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EDITORIAL 

 
 Recently, there have been great improvement and remarkable change 

in status of our MHSR journal.  The journal’s website was launched as a part 

of upgrading our 27-year old journal to meet the international standard and to 

encourage the readers: medical students, researchers and scientists to use the 

articles appeared in the journal as citation. The journal’s website has been 

launched with address of myanmarhsrj.com. All interested users can 

currently access full text of all articles as members of the MHSR journal 

website.  

Thirteen long articles include in this issue, Vol. 27, No. 3. A variety 

of research topics regarding about anti-retroviral therapy adherence among 

PLHIVs in Public and INGO Center, lipid lowering and antioxidant effects of 

atorvastatin and rosuvastatin in hypercholesterolemic subjects, effects of 

diclofenac and ibuprofen on pharmacokinetics of ciprofloxacin in Myanmar 

healthy volunteers, antimicrobial activity of betel leaf extracts, acute and 

subacute toxicity of garlic bulbs in animal model, healthy eating on teachers’ 

perspective and students’ practice in monastic education schools and basic 

education primary schools, antioxidant activity of betel leaf, removal of dye 

in waste water by using the prepared Mn3O4 nano particles, the relationship 

between blood arsenic level and cognitive function of adolescents, genotypic 

characteristics of Vibrio cholerae strains from Myanmar, status of infection 

with soil-transmitted helminths among primary school children, larvicidal 

effect of Kaffir lime leaves extract against Aedes aegypti larvae and 

application of international ethical and safety guidelines on conducting 

violence against women research in Myanmar context. 

All articles are focus of interest to read and to give invaluable 

knowledge in their own ways. Among them, the most prominent one is 

“The comparison of genotypic characteristics of Vibrio cholerae strains of 

Myanmar between past and recent isolates”. Cholera, a global threat to public 

health, has spread widely and affects at least 56 countries in the world. World 

Health Organization reported that about 5,000 deaths occurred among more 

than 20,000 cases. In Myanmar, cholera is regarded as the fifth priority 

 
 



ii 

disease in National Health Plan. This study revealed the basic genetic 

information on past and recent cholera strains in Myanmar by using the 

genomic analysis so that it would especially contribute to strategies for 

prevention and control of cholera in our country. Accordingly, this article is 

chosen as the leading article of this issue. 

 The Editorial Committee of MHSR journal sincerely hopes that all 

interested persons will have a great pleasure to learn these various research 

papers in one shot reading. Finally, we would like to appreciate all authors for 

their great efforts in preparing respective research papers to be published in 

this issue. 
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Genotypic Characteristics of Vibrio cholerae Strains from Myanmar:  
Comparison between Past and Recent Isolates 

 
Wah Wah Aung1*, Kazuhisa Okada2, 4, Mar Mar Nyein1, Mya Mya Aye1, Nan Aye Thidar Oo1,  

Toe Sandar3, Mathukorn Na-Ubol4, Wirongrong Natakuathung4 & Shigeyuki Hamada2, 4 

 
1Bacteriology Research Division  

Department of Medical Research (Lower Myanmar) 
2Research Institute for Microbial Diseases, Osaka University, Japan 

3Department of Microbiology, University of Medicine 1 
4Thailand-Japan Research Collaboration Center on 

Emerging and Re-emerging Infections, Nonthaburi, Thailand 
 

Atypical E1 Tor Vibrio cholerae, which possesses traits of both classical 
and E1 Tor biotypes, has replaced the seventh pandemic E1 Tor V. cholerae 
O1 in Asian and African countries. The origin and spread of these E1 Tor        
V. cholerae in Myanmar should be tracked by genomic analysis. The 
genotypic characteristic of recent (2012) and past (1982-1996) clinical       
V. cholerae O1 isolates from Yangon, Myanmar were investigated.               
V. cholerae isolates were confirmed by culture, biochemical identification, 
serotyping and polymerase chain reaction. Eight V. cholerae strains isolated 
during 1982-1996 and 34 strains isolated in 2012 were undergone genotypic 
analysis by Pulse Field Gel Electrophoresis Typing (PFGE) and Multilocus 
Variable Number Tamdem Repeat Analysis DNA sequencing. Recent 2012  
isolates were atypical E1 Tor, which carried the classical cholera toxin B 
subunit gene (ctxBCla) and E1 Tor repressor gene (rstRE1) and exhibited         
a total of 10 PFGE patterns. Among V. cholerae O1 strains isolated during 
1982-1996, 4 pulsotypes were identified and they were different from 2012 
PFGE patterns. Pulsotype Y1 and Y4  isolates carried ctxBEl  and rstRE1 and  
they are related to seventh cholera pandemic E1 Tor strains. Pulsotype Y2 
isolate  was  atypical  E1 Tor  which  carried ctxBCla  and rstRE1. Remarkably, 
seventh cholera pandemic prototype E1 Tor was observed only in 1982  
isolates and atypical E1 Tor with ctxBCla  and rstRE1 was found to be existed    
in Yangon 30 years ago. This study provided basic genetic information on past 
and recent cholera strains in Myanmar. 

Key words: Vibrio cholerae, Genotypic characteristics, Myanmar 

 
INTRODUCTION 

 
Cholera is a rapidly dehydrating acute enteric 
infection caused by the ingestion of toxi-
genic serogroup (01 and less commonly 
0139) of Vibrio cholerae present in faecally 
contaminated water or food. It is characteri-
zed in its most severe form by a sudden 
onset of acute watery diarrhea that can     
lead to death by severe dehydration. Cholera 
has spread widely and affects at least         
56 countries in the world at least. Cholera 
remains a global threat to public health. 

The global disease burden is estimated to be 
3-5 million cases and 100,000-130,000 
deaths per year. In 2009, a total of 221,226 
cases, including 4,946 deaths, were reported 
to the World Health Organization from      
45 countries.1 The recent outbreaks of 
cholera were due to a new emerging form of 
V. cholerae O1, which possesses traits of 
both classical and El Tor biotypes. El Tor 
variants  spread  to  several  countries  in 
__________________________________________ 
*To whom correspondence should be addressed. 
Tel: +95-9799897285 
E-mail: drwahwahaung@gmail.com 
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Asia and Africa.2-4 Vibrio cholerae  harbours  
a virulence regulon consisting of genes 
involved in colonization, toxin production 
and bacterial survival within the host.            
In Bangladesh, all of the El Tor isolates of  
V. cholerae O1 obtained since 2001 
produced classical cholera toxin. In Kolkata, 
India, El Tor variant strains carrying the 
hybrid CTX prophage, which carries the El 
Tor rstR (rstREl) (rstR, CTX prophage 
repressor gene) and the classical ctxB 
(ctxBCl), have entirely replaced the El Tor 
type ctxB since 1995.5 In northern Vietnam, 
the El Tor variant carrying this hybrid CTX 
prophage has been reported since late 2007.6  
In Myanmar, cholera is a fifth priority 
disease in National Health Plan (2006-11). 
V. cholerae O1 El Tor outbreak was 
occurred in 1961 and spread throughout the 
country. In 1994, V. cholerae 139 outbreak 
occurred in some townships of Yangon 
Reagion  and  since  then there was no more  
O139   detected   and only V. cholerae O1 is 
circulating in Myanmar. According to the 
laboratory data of the National Health 
Laboratory, Yangon, there were 103 culture- 
confirmed cholera cases in 2011.7  
With consideration of the increase in the 
global prevalence of cholera, the origin and 
spread of these El Tor variant strains of     
V. cholerae in Myanmar should be tracked 
by genomic analysis.  

In the present study, the genotypic charac-
teristics of recent (2012) and past (1982-1996) 
V. cholerae O1 isolates from Yangon        
were investigated. Observation of possible 
emergence of a new virulent variant strain 
will provide an effective control of cholera 
infections and outbreaks. Moreover, the 
molecular epidemiological data will provide 
insight knowledge of facilitating further 
studies to develop a safe vaccine against 
cholera.  

MATERIALS AND METHODS 

Study design and period 
Cross-sectional, descriptive study was 
carried out during 2012-2014. 

Study population 
Suspected cholera cases attending hospitals 
in Yangon (Specialist Hospital, Waibargi, 
Insein General Hospital, North Okkalapa 
General Hospital, Thingangyun Sanpya 
Hospital, Yangon General Hospital and 
New Yangon General Hospital) in 2012 and 
V. cholerae isolates from Yangon during 
1982-1996. 
Laboratory procedure 
Rectal swabs in Cary Blair Transport Media 
were collected from suspected cholera cases 
attending hospitals in Yangon and trans-
ported to DMR-LM. Isolation, identifi-
cation, serotyping and PCR-based charac-
terization were carried out at Bacteriology 
Research Division. Pulse Field Gel Electro-
phoresis Typing (PFGE) and genome 
sequencing were carried out at Thailand-
Japan Research Collaboration Center on 
Emerging and Reemerging Infections, 
Nonthaburi, Thailand.               
Isolation, identification, serotyping   
Rectal swabs were placed in alkaline pep-
tone water for 6 hours and then streaked on 
thiosulphate-citrate-bile   salt-sucrose  (TCBS)  
agar (Eiken Chemical, Japan) and incubated 
for 12-18 hrs at 37°C. Suspicious colonies in 
yellow, flat, shiny, and 2-3 mm in diameter 
on TCBS were tested for biochemical identi-
fication and slide aggluination with Vibrio 
cholerae  specific  antisera (Denka Seiken, 
Japan). Past V. cholerae isolates from stock 
cultures were inoculated onto TCBS after 
enrichment in alkaline nutrient agar for 6 hrs. 
Drug susceptibility test 
Drug susceptibility to 11 antibiotics (Becton 
Dickinson, Sparks, MD) is tested using a 
standard disc diffusion technique, according 
to the guidelines8 of Clinical and Laboratory 
Standards Institute. 
PCR-based characterization 
The amplification of virulence-associated 
genes and/or biotype makers encoding the 
genome of the V. cholerae isolates is per-
formed  using  LAMP  method and hexaplex 
polymerase chain reaction (PCR).9 
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Pulsed-field gel electrophoresis (PFGE) 
typing  
Intact agarose-embedded genomic DNA    
of the V. cholerae strains is digested with    
No I enzyme (New England Biolabs,    MA, 
USA) and the fragments are separated in a 
contour-clamped homogeneous electric  
field apparatus (CHEF-DRIII; Bio-Rad, 
Hercules, CA, USA) according to the 
Pulsenet V. cholerae  subtyping protocol.10 

Multilocus variable-number tandem repeat 
analysis (MLVA) DNA sequencing 
Five loci for MLVA are amplified using 
primers and PCR conditions as described   
in previous studies.11 The purified PCR 
products were sequenced in both directions 
using a Big Dye Cycle Sequencing kit 
(Applied Biosystems) and sequencing was 
performed on an ABI 3770 automatic 
sequencer according to manufacturer’s 
instructions. 
PFGE and MLVA profiles 
Not I PFGE profiles were compared 
digitally using Bionumerics 6.1 software 
(Applied Maths). Cluster analysis of Dice 
similarity indices based on the unweighted 
pair group method with arithmetic mean 
(UPGMA) was used to generate a den-
drogram describing the relationships among 
PFGE profiles. 

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

RESULTS 

Phenotypic characteristics of V. cholerae 
isolates  

Of 20 V. cholerae stock culture isolates 
collected during 1982-1986, 8 V. cholerae 
O1 strains (serotypes: 4 Inaba and 4 Ogawa) 
were revived and preceded for molecular 
characterization. Of 312 rectal swab speci-
mens collected during 2012, V. cholerae O1 
were isolated from 72 cases (23.1%). The      

34 out of 72 isolates of V. cholerae O1  
were proceeded for molecular analysis. All 
isolates were V. cholerae O1, serotype 
Ogawa and  tetracycline resistant. 

Genotypic pattern of past (1982-1996)        
V. cholerae isolates  
Of 8 V. cholerae O1 strains isolated  
during 1982 to 1996 in Yangon, a total of  
4 pulsotypes were identified. The isolates 
exhibited pulsotypes Y1 and Y4 carrying 
ctxBEl and rstREl and they are related              
to seventh cholera pandemic El Tor strains 
examined by the Multi-locus sequence typing.  
The 5 isolates isolated in 1982, 1986, and 
1996, exhibited pulsotype Y3 which were 
corresponding to atypical El Tor strains 
carrying ctxBCla and rstRCla. The remaining 
pulsotype Y2 was atypical El Tor which 
carried ctxBCla and rstREl (Table 1). 
 
Table  1. Genotypic patttern of past (1982-1996)  
               V. cholerae isolates (n=8)  

No. Year Serotype ctxB  gene 
pattern 

rstR  gene 
pattern 

PFGE 
pattern 

1 1982 Inaba El El Y1 
2 1982 Inaba Cl El Y2 
3 1982 Ogawa Cl Cl Y3 
4 1982 Inaba El El Y4 
5 1982 Inaba Cl Cl Y3 
6 1966 Ogawa Cl Cl Y3 
7 1986 Ogawa Cl Cl Y3 
8 1996 Ogawa Cl Cl Y3 

EL=ELTOR, CL=Classical 

Genotypic pattern of recent (2012)V. cholerae 
isolates 

All 34 V. cholerae O1 Ogawa carried tcpA 
(encoding the structural subunit of the toxin-
coregulated pilus) and rstR (repressor gene in 
CTX phage) of El Tor biotype.  All sequences  
toxin B subunit gene were classical type 
(ctxBCla). All recent Myanmar isolates were 
atypical El Tor, which carried ctxBCla and 
rstREl and exhibited a total of PFGE  
10 patterns (Y5 to Y14). Y10 pulsotype was 
predominantly found in 50% isolates (17/34). 
Multilocus variable-number tandem-repeat 
analysis of Y10 isolates revealed that five 
MLVA  types   were   shown   and  they  were  
closely related (Table 2 & Fig. 1). 
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Table   2.   Genotypic  pattern  of  recent  (2012)  
V. cholerae O1 isolates (n=34) 

No. Date Age Sex PFGE pattern MLVA type 

1 10-Feb 18 M Y14 -† 
2 13-Feb 24 M Y5 - 
3 13-Mar 1 M Y6 - 
4 15-Mar 12 M Y8 - 
5 16-Mar 18 F Y9 - 
6 19-Mar 68 M Y11 - 
7 20-Mar 24 F Y10 M1‡ 
8 20-Mar 7 M Y11 - 
9 23-Mar 56 M Y10 M1 

10 26-Mar 54 M Y8 - 
11 29-Mar 62 M Y8 - 
12 29-Mar 63 F Y11 - 
13 2-Apr 18 M Y7 - 
14 2-Apr 50 F Y10 M5 
15 2-Apr 20 M Y12 - 
16 2-Apr 28 F Y10 M1 
17 2-Apr 31 F Y10 M1 
18 2-Apr 22 F Y11 - 
19 4-Apr 48 F Y10 M1 
29 4-Apr 17 F Y11 - 
21 23-Apr 35 M Y10 M3 
22 2-May 10 F Y10 M1 
23 7-May 4 M Y10 M2 
24 14-May 2 M Y10 M2 
25 15-May 2 M Y10 M1 
26 5-Jun 5 F Y10 M1 
27 5-Jun 2 F Y10 M1 
28 6-Jun 2 F Y10 M2 
29 6-Jun 4 M Y10 M2 
30 14-Jun 24 F Y10 M1 
31 28-Jun 1 F Y12 - 
32 4-Jul 1 M Y10 M2 
33 30-Jul 5 F Y11 - 
34 6-Aug 56 F Y11 - 

MLVA types, M1 (11, 6, 5, 17, 17), M2 (11, 6, 5, 17, 
18), M3 (10, 6, 5, 17, 17), M4 (11, 6, 5, 12, 17), and 
M5 (11, 6, 5, 16, 17)  

The numbers of repeats were counted and listed 
sequentially for the five VNTR loci (VC0147, 
VC0436-7, VC1650, VC0171, and VCA0283) 
to generate an isolate pattern.  
 
 

 

 

 

 

 

 

 

 

Fig. 1.   Y1-Y14 PFGE  pattern  of  V.   cholerae 
isolates showing multiple bands 

DISCUSSIONS 
 

In Myanmar, morbidity rate of severe 
diarrhea (assumed to include cholera cases but 
not laboratory confirmed) is an estimated  
2.6-3.5/100,000 population and mortality    
rate is 0.04-0.1/100,000.12  
Yangon is the largest city and the total 
population of the city is 4.5 million  
(2014 Census). Cholera outbreaks caused by 
El Tor biotype were recorded in 1961 in 
Yangon, although it is unknown to be related 
with the seventh cholera pandemic wave 
which began in Indonesia, 1961.  V. cholerae 
O139 Bengal was initially appeared in 
Bangladesh and India 1992,13 In 1994, several 
outbreaks caused by O139 cholera pathogen 
were firstly recognized in some townships     
of Yangon.14  In recent two decades, atypical    
El Tor V. cholerae, which possesses traits of        
both classical and El Tor biotypes, has 
replaced the seventh pandemic prototypic      
El Tor V. cholerae O1 in Asian and African 
counties.15   

All 2012 isolates were serotype Ogawa, 
tetracycline resistant, and carried tcpA 
(encoding the structural subunit of the toxin-
coregulated pilus) and rstR (repressor gene in 
CTX phage) of El Tor biotype,16 while all 
sequences of cholera toxin B subunit gene 
were classical type (ctxBCla). There is no O139 
Bengal isolate, O1 isolates carrying Haitian 
variant cholera toxin gene17 and MS6 strain 
which we previously found as a new genetic 
line in Thai Myanmar border area.18  Recent 
2012 V. cholerae  isolates from Yangon were 
of atypical El Tor, which carried ctxBCla and 
rstREl  and exhibited a total of 10 patterns of 
Pulsed Field Gel Electrophoresis (PFGE).  
Between February and April, 2012, the 
majority of patients was adults and 9 variation 
of PFGE patterns were observed. Whereas, 
since May to August, most patients infected 
with V. cholerae O1 were children less than  
5 years old and almost exhibited pulsotype 
Y10. This pulsotype was predominantly found 
in 50% of isolates. For further distinguish,  
we apply all isolates of Y10 for multilocus 
variable-number tandem-repeat analysis and 

 M Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y11Y12 Y13Y14
388

194

97.0

(kb)

48.5
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revealed that five MLVA types were shown 
and they were closely related. Sporadic 
cholera among children since May probably 
attributed to limited sources of infection 
during rainy season in Yangon.  

V. cholerae O1 strains isolated during 1982 to 
1996 in Yangon were analyzed. A total of  
4 pulsotypes were identified and they were 
different from 2012 PFGE patterns. The 
isolates exhibited pulsotypes Y1 and Y4 
carried ctxBEl and rstREl and they are related 
to seventh cholera pandemic El Tor strains 
examined by the Multi-locus sequence typing.  
The 5 isolates isolated in 1982, 1986, and 
1996, exhibited pulsotype Y3 which were 
corresponding to atypical El Tor strains 
carrying ctxBCla and rstRCla. The remaining 
pulsotype Y2 was atypical El Tor which 
carried ctxBCla and rstREl. Nevertheless,      
their pulsotypes in past and present were 
differentiable.  

The largest bands of PFGE pattern (ca. 400 
kb) in Y1-Y4 of past isolates and in Y5 could 
be due to the insertion of bacteriophage K139 
(35 kb) (referenced MJ1236 complete geno-
me, accession no. NC_012667/ NC_012668) 
in the large chromosome confirming by PCR 
and Southern hybridization (using probes 
against the genes encoding phage replication 
(VCD_002162) and capsid (VCD_002167) 
proteins).  

