
 
 
 
 

 
 

 Fig. 2.   JE cases in 2009, 2010 and 2011 

  Other  diagnostic tests                AES other agent 

                     JE IgM (-ve)                AES unknown          
                                   
  
Adequate blood/ CSF specimen          
  
                                      
                     JE  IgM  (+ve)              Lab  confirmed JE 
 
Suspected JE (AES)  

                                 Geographic/  
No adequate            temporal link                Probable JE 
blood/                       to lab confirmed            
CSF specimen         JE during outbreak                     
                            
                                   No geographic/           AES unknown 
                                  temporal link  to  
                                  lab confirmed JE 

Fig. 1. Final classification scheme for AES cases 

All JE IgM positive samples, both serum 
and CSF and some negative or Dengue 
positive samples were sent to the WHO 
Reference Centre at National Institute of 
Mental Health and Neurological Science 
(NIMHANS) in Bangalore, India for 
confirmation, as well as quality control. The 
final classification scheme for AES cases is 
shown in Fig. 1. 

 
RESULTS 

 
In 2009, there was no JE positive case from 
the sera and CSF samples. Figure 2 also 
shows the JE positive cases in 2010. From 
the 216 sera samples 17 (8%) were positive 
for JE IgM but none of the CSF samples 
were positive. In 2011, there were 17 JE 
positives (11%) from 156 sera samples, and 
from  the 22 CSF samples 3 (4%) was found 
 

 

 

 

 

 

 

 

 
0

10

20

30

40

50

60

70

Jan Feb  March April  May June July Aug Sep Oct Nov  Dec
Month

N
o.

 o
f J

E 
ca

se
s 

Positive 2009
Positive 2010
Positive 2011

Total 2009 
Total 2010 
Total 2011 



 26

A =  Yangon Region H = Shan East State 
B =  Ayeyawady Region I = Shan South State 
C =  Mandalay Region J = Kayin State 
D =  Bago East Division K = Mon State 
E =  Bago West Division L = Kayah State 
F =  Magway Division M = Rakhine State 
G =  Taninthayi Region N = Total 

to be positive for JE IgM antibodies. There 
were two patients with both sera and CSF 
positive for JE IgM, thus the total positive 
patients/cases were 18. From the data, JE 
cases were seen any time of the year but 
more concentrated during the rainy season 
(June to September).  

 
 

 
 

 

Fig.3.  Age and  sex distribution of JE positive    
            cases  

Fig. 3 shows the age and sex distribution of 
the positive JE cases. Although all ages 
were infected, the majority of cases were in 
the younger age group and in those above       
40 years there were two male patients      
who were 54 years and 75 years. Male 
predominance was seen (66%) with females 
comprising of 34%. 

 
             
 
 
 
 
 
Fig. 4.  JE positive cases in 2010 and 2011 

Figure 4 and Table 1 show the distribution 
of the JE positive cases by township and 
State and Region. Yangon, Ayeyawady, 
Bago East, Bago West, Magway, Taninthayi 
Regions, Shan East, Shan South, Kayah, 
Kayin, Rakhine and Mon States were 
affected.   

Table 1. Townships of JE positive cases in 2010  
              and 2011 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 
 
In this study in 2009, there were no JE 
positive cases but in 2010 and 2011, JE 
positive cases were detected in the samples 
sent for AES surveillance. Eight percent of 
the sera in 2010 and 11% of the sera 
samples, as well as 14% of the CSF samples 
in 2011 were JE IgM positive. This increase 
in percentage was relative to the total 
samples tested, but the increase in 
prevalence showed that JEV activity has 
increased. In neighboring countries like 
India and Nepal, there have been severe 
outbreaks with high case fatality rate. In a 
report from Cambodia, in 2006, 17% of 
clinical meningoencephalitis cases tested 
positive for JE12 Myanmar percentage was 
not so different from that of Cambodia, 
although Vietnam was 4.5%. 
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Townships        No. of Positive cases 
2010 2011 up to Sep 
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In the positive cases in 2011, there were two 
14-year-old male and female, who gave JE 
IgM positive in both sera and CSF samples. 
This truly confirmed the infection in those 
two patients. CSF is the preferred sample 
for diagnosis of JE and if JE IgM antibody 
is detected in the CSF, this confirms 
infection of the central nervous system with 
JEV. JE was seen in December and January 
but concentrated during the rainy months of 
June to September. There were two distinct 
epidemiological patterns; in northern areas 
of Thailand, Vietnam and India, Taiwan, 
China, Republic of Korea, Japan, Nepal 
large epidemics occur in the summer 
months, whereas in southern areas (South 
Vietnam, south Thailand, Indonesia, Philip-
pines, Sri Lanka, Southern India), JE tends 
to be endemic and cases are seen 
sporadically throughout the year with peak 
during the rainy season.13 Myanmar JE 
prevalence pattern was like those of the 
southern areas. 

Most JE cases were seen in children14, 15 as 
was in Myanmar, although all age groups 
can be affected. In Japan, in a study done 
between 1982 and 2004, it was found that 
78% of the JE cases were 40 years old or 
over with a peak age group of 60-69 years 
old.16 In Myanmar, there were four cases 
over 40 years old. Children between the 
ages of 1 to 15 years are most commonly 
affected; however, adults can be infected 
in populations where the virus is newly 
introduced to the area. In recent decades, JE 
outbreaks have occurred in areas previously 
non-endemic for the disease.17 

The JE cases in this study were pre-
dominantly male (66%:34%), as were in 
other countries12, 14 this was most probably 
due to males being more outdoor persons 
with risk of exposure to mosquitoes. The  
JE positive cases were from townships in 
most of the states and regions, showing a 
wide range of geographical terrain. From 
previous studies done, JE was detected from 
Shan State and Rakhine State. The two 
years 2010 and 2011 saw more AES cases 
and more JE positive cases. This increase 

might be due to the heightened awareness of 
the clinicians to send samples for diagnosis 
or as in other countries, due to the 
intensified expansion of irrigated rice 
production systems in South and South East 
Asia over the past 20 years, having an 
important impact on JE disease burden. 
Expansion of irrigation into semi arid 
regions, flooding of fields at each planting 
cycle might have led to the massive 
breeding of the vector mosquitoes, causing 
the spillage of the circulating JEV into the 
human population from their usual animal 
hosts (birds and pigs). Commonly, pig 
rearing as secondary source of income for 
rice growing farmers is also a contributing 
factor. Currently, the disease is now seen in 
all states and regions except Chin and 
Kachin States and Shan North, This 
widespread occurrence is a fact to be noted, 
that JE is prevalent throughout the country.  

Although in this study the residual 
neurological sequelae and outcomes were 
not studied due to incomplete clinical notes 
and loss to follow up, there were known 
cases with memory deficit, paralysis or 
personality changes. There may be a need 
for preventive measures as vector control 
was not successful in other examples. 
Neighboring countries like Thailand, India, 
China and Bangladesh are already using 
immunization as a means for prevention. 
Myanmar should also study the disease 
prevalence in depth and decision for 
vaccination to risk population may need to 
be considered. 
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This cross-sectional descriptive study was conducted to explore accessibility 
of health services among TB patients from Kutkai Township, hard-to-reach 
area, who had taken treatment at Kutkai Township Health Department 
(THD). A total of 120 face-to-face interviews, 23 in-depth interviews and    
5 key informant interviews were done in 2010. Most patients were Kachin, 
Chinese and Palaung; 41.7% were less than 15 years and male-female ratio 
was 1.07:1. Distance to THD ranged between 1-70 miles. About 32% of the 
patients found difficulty in accessing THD in rainy seasons and 42% of the 
patients were from within two-mile catchment areas. More than 29% of the 
private practitioners were quacks. Although 51.7% of TB patients sought 
treatment initially at Primary Health Facility (PHF), qualitative findings 
showed that most of them had tried home remedies and/or sought treatment 
from nearby drug-sellers. Duration of symptoms ranged from 1-913 days 
and patients with shortest duration sought treatment at GPs initially. Patient 
factors—financial constraint, not knowing the severity of disease, or being 
treated with herbal medicines; service factors—lack of local PHF and missed 
diagnosis; and geographical factors—remote and difficult access to THD 
were the reasons for delay in seeking treatment and sought initial treatment 
at non-PHF. Transportation cost, being away from home, side effect of 
drugs and symptom relieve were the reasons for treatment default. Among 
the TB patients, 34.2% were referred by Basic Health Staff and 26.7%  
by neighbours. Appropriate interventions should be identified to help 
underserved, hard-to-reach TB patients getting proper treatment without 
prolonged delay and enhancing treatment adherence. 
 

INTRODUCTION 

Tuberculosis (TB) is a major public health 
problem in Myanmar and Myanmar is one 
of the 22 TB high-burden countries, 27 high 
MDR-TB and 41 high TB/HIV burden 
countries.1 Bacteriological confirmed TB 
prevalence notification was 434 per 100,000 
population in 2009-2010.2 National Tuber-   
culosis Programme (NTP), Myanmar has 
achieved and sustained the global TB 
control target (70% of Case Detection Rate, 
CDR, and 85% of Treatment Success Rate, 
TSR) in among new sputum smear-positive 

TB patients since 2006. However, difficult 
access to primary health services such as 
hilly regions or border areas, NTP targets 
have not been achieved. CDR, Cure Rate 
(CR) and TSR of Northern Shan State are 
low compare to the national data. Kutkai, 
hard-to-reach area, is a township with CR 
(64%), CDR (28%) and high defaulter rate 
(18%) in 2008 cohort.3 Accessibility of 
health services, treatment seeking behaviour 
and factors determining the treatment 
seeking among the TB patients are needed 
to be understood to achieve the global target 
in area with unsatisfactory outcomes. 
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Objectives 

 To describe the socio-demographic 
characteristics of TB patients took 
treatment at Kutkai Township Health 
Department; 

 To find out the treatment seeking  
behaviour of TB patients; and 

 To identify the factors influencing the 
accessibility of TB patients to health 
services in Kutkai Township. 

 
MATERIALS AND METHODS 

 
Study design 

Community-based, cross-sectional descrip- 
tive study was conducted by using both 
quantitative and qualitative data collection 
methods.  

Study population, study area, sample size 
and study period 

All TB patients who took treatment at 
Kutkai Township Health Department (THD) 
during 2009 were the study population.            

A total of 120 TB patients could be 
identified for quantitative data collection 
and 28 participants for qualitative data. The 
study was conducted during 2010-2011. 

Data collection 

Record reviewing  

Kutkai Township Health Profile and TB 
register of 2009 were reviewed.  

Face-to- face interview 

Pre-tested semi-structured questionnaire 
was used. One-hundred and twenty TB 
patients were visited with the help of Basic 
Health Staff or community members. 
Informed consents from the patients and/ 
or guardians’ permissions for those under 18 
years were obtained before data collection. 
Guardians or closest family members taking 
care for patients less than 12 years were 
interviewed on behalf of them. Patients who 
were no longer alive, who could not be 
identified or being away from home during 
data collection were excluded. 

In-depth interview (IDI) 

Actively participated cured, treatment 
completed or defaulted patients or their 
guardians were interviewed regarding 
treatment seeking behaviour, reasons for 
prolonged symptoms and default according 
to the IDI guide till information was 
saturated. A total of 23 IDIs were included.  
Key informant interview (KII) 

Those who were most knowledgeable about 
the treatment seeking behaviour of TB 
patients in the community were identified as 
key informants and five interviews were 
done according to the KII guide for 
triangulation with the findings of face-to-
face and in-dept interviews. Interviews were 
conducted using Myanmar and Chinese 
languages. Interpreters were required to 
interview with non-Myanmar speaking 
Kachin and Chinese participants. Both note 
taker and interviewer jotted down the 
conversations as well as recorded them on 
tape recorder for IDIs and KIIs.   

Data management and analysis 
Quantitative data 

Data were entered by using EpiData 3.2 
after cleaning and were analyzed by using 
R Gui version 2.10.1 software with com- 
mands from epicalc 2.10.1.1 and SPSS 15.0. 
Chi-square test was used for comparison of 
categorical data. Bi-variate analysis was 
done in order to find out the associated 
factors in the treatment seeking behavior. 
Critical level of significance was set at       
p-value <0.05. 

Scoring of knowledge level  

Total score of knowledge on TB and its 
management were calculated and the 
maximum score was 14 and mean score was 
6.5. Patients getting knowledge score up to 
nearly one third of the total score i.e. 5 were 
categorized as having poor knowledge level 
and those getting scoring above 5 to 10 were 
grouped as having medium knowledge score 
and those patients with scoring more than 
10 were defined as having high knowledge 
level.  
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Qualitative data 

Tape-recorded interviews were fully 
transcribed in Myanmar language and 
organized by using Atlas-ti software. All 
transcripts were read several times by the 
investigators separately to distil the main 
ideas, which were further discussed among 
the investigators till a consensus was 
achieved. These themes were categorised 
according to treatment seeking behaviour, 
reasons for delay in getting treatment and 
default. Thematic analysis was performed 
and quotations were taken with the 
agreements by the investigators. 

Ethical approval 

Ethical approval was obtained from the Ethical 
Review Committee of the Department of 
Medical Research (Upper Myanmar) before 
data collection. 

 
RESULTS 

 

Characteristics of TB patients 

Age of the TB patients ranged from 1 to 80 
years and less than 15 years were 41.7%, 
between 15-44 years were 40.8%. Male-
female ratio was 1.07:1. Most of the ethnics 
were Kachin (32.5%), Chinese (30%) and 
Palaung (16%). Fifty-five percent of the 
patients belonged to Buddhists, 36% were 
Christians, and 9% worshiped ancestors. 
About 40% of the patients had below 
primary school level, 30.8% had primary 
level and 30% had secondary and above. 
Nearly 60% were dependents, 33% were 
farmers and the rest (8.0%) were seller, 
labourer or government employee. Nearly 
57% were singles. Proportion of total family 
income less than 60,000 kyats per month, 
categorized as having low income group, 
was 49.6% between 60,000 kyats to 120,000 
kyats, median income group, was 31.9% 
and above 120,000 kyats, high income 
group was 18.6%.  

Availability of health services  

Out of 120 TB patients, 94 (78.3%) lived in 
areas with local primary health facilities 

(PHFs) and 26 (21.7%) without any PHF. 
About 42% of TB patients lived within two 
miles away from THD and the distance 
ranged from 1 to 70 miles. About 32% of all 
TB patients found difficulty in accessing 
THD in rainy seasons. Forty percent of 
patients were accessible to nearby private 
health services (GPs) and more than 29%  
of the private health care providers were 
quacks. 

Knowledge on TB 

Sixty-five percent of the patients knew 
cough as a TB symptom and 50% did not 
know the most infected site in the body. 
Only 1.7% said it was caused by a germ.  

Sixty-six percent knew TB was infectious 
and 48% described it was transmitted 
through air. About 66% and 53.3% of the 
patients described the need of chest X-ray 
and sputum examination for diagnosis, 
respectively. After scoring their knowledge 
on TB and its diagnosis as described above, 
32.5% of them belonged to having poor 
knowledge, 61.7% belonged to having 
medium knowledge level and only 5.8% of 
them having good knowledge level.  

Getting anti-TB treatment 

Treatment seeking behaviour and reasons 
for choice of treatment centre 

More than half of the TB patients (51.7%) 
sought initially treatment at PHF (THD, 
Rural Health Centre, RHC, or Sub-Centre, 
SC), 33.3% consulted with a private GP, 
9.2% took home remedies and 5.8% went to 
a drug shop before getting diagnosis as TB. 
Forty-three patients got diagnosis at THD  
as their second treatment site—33 of them      
had taken treatment at GPs, 5 had tried 
traditional home remedies and 5 had sought 
treatments from drug shops. Twelve patients 
were diagnosed as TB at THD as a third 
treatment site—11 had been shopping around 
at GPs for two rounds and one patient 
took traditional home remedies primarily 
then followed by taking treatment from  
drug shop. Three patients received proper 
diagnosis at THD as a fourth treatment site— 
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2 had been shopping around at GPs for three 
times and one patient had tried traditional 
home remedies initially, followed by drug 
shop and then to GP (Figure 1).  

 
THD = Township Health Department 
 RHC = Rural Health Centre 
 SC    = Sub-Centre 
 GP    = General Practitioner (Private Health Services) 

Fig. 1.  Treatment    seeking   pathways   of   TB 
patients   till   before  reaching   to  THD 
(n=120) 

Most of the participants in qualitative 
findings described that patients tried home 
remedies initially including doing massage 
and acupuncture-scraping with a non-rusty 
bottle cap or a can after applying some oil 
on shoulders, back and upper chest as a way 
of pain relief-followed by taking treatment 
from a nearby drug shop if symptoms were 
not relieved. They then approached either 
public or private health care providers only 
after one or two weeks without improve- 
ment. Similar findings happened in urban 
patients. A 32-year-old male patient from a 
village with a PHF described about his 
treatment seeking behaviour as:  

“I knew nothing about the cause of fever 
with cough. I tried to relieve it by doing 
acupuncture as usual. The illness did not 
relieve and it lasted for two weeks. I also 
took some medicines from a drug shop and 
it also did not work and then I went to 
Kutkai Hospital about 10 days later”.  

Reasons for self prescription were mostly 
Due to financial constraint and previous 

experience of symptom relieve. Reasons for 
patients roaming around and around at GPs 
was due to non-relief of symptoms and 
failed diagnosis. Reasons for seeking initial 
treatment at PHF as patient factors were 
severe illness and awareness of the possibility 
of TB infection as advised by neighbours 
while service factors were familiarity with 
the providers and convenience of prolonged 
opening hours. 

Duration of symptom development and 
reasons for prolong symptom 

Median duration of symptom development 
to getting anti-TB treatment was 30 days in 
both urban and rural populations and ranged 
between 1-913 days. Reasons elicited for 
prolonged symptoms as patient factors  
were financial constraint, no knowledge on 
TB signs and symptoms and its severity,  
and being treated with traditional herbal 
medicine. Service factors were coincidence 
with the absence of provider and failed 
diagnosis. A 36-year-old male patient from 
village with PHF described his reason for 
delay in getting treatment as:  

“I was taking traditional herbs for about 
eight months. One of my friends who had 
experienced TB told me to get the treatment 
at Kutkai Hospital. Only then, I went there 
and got the medicines”.  

Persons suggesting the possibility of TB and 
referring to get treatment at THD 

People suggesting the possibility of TB   
and referring them to THD were BHSs 
(44.2% and 34.2%), GPs providers (25%, 
21.7%), neighbours (20.8% and 26.7%), and 
self (10% and 17.5%). 

Investigations performed and sputum results 

Fifty-four percent of the TB patients had 
sputum examined and 99% had taken chest 
X-ray for diagnosis. Forty percent of 
patients were positive for acid-fast bacilli 
(AFB) prior to treatment. Among them, 
positive result was more frequent in the   
25-44 years age group (40.6%) and it was 
more frequent in males compared to females 
(21% vs. 13.7%).  