Taken together, in 1982, Yangon would had 
been attacked by several waves of cholera 
transmission, at least three cholera organisms 
which carried different CTX phages. 
Remarkably, seventh cholera pandemic 
prototype El Tor were observed only in 1982 
isolates. In 1986-1996, V. cholerae O1 were 
only atypical El Tor with ctxBCla and rstRCla. 
Notably, atypical El Tor with ctxBCla and 
rstREl existed in Yangon 30 years ago. 
Nevertheless, this type of atypical El Tor has 
replaced in 2012. Variation of PFGE in adult 
patients and on the contrary, limited PFGE 
pattern of less 5 aged, could have led to 
understand the transmission routes in Yangon. 
Continuous and systematic surveillance        
on cholera in Yangon would contribute 
especially to prevention and control.  
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Consistent adherence to antiretroviral therapy (ART) is necessary to obtain 
virological suppression and to achieve the vision of getting to Zero AIDS 
related deaths. A cross-sectional comparative mixed method study was 
conducted to find out ART adherence among adult people living with HIV 
(PLHIVs) in public and INGO centres, Yangon in 2013. Adult PLHIVs 
attending Out-patient Department and receiving ART not more than three 
years and ART adherence counselors and self-help group volunteers were 
included in the study. Adherence level was assessed by using multi-method 
tool. From each ART centre, 120 face-to-face interviews, 6 in-depth 
interviews and 4 key informant interviews were carried out. The study found 
81.2% of high adherence level among PLHIVs in public and INGO ART 
centres. There were 75% adherence level at public centre and 87.5% at 
INGO centre (p=0.013). Adherence to ART medication (dose, schedule, 
instruction and follow-up adherence) was found as 71.7% in public ART 
centre and 77.3% in INGO ART centre. There were differences between 
two ART centres in current marital status, current occupation and per capita 
expenditure of PLHIVs. Differences between socio-demographic charac-
teristics (age, gender and education) of PLHIVs from both centres were    
not statistically significant. Better adherence was found in those who had 
pill reminder habits (p=0.042), disclosure to family (p=0.047) and social 
support (p=0.009). Most common barriers for ART continuation reported  
by PLHIVs were financial (51.7%), transportation barrier (36.8%), social 
barrier (26.4%) and psychological barrier (13.8%). The study recommends 
using pill reminder, providing proper adherence counseling and ensuring 
family supports.  

Key words: ART adherence, PLHIVs, Public and INGO Centre 

 
INTRODUCTION 

 
HIV/AIDS is one of the global burden 
diseases, recognized as a serious public 
health problem. Human immunodeficiency 
virus (HIV), causing acquired immune 
deficiency syndrome (AIDS), can spread 
throughout the world, affecting all popu-
lation. Now, the challenges of HIV/AIDS 
epidemic are being combated through global 
solidarity response.1 Adherence to ART 
plays a predominant role for the vision       
of getting to Zero AIDS related death. 
Consistent adherence to ART is important  

to achieve virological suppression. Poor 
adherence can lead to negative impacts on 
individuals, public health perspective and 
national health economics. Adherence means 
accepting (with the patient’s active partici-
pation), agreeing (through a shared decision 
making) and following correctly a prescribed 
treatment (participation of the patient). 
Adherence to medication can be dose  
adherence-number and  proportion  of doses 
___________________________________ 
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taken, schedule adherence-adherence to 
doses taken on time, dietary adherence-
doses taken correctly with food, adherence 
to care - attendance of clinic appointments.2  
In Myanmar, ART providing services        
are being implemented by public sector    
and partner organizations. National AIDS 
program has made provision of ART in 
public sector since 2005. At the same time 
some international non-governmental organi-
zation (INGO) and local non-governmental 
organization (NGO) are providing ART in 
private sector ART clinics. Scaling up of 
ART and sustainability of prevention and 
treatment services still remain as a challenge 
to achieve Millennium Development Goal 
(MDG) 6: To achieve universal access to 
treatment and care services. So, data 
concerning adherence level and support 
measures improving adherence are needed 
to be understood.  
Objectives of the study were to find out 
ART (ART) adherence among people living 
with HIV/AIDS (PLHIVs) in public and 
INGO centres, Yangon, to describe barriers 
for ART adherence among adults PLHIVs 
in public and INGO centres, Yangon and   
to explore support measures that could 
improve adherence to ART. 
 

MATERIALS AND METHODS 
 

A cross-sectional, comparative mixed method 
study was conducted in one public ART 
centre and one INGO ART centre in 
Yangon in 2013. HIV infected/AIDS 
patients attending OPD at ART centres and 
receiving ART (first-line drugs) at least 
three months and not more than three years 
were study population.  
Inclusion criteria - who gave informed 
consent, age of 18 years or older, having 
received ART (first-line drugs) and who had 
been issued at least one-month course pills 
from ART pharmacy at previous visit. 
Exclusion criteria - who were not willing   
to participate, having any serious health 
problems that impaired their ability to 
answer the questionnaire by themselves, 

who had not been issued at least one-month 
course pills at previous visit, patients who 
were  taking ART more than two years. 

Sample size determination 

Difference between two groups: comparison 
of two proportions (sample size in each 
group) n={Zα+Z(1-ß)}2{p1q1+p2q2}/(p1-p2)2 
was used to determine the difference in    
the proportion of ART medication ad-
herence between public and private ART 
centre. For public ART centre, 70% of 
PLHIVs are assumed to have optimal 
adherence according to different studies: 
84.5%, 61.4% and 70%.3-5 

For private ART centre, 85% of PLHIVs are 
assumed to have optimal adherence. By 
using above formula, required sample size 
was calculated as (117.6). In anticipation of 
incomplete interviews, by 10% (117.6), a 
minimum survey sample was 129~130 
people for each centre. There was no 
incomplete interview among subjects of the 
study. Therefore, sample size was taken for 
120 PLHIVs from each centre. 

Sampling  

All the patients who gave consent to 
participate in the study were selected.       
To determine support measures for 
adherence, in-depth interviews (IDIs) were 
conducted to 3 patients with optimal 
adherence >95% and 3 patients with sub-
optimal adherence and when conduct IDI, 
patient’s record and ART card were 
reviewed. Key informant interviews (KIIs) 
were conducted with 2 ART adherence 
counselors, 2 support group volunteers from 
the public ART centre and 2 counselors and 
2 outreach adherence supporters from the 
INGO ART centre.  
Data collection methods and tools  

Structured questionnaires, semi-structured 
questionnaires for quantitative survey and 
interview guides for qualitative interview 
were used. Assessment of adherence and non-
adherence using multi-method tool6 (self- 
report; pill identification test; pill count 
method and visual analog scale) was done.   
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Data management and analysis  
After data checking, quantitative data were 
entered into the computer and data analysis 
was done by SPSS software (version 16). 
Descriptive analysis was done by data 
summarization. The variables for support 
measures of adherence were analyzed for 
any association with the variables relating  
to ART adherence among PLHIVs (using 
Chi square test and Fisher-exact test for 
categorical data). Qualitative data obtained 
by tape recordings were transcribed into 
verbatim. After data checking and cleaning, 
coding and making codebook, qualitative 
data was analyzed by using a package    
used for analysis of textual data (Atlas ti 
version 5.2). 
Ethical consideration                              
This study was approved by the Research 
Ethics Committee of the University of 
Public Health, Yangon.  

RESULTS 

In this study, 120 face-to-face interviews,    
6 in-depth interviews and 4 key informant 
interviews from each ART centre were 
carried out.  
Table 1. Socio-demographic  characteristics   of 

PLHIVs  from  Public  and INGO ART  
centre 

Socio- 
demographic 

characteristics 

    Centre  Total (%) 
(n=240)    Public              INGO  

  (n=120) (%) 
Age (year) 
   20-35  53(44.2) 54(45) 107(44.6) 
   36-50  60(50) 61(50.8) 12(77.5) 
   51-63  7(5.8) 5(4.2) 12(0.8) 
Gender 
   Male 57(47.5) 65(54.2) 122(50.8) 
   Female 63(52.5) 55(45.8) 118(49.2) 
Marital status 
   Never married 25(20.8) 18(15) 43(17.9) 
   Married 54(45) 77(64.2) 131(54.6) 
   Separate/divorced 41(34.2) 25(20.8) 66(27.9) 

Majority of age of the respondents from 
both centres were from 36 years to 50 years. 
Gender distribution of participants was also 
quite comparable. Similarly, educational 
status of PLHIVs from both centres was 
recognized as not having much different. 
The findings showed that more PLHIVs 

from the INGO centre were currently 
married (p=0.042) (Table 1). PLHIVs from 
INGO centres had more percentage of 
current jobs than public centre (p=0.002). 
Similarly, monthly per capita expenditure 
was relatively higher in PLHIVs from INGO 
centre than public centre as shown in Fig. 1.  
 
 
 

 
 

 
 

Fig. 1.  Distribution of per capita expenditure 
per month among PLHIVs from the 
public and INGO ART centre 
(unit=MMK) 

Table   2.  Adherence   assessment   by   multi-
method tool 

ART centre 
Adherence level (%) 

High  Moderate Low 

Public 90(75) 27(22.5) 3(2.5) 
INGO 105(87.5) 14(11.7) 1(0.8) 

Table  3.   Adherence  to  ART medication and  
ART centre 

ART  
centre 

Adherers 
(%) 

Non- adherers 
(%) X2  & p value 

Public 86(71.7) 34(28.3) X2=1.001 
INGO 93(77.3) 27(22.7) p=0.317 
     
 

 

 

 

 

 

 

 
 
Fig. 2. Percentage  of  types  of  barriers  among 

PLHIVs  from   public   and  INGO ART 
centre 
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The study found 81.2% of high adherence 
level among PLHIVs in public and INGO 
ART centres. There were 75% adherence 
level at public centre and 87.5% at INGO 
centre (p=0.013) by using multi-method tool 
(Table 2). 

Adherence to ART medication (dose, sche-
dule, instruction and follow-up adherence) 
was found as 71.7% in public ART centre 
and 77.3% in INGO ART centre (Table 3). 

The study revealed that better adherence 
was found in those who had pill reminder 
habits (p=0.042), disclosure to family 
(p=0.047) and social support (p=0.009) 
compared to those who did not have. Main 
reasons for non-adherence were similar in 
both public and INGO ART centres. Most 
common barriers for ART continuation 
reported by PLHIVs were financial (51.7%), 
transportation barrier (36.8%), social barrier 
(26.4%) and psychological barrier (13.8%) 
(Fig. 2).  
 

DISCUSSION 
 

In this study, differences between socio-
demographic characteristics (age, gender 
and education) of PLHIVs from both centres 
were not statistically significant. These 
findings made an agreement with the 
descriptions in one study, i.e., age, race, sex, 
educational level, socioeconomic status and 
the past history of alcoholism or drug use 
which did not reliably predict suboptimal 
adherence.7 There were differences between 
two ART centres in current marital status 
(p=0.042), current occupation (p=0.007) and 
per capita expenditure of PLHIVs.  

Although majority of participants mentioned 
about transportation barriers, reasons for 
follow-up missed were not due to financial 
reasons. In qualitative findings, their      
main reasons were social functions and 
responsibility. These findings were similar 
with the study done in ART centres in 
Maharashtra, India8 and also consistent with 
a study done in Myanmar, where found that 
patient missed the follow-up visit mainly 
due to social problems.4 

Adherence level difference between two 
ART centre was obviously seen in pill 
counting tool that assessed patients’ recall 
memory about dispensed pills and taken 
pills. While considering overall adherence 
to ART medication (dose, schedule, instruc-
tion and follow-up), the study revealed 
71.7% adherers at the public ART centre 
and 77.3% adherers at INGO ART centre 
and it was not statistically significant.  

In this study, overall adherence level of 
public ART centre was 75%. This finding 
was different from the study with 85% 
adherence level of patients taking ART      
in Wabargi Specialist Hospital.3 The 
differences for adherence level with other 
studies may be due to difference in using 
adherence measuremet tools and due to 
differences in socio-demographic charac-
teristics, regional difference and time of 
study conducted. 
With regard to barriers to ART continu-
ation, there were more percentages of 
PLHIVs who had barriers in the public  
ART centre (44.2%) whereas 28.3% in the 
INGO centre. This finding was similar to 
the findings from the study conducted in 
Uganda mentioning that the costs involved 
in terms of transport, waiting times and 
other overhead costs as factors for impeding 
adherence and dropping out of treatment.9 

Association between disclosure to family 
and adherence was statistically significant  
(p=0.039). The reasons for high disclosure 
rate in this study might also be due to the 
late clinical stage of patients, repeated 
counseling they have received and changing 
mental process and behavior. Nevertheless, 
the higher the disclosure status, the better 
the adherence of ART as 4.5 times in the 
study result.3 During ART, 26.7% of public 
centre and 56.7% of INGO centre had got 
social support for various reasons. The 
association between the social support and 
adherence level was statistically significant 
(p=0.009). When pill reminder use and 
adherence were analyzed to understand the 
relationship, it was statistically significant 
(p=0.042). Key informants also suggested 
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that alarm reminder, using calendar and 
markings, pillboxes and alarm by phones, 
clocks, and watches were said to be useful 
methods. 
Conclusion  
In this study, better adherence was found   
in those who got using pill reminder     
habit, disclosure to family and social 
support. The study recommends providing 
support measures for ART adherence     
such as pill reminders, providing proper 
counseling for better adherence and 
ensuring family supports and community 
home based care.  
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Hypercholesterolemia is a major risk factor for atherosclerosis. Atorvastatin 
is one of the routinely used statins and rosuvastatins, newest and efficacious 
statin, which is less frequently used in management of hypercholesterolemia 
in Myanmar. This study aimed to compare the lipid lowering effect          
and antioxidant effect {by measuring plasma malondialdehyde (MDA) 
level} of atorvastatin 10 mg with that of rosuvastatin 10 mg in Myanmar 
hypercholesterolemic subjects for 6 weeks therapy. Community-based, 
interventional study was done in North Okkalapa Township, in which   
forty-two hypercholesterolemic subjects screening blood total cholesterol 
(TC>200 mg/dl) were divided into two groups of equal number by ran-
domized computerization. Serum TC, triglyceride (TG), high density 
lipoprotein (HDL) and MDA levels were measured. Low density lipoprotein 
(LDL) level was calculated. Lipid lowering and antioxidant effects of both 
drugs were not significantly different at baseline. After 6-week therapy,  
both atorvastatin and rosuvastatin significantly reduced TC (180.98±19.87 
and 149.40±17.62 mg/dl, p<0.001), LDL (108.77±18.82 and 79.38±       
15.49 mg/dl, p<0.001), TG (107.51±31.82 and 83.91±28.63 mg/dl, p<0.05), 
respectively and increased HDL (48.82±3.21 and 51.79±3.78 mg/dl, p<0.05), 
respectively. Although both drugs effectively reduced lipid profile, 
rosuvastatin significantly produced more reduction in lipid profile than 
atorvastatin. Both atorvastatin and rosuvastatin significantly reduced    
MDA (2.63±0.991 and 2.28±1.123 mol/L, p<0.05) and rosuvastatin 
produced significantly greater reduction than atorvastatin (p<0.05). 
Therefore, this study suggested that rosuvastatin can also be used as a first-
line agent in atherosclerosis because of more efficacious lipid lowering 
effect and antioxidant (MDA lowering) effect than that of atorvastatin. 

Key words: Atorvastatin, Rosuvastatin, Lipid lowering effect, Antioxidant effect, Malondialdehyde 
 

INTRODUCTION 
 
Hypercholesterolemia is a major risk factor 
for the development and progression of 
atherosclerosis and continues to be leading 
cause of morbidity and mortality. Therefore, 
effective use of lipid modifying agents 
becomes essential to reduce elevated 
cholesterol concentration particularly LDL 
cholesterol.1  

Among the various therapeutic agents for 
hypercholesterolemia, 3-hydroxy-3-methyl 
glutaryl-CoA (HMG-CoA) reductase inhi-
bitors (statins) are the treatment of choice 
because of their proven efficacy and safety 

profile. Although all statins share a common 
mechanism of action, they differ in terms of 
chemical structures, pharmacokinetic profiles 
and lipid modifying efficacy. Among the 
different statins, atorvastatin and rosuva-
statin are more effective than the other 
statins in lowering LDL cholesterol because 
of their longer residence time in plasma than 
the others.1  
Numerous studies showed that across the 
dose ranges, rosuvastatin was seen to be 
significantly more efficacious than atorva-
_____________________________________________________ 
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statin in reducing LDL and improving other 
lipid parameters in patients with hyper-
cholesterolemia.2  
Furthermore, oxidized LDL is a major 
correlate of oxidative stress in hypercholes-
terolemic patients.3 There is an increasing 
role of statins in managing cardiovascular 
risks in patients because of their beneficial 
pleiotropic effect addition to the cholesterol 
lowering effect. Atorvastatin possesses anti-
oxidant effect and has been shown to 
prevent oxidative modification of LDL 
cholesterol. Rosuvastatin also has been 
shown to possess antioxidant properties 
more in comparison to other statins.4   

Atorvastatin is one of the routinely used 
statins but the rosuvastatin, newest and 
efficacious one is less frequently used        
in management of hypercholesterolemia     
in Myanmar. Therefore, this study was 
aimed to compare the lipid lowering and 
antioxidant effects of rosuvastatin, at 
therapeutic dose (10 mg) with that of 
atorvastatin (10 mg) in Myanmar hyper-
cholesterolemic patients. 
 

MATERIALS AND METHODS 
 

The community-based interventional study 
was conducted from June 2012 to May 2013. 
The estimated sample size was calculated  
by formula of Browener, et al.5 Before          
the study, 200 subjects from Kagyi, Gagyi    
and Salane wards of North Okkalapa 
Township were recruited for screening       
of hypercholesterolemia. Among them, a 
total of 42 hypercholesterolemic subjects       
with screening serum TC>200 mg/dl were 
collected as study population according to 
inclusion and exclusion criteria. Collection 
of blood samples and determination serum 
lipid level and plasma MDA level were 
done at Department of Pharmacology and 
Department of Biochemistry, University of 
Medicine 2 (Yangon).  

Both males and females with the age of    
40-65 years, body mass index <30 kg/m2 

and screening blood TC>200 mg/dl were 
included in the study. The pregnant and 

lactating women, patients with significant 
renal or liver diseases, severely ill patients 
(e.g. unstable angina), smokers, alcoholics, 
patients with blood TG>400 mg/dl, patients 
who were taking drugs such as antioxidant 
vitamins: Vitamin C, Vitamin E; drugs that 
would affect the plasma lipid level (e.g. 
fibrate, cholestyramine niacin, diuretics,       
 blocker, calcium channel blocker); meta-
bolic enzyme inducers (e.g. rifampicin, 
dexamethasone); metabolic enzyme inhibi-
tors (e.g. erythromycin, cimetidine) were 
excluded from the study. 
Drugs used in the study were atorvastatin 
tablet, 10 mg (Aztor, 10 mg tablet, SUN, 
India) and rosuvastatin tablet, 10 mg 
(Rozavel 10 mg tablet, SUN, India). 
Study procedure 
This protocol was approved by the Ethical 
Committee of University of Medicine 2 
(Yangon) before commencement of the 
study. After thorough explanation about the 
study, informed consent was taken from 
each subject. Before the study, 3 ml of ten-
hour fasting blood samples were taken from 
each subject for screening of hypercholes-
terolemia. 
Selected subjects according to the inclusion 
criteria were inquired their personal data, 
medical history and drug history. Physical 
examination including measurement of  
body weight, height, and blood pressure   
and pulse rate was done according to the 
proforma and recorded. All the subjects 
were given dietary advice by giving 
pamphlets for nutritional guidelines and    
by explaining and encouraging to follow  
the nutrition guidelines published by 
Department of Medical Research.6 They 
were also suggested to stop taking or not to 
use any traditional medicines during study 
period. They were asked to come back   
after one week to participate in clinical 
intervention. 

After 1 week, 8 ml of ten-hour fasting 
venous blood samples were collected at  
8:30 AM and analyzed immediately for TC, 
TG, HDL, and plasma MDA level for 
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baseline data from each subject. Serum LDL 
cholesterol was calculated as baseline data. 
All the subjects were divided into two 
groups with equal number by randomized 
computerized table. Atorvastatin (10 mg) 
was given to one group and rosuvastatin  
(10 mg), the other group, respectively      
and asked to take once daily after meal 
during evening for 6 weeks. During the 
intervention period, they were advised to 
follow dietary control. Follow-up was done 
every 2 weeks up to 6 weeks.  