THD 
RHC 
SC

GP 

 
Drug shop 

Traditional 
home 

remedies

120 

GP 

GP 

2

5 

1

5 

11

62 
33 

1

THD 
RHC 
SC 
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Table 1. Association  between treatment seeking  
               behaviour and background characteristics 

Characteristic 

Non-PHF 
(GP, Self,  
Pharmacy) 

PHF 
(THD/RHC/

SC) 

P 
value 
(Test)

No. % No. % 

 Age (Yrs) 
    0 - 14 (n=50)    
  15 - 44 (n=49) 
  45 - 80 (n=21) 

 
19 
28 
11 

 
38.0 
57.1 
52.4 

 
31 
21 
10 

 
62.0 
42.9 
47.6 

 
0.15 
X2 

 Sex                                      
  Male (n=62)   
  Female (n=58) 

 
26 
32 

 
41.9 
55.2 

 
36 
26 

 
58.1 
44.8 

 
0.205

X2 

 Race 
  Kachin (n=39) 
  Chinese (n=36) 
  Others  (n=45) 

 
19 
22 
17 

 
48.7 
61.1 
37.8 

 
20 
14 
28 

 
51.3 
38.9 
62.2 

 
0.113

X2 

 Religion 
  Buddhist (n=66)          
  Christian (n=43)    
  Worship ancestor (n=11)

 
29 
22 
 7 

 
43.9 
51.2 
63.6 

 
37 
21 
 4 

 
56.1 
48.8 
36.4 

 
0.432

X2 

 Marital status 
  Single (n=68) 
  Married (n=52) 

 
29 
29 

 
42.6 
55.8 

 
39 
23 

 
57.4 
44.2 

 
0.215

X2 

 Education 
   Below Primary (n=47)       
   Primary (n=37)                  

Secondary & above (n=36)  

 
8 
7 
3 

 
17.0 
18.9 
8.3 

 
39 
30 
33 

 
83.0 
81.1 
91.7 

 
0.396

X2 

 Occupation 
 Dependent (n=71)            
 Farmer (n=39)                  
 Non-farmer (n=10) 

 
30 
24 
  4 

 
42.3 
61.5 
40.0 

 
41 
15 
  6 

 
57.7 
38.5 
60.0 

 
0.132

X2 

 Total family income (kyats) (n=113) 
   Low (n=56)  
   Median (n=36)    
   High (n=21)       

31 
15 
  9 

55.4 
41.7 
42.9 

25 
21 
12 

44.6 
58.3 
57.1 

0.369
X2 

PHF = Primary Health Facility 
GP = General Practitioner (Private Health 

Services) 
THD = Township Health Department 
RHC = Rural Health Centre 
SC = Sub-Centre 

Factors associated with treatment seeking 
behaviour  

In bivariate analysis, background character- 
istics of the patients, availability of health 
services and knowledge on TB were not 
significantly associated with initial treatment 
seeking behaviour. But it was found that 
being adult patients, female, Chinese, non-
Buddhists, married patients, being farmers, 
having low family income (Table 1), health 
care being covered by RHCs or SCs, and 
remote from THD and having transportation 
difficulty in rainy seasons sought initial 
treatment at non-PHF such as at GPs, drug 
shop or taking self treatment (Table 2).  

Table  2.   Association  between treatment 
seeking behaviour and available 
health services, duration  of  symptom   
and   knowledge on TB 

   Characteristic 

Non-PHF 
(GP, Self, 
pharmacy) 

PHF 
(THD/RHC/SC) p value

(Test)
No. % No. % 

 Local PHF  
   availability  
   Yes (n=94) 
   No (n=26)

 
 

43 
15 

 
 

45.7 
57.7 

 
 

51 
11 

 
 

54.3 
42.3 

 
 

0.391 
X2

 Type of PHF 
   THD (n=87)         
   RHC (n=9)          

 Sub-Centre  
 (n=24)  

 
38 
6 

14 

 
43.7 
66.7 
58.3 

 
49 
3 

10 

 
56.3 
33.3 
41.7 

 
0.256 
Fisher

 Distance to THD 
   Mean (Mile) 
   Range (Mile) 

 
10 

1-27 

 
1.5 

1-27 

 
0.303 
Rank-
sum 

 Accessibility 
    Summer only 
    (n=38)  

  Any season  
  (n=82)    

 
22 
 

36 

 
57.9 

 
43.9 

 
16 

 
46 

 
42.1 

 
56.1 

 
0.219 

X2 

 Person suggesting possibility of TB 
  Neighbour             
  BHS        
  GP  
  Self       
  Total

14 
17 
21 
 6 
58 

24.2 
29.3 
36.2 
10.3 

100.0 

11 
36 
 9 
 6 
62 

17.7 
58.1 
14.5 
9.7 

100.0 

0.008 
X2 

 Person giving advice  to get treatment 
  Neighbour            
  BHS        
  GP  
  Self 
  Total       

17 
14 
18 
 9 
58 

29.4 
24.1 
31.0 
15.5 

100.0 

15 
27 
 8 
12 
62 

24.2 
43.5 
12.9 
19.4 
100.0 

0.038 
X2 

Characteristics 

Non-PHF PHF 
Pvalue
(Test)

GP 
(%) 

Self 
(%) 

Phar-
macy 
(%) 

THD/ 
RHC/SC

(%) 

Duration of disease
 Median (days) 
 (IQR) 

 
14 

7-32.5
 

 
90 

35-180 

 
37.5 - 
367 

 
30 

8-60 

   
0.004 
Kruskal
-Wallis

 Knowledge on TB
  Good 

 
  Poor 

 
23 

(36.5%)
15 

(27.3%)

 
4 

(6.3%) 
7 

(12.7%) 

 
3 

(4.8%) 
4 

(7.3%) 

 
33 

(52.4%) 
29 

(52.7%)

 
0.513
Fisher

PHF = Primary Health Facility 
GP = General Practitioner (Private Health 

Services) 
THD = Township Health Department 
RHC = Rural Health Centre 
SC = Sub-Centre 
BHS = Basic Health Staff 

Persons giving suggestion for the possibility 
of TB and those referring the patients to 
THD were significantly associated with the 
treatment seeking behaviour. The shortest 
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median duration of symptoms (14 days) was 
found in patients seeking initial treatment 
at a GP (p=0.004). Patients having low 
knowledge level on TB were more likely to 
seek home treatment initially although it 
was not significant. 

Follow-up 

According to the township TB register, 
missed sputum examinations at month 
2, 6 and 8 after treatment were 30.3%, 
47.0% and 66.7%, respectively. Patient 
factors for non follow-up sputum exami-
nation were financial difficulty and relief of 
symptoms while service factors included 
absence of laboratory technician during 
their visits.  

Transportation cost for follow-up, being 
away from home, side-effects of drugs and 
symptom relieve were the reasons for 
treatment default. Some BHSs collected 
sputum and brought themselves to the THD 
laboratory or sent with taxi drivers on their 
way to Kutkai for patients who could not 
afford transportation cost from remote and 
transportation difficult areas.  
 

DISCUSSION 
 

Positive sputum smear was higher among 
25-44 years age group as in NTP report,3  

but it was higher than that of national   
report among less than 15-year group   
(2.0% vs. 0.7%) in this study.  
About 48% of the respondents said TB was 
transmitted through air, 1.7% knew it was 
caused by a germ, 53.3% described the need 
of sputum examination and 65.8% spelled 
chest X-ray as methods of investigation 
needed. In national KAP study on TB, 73% 
of general population knew it was trans-
mitted through air, 18% said it was caused 
by germ and 66% mentioned the need of 
sputum examination and only 24.8% men-
tioned the need of chest X-ray for diagnosis. 
This supported the findings of having low 
knowledge level on TB in Shan State.4 
Treatment seeking behaviour was consistent  

with findings of national and international 
studies5-9 such as self medication with home 
traditional remedies followed by taking 
treatment at nearby drug shops before 
arriving PHF. Only 33.3% of the patients 
sought initial treatment at GP clinics in  
this area compared to 73.3%10 and 67.6%11 

in Yangon. This might be due to less-
availability of GP providers in study areas, 
health services available at the house of a 
public provider might be regarded as public 
services. Reasons for patient roaming 
around at GPs and shifting from GP to 
public facilities were consistent with the 
findings done in peri-urban townships of 
Yangon5 such as non relief of symptoms.  

In this study, about one-third of the patients 
were referred to THD by BHS and more 
than one-fourth by their neighbours. On  
the other hand, BHSs and community  
also participated in sending sputum by 
themselves for patients from remote and 
trans-portation difficult areas. BHSs, GPs 
and patients neighbours were playing an 
important role in TB control in this area.  

Median duration of symptom onset to 
getting anti-TB treatment was 30 days      
(1-913 days) in this study compared to        
8 days (3-546 days),10 60 days (115±116 
days)7 and 56 days (28-91 days)12 done in 
other parts of Myanmar. Reasons for 
prolonged symptom were similar to other 
study such as being treated with herbal 
medicines5 and remote distance.12 Reasons 
for default were side-effects of drugs, 
symptom relief, and being away from home 
and these were similar to the findings of a 
study done in Yangon.13 

Conclusions and recommendations  

TB patients in this study were from remote, 
hard-to-reach areas. Knowledge of the 
patients on TB and its treatment was poor 
and patients had behaviour of taking 
traditional home remedies and seeking 
treatment from drug shops. Both public 
private providers and community were 
involving in TB control. In light of the 
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above findings, the following recommend 
dations were made:  

1. Effective way of improving community 
knowledge on diagnosis and treatment of 
TB should be explored and applied to get 
early treatment and to ensure treatment 
adherence; 

2. Management of TB by private health 
care providers in hard-to-reach areas 
should be assessed and appropriate 
training intervention should be applied 
according to the findings; and 

3. Collection and sending the sputum 
samples by health care providers or taxi 
drivers on their way to THD should be 
applied in all RHCs and SCs.  
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The present study was undertaken to determine the ambient air quality by 
measuring the atmospheric pollutants: Total Suspended Particulate Matter 
(TSPM), Particulate Matter less than 10 µm in diameter (PM10), nitrogen 
dioxide (NO2) and sulphur dioxide (SO2) at PyinOoLwin Township. The 
aim of this study was to identify the ambient air quality at 3 different 
localities of PyinOoLwin Township, namely Department of Medical 
Research (Upper Myanmar) [DMR (UM)] (site I), Paik Chin Myaung     
(site II) and University of Technology, Yatanarpon Cyber City (site III). The 
concentrations of these pollutants were measured in March, 2011 using 
standard methods with a sampling duration of 24 hours by the use of High 
Volume Sampler (HVS). The results showed that at site I and II, only PM10 
values (79.94 µg/m3 and 92.64 µg/m3) were higher than World Health 
Organization (WHO) recommended daily average value (50 µg/m3). In 
summer, dust concentration is the highest so that it leads to higher PM10 
values. At site III, all the 4 pollutants were at acceptable levels. This is 
probably because this site is an open air location with lots of breeze and 
wind, thus, any air pollutants created were being transported continuously 
away from the site by high wind speed. Therefore, this site seems relatively 
clean and safe to people working and studying over there. 

 
INTRODUCTION 

Ambient air is one of the environments that 
human beings have to live in throughout 
their life. In recent years, there have been 
great interests in environment and simulta-
neously environmental problems including 
effects of air pollutants on human beings, 
plants and animals have been recognized.  

Air pollution causes increased respiratory 
illness to the old and young, decreasing 
visibility, damage to plants and animals  
has possibly catastrophic effects on the 
global scale.1 Globally, about 800,000 
people per year die prematurely due to 
outdoor air pollution, according to a 2005 
study published in the Journal of Toxi-
cology and Environmental Health. This 
represents about 1.2 percent of total annual 
global deaths.2 

Gaseous pollutants have major negative 
impacts on health. They also play an 

important role in environmental changes 
and changes in environmental chemistry. 
SO2 and NO2 form acids through different 
chemical reactions in the atmosphere, and 
these acids are subsequently deposited on 
land and ocean surfaces as acid rain. 
Numerous studies and the lack of effective 
policies reveal that air pollution continues to 
threaten public health.3  

Sulphur dioxide (SO2) is produced when 
fuels containing sulphur are burnt and   
when ores of copper, lead and zinc are 
smelted. They affect human health through 
the respiratory system causing reversible 
bronchial constriction at concentration as 
low as 1.6 ppm.4 Nitrogen oxides are formed 
when nitrogen in the air and fuels combine 
with oxygen at high temperature e.g. in 
thermal power plants, welding and in com-
bustion engines of automobiles. Exposure to 
nitrogen dioxide is detrimental to health. 
Short exposure of NO2 ~0.07 ppm can impair 
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the adaptation of human eye to darkness 
whereas concentration of about 0.1ppm 
affects odor perception.5 

Suspended particulate matter (SPM) are fine, 
solid and liquid particles, suspended in the 
air for a long time, ranging from dust, 
smoke and soot to miniscule particles only 
visible with the aid of a strong microscope. 
These fine particles can be carried away  
for miles by the wind. Of the SPM, fine 
aerosols (2 µm or smaller) ultimately reach 
the alveoli in the lungs and cause respiratory 
problems.6 Of the 19 countries and one city 
surveyed in 2009 and 2010, CAI-Asia 
(Clean Air Initiative for Asian Cities) found 
that four countries (Afghanistan, Cambodia, 
Lao PDR and Myanmar) still have to 
establish air quality standards.7  

Currently, in Myanmar, air pollution is 
widespread in urban areas where vehicles 
are the major contributors. Concern about 
air pollution in urban regions has received 
increasing importance worldwide, especially 
pollution by gaseous and particulate matter. 
However, there is scarce information related 
to air quality in tourist attraction sites and 
new settlement areas. The present study was 
therefore conducted in different localities 
with different altitudes of PyinOoLwin 
Township by measuring the levels of the 
atmospheric pollutants: Total Suspended 
Particulate Matter (TSPM), Particulate 
Matter (PM10), sulphur dioxide (SO2) and 
nitrogen dioxide (NO2). The results were 
compared with the World Health Organi-
ation (WHO) guideline values.8 In this way, 
it is possible to determine whether the air 
quality is good or bad, whether improve-
ments are required, or whether it is already 
in good state and should be maintained. 
Aim 
• To identify the ambient air quality at  

3 different localities of PyinOoLwin 
Township 

Objectives 

• To determine the concentrations of   
common air quality parameters {Total 
Suspended Particulate Matter (TSPM), 

Particulate Matter (PM10), sulphur dioxide 
(SO2) and nitrogen dioxide (NO2)} at 
three different localities of PyinOoLwin 
Township 

• To compare the air quality status of 
selected sites of PyinOoLwin Township 
with that of WHO Guideline values and 
local as well as neighbouring countries’ 
data 

 
MATERIALS AND METHODS 

 
Chemicals and reagents 

• NaOH containing sodium arsenite  
• 0.04 M potassium tetrachloro mercurate  
• Sulphamic acid (0.6%) 
• Formaldehyde solution (0.2%) 
• Working pararosaniline solution  
• Iodine solution (0.01N) 
• Starch indicator solution 
• Sodium thiosulphate (0.01N) 
• Sulfanilamide solution 
• Hydrogen peroxide solution 
• N- (1 - Naphthyl)  - ethylenediamine  di-

hydrochloride (NEDA) solution 

Selection of sampling sites 

In selection of sampling sites, the priority 
was given to represent basic data, tourist 
attraction site (pilgrimage area) and new 
settlement area. There was no noticeable 
industrial pollution source nearby. The three 
sampling stations at 3 different localities of 
PyinOoLwin Township were selected as 
described below.  
• Site I (Department of Medical Research 

(Upper Myanmar), about 7 miles  away 
from the PyinOoLwin Township) was 
selected to represent basic data, 

• Site II (Paik Chin Myaung) was selected 
to represent tourist attraction site, and 

• Site III (University of Technology, 
Yatanarpon Cyber City) was selected to 
represent new settlement area for safety. 

Air sample collection 

The ambient air from each site was 
collected using High Volume Respirable 
Dust Sampler (Environtech APM 460 NL) 
(CSIR/NEERI, KNOWHOW) with glass 
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fibre filter and Thermo Electrically Cooled 
Gaseous Sampling Attachment (Environtech 
APM 411 TE Instruments PVT LTD.) for 
NO2 and SO2. The sampling instrument was 
set up 3 meters above ground to get free air 
flow. Sampling at an average air flow rate 
of 1m3/min for 24 hours was done to get 
adequate air sample.9  
Methods  
TSPM and PM10 were determined gravi-
metrically.10 Air flows through high 
efficiency cyclone which retains the dust 
particles greater than 10 micron size so that 
only fine particles (less than 10 micron) 
reach the glass microfibre filter. The 
instrument provides instantaneous flow rate 
for calculation of air volume passed through 
the filter.  

The collected samples (glass fibre filters) 
were properly stored and placed in vacuum 
desiccators and transported to the Occupa-
tional Health Laboratory of Occupational 
Health Division, Department of Health  
for analysis. The particulate matter (PM10) 
collected on fibre filter was determined     
by weighing the filter before and after 
sample collection. Total Suspended Parti-
culate Matter (TSPM) was determined from 
the sum of PM10 and particles larger than 
PM10. The mass of particulate matter larger 
than PM10 was determined from the initial 
and final weight of the cyclone cup. Amount 
of particulates collected was determined by 
measuring the differences between weight 
of the dust cup and filter paper.  

The samples of nitrogen dioxide (NO2) and 
sulphur dioxide (SO2) were collected in 
glass impingers using sodium arsenite and 
potassium tetrachloro mercurate absorption 
solutions, respectively. Samples were kept 
in a refrigerator until analysis to minimize 
volatilization. Gas samples were analyzed in 
Occupational Health Laboratory. 

NO2 in the sample was determined using 
Indian standard with Sodium Arsenite 
method,11 NO2 in the air was collected  
by scrubbing a known volume of air in  
a solution of sodium hydroxide-sodium 

arsenite solution. The absorbed NO2 was 
determined as the Azo dye by "diazotizing" 
it with sulphanilamide in the presence of 
phosphoric acid and "coupling" it with 
NEDA. While SO2 was determined using 
modified West and Gaeke method,11 SO2  
in the air was collected in a solution 
of potassium tetrachloro mercurate with  
the formation of dichlorosulphitomercurate 
complex. The dichlorosulphitomercurate  
was treated with formaldehyde and acid 
bleached pararosaniline to give a violet 
colour of pararosaniline methyl sulfonic 
acid. The intensity of the colour was 
measured on a spectrophotometer (UV 1601 
PC, Shimadzu, Japan) at 560 nm wave-
length.11  
 

RESULTS AND DISCUSSION 

 
In the summer (March), air samples were 
collected continuously for 24 hours at each 
sampling site. At the time of sampling, the 
average ambient temperature was about 25ºC 
and average pressure was about 687.5 mmHg. 
There was no significant difference of both 
temperature and pressure between each site 
although they were situated at different 
altitude and location. The location and 
meterological condition of the each sampling 
site were described in Table 1.  
 
Table 1. Locations and meterological conditions   
              of the sampling sites 

Site 
No.

Location Meterological condition

Latitude Longitude Altitude 
(feet) 

Average 
pressure 
(mmHg) 

Average 
temperature

(ºC) 

I 21º 57' 
09.4' 

(North)

096º 24' 
27.8'    
(East) 

3150 678.94 25.15 

II 22º 05' 
47.1' 

(North)

096º 37' 
12.0'    
(East) 

2392 696.67 25.15 

III 21º 52' 
18.7' 

(North)

096º 21'   
02.1'     
(East) 

2850 686.82 24.77 

The concentrations of air pollutants: TSPM, 
PM10, SO2 and NO2 analyzed at 3 stations in 
March, 2011 are shown in Table 2. 
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Table  2.  Measured   concentrations  of   TSPM,  
                PM10,  SO2  and  NO2  at three sampling  
                sites 

Site No. TSPM 
( µg/m3) 

PM10 
( µg/m3) 

SO2  
( µg/m3) 

NO2    
(1 hour)
( µg/m3)

NO2   
(24 hour)
( µg/m3)

I 108.38 79.94 0.19 12.38 6.14 
II 126.29 92.64 0.27 37.92 4.31 
III 80.07 46.98 0.46 21.53 3.40 

WHO 
guideline 

value 

150 50 20 200 150 

The sampling period was 5 days. If the 
weather and dispersion conditions during 
the study period were representative for the 
average meterological conditions, the 
concentrations measured were also an 
indication for the long-term average 
concentrations for the selected sites in 
PyinOoLwin Township.  

The highest concentration of TSPM  
(126.29 µg/m3) was found at the site II 
which was lower than WHO guideline value 
(150 µg/m3). The highest concentration of 
PM10 (92.64 µg/m3) was also found at the 
site II but which was higher than WHO 
guideline value (50 µg/m3). The highest 
concentration of SO2 (0.46 µg/m3) was 
found at the site III but lower than WHO 
guideline value and the highest concen-
tration of NO2 (6.14 µg/m3) was found       
at the site I but lower than that of WHO 
guideline value (20 µg/m3). 

Although the above air quality measure-
ments could not capture the whole profile  
of PyinOoLwin Township due to its 
limitation of the number of stations, the 
ambient air quality data generated can 
represent for the selected sites. In terms of 
air quality standard, there is no own air 
quality standard in Myanmar yet. Therefore, 
WHO air quality guideline values were 
based to compare with the findings of this 
study. Similar concentration levels were 
measured during a pilot study in February, 
2011 by PyinOoLwin Township Develop-
ment Committee cooperated with Occupa-
tional Health Division. At Kandawgyi 
National Park (KDGNP), all the 4 pollutants 

were at acceptable levels as the levels 
measured in University of Technology, 
Yatanarpon Cyber City. But TSPM and   
SO2 values of PyinOoLwin Township 
Development Office (TDO), which is 
situated on main road side, as well as NO2 
values from KDGNP and TDO were higher 
than those of all sites from this study. 
(Source: Occupational Health Division, 2011) 

In this study, only PM10 concentrations at 
DMR (UM) and Paik Chin Myaung were 
above the reference value of WHO air 
quality guideline. The highest concentration 
level of PM10 at Paik Chin Myaung may be 
due to the visiting of a large number of local 
and foreign pilgrims mainly during summer 
months although Paik Chin Myaung cave 
open for public the whole year. Similarly, at 
DMR (UM), high PM10 concentration above 
the reference value of WHO air quality 
guideline may be due to the measurement 
was done in the dusty summer season. 

At the Yatanarpon Cyber City, all the 4 
pollutants were at acceptable levels. This is 
probably because this site is an open air 
location with lots of breeze and wind thus 
any air pollutants created were being 
transported continuously away from the site 
by high wind speed. Therefore, this site 
seems relatively clean and safe to people 
working and studying in that area. When 
compared with the results of survey carried 
out on selected urban area of Yangon in 
April 2007 and January 2008,12  it was found 
that most of the ambient air quality 
parameter values of the study sites from 
Yangon were higher than those of this study. 

The monitoring results of daily maximum 
value of SO2, NO2 and PM10 from China 
during 2004 and from Thailand, Vietnam 
and Mongolia during 2005 were presented 
in the Table 3 for comparison.12 Ambient air 
quality parameters especially in PM10 values 
of the study sites were lower than those of 
neighboring countries. 

When the monitoring results of TSPM, PM10, 
SO2, and  NO2 from Paik Chin Myaung  were 
compared   with   the  values  of  the  similar  
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Table  3. Monitoring   Results   of    neighboring  
               countries  

 Country Site SO2 Max 
(ppb) 

NO2 Max
(ppb) 

PM10  Max
(µg/m3) 

China 
(2004) 

Xiang Zh-ou  
(Urban) 

46.1  
(January) 

58.6 
(January)

144 
(January)

Jinyunshan 
(Rural) 

72.4 
(February) 

- 219 
(March) 

Weishuiy  
Uan (Rural) 

33.4  
(December) - 357 

(February)

Thailand 
(2005) 

Bangkok 
(Urban) 

135.3  
(April) 

60.7 
(January)

145 
(January)

Chiang Mai 
(Rural) 

4.5 
(December) - 131 

(January)

Vietnam 
(2005) 

Hanoi 
(Urban) 

7.6  
(January) - - 

Hoa Bin 
(Rural) 

7.4  
(March) - - 

Mongolia 
(2005) 

Ulaanbaa-tar  
(Urban) 

19.9 
(February) - - 

Terelj 
(Remote) 

2.4 
(January) - - 

Source: Ministry of Transport 
 
study site, Baltal, one of the base camps for  
the annual Hindu pilgrimage to Amarnath 
holy cave from India during 2009,13 it was 
found that all ambient air quality parameters 
from Baltal were higher than those of Paik 
Chin Myaung. i.e, 913 vs. 126.29 µg/m3, 
172 vs. 92.64 µg/m3, 38 vs. 0.27 µg/m3 and 
41 vs. 4.31 µg/m3, respectively.   
Conclusion  
It is concluded that the observations at  
3 different sites were within permissible 
limits except PM10

 
in site I and site II as 

specified by WHO Air Quality Guideline. 
However, PM10 was found to be higher in 
most of the locations in summer season. Thus, 
further studies are necessary to measure 
seasonal changes of the pollutants and to 
establish Myanmar Air Quality Standard. 
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Two types of legume-based (lentils/chickpea) and two types of fish-based 
(carp/catfish) formulas have been made in the form of dry powder, from 
locally available foods. By analysis of the nutrient composition of formulas, 
the lentil formula provides 410 calories (11.7 g of protein), chickpea 
formula (418 calories, 13.5 g of protein), catfish formula (428 calories,  
16.1 g of protein) and carp formula (432 calories, 15.8 g of protein) in  
100 g dry weight of each formula. All the formulas were adequate in protein 
and energy density to meet the WHO recommended value for nutrition 
needs of 6-12 months old infants. The results of bacteriological analyses 
showed all the samples were within the recommended microbiological 
limits for dried products requiring preparation with boiling water. No 
physical changes were observed when the formulas were stored in sealed 
plastic bags at room temperature for 6 months. Developed products were 
evaluated for their acceptability by a panel of 20 persons using 4-point 
Hedonic Rating Scale. Results from sensory analysis showed that catfish 
formula obtained highest score for its color, lentil formula for its aroma and 
taste, and the lowest to carp formula. In the acceptability trials done on  
25 children, 82%-90% of the mothers reported that the mixes were 
acceptable to their children. No adverse side effects were noticed. More than 
half of the mothers reported their children refused to eat other family foods 
and showed an obvious preference for the mixes, especially the one made by 
lentil. 

 
INTRODUCTION 

 
Under nutrition is one of the major 
problems confronting infants and young 
children in developing countries.1 In 
Myanmar, the prevalence of under-weight 
among children below five years of age      
is 31.5% in 2003.2 No more than 30%        
of infants in Myanmar are exclusively 
breastfed during the first 6 months of life 
and complementary feeding frequently 
begins too early or too late. Infant feeding 
and rearing practices have a major effect on 
short-term and long-term nutritional status 
of children, as most of under nutrition is 
associated with faltering practices that occur 
in weaning period. The problem, in essence, 

is that the volume of weaning food needed 
to satisfy nutritional requirements is far in 
excess of the amount that a child can 
actually consume.3 Faulty feeding practices 
as well as lack of suitable weaning foods are 
responsible for under nutrition.4 Weaning 
foods currently manufactured and imported 
are too costly to be afforded by the majority 
of the target population in the developing 
countries.5 Simpler methods of making 
weaning foods using diverse and locally 
available raw materials which could be 
made available at low cost are necessary.  
So, the study aimed to develop the easily 
prepared homemade weaning food formu-
lations, determine their nutrient contents and 
assess the acceptability in infants.  
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MATERIALS AND METHODS 

 
Nutritious food formulas, which can be 
made at home and suitable for use as a 
weaning food for 6-12 months old infants 
were developed. Weaning mixes were 
formulated from locally available foods   
and the ingredients used in the formulas 
were calculated to meet the nutrition     
needs of 6-12 months old infants according 
to recommended level of protein, calorie 
and micronutrients contents.  

Processing of samples 

Two types of legume-based (lentils/ 
chickpea) formulas and two types of      
fish- based (carp/catfish) have been made in 
the form of dry powder. The main source of 
calories in the weaning mixes was from 
commonly used local staple rice. The rice 
was washed, soaked, dried and made 
powdered. It was mixed with boiled 
legumes or steamed fish depending on the 
formula. The samples of the rice, either 
legumes or fish were purchased in bulk 
from the local market. 

Nutrient analysis 

Crude protein (N x 6.25) was determined  
by the micro-Kjeldahl method,6 and total 
lipids were estimated by petroleum either 
extraction. Total ash was determined by 
ashing for 12 hours at 550°C, and the 
moisture content was determined by weight 
differences of samples dried in a vacuum 
oven at 60°C until a constant weight was 
obtained.  

Sensory evaluation 

Developed products were evaluated twice 
for their acceptability by a panel of  
20 persons selected at random from 
Department of Medical Research (Lower 
Myanmar). They were asked to score the 
products for color, aroma, taste and    
overall acceptability using a scorecard of   
4-point Hedonic Rating Scale where 1 and  
4 represent dislike very much and like very 
much, respectively.  

Ethical consideration 
Informed consents were taken from the 
mothers of the infants before giving the 
formula mixes. 
Acceptability assessment 
The   formula   mixes   were    assessed    for  
Acceptability  in 25 infants  from families of  
low socio-economic status, with each 
formulation being tested for one week. The 
mixes were given to the mothers of the 
infants in the amounts of 100 grams, enough 
to feed an infant three servings a day after 
blending with either hot boiled water or 
milk. The quantity consumed by each child 
each day, the opinions of the mothers 
concerning the acceptability of the mixes 
and data on any side effects observed in the 
infants were recorded. 

RESULTS & DISCUSSION 

No physical changes were observed when 
the formulas were stored in sealed poly-      
ethylene bags at room temperature for  
6 months. At the end of this period, their 
acceptability was tested and found to be    
no different from that of freshly prepared 
mixes. No signs of spoilage in terms of 
rancidity, off odour or flavour, off colour, or 
browning and caking were observed. This 
was due to reduction of the moisture content 
of the ingredient till 5% ±1%.  

The gruels from the formula mixes were 
prepared by simply stirring the powder  
(25 g) into 100 ml of hot boiled water 
without subjecting to further heating. The 
energy requirements from complementary 
food are 202 and 307 and 548 kcal for    
ages 6-8, 9-11 and 12-23 months, respec-
tively.7 One packing (100 g) of formula 
provided the daily nutritional requirement 
for children (6-11 months old). The crude 
protein, fat and energy value of the formulas 
are shown in Table 1.  

All the four formulas were adequate in 
protein  content  and  energy density to meet  
the  WHO  recommended  value  of   protein 
and  calories  for infant and young children.7 
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Table  1.  Nutrient  composition  and  energy  of   
                formula mixes  
 Formula 

Lentil Chick
-pea Carp Catfish 

Moisture (%) 4.8 5.2 5.8 6.1 
Protein (%) 11.7 13.5 15.8 16.1 
Fat (%) 8.8 10.5 12.5 11.6 
Ash (%) 3.7 3.4 1.8 1.5 
Carbohydrate (by difference) (%) 71.2 67.4  64.1 64.9 
Energy (kcal/100 g dry weight) 410 418 432 428 

 
Table 2.  Mean  scores  for sensory evaluation of 
               formula mixes 

 Formula mix Standard
error Lentil Chick-

pea Carp Catfish

Color 2.8 2.6 3.2 3.5 0.3 
Aroma 3.7 3.0 1.8 2.6 0.4 
Taste 3.5 2.7 2.0 2.6 0.4 
Overall acceptability 3.2 3.0 2.8 2.8 0.3 

 
Results from sensory analysis showed that 
catfish formula obtained highest score for  
its color. It was observed that it had brighter 
color due to presence of tomatoes. Lentil 
formula got the highest score for its aroma 
and taste, and the lowest to carp formula.    
It can be concluded that legume-based 
formulations were more acceptable as 
compared to fish-based products (Table 2). 

Table 3. Mother’s responses on the acceptability  
              of the mixes  
 Formula 

Lentil 
No. (%) 

Chickpea 
No. (%) 

Carp 
No. (%)

Catfish 
No. (%) 

Child  
  Asks for more 22(88) 20(80) 20(80) 21(84) 
  Eats reluctant 1(4) 1(4) 2(8) 2(8) 
  Neutral 2(8) 4(16) 3(12) 2(8) 
Consumption compared to regular home made food 
  Less 1(4) 1(4)  2(8)  2(8) 
  More 21(84) 20(80) 18(72)  17(68) 
  Same   3(12)  4(16)   5(20)   6(24) 
Mother 
  Likes 25(100) 22(88) 20(80) 20(80) 
  Dislikes 0 2(8)  3(12) 2(8) 
  Can’t say 0 1(4) 2(8)  3(12) 
Convenient to prepare 
  Yes 25(100) 25(100) 25(100) 25(100)
  No 0 0 0 0 
 
In the acceptability trials, 82%-90% of the 
mothers reported that the mixes were 
acceptable to their children. Only 4%-8% of  

the children ate them reluctantly, and of 
these 8%-16% did not show an obvious 
dislike for the mixes. Sixty-eight percent to 
84% of the children were said to consume 
more   of   the   mixes   than  of  other  foods  
offered at home. No adverse side effects 
were noticed. Most of the mothers thought 
the formulas were suitable for feeding their 
infants (Table 3). 
Utilization of research results 
Laboratory sensory scores and acceptability 
trials were favorable and encouraging. 
Processing these locally available foods  
into value-added products by simple 
methods would not only contribute to 
poverty alleviation and income generation 
in developing countries such as Myanmar.  
Recommendations  
The nutritional value of the weaning food 
could  be  further  enhanced by  fortification 
with vitamins and minerals multi-mixes. 
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Preclinical in vivo studies using laboratory animals are fundamental steps to 
prove the efficacy of therapeutic agents and for the development of new 
drugs. A cross-sectional, laboratory-based descriptive study was done at   
the Pathology Research Division during February 2011 to determine the 
effective dose of alloxan monohydrate to induce hyperglycaemia on albino 
rats and to illustrate the pathological changes on alloxan-treated diabetic 
rats. Eighty adult Wistar albino rats were grouped into one normal control 
group and seven test groups. Hyperglycaemia was induced by intra-
peritoneal injection of 2 % alloxan monohydrate in different doses and then 
the histopathological and biochemical parameters observed during 21 days 
in this study. Alloxan monohydrate, 150 mg/kg was the optimizing dosage 
for the induction of permanent and severe hyperglycaemia. A significant 
decrease in body weight (p<0.05) was noted. On histological sections of the 
pancreas of the diabetic rats, an extensive damage of the islets of 
Langerhans with reduced size, numbers as well as cellular population of 
acini was observed. The mean serum cholesterol level and urea level of the 
test group were significantly increased in comparison with the control group 
(76.17±11.3 vs. 62.4±3.7 mg/dl and 142.52±29.85 vs. 51.00±21.0 mg/dl, 
respectively) (p<0.05). Mean net level in cholesterol was increased up to 
13.77 mg/dl (22%) and in urea 91.52 mg/dl (179%). This study explored the 
pathophysiological changes of the albino rats with induced diabetes. 
Moreover, it provided useful information which can be implemented in 
further studies. 

 
INTRODUCTION 

 
Diabetes mellitus is a common endocrine 
disorder that impairs glucose homeostasis 
characterized by chronic hyperglycaemia 
due to absolute or relative insufficiency of 
insulin and resistance of this hormone. It is 
one of the six major diseases in Myanmar; 
moreover, this disease is the seventh leading 
cause of death in the world.1 Current 
estimates from World Health Organization 
show that the prevalence of diabetes for all 
age groups worldwide was 2.8% in 2000 
and 4.4% in 2030.1 In Myanmar, the overall 
prevalence of diabetes mellitus was 11.9%. 
Urban prevalence was 13.9% and rural 
prevalence was 7.3% in Yangon Division in 
2003.2 Traditional herbal medicines are 
widely used to treat diabetes mellitus, yet 

very few have been clinically evaluated and 
there are few clinical data on their safety 
and efficacy. Utilization of traditional 
medicine is a common practice in non-
industrialized countries because it is often 
more available and affordable than western 
medicine. Pharmacological data from animal 
(preclinical) studies are needed to submit 
data to the Food and Drug Authorization 
Committee as a requirement when applying 
for investigation of a new drug. In vivo 
studies are a fundamental step to prove the 
efficacy of the therapeutic agents and for the 
development of the new drugs.3 There have 
been many studies reported on various 
procedures to produce diabetes in animals 
by direct or indirect injuries of beta cells of 
the pancreas.4 By using the various in vivo 
models with laboratory animals (both 
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rodents and non-rodents), the hypoglycae-
mic activity of traditional medicine or herbal 
plants can be assessed for the development 
of new therapeutic agents in the treatment of 
the disease. Among them, the alloxan-
induced model is common and this chemical 
induces severe and permanent hyperglycae-
mia after 24 hours following administration.4  

Alloxan is a toxic glucose analogue, which 
selectively destroys insulin-producing cells 
in the pancreas (that is beta cells) when 
administered to rodents and many other 
animal species.4 Moreover, alloxan mono-
hydrate is very toxic and cause increase 
mortality on animals. Therefore, there is a 
need for exploratory research regarding a  
rat diabetes mellitus model induced by 
administration of a low and effective dosage 
of alloxan which can reduce the death      
rate of rats. Thus, experimental models  
play an important role in understanding a 
disease. This study aims to determine the 
effective dose of the alloxan monohydrate 
for the induction of hyperglycaemic model 
to be able to proceed on further hypo-
glycaemic activity of the drug and to 
illustrate the pathological changes on 
alloxan-induced diabetic rats. 
 

MATERIALS AND METHODS 
 
This study was a laboratory-based, cross-
sectional descriptive study and it was done 
at Pathology Research Division, Department 
of Medical Research (Upper Myanmar) 
(DMR, UM) from February 2011 to April 
2011. Eighty Wistar albino rats of both sexes 
weighing 200±30 gm from the Laboratory 
Animal Services Division of DMR (UM) 
were used. They were kept in separate cages 
with controlled humidity and temperature 
with free access to tap water and rodent 
pellet diet. Screening for fasting blood sugar 
level of the experimental animals was done 
one week before starting experiment to 
acclimatize the laboratory animals. This was 
done by fasting the albino rats for 18 hours 
with free access to drinking water after 
which blood glucose was determined. 

After one week, the albino rats were 
weighed and divided randomly into  
8 groups, one normal control group and 
seven test groups where hyperglycaemia 
was induced by different doses of alloxan 
monohydrate, i.e. 90 mg/kg, 100 mg/kg,   
110 mg/kg, 120 mg/kg, 130 mg/kg,         
140 mg/kg and 150 mg/kg body weight. 
This was done by administering a solution 
of 2% of alloxan monohydrate diluted in 
saline (0.9%, Sigma-Aldrich) corresponding 
to various doses of alloxan per kg of body 
weight intraperitoneally as a single dose. 
And then food and water were given to the 
rats 30 minutes after induction. Diabetic 
condition was confirmed after 72 hr of 
alloxan injection. Rats with fasting blood 
sugar level equal and above 250 mg/dl were 
selected and diagnosed as severe hypergly-
caemia and blood glucose level between  
135 mg/dl and 249 mg/dl was designated as 
mild hyperglycaemia and excluded from 
this study. 

During the study period, animals in all 
groups had free access to standard diet and 
water. Body weight and blood glucose 
levels (both fasting blood glucose level and 
2 hr postprandial blood glucose level) were 
measured on 4th, 7th, 14th and 21st day of the 
treatment. Daily observation was made on 
clinical effects of hypoglycaemia and toxic 
effects such as changes in appearance and 
behaviour. Postmortem examination was 
done on albino rats which died within the 
observation period and gross and histo-
pathological changes studied. On the 22nd day, 
blood samples were collected from rats after 
overnight fasting by cardiac puncture under 
mild ether anesthesia for biochemical 
estimations. Blood glucose level was 
determined by using the Omnitest gluco-
meter after cutting tail about 1 mm length 
and blood cholesterol level was investigated 
by using Cholesterol Kit, Crest Biosystems, 
India. Urea level was determined using Urea 
Kit, Crest Bio-systems, India. All the 
laboratory experiments were done according 
to the quality control steps and procedures. 
Data entry was done by using SPSS 
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software 11.05 version. Frequency charts 
were defined and continuous variables’ 
averages and standard deviations (SD) were 
calculated. Statistical test (Student’s t test) 
was used when making comparisons, and 
<0.05 was the acceptance level for the 
significance of the test. Regarding the 
ethical consideration, this study was 
approved by the Institutional Ethical 
Committee of Department of Medical 
Research (Upper Myanmar). 
 