At the end of 6-week intervention, 8 ml of 
ten-hour fasting blood samples were 
collected and all the blood samples were 
analyzed immediately for TC, TG, HDL and 
plasma MDA. Serum LDL cholesterol was 
calculated and recorded.  

Sample collection  

Under aseptic condition, 8 ml of ten-hour 
fasting (from 10:00 PM to 8:00 AM) venous 
blood sample were withdrawn from ante-
cubital vein of each subject and collected 
into two test tubes separately. Three milli-
liters of blood were placed into the tube 
containing ethylene diamine tetra-acetic 
acid for MDA assay. Five milliliters of 
blood were placed into another plain test 
tube for determination of serum lipid levels. 
The serum lipid levels and plasma MDA 
were determined immediately on the day of 
collection in the laboratory of Biochemistry 
Department, University of Medicine 2. 

Methods used for measurements of 
biochemical parameters 
Serum TC, HDL, TG, and plasma MDA 
levels were analyzed by a methods,7 enzy-
matic colorimetric test, phosphotungstate 
magnesium, and thiobarbituric acid reaction 
test,8 respectively. Serum LDL level was 
calculated by the formula of Fridewald.9 

Data analysis 
Data were collected and analyzed by means 
of the computer-based statistical package of 
statistical product and service solution 
(SPSS), version 16. Continuous data were 
analyzed by student and paired “t” test. 

Categorical variable was analyzed by X2 test. 
Level of significant was set at p<0.05 (at 
95% Confidence Interval). 

RESULTS 

In the present study, 42 hypercholestero-
lemic subjects were studied for changes     
of their serum lipid levels and plasma   
MDA level after 6-week period of statin; 
atorvastatin (10 mg) and rosuvastatin        
(10 mg) once daily for 6 weeks, each subjects 
were divided into two groups, twenty-one 
each atorvastatin and rosuvastatin.  

Table 1. Demographic data of the study popu- 
ation (n=42) 

Parameter Atorvastatin 
group 

Rosuvastatin 
group p value 

Male (No.) 11 10 
Female (No.) 10 11 

Age (year)  51.05±5.74* 50.76±6.09* 0.894 

BMI (kg/m2)   23.01±2.10* 22.11±1.94* 0.099 

*=Mean±SD 

Table 2.   Comparison  of  baseline  serum  lipid 
levels and plasma MDA level between 
two groups (n=42) 

Parameters Atorvastatin 
Mean±SD 

Rosuvastatin 
Mean±SD p value 

TC (mg/dl) 223.76±21.30 227.17±19.47 0.391 
LDL (mg/dl) 149.95±19.98 151.41±18.87 0.767 
HDL (mg/dl) 46.10±3.86 47.31±3.59 0.333 
TG (mg/dl) 127.51±32.94 130.84±31.09 0.735 
MDA (mmol/L) 3.69±0.292 4.02±1.01 0.195 

Table 3. Comparison of  mean  values  of serum         
lipid levels   before   and   after  6-week 
period  of   atorvastatin  and  rosuvastatin 
therapy (n=21) 

Para- 
meters 

Atorvastatin 
MeanSD p 

value 

Atorvastatin 
MeanSD p 

value 
Before After Before After 

TC 
(mg/dl) 

223.76 
21.30 

180.98 
19.87 

<0.001 227.17 
19.47 

149.40 
17.62 

<0.001 

LDL 
(mg/dl) 

149.95 
19.98 

108.77 
18.82 

<0.001 151.41 
18.87 

79.38 
5.49 

<0.001 

HDL 
(mg/dl) 

46.10 
3.86 

48.82 
3.21 

<0.001 47.31 
3.59 

51.79 
3.78 

<0.001 

TG 
(mg/dl) 

127.51 
32.94 

107.51 
31.82 

<0.001 130.84 
31.09 

83.91 
28.63 

<0.001 

MDA 
(mol/L) 

3.69 
0.929 

2.63 
0.991 

<0.001 4.02 
1.010 

2.28 
1.123 

<0.001 
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All subjects were non-smokers and had     
no history of alcohol drinking (Table 1). 
Regarding the biochemical data, the fasting 
blood glucose, serum creatinine, and alanine 
aminotransferase levels of all 42 subjects 
were found to be within normal range. 
Therefore, baseline physical and biochemical 
data of two groups were comparable in       
this study.  
As shown in Table 2, the comparison of 
baseline serum lipid levels (TC, LDL, HDL 
and TG) and plasma MDA level between 
two groups was not statistically significant 
(p>0.05). As shown in Table 3, both 
atorvastatin (10 mg) and rosuvastatin (10 mg) 
once daily, significantly decreased the mean 
serum TC, LDL, TG and plasma MDA 
levels (p<0.001) and also significantly 
increased serum HDL level after 6-week 
therapy in hypercholesterolemic subjects 
(p<0.001). 
 
 
 

 

 

 
 

 
 

Fig. 1. Comparison of percent changes of lipid 
profile and plasma MDA level between 
atorvastatin and rosuvastatin groups 

Comparison of the serum lipid levels (TC, 
LDL, HDL and TG) and plasma MDA level 
between two groups after 6-week therapy 
showed that (Fig. 1), rosuvastatin signifi-
cantly decreased serum TC, LDL, TG and 
plasma MDA levels than atorvastatin and 
significantly increased serum HDL level 
than atorvastatin (p<0.05) (Fig. 1). 

DISCUSSION 

Hypercholesterolemia plays a crucial role  
in the initiation and progression of 
atherosclerotic lesions. Moreover, oxidative 
stress is an important event in the 
pathogenesis of atherosclerosis.10 Statins 
have been recommended as the first-line 
therapy for hypercholesterolemia and exert 
beneficial cardiovascular effects not only by 
improving the lipid profile but also because 
of pleiotropic effects such as antioxidant 
effect.11 

Atorvastatin is well-established member    
of the statin class that has demonstrated 
efficacy and safety in the treatment            
of hypercholesterolemia across its dose 
ranges.12 In the present study, the reduction 
of the TC, LDL, TG levels and elevation of 
HDL level were statistically significant after 
6-week therapy of atorvastatin (10 mg) 
(p<0.001) (Table 3). 

Rosuvastatin, the latest statins introduced in 
clinical practice, was found to be highly 
efficacious in reducing plasma LDL levels 
and favorably modifying the other lipid 
parameters in hypercholesterolemic patients 
in both short-term and long-term clinical 
trials.13 In the present study, the reduction of 
the TC, LDL, TG levels and elevation of 
HDL level were statistically significant after 
6-week therapy of rosuvastatin (10 mg) 
(p<0.001) (Table 3). 

The recommendations for initiation and goals 
of therapy are based primarily upon LDL 
cholesterol.14 Despite the proven benefits   
of LDL reduction, lipid management is 
suboptimal and many patients fail to achieve 
recommended LDL cholesterol goals. In 
high-risk patients with elevated LDL 
cholesterol, goal attainment is particularly 
poor since treatment with higher doses of 
statins is  often  necessary  to  achieve  their 
target LDL cholesterol levels. The most 
effective  statin  at  the lowest  dose   would 
represent a simple, effective treatment 
strategy, enabling more patients to achieve 
goals without the need for dose titration.15  

TC =Total cholesterol *** =p<0.001 
 LDL=Low density lipoprotein    ** =p<0.05 
 HDL=High density lipoprotein    
 TG =Triglyceride    
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In this study, rosuvastatin seemed to have a 
significantly greater TC, LDL, TG reducing 
effect and greater HDL raising effect than 
atorvastatin at equal effective dose (10 mg). 
It has been consistently found that rosuva-
statin (10 mg) significantly reduced LDL, 
TC and increased HDL cholesterol as com-
pared to atorvastatin (10 mg) at 12 weeks, 
47% vs. 35%, 33% vs. 26% and 7% vs. 
2.7%, respectively (p<0.001) in a study.16 
But, effects of the 2 drugs on TG were 
similar (19% vs. 17%, p>0.05). 

In another comparative study17 significantly 
greater reductions in LDL cholesterol and 
TC were seen with rosuvastatin than     
equal dose of atorvastatin (p<0.017) in 
hypercholesterolemic patients after 6-week 
trial. Rosuvastatin (10 mg) also increased 
HDL and decreased TG more than 
atorvastatin but the differences were not 
statistically significant.17 

Oxidative stress also plays an important  
role in the pathogenesis of atheroslcerosis. 
In  the present study, antioxidant effect      
of atorvastatin and rosuvastatin was 
represented by measuring plasma MDA 
level since MDA is one the oxidative stress 
markers.18 Comparison of the baseline 
MDA levels of two groups in the study 
before intervention therapy showed no 
statistically significant difference (p>0.05) 
(Table 2). After 6-week therapy, both drugs 
significantly reduced plasma MDA level 
and rosuvastatin produced greater reduction 
in MDA level than atorvastatin (p<0.05) 
(Fig. 1). Therefore, rosuvastatin had more 
MDA  lowering  effect   which   reflects  the    
antioxidant    action    than    atorvastatin   in  
addition to its lipid lowering effects that 
produces beneficial effect in management of 
cardiovascular events. 
Statins are widely-used and effective 
treatments for the prevention of cardiovas-
cular disease.19 The review of the literature 
on statin therapy showed that statin 
monotherapy is generally well-tolerated, 
with a low frequency of adverse effects.20    

In this study, both study treatment regimens 
were extremely well-tolerated. Mild and 

transient adverse drug reactions such as 
constipation, diarrhoea, anorexia and head-
ache were seen in both groups which did not 
need reduction of the dose or withdrawal of 
the drugs.  
According to the present study, rosuva-
statin (10 mg) was more efficacious than 
atorvastatin (10 mg) in lipid lowering      
and antioxidant (MDA lowering) effects    
in management of hypercholesterolemic 
patients. Both drugs are equally safe and 
well-tolerated over 6 weeks. 
Conclusion 
Statins are the therapy of choice in the 
management of hypercholesterolemia and 
atherosclerotic diseases due to their proven 
clinical efficacy and safety profile. In       
the present study, among the two statins, 
rosuvastatin was found to be highly 
efficacious in reducing plasma LDL 
cholesterol, TC and TG, MDA level and 
elevating HDL cholesterol than atorvastatin 
at the same dose (10 mg). According to this 
study, rosuvastatin can also be used as the 
first-line agent in prevention and treatment 
of atherosclerosis because of more 
efficacious lipid lowering and antioxidant 
(MDA lowering) effect than those of 
atorvastatin. 
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The present study was done to explore the pharmacokinetics of cipro-
floxacin that was altered by co-administration of either diclofenac or 
ibuprofen. The study was conducted on twelve Myanmar healthy volunteers 
and divided into three phases with a wash out period of one week in 
between phases. In phase, ciprofloxacin 500 mg was given to all volunteers, 
ciprofloxacin 500 mg with diclofenac 50 mg was given to same volunteers 
in phase 2 and ciprofloxacin 500 mg with ibuprofen 400 mg was given in 
phase 3. Blood samples were collected at 0, 0.5, 1, 2, 3, 4, 6 and  8 hours 
after drugs administration and ciprofloxacin concentrations in plasma 
samples were analyzed by HPLC with UV detection. It was found that  
mean clearance was reduced from 0.38±0.11 Lhr-1kg-1 in ciprofloxacin  
alone to 0.30±0.07 Lhr-1kg-1 and 0.28±0.09 Lhr-1kg-1 in ciprofloxacin with 
diclofenac and ciprofloxacin with ibuprofen (p=0.019).  Similarly, the mean 
elimination rate constants (Kel) was significantly reduced from 0.24±0.03 hr-1 
in ciprofloxacin alone to 0.18±0.024 hr-1 in ciprofloxacin with diclofenac 
and 0.12±0.03 hr-1 in ciprofloxacin with ibuprofen co-administration 
(p=0.000). Increase in AUC of ciprofloxacin was founded that AUC of 
ciprofloxacin alone was 13.51±1.91 µgml-1.hr, ciprofloxacin with diclofenac 
was 17.36±2.67 µgml-1.hr and with ibuprofen was 18.43±4.08 µgml-1.hr, 
respectively (p=0.001). The mean elimination half-life (T½el) of ciprofloxacin 
alone and ciprofloxacin with diclofenac or ciprofloxacin with ibuprofen 
were 2.85±0.46 hrs vs. 3.79±0.49 hrs and 2.85±0.46 hrs vs. 3.61±0.57 hrs, 
respectively (p=0.000). In comparison with ciprofloxacin alone study, the 
elimination parameters of the present study were altered significantly after 
diclofenac or ibuprofen co-administration. These findings suggested that it 
should be cautious in use of analgesics (diclofenac or ibuprofen) together 
with ciprofloxacin especially in elderly and renal function impaired patients 
in clinical practice. On the other hand, increased concentration (AUC) of 
ciprofloxacin may enhance bactericidal effect and can result better outcome 
in treating pathogenic organisms. 

Key words: Pharmacokinetics, Ciprofloxacin, HPLC 
 

INTRODUCTION 
 
Some bacterial infections may cause 
inflammation of the affected organ system. 
When inflammation occurs, pain will follow 
since it is one of the symptoms of inflam-
mation. Regarding the management of 
above process, antibiotics are used to cure 
the infections and analgesics are used for 

symptom control in clinical practice. Cipro-
floxacin is one of the most commonly used 
broad  spectrum  antibiotics  used  for treat-
ment of various bacterial infections  and 
analgesics are usually prescribed together 
______________________________ 
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in the management of pain during the 
treatment of infections. Ciprofloxacin is 
commonly prescribed antibiotics and  
have potential for interaction with other 
drugs in multiple drug therapy. Ibuprofen 
co-administration with ciprofloxacin de-
monstrated that a significant increase in 
ciprofloxacin concentrations in the mandible 
and the tongue (maxillofacial tissues) 
following surgical trauma.1 Some studies 
stated that concurrent administration of 
ciprofloxacin tablet with naproxen sodium 
tablet and concomitant administration of 
diclofenac with ciprofloxacin increased Cmax, 
AUC, t1/2 and decreased Tmax, and total body 
clearance of ciprofloxacin.2, 3 
Elevating blood concentration of cipro-
floxacin was related with increased risk     
of side effects in animal study. Therefore,   
to get optimal therapeutic effect and  
to minimize the adverse effects, dosage 
adjustment will become mandatory when 
ciprofloxacin and NSAIDs are given 
together. On the other hand, increased 
concentration of ciprofloxacin may enhance 
bactericidal effect and can result better 
outcome in treating pathogenic organisms.   

Therefore, co-administration of NSAIDs can 
cause increased concentration of ciproflo-
xacin which may be desired with regard to 
greater efficacy and undesired with regard 
to the higher incidence of adverse events    
in using ciprofloxacin in today's clinical 
practice. Since ciprofloxacin and NSAIDs 
are commonly used combination in ortho-
paedics and other clinical situations of 
today’s practice, the findings of the present 
study would be useful in rational prescribing 
of antimicrobial therapy by providing 
helpful pharmacokinetic information.  
 

MATERIALS AND METHOD 
 
Methodology involved selection of eligible 
subjects according to inclusion criteria and 
the study was conducted on twelve healthy 
Myanmar volunteers of both sexes with   
age between 20 and 55 years.  The study 
was laboratory-based longitudinal analytical 

study using the same subjects. Sample 
collection was carried out at Department of 
Pharmacology, University of Medicine 1 
(Yangon) and laboratory investigations for 
all volunteers were done at the Pathology 
Department of Yangon General Hospital. 
Ciprofloxacin drug assays were carried    
out at Pharmaceutical Toxicology Research 
Division, Department of Medical Research 
(Lower Myanmar). 

The present study was divided into three 
phases with a wash out period of one week 
in between phases. In the phase one of the 
study, each subject was administered a 
single oral dose of 500 mg ciprofloxacin. In 
the phase two, diclofenac 50 mg was given 
together with ciprofloxacin 500 mg to the 
same subjects. In the phase three of the 
study, ibuprofen 400 mg together with 
ciprofloxacin 500 mg was given to the   
same subjects after a wash out period of  
one week from the phase two. Blood 
samples were collected at 0, 0.5, 1, 2, 3, 4, 
6, and 8 hours after dosing and stored at        
-20 ºC until analysis.  
The plasma concentration of ciprofloxacin 
was determined by modified HPLC 
method.4 The mobile phase composition 
was acetonitrile: N, N-dimethyl formamide: 
0.01 M sodium dihydrogen phosphate 
dihydrate (13:5:82) and pH3.0 is adjusted 
by adding phosphoric acid (85%). The 
frozen plasma was allowed to thaw at room 
temperature just before the extraction 
procedure; it was then mixed and centri-
fuged at 3000 rpm for 10 minutes. 

One milliliter of plasma sample was 
transferred into a test tube and to it, 1 ml 
 of acetonitrile was added and the mixture  
was vortexed for 5 minutes; then the  
samples were centrifuged at 3000 rpm      
for 15 minutes. The supernatant solution  
was transferred to autosampler vials for 
chromatographic analysis, detection at     
285 nm by using UV absorbance. Aliquots 
(20 µl) of ciprofloxacin reference standard, 
plasma spiked samples and unknown 
samples were injected to the HPLC system 
at 50°C with flow rate of 1 ml/min. Each 
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plasma concentrations were determined in 
duplicate and calculated from the standard 
curve obtained from the same day. Calcu-
lations of ciprofloxacin concentration in 
plasma samples were done by external 
standard method and method validation was 
done according to ICH guidelines Q2 (R1).5, 6 
Concentration-time curves of ciprofloxacin 
alone, ciprofloxacin with diclofenac and 
ciprofloxacin with ibuprofen were plotted 
for each individual. From the concentration-
time curve, the pharmacokinetic parameters 
were measured and calculated from plasma 
drug concentration-time curves by using 
Microsoft Office Excel program (2010) 
using one compartment model and statistical 
differences of these data were analyzed 
using SPSS statistical software version  
16.0 (One-Way ANOVA, Turkey test).    
The difference between means for each 
parameter was considered significant for 
95% confidence interval (p<0.05). Results 
are expressed as mean values ±SD. 
Ethical consideration 
This study was approved by Ethical and 
Research Committee of University of 
Medicine 1 (Yangon). 

 
RESULTS 

 
The standard curve for ciprofloxacin 
extracted from plasma was linear over the 
range of concentrations from 0.5 gml-1 to 
10 gml-1. The correlation coefficient,  
r2 value is 0.9996. The average retention 
time for ciprofloxacin was 4.5 minutes. 
Intra-day assay of coefficient of variation of 
spiked samples were 3.02%, 2.29% and 
1.59% and inter-day assay of coefficient of 
variations were 7.04%, 3.69% and 2.28% 
for 0.5 gml-1, 3 gml-1 and 5 gml-1, res-
pectively. These values demonstrated that 
the precision of the method was good     
over the range of the concentration      
studied and the values of precision were not 
exceeded 15%.  
The limit of detection and lower limit of 
quantification of ciprofloxacin in plasma 
were 0.19 gml-1 and 0.59 gml-1, res-

pectively. The result of % RSD system 
suitability test for ciprofloxacin working 
solution 3 µg was 1.26 and thus, it was 
within the given theoretical limited range 
(<2%). The extraction recovery of cipro-
floxacin from the plasma was 80.11%, 
81.69% and 85.36%, respectively at the 
concentration range of 1, 3 and 7 µgml-1. 
Those mean that extraction recovery of 
ciprofloxacin was within the acceptable 
level (80-120%).  
Comparison of the mean plasma ciproflo-
xacin concentration-time curves and mean 
plasma ciprofloxacin concentrations at 
different times of ciprofloxacin alone, 
ciprofloxacin with diclofenac and cipro-
floxacin with ibuprofen are shown in Fig. 1.  
 