RESULTS 

 
This study was conducted to find out the 
effective dose of the alloxan monohydrate 
and the histopathological and biochemical 
changes of alloxan-induced diabetes mellitus 
on albino rats. Among the animals subjected 
to    alloxan  (150 mg/kg dosage),   although  

58% of albino rats developed chronic 
diabetes mellitus, 16% of albino rats 
developed mild and slight degree of hyper-
glycaemia. The remaining 26% died within 
the study period.  

Of the group of albino rats which was 
induced with the dosage of 140 mg/kg,   
only 25% of the albino rats developed 
severe hyperglycaemia and mortality rate 
was 8.3%. Only 10% of rats developed 
diabetes mellitus among other three groups 
(130 mg/kg, 120 mg/kg and 110 mg/kg). 
However, blood sugar level of albino rats 
from the groups which were induced by  
100 mg/kg and 90 mg/kg dosages did not 
develop severe hyperglycaemia and no 
mortality in these groups. Most of the rats 
died within the first week of follow-up due 
to acidosis. The changes of fasting blood 
sugar level and postprandial blood sugar 
levels are shown in (Table 1). 

 
Table 1.  Blood glucose level of alloxan-induced diabetes mellitus on albino rats (150 mg/kg) 

Group 
Baseline 4th day 7th day 14th day 21st day 

FBS FBS 2HPP FBS 2HPP FBS 2HPP FBS 2HPP 
Normal 
 (n=6) 

73.26 
±11.16 

89.7 
±5.4 

124.56 
±23.76 

94.86 
±16.92 

151.02 
±26.1 

79.56 
±6.66 

140.04 
±9.9 

96.66 
±4.5 

119.7 
±8.46 

Diabetes 
 (n=6) 

73.08 
±5.4 

361.8 
±85.5 

535.32 
±109.8 

237.78 
±128.7 

583.56  
±25.2 

169.2 
±137.34 

580.5 
±32.94 

226.44 
±121.5 

581.4 
±2.7 

Values are mean±SD, FBS=Fasting blood sugar level (mg/dl), 2HPP=2 hr postprandial blood sugar level (mg/dl)

 
A marked rise in fasting blood glucose level 
was observed in diabetic rats compared to 
normal control rats. The animals showed the 
following signs: increased water intake, 
polyuria (increased urine output) and weight 
loss. Significant changes were observed in 
serum total cholesterol and serum urea level 
of diabetic rats. Mean net level in choles-
terol was increased up to 13.77 mg/dl (22%) 
and in urea 91.52 mg/dl (179%). 
 

Table 2.  Biochemical parameters of alloxan-induced  
diabetes mellitus rats (150 mg/kg) 

Values are mean±SD 

Table  3.  Body  weight changes of  alloxan-induced 
diabetes mellitus rats (150 mg/kg) 

  
Group 

Body weight of the animal (g) n=6 

Base-line 7th day 14th day 21st day 
Normal 190.00 

±33.66 
197.50 
±30.95 

210.00  
±38.29 

222.50 
±33.04 

Diabetes 172.86 
±13.80 

141.43 
±15.73 

130.00  
±18.25 

137.14 
±24.97 

Values are mean±SD, p=<0.05 
 
Regarding the body weight, the test group 
(alloxan-induced diabetes rats) showed 
significantly reduced body weight compared 
with normal control rats. On histological 
investigation of the pancreas with haemato-
xylin and eosin staining, the normal healthy 
control group showed normal acini and 
normal cellular population of the islets of 
Langerhans. However, in the alloxan-treated 
rats, there was extensive damage of the 

Group Normal 
n=6 

Diabetes
n=6 P value

Serum cholesterol level     
(mg/dl) 

62.4 
     ±3.7 

    76.17
  ±11.34

<0.05 

Serum urea level (mg/dl) 51.0 
  ±1.00 

 142.52 
 ±29.85 

    0.001
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islets of Langerhans and they appeared to be 
decreased in size and number. 

     
A. Normal pancreas, 40x              B. Alloxan-treated pancreas, 40x       
                                                             

     
C. Normal pancreas, 400x              D. Alloxan-treated pancreas, 400x                                                                

Fig. 1. Histological sections of the pancreas with   
           haematoxylin and eosin stain 

 
On histological sections of alloxan-treated 
rats’ kidney, the mesangial cell proliferation 
and glomerular basement membrane 
thickening as well as the glomerular 
capillary endothelial abnormalities were   
not noted and both proximal and distal 
tubules were normal. In addition, the other 
organs (liver, heart, lungs) appeared normal 
histologically. 

 
DISCUSSION 

 
Diabetes mellitus is a potentially morbid 
condition with high prevalence. Therefore, 
to show the hypoglycaemic activity of the 
traditional medicine formulation as a new 
drug, there is a need to build up the ideal 
severe and permanent hyperglycaemic 
model to prove the efficacy of anti-
diabetogenic drugs. In animals, diabetes can 
be induced by surgical procedure or the 
direct injury to islets of beta cells with the 
aid of the chemical substances or drug. 
There are various methods to induce dia-
betes, such as chemical diabetes (alloxan), 

drug diabetes (streptozotocin diabetes, 
benzothiadiazine diabetes), and surgical 
diabetes (by pancreatectomy). Diabetes can 
also be induced by ligation of the pancreatic 
duct and feeding of high carbohydrate diet, 
hormonal diabetes (pituitary diabetes, 
steroid diabetes), by glucose administration, 
congenital or spontaneous diabetes and 
miscellaneous (by insulin antiserum admini-
stration).4 Among them, alloxan, and strep-
tozotocin which is also not only an anti-
microbial agent but also a chemotherapeutic 
alkylating agent are the most prominent 
diabetogenic chemicals in diabetes research. 

In this study, the mean levels of both    
fasting and postprandial blood glucose 
reached up to 361.8±85.5 mg/dl and 535.32  
±109.8 mg/dl, respectively, after third day 
of alloxan administration. The normal level 
of serum glucose in albino rats (Wistar 
strain) ranges from 50 to 135 mg/100ml.5 
Researchers used the blood glucose level of 
250mg/dl as the cut-off point for the 
determination of severe hyperglycaemia.  

Fasting blood glucose level and postprandial 
blood sugar level were used as the 
parameters of the antihyperglycaemic acti-
vity of the testing agents in this research.    
In this study, 58% of albino rats showed 
severe hyperglycaemia (the cut-off point-
250 mg/dl) after induction with 150 mg/kg  
body weight of alloxan monohydrate.  

Most researchers used the alloxan 
monohydrate 150 mg/kg dosage to induce 
hyperglycaemia for the pharmacological 
research.6, 7 Some studies showed 120 mg/kg 
dosage by intraperitoneal injection6, 7 and 
one study expressed 70 mg/dl intravenous 
route through the tail vein8 Because alloxan 
monohydrate is cytotoxic glucose analogues, 
oxygenated pyrimidine derivatives, and 
selectively destroy the islets of Langerhan’s 
cells (degranulation and degeneration of 
beta cells) insulin-producing cells in the 
pancreas when administered to rodents and 
many other animal species and therapeutic 
index of this chemical is also very narrow 
and so mortality rates of the animals were 
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also high by increasing the dosage of that 
chemical.4, 9, 10, 11  

The increased blood sugar level was 
identified in this study because the pancreas 
is the primary organ for the carbohydrate 
metabolism and energetic states via the 
blood glucose concentration. However, 
although fasting blood glucose levels were 
not stable in this experimental model during 
the observation period, two hours post-
prandial blood sugar levels of the test group 
were found to be stable. Therefore, the  
two hours postprandial blood sugar level 
should be used as an indicator for the  
study by using alloxan-induced albino rats’ 
model.  

The administration of alloxan to the rabbit 
caused temporary hyperglycaemia which 
was followed by severe hypoglycaemia, 
terminating in death of the animal. This 
effect was associated with selective necrosis 
of the beta cells of the pancreatic islets. It 
has been shown that the intravenous or 
intraperitoneal administration of an aqueous 
solution of alloxan causes permanent 
diabetes not only in the rabbit or rats but 
also in several species of the vertebrates 
such as dog, cat, hamster, sheep and 
monkey.12 This study explored the diabe-
togenic activity of alloxan chemical among 
albino rats to proceed further studies 
focusing on usefulness of the traditional 
herbal hypoglycaemic drug scientifically for 
the utilization of the people with safely. 

In this study, the significant reduction in the 
body weight of alloxan-treated rats was 
noted when compared with normal control 
rats (p=<0.05). One study also reported   
that the alloxan-treated rats showed weight 
loss due to loss of lean body mass and 
asthenia and weakness due to the inability  
to use glucose as a source of energy as     
the complication of insulin deficiency.4 
Therefore, this study highlighted the patho-
genesis of diabetes regarding the signs and 
symptoms of diabetes focusing on weight 
loss and weakness.   

This study also depicted that the serum total 
cholesterol level was higher in the diabetic 
group than in the control one (p=<0.05). 
Some authors support the biochemical 
results of this study by explaining the 
mechanism regarding insulin deficiency 
which leads to various metabolic alterations 
in the animals viz increased blood glucose, 
increased cholesterol, increased levels of 
alkaline phosphate and transaminases.13, 14 
Thus, this experiment explored and found 
the fact of serum lipid alteration in hyper-
glycaemic rats. 

Regarding the renal function assessment, the 
blood urea level of the test group was 
significantly raised compared to that of 
control group. Many studies described that 
the blood urea levels of the diabetic animals 
were raised.10,12 On the other hand, the 
histological changes, the early stage of the 
diabetic nephropathy, were not noted in the 
alloxan-treated cases in this study. One 
study explored that seven days after hyper-
glycemic induction, the animals presented a 
renal dysfunction characterized by hemo-
dynamic alterations associated with vascular 
and glomerular structural impairments, 
without modifications in tubular function 
and normal general morphology in diabetic 
rats.15 The diabetic state resulted in 
mesangial proliferation and focal glomerular 
basement membrane thickening as well as 
glomerular capilary endothelial abnorma-
lities and visceral epithelial foot-process 
fusion after 9 weeks of alloxan induction to 
rats. The endothelial changes consisted of 
focal areas showing a reduction in the size 
of endothelial fenestrae were also noted.16  

The histologic changes in the islets of 
Langerhans were identified in this study. 
The reduced size of the islets is due to the 
definitive pyknosis of nuclei and degranu-
lation in beta cells about 30 minutes after 
alloxan injection. About 12 hours, cells 
become disintegrated and form an extensive 
necrotic mass in the islets. The necrotic 
mass is absorbed and removed by the end of 
48 hours.  The   islet  eventually  consists  of  
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alpha cells.12 So these findings supported 
the concepts regarding the selective des-
tructtion of alloxan on beta cells and there is 
a need to do further research to point out the 
selective destruction using the special 
chemical stains and immunohistochemistry 
procedures. 

Conclusion 

This study depicted the effective dose for 
the induction of diabetes among the albino 
rats and the alloxan dose of 150 mg/kg  
was the optimizing dosage to apply at  
the efficacy study of the hypoglycaemic 
activity of Myanmar traditional medicine 
formulation. As a result, the biochemical, 
histopathological changes supported the 
concepts regarding the pathophysiological 
changes of the disease and the pathogenesis 
of the complication of diabetes mellitus. 
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Emergence of drug resistance in Plasmodium falciparum is a serious public 
health problem. To monitor the antimalarial sensitivity status and prevalence 
of pfmdr1 86 polymorphism of P. falciparum in Kawthaung, venous blood 
samples of 25 uncomplicated falciparum malaria patients were collected 
during malaria transmission season of 2011. In vitro drug susceptibility tests 
were conducted according to WHO guidelines (2000) and pfmdr1 86 
polymorphism was detected by PCR/RFLP (polymerase chain reaction 
followed by restriction fragment length polymorphism) method. Geometric 
mean of effective concentration (EC50) was 13.41 nmol/l in artesunate (AS), 
42.86 nmol/l in amodiaquine (AMQ) and 2193.7 nmol/l in chloroquine (CQ). 
Resistance rate was 40% in AS and cent per cent in both CQ and AMQ. 
Prevalence rate of wild type pfmdr1 86Asn was 64% (n=16) and multiclonal 
infection (carrying both wild and mutant types) was detected in 36% (n=9). 
Among AS resistant isolates, 80% carried pfmdr1 86 Asn (wild type). In 
vitro resistance rate of AS and prevalence of pfmdr1 86NY multiclonal 
infection were found increased in comparison to the findings of 2005-2006. 

INTRODUCTION 

The artemisinin derivative antimalarials are 
crucial for reducing burden of malaria and 
essential for malaria elimination strategy. 
Losing sensitivity of artemisinin compounds 
will jeopardize the goal of malaria eradica- 
tion. Artemisinin resistance in P. falciparum 
has been recently documented by a study 
conducted in Cambodia-Thai border and 
Thai-Myanmar border.1 It is essential to 
coordinate research and containment effort 
to eliminate the threat of artemisinin 
resistance. In vitro tests could be a valuable 
surveillance tool.2  

In situation where a drug combination is 
used, and where it is not possible to carry 
out therapeutic efficacy tests for each 
component of the combination, in vitro tests 
can monitor susceptibility to each drug.3  
In vitro assays played a key role in  defining   
currently available molecular markers of 
drug resistance for chloroquine (CQ), 

Sulfadoxine-pyrimethamine (SP) and meflo- 
quine. In vitro testing is the only system that 
is presently available to provide clear early 
warning of impending resistance to the com- 
ponents of artemisinin-based combination 
therapies (ACTs).  

Among surveillance tools, molecular 
surveillance can be readily standardized and 
rapidly deployed than clinical and in vitro 
tests. Molecular markers associated with 
resistance to any of the components of 
ACTs could provide a second key early 
warning of the emergence and spread of 
resistance. Among available genetic markers, 
enhancement of pfmdr1 gene polymorphism 
in artemisinin sensitivity status was reported.4 
A study done on Gambian isolates found an 
association of increased sensitivity to 
dihydroartemisinin and  the presence of the 
tyr-86 allele in pfmdr1 gene5 and the similar 
finding was reported by a study done on  
P. falciparum isolates from Thailand, 
Myanmar, Vietnam, and Bangladesh.6    
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Therapeutic efficacy trials conducted in  
4 sentinel sites of Myanmar have reported 
some degree of artemisinin tolerance in 
terms of prolong parasite clearance time 
(>72 hr). The prevalence rate of parasite 
positivity on day 3 was 10% in Shwekyin 
and 18.5% in Kawthaung during 2009.7  
A comprehensive approach to confirm 
artemisinin resistance in Myanmar is 
critically important. Therefore, the study 
was conducted with aims to determine the  
in vitro sensitivity status of different anti-
malrials to P. falciparum and the prevalence 
of pfmdr1 86 alleles and its applicability  
in molecular surveillance of artemisini 
resistance in Myanmar.  
 

MATERIALS AND METHODS 
 

Recruitment of patients and sample 
collection 
The study was conducted during malaria 
transmission season of 2011 in Kawthaung 
Township. The study was integrated in  
the project entitled “Efficacy of artesunate  
7 days therapy for the treatment of un-
complicated Plasmodium falciparum malaria 
in Kawthaung (Taninthayi Division) in 
Myanmar”. A total of 25 Plasmodium 
falciparum infected cases who met inclusion 
criteria were included in the study. After 
obtaining written informed consent, 1 ml of 
venous blood sample was collected 
aseptically from the patients.  For in vitro 
drug sensitivity test, 0.5 ml of venous blood 
sample was collected under strict aseptic 
condition, into a sterile container with 
culture media. The remaining 0.5 ml of 
sample was transferred onto Whatman 
3MM chromatography paper under aseptic 
condition for molecular assays. Filter paper 
samples were air dried and kept individually 
in self-sealed plastic bags.  
Criteria for sample collection   
Infected blood samples were selected 
according to the following criteria. 
Inclusion criteria 
 Both males and females (age range 6-60 yr) 

 Patients infected with P. falciparum   
mono-infection detected by microscopy  

 Those whose blood films show morpho- 
logically healthy asexual stages of 
Plasmodium falciparum species 

 Asexual parasite count of 1000-80000/μl  
 Patients with no history of hypersensi-    
tivity to antimalarial drug  

 Patients who are willing to give written 
informed consent for participation in   this 
study 

Exclusion criteria 

1.  Patients with pregnancy 
2.  Patients with mixed species infection 
3.  Patients with concomitant diseases 

Performance of in vitro drug sensitivity test   

In vitro drug sensitivity tests for chloro-
quine, and amodiaquine, were performed by 
using in vitro microculture plates predosed 
with different concentrations (nM). For 
artesunate testing, different concentrations 
(3, 10, 30, 100, 300, 1000, 3000 nM) of  arte-
sunate were predosed in 96-well plates by 
fresh preparation on-site applying the 
method described in the laboratory guide-
lines and standard operating procedures for 
TRAC Studies.8 The tests were performed 
on-site according to WHO method.3   

Molecular assays for detection of pfmdr1 86 
polymorphism 

DNA extraction was carried out by chelex 
method.9 Analysis of drug resistant genes 
was carried out by PCR/RFLP (polymerase 
chain reaction followed by restriction 
enzyme fragment length polymorphism).10 
The procedure included outer and nested 
PCR for pfmdr1 gene amplification using 
specific set of primers and recommended 
cycling condition, and agarose gel electro-
phoresis of amplified gene products for 
evaluation of amplified pfmdr1 which 
should be the size of 560 base pair. To 
detect point mutation of pfmdr1 gene, RFLP 
assay was performed using Apo1 enzyme. 
Wild type (3D7) and mutant type (Dd2) 
controls were included in every reaction.  
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Interpretation of restriction digest products 
was based on the sizes of products on 
agarose gel electrophoresis. Apo1 cut the 
560 base pair sized pfmdr1 gene into 250 bp 
and 231 bp and 79 bp fragments (cut sample) 
in wild type, and into 480 bp and 79 bp 
fragments (uncut) in mutant type, on gel 
electrophoresis.  

Analysis of data 

The lowest concentration of the drug 
required to kill all the schizonts was taken 
as minimum inhibitory concentration (MIC). 
Drug resistant isolates were determined  
by applying WHO reference MIC value. 
Effective concentrations 50 (EC50) of iso-
lates against different antimalarial drugs 
were determined by Probit calculus software 
(WHO) and statistical analysis was done by 
using SPSS 16.0. 

Ethical approval 

The Institutional Ethical Committee for 
Research Involving Human Subjects granted 
the ethical clearance for this research in 2010. 

RESULTS 

In vitro sensitivity status of different anti- 
malarial drugs  

A total of 20 P. falciparum isolates  in CQ, 
AMQ predosed microculture plates and  
25 isolates in artesunate predosed plates 
showed successful growth and valid for 
analysis. Applying WHO cut-off MIC value 
of respective drugs, 10 out of 25 (40%) 
isolates were found resistant to artesunate 
and all isolates (20/20) were resistant to   
CQ, and AMQ. Artesunate resistant isolates 
were also resistant to CQ and AMQ as   
their resistance rates were 100%. Therefore, 
in vitro multidrug resistance rate was taken 
to be 40%. 

Effective concentration 50 (EC50) of           
P. falciparum isolates to different anti-
malarial drugs (Table 1) 

Prevalence of pfmdr1 86 alleles 

Distribution of wild type (pfmdr1 86N) was 
detected in 64% (n=16/25)  and  multiclonal 

infection (isolates carrying both wild 
(pfmdr1 86N) and mutant type (pfmdr186Y) 
was detected in 36% (9/25) of isolates (Fig. 1). 

Table 1.  EC50  of   P.  falciparum   isolates   to  
               different  antimalarial  drugs 

Drug Type of isolates
Geometric 

mean EC50 
(nM) 

95% confidence 
interval (lowest-

highest) 

Artesunate Overall (n=25) 13.41 7.37-24.40 
 Resistant 

isolates (n=10) 34.64 12.89-93.05 

 Sensitive 
isolates (n=15) 7.76 3.88-15.53 

Choloroquine Overall (n=20) 2193.7 1296.03-3713.3
Amodiaquine Overall (n=20) 42.86 21.12-73.13 
    

 

Fig. 1. Photographic documentation of restriction 
            digest products of pfmdr1 86 alleles 
 

Prevalence of pfmdr1 86 alleles in relation 
to in vitro artesunate sensitivity 

Among in vitro artesunate resistant isolates, 
80% (8/10) were observed to be wild types 
(pfmdr1 86 N). Among those isolates carrying 
both mutant and wild types, 77.78% (7/9) 
were observed as artesunate sensitive.  