 
 

 
 

 
 

 
 
 
 
Fig. 1. Plasma  ciprofloxacin concentration-time   

curves of  ciprofloxacin  alone,  ciproflo-
xacin  with  diclofenac  and ciprofloxacin 
with ibuprofen (n=12) 

 
The results of the finding showed that there 
was significant increase in ciprofloxacin 
concentrations especially at 1-hour, 6-hour 
and 8-hour samples after co-administration 
of diclofenac. Similarly, comparison of 
plasma ciprofloxacin concentration-time 
profiles between ciprofloxacin alone and 
ciprofloxacin with ibuprofen showed signi-
ficant increase in plasma concentration of 
ciprofloxacin after ibuprofen co-adminis-
tration (at 6 hour and 8 hour). From the 
concentration-time curve, maximal plasma 
concentration (Cmax), and time to reach 
maximal plasma concentration (Tmax) were 
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determined and other pharmacokinetic para-
meters were calculated for each individual. 
The pharmacokinetic parameters of cipro-
floxacin alone were compared with cipro-
floxacin with diclofenac and ciprofloxacin 
with ibuprofen and shown in Table 1.  
 
Table  1. Comparison of pharmacokinetic  para-                

meters of ciprofloxacin alone, ciproflo-  
xacin with diclofenac/ ibuprofen (n=12) 

Parameter 
Cipro- 

floxacin  
alone 

Cipro- 
floxacin with 
diclofenac 

Cipro- 
floxacin with 

Ibuprofen 

P  
value 

Tmax(hr) 1.4±0.51 1.33±0.49 1.5±0.52 0.728 
Cmax 
  (µgml-1) 

2.81±0.53 3.26±0.79 3.43±0.82 0.112 

AUC0-    
  (µgml-1.hr) 

13.51±1.91 17.36±2.67 18.43±4.08 0.001 

Kab(hr-1) 2.01±0.96 2.98±1.01 2.39±1.09 0.078 
T 1/2ab (hr) 0.53±0.32 0.26±0.11 0.36±0.19 0.309 
Kel (hr-1) 0.24±0.03 0.19±0.02 0.12±0.03 0.000 
T 1/2e l(hr) 2.85±0.46 3.79±0.49 3.61±0.57 0.000 
CL   
 (Lhr-1kg-1) 

0.38±0.11 0.30±0.07 0.29±0.08 0.019 

Vd (Lkg-1) 1.55±0.45 1.61±0.43 1.51± 0.33 0.822 

Data are shown in Mean±SD 
Tmax=Time to reach maximum plasma concentration 
Cmax=Maximal plasma concentration 
AUC0-=Area under concentration time  curve                                 
Kab=Absorption rate constant 
T 1/2ab=Absorption half-life 
Kel =Elimination rate constant 
T 1/2e l=Elimination half-life 
CL=Clearance 
Vd=Volume of distribution 
 
The statistically significant changes were 
found in the pharmacokinetic parameters of 
ciprofloxacin after concurrent administra-
tion of diclofenac or ibuprofen. The mean 
clearance of ciprofloxacin alone was 0.38 
±0.11 Lhr-1kg-1, ciprofloxacin with diclofenac 
was 0.30±0.07 Lhr-1kg-1 and ciprofloxacin 
with ibuprofen was 0.28±0.09 Lhr-1kg-1. 
Clearance of ciprofloxacin was reduced signi-
ficantly after diclofenac or ibuprofen co-
administration (p=0.019). The mean AUC of 
ciprofloxacin alone was 13.51±1.91 µgml-1.hr, 
ciprofloxacin with diclofenac was 17.36 
±2.67 µgml-1.hr and with ibuprofen was 
18.43±4.08 µgml-1.hr, respectively. Therefore, 
the corresponding increase in AUC was 
significantly found after concomitant 
administration of ciprofloxacin with diclo-
fenac or ibuprofen (p=0.001). 

The mean elimination rate constants (Kel) 
were  0.24±0.03 hr-1  in ciprofloxacin  alone, 
0.19±0.02 hr-1 in ciprofloxacin with di- 
clofenac and 0.12±0.03 hr-1 in ciprofloxacin 
with ibuprofen co-administration. The mean 
kel was significantly decreased when diclo-
fenac or ibuprofen were given together 
(p=0.000). 

The mean elimination half-life (T½el) of 
ciprofloxacin alone and ciprofloxacin with 
diclofenac or ciprofloxacin with ibuprofen 
were 2.85±0.46 hrs vs. 3.79±0.49 hrs and 
2.85±0.46 hrs vs. 3.61±0.57 hrs, respec-
tively. The differences were statistically 
significant (p=0.000). 

Although statistically not significant, the 
mean peak plasma concentration (Cmax) of 
ciprofloxacin was apparently increased from 
2.81±0.52 µgml-1 in ciprofloxacin alone to 
3.26±0.79 µgml-1 in ciprofloxacin with 
diclofenac and 3.43±0.82 µgml-1 in cipro-
floxacin with ibuprofen. The mean T½ab, 
Kab, Tmax and Vd were not altered signi-
ficantly after concomitant administration of 
diclofenac or ibuprofen in comparison with 
ciprofloxacin alone. Moreover, pharmaco-
kinetic parameters of ciprofloxacin with 
diclofenac were not different significantly 
from ciprofloxacin with ibuprofen. 

 
DISCUSSION 

 
The findings of the present study have 
shown that area under the concentration 
time curve (AUC0-α) and elimination half-
life (t1/2el) of ciprofloxacin were increased 
and elimination rate constants (Kel) and 
clearance (CL) of ciprofloxacin were 
reduced significantly when ciprofloxacin 
was taken concomitantly with diclofenac  
or ibuprofen. Since pharmacokinetic para-
meters of the present study were consistent 
with other studies,7, 8 it may highlight that 
alteration of pharmacokinetic parameters    
of ciprofloxacin were affected by concurrent 
administration of diclofenac or ibuprofen. 

Pharmacokinetic parameters of ciprofloxacin 
with diclofenac were not different signi-
ficantly from ciprofloxacin with ibuprofen. 
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Therefore, it can be concluded that plasma 
levels of ciprofloxacin can be increased 
when most of NSAIDs that undergo renal 
elimination are concurrently administered. 

Ciprofloxacin is a carboxylic acid-containing 
fluoroquinolone that undergoes renal and 
hepatic elimination. Renal elimination, 
including both glomerular filtration and 
tubular secretion accounts for approximately 
66% of ciprofloxacin clearance. Metabolites 
of NSAIDs are eliminated by renal, 
frequently involving tubular secretion as 
organic acid metabolites. Thus, there        
was the possibility that NSAIDs may 
interact with ciprofloxacin at this site to 
competitively impair their mutual renal 
elimination. 

Although exact mechanism is not known, 
increased concentration of ciprofloxacin  
by diclofenac or ibuprofen codministration 
can be explained by transport-mediated 
interactions. Ciprofloxacin is transported by 
several classes of membrane transporters: 
organic anion transporter, and efflux pumps 
such as P-glycoprotein (P-gp) and breast 
cancer resistance protein (BCRP).9 Since 
NSAIDs is either substrate or inhibitor  
of OATs (organic anion transporters), 
concomitant administration of ciprofloxacin 
with diclofenac or ibuprofen may cause 
competition at renal tubular transport and 
blood and tissue levels of the ciprofloxacin 
may be therapeutic or higher than thera-
peutic. 

Studies have shown that the fluoroquino-
lones are good substrates of multi-drug 
resistance protein (MRP) family of trans-
porters, and that various MRP efflux 
transporters are inhibited by NSAIDs at 
therapeutically relevant concentrationsm,10 
thus may play important role in drug-drug 
interactions when these groups of drugs are 
concurrently administered. 

Although ciprofloxacin has wide therapeutic 
range, increasing plasma concentration 
should be cautious in use of these drugs in 
renal impairment and elderly subjects in 
clinical practice. Ciprofloxacin disposition 

is affected by critical illness, particularly by 
the presence of organ failure and thus, 
dosage adjustment should be advised in 
patients with renal failure. Elimination half-
life, Cmax and AUC were significantly 
higher in renal failure patients, total body 
clearance was decreased by one-half to one-
fourth in patients with creatinine clearance 
values ranging from 5 to 50 ml min-1.11 

Plasma concentrations of ciprofloxacin are 
higher in elderly subjects (>65 years) 
compared with young subjects.12 Elevating 
blood concentration of ciprofloxacin was 
related with increased risk of side effects   
in animal study. There was high risk of 
arthrotoxicity with increased dose of cipro-
floxacin and other concentration-related side 
effects were found.13 

In the present study, there were increase     
in concentration, half-life and reduce in 
clearance of ciprofloxacin after diclofenac 
or ibuprofen co-administration. Since the 
magnitude of drug’s effect is related to its 
plasma drug concentration, the findings of 
present study may lead to higher drug 
effects especially concentration related side 
effects when these drugs are used together 
in elderly and renal function impaired 
patients in clinical practice. 

On the other hand, increased concentration 
of ciprofloxacin may enhance bactericidal 
effect and will result in better treatment 
outcome. Since ciprofloxacin exhibit con-
centration dependent killing of micro-
organisms, bactericidal activity of cipro-
floxacin becomes more pronounced due to 
maximizing of AUC/MIC and the Cmax/MIC 
ratios. The aim of certain antibiotic therapy 
should be not only clinical success but 
prevention of resistance of that anti-
microbial in future. Higher AUC/MIC or 
Cmax/MIC values are needed to prevent the 
emergence of resistance in a population of 
bacteria to achieve clinical efficacy. 

By the above reasons, co-administration     
of NSAIDs with ciprofloxacin not only    
give symptomatic treatment of pain but    
also support curative effect of ciprofloxacin 
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in treating pathogenic organisms in the 
management of infection associated with 
pain. Therefore, the results of the present 
study can give valuable information to 
clinicians in rational prescribing of anti-
microbial therapy in individual care. 
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Piper betle L. is a well-known medicinal plant and widely distributed in 
Myanmar. In this study, antimicrobial activity of different extracts (95% 
ethanol and distilled water) and fresh juice of Piper betle L. leaf was studied 
on Staphylococcus aureus, Pseudomonas aeruginosa and Escherichia coli. 
Ceftriaxone was used as positive control. Antimicrobial activity of Piper 
betle L. leaf extracts was determined by agar disc diffusion method. Among 
the different extracts and fresh juice, 95% ethanolic extract showed more 
larger zone of inhibition, i.e., 7 mm to 12 mm for Staphylococcus aureus 
and Pseudomonas aeruginosa and 8 mm to 13 mm for Escherichia coli. 
Fresh juice (up to 30 µl) did not show the significant zone of inhibition on 
above microorganisms. Broth dilution method was used for determination  
of minimum inhibitory concentration (MIC) and minimum bactericidal 
concentration (MBC) of ethanolic and aqueous extract of betel leaf. 
Although MIC and MBC of aqueous extracts did not show the concentration 
up to 11 mg/ml, MIC of ethanolic extract was observed in the range from    
1 mg/ml to 8 mg/ml and MBC from 2 mg/ml to 9 mg/ml. Phytochemical 
analysis of Piper betle L. leaf was carried out according to the quality 
control method of World Health Organization. The presence of phenolic and 
tannin compounds seemed to exert antimicrobial activity. So, this study   
will provide referential information about the antimicrobial activity of 
different extracts and fresh juice of Piper betle L. 

Key words: Piper betle L., Antimicrobial activity, Phenol, Tannin 
 

INTRODUCTION 

 
The frequency of life-threatening infections 
caused by pathogenic microorganisms       
has increased worldwide, becoming an 
important cause of morbidity and mortality 
in immune compromised patients in 
developing countries.1  

Although a large number of antimicrobial 
agents have been discovered, pathogenic 
microorganisms are constantly developing 
resistance to these agents. In addition                  
to resistance problem, antibiotics are 
associated with adverse effects including 
hypersensitivity reactions, bone marrow 
depression, liver disease and kidney 
disease.2 Resistance to antimicrobial agents 
has become an increasingly important      
and pressing global problem. A major cause 

in the UK is methicillin-resistant Staphylo-
coccus aureus (MRSA).3 Due to the 
emergence of the antibiotic resistant patho-
gens, plants are being looked upon as an 
excellent alternate to combat the spread of 
multidrug resistant microorganisms. There 
are some advantages of using antimicrobial 
compounds of medicinal plants, such as 
relatively less expensive, acceptance due to 
the long history of use and being renewable 
in nature.4  

The medicinal value of plants lies in            
some chemical substances that produce a 
definite physiological action on human 
body.  Therapeutic treatments can get great 
benefit from  the  use  of  plant extracts with 
___________________________________
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known antimicrobial properties. Hence, more 
studies concerning with the use of plants in 
the treatment of infectious diseases should 
be emphasized.5 

In the era of antimicrobial resistance to most 
anti-infective agents, newer, effective, safe 
and affordable agents should be explored 
scientifically. World Health Organization 
also encourages research programmes for 
traditional, complementary and alternative 
medicine by the use of national resources 
rather than chemical agents. Hence, more 
studies concerning with antimicrobial 
activity of natural product are required             
to be done.  

Piper betle L. (Piperaceae) leaves are 
widely used as a medicinal plant and 
extensively grown in India, Sri Lanka, 
Malaysia, Thailand, Taiwan, Myanmar and 
other Southeast Asian countries. These 
leaves have antimicrobial activity towards 
bacteria in mouth i.e., Streptococcus 
viridans, Staphylococcus aureus and 
Streptococcus mutans and also heals many 
bacterial diseases. These compounds are 
assumed that they could inhibit food borne 
pathogens as well as food spoilage micro-
organisms.6 The ethanolic extracts of Piper 
betle L. (Kun) had significant antibacterial 
activity on both gram-positive and gram-
negative bacteria.7  

The present study was aimed to examine  
the in vitro antimicrobial activity of leaf 
extracts of Piper betle L. on some bacteria. 
The antimicrobial efficacy was assessed by 
agar disc diffusion technique.  
 

MATERIALS AND METHODS 
 

Piper betle L. leaves were collected from 
Kyaukse District, Mandalay Region.        
The test plant was identified by the 
taxonomist according to The Flora of 
Ceylon at Pharmacology Research Division, 
Department  of  Medical Research  ( Upper 
Myanmar).8  Phytochemical analysis was 
done by the quality control method for 
WHO.9 

Extraction of Piper betle L. leaves 

Piper betle L. leaves were collected and 
thoroughly washed with water, and then  
air-dried for about two weeks. The dried 
leaves were powdered and extracted by 
percolation.10 The powdered leaves of           
100 g was percolated with 600 ml of 95% 
ethanol for a week in a percolator. The 
liquid extract was filtered and evaporated on 
the water bath until to get constant weight 
and stored in dessiccator. Aqueous extract 
of Piper betle L. leaves was obtained by 
using reflux apparatus. Fresh juice was 
prepared by using mortar and pestle and 
filtered the solution. 

Determination of antimicrobial activity of 
different extracts of Piper betle L. leaves 
The antimicrobial activity of different 
extracts of Piper betle L. leaves was deter-
mined by agar disc diffusion technique 
according to modified Kirby and Bauer 
method.11 
Preparation of medium 

Mueller-Hinton agar plate was prepared 
according to the procedure of the manu-
facturer’s recommendation and sterilized by 
moist heat at 121°C for 15 minutes. After 
autoclaving, 25 ml of the media was poured 
into 9 cm diameter petridishes and allowed 
to set at room temperature. It was prepared 
freshly before use. When the agar had 
solidified, the plates were dried at 50°C by 
placing them in the upright position in the 
oven with the lids tilted. The plates were 
then labeled.  

Preparation of bacterial suspension   

A few colonies of organisms from the sub- 
culture to be tested were picked with a wire 
loop and introduced into test tube containing 
peptone solution. These tubes were incu-
bated at 37°C for 3-4 hours to produce the 
growth turbidity.  

Preparation of impregnated disc of different 
plant extracts 

The discs, 6 mm in diameter, were spread 
out separately in petridishes, so that each 
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disc was not less than 2 mm from its 
neighbors. They were sterilized by dry heat 
at 160°C for 1 hour. Ethanolic extracts of 
betel leaf (30 mg, 60 mg, 90 mg, 120 mg, 
150 mg, etc.,) were dissolved in 300 µl of 
95% ethanol.  
From the stock solution, 10 µl of solution 
was impregnated to discs resulting in the 
range of 1 mg/disc to 11 mg/disc, respec-
tively and dried in the oven at 37°C to 
evaporate the solvent. Discs for aqueous 
extract of Piper betle L. leaf were done by 
the same procedure. Ceftriaxone (30 µg) 
was used as positive control reference 
standard. Disc as negative control was 
prepared using the same solvent employed 
to dissolve the plant extract. 
 Antimicrobial susceptibility test 
Antimicrobial susceptibility test was deter-
mined by a standard disc diffusion tech-
nique using Mueller-Hinton agar according 
to the recommendations of Clinical and 
Laboratory Standards Institute (CLSI).  
A sterile cotton swab was dipped into the 
bacterial suspension. Freshly grown liquid 
cultures of the test pathogens were seeded 
over the Mueller-Hinton agar (MHA) plates 
with a sterile cotton swab. The swab was 
streaked in at least three directions through 
the angle of 60° over the surface of the 
Mueller-Hinton agar to obtain uniform 
growth. A final sweep was made around the 
edge of the agar surface. After the inoculum 
has dried for a few minutes, the sterile filter 
paper discs impregnated with plant extracts 
were placed on the seeded MHA plates at 
equal distance with a sterile forceps and 
gently pressed down to ensure contact with 
the medium. The  plates  were  incubated  at  
37°C for 24 hours. Following overnight incu- 
bation. The zone of inhibition around the 
discs occurred in the pate. The inhibition 
zones were recorded as millimeter. 

Determination of minmum inhibitory 
concentration and minimum bactericidal 
concentration 

Minimum inhibitory  concentrations (MICs)  
are  defined  as  the  lowest concentration of  

antimicrobial that will inhibit the visible 
growth of a microorganism after overnight 
incubation, and minimum bactericidal con-
centrations (MBCs) as the lowest con-
centration of antimicrobial that will prevent 
the growth of an organism after subculture 
on to antibiotic-free media.  
The determination of the MIC involves a 
semi-quantitative test procedure which gives 
an approximation to the least concentration 
of an antimicrobial needed to prevent micro-
bial growth. MIC/MBC values can be 
determined by a number of standard test 
procedures. The most commonly employed 
methods are the tube dilution method and 
agar dilution method. Serial dilutions are 
made of the products in bacterial growth 
media. The test organisms are then added to 
the dilutions of the products, incubated, and 
scored for growth.  

Determination of MIC and MBC of etha-
nolic and aqueous extracts of Piper betle L. 
leaf  

The ethanolic and aqueous extracts of Piper 
betle L. leaf which showed zone of inhi-
bition more than 7 mm were proceeded for 
MIC by broth dilution method.12 Different 
concentrations of ethanolic and aqueous 
extract of Piper betle L. leaf ranging from 
0.5 mg/ml to 11 mg/ml were tested against 
different test organisms. A series of nine 
tubes for each test organisms was prepared. 
Each tube contains 200 µl of test organisms 
in 2 ml of Mueller-Hinton broth. The 
different dilution of 0.5 ml of ethanolic 
extract of Piper betle L. leaf was added to 
the tubes. The ninth tube was used as 
control tube which contained Mueller-
Hinton broth, 95% ethanol with test 
organisms. Then, the different dilution of 
aqueous extract was also done and incu-
bated at 37°C for 24 hours. After incu-
bation, minimum inhibitory concentration 
was recorded as tube with lowest con-
centration at which no visible turbidity was 
observed. For determination of MBC, one 
loopful from each tube of above dilutions 
was streaked on Mueller-Hinton agar plate 
and incubated at 37°C  for 24 hours. 
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RESULTS 

Plant identification 
The plant was identified as Piper betle L. 
belonging to the family Piperaceae. 