Table  2.   EC50  of  P. falciparum   isolates   in  
                  relation to pfmdr 1 86 alleles 

Type of P. falciparum 
isolates 

Geometric mean  
EC50 of  

artesunate (nM) 

95% confidence 
interval     

(lowest-highest)

Pfmdr 1 86N (wild, n=16) 19.58 9.1-42.08 
Pfmdr 1 86 NY (both wild 
& mutant, n=9) 7.65 3.16-18.52 

Effective concentration of artesunate 
against P. falciparum isolates in relation to 
pfmdr1 86 alleles 

EC50 of P. falciparum isolates carrying 
pfmdr1 86 wild type was higher than that of 

 

 
 

100bp molecular 
weight marker

Mutant control 
(Dd2) 

Wild control (3D7)

Multiclonal 
infection
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isolates carrying both mutant and wild type 
alleles (Table 2).  

 

 

 

 

 

 

 
 

Fig.  2. Effective  concentration  of  artesunate  
              resistant    isolates   and   pfmdr 1 86N  
              isolates  

When artesunate concentration of the 
isolates carrying pfmdr1 86N and artesunate 
resistant isolates were plotted at their  
EC 50, 90, 95, and 99 levels, the two similar  
linear trends were observed (Fig. 2). Similar 
finding was detected between artesunate 
sensitive isolates and pfmdr1 86 wild type 
isolates. 

 

 

 

 

 

 

 
 
Fig.  3.  Number  of   P. falciparum   isolates   at  
             different MIC levels of artesunate 

The number of multiclonal infection and  
the concentration of artesunate at different   
MIC levels were found to have moderate, 
negative linear relation (R2=0.41) (Fig. 3). 
The number of pfmdr1 86 alleles and 
artesunate sensitivity was tested by Pearson 
Chi-square test. An inverse moderate cor-
relation was found but not significant 
(Pearson Chi-square=- 0.43, p=0.5). 

DISCUSSION 
 

Among isolates showing successful growth 
in microculture, according to WHO cut-off 
MIC value, cent percent of isolates were 
resistant to CQ and AMQ.  In vitro CQ 
resistance rate was higher than that of the 
previous study where it was reported as 
83.3% in 2005-200611 and 75.5% in the 
Republic of Congo.12 If the isolate is resis-
tant to more than two optional antimalarials, 
it can be assumed as multidrug resistant.3  

The artemisinin resistant isolates (40%) 
were observed as multidrug resistant as all 
of the isolates were resistant to CQ, and 
AMQ. As regards to EC50 of chloroquine, it 
was 2.5 times higher than that of the 
previous study conducted in 2005-2006 
(2193.7 vs. 813.44 nM)11; however, it was 
reported as 1110.72 nM during 1997 in 
Ranong Province of Thailand, close to 
Kawthaung. It indicated that isolates from 
Thailand have been resistant to CQ since 
last decade. As regards to AMQ resistance, 
high in vitro amodiaquine resistance rate 
(nearly 50%) has been reported in Myanmar 
since 2004.13  

            Artemisinin resistance rate (in vitro) was 
40% in this study. The study conducted      
in the same study area during 2005-06 
reported the in vitro dihydroartemisinin 
resistance rate as 15%.14 Although the     
two studies used different arteminsinin 
derivatives, there is no doubt that the 
sensitivity status of artemisinin derivatives 
against P. falciparum  has decreased within 
5-year duration, in the study area. The 
geometric mean  EC50 of artesunate in this 
study was 13.41 nM and  it was still lower 
than that of Thailand study (23.61 nM) done 
during 1997.15 Geometric mean EC50 of 
resistant isolates was obviously high as it 
was nearly 5 times of sensitive isolates.  

            Prevalence of pfmdr1 86Y mutation was 
reported as 8.3% in 2006 and 23% in 
2008.14 In this study, mutant types were 
observed as multiclonal infection and the rate 
(40%) was higher than those of previous 
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studies. Contributory role of pfmdr1 86Y 
(mutant type) in enhancing artemisinin 
sensitivity has been widely studied and 
inverse relation of mutant pfmdr1 86Y and 
increased artemisinin sensitivity was reported  
by many studies.5, 6, 16,18 As regards to EC50 
of artesunate against mutant P.falciparum 
isolates (pfmdr1 86Y), it was 2.5 times 
higher than that of wild type isolates  
(Table 2). The linear trends of artesunate 
concentration at different EC in resistant 
isolates and pfmdr1 86N wild type were 
similar (Fig. 2). Similar trends were observed 
between artesunate sensitive isolates and 
mutant isolates.  

An indirect linear, moderate correlation was 
produced between number of multiclonal 
isolates and EC of artesunate (R2=0.41).     
A moderate inverse correlation was found 
between number of pfmdr1 86 alleles and 
artesunate sensitivity although it was not 
significant (Pearson Chi-square=-0.42, p=0.5). 
Low level of significance may be due to 
small sample size (n=9). These findings 
supported the role of pfmdr1 86 mutation in 
enhancing artesunate sensitivity and also its 
applicability in monitoring artemisinin 
sensitivity.  

In conclusion, the study presented the 
increasing trend of in vitro artemisinin 
resistance based on the findings of previous 
studies and also highlighted the applicability 
of molecular tool together with in vitro tests 
for artemisinin resistance surveillance.  
The study supported the role of pfmdr1 86 
alleles as a genetic marker in artemisinin 
resistance monitoring especially in the 
Myanmar Artemisinin Resistance Contain-
ment programme areas. 

Recommendations 

Regular monitoring of artemisinin-based 
antimalarial drugs sensitivities should be 
performed in different endemicsites 
especially known areas of drug resistance. 
In vitro drug susceptibility tests and 
molecular tools should be applied together 
with therapeutic efficacy studies to track the 
spread of artemisinin resistance. 
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This study was done to develop an innovative method for reducing arsenic 
content of drinking water sources. Total 63 drinking water sources in  
5 villages and a ward in Myingyan Township were primarily tested by  
using arsenator and arsenic test kit. All water samples were transported        
to Biochemistry Research Laboratory of Department of Medical Research 
(Central Myanmar) where arsenic levels were confirmed by atomic 
absorption spectrometer. Ten drinking water sources out of 63 (15.87%) 
exceeded Myanmar arsenic standard of 0.05 mg/l while 44 water samples 
(69.84%) exceeded WHO guideline value of 0.01 mg/l. All drinking water 
sources were found to be shallow tube wells. Local people did not use any 
water treatment method apart from overnight keeping before consumption.  
Commercial-grade potash alum, 450 mg/l, was used to remove arsenic from 
drinking water sources in the study. After adding potash alum, mean water 
arsenic levels fell from 0.0242±0.003 mg/l to 0.0154±0.002 mg/l at 1 hour 
and 0.0087±0.001 mg/l at 2 hours and the arsenic contents were statistically 
significant. Water arsenic content cannot be removed by filtration using 
cotton filter. Temperature, pH, oxidative reductive potential (ORP), total 
dissolved solids (TDS), and aluminium levels of the water samples were 
monitored throughout the study. Aluminium levels in the water samples 
were within WHO recommended level. Potash alum is cheap, safe, 
effective, and suitable for both rural and urban community.        

 
INTRODUCTION 

 
Arsenic (As) is a naturally occurring 
element that is widely distributed in various 
compounds throughout the earth’s crust.  
Arsenic compounds may represent a concern 
to environmental and occupational health 
when their presence in the environment 
increases due to natural or anthropogenic 
sources.1 The major cause of human arsenic 
toxicity is drinking of contaminated water 
from natural geological sources rather than    
from mining, smelting or agricultural 
sources (pesticides or fertilizers).2 

In well-oxygenated surface water, As V is 
the most common species, whereas As III   
is predominant species under reducing 
conditions, such as those found in deep lake 
sediments or ground waters. Alkaline pH 
may also increase the concentration of 
dissolved arsenic in water.3 The toxicity of 

arsenic varies according to its oxidation 
state and its solubility property.4, 5 Arsenic 
toxicity is mainly due to inactivating       
most of enzymes especially those involved 
in cellular energy pathways and DNA 
synthesis and repair.6 Long-term exposure 
to arsenic via drinking water causes cancer 
of the skin, lungs, urinary bladder, and 
kidneys, as well as other changes such       
as skin pigmentation and hyperkeratosis.  
Increased risks of lung and bladder cancer 
and of arsenic-associated skin lesions have 
been observed at drinking-water arsenic 
concentrations of less than 0.05 mg/l.7 

Some researchers reported that drinking 
water in industrialized and less Indus-
trialized countries is contaminated with 
arsenic.8, 9 High levels of arsenic have been 
detected in drinking water in many  
regions of the United State of America.10 
World Health Organization stated that the 
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recommended value for a safety level of 
arsenic in drinking water is not more than 
0.01 mg/l. There are many countries in the 
world where arsenic in drinking water has 
been detected at concentration greater  
than 0.01 mg/l or the prevailing national 
standard. These include Argentina, Australia, 
Bangladesh, Chile, China, Hungary, India, 
Mexico, Peru, Thailand, and the United 
States of America. Arsenic contamination of 
drinking water sources is also an emerging 
public health problem in Myanmar. 
Proposed Myanmar national arsenic standard 
is 0.05 mg/l. Arsenic content in drinking 
water sources is high in Thabaung, Kyon-
pyaw, Hinthada and Laymyathna.10    

Arsenic from drinking water can be 
removed by several treatment techniques. 
These include chemical coagulation, lime 
softening, ion exchange resins, activated 
alumina adsorption, membrane separation, 
coagulation and microfiltration. Conven-
tional water treatment routinely uses 
chemical coagulants to remove the sus-
pended solids. The coagulant is mixed 
rapidly with the raw water resulting in a 
metal hydroxide precipitate or floe. The floe 
will enmesh and destabilize suspended 
solids. The floe also has the ability to 
coprecipitate and adsorb arsenic in water. 
The most commonly used coagulation 
chemicals are alum (aluminum sulfate) and 
ferric compounds (ferric chloride).11  

Potassium alum or potash alum, KAl(SO4)2, 
is commonly used in water purification in 
the community in Myanmar. It is easily 
available, low cost and relative ease of 
handling. This study was done to evaluate the 
arsenic removing capacity of potash alum.  
 

MATERIALS AND METHODS 
 

Study area  

A cross-sectional study for analysis of 
arsenic content in 63 drinking water sources 
was conducted in Myingyan, Mandalay 
Division. The survey covered 5 villages 
(Hlaingtet, Ballone, Layeaintan, Kangyi, 

Lintgyi) and a ward (Number 12) in 
Myingyan Township. The study was carried 
out in May 2011. Water samples were taken 
to assess the arsenic removing capacity of 
potash alum. 

Screening of drinking water sources, field 
tests, and sampling for laboratory analyses 

All the drinking water sources in the study 
area were shallow tube wells. All the 
drinking water samples were tested with 
Merck field test kit at the field site and 
transported to Biochemistry Research 
Laboratory of Department of Medical 
Research (Central Myanmar), NayPyiTaw, 
for laboratory analysis. Arsenic deter-
mination was done by using the arsenator 
(Wagtech) and arsenic field test kit.   

Prior to the field survey, training was given 
to the field workers about the procedure for 
testing arsenic by arsenator, pH and 
oxidative-reductive potential (ORP) by 
portable pH and ORP meter, and total 
dissolved solids (TDS) by portable TDS 
meter.  Each tube well was purged 20/30 
strokes before taking water sample and each 
sample collection bottle was rinsed with 
tube well water. Water samples were 
collected in two 1000-ml plastic bottles 
marked with the tube well code number and 
pre-treated with 1% nitric acid to prevent 
precipitation of iron and co-precipitation of 
arsenic and transported to the Biochemistry 
Research Laboratory. Field testers moved 
village-wise to test water from drinking 
water sources in different parts of the study 
area. Validation of the field testing results 
was also done. 

Laboratory analyses 
At Biochemistry Research Laboratory of 
Department of Medical Research (Central 
Myanmar), each coded water sample was 
divided into two portions and tested for 
arsenic content both before and after 
treatment with potash alum. Total arsenic 
content was measured by graphite-furnace 
atomic absorption spectrometer (AA-700, 
Perkin Elmer), equipped with an auto 
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sampler.  Each sample was triplicate. pH 
was determined by a microprocessor-based 
bench pH meter, produced by Hanna 
Instruments. ORP and TDS were also 
measured by ORP meter and TDS meter. 

Each collected water sample was tested for 
the attenuating capacity of potash alum for 
reduction of arsenic content. Commercial-
grade potash alum 450 mg/l was used.  
Commercial-grade was available in rural 
areas most affected by arsenic contami-
nation. Each post-treatment water samples 
was tested for arsenic content, pH, ORP and 
TDS 1 hour after and 2 hours after sedimen-
tation. Aluminium levels in water samples 
were also determined before and after 
adding potash alum using a test kit and 
aluminium photometer.   

Statistical analysis 

The data were analyzed using SPSS version 
11.5. Pre-treatment and post-treatment arsenic 
reduction levels were compared by using the 
Student’s t-test. 
 

RESULTS 

 
All drinking water sources in the study area 
were collected from shallow tube well, 
depth range from 60 feet to 75 feet.  
Samples were kept in overnight before 
consumption without any other treatment. 
Arsenic content of total 63 drinking water 
sources in 5 villages and one ward in 
Myingyan Township were tested.   

Screening of drinking water sources  

All water samples from 63 drinking water 
sources and the Ayeyawady river water 
were tested using both arsenic field test      
kit and atomic absorption spectrometry.  
Ten out of 63 drinking water sources 
(15.87%) exceeded the Myanmar national 
arsenic standard of 0.05 mg/l while 44 water 
samples (69.84%) exceeded the WHO 
guideline value of 0.01 mg/l. The Ayeya-
wady river water was within WHO 
guideline value of arsenic level.  

Validation of field test results 

Table 1 shows sensitivity, specificity, posi-
tive predictive value, and negative predic-
tive value of the field test kit used in this 
study. 

Table 1. Indices  for  validation of  the field  test 
              kit results used in the study 

Indices for  
validation of the 

field test kit results 

Myanmar water 
standard cut-off  

level (0.05 mg/l) (%) 

WHO limit  
cut-off level  

(0.01 mg/l) (%)
Sensitivity 98 96 
Specificity 80 86 
Positive predictive   
  level 

98 98 

Negative predictive  
  level 

88 75 

 
At the field site, water arsenic level was 
found to range from 0.000 mg/l to 0.092 mg/l. 
Temperature range was from 33.0°C to  
35.1°C and pH was from 7.03 to 8.07. ORP 
was from -55 mV to 234.5 mV where-as 
TDS were from 100 mg/l to 892 mg/l.   

Laboratory test results 

Arsenic levels of all water samples were 
measured by using atomic absorption 
spectrometry at Biochemistry Research 
Laboratory of Department of Medical 
Research (Central Myanmar). Water arsenic 
levels obtained are shown in Table 2. 
 
Table  2.  Arsenic   contamination   of   drinking    
                water  sources   in   selected   areas  in        
                Myingyan Township 

Water arsenic  
level (mg/l) 

Number of  
drinking water 

sources 

   Percentage  
of arsenic    

  contamination 
>0.100 0 0 
0.051-0.100 10 15.87 
0.011-0.050 34 53.97 
0.001-0.010 17 26.98 
<0.001 2 3.18 

At the laboratory, arsenic level of the  
water samples ranged from 0.000 mg/l to  
0.0923 mg/l. Temperature range was from 
21.9°C to 25.5°C and pH was from 6.17 to 
7.87. ORP was from -45 mV to 235.3 mV 
where-as TDS was from 121 mg/l to        
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894 mg/l. Aluminium level before adding 
potash alum was found to be 0.02 mg/l 
minimum to 0.07 mg/l maximum.    

Commercial-grade potash alum 450 mg/l 
was added to each water sample.  Arsenic, 
temperature, pH, ORP, TDS, and aluminium 
levels were measured at 1 hour and 2 hours 
after adding potash alum and after filtration 
using cotton filter. Mean water arsenic level 
was   0.0245±0.003 mg/l at the field site and 
0.0242±0.003 mg/l at the laboratory and the 
difference was not statistically significant 
(p=0.819). Mean water arsenic levels before 
and after adding commercial-grade potash 
alum are shown in Table 3.  

Table 3.  Water arsenic  levels  before  and  after                  
             adding potash alum at the laboratory 

 Water arsenic 
level (mg/l) 
Mean±SD 

P value 

Before adding potash alum 0.0242±0.003  
1 hour after adding potash alum 0.0154±0.002 <0.05** 

2 hours after adding potash alum 0.0087±0.001 <0.05** 

After filtration using cotton filter  0.0086±0.001 <0.05** 

*Means statistically significant 

Mean water aluminium levels were 0.1011 
±0.013 mg/l at 1 hour after adding potash 
alum, 0.1306±0.004 mg/l at 2 hours after 
adding potash alum, and 0.1094±0.004 mg/l 
at 2 hours after filtration, respectively. 

 

DISCUSSION 

 
This is the small-scale study to develop an 
innovative method for reducing arsenic 
content of drinking water.  The survey was 
conducted at 5 villages and one ward in 
Myingyan Township to screen the arsenic 
content of drinking water sources. Total  
63 drinking water sources were screened 
arsenic content, pH, temperature, ORP,    
and TDS at the field site by the survey  
team. Arsenic content was measured by 
using Wagtech arsenator and arsenic field 
test kits.   

In this study, 10 drinking water sources 
(15.87%) were found to exceed the 

Myanmar arsenic standard of 0.05 mg/l.  
According to the previous data, the arsenic 
contaminated wells in Myanmar above the 
national standard was 10%.12 In this study, 
44 drinking water sources (69.84%) were 
found to exceed the WHO guideline value 
of 0.01 mg/l. The highest concentration of 
arsenic detected was 0.0923 mg/l in the 
study area. Arsenic contamination in the 
study area is a serious problem considering 
that long-term exposure to arsenic contami-
nated water even at 0.01 mg/l increases the 
risk of various health hazards.13, 14  

The major rivers play a role in the distri-
bution and deposition of arsenic containing 
sediments derived from Himalayan source 
rocks.12 Drinking water in the Ayeyawady 
delta was contaminated with high level of 
arsenic in 2002 survey10 where 67% of the 
wells examined had high arsenic level and 
our study area was along this river.   

Field test kit results were confirmed  
at Biochemistry Research Laboratory of 
Department of Medical Research (Central 
Myanmar) by atomic absorption spectro-
metry. Arsenator and arsenic field test kit 
produced false negative results for water 
samples at 0.05 mg/l concentration levels in 
1 sample (1.59%) of total 63 shallow tube 
well samples tested in the study area. The 
percentage of false negative tested water 
samples at the WHO guideline value of  
0.01 mg/l was found to be 3.17%.   

Out of the 63 shallow tube wells, 60 water 
samples (95.24%) tested by arsenator and 
arsenic field test kit had comparable  
value with the laboratory result. All the 
laboratory staffs were masked from the field 
test results throughout the study.  Sensitivity 
and specificity of the field test kit used in 
the study were 98.11% and 80% respec-
tively, for 0.05 mg/l cut-off value.  

Sensitivity and specificity of the field test 
kit were 96.43% and 85.71%, respectively, 
for 0.01 mg/l cut-off value.  Arsenator and 
arsenic field test kit used in the study had 
high sensitivity and fair specificity.  It can 
be used in the community to test water 
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arsenic level in relatively short period of 
time and also helps to raise the people’s 
awareness about the health hazards of 
arsenic. 