Yield percentage of plant extracts 

The different weights of plant extracts of 
Piper betle L. leaves are shown in Table 1. 

Table 1. Determination of yield (%) of different  
               extracts of Piper betle L. leaves  

Phytochemical analysis 
The results from qualitative tests of leaves 
are shown in Table 2. 
 
Table 2.  Results   of   phytochemical   tests  on 

Piper betle L. leaves 

No.      Type of compound Results 

1. Alkaloid + 
2. Carbohydrates + 
3. Glycosides + 
4. Phenols + 
5. Amino acids - 

     6.  Saponin  + 
7. Starch + 
8. Tannins + 
9. Flavonoids - 

10. Steroids + 
11. Reducing  sugars + 
12. Terpenoids  - 
13. Cyanogenic  glycosides - 

+=Detected, - =Not detected 

Antibacterial activity of different extracts of 
Piper betle L. leaves 

Antimicrobial activity of Piper betle L. leaf 
extracts was determined by agar disc dif-
fusion method. Among the different extracts 
and fresh juice, 95% ethanolic extract 
showed larger zone of inhibition, i.e., 7 mm 
to 12 mm for Staphylococcus aureus and 
Pseudomonas aeruginosa, and 8 mm to      
13 mm for Escherichia coli. Fresh juice (up 
to 30 µl) did not show the significant zone 
of inhibition on above microorganisms. 
These results are shown in Table 3. 

Table  3.  Antibacterial   activities   of   different  
                extracts of Piper betle L. leaves 

Test 
drug 

Diameter of inhibition zone  of different 
      extracts of Piper betle L. leaves (mm) 
     Staph aureus P. aeruginosa E. coli 

 Ethanol 95% extract        12          12 13 
 Aqueous extract               9 9 10 
 Fresh juice (30 µl)             - - - 

Paper disc 6 mm, Standard  antibiotic Ceftriaxone 30 µg 
  
Table 4. MIC and MBC of ethanolic and aqueous  
 extracts of Piper betle L. leaf 

      Test organisms 
                Extract (mg/ml)       

          Ethanolic           Aqueous 
   MIC        MBC           MIC   

Staphylococcus aureus      1         2 >11 

Escherichia coli      1        2 >11 
Pseudomonas   aeruginosa       8        9 >11 

MIC=Minimum Inhibitory Concentration 
MBC=Minimum Bactericidal Concentration 

Determination of MIC and MBC of Piper 
betle L. 

MIC and MBC of Piper betle L. extracts 
were determined by broth dilution method. 
MIC and MBC of ethanolic extract of Piper 
betle L. leaf were each of 8 mg/ml and        
9 mg/ml for Pseudomonas aeruginosa, and 
1 mg/ml and 2 mg/ml for Staphylococcus 
aureus and Escherichia coli, respectively. 
Minimum inhibitory concentration of 
aqueous extracts of Piper betle L. did not 
show the concentration up to 11 mg/ml on 
these bacteria. These results of ethanolic 
and aqueous extracts were shown in              
Table 4. 
 

DISCUSSIONS 
 

The yield of the aqueous extract of       
Piper betle L. leaf is higher than 95% 
ethanolic extract. This may be due to the 
constituents of leaves are more soluble in 
distilled water  than alcohol. From phyto-
chemical investigations, it was observed that 
alkaloids, glycosides, steroids, phenolic 
com-pounds, amino acids, tannin and carbo-
hydrates were significantly present and 
flavonoid and cyanogenic glycosides were 
absent in the betel leaf. The phenolic 
compounds were among the most active 

      Solvent Weight (g) Yield % (W/W) 

 95% ethanol           100 7.4 

 Aqueous           100 16 
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components against gram-positive and 
gram-negative bacteria.13 Regarding the 
medicinal value of Piper betle L. leaves, 
antimicrobial properties may be due to the 
presence of phenolic compounds. 

In this study, antimicrobial activity of the 
two extracts (95% ethanol and distilled 
water) and fresh juice of Piper betle L. leaf 
was studied on Staphylococcus aureus, 
Pseudomonas aeruginosa and Escherichia 
coli by agar disc diffusion method.    
Among the different extracts and fresh 
juice, 95% ethanolic extract showed larger 
zone of inhibition than aqueous extract      
on Staphylococcus aureus, Pseudomonas 
aeruginosa and Escherichia coli. According 
to the results obtained from this study, 
ethanolic extract of betel leaf was more 
effective for antimicrobial activity than 
distilled water. This is due to the active 
constituents of Piper betle L. for anti-
microbial activity may be more soluble in 
alcohol.  

MIC and MBC of ethanolic extract of Piper 
betle L. leaf were each of 8 mg/ml and        
9 mg/ml for Pseudomonas aeruginosa, and 
1 mg/ml and 2 mg/ml for Staphylococcus 
aureus and Escherichia coli, respectively. 
MIC of aqueous extracts did not show the 
concentration up to 11 mg/ml on these 
bacteria. The previous study observed that 
MIC of ethanolic extract of Piper betle L. 
was 1 mg/ml for Staphylococcus aureus  
and Escherichia coli, and 2 mg/ml for 
Pseudomonus aeruginosa.7  

Thus, the result of present study was agreed 
with the findings of this previous study for 
Staphylococcus aureus and Escherichia coli 
but different for Pseudomonus aeruginosa. 
This disparity may be due to different 
extraction methods, different species of 
strains and resistance of organisms. 

Conclusion  
The phytochemical analysis revealed the 
presence of various phytochemical consti-
tuents such as alkaloids, glycosides, steroids, 
phenolic compounds, amino acids, tannin 
and carbohydrates. Among the two extracts 

and fresh juice of Piper betle L. leaf,        
the antimicrobial activity of ethanolic 
extract was more effective against the test 
microorganisms such as Staphylococcus 
aureus, Pseudomonas aeruginosa and 
Escherichia coli. 
Recommendation 
Conducting the study on the antimicrobial 
activity of Piper betle L. leaf on other 
microorganisms is needed. 
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Allium sativum Linn. (Garlic) (Family-Liliaceae) is one of the commonly 
used medicinal plants in Myanmar traditional medicine for the treatment of 
hypertension. The present study was carried out to determine the phyto-
chemical constituents and to find out the acute and sub-acute toxicity of 
dried bulb powder of garlic on animal model. The acute toxicity test of the 
dried bulb powder was carried out in albino mice. In sub-acute toxicity 
study, the dried bulb powder in the doses of 300 mg/kg and 600 mg/kg were 
administered orally to the albino rats daily for 90 days. At the end of          
90 days, all the rats were sacrificed. Blood samples of the rats were 
collected and tested for haematological and biochemical parameters. The 
internal organs were removed and collected for histopathological studies.    
It was found that the dried bulb powder contained alkaloids, flavonoids, 
glycosides, polyphenol, amino acid, steroid/terpene, glycoside, tannin, 
saponin, carbohydrate and resin. In the acute toxicity study, it was found 
that LD50 value of the bulb powder was more than 2 g/kg. In the sub-acute 
toxicity study, the dried bulb powder at the dose of 300 mg/kg and           
600 mg/kg showed no significant changes in body weight, hematological 
(blood complete picture) and biochemical (serum creatinine and blood urea, 
liver function test) parameters when compared with those of the control 
group. Histopathological studies of the internal organs of the rats showed no 
pathological changes. Therefore, it can be concluded that the dried bulb 
powder of garlic had no acute toxic effect in the mice and sub-acute toxic 
effect in the rats.  

Key words: Toxicity, Garlic bulbs, Animal model 
 

INTRODUCTION 
 
Allium sativum Linn. (Family-Liliaceae) is a 
medicinal plant which is widely cultivated 
in Shan State in Myanmar. It is commonly 
known as garlic. The bulb of Allium sativum 
Linn. has been used for culinary and medi-
cinal purposes in many countries since 
ancient times. The bulb of Allium sativum 
Linn. is traditionally used for the treat-  
ment of fever, cough, asthma, flatulance,  
arthritis, skin disease, hypertension, diabetes 
mellitus, etc.1, 2 

The bulbs of the garlic has been reported    
to  have  many  medicinal  activities such  as  

 
hypolipidemic, hypocholesterolaemic, anti- 
microbial, antihypertensive, hypoglycaemic, 
hepatoprotective, antioxidant and anticoa-
gulant activities.3, 4        

Oral administration of petroleum ether 
extract of garlic bulb to rats significantly 
prevented the rise in  serum cholesterol  and 
triglyceride levels caused by arthrogenic 
diet and it was found to have significant 
protective effect against arthrogenic diet 
induced arthrosclerosis.5 One study has 
reported that ethanol extract of garlic supple- 
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mentation to the hypercholesterolemic men 
caused lowering plasma concentration of   
total cholesterol and LDL cholesterol. Garlic 
extract supplementation in animal diets 
similarly reduced plasma concentration of 
total cholesterol and triglyceride.6 Garlic 
extract was found to have anti-bacterial 
activity (against E. coli, Samonella typhosa, 
Shigella paradysentriae, Staphylococcus 
species, Proteus vulgaris) antifungal and 
antiviral activities.7, 8 

Garlic bulbs yield essential oil containing 
sulphur compound, allicin which possesses 
various medicinal activities.3 It was found  
that oral administration of garlic extract 
decreased the blood pressure in spontaneously 
hypertensive rats.9 It was reported that     
garlic capsule administration on hypertensive 
patients decreased blood pressure level.10  
Bulbs of the garlic have been used tradi-
tionally by Myanmar people as a remedy for 
hypertension. It is also obtained in some 
Myanmar Traditional Medicine Formula- 
tions for hypertension. In chronic toxicity 
study, some degrees of liver and lung 
toxicities have been observed in rats with 
high oral dose of garlic juice.11 Despite the 
wide spread use of garlic, a few scientific 
studies have been undertaken to investigate 
the safety of garlic.  Moreover, there is no 
scientific report of toxicity studies of the 
dried bulb powder of garlic in Myanmar.  

Therefore, this study was done to 
investigate the acute and sub-acute toxicity 
of dried bulb powder of Allium sativum 
Linn. in animal model as well as its phyto-
chemical constituents. 
 

MATERIALS AND METHODS 
 
Study design was an experimental animal 
study. Control parallel study design for 
toxicity studies was used. Site of study    
was in Pharmacology Research Division, 
DMR-LM. 

Plant materials 
The bulbs of Allium sativum Linn. (garlic) 
from Shan State were collected from market 

in Yangon. The bulbs were identified by  
the Botanist from Department of Botany, 
Yangon University. The bulbs were air- 
dried under the shade. Then, the air-dried 
bulbs were made into powder by using 
grinding machine. 

Phytochemical and physicochemical studies 

Phytochemical studies of the dried bulb 
powder of garlic were done qualitatively  
for the presence of alkaloids, flavonoids, 
glycolsides, steroids, saponins, tannins, 
resin, amino acid, phenol  and cyanogenic 
glycoside by using the method of Physio-
chemical Standard of Unani Formulations.12 
The physicochemical tests of dried bulb 
powder were done by the method of WHO.13 

Acute toxicity study 

The acute toxicity study of the dried bulb 
powder of garlic was done to determine the 
degree of toxicity to administration of the 
drug and to find out the median lethal dose 
(LD50) by using the method of Litchfield 
and Wilcoxon.14 Forty albino mice (ddy 
strain of both sexes weighing 25-35 gm) 
from Laboratory Animal Services Division, 
DMR-LM were used in this study. The mice 
were randomly divided into 4 groups with 
10 mice each.  

Each group of mice was placed separately in 
each mouse cage. They were fasted for      
18 hours but allowed free access to water 
before administration of the dried bulb 
powder of garlic.  The   mice   in group I were 
given distilled water orally and served as  
the control group. Group II, III and IV were 
given 0.5 g/kg, 1 g/kg and 2 g/kg body 
weight of the dried bulb powder of garlic, 
respectively through oral route. After that, 
the mice were allowed free access to water 
and standard pellet diet ad libitum. Then, 
they were observed for general condition, 
behavioral changes, motor activities and 
mortality daily up to 2 weeks. 

Sub-acute toxicity study  
Sub-acute toxicity study was done by using 
the method described in WHO.15 Thirty 
albino rats (Wistar strain) of both sexes 
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weighing 150-200 g were used in this study. 
They were randomly divided into 3 groups 
and each group contained 10 rats. Each 
group of rats were placed separately in each 
rat cage. Two dose levels (300 mg/kg body 
weight and 600 mg/kg body weight) of the 
dried bulb powder of garlic (suspended in 
distilled water) were used in this study.  

The rats in group I were given distilled 
water through oral route and served as the 
control group. Group II and group III      
were given 300 mg/kg body wt (bwt)      
(ie., 15 times that of human dose) and       
600 mg/kg bwt (ie., 30 times that of human 
dose) of the garlic bulb powder, respectively 
through  oral route daily for 90 days. The 
rats were allowed free access to water and 
standard pellet diet ad libitum. They were 
observed for general conditions, behavioral 
changes, motor activities as well as 
mortality daily for 90 days. Body weights 
were measured weekly. 
At the end of the experimental period, all 
rats were anesthetized with chloroform and 
blood samples were immediately collected 
from their hearts by cardiac puncture for 
haematological (Blood for complete picture 
and platelet count) and biochemical analysis 
such as Liver Function Tests [serum biliru-
bin, serum alanine aminotransferase (ALT), 
aspartate aminotransferase (AST) and 
alkaline phosphatase (ALP)] and renal 
function test (serum creatinine, blood urea). 
Autopsy examination was performed to 
examine gross pathological lesions of the 
internal organs.  

Then, the internal organs such as brain, 
heart, lungs, liver, stomach, small intestine, 
pancreas, spleen and kidneys were removed, 
weighed and preserved in 10% formalin 
solution. Tissues slides were prepared and 
stained with hematoxylin and eosin. Histo-
pathological examinations were performed 
by the pathologist.  
Data analysis 
The data were expressed as mean±SD.    
The statistical difference between the  
means of treatment group and control group       

was tested by unpaired ‘t’ test. A difference         
at p<0.05 was considered statistically 
significant. 

RESULTS 

Phytochemical and physicochemical studies 
The phytochemical study of the dried bulb 
powder of garlic showed the presence of 
alkaloids, flavonoids, glycosides, steroids/ 
terpenes, saponin, tannins, amino acids, 
polyphenol, resin, carbohydrate and amino 
acid. Cyanogenic glycoside was not detected. 

Physicochemical tests of the crude powder 
of the dried bulb powder of garlic showed 
water and volatile matter content (9%), 
swelling index (1.5 cm), foaming index 
(<100), total ash (5.2%), ethanolic extract 
(6.3%), chloroform extract (0.6%), petro-
leum ether extract (0.3%) and watery extract 
(58.3%). 

Acute toxicity study 
There were no lethality or any signs of 
toxicity observed in the mice after oral 
administration of the dried bulb powder of 
garlic at the doses of 0.5 g/kg, 1 g/kg and    
2 g/kg, respectively. 

Sub-acute toxicity study 
Effect of the dried bulb powder of garlic on 
body weights and organ weights 
The results were shown in mean±SD.      
The average initial body weights of the 
control rats and the rats treated with the dried 
bulb powder of garlic at the dose of             
300 mg/kg and 600 mg/kg were 217±28.87 g, 
208.9±8.77 g and 219±20.11 g, respectively. 
At the end of 90 days, the average final 
body weights of the control and tested    
rats, were 277.5±44.54 g, 250.8±37.7 g and 
275.5±58.28 g, respectively.  

It was found that there were no significant 
differences in the average body weights 
between control and two test groups through-
out the experimental period (p>0.05). 
Lethality and signs of toxicity were not also 
observed. There was no significant differ-
ence in the average organ weights among 
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the rats of control and test groups (p>0.05). 
The results were shown in Table 1. 

Table 1.  Changes  in   the  organ  weights  of  rats 
in  control group and groups treated   
with dried bulb powder of garlic 

Internal 
 organs 
(gm) 

Group I 
(Control)  

 

Group II 
garlic bulb 

powder 
(300 mg/kg) 

Group III 
garlic bulb 
 powder 

(600 mg/kg) 
Brain 1.58±0.18 1.49±0.2 1.6±0.16 
Lungs 1.28±0.28 1.2±0.13 1.16±0.18 
Heart 1.01±0.22 0.89±0.13 0.9±0.17 
Liver 12.24±3.89 10.54±2.5 10.37±3.35 
Stomach 2.43±.59 2.23±0.34 2.17±0.37 
Intestine 0.6±.036 0.46±0.18 0.56±0.2 
Pancreas 0.75±0.31 0.78±0.42 0.76±0.42 
Spleen 0.88±0.4 1.23±0.84 0.64±0.24 
Kidney 2.6±0.74 2.22±0.48 2.18±0.49 

Sample size for each group (n=10) 
The  data  were  expressed   in  mean±SD.  Statistical 
comparisons  were  made  between  the values of  the 
control   and  the  groups   receiving   the  dried  bulb 
powder of garlic. 

Table  2.  Effect of the dried bulb powder  of garlic   
    haematological parameters of rats 

Sample size for each group (n=10) 
The  data  were  expressed  in  mean±SD.  Statistical 
comparisons  were  made between the values of  the 
control  and  the  groups  receiving  the  dried  bulb 
powder of garlic. 

Effect of the dried bulb powder of garlic on 
haematological parameters 

There were no significant differences of 
haemoglobin level, white blood cell count 

and platelets count between the rats treated 
with 300 mg/kg and 600 mg/kg dose of the 
bulb powder of garlic and the control group 
(p>0.05) (Table 2). These results were also 
within the reference normal ranges.16 

Effect of the dried bulb powder of garlic on 
biochemical parameters 
There were no significant differences of 
serum bilirubin, serum creatinine and blood 
urea among three groups. The results of 
serum alanine aminotransferase (ALT), 
aspartate aminotransferase (AST) and alka-
line phosphatase (ALP) of the rats in control 
group and treated group were in the refer-
ence normal range (Table 3).17 

Table 3. Effect  of  dried  bulb  powder of garlic 
on biochemical parameters of rats 

Sample size for each group (n=10) 
The data  were  expressed   in   mean±SD.  Statistical 
comparisons were  made  between  values of  control 
and groups receiving the dried bulb powder of garlic. 

Effect of the dried bulb powder of garlic on 
histology of internal organs  

The gross examinations of the internal 
organs of the control and two groups of rats 
treated with the  bulb powder of garlic were 
found to be normal. In histopathological 
examinations of the rats, no pathological 
lesions were found in the tissues of brain, 
lungs, heart, liver, stomach, intestines, 
pancreas, spleen and kidneys of the control 
group and the treated groups of rats. 