Commercial-grade potash alum was used   
in the study to attenuate the arsenic content 
of drinking water. Although potash alum, 
known as “Kyauk-Chin” in Myanmar 
language, had been used in Myanmar since 
ancient times for removing turbidity from 
water for domestic use, its effect on arsenic 
content was not studied yet. Potash alum 
450 mg/l was added to each water sample 
taken from Myingyan area.  

Arsenic, pH, ORP, TDS, and aluminium 
levels were measured 1 hour after adding 
potash alum, 2 hours after adding potash 
alum, and after filtration using cotton    
filter.  Mean water arsenic levels fall from    
0.0242±0.003 mg/l before adding potash 
alum to 0.0154±0.002 mg/l at 1 hour after 
adding potash alum, 0.0087±0.001 mg/l at  
2 hours after adding potash alum, respec-
tively, and all were found to be statistically 
significant.   

Cotton filter was used after 2-hour addition 
of potash alum as it is easily available      
and user-friendly. In the study, filtration 
using cotton filter did not remove drinking 
water arsenic furthermore. However, arsenic 
levels of all the water samples after  
2-hour addition of potash alum were found 
to be below the Myanmar national arsenic 
standard level.   

Water samples after addition of potash alum 
turned to be a little bit acidic, mean pH 
value from 6.95 to 6.23, and it was within 
acceptable level. ORP became 54.90 mV to 
128.42 mV. TDS in water samples became 
500.8 mg/l and it was also within acceptable 
limit. The remaining aluminium level in the 
water sample after addition of potash alum 
was found to be 0.1094 mg/l and it did not 
exceed the WHO drinking water limit which 
was 0.2 mg/l. Neither odour nor color 
change was noted after addition of potash 
alum, therefore it might be acceptable by the 
community.   

Conclusion 

In this study, addition of commercial- 
grade potash alum 450 mg/l to drinking 
water can attenuate arsenic content 
effectively. As potash alum was available 
everywhere, it can be used in both rural and 
urban areas.  
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Pesticides play a vital role in food production. They are mixed blessings to 
human life. Even at relatively low levels organophosphates may be 
hazardous to human health. They can be absorbed through the lungs or skin 
or by eating them on food. Many organophosphates usually used in fruits 
and vegetables have neurotoxic effects on developing organisms, even from 
low levels of exposure. So, it is important to decontaminate the pesticide 
residues to reduce exposure especially those foods that are eating as a raw. 
In this study apple, cabbage, grape and Kha-yann-gyut-thee were treated 
with chlorpyrifos, malathion and acephate, separately. Among several ways 
to reduce pesticide residues, washing with running water, salt water, 
vinegar, tamarind and detergent methods were chosen for cabbage, grape 
and Kha-yann-gyut-thee. Pesticide residues were reduced in apples by 
peeling, peeling and washing with water, and only washing with water. 
These methods are very simple and basic household food preparation 
practices and the substances are also easily available in the kitchen. After 
treatment, pesticide residues were determined using gas chromatograph 
equipped with flame thermionic detector (GC-FTD). The results showed 
washing with salt water was most effective in cabbage, grape and Kha-yann-
gyut-thee and peeling and washing with water was excellent in apples. 
These household preparation methods are different in effectiveness because 
the effects of these methods depend on the physiochemical properties of the 
pesticides, such as water solubility, the temperature of the washing water 
and the type of washing. 

INTRODUCTION 

Myanmar is an agricultural country with  
27, 861, 565 acres of cultivating area and 
about 52 million of people residing there.1 
In Myanmar, the use of agro-pesticides has 
increased in recent years because of the 
expansion of cultivated areas and the 
introduction of double and multi-cropping 
system. The pesticide consumption in 
Myanmar was about 350 metric ton in 1992-
93 and it gradually increased year by year.2   
The number of formulated products 
approved to be used by Pesticide Registra-
tion Board of Myanmar has reached 1334  

in 2010.3 Although pesticides play a vital 
role in food production, they are mixed 
blessings to human life. Many organo-
phosphates are usually used in fruits and 
vegetables. Even at relatively low levels 
organophosphates may be hazardous to 
human health. The pesticides act on a set of 
brain chemicals closely related to those 
involved in attention deficit hyperactivity 
disorder (ADHD), thus fetuses and young 
children, where brain development depends 
on a strict sequence of biological events, 
may be most at risk.4  

Neurotransmitters such as acetylcholine 
(which is affected by organophosphate 
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pesticides) are profoundly important in  
the brain's development, and many organo-
phosphates have neurotoxic effects on 
developing organisms, even from low levels 
of exposure.5  

A 2007 study linked the organophosphate 
insecticide chlorpyrifos, which is used on 
some fruits and vegetables, with delays in 
learning rates, reduced physical coordi-
nation, and behavioral problems in children, 
especially ADHD.6   A 2010 study has found 
that organophosphate exposure is associated 
with an increased risk of Alzheimer's 
disease.7 Chlorpyrifos, acephate and mala-
thion are common among farmers who grow 
fruits and vegetables in Myanmar. 

They can be absorbed through the lungs or 
skin or by eating them on food.5 There are 
concerns that pesticides used to control 
pests on food crops are dangerous to people 
who consume those foods. So, it is important 
to decontaminate the pesticide residue to 
reduce exposure especially those foods that 
are eaten as a raw such as fresh fruits and 
some vegetables.  

There are several ways to reduce the 
exposure to pesticide residues on fresh fruits 
and vegetables. Among them, washing with 
running water, salt water, vinegar, tamarind 
and detergent methods were chosen for 
cabbage, grape and Kha-yann-gyut-thee and 
peeling, peeling and washing with water, 
and only washing with water were selected 
for apple in this study. These methods are 
very simple and basic household food 
preparation practices and the substances are 
also easily available in the kitchen. 

The effectiveness of these household 
preparation methods are different because 
the effects   of these methods depend on the 
physiochemical properties of the pesticides, 
such as water solubility, the temperature of 
the washing water and the type of washing.8  

Therefore, the effectiveness of decontami-  
nation methods on fruits and vegetables 
needs to be studied.  

 

General objective 

• To determine effectiveness of decon-
tamination methods of pesticide residues 
on fruits and vegetables 

Specific objectives  

• To establish the method for deter-
mination of pesticide residues in fruits 
and vegetables  

• To measure pesticide residues in fruits  
and vegetables before and after removal 

• To identify the most effective deconta-
mination method for chlorpyrifos, mala-
thion and acephate 

MATERIALS AND METHOD 

Study design 
Laboratory study 

Study area   

Chemical Toxicology Research Division, 
Department of Medical Research (Lower 
Myanmar) 

Pesticide standards 

-  Chlorpyriphos 
-  Malathion 
-  Acephate 

Sampling 

From Tarmway market in Yangon, 1 kg of 
apple, grape, cabbage and kha-yan-gyut-thee 
were purchased day by day to spray chlor-
pyrifos, malathion and acephate separately. 
(Totally 3 Kg of each item were used). 

Sample preparations   

Samples were treated with each of pesticide 
to be not more than 4 parts per million of 
pesticide residue level and they were kept 
overnight.   To   reduce   pesticide  residues,  
washing with running water, salt water, vine-
gar, tamarind and detergent methods were 
chosen for cabbage, grape and Kha-yann-
gyut-thee. Pesticide residues were reduced in 
apples by peeling, peeling and washing with 
water, and only washing with water. 
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Cabbage, grape and Kha-yann-gyut-thee 
samples were divided into six pieces. They 
were chopped separately and one portion 
was washed with running water. Second 
portion was put in a beaker containing 5% 
sodium chloride solution for 15 minutes. 
After that, the sample was gently washed by 
hand in salt solution and salt water was 
decanted and washed with water twice. 
Third portion was put in a beaker containing 
2% vinegar solution for 15 minutes. And 
then, the sample was gently washed by hand 
in vinegar solution and the solution was 
decanted and washed with water twice.  

Fourth portion was put in a beaker 
containing 2% tamarind solution for  
15 minutes. After that, the sample was 
gently washed by hand in tamarind solution 
and tamarind solution was decanted and 
washed with water twice. Fifth portion was 
put in a beaker containing 0.125% dish-
washing detergent for 5 to 10 seconds. And 
then, the sample was gently washed by hand 
in the solution and the solution was 
decanted and washed with water twice. The 
final portion was be analyzed without any 
washing.8 

Apple sample was divided into four pieces. 
They were chopped separately and one 
portion was washed with water. Second 
portion was peeled. Third portion was 
peeled and washed with water. The final 
portion was analyzed without any treatment. 

Extraction 

Harpenden multi-residues method was used.   
Thirty grams of sample and 35 g of sodium 
sulphate, 5 g of sodium hydrogen carbonate 
and 60 ml of ethyl acetate were put into   
250 ml beaker and homogenized for three 
minutes with Ultraturrax, T25. After the 
sediment settle down, extract was measured 
and transferred into round bottomed flask. It 
was evaporated over a water-bath (77˚C) 
under vacuum to about 1 ml by rotary 
evaporator (Buchi) and left to reach room 
temperature.  

Then, it was transferred into test tube. 
Round bottomed flask was rinsed with 

nearly 2 ml of cyclohexane and added into 
test tube. And then it was evaporated off 
using a nitrogen gas stream to 0.5 ml to 
change  the  solvent  from  ethylacetate  into  
cyclohexane.  After  that, it was made  up to   
1 ml with cyclohexane.11 

Clean up 

Short form Pasteur pipette was plugged with 
a small piece of pre-washed cotton wool. 
Then, 0.2 g of 15% neutral alumina and 
5 mm of anhydrous sodium sulphate were 
added as adsorbent. After that, 1 ml of 
extract was eluted through the mini-column, 
the eluate was collected into 2 ml volu-
metric flask. It was ready to inject in Gas 
Chromatograph(GC).11 (Shimadzu 17A) 

Determination 

The cleaned-up samples were analyzed by 
Gas Chromatograph. 
GC parameters are as follow: 
    Injector temperature: 250˚ C 
    Detector temperature: 280˚ C 

Oven temperature: Initial temperature 80˚ C,  
held for 1 min; then increasing 20˚ C/ 
min to 190˚ C, held for 1 min; and then 
increasing 10˚C/ min to 250˚C, held for  
1 min 

Column:  Rtx-1 Capillary column; 30 m x 
0.25 mm i.d. x 0.25 µm film thickness 

RESULTS AND DISCUSSION 

Experiments were carried out with above 
decontamination methods to assess their 
relative efficiencies in reducing the pesticide 
residues. The results have been summarized 
(Table 1, 2, 3 & 4). Chromatograms for 
organophosphate pesticide standards, chlor-
pyrifos, malathion and acephate are shown 
in Fig. 1. 

There are only a few researches on 
decontamination of pesticide residues on 
fruits and vegetables. Nagesh and Verma 
(1997) showed that 38% and 52.13% of 
chlorpyriphos residue in cabbage could be 
reduced by washing with water and salt 
water, respectively.8-10 In our study, 35.15% 
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and 51.5% of chlorpyriphos residue in 
cabbage could be reduced by washing with 
water and salt water respectively.8-10 Bhatia 
and Verma showed that 64.6% of Malathion 
residue in cabbage could be dislodged by 

washing with water. In our study, 60.6%    
of Malathion residue in cabbage could       
be dislodged by washing with water. 
Therefore, these results are very similar to 
our results. 

 

Table 1. Pesticide residues (ppm) in pesticide sprayed cabbage after different washings  

Name of  
pesticide 

Without any 
washing 
(control) 

Water Detergent Vinegar Tamarind Salt water 
Left 

amount 
Dislodge

(%) 
Left 

amount
Dislodge

(%) 
Left 

amount
Dislodge

(%) 
Left 

amount
Dislodge 

(%) 
Left 

amount 
Dislodge

(%) 

Chlorpyrifos 1.58  1.03 35.15 0.82 48.34 1.41 10.67 0.78 50.5 0.77 51.5 
Malathion 3.09 1.22 60.6 1.2 61.36 1.1 64.72 1.27 58.92 1.05 65.97 
Acephate 1.22 0.49 59.84 0.5 59.02 0.74 39.34 0.7 42.62 0.382 68.69 

 

Table 2. Pesticide residues (ppm) in pesticide sprayed grape after different washings 

 
 

Table 3. Pesticide residues (ppm) in pesticide sprayed Kha-yann-gyut-thee after different washings  

Name of 
pesticide 

Without any 
washing 
(control) 

Water Detergent Vinegar Tamarind Salt water 
Left 

amount 
Dislodge

(%) 
Left 

amount
Dislodge

(%) 
Left 

amount
Dislodge

(%) 
Left 

amount
Dislodge 

(%) 
Left 

amount 
Dislodge 

(%) 

Chlorpyrifos 1.91 0.55 71.14 0.94 50.83 0.895 53.15 0.988 48.24 0.546 71.42 
Malathion 3.42 1.49 56.43 2.32 32.05 1.932 43.51 1.35    60.6 1.008 70.53 
Acephate 0.17 0.066 61.18 0.056 67.06 0.057 66.47 0.054 68.24 0.067 60.65 

 

Table 4. Pesticide residues (ppm) in pesticide sprayed apple after different decontamination methods 

Name of  
pesticide 

Without any 
washing  
(control) 

Washing Peeling Peeling and washing 

Left amount Dislodge (%) Left amount Dislodge (%) Left amount Dislodge (%) 

Chlorpyrifos 1.75 1.715 2 0.455 74 0.35 80 
Malathion 2.8 2.37 2.5 0.89 67.86 0.81 71.07 
Acephate 0.209 0.205 2 0.08 61.72 0.06 71.29 

 

 

 

 

 

 

 

 
 
 
 
Fig. 1. Chromatograms for chlorpyrifos, malathion and acephate standards 

Name of  
pesticide 

Without any 
washing 
(control) 

Water Detergent Vinegar Tamarind Salt water 
Left 

amount 
Dislodge

(%) 
Left 

amount
Dislodge

(%) 
Left 

amount
Dislodge

(%) 
Left 

amount
Dislodge 

(%) 
Left 

amount 
Dislodge

(%) 

Chlorpyrifos 2.32 1.05 54.6 0.96 9.2 2.11 9.2 1.11 52.2 0.63 72.8 
Malathion 3.13 1.34 57.22 1.27 57.01 1.35 57.01 1.88 39.94 1.27 59.53 
Acephate 0.09 0.05 43.33 0.07 31.12 0.062 31.12 0.69 23.33 0.037 58.56 
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Comparing washing methods with various 
solutions, washing with salt water was most 
effective in cabbage, grape and Kha-yann-
gyut-thee, except in kha-yann-gyut-thee 
sprayed with acephate. In common house-
hold practice, salt water is largely used to 
decontaminate the pesticide residues from 
different fruits and vegetables. In apples, 
peeling followed by washing with water was 
excellent. It may be because the outer leaves 
of vegetables often contain residues of 
pesticides applied during the growing 
season. Therefore, peeling or trimming 
procedures reduce the residues levels in 
leafy vegetables. Peeling of root, tuber and 
bulb vegetables with a knife is common 
household practice. Many examples show 
that most of the residues concentration is 
located in or on the peel. Peeling of the 
commodities may remove more than 50% of 
the pesticide residues present in them.  
Thus, removal of the peel achieves almost 
complete removal of residues, leaving little 
in the edible portions. This is especially 
important for fruits which are not eaten  
with their peels, such as bananas or citrus 
fruits.8-10 

To reduce the exposure to pesticide 
residues, a variety of foods should be eaten 
to avoid repeat exposure to a pesticide 
typically used on a given crop. Food that is 
grown organically should be bought and 
consumed.12 The pesticide residue problem 
is one of the common health problems in 
food safety because Myanmar is an 
agricultural country. Therefore, this study is 
an attempt to advise some ways and means 
by performing the effective decontaminating 
methods in common household practice to 
overcome the problem. 

 

ACKNOWLEDGEMENT 
 

The authors would like to thank Dr. Myo 
Khin, Acting Director-General, Department 
of Medical Research (Lower Myanmar) for 
giving us the opportunity to conduct this 
study.  

REFERENCES 

1. The List of Cultivated Area in Myanmar 
(2001-2002). Settlements and Land Records 
Department. 

2.   Pesticide Consumption in Myanmar (2002-
2003). Myanma  Agriculture Service. 

3.  The list of pesticide registered in Myanmar 
(2010), Myanma  Agriculture Service. 

4. Available from: URL: http://versita.metapress. 
com/ content/g44708584 87 t28u4/. 

5. Available from: URL: http://en.wikipedia.org 
/wiki/Organophosphate#Chronic _Toxicity 

6.  Study Links Organophosphate Insecticide Used 
on Corn With ADHD. Beyond Pesticides. 5 
January 2007. 

7.   Hayden K, Norton M, Darcey D, Ostbye T,       
et al. Cache County Study I. Occupational   
exposure to pesticides increases the risk of 
incident AD: the Cache County study. 
Neurology 2010; 74(19): 1524–1530. doi:10. 
1212/ WNL.0b013e3181dd4423. PMC 2875926. 
PMID 20458069. 

8.   Decontamination of pesticide residues on fruits 
and vegetables. Available from : URL: www. 
amazines.com. 

9.  Wasim Aktar, MD. Decontamination of pesti-
cide residues on fruits and vegetables. Free 
Articles by Article Base.com. 2008; 1-13. 

10. Professor Kyaw Myint Oo. Environmental 
Toxicology: Effects of Environmental Pollutants 
on Living Systems. The Myanmar Academy of 
Arts and Science  2010; 108-111. 

11. Harpenden Method. Available from: URL:  
http://www.ididas.iaea.org/  

12. Available from: URL: http://en.wikipedia. org/ 
wiki/ Pesticide#Health-effects. 

 



 67

The Myanmar Health Sciences Research Journal, Vol. 25, No. 1, 2013 
 
 

Anti-hyperglycemic Effect of the Leaves of Moringa oleifera Lam. ('efY'vGef)  
and Identification of Quercetin Compound 

 
Ei Mon Hla1, Marlar Myint1, May Aye Than2, 

 Khin TarYar Myint2 & Mu Mu Sein Myint2  
 

1University of Pharmacy, Yangon 
2Pharmacology Research Division  

Department of Medical Research (Lower Myanmar) 
 

The aim of this study was to evaluate the anti-hyperglycemic effect of the 
leaves of Moringa oleifera Lam. ('efY'vGef) and to identify the organic 
flavonoid compound, quercetin, which has been reported that it regenerates 
the pancreatic islets of Langerhans and increases the release of insulin. For 
evaluation of anti-hyperglycemic effect, the crude aqueous extract in the 
doses of 1.5, 3 and 6 g/kg body weight were administered by oral route to 
adrenaline-induced hyperglycemic rat models. The blood glucose levels of 
the rats were determined by glucometer at 1, 2, 3 and 4 hours after 
administration of the extract. It was found that the crude extract showed 
significant anti-hyperglycemic effect at 2 h (p<0.05), 3 h (p<0.05) and  
4 h (p<0.05), respectively, when compared with those of Vehicle 10 ml/kg 
(negative control group). There was no significant difference between the 
effect of the extract and that of glibenclamide B.P. 4 mg/kg (positive control 
group), a known anti-diabetic agent. Acute toxicity of the extract was tested 
by using albino mice and was found that there was no lethality up to 
maximum permissible dose of 12 g/kg. A pure compound was qualitatively 
isolated by using preparative thin layer chromatography from acid 
hydrolysed extract of the leaves of Moringa oleifera Lam. The isolated 
compound was identified to be flavonoid compound, quercetin by            
Thin Layer Chromatography, Ultraviolet Spectroscopy and Fourier 
Transform Infrared Spectroscopy. It could be concluded that the leaves of 
Moringa oleifera Lam. which contain quercetin compound, has significant 
anti-hyperglycemic effect.  

 
INTRODUCTION 

 
Diabetes mellitus is the most common 
metabolic disorder world-wide and is a 
major public health problem because of 
enormous personal and societal costs  
of uncontrolled diabetes and many compli-
cations causing morbidity and mortality. Its 
incidence is considered to be high all over 
the world. According to current estimation 
of the International Diabetes Federation, 
285 million people around the world have 
diabetes. It is expected to rise to 438 million 
in 2030.1 In Myanmar, there has been 
recently estimated that 6% of people 
between the ages of 25 and 70 have 

diabetes, and that 14% of urban dwellers 
and 7% of the rural population have the 
disease.2 It is an increasing problem in 
Myanmar with more than three million 
people affected.3 In the management of 
diabetes mellitus, three types of therapeutic 
strategies are usually applied: (1) dietary 
control and healthy lifestyle, (2) oral anti-
diabetic drugs, and (3) insulin therapy. 
Approximately 50% of mild cases of 
diabetes can be controlled adequately by 
diet alone, 20-30% will need an oral anti-
diabetic medication, and 20-30% will need 
insulin therapy.4  

Commonly used anti-diabetic drugs 
including insulin and oral anti-diabetic 
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agents are relatively expensive for 
developing countries and these drugs 
usually produce some serious side 
effects such as hypoglycemia. Therefore, 
developing countries rely on traditional 
medicines, mostly medicinal plants, for the 
primary health needs. The use of medicinal 
plants is increasing in both developing and 
developed countries due to recognition of 
safety of natural products and availability at 
affordable prices and the main source of 
accessibility of medicines for rural people. 
WHO has encouraged the evaluation of the 
potential of plants as effective therapeutic 
agents, especially for remote areas where 
safe modern drugs are not easily available. 5  

Patients with diabetes have been treated 
orally in folk medicine with a variety of 
plant extracts throughout the world since 
ancient time. The plant Moringa oleifera 
('efY'vGef) is widely distributed in many 
countries of the tropic. It is being utilized 
for the treatment of different diseases 
including diabetes mellitus as indigenous 
herbal medicine particularly in South Asia.6 
In Myanmar, the leaves and fruits of 
Moringa oleifera Lam. are used by cooking 
in the curries and have been used as     
herbal medicine for treatment of various 
diseases including diabetes mellitus and 
hypertension.7  

Some researchers in foreign countries  
have reported the blood glucose lowering 
effect of Moringa oleifera Lam.8, 9 and    
also reported that the leaves contain 
quercetin.6, 9, 10 Quercetin is a member of the 
class of flavonoids called flavonols. It is 
very widely distributed in plants, especially 
in leaves.11 It is a bio-active compound 
which had been demonstrated its significant 
anti-tumour, anti-microbial, anti-oxidant,  
anti-inflammatory, anti-allergic and anti-
diabetic activities.12 It has been reported that 
it regenerates the pancreatic islets of 
Langerhans and increases the release of 
insulin.13, 14 But there has not been scientific 
research on this plant growing in Myanmar 
for evaluating the anti-hyperglycemic acti-
vity as well as isolation and identification of 

quercetin compound. If the leaves of 
Moringa oleifera Lam. have satisfactory 
anti-hyperglycemic activity, it would be 
valuable for development of a new anti-
diabetic agent which may be safe, less 
expensive and easily available.  

Objectives 

 To evaluate the anti-hyperglycemic effect 
of the leaves of Moringa oleifera Lam. 
on adrenaline-induced diabetic rats, and  

 To identify possible bioactive compound 
from the leaves of Moringa oleifera Lam. 
by Thin Layer Chromatography (TLC), 
Ultraviolet (UV) Spectroscopy and 
Fourier Transform Infrared (FT-IR) 
Spectroscopy. 

 

MATERIALS AND METHODS 

 
The present study was done at the 
Department of Pharmacognosy, University 
of Pharmacy, Yangon and the Pharma-
cology Research Division, Department of 
Medical Research (Lower Myanmar). Most 
of the chemicals and reagents employed  
in this study were AnalaR grade from 
“British Drug House Chemicals Ltd.,  
Poole, England” and “E. Merck, Germany”. 
Experimental animals were provided by    
Laboratory Animal Services Division, 
Department of Medical Research (Lower 
Myanmar), Yangon. 

Collection and identification of the leaves of 
Moringa oleifera Lam.  

The leaves of Moringa oleifera Lam. were 
collected from Zin Gyike, Paung Township, 
Mon State in December, 2008 and January 
2009.  As the trees were found abundantly 
in that area, all the plant samples were 
collected from the same area to avoid geo-
graphical variation of samples. Morpho-
logical identification of the collected fresh 
aerial parts was done at Department of 
Pharmacognosy, University of Pharmacy, 
Yangon. The characters of the aerial parts of 
the plant sample were in accordance with 
the literature of Cronquist.15  
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Preparation of the crude extract of the 
leaves of Moringa oleifera Lam.  

The crude aqueous extract of the leaves of 
Moringa oleifera Lam. was prepared by 
cold maceration method.16 The air-dried 
powder 100 g was macerated with 2 L of 
chloroform water of the specified strength 
in a closed flask for 24 hours, shaking 
frequently during the first 6 hours and then 
allowing to stand for 18 hours. Then it was 
filtered rapidly, the filtrate was evaporated 
to dryness in a tared flat-bottomed shallow 
dish and dried at 105°C to constant weight. 
The percentage of water-soluble extract was 
calculated.                                                                                                                                                             

Chemical investigation of the leaves of 
Moringa oleifera Lam. 

Preliminary phytochemical investigation of 
the crude powder and the crude aqueous 
extract was done by B.P. and Unani 
methods16, 17 and physicochemical standardi- 
zation of crude powder was also done by 
WHO guidelines.18  

Isolation and identification of a pure 
compound from the leaves of M. oleifera 

The extraction of the leaves of Moringa 
oleifera Lam. was done by Harborne 
method.11 About 25 g of air-dried leaves 
powder was hydrolysed with 100 ml of    
2M hydrochloric acid on water-bath at 
100ºC for 30 minutes, then cooled and 
filtered. The filtrate was extracted twice 
with ethyl acetate (EtOAc). After EtOAc 
solvent had been concentrated to dryness, 
the residue was used for isolation. 

Isolation of a compound from the leaves 
extract was carried out by preparative thin 
layer chromatography using silica gel GF254 
plate and EtOAc:PE (3:2).11 The leaves 
extract was applied by spotting on silica gel 
plate to compare with authentic quercetin 
compound. After developing the chromato-
gram, the compound having the same Rf 
value of quercetin was scrapped off from 
the plate. Silica gel containing a particular 
compound was eluted out with methanol.  

The methanolic residue of the isolated 
compound was checked by TLC using two 
solvent systems, EtOAc:PE (3:2) and EtOAc: 
cyclohexane (3:2). The Rf values of the  
spots were determined comparing with 
authentic sample. Localization of spot was 
made by viewing directly under UV-254 nm, 
UV-365 nm and by visualizing spray reagents, 
NH3 vapour, I2 vapour and 10% FeCl3 
solution.  

The UV and visible spectra of the isolated 
pure compound in methanol solvent was 
recorded on UV-VIS spectrophotometer 
(UV 1601, Shimadzu, Japan) and the UV 
data of the isolated compound were 
recorded between the wavelengths ranging 
from 200 nm to 800 nm.19 The Fourier 
Transform Infrared Spectra of the isolated 
pure compound were measured as 1% KBr 
pellet form and recorded between the wave-
lengths ranging from 400 to 4000 nmcm-1 
by FT-IR spectrohotometer (FT-IR 8400, 
Shimadzu, Japan).19 

Acute toxicity of the leaves of M. oleifera  

Acute toxicity of the crude extract was 
tested by using the method of Litchfield & 
Wilcoxon.20 Healthy male albino mice 
(Dutch Denken Yoken strain), with the    
age of 12 weeks, weighing between 28-32 g 
were used.  

The mice were randomly assigned to five 
groups with 10 animals in each group. 
Before administration of the extract, each 
mouse was weighed and the required doses 
were calculated. The mice were fasted for 
18 hours and each group was kept in 
separated cage, respectively.  

The control group was administered with 
distilled water (10 ml/kg body weight). The 
test groups were administered with different 
doses of the extract (3, 6, 9 & 12 g/kg body 
weight) by oral route using intragastric 
dosing cannula. After administration of the 
extracts, each group of mice was allowed  
free access to food and water. Mortality and 
behavioral responses were observed within 
24 h and daily for 14 days. 
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Evaluation of anti-hyperglycemic effect of 
the leaves of Moringa oleifera Lam. 

Anti-hyperglycemic effect of the crude 
extract was done by using the method of 
Gupta, et al.21 Six healthy female Wistar 
(Goto Kakizaki) rats with the age of             
8 weeks, weighing between 180-220 g, were 
used. The animals were fed on a standard 
laboratory diet. 

For experimental purpose, the animals were 
kept fasting for 18 hours but were allowed 
free access to water. Before the admini-
stration of distilled water, each animal was 
put into a mechanical restraining device and 
fasting blood sample was taken by cutting 
about 0.4 cm of tip of the tail. One drop of 
blood was collected on the glucocard test 
strip (Ascensia ELITE XKL, U.S.A) and 
blood glucose concentration was read        
by glucometer (Ascensia ELITE XKL, 
U.S.A). The result was expressed in mg/dl.  

Rats were weighed and the dosages were 
calculated on the body weight based for 
each rat. Distilled water (10 ml/kg body 
weight) for negative control group was 
administered orally to each animal by using 
an intragastric dosing cannula connected to 
a plastic syringe after drawing the initial 
sample of blood. The cannula was put into 
the mouth about 5 cm until it reached the 
stomach. Then, the piston was pushed to 
deliver the test agent into the stomach.  

After administration of distilled water, the 
rats were induced hyperglycemia by giving 
adrenaline tartarate B.P. 0.8 ml/kg sub-
cutaneously. Then further samples of blood 
were collected by squeezing the tip of       
tail which had been cut at 1 hour, 2 hours,    
3 hours and 4 hours, respectively, and           
the results were recorded. After baseline 
blood sugar level had been determined, the 
animals were allowed to rest for a week 
with standard diet. After one week wash-out 
period, the same adult healthy rats were 
tested again with the extract 1.5 g/kg body 
weight similar to the above procedure. 
Another test groups (the extract 3 g/kg &      
6 g/kg body weight) and glibenclamide B.P. 

(4 mg/kg body weight) for positive control 
group were also carried out by above 
procedure. Statistical analysis was done by 
using SPSS software version 16.0. Blood 
glucose levels between the test groups and 
the control group were compared by 
Student’s “t” test with the level of signifi-
cance of p<0.05.  
 

RESULTS AND DISCUSSION 

 
Identification of the leaves of M. oleifera  
 
Scientific name - Moringa oleifera Lam. 
Family - Moringaceae 
Myanmar name - 'efY'vGef (Dant-da-lun) 
English name - Horse-radish tree, Drum-stick tree
Synonym - Moringa pterigosperma Gaertn. 

Chemical investigation of the leaves of 
Moringa oleifera Lam. 

The phytochemical analysis of the crude 
powder and aqueous extract (yield percent 
34.75%) revealed that flavonoids, glycol-
sides, phenolic compounds, carbohydrates, 
tannins, amino acids, steroids/ terpenes, 
starch and reducing sugars were present in 
the leaves of Moringa oleifera Lam. 

In physicochemical analysis, moisture  
content (80 mg/g), swelling index (2.2 cm), 
foaming index (<100), total ash (113 mg/g),      
water-soluble ash (290 mg/g), acid-insoluble 
ash (150 mg/g), extractable matters  (aque- 
ous extract 283.7 mg/g, ethanolic extract 
95.85 mg/g, chloroform extract 40.5 mg/g 
and pet-ether extract 76.25 mg/g), were 
determined. These data may provide the 
quality control of Moringa oleifera Lam. 
leaves.  

Isolaion and identification of a pure compound 
from the leaves of Moringa oleifera Lam.  

When isolation of a compound from the 
leaves extract (yield percent 0.2447%) was 
qualitatively carried out by preparative thin 
layer chromatography using EtOAc:PE 
(3:2), a yellow coloured compound having 
the same Rf value (0.45) of authentic 
quercetin compound was obtained. The 
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isolated compound was scrapped off and 
checked by TLC using two solvent systems, 
EtOAc:PE (3:2) and EtOAc: Cyclohexane 
(3:2). Localization of spots was made by 
viewing directly under UV-254 nm, UV-365 
nm and visualizing spray reagents, NH3 
vapour, I2 vapour and 10% FeCl3 solution as 
shown in Figure 1.  

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
A=Authentic quercetin  
S= The extract of Moringa oleifera Lam. leaves 
 
Fig. 1. Thin  layer  chromatogram of  the extract 
            of Moringa oleifera Lam. leaves  

The isolated compound showed pale yellow 
colour in visible, dark colour in UV-254 nm, 
yellow colour in UV-365 nm and NH3 
vapour, dark brown colour in I2 vapour, and 
black in 10% FeCl3 solution. The Rf values 
were 0.45 in EtOAc: PE (3:2) and 0.64 in 
EtOAc:Cyclohexane (3:2). When those Rf 
values were compared with that of authentic 
quercetin, these were identical to that of 
authentic sample. So, the Rf values, colour 
reactions using spraying reagents, and the 
colour under UV hand lamp suggested that 
the isolated compound might be the 
flavonoid compound, quercetin.  

The UV-visible spectrum of the isolated 
compound was observed at the wave-
lengths of 209 nm, 257 nm, 307 nm, and 

377 nm. FT-IR spectrum of the isolated  
compound exhibited the absorption band    
at 3294.19 cm-1 (aromatic ‐OH group), 
1662.52 and 1612.38 cm-1 (aromatic C==C 
group), 2920.03 cm-1 (SP2 alkenic hydro-
carbon =C‐H) and 1315.36 cm-1 (phenolic-
OH). The TLC, UV and FT-IR spectral data 
were agreed with those of the literature.19 
Thus, the isolated compound obtained from 
the leaves of Moringa oleifera Lam. was 
confirmed as flavonoid compound, quercetin. 

Acute toxicity of the leaves of M. oleifera  

When the test groups were administered 
with different doses of the crude extract  
(3, 6, 9 & 12 g/kg body weight), there was 
no lethality even with maximum permissible 
dose of 12 g/kg body weight.  

Therefore, the medium lethal dose (LD50) 
was supposed to be higher than 12 g/kg 
body weight. The LD50 between 7 g/kg to 21 
g/kg body weight in mice was practically 
nontoxic.22 So the aqueous extract of the 
leaves of Moringa oleifera Lam. was 
practically nontoxic. 

Evaluation of anti-hyperglycemic effect of 
the leaves of Moringa oleifera Lam. 

The anti-hyperglycemic effect of the leaves 
of Moringa oleifera Lam. was observed.  
Aqueous extracts of 1.5, 3 & 6 g/kg could 
significantly decrease blood glucose levels 
at 2 hours (p<0.05), 3 hours (p<0.05) and    
4 hours (p<0.05), respectively, when 
compared with that of the control. The 
positive control group (glibenclamide B.P.   
4 mg/kg) was observed to decrease in   
blood glucose level significantly at 1 hour 
(p<0.0005), 2 hours (p<0.000005), 3 hours 
(p<0.0005) and 4 hours (p<0.005) when 
compared with that of the control (Fig. 2).   

In comparison of percent inhibition of 
hyperglycemia among three different doses 
of the extract and glibenclamide B.P.,        
all doses of the extract showed significant 
decrease in blood glucose level at 2 hours,  
3 hours and 4 hours. However, gliben-
clamide B.P. showed significant decrease   
in  blood  glucose  level  at  1 hour,  2 hours,          

A    S 
 Visible 

       A    S 
  UV-254 nm 

      A     S 
   UV-365nm 

              A    S 
       10% Ferric    
   chloride solution 

   A    S 
Ammonia vapour 

      A    S 
Iodine vapour 
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             Time after administration of adrenaline (in hour)                               Time after administration of adrenaline (in hour) 

Fig. 2.  Times  course of the effect of the queous extract of the  leaves of  Moringa oleifera  Lam.  and 
glibenclamide  B.P. (4 mg/kg)  on  adrenaline-induced  hyperglycemic  rat  model. (Each point 
represents the mean of observations and  the  vertical bars indicate standard errors of the means.) 

 
3  hours and 4 hours. So, it had more potent 
anti-hyperglycemic effect than the extract 
(Table 1).  
 
Table 1. Percent inhibition effect (Mean±SE) of  
              different dose of test agents on adrena-   
               line-induced hyperglycemic rat model 

Test agents 
Percent inhibition of 
hyperglycemia (%) 

1h 2h 3h 4h 
Glibenclamide B,P.4 mg/kg 50.1 

±9.41 
53.21 
±5.72 

59.55
±8.77 

  71.87
±12.44

Aqueous extract 1.5 g/kg  -4.36 
 ±28.17 

23.89 
±9.03 

26.23 
±14.02 

 24.00
±13.84

Aqueous extract 3 g/kg -6.98 
±7.45 

16.15 
±7.83 

27.83 
±11.14 

  26.51
±12.26

Aqueous extract 6 g/kg   - 9.58 
 ±18.3 

22.92 
 ±6.96 

34.42 
±10.79 

29.75
±8.9 

 
Generally, natural products such as 
alkaloids, flavonoids, glycosides, terpenoids 
and many others possess anti-diabetic 
activity. In this study, it could be confirmed 
that the leaves of Moringa oleifera Lam. 

contain flavonoid compound, quercetin. 
Quercetin was a bioactive compound which 
had been demonstrated its significant anti-
tumour, anti-microbial, anti-oxidant, anti-
inflammatory, anti-allergic and anti-diabetic 
activities.12 Insulin release was enhanced by 
approximately 44-47% when isolated  islets 
of Langerhans of rats were exposed to 
quercetin (0.01-0.1 mmol/l).13  

It regenerated the pancreatic islets and 
increased the release of insulin in strepto-
zocin-induced diabetic rats.14 It significantly 
increased the antioxidant enzyme activities 
in pancreatic cells and it could prevent 
diabetes induced by streptozocin in rats.23 

So quercetin, which can increase the release 
of insulin from pancreatic cells and pan-
creatic enzyme activities due to  anti-oxidant 
property, may be one of the active 
constiuents of the leaves of Moringa 
oleifera Lam. for antihyperglycemic activity. 
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According to the findings, the aqueous 
extract was effective for anti-hyperglycemic 
activity. It is convenient to administer 
because the leaves of Moringa oleifera Lam. 
are used in soup by Myanmar people and it 
is affordable for most people.  

Although it had slower onset than gliben-
clamide B.P., it can be safer than gliben-
clamide B.P. which may cause high risk     
of hypoglycemia. It is assumed to have a 
wide margin of safety and not to produce 
severe hypoglycemia because it has been 
consumed as vegetables for a long time. So, 
it is suggested that it could be used to 
control mild type 2 diabetes mellitus or as 
an adjunct to other anti-diabetic agents in 
severe type 2 diabetes mellitus. 
Conclusion  
From the findings of the present study,        
it can be concluded that the leaves of 
Moringa oleifera Lam. which contain 
quercetin compound has significant anti-
hyperglycemic effect. There was no signi-
ficant toxic effect on albino mice when 
aqueous extract of the leaves of Moringa 
oleifera Lam. was administered orally up to 
the maximum permissible dose of 12 g/kg.  
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To find out the basal metabolic rate (BMR) and the energy cost of some 
common physical activities, a cross-sectional descriptive study was 
conducted on 30 male medical cadets, aged 18.1±0.46 years, selected 
randomly from 12th intake of Defence Services Medical Academy (DSMA), 
Yangon. BMR and the energy cost of seven common physical activities 
were measured by open circuit indirect calorimetry method. Mean BMR of 
the subjects was 0.937±0.024 kcal/min. The energy cost of basic activities 
such as sitting, standing and walking were 1.08±0.11 kcal/min, 1.25±0.15 
kcal/min and 2.95±0.36 kcal/min, respectively. The energy cost of marching 
and running were 4.06±0.43 kcal/min and 8.35±1.21 kcal/min, respectively. 
The energy cost of social service duties such as sweeping and hoeing were 
3.93±0.52 kcal/min and 5.44±0.94 kcal/min, respectively. Based on the 
metabolic equivalent times (METs), sitting and standing activities were 
classified as light intensity whereas walking, marching, sweeping and 
hoeing were moderate intensity. The running activity fell into hard/vigorous 
intensity. BMR and the energy cost of seven common physical activities 
were comparable to Asian values but lower than the Western and European 
values. The results of this study could be used as baseline data for 
measuring total daily energy expenditure of medical cadets from DSMA in 
providing the information about energy requirement. 