Para-
meters 

Group I 
(Control) 

Dried  bulb  of  
garlic powder Normal 

range Group II 
(300 mg/kg) 

Group III 
(600 mg/kg) 

Haemoglo-  
  bin level    
  (g/dl) 

14.6 
±1.65 

13.71 
±0.65 

12.77 
±0.42 

11.4-19.2 

Total WBC   
  count     
  (x103 /µl) 

8.6 
±3.56 

8.68 
±1.27 

9.02 
±3.99 

5-25 

Neutrophil   
  (%) 

23.7 
±9.25 

15.5 
±5.74 

22.2 
±18.65 

9-34 

Lympho-  
  cyte (%) 

69.5 
±9.3 

77.4 
±8.09 

69.1 
±17.98 

65-84 

Monocyte   
  (%) 

6.5 
±5.29 

7.1 
±5.09 

8.7 
±5.06 

0-5 

Eosinophil   
  (%) 

0.3 
±0.48 

0 0 0-6 

Platelet   
  count 
  ( x103/µl) 

776.8 
±301.47 

815 
 ± 240.43 

800 
±216.02 

500-1000 

Biochemical 
parameters 

Group I 
(Control) 

Dried bulb powder of garlic 
Group II 

(300 mg/kg) 
Group III 

(600 mg/kg) 
Serum bilirubin  
  (µmol/l) 

11.4 
±1.43 

10 
±2.45 

15.7 
±11.98 

Serum aspar-  
  tate amino   
  transferase    
  (AST) (IU/L) 

179.1 
±42.69 

185.6 
±79.37 

130.2 
±18.71 

Serum alanine    
  aminotran- 
  sferase (ALT)   
  (IU/L) 

163.5 
±58.95 

198.8 
±58.62 

111.4 
±30.97 

Serum alkaline  
  phosphatase   
  (ALP) (µmol/l) 

201 
±12 

175.7 
±28.22 

193.1 
±18.39 

Serum  creatinine       1.18 
  (mg/dl)                    ±0.14 

1.18 
±0.21 

1.22 
±0.2 

Blood urea   
  (mg/dl) 

49.7 
±11.61 

53.9 
±8.76 

44.2 
±9.3 
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DISCUSSION 
 

Alliun sativum Linn. (Garlic) is traditionally 
used as a remedy for hypertension in 
Myanmar. Garlic is widely used around    
the world as the food condiment and herbal 
medicine for many years.  
The present study has been carried out       
to assess the safety of dried bulb powder    
of garlic in animal model. In the phyto-
chemical study, it was found that dried bulb 
powder of garlic did not contain toxic plant 
compound like cyanogenic glycoside. One 
study reported that the acute oral toxicity 
test of garlic extract was studied in  rats and  
mice. The group of mice receiving 30 ml/kg 
bwt of garlic extract showed no toxic 
effect.18 
In this study, the oral route of administration 
was used because it is the intended route for 
use in human. In acute toxicity study, it was 
observed that the oral administration of the 
dried garlic bulb powder was not toxic in 
mice up to the maximum feasible dose       
of 2 g/kg. This result showed that median 
lethal dose (LD50) of the garlic bulb powder 
was above 2 g/kg. 
In chronic toxicity study, it was reported 
that some degrees of liver and lung toxi-
cities have been observed in rats with high 
oral dose of pure garlic juice (ie., 5 ml/kg).11 
Some people suffer from allergies to garlic. 
It can also cause indigestion, nausea and 
vomiting when taking large amount of 
garlic.3 Garlic is generally recognized as 
safe food and most people enjoy garlic. 
In sub-acute toxicity study, garlic bulb 
powder did not produce any toxic effect or 
lethality among tested animals received two 
doses of garlic bulb powder (300 mg/kg  
and 600 mg/kg) orally daily for 90 days. 
There was no significant difference in body 
weights and organ weights due to two doses 
of garlic bulb power when compared with 
those of control group. 

In haematological studies, there were no 
significant difference in haemoglobin level, 
white blood cell counts and platelet counts 

between the groups of the rats treated with 
bulb powder of garlic and the control. 
Regarding the biochemical parameters, 
there was no significant difference in   
serum creatinine and blood urea levels 
between two groups of the rats treated with 
300 mg/kg and 600 mg/kg of the garlic bulb  
powder  and the control group.  

Regarding the liver function test, there was 
no significant difference in serum bilirubin 
level of the rats given with different doses 
of the garlic bulb powder and  the control 
rats. Liver enzymes (serum AST, ALT, 
ALP) were found to be in reference normal 
range.17 

The most widely used criteria of the toxic 
action of the drugs and chemicals are 
reduction of body weight gain, detection of 
gross and histologic abnormalities in the 
organs, change in organ weights and the 
increase in mortality rate. Liver enzymes are 
good indicators of liver function.16  

Serum creatinine and blood urea are used   
as an indicator of kidney function. It was 
observed that the biochemical results of rats 
treated with dried bulb powder of garlic 
produced no damage to liver and kidneys. 
The tissue samples taken from brain,     
heart, lung, liver, stomach, small intestine, 
pancreas, spleen and kidney of both rats 
treated with garlic bulb powder and the rats      
of control group showed no pathological 
lesions on gross examination and histoptho-
logical examination. The results indicated 
that oral administration of garlic bulb 
powder daily for 90 days showed  no toxic 
effects on rats. Therefore, it can be con-
cluded that the garlic bulb powder possess 
no acute toxic effect in mice and no sub-
acute toxic effect in rats.  
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The cross-sectional comparative study was conducted by using quantitative 
and qualitative methods in Mingalardon Township, Yangon Region in 2013. 
The study aimed to compare knowledge and healthy eating practices 
between Monastic Education schools (MES) and Basic Education Primary 
schools (BEPS). Face-to-face interviews were done with fifth grade students 
of five MES and five BEPS by using structured questionnaire. Altogether 
218 students from BEPS and 240 students from MES participated in the 
study. Eight key Informant interviews (KIIs) and thirteen in-depth 
interviews were done with MES and BEPS teachers. Majority (92%) of 
BEPS students and 65% of MES students correctly responded that there 
were 3 kinds of food groups and identified the name of food groups. 
Multiple logistic regression revealed that knowledge on food groups 
OR=3.69 (95% CI=1.59-8.56), is determinant of healthy eating practice of 
grade five students. The interview findings with teachers showed that those 
readymade packets are the most available food around the school. Most of 
teachers are very willing to teach healthy eating practice to the students. 
Some of the students could relay the messages to the parents through them. 
However, according to student’s parents’ economic condition (or afford-
ability), the ability to prepare lunch/food are different. Even economically 
underprivileged people should know healthy eating practices which are not 
costly. By providing life skill training to the teachers (especially to MES 
teachers), supporting teaching materials and keeping the school environment 
free of unhealthy food will favor the health of school children. 

Key words: Healthy food eating practice, Primary school children 
 

INTRODUCTION 

Schools are arena where different types of 
healthy behaviors can start and attention to 
opportunities available for students at 
school if those behaviors become normative 
childhood behavior. Healthy food eating 
practices can affect the future health of 
school children. Children need to be healthy 
to learn and be educated to be healthy. 
Schools have an important role to play in 
equipping children with knowledge, attitude 
and skills they need to protect their health. 
Ensuring that children are healthy and    
able to learn is an essential part of an 
effective education system.1 Healthy eating 
plays a powerful role in preventing chronic 

diseases, including heart disease, cancer, 
and stroke, the three leading causes of death 
among adults aged 18 years or older.2-6         

In life skill curriculum for the students, they 
are taught for about importance of healthy 
food eating practices.7 

In Myanmar, Basic Education Primary 
schools (BEPS) were under the Ministry    
of Education and teachers are paid by the 
government. Monastic Education Schools 
(MES) are those adopt the government 
curriculum. They engage in formal education, 
but   usually  stand   on  their  own  financial 
_______________________________________ 
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support from various well-wishers. MES 
schools registered with the Ministry of 
Education (MOE) and the Ministry of 
Religious Affairs. In Myanmar, monastery-
based primary education is still indispen-
sable for our country’s basic education.8, 9 

There is still need to explore knowledge and 
practice of healthy eating of students from 
MES and BEPS and this study aimed to 
compare knowledge and healthy eating 
practices between them. 
 

MATERIALS AND METHODS 
 

This cross-sectional comparative study was 
done in the fifth graders of five BEPS       
and five MES, Mingalardon Township, 
Yangon Region during 2013. Schools were 
selected by lottery method. From each 
school, students were selected by systematic 
random sampling. Altogether 218 students 
from BEPS and 240 students from MES 
participated in the study. Data were 
collected by face-to-face interview using 
pre-tested, semi-structured questionnaire. 
The quantitative questionnaires and quail-
tative were developed mainly based on     
life skill education curriculum for 4th grade 
students.7 Before data collection, the 
questionnaires were pretested in one BEPS 
and one MES of Shwepyitha Township. 
After the pre-test, the questionnaires were 
revised and finalized accordingly and used 
for quantitative data collections. 

Data entry and data analysis were carried 
out using IBM SPSS version 22. Coding and 
interpretations of data were carried out by 
principal investigator and co-investigators. 
Chi square test and forward multiple logistic 
regression were used for data analysis. 

Eight key informant interviews (KII) were 
done with headmistress or life skill teachers 
for each school. One teacher served as head 
and life skill teacher. One or two in-depth 
interviews (IDI) were done with life skill 
teacher for each school. Altogether eight 
KIIs and thirteen IDIs were done. Inter-
views were  recorded with  digital  recorders  

(with prior permission of respondent). After 
that, the interviews were transcribed and 
typed in details. Then, the transcripts were 
coded and organized on the basis of themes 
and sub-themes by using ATLAS ti version 
6.0 software. There were 5 code families 
and 11 codes were identified. Ethical clear-
ance was obtained from ethical board of 
University of Public Health. 
 

RESULTS 
 

In this study, 218 students from MES and 
240 students from BEPS were interviewed 
on their sociodemographic background, 
knowledge and healthy eating practices 
(Table 1). 

Table1. Sociodemographic background of students 

The ages of the students in this study widely 
varied from 8 to 16 years with mean ages   
of 10±1.64 in MES and  9.54±1.16  in BEPS 

Sociodemographic 
characteristics 

Type of school 
MES (n=218) 

Frequency 
(%) 

BEPS (n=240) 
Frequency 

(%) 
Age (year)(mean±SD) 10±1.64 9.54±1.16 
Gender     
Female 97(44.5) 115(47.9) 
Male 121(55.5) 125(52.1) 
Father’s occupation 
Government service 12(5.5) 25(10.4) 
Own business 22(10.1) 41(17.1) 
Agricultural 42(19.3) 8(3.3) 
Odd jobs 105(48.2) 154(64.2) 
Dependent 2(0.9) 6(2.5) 
Don’t know/Pass away 35(16.1) 6(2.5) 
Father’s educational status 
Illiterate 8(3.7) 3(1.2) 
Can read and write 56(25.7) 39(16.2) 
Primary school  65(29.8) 63(26.2) 
Middle school 44(20.2) 53(22.1) 
High school 16(7.3) 37(15.4) 
Graduated and above 13(6.0) 20(8.3) 
Don’t know/Pass away 16(7.3) 25(10.4) 
Mother’s occupation 
Government service 5(2.3) 12(5.0) 
Own business 14(6.4) 24(10.0) 
 Agricultural 31(14.2) 7(2.9) 
Odd jobs 51(23.4) 64(26.7) 
 House wife 99(45.4) 121(50.4) 
Don’t know/Pass away 18(8.3) 12(5.0) 
Mother’s educational status 
Illiterate 11(5.0) 4(1.7) 
Can read and write 68(31.2) 43(17.9) 
Primary school 58(26.6) 59(24.6) 
Middle school 51(23.4) 58(24.2) 
High school 16(7.3) 34(14.2) 
Graduated and above 7(3.2) 21(8.8) 
Don’t know/Pass away 7(3.2) 21(8.8) 
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(median   ages:  MES=10;   BEPS=9  years).  
Gender ratios among the two types of 
schools were more or less the same. The 
commonest type of their fathers’ occupation 
was odd jobs, 105 (48.2%) in MES students’ 
and 154 (64.2%) in BEPS students’, 
respectively. About quarter of the fathers of 
MES students attained high school level and 
above while one third in those of BEPS 
students did. In both groups, nearly half      
of mothers were housewives. Only 3.2% 
mothers of MES students and 8.8% of those 
of BEPS students were graduates. 
Significantly, more BEPS students res-
ponded that there were 3 kinds of food 
groups and identified the name of food 
groups than did MES students (91.7% vs. 
64%, p=0.000). However, when asked about  

Table 2. Knowledge on food groups 
 

Knowledge on  
food groups 

Type of school p 
value MES (n=218) 

Frequency (%) 
BEPS (n=240) 
Frequency (%) 

Can classify food groups  

Answer other      
  than 3 groups 

77(35.5) 20(8.3) 0.000 

3 groups 141(64.7) 220(91.7)  
Can identify body building food (protein rich food) 
No 63(28.9) 18(7.5) 0.000 
Yes 155(71.1) 222(92.5)  
Protein rich food (Meat, egg, etc) 
Right answer 86(39.4) 132(55.0) 0.003 
Wrong answer 132(60.6) 108(45.0)  
Can identify disease preventing food group (vitamin rich 
 food, vegetables) 
No 72(33.0) 40(16.7) 0.000 
Yes 146(67.0) 200(83.3)  
Vitamin rich food (vegetables) 
Right  answer 120(55.0) 154 (64.2) 0.029 
Wrong answer 98(45.0) 86(35.8)  
Advantages for eating vegetables (vitamins)  
Right answer                  142(65.1) 
  (disease preventing) 

191(79.6) 0.002 

Wrong answer 76(34.9) 49(20.4)  
Can identify energy giving food (carbohydrate rich food) 
Right answer 139(63.8) 198(82.5)  
Wrong answer 79(36.2) 42(17.5) 0.000 
Carbohydrate rich Food (rice, wheat, etc) 
Right answer  89(40.8) 108(45) 0.000 
Wrong answer 129(59.2) 62(25.8)  
Advantage for eating carbohydrate rich food (grow well, etc) 
Right answer  113(51.8) 154(64.2) 0.005 
Wrong answer 105(48.2) 86(35.8)  
Food needed for doing sports (carbohydrate rich food) 
Right answer 56(25.7) 108(45.0) 0.000 
Wrong answer 162(74.3) 132(55.0)  
Balanced diet contain how many food group 
Three food groups 130(59.6) 189(78.8) <0.001 
Other than 3 food  
  groups 

88(40.4) 51(21.2)  

specific knowledge of the food groups, 
about half of students could correctly 
respond and more by BEPS students. More 
than 70% of BEPS students and over 60% 
of MES students could tell the advantages 
of eating food from each group. This finding 
shows that MES students have less 
knowledge than the BEPS students (Table 2). 

Table 3. Students’ eating practices 

Table   4.   Factors  influencing   students’   eating 
practices 

Variables Crude OR 
(95% CI) 

Adjusted OR 
(95%CI) 

Knowledge score on healthy food    
High 1.67(0.55-5.1) 3.69(1.59-8.56) 
Low 1  
Gender   
Male  1.32(0.68-2.57) 1.35(0.63-2.87) 
Female 1  
Type of school   
BEPS 1.25(0.65-2.42) 0.99(0.45-2.21) 
MES 1  
Education of father   
High school level and  
  above  

1.65(0.78-3.48) 1.664(0.60-4.59) 

Up to middle school  
  level 

1  

Education of mother   
High school level and  
  above  

1.7(0.79-3.67) 0.851(0.29-2.46) 

Up to middle school  
  level 

1  

Occupation of father   
Government/own/ 
  agricultural  

2.01(1.02-3.95) 1.75(0.82-3.76) 

Odd/ unemployed  1  
Occupation of mother   
Working mother  1.25(0.64-2.42) 0.90(0.43-1.89) 
Housewife 1  
Age 0.79(0.64-2.42) 0.83(0.60-1.15) 

The proportion of BEPS students who ate 
meat and vegetables more than 3 days 
during last week was significantly higher 
than those of MES students (p<0.005). 
Moreover, majority of students responded 
that they usually ate junk food in both types 

 
Variables 

Type of school 
p 

value MES (n=218) 
Frequency (%) 

BEPS (n=240) 
Frequency (%) 

Consists of both meat and vegetables in last week 
≥3 days/week 121(55.5) 164(68.3)  0.005 
<3 days/week 97(44.5) 76(31.7)  
Type of food bought by pocket money 
Healthy food 85(39.0) 89(37.1) 0.915 
Unhealthy food 86(39.4) 98(40.8)  
Both 47(21.6) 53(22.1)  
Used to eat junk food    
Yes 136(62.4) 175(72.9) 0.017 
No 82(37.6) 65(27.1)  
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of school (Table 3). Multiple logistic 
regression was carried out to evaluate       
the combined effect of multiple factors 
affecting good eating practice (having meat 
and vegetables >=3 days in last week). After 
adjusting for the effect of other variables, 
knowledge of the students was a significant 
predictor for good eating practice OR=3.69 
(95% CI=1.59-8.56), (p=0.006). Although 
being male student, high educational level 
and occupation of father seem to be 
influencing factors for good eating practice, 
none of them was statistically significant 
after adjusting the effect of other variables 
(Table 4). 
Characteristics of in-depth interview res-
pondents 
Twenty-one interviews were done with head 
and life skill teachers of the BEPS and 
MES. Life skill teachers are responsible for 
teaching benefits of healthy food. And they 
also have to taught other subjects. Respon-
dents’ ages were ranging from 21years to   
64 years. Apart from one monk who was 
acting as head of school, the other 
respondents were females. Three teachers 
were high school passed. But, they got 
teaching training. One monk and one          
nun passed Dhammacariya curriculum           
(a Buddha graduation). One nun passed the 
Phathamagyi. The others were graduates. 
Nine respondents stayed in school com-
pounds. Ten respondents got life skill 
training. Eight head of schools did school 
administration only while others took 
relieving classes. 

School’s facility and sanitary conditions 
Almost all respondents from BEPS stated 
that because of their limited school budget, 
they could not maintain school building    
and compound very well. Two school 
compounds of MES were found very neat 
and tidy because teachers and students 
cleaned the school by themselves. 

“In our school, we assigned three groups 
consisting of teachers and students from 
grades 5 to 10 students for cleaning the 
school. Each group has to clean the whole 

school in their turns (from 8:00 to 9:00 am 
before the school starts).” 

(64 years old having 9 years service, Head 
of school from MES) 

Personal hygiene 
Personal hygiene of children was poorer in 
MES than that of BEPS students. Teachers 
had to be patient and took care for their 
personal cleanliness. 
“Under abject poverty, the parents did not 
control over their children’s schooling. 
They send their children just to grow up. 
They are not much interested in school 
lessons. Children do not know personal 
cleanliness. We have to urge them for 
regular bathing and washing clothes.” 

(21 years old having 2 years service, Life 
skill teacher from MES) 

“In our school, training on personal hygiene 
was usually done. When school open for 
every year, students have to learn how to 
wash their hands properly, how to use toilet, 
etc, for two to three days before starting any 
teaching. Only after they get used to those 
training, school curriculum starts.” 

(39 years old having 2 years service, Head 
of school from MES) 

Life skill curriculum teaching periods 
Although teachers from BEPS could teach 
life skills according to assigned curriculum, 
MES teachers were facing difficulties. More 
teachers from BEPS got Life skill training. 
So, they did not mention difficulties for 
teaching life skill. 
“During my two years experience, I could 
only teach life skill curriculum for 3 times    
a month.” 

(21 years old having 2 years service, Life 
skill teacher of school from MES) 

Although MES schools could not teach well 
for life skill curriculum, BEPS could teach. 
“In our school, there are eight periods (one 
period is 45 minutes) a day. We teach life 
skill curriculum one period a day.” 

(33 years old having 9 years service, Life 
skill teachers of school from BEPS) 
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“We teach life skill curriculum according to 
monthly teaching plan. For example, in 
June we have to teach personal hygiene, 
and in July, having balanced diet and 
benefit of iodinated salt.” 

(46 years old having 23 years service, Life 
skill teacher of school from BEPS) 

Teaching about healthy food eating practice 
Regarding healthy food eating practice 
teaching in schools, teachers are mainly 
responsible to guide the students. Accor-
ding to life skill curriculum, teachers have 
to teach in different teaching style such as 
using pictograph, asking different food, etc. 
In MES, teachers were not accustomed to 
teach life skill training because most of 
them were not trained for life skill 
curriculum. 
“I sometimes asked the students to name the 
food they ate for today and its belonging 
food group. And I wrote down on the white 
board and explain which one is correct and 
which one not. I urged them to recite poem 
also. If you have fish, fruit, vegetable, you 
will grow well, etc.” 

(34 years old having 11 years service 
life skill teachers from MES) 

“With the aid of pictograph from CCA 
(child center approach) course, I explained 
about food groups. I used to ask them what 
you ate today. I taught the food groups by 
explaining each response with belonging 
food groups. Sometimes, I check their 
(students) lunch boxes and explain the food 
group.” 

(Age 35 having 8 years Service, 
life skill teacher from BEPS) 

Health message to the parents 
Children are very good messengers to 
convey health related messages to the 
parents. Even though, parents got the 
message from their children, socioecono-
mically underprivileged conditions did not 
favor to prepare proper cooking. 

“At home children used to recite what they 
had learnt at school. By that means, parents 
can get information about healthy food. I 

used to urge the teachers to teach the 
students. Although the parents know the 
food group, they cannot prepare properly 
because of their limited budget.” 

(A 52 years old having 25 years service, 
Head from BEPS) 

School canteen 
In Myanmar, school meal program has not 
been implemented yet. Students have to 
bring their lunch box when they come to 
school. Or, parents have to deliver the lunch 
box at lunch hour. And school canteens also 
playing important role in children’s food. 
Most of the children would like to eat foods 
which are sold in school canteen. So, 
sanitary conditions, provision of nutritious 
food in school canteen are important for the 
health of children. Many teachers stated that 
ready-made packets which are sold in 
school canteen were bad for the health of 
children. Only one headmistress mentioned 
about the medical checkup of school 
canteen food handlers. Most of the food 
vendors sell readymade packets. 

“Although our school do not have canteen, 
some street vendors come and sell around 
the school. Some well wishers donate about 
two times per month.” 

(A 64 years old having 9 years service, 
Head from MES) 

“Previously street vendors used to sell the 
food around the school. Last two years ago, 
I arranged to sell school-made food at 
canteen with minimal profit. The team 
consists of some teachers and staff have to 
prepare it. They sell fried vermicelli, ice-
stick, etc. As we prepare ourselves it seems 
to be cleaner.” 

(A 39 years old having 2 years service, 
Head from MES) 

 
DISCUSSION 

 
This study assessed the adoption of healthy 
food eating practice among Grade five 
students from five MES and five BEPS of 
Mingalardon Township. It was noted that 
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there was some difference in socio-
demographic characteristics of parents of 
the studied student’s. 
Regarding the knowledge of body building 
food group, disease preventing food group 
and energy giving food group, students from 
BEPS could answer more correctly than 
MES students. That finding was tally with 
the interview findings with the teachers. 
Most MES teachers could not teach healthy 
food eating practice. Since some did not get 
life skill training, they don’t know how to 
teach well. So, life skill training should be 
given to the MES teachers also. Apart from 
that, teachers are suggesting to persuade 
students for bringing some vegetables from 
their homes for practical lessons. It will be 
better if we can support teaching aids such   
as posters. 
Majority (92%) of BEPS students and more 
than 60% of MES students correctly 
responded that there were 3 food groups and 
identified the names of food groups. 
Although proportion of students who ate 
balanced diet more than 3 days per week 
was significantly high, the proportion con-
sumption of junk food was not also low. 
The finding was consistent with other 
studies which stated that junk foods are 
irresistible because the taste of unhealthy 
food may be good enough to addict for 
Grade 5 students.5, 6, 10 Students’ healthy 
food knowledge was a predictor for their 
good eating practice. Although being     
male student, high educational level and 
occupation of father were seem to be 
influencing factors for good eating practice, 
none of them is statistically significant after 
adjusting for the effect of other variables. 
The interview findings with teachers also 
showed that the readymade packets were the 
most available food around the school. The 
finding was similar with one study which 
mentioned that a high number of unhealthy 
food options on school canteen menus was a 
barrier to healthy eating for Grade five 
students in Australia.10 So, we should limit 
(if possible abolish) the sale of high-fat 
snacks (junk food) and sweetened beverages 

with non permitted dye and/or artificial 
sweeteners in school canteen and around the 
school area. 

Most teachers were very willing to teach 
healthy eating practice to the students. And 
some of them could relay the message to the 
parents through the children. According to 
affordability of parents, the ability to 
prepare lunch/food are different. However, 
even economically underprivileged people 
should know healthy eating practices which 
are not costly.  

We should consider ways to provide school 
lunch in implementing national school 
health program. We should encourage to 
respective ministries for the development of 
different strategies for safe food production 
and health education programs to assist 
students in making healthy food choices in 
the rest of their life. 
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Piper betle Linn. belongs to the family Piperaceae is an evergreen and 
perennial creeper with glossy heart-shaped leaves and white catkin. The 
leaves of Piper betle Linn. have been traditionally known for its various 
therapeutic uses such as stimulant, antitussive, carminative, expectorant, 
antihyperglycemic, antibacterial and antifungal. In the present study, the 
leaves of Piper betle Linn. were collected from cultivated sources in 
Kyaukse Township, Mandalay Region. Botanical identification of plant    
was done by morphological examinations. Phytochemical characters were 
studied by using reference analytical methods. The different extracts were 
obtained by percolation and reflux method. Antioxidant activities of fresh 
juice, ethanol extract and aqueous extract of Piper betle Linn. was 
determined by using 1, 1-diphenyl-2-picryl-hydrazyl (DPPH) assay and 
ascorbic acid was used as specific standard. While IC50 of ascorbic acid was 
1.66 µg/ml, the concentration of Piper betle Linn. needed for 50% inhibition 
(IC50) was found to be 92 µg/ml, 94 µl/ml, 95 µg/ml for ethanol extract, 
fresh juice and aqueous extract,  respectively. The antioxidant activity of 
ethanol extract of Piper betle Linn. was found to be slightly more than fresh 
juice and aqueous extract. From above data, fresh juice of Piper betle Linn. 
possesses antioxidant activity which demonstrates the possibility of the use 
of this plant as supplementary medicine. 

Key words: Antioxidant activity, Piper betle Linn., DPPH assay, IC50 

 
INTRODUCTION 

 
Oxidative damage in the human body plays 
an important causal role in disease initiation 
and progression. Damage from reactive 
oxygen species (ROS) including free 
radicals has been linked to some neuro- 
degenerative disorders (Alzheimer’s disease 
and Parkinson’s) and cancers. ROS include 
free radicals such as superoxide anion 
radicals (O2

•−), hydroxyl radicals (OH•) and 
non-free-radical species such as H2O2 and 
singlet oxygen. These molecules are 
exacerbating factors in cellular injury and 
aging process.  

Antioxidants, or antioxidation agents,  
reduce the effect of dangerous oxidants by 
binding together with these harmful mole-
cules, decreasing  their   destructive   power. 
Antioxidantscan   also   help  repair  damage 

already persistent by cells. Certain 
antioxidant enzymes are produced within 
the body. The most commonly recognized 
of these naturally occurring antioxidants are 
superoxide dismutase, catalase, and gluta-
thione.1 

The most commonly used antioxidants at 
present are butylated hydroxyanisole (BHA), 
butylated hydroxytoluene (BHT), propyl 
gallate and tert-butylhydroquinone. However, 
BHA and BHT have been suspected of  
being responsible for liver damage and 
carcinogenesis. Therefore, the development 
and utilization of more effective anti-
oxidants is desired. Much attention has  
been spotlighted on  the  antioxidative  com- 
pounds  present  in plants because  of  safety 
__________________________________________ 
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concerns associated with synthetic anti-
oxidants.2 A large  number of medicinal 
plants and their purified constituents have 
shown beneficial therapeutic potentials. 
Plants, which are rich in phenolic 
components, are of interest as sources of 
natural antioxidants. Phenolics display a 
wide variety of structures, ranging from 
simple moieties containing a single 
hydroxylated aromatic ring to highly 
complex polymeric substances.3  

The betel (Piper betle Linn.) is the leaf of  
a vine belonging to the Piperaceae family. 
World Health Organization (WHO) figured 
out the betel plant as a mild stimulant and 
for its medicinal properties.4 The betel plant 
is an evergreen perennial creeper, with 
glossy heart-shaped leaves and white catkin. 
The betel plant originated from South and 
South East Asia. 

The leaves of Piper betle Linn. have been 
traditionally known for its various thera-
peutic uses such as stimulant, antitussive, 
carminative, astringent (juice of leaves with 
oil), expectorant, stomachic, relieving gas-
trointestinal disorders, hepatoprotective, 
antihyperglycemic, neuroprotective, anti-
bacterial, antifungal, antihistaminic and 
antiulcer.5-7  

The present investigation was undertaken to 
estimate the antioxidant potential of Piper 
betle Linn. extracts through DPPH (1, 1-
diphenyl-picryl hydrazyl) in vitro assay 
model.  

MATERIALS AND METHODS 

The present study was laboratory-based 
experimental study. Identification of plant, 
extractions of different extracts and 
determination of phytochemical constituents 
were done at Pharmacology Research 
Division and antioxidant activity testing at 
Experimental Medicine Research Division, 
Department of Medical Research (Upper 
Myanmar). 

This study was conducted from August to 
November, 2014. 

Data analysis 

The percent inhibition was calculated by the 
formula. The results were analyzed by using 
SPSS 20 (Statistical Package for Social 
Science) software. Then, IC50 values were 
calculated.  
Plant materials and identification 
The plant materials used in this study were 
collected from cultivated in Taung Bot 
Village, Kyaukse Township, Mandalay 
Region. The morphological characters of the 
plant were examined at Pharmacology 
Research Division, Department of Medical 
Research (Upper Myanmar) and verified 
according to the characters of ovaries and 
fruits, bracts, petioles of fertile branch 
leaves, lamina and pistillate spikes 
described in the reference monograph 
Dassanyake.8 

Preparation of plant extracts  
The leaves of Piper betle Linn. were air-
dried for one week and then reduced into 
coarse powder by using powdering machine. 
The powdered material (100 gm) was 
percolated with 95% ethanol for a week by 
percolation method.9  
The leaves powder were moistened with 
sufficient quantity of the solvent and 
allowed to stand for 4 hours in a well-closed 
vessel. Then, the content was packed in a 
percolator and sufficient amount of the 
solvent was added to saturate the materials. 
When the liquid began to drop from the 
percolator, the outlet was closed and 
sufficient amount of the solvent was added 
to leave a layer above the powdered sample 
and the content was allowed to macerate  
for 24 hours. The percolation process was 
allowed to proceed slowly until the 
percolate measured about three-quarters of 
the required volume. Then, this liquid 
extract was evaporated by using waterbath 
to give a dry mass.   
For aqueous extract, 50 gm of powdered 
leaves of Piper betle Linn. was extracted by 
means of reflux apparatus. The aqueous 
extract was also evaporated by using the 
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waterbath to get the dryness. Fresh juice of 
betel leaves was prepared by using clean 
motor and pestle.  
Phytochemical analysis of Piper betle Linn.  
leaves 
Qualitative analysis for the active consti-
tuents was done by the quality control 
methods according to WHO.10  
Detection of alkaloids 
The dried powdered samples (1g) were 
boiled with 10% HCl (10 ml) for about      
10 minutes, allowed to cool and filtered. 
The filtrate was divided into 4 portions     
and tested separately with Dragendorff’s 
reagent, Mayer’s reagent, Hager’s reagent 
and Wagner’s reagent. Observations were 
made to see the coloured precipitates. 
Detection of carbohydrates 

Molisch’s test: Two drops of 10% alcoholic 
α-naphthol solution were added to 1.5 ml of 
aqueous extract, and then mixture was 
shaken well. This test tube was inclined at 
an angle of 45˚ and 1 ml of concentrated 
sulphuric acid was poured in slowly along 
the sides of the tube and allowed to  stand  
so  that  it  formed  a  separate  layer  at  the 
bottom of the tube without mixing. A red 
ring was formed between the two layers. 

Detection of glycosides 
When 0.5 ml of 10% lead acetate was added 
to 1.5 ml of aqueous extract of the 
powdered sample, a white precipitate was 
produced. 
Detection of phenols 

To 1 ml of aqueous extract of the powdered 
sample, a few drops of 1% ferric chloride 
solution was added. Brownish green colour 
was formed. 

Detection of amino acids  
Ninhydrin test: The dried powdered sample 
(3 gm) was boiled with distilled water  
(25 cm3) for about 10 min and then filtered. 
An aliquot portion of filtrate was transferred 
to a filter paper with the help of micro-
pipette and allowed to dry. Then the filter 

paper was sprayed with ninhydrin reagent 
and dried at 110ºC in oven and then purple 
colour appeared. 
Detection of saponins 
The aqueous extract (2 ml) is diluted with 
distilled water and made up to 20 ml. The 
suspension is shaken in a graduated cylinder 
for 15 min. Formation of 2 cm layer of foam 
was produced. 
Detection of starch 
Iodine 1.5 gm and 7.5 gm of potassium 
iodide were dissolved in 50 ml of distilled 
water and added 2-3 ml of an aqueous 
extract of the powdered sample. A blue 
colour was produced. 
Detection of tannins 
To 1 ml of aqueous extract of the powdered 
sample, a few milliliters of 2% sodium 
chloride solution was added and shaken and 
a few drops of gelatin solution was added. A 
white precipitate was produced. 
Detection of flavonoids  
The dried powdered sample (1g) was boiled 
with 10 ml of 95% alcohol and filtered.  
A few drops of concentrated hydrochloric 
acid was added into a test tube containing    
a few milliliters of alcoholic extract of the 
powdered sample followed by small pieces 
of magnesium turnings. A pink colour was 
observed. 
Detection of steroids  
Liebermann-Burchard’s test: A few drops 
of acetic anhydride solution were added to  
1 ml of petroleum ether extract of the 
powdered sample followed by a few drops 
of concentrated sulphuric acid. A green 
colour developed. 
Detection of cyanogenetic glycoside  
Distilled water (5 ml) was added to 0.5 g of 
dried powdered sample followed by a few 
drops of concentrated sulphuric acid and 
sodium picrate and then it was boiled.  
A pink colour developed. 
Antioxidant activity testing 
Antioxidant activity of plant extracts was 
determined by DPPH method. The extracts 
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a = -1.40 d = -1.25 g = -1.10 j = -0.95 m = -0.80 
b = -1.35 e = -1.20 h = -1.05 k = -0.90 n = -0.75 
c = -1.30 f = -1.15 i = -1.00 l = -0.85 o = -0.70 
 

used in this assay were 95% ethanol extract, 
aqueous extract and fresh juice. The stock 
solution was prepared by dissolving plant 
extract with 95% ethanol at concentration of 
1mg/ml. From this stock solution, different 
concentrations (50, 100, 150 and 200 µg/ml) 
were prepared. The sample solutions were 
prepared by mixing thoroughly with 1 ml of 
60 µM DPPH solution (2.36 mg of DPPH  
in 100 ml of 95% ethanol) and 1 ml of 
different concentrations of each plant 
extracts which was prepared from stock 
solution and were mixed vigorously by a 
vortex mixer.  

Ascorbic acid was used as standard and 
prepared as in sample solution. Blank 
solution was prepared without the addition 
of DPPH solution. All solutions were 
allowed to stand at room temperature (27ºC)  
for  30  minutes after which  measurement  
of  absorbance  was done at 517 nm using  
UV-Visible 1601PC, Shimadzu Spectropho-
tometer. Absorbance measurements were 
done in triplicate and the absorbance was 
calculated to obtain the percent inhibition by 
using the following formula: 
%Inhibition= DPPH alone - (Sample-Blank) x100 

DPPH alone 
% Inhibition=Percent inhibition of sample extract to 

be tested 
DPPH alone=Absorbance of 60 µM DPPH solution 
Sample=Absorbance of test sample solution 
Blank=Absorbance of blank solution 

 
RESULTS 

 
Identification of plant 
The betel plant is vine climbing with 
adventitious roots and stem is woody. The 
ovaries and fruits concrescent of betel plant 
are fused with spike axis. Bracts are distinct. 
Petioles of fertile branch leaves 1-1.7, 
lamina not or very shallowly cordate, 
shining at least on upper side. Pistillate 
spikes about as long as their peduncles and 
leaves are bright green. These characters are 
also mentioned for Piper betle L. belongs  
to the family Piperaceae by Dassanyake.8  

Due to this above characters, the plant was 
identified as Piper betle Linn.  

Extraction of Piper betle Linn. leaves 
The yield percentage of different extracts   
of Piper betle Linn. leaves by different 
solvents were 16 for distilled water and  
7.4 for 95% ethanol.  
Table  1.  Phytochemical   analysis   of  leaves  
  powder of Piper betle Linn. 

Type of compound         Reagent Results
Alkaloids Dragendroff’s ragent + 
 Mayer’s reagent + 
 Hager’s reagent + 
 Wagner’s reagent + 
Carbohydrates 10% α-napthol and H2SO4 + 
Glycosides 10% lead acetate solution + 
Phenolic compounds 5% Ferric chloride solution + 
α-amino acid Ninhydrin reagent + 
Saponins Distilled water + 
Starch I2 and KI2 solution + 
Tannins 1% Gelatin and 2% NaCl   

   solution 
+ 
 

Flavonoid Conc: HCL, Mg turnings - 
Steroids Acetic anhydride solution  

   and conc: H2SO4 
+ 

Cyanogenetic  
  glycoside 

Distilled water, conc:      
   H2SO4, sodium picrate - 

 +=Detected, -=Not detected 
 
Table 2. Results for determination of antioxidant 
               activities   

 Inhibition percent (mean ± SD) 
 in various concentrations (n=3) IC 50 

Extract 50 µg/ml 100 µg/ml 150 µg/ml 200 µg/ml  
Aqueous 44.98 

 ±0.65 
59.44  
±1.37 

67.08  
±2.14 

76.11  
±0.97 

95 

95%    
  Ethanol 

53.68  
±1.02 

69.68  
±1.42 

77.42  
±0.41 

88.28  
±0.55 

92 

Fresh    
  juice 

48.08  
±0.45 

74.86  
±1.41 

85.79  
±0.99 

90.38  
±1.05 

94 

Standard 1 µg/ml 2.5 µg/ml 5 µg/ml 7.5 µg/ml  
Ascorbic  
  acid 

40.01  
±0.36 

56.19  
±1.64 

76.00  
±1.334 

84.00  
±1.99 

1.66 

 

 

 

 

 

 
 
 
 
 
The  regression coefficient (R2)  was 0.991 and IC50 
was 95 µg/ml.  
Fig.  1.   Linear regression  of % inhibition  with 

log concentration of aqueous extract 
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a = -1.40 d = -1.25 g = -1.10 j = -0.95 m = -0.80 
b = -1.35 e = -1.20 h = -1.05 k = -0.90 n = -0.75 
c = -1.30 f = -1.15 i = -1.00 l = -0.85 o = -0.70 
 

Log concentration of ascorbic acid (µg/ml) 
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The  regression  coefficient (R2)  was  0.985 and   
IC50 was 92 µg/ml. 

Fig.  2.  Linear  regression  of % inhibition  with 
log concentration of 95% ethanol extract 

 

 

 

 

 

 
 
 

The  regression  coefficient (R2)  was  0.978 and IC50 
was 94 µg/ml. 

Fig.  3.  Linear  regression  of % inhibition  with 
log concentration of fresh juice 

 

 
 
  
 
 
 
 
 
 
 
 
The  regression coefficient (R2)  was 0.989 and     
IC50 was  1.66 µg/ml. 

Fig. 4. Linear regression of  %  inhibition  with 
log concentration of ascorbic acid 

Phyotochemical analysis of leaves powder 
of Piper betle Linn. 

The results of phytochemical analysis of 
leaves powder from Piper betle Linn. are 
shown in Table 1.  

Determination of antioxidant activities        
by 1, 1-diphenyl-picryl hydrazyl (DPPH)  
assay 
The IC50 values of leaf extracts were  
92 µg/ml for 95% ethanol extract, 94 µl/ml 
for fresh juice and 95 µg/ml for aqueous 
extract.  The IC50 value of ascorbic acid was 
1.66 µg/ml (Table 2). 

 
DISCUSSION 

 
The yields of crude extracts of plant 
constituents were different. This difference 
may be due to different solubility of powder 
leaves in respective solvents and the power 
of vaporization of solvents. In this study,   
the yield of aqueous extract was higher   
than 95% ethanol extract.  
Therefore, the constituents in leaves powder 
are more soluble in water. Soxhlet 
extraction method can get high yield 
percentage of extract. But the constituents 
may be degraded because of heating in 
Soxhlet extraction method.  So, percolation 
method is more convenient for extraction    
of thermolabile constituents from plant 
materials.  