 
INTRODUCTION 

 
Long-term good health for weight-stable 
adult requires balance between energy 
intake and energy expenditure. In most indi- 
viduals, energy balance is regulated by 
remarkably sensitive mechanisms. But, a 
little imbalance between energy intake     
and expenditure can cause great changes    
in body. For example, a 2% imbalance 
between intake and expenditure results in    
a small daily positive or negative energy 
balance of only 40-60 kcal/day. However,  
if persistent, this imbalance would result in 
a weight change of 20-30 kg over the course 
of a decade.  

The FAO/WHO/UNU (1985) expert com-
mittee stated that information on free-living 
energy expenditure was crucial for the 
definition of the energy requirements of 

different groups of humans.1 Total daily 
energy expenditure (TDEE) can be used     
to measure energy requirement. Total daily 
energy expenditure equals the sum of        
(1) resting metabolic rate (RMR), consisting 
of basal and sleeping conditions plus        
the added metabolic cost of arousal           
(2) thermogenic effect of the food consumed 
and (3) energy expended during physical 
activity and recovery. For the typical 
person, RMR accounts for about  60 to 75% 
of TDEE while thermic effects from eating 
account for approximately 10% and 
physical activity accounts for remaining 15 
to 30%. Variations in total energy expen- 
diture among people are mostly determined 
by their physical activity level. Most   
people can sustain metabolic rates 10 times 
the resting value during continuous “big 
muscle” exercise such as fast walking, 
running, bicycling and swimming.2 



 75

Total daily energy expenditure of a person 
can be measured from the sum of the 
amount of time spent in each activity during 
the day, multiplied by the energy cost of 
work of each activity obtained in the same 
individual. The energy cost or caloric cost is 
the energy expenditure needed for specific 
activity.2 This study was aimed to determine 
the energy cost of some common physical 
activities of medical cadets from DSMA, 
Myanmar. 

MATERIALS AND METHODS 

A cross-sectional descriptive study was con- 
ducted on thirty apparently healthy medical 
cadets from 12th intake of DSMA selected in 
2006 by randomized sampling method.  

Anthropometric and body composition 
assessment 

Body weight was measured with bathroom 
scale weighing machine, calibrated with 
standardized weight. Height was measured 
by using a portable stadiometer. Skin-fold 
thickness at sites of biceps, triceps, sub-
scapular and supra-iliac was measured on 
the right side of the body using a Holtain 
skin-fold caliper. After measuring weight, 
height and skin-fold thickness, body mass 
index (BMI), body fat percentage (Fat %), 
body surface area (BSA) and lean body 
mass (LBM) were calculated.3 

Measurement of basal metabolic rate 
(BMR) 

Measurement was done while the subject 
rested in the post-absorptive state to avoid 
increased metabolism from digestion, 
absorption and assimilation of ingested 
nutrients. So, subject was fasted for one 
night from 6:00 pm to the next day 6:00 am. 
The subjects were also refrained from  
any physical activity for several hours  
prior to test. The subjects rested in lying 
recumbent position for about 30 minutes in 
a comfortable, thermoneutral room. The 
room temperature was maintained between 
22˚C to 28˚C. The opened circuit indirect 
calorimetry method with Douglas bags was 
used  to determine oxygen consumption rate 

 
(a) 

 
(b) 

 
(c) 

Fig. 1.   Collection of expired air for measuring 
(a) BMR (b) energy cost of hoeing (c) 
energy cost of running 

and energy expenditure. Prior to collection 
of gas, the equipment and its use were 
carefully explained to each subject. After 
positioning the equipment, he was allowed 
to breathe for 5 minutes in order to flush the 
instrument and to become accustomed to 
facial mask. Collection of mixed expired air 
was usually made after 5 minutes of work. 
Expired air was collected by means of a 
plastic Douglas bag for 15 minutes. After 
collection, sample of mixed expired air was 
collected in a plastic sample bag from side 
tube of valve. The volume of mixed expired 
air in Douglas bag was measured by passing  
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through the dry gas meter (Parkinson 
Cowan) which had been already calibrated 
with Tissot gas meter. Sample of mixed 
expired air was analyzed immediately after 
collection by Servomax oxygen analyzer    
to determine percentage of oxygen. Then, 
energy expenditure was calculated. 

Measurement of the energy cost of activities 

The energy cost of each activity was 
measured by means of indirect calorimetry 
with Douglas bags same as above procedure 
while the subjects carried out the activities 
as routine. Douglas bags were carried by 
subjects with the special equipment (Fig.1). 
Gas collection time was 10 minutes for 
standing, 5 minutes for marching and 
walking and 3 minutes for running, hoeing 
and sweeping, respectively. 

Measurement of heart rate 

Measurement of changes in heart rate 
throughout physical activities was carried 
out with Polar heart rate monitor. 
 

RESULTS AND DISCUSSION 
 
Table 1 shows general characteristics of the 
subjects. All subjects were from the same 
batch and they had nearly same age of       
18 years. Mean body weight of the subjects 
in this study was found to be 10th to 25th 
percentile of CDC Growth Charts: US. But 
their weights were within the normal range 
of median acceptable weight for height 
value of WHO, 1985. Mean height of the 
subjects was also found to be 10th to 25th 
percentile of CDC Growth Charts: US. 
Therefore, mean body weight and height of 
the subjects in the present study were      
low compared with the Western values and 
within normal range compared with the 
Asian values.  

Body mass index (BMI) was used as 
indicator of body composition and it reflects 
nutritional status and health fitness of the 
individual. BMI <18.5 was underweight and 
it had been proposed to indicate chronic 
energy malnutrition (CEM) in adults. BMI 

within 25 and 29.9 was overweight and     
30 and above was defined as obese. In this 
study, mean BMI of the subjects was normal 
i.e. within 18.5 and 24.9.  
Table 1. General characteristics of the subjects 

LBM=  Lean Body Mass 
BMI =  Body Mass Index    
BSA  =  Body Surface Area 

Body composition was one of the indicators 
of physical fitness which was used to 
describe the percentage of fat, bone and 
muscle in human body. The percentage of 
fat (body fat percentage) was of most 
interest because it is more reliable indicator 
for judging health than body weight. Mean 
fat percentage of the subjects in the present 
study was same as the value of athletes 
according to general body fat percentage 
categories of American Council on Exercise. 
They classified the body fat percentage for 
men as 2-4% - essential fat, 6-13% - athletes, 
14-17% - fitness, 18-25% - acceptable  and 
25% plus was obese. 

Table 2 shows basal metabolic rate and 
energy cost of various physical activities of 
the medical cadets in the present study and 
comparison of basal metabolic rate and 
energy cost of basic activities between the 
present study and other. Basal metabolic 
rate (BMR) was the basic and most 
important component in estimating energy 
requirement. Basal metabolic rate was      
the minimum level of energy required to  
sustain vital functions in the waking state.4 
The people of tropical countries had lower 
basal metabolic rate than that of Western 
people.5 In the present study, the mean 
BMR of the subjects was lower than 
Western value.6 Basal metabolic rate of 
athletes was usually 10-20 percent higher 
than that of non-athletes. The trained subject 

   Characteristics (n=30) Mean±SD 

       Age (yrs) 18.10±0.46 
       Height (cm) 167.63±4.44 
       Weight (kg) 55.77±4.97 
       Fat% 10.26±1.77 
       LBM (kg) 47.2±3.48 
       BMI (kg/m2) 19.84±1.49 
       BSA (m2)   1.63±0.083 
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might expend more energy for sedentary 
activities. Training improved the attributes 
of muscular strength, endurance and 
muscular performance by increasing, among 
other things, the vascular supply. This 
overall gearing up of muscular attributes 
and vascular supply might explain the 
greater utilization of oxygen and cones- 
quently consumption of more energy in the 
trained than in the untrained people for 
resting metabolism and for sedentary 
activities like sitting.7 So, mean BMR of the 
subjects in this study was higher than that of 
medical students from Singapore8 and more 
or less similar to that of sportsmen from 
Singapore Police Force.7 

Table 2. Basal metabolic rate and the energy               
cost of various physical activities and               
comparison  between the present study 

    and others 

*Passmore et al. (1952) 
**Banerjee et al. (1985) 

The energy cost of basic activities (sitting, 
standing and walking) was similar to that of 
police cadet officers from Singapore, higher 
than Singapore medical students and lower 
than the value of Westerns and Europeans.9 
The energy cost of marching activity in this 
study was similar to that of police cadets 
from Singapore. The energy cost of running 
in the present study was higher than that of 
sportsmen from Singapore Police Force and 

Singapore medical students and also higher 
than the Western figures. This might be due 
to variation in rate of running.  

Table 3. Intensity of various physical activities 

       Intensity Activities MET 
(n=30) 

% of 
maximum
heart rate

Light (<3 METs) 
Sitting 1.16±0.17 37 

Standing 1.35±0.2 49.5 

Moderate (3-6 METs) 

Walking 3.16±0.4 52 
Sweeping 4.2±0.55 59.1 
Marching 4.38±0.66 57.2 
Hoeing 5.85±1.12 65 

Hard/Vigorous (>6METs) Running 8.93±1.25 74.3 

MET = Metabolic equivalent times 

Table 3 shows intensity of various physical 
activities. According the classification of 
intensity of physical activities by Pate10 
(1995) based on METs, sitting and standing 
were light intensity, walking, sweeping, 
marching and hoeing were moderate intensity 
and running was hard or vigorous intensity. 
This classification also coincides with the 
method based on percent of maximal heart 
rate. 

Conclusion 

Body weight, height and body composition 
of the subjects in the present study were 
within normal range. Basal metabolic rate 
was similar to the value of Asian trained 
persons. Energy cost of some common 
activities was also similar to other Asian 
values and no excessive energy cost. These 
findings can be used as baseline data for 
measuring total daily energy expenditure of 
medical cadets from DSMA and that in turn 
provides the information about energy 
requirements. 
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Activities 

 

Mean energy cost 

Present study (n=30) 
(2006) 

Western*
 

Singapore
medical 

students**

BMR 
 kcal/min 0.94±0.09   
 kcal/kg/hr 1.014±0.1  0.86±0.07 
 kcal/m2/min 0.58±0.05 0.66  

Sitting 
 kcal/min 1.08±0.11   
 kcal/kg/hr 1.17  0.92 
 kcal/m2/min 0.67 1.08  

Standing 
 kcal/min 1.25±0.15   
 kcal/kg/hr 1.35  1.27 
 kcal/m2/min 0.77 1.33  

Walking  
 kcal/min 2.95±0.36   
 kcal/kg/hr 3.19  2.84 
 kcal/m2/min 1.8 4.0  

Sweeping  kcal/min       3.93±0.52    
Marching  kcal/min       4.06±0.43    
Hoeing   kcal/min       5.44±0.94    
Running  kcal/min       8.35±1.21    
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completion of this study. Our heartfelt 
thanks are also extended to all the subjects 
without whose full co-operation our study 
would not have been possible. 
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Food-borne diseases encompass a wide 
spectrum of illnesses and are a significant 
cause of morbidity and mortality worldwide. 
In Myanmar, food-borne diseases such as 
diarrhoea, dysentery, typhoid and paratyphoid 
fevers are designated as notifiable diseases 
in National Health Plan. The contributing 
factors for food-borne illnesses include  
poor personal hygiene, cross contamination, 
improper food handling, unclean equipment, 
unsafe storage temperature that permits 
bacterial growth, consumption of unhealthy 
food, infected food handlers, chemicals in 
food and improper cooling or heating of 
food.1  
Nowadays people eat more fruits and 
vegetables because they are low in fat and 
calories, high in fiber, full of nutrients; 
however, contamination of surfaces of fruits 
and vegetables has been reported to serve  
as vehicle for transmission of pathogens  
and food-borne infections.2 Food safety is   
a growing concern for consumers and 
professionals in the food and food service 
world.3 However, consumer preparation in 
the home must involve good hygiene 
practices combined with further processing 
such as washing, peeling or cooking. These 
processes and practices will reduce any 
likelihood of food-borne illness due to 
contamination.4 

Hydrogen peroxide is a combination of 
hydrogen and oxygen and it is also one of 
the most powerful oxidizing substances 
known to man. In lower concentrations   

(3% hydrogen peroxide), it works as a dis-
infectant and antiseptic. Hydrogen peroxide 
is widely available as sanitizing agent in 
Myanmar. Thus, detection of  bacterial load 
in surfaces of fruits and vegetables which 
are preferable to eat without peeling or 
cooking and assessment of the effect of 
hydrogen peroxide wash to reduce the 
microbial load may provide valuable data 
for intervention of preventive measures for 
reduction of food-borne infections. 

A cross-sectional, laboratory-based study   
of antibacterial effect of two different 
brands of hydrogen peroxide (British Drug 
House, BDH and Myanmar Pharmaceutical 
Factory, MPF) on the two sets of five 
samples of vegetables (cabbage, coriander, 
lettuce, tomato, pennywort) and fresh fruits 
(apple, grape, prune, guava, strawberry) 
were carried out from May to November 
2009. The fruits and vegetables were 
analysed bacteriologically by detecting 
coliform count, thermotolerant coliform 
count, viable bacterial count and contami- 
nated pathogenic bacteria. 
All tested fruit and vegetable samples except 
prune and strawberry were contami- nated 
with coliforms and thermotolerant coliforms 
(range: 4 to >2400 most probable number 
MPN/100 ml). Coliforms and  thermo- tolerant 
coliforms were again detected after 
decontaminating the samples with 3% 
hydrogen peroxide solutions (BDH and 
MPF)  for 30  minutes.  In all  fruits  samples, 
tomato   and   cabbage  samples,  the  counts 
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Table 1.  Total  viable bacterial count  (CFU/ml)               
of fruits and vegetables samples  

Samples 

Total viable bacterial count 
(CFU/ml) 

Raw 
sample 

Treated 
with 
H2O2 

(BDH) 

Raw 
sample

Treated
with 
H2O2 

(MPF)

Fruits Apple 3×10 1.5×10 20 10 

Guava 1×10 - UC 1×10 
Prune 1.5×102 3×10 UC 1×102

Strawberry UC 4×102 UC 1×102

Grapes 1.5×102 5×10 1×102 5×10 

Vegetables Lettuce UC 1×103 UC 1×103

Pennyworts UC 1×103 UC 1×103

Coriander UC 1×103 UC 1×103

Tomatoes UC 1×102 3×104 1×102

Cabbage 5×102 - 3×102 - 

UC = Uncountable (>105 CFU/ml) 
were remarkably decreased, although, in 
coriander, lettuce and pennywort samples, 
the  counts  were  not prominently reduced. 
All untreated raw fruits and vegetables 
samples had total viable bacterial count  
in uncountable numbers (10- >105 CFU/ml). 
Decontamination with hydrogen peroxide 
caused 50% reduction of total viable 
bacteria count in fruit samples and 2-3 log 

reductions in vegetable samples (Table 1). 
This reduction in number of microorganisms 
may be due to antimicrobial property of 
hydrogen peroxide. 

The high CFU/ml of viable count of the 
vegetables could be because of unhygienic 
conditions of the local market while the    
tap water could only wash off few microbes 
from the surface of the vegetables. 
Generally, there is no pretreatment given to 
the fresh vegetables before transporting to 
retailers and hence number of contaminant 
is high. According to the microbiological 
limits for various foods determined by      
the New Zealand Standard 1998, recom-
mended total standard plate count is 104 to 
105 CFU/ml and thermotolerant coliform 
count is zero for ready-to-eat food.  Thus, 
decontaminating  the  fruits  and  vegetables  

samples with hydrogen peroxide for  
30 minutes makes the food quality to a 
fairly safe level. 
In this study, all the samples were taken 
from local markets with poor hygienic 
condition; the microorganisms can be con-
taminated from improper handling, un-
cleaned utensils and containers, conta-
minated water, dusts, insects and exposure 
to flies. After decontamination with both 
brands of hydrogen peroxide (BDH & 
MPF), all contaminated fruits and vege-
tables samples were found to be free of 
pathogenic bacteria. It is also pointed out 
that the antibacterial activity of hydrogen 
peroxide is more effective on fruits and 
some vegetables like tomato and cabbage 
samples which can be contaminated with 
surface bacteria. But for coriander, lettuce 
and pennywort samples, which are available 
as a whole plant and seem to harbour more 
space for contamination, the antibacterial 
activity of hydrogen peroxide is not clearly 
seen. This study highlighted the poor 
microbiological quality of fruits and 
vegetables available    in markets in Yangon 
and effective antibacterial activity of 
hydrogen peroxide on fruits and vegetables. 
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The hepatitis D virus (HDV), also known  
as hepatitis delta virus is single-stranded 
defective RNA virus, consisting of 1679 
nucleotides.1 The delta virus requires 
hepatitis B surface antigen (HBsAg) as the 
outer protein coat of hepatitis B virus 
(HBV) and it can not survive and replicate 
without HBsAg. Infection by HDV can be 
either as a co-infection in an individual with 
HBV or a super infection in chronic HBV 
carriers. Like HBV infections, chronic HDV 
infections lead to chronicity, cirrhosis and 
primary liver cancers, more common in 
patients with super infection. 

In long-term studies of chronic HBV carriers 
with HDV super infection, 70-80% have 
developed evidence of chronic liver disease 
with cirrhosis compared with 15-30% of 
patients with chronic HBV infection alone.2  

HDV infection is present worldwide; it is 
more prevalent in Italy, Middle East and 
some parts of South America, but it is very 
rare in Asia. In Myanmar, HBV infection   
is considered as one of the top ten priority 
health problems with infection rate of      
30-50% in high-risk population3 and HBsAg 
carrier rate of 10-12% in general popu- 
lation.4  

Although there have been a vast amount of 
studies regarding HBV infection, there has 
been a very limited study regarding HDV 
infection for many decades. In 1990,  it  was  
reported  that  on studying 100 samples of 

HBsAg-positive sera, all were found to be 
anti-HDV negative.3  

The serological diagnosis of HDV is based 
on detection of specific HDV antibodies 
(anti-HDV) or antigen (HDV-Ag). During 
HBV-HDV coinfection, detectable concen- 
trations of HDV-specific antigen first 
appear six to eight week after exposure and 
clear during convalescences together with 
elevated levels of HDV antibodies which 
indicate recovery. During HDV super 
infection, detectable levels of HDV antigens 
appear two weeks after exposure and failure 
to clear indicates possible progression to 
long-term, chronic carrier stages.5  

This study was carried out to determine 
sero-prevalence of anti-HDV and HDV-Ag 
among the healthy carriers and blood donors 
with HBsAg positivity. A total of known   
89 HBsAg carriers, ages ranging from 12-65 
years who had been already confirmed by 
HBsAg ELISA test kit, a product of SD 
Diagnostics, Republic of Korea, attending 
the HB Carriers Clinic, Department of 
Medical Research (Lower Myanmar) were 
recruited.  

After obtaining informed consent, samples 
were collected from these patients and 
determined for anti-HDV by using ELISA 
test kit (ImmunoLISA HDV Antibody, 
ORGANICS, Israel). It was found that no 
samples of these HBsAg carriers were 
positive for anti-HDV. 
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In other study, blood samples of 89 
voluntary blood donors with HBsAg 
positivity, and ages ranging from 18-59 
years which was confirmed by Counter 
Current Electrophoresis method for    
HBsAg determination, were analyzed for 
HDV antigen by using ImmunoLISA, HDV-
Ag ORGANICS, Israel.  

However, all samples were found to be 
negative for HDV antigen. The results of 
present study show that HDV infection  
has not been found among HBsAg- 
positive healthy carriers and donors in 
Myanmar.  

However, sero-surveillance studies need to 
be continued for HDV infection in 
Myanmar where HBV infection is highly 
endemic. 
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