It was observed that the sample leaves 
powder possess alkaloids, carbohydrate, 
glycosides, phenols, steroids, saponins and 
amino acid. In antioxidant activity testing, 
all the extracts of Piper betle L. showed 
DPPH scavenging effect. But the IC50 
values observed were found to be lower 
than that of standard ascorbic acid. The IC50 
values of betel leaf extracts were 92 µg/ml, 
94 µl/ml, 95 µg/ml for ethanol extract, fresh 
juice and aqueous extract respectively. The 
DPPH radical scavenging effects of the 
extracts of leaves of Piper betle Linn. 
decreased in the following order: 95% 
ethanol extract > fresh juice > aqueous 
extract. 
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Conclusion 
The results of this study indicated that betel 
leaf extracts are rich in antioxidant activity. 
It may be due to the constituents of phenolic 
compounds which are believed to have the 
ability of free radical scavenging and anti-
oxidation.  Hence, this plant can be used to 
discover bioactive natural products that may 
help in the development of supplementary 
medicine from medicinal plants.  
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Preparation of Mn3O4 nanoparticle from KMnO4 as manganese source      
and ethyleneglycol was performed by using hydrothermal method.     
Twelve characteristic peaks of Miller indices (101, 112, 200, 100, 211, 202, 
004, 220, 105, 321, 224 and 400) were found in X-ray diffraction (XRD). 
According to the lattice parameters, crystal structure of Mn3O4 nanoparticle 
was found to be tetragonal by XRD. Average crystallite size of the prepared 
Mn3O4 nanoparticle is 25.60 nm. It was found that the percent crystallinity 
of Mn3O4 nanoparticles was 95.85%. According to Scanning Electron 
Microscope (SEM) micrograph, Mn3O4 nanoparticles seems tetragonal 
structure. Application of Mn3O4 nanoparticles was carried out for photode-
composition effect. Photodecomposition properties such as effect of contact 
time and effect of dosage on Mn3O4 nanoparticles were determined in this 
work.  Under the daylight, the decomposition percent of bromocresol green 
solution was found to be 10.28% and the maximum decomposition percent 
of this solution increased (48.78%) for 3 hours under the light of 60 watt 
electric bulb, the photodecomposition of bromocresol green solution  started 
after 15 minutes  (11.16%) and increased to (58.96%) for 3 hours by using 
0.3 gm  Mn3O4 nanoparticles. The maximum decomposition percent of bro-
mocresol green solution was observed to be 57.85% under the daylight     
and 67.92% under the 60 watt electric bulb by using 0.5 dosage. Mn3O4 
nanoparticles can be applied for the removal of dyes in waste water samples. 
It was observed that colour of the textile dyes solution decreased signi-
ficantly after treatment with Mn3O4 nanoparticles for 2 hours.  

  Keywords: Mn3O4 nanoparticles, XRD, SEM, Photodecomposition, Bromocresol green 
 

INTRODCUTION 
 

Nanotechnology can be defined as the 
science and engineering involved in the 
design, synthesis, characterization and 
application of materials and devices whose 
smallest functional organization in at least 
one dimension is on the nanometer scale 
(one-billionth of a meter).1  

Nanomaterials and nanoparticles are used in 
a broad spectrum of applications, metal 
oxide nanoparticles are important class of 
materials for their optical, magnetic and 
electronic properties.2  These properties make 
nanostructured metal oxides useful for wide 
range applications such as catalysts, sensors, 
optical materials, electrical materials, and 
magnetic storages.3  

MATERIALS AND METHODS 
 

Preparation of Mn3O4 nanoparticles by 
hydrothermal method 
KMnO4 0.105 gm was completely dissolved  
in distilled water (30 ml) to form a purple 
then added to  the solution and stirred for   
30 minutes at room  temperature and poured 
into a teflon-lined stainless steel autoclave 
(Fig. 1) which was subsequently sealed and 
maintained  at 120ºC for 8 hours, then  
allowed to cool to room temperature.4  

Construction of standard calibration curve 
for bromocresol green solution 
A 0.0069 gm of bromocresol green was dis-  
_______________________________________________________________________  
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Fig.  1. Teflon-lined   stainless   steel   autoclave  
            (Hydrothermal method) 
 
solved in distilled water and made up to   
100 ml as 1x10-4M stock solution and then 
the solution was diluted with distilled water 
to make 1.0 x10-5M solution. The maximum 
absorption of bromocresol green solution           
(1x10-5M) was measured by using UV-visible 
spectrophotometer. The maximum wave- 
length of this solution was found to be      
616 nm.5  
Photodecompostion of bromocresol green 
solution using Mn3O4 nanoparticles 
Photodecomposition of bromocresol green 
solution by Mn3O4 nanoparticles samples 
was carried out by varying the contact time 
at different contact times (30, 60, 120, 180 
and 240 minutes) under the daylight and       
60 watt electric bulb. 0.3 gm of Mn3O4 
nanoparticles was added to 2.5x10-5M of 
bromocresol green solution and stirred for 
15 minutes contact time in a magnetic stirrer 
and measured at 616 nm. The different 
dosage of Mn3O4 nanopraticles samples 
(0.1, 0.2, 0.3, 0.4 and 0.5 gm) were used. 
After stirring, bromocresol green solution 
was centrifuged and then absorbance was 
measured at 616 nm.6                 

Decomposition of dyes in wastewater samples 
using prepared Mn3O4 nanoparticles  
 Two different waste water samples (A and 
B) were collected from South Okkalar 
Industrial Zone, South Okkalar Township in 
Yangon Region. Absorption spectra the 
dyes waste water samples were measured  
by using UV-visible spectrophotometer.3              

A 50 ml of sample solution (A and B) was 
mixed with each 0.3 gm of Mn3O4 nano-
particles sample in separate beakers.             

The solution was stirred for 2 hours then, 
centrifuged and filtered. The resultant 
filtrates were measured by using UV-visible 
spectrophotometer.7  

 
RESULTS AND DISCUSSION 

 
XRD analysis 
In this work, hydrothermal method was 
carried out in teflon-lined stainless steel 
autoclave at 120C for 8 hours. In XRD 
data of Mn3O4 nanoparticle, twelve 
characteristic peaks of miller indices (101, 
112, 200, 100, 211, 202, 004, 220, 105, 321, 
224 and 400) were found in this study. 
Average crystallite size of the prepared 
Mn3O4 nanoparticle was 25.60 nm. It was 
found that the percent crystallinity of 
Mn3O4 nanoparticles was 95.85% (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.   2.  XRD  diffractogram  of   Mn3O4  nano- 

particles  prepared  by  hydrothermal 
method 

XRD crystallinity index 

Crystallinity is evaluated through com-
parison of particle size determined by 
scherrer equation with size ascertained by 
TEM or SEM. It was observed that the 
crystallinity index NiMn2O4 formed to be 
polycrystalline. Crystallinity index Equation 
is presented below. 
 
 
 
Icry=Crystallinity index 
Dp =Particle size (obtained from TEM or SEM) 
Dcry=Particle size (calculated from XRD) 

  Icry= Dp (SEM  or TEM) 
Dcry (XRD) 

(Icry ≥1.00) 
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SEM analysis  

Morphology of starch-capped Mn2O3 nano-
particles seems like spherical at 1000C for 
8 hours. The scanning electron microscope 
(SEM) uses a focused beam of high-energy 
electrons to generate a variety of signals at 
the surface of solid specimens (Fig. 3). 

 
 
 

 

 

 

 
 
Fig. 3. SEM micrograph of Mn3O4 nanopar- 

ticles by using hydrothermal method    

Application of prepared Mn3O4 nano-
particles by using hydrothermal method for 
decomposition properties 

Standard calibration curve for bromocresol 
green 

A calibration curve was constructed by 
using the concentration of standard bromo-
cersol green solutions and measured the 
absorbance at 616 nm. It was found that a 
plot was a straight line passing through the 
origin, showing that Beer's law was 
obeyed.8 

Effect on contact time on decomposition 
properties of Mn3O4 nanoparticle by using 
bromocresol green dye (under the daylight 
and the 60 watt electric bulb) 

In this research, the photodecomposition 
properties of Mn3O4 nanoparticle sample 
was studied at various contact times under 
the daylight and under 60 watt electric bulb. 
Under the daylight, it was found that 
bromocresol green solution found to 
decompose for 15 minutes (10.28%) and  
the maximum decomposition percent of 
Mn3O4 nanoparticles increased 48.78%     
for 180 minutes. The photodecomposition 
properties of Mn3O4 nanoparticles sample 
was studied at under the light of 60 watt 

electric bulb. Under the 60 watt electric bulb, 
the photodecomposition percent started to 
decompose after 15 minutes (11.16%) and 
concentration of bromocresol green solution 
was decreased after 180 minutes (58.96 %) 
(Table 1). 

 Table 1. Photodecomposition percent of bro- 
mocresol green dye at different 
dosages of Mn3O4 Nanoparticle 
powder under the daylight  and under 
60 watt electric bulb  

 Absorbance of 2.5×10-5M BG at 616 nm=0.904 
 Weight of nano=0.3 g 
 Volume of BG solution=50 ml 

Table 2.  Photodecomposition percent of bromo-
cresol  green  dye   at   different  dosages 
of  Mn3O4  nanoparticle powder  under   
the daylight  and under the 60 watt 
electric bulb  

Absorbance of 2.5×10-5M BG at 616 nm=0.904 
Contact time=2 hours 
Volume of BG solution=50 ml 

Effect of dosage on decomposition pro-
perties of Mn3O4 nanoparticle by using 
bromocresol green dye (under the daylight 
and the 60 watt electric bulb) 

The effect of dosage of Mn3O4 nanoparticle 
on photodecomposition percent of bromo-
cersol green was studied (under the daylight 
and under the 60 watt electric bulb). 
Different dosage of Mn3O4 nanoparticles 
(0.1, 0.2, 0.3, 0.4, 0.5 gm) were done by 
using 1.2x10-5M solution of bromocresol 

Time 
(min) 

Under daylight Under  60 watt electric bulb 
Absor- 

bance (A) 
 decom-    

  position (%) 
Absor- 

  bance (A) 
decom- 

position (%) 
15 0.811 10.28 0.804 11.06 
30 0.753 16.70 0.701 22.45 
60 0.671 25.77 0.575 36.39 

120 0.570 36.94 0.471 47.89 
180 0.463 48.78 0.371 58.96 
210 0.463 48.78 0.371 58.96 

Dosage 
(g) 

Under  
the daylight 

Under  
the 60 watt electric bulb 

Absor- 
bance (A) 

decomposi- 
tion (%) 

Absor- 
bance (A) 

Decompo- 
sition (%) 

0.1 0.731 19.13 0.640 29.20 
0.2 0.659 27.10 0.551 39.04 
0.3 0.570 36.94 0.460 49.11 
0.4 0.463 48.78 0.381 57.85 
0.5 0.381 57.85 0.290 67.92 

Instrument: JSM-5610 
-----------------------------
Accel.Volt(kV): 15 
Photo Mag.x10,000 
Image: SEI 
<SEI> 
----------------------------- 
Date: 2011-10-31 
----------------------------- 

MTRK Mn304 
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green solution for 2 hours and determined 
by using UV-visible spectophotometer. The 
maximum decomposition percent of Mn3O4 
nanopaticles was observed to be 57.85% 
under the daylight and 67.92% under the          
60 watt electric bulb by using 0.5 g dosage               
(Table 2). 
Conclusion 
To assess the smaller size of Mn3O4 
nanoparticles, synthesis of Mn3O4 nano-
particle from KMnO4 as manganese source 
and ethyleneglycol was performed by using 
hydrothermal method. Twelve characteristic 
peaks of Miller indices (101, 112, 200, 100, 
211, 202, 004, 220, 105, 321, 224 and            
400) were found in XRD diffractogram.  
According to the lattic parameters, crystal 
structure of Mn3O4 nanoparticles formed to 
be tetragonal. Average crystallite size of the 
prepared Mn3O4 nanoparticles was found            
to be 25.60 nm. According to SEM micro-
graph, Mn3O4 nanoparticles seems plate-like 
structure. Application of Mn3O4 nano-
particles was carried out for photode-
composition effect. The maximum decom-
position percents of Mn3O4 nanoparticle by 
using bromocresol green increased 48.78% 
under the daylight and 58.96% under the   
60 watt electric bulb for 180 minutes. It was 
found that the maximum decomposition 
percents of Mn3O4 nanoparticles increased 
57.85% under the daylight and 67.92% 
under the 60 watt electric bulb by using     
0.5 gm dosage by using bromocresol green 
dye. Mn3O4 nanoparticles was applied for 
the removal of textile dyes in waste water 
samples.  
 

 

 

 

 

 

 

 

 

 

 

It was found that color of the textile       
dyes solution decreased significantly after 
treatment with Mn3O4 nanoparticles for       
2 hours.  
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This study was aimed to find out the relationship between blood arsenic 
levels and its effect on cognitive function in 120 adolescents of mean age 
(16±1.9 years) who drank arsenic contaminated groundwater (10 to 200 µg/l) 
for more than 5 years in Mazali Village, Nyaungdone Township, 
Ayeyawaddy Region, Myanmar. The blood arsenic concentration was 
measured by graphite furnace atomic absorption spectrophotometer                
(GF-AAS) and cognitive function was assessed by General Memory Scale 
(GMS). This is the first study that used GMS to relate with blood arsenic 
level in Myanmar. The blood arsenic level of study population ranged from 
0 to 0.09 µg/ml and mean value was 0.03±0.02 µg/ml. Among study 
population, blood arsenic levels of 69 subjects (57.5%) were within normal 
range: 0-0.025 µg/ml and they were regarded as low arsenic group. Those of 
remaining 51 subjects (42.5%) were higher than normal blood arsenic level 
and they were regarded as high arsenic group. The duration of arsenic 
exposure in subjects of high arsenic group is significantly longer than that of 
low arsenic group (16±1.83 vs. 12±4.78, years, p<0.05). There were weakly 
inverse correlations between blood arsenic level (µg/ml) and Mental Control 
and Paired Associate Learning (n=120, r=-0.19, p<0.05), respectively. The 
mean score of Mental Control in low arsenic group was also significantly 
higher than that of high arsenic group (3.70±1.42 vs. 2.92±1.61, p<0.05). 
Moreover, total scores of cognitive function test in high arsenic group         
is significantly lower than that of low arsenic subjects (50.93±14.48 vs. 
56.85±14.88, p<0.05). Therefore, this study suggested that prolonged 
drinking of arsenic contaminated water might effect on cognitive function.  

Keywords:  Blood arsenic, Cognitive function, Adolescents 
 

INTRODUCTION 
 

Arsenic is a naturally occurring element 
present in the environment. It is found in 
organic as well as inorganic forms. Inor-
ganic arsenic of geological origin is more 
toxic to environment and settles to the 
groundwater used as drinking water in 
several parts of world. Of all the sources of 
human exposure to arsenic, the main source 
is ingestion of food and water and many 
outbreaks of arsenic poisoning are related   
to drinking of water from arsenic conta-
minated wells. The minimal permissible 
level for arsenic in drinking water is  
0.01 mg/l  or 10 µg/l.1 The arsenic concen-
tration in ground-water reportedly has a  

very large range from <0.5 to 5000 µg/l.2 

Chronic effects of arsenic poisoning include 
skin lesions, neurological effects, hyper-
tension, peripheral vascular disease, cardio-
vascular disease, respiratory disease, 
diabetes mellitus, and malignancies.3  
Neurotoxicological impairments include 
poor cognitive performance and distur-
bances in attention, psychomotor speed, 
visual perception, speech and memory.4    
In Myanmar, arsenic contamination of  
ground-water first came to attention in  
the year 2000.5 A cross-sectional survey was  
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conducted to assess the arsenic content in 
groundwater in three regions: Ayeyawaddy, 
Bago and Mandalay and three states: 
Kachin, Shan and Rakhine.6 

Rural Health Centre of Mazali village, 
Nyaungdone Township reported that 36% of 
tube well samples have arsenic concen-
tration less than 50 µg/l, 34% of tube wells 
have arsenic concentration 50-100 µg/l and 
30% of tube well samples are between    
101-200 µg/l. So, the arsenic content of  
this area was higher than the maximum 
permissible limit of arsenic recommended 
by WHO. Most of people in this area use 
groundwater for the primary source of 
drinking. Although amounts of arsenic in 
groundwater are too small to cause 
immediate health impact, consuming over a 
long time may cause adverse health  effects. 
Of all the reason, this study was aimed to 
find out the health impact of arsenic on 
cognitive function of adolescents in this 
area. This is the first study that used GMS  
to relate with blood arsenic level in 
Myanmar. 
 

MATERIALS AND METHODS 
 

Study population 
Apparently healthy 120 subjects aged 
between 13-19 years of continuous drinking 
arsenic contaminated water for more than          
5 years were selected by history taking and 
clinical examination according to proforma 
at Rural Health Centerin Mazali Village, 
Nyaungdone Township, Ayeyawady Region. 
Exclusion criteria included current acute 
illness, neurological deficit; abnormalities 
detected in general physical examination, 
history of epilepsy, history of lead contact 
and history of head injury with loss of 
consciousness. 

Determination of cognitive function 

The cognitive function of the subjects was 
assessed by using 5 subtests from the 
General Memory Scale (GMS). It was 
originated from the Weschler Memory  
Scale   (1956)   and   adopted   to   Myanmar  

version by Ohn Kyaw and Ohn Hlaing 
(1980).  

It has been widely used in Myanmar since 
then. It was a 20-minutes interview by 
researcher in the room which was not been 
disturbed especially noise. The included 
subtests in this study were Mental Control 
for attention and concentration, Logical 
Memory for short-term memory on infor-
mation registration, coding and retrieval 
process, Digit Span for ability to remember 
the sequence of the numbers (backward  and 
forward), Paired Associate Learning  for 
new concepts formation and Visual Memory 
for recall and recognition. These tests 
measured 3 cognitive domains-attention, 
learning and memory.7 

Determination of blood arsenic level 
Two milliliters of venous blood were taken 
using disposable syringe. Samples were 
collected in plastic test tube with cap       
and carried in cold chains (4°C). For 
analysis, serum samples were obtained      
by centrifuging and stored at -20°C for   
arsenic determination at the laboratory of    
Common Research Laboratory, University 
of Medicine 2. Then, the arsenic levels of 
the samples were determined by atomic 
absorption spectrophotometer (model GBC 
932) equipped with GF 3000 graphite furnace 
system plus PAL 3000 auto sampler.8 

Statistical analysis 

Data were analyzed by using the statistical 
package for Social Sciences (SPSS) 
software version 15. For descriptive 
purpose, the continuous data (such as age, 
arsenic levels) were expressed by mean and 
standard deviation. For statistical analysis, 
Student’s ‘t’ test (unpaired) was applied to 
calculate difference between the means of 
the parameters (serum arsenic and GMS 
scores).  

Statistical significance of results were set at 
p=0.05. Pearson’s correlation coefficient was 
calculated to assess the relationship between 
blood arsenic level and cognitive function of 
the study group.  
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RESULTS 
 
Out of total 120 populations, 28 (23.33%) 
subjects had duration of drinking arsenic 
contaminated water for 5 to less than          
10 years. 37 (30.33%) subjects had 10 to    
15 years duration and 55 (45.83%) subjects 
had more than 15 years duration. Blood 
arsenic level of the subjects in this         
study was 0.03 µg/ml and there was a 
significant positive correlation (r=0.249, 
n=120, p<0.05) between blood arsenic level 
and duration of arsenic exposure in all 
subjects.  

Among the five subtests of cognitive 
function tests, the Mental Control test      
was weakly correlated (Pearson’s r=-0.19, 
n=120, p<0.05) with blood arsenic level 
(Fig. 1) and the  Paired  Associate  Learning 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  Correlation  between  blood arsenic 

level  and mental control of cognitive 
function 

             

 

 

 

 

 

 

 
Fig. 2.   Correlation between blood arsenic level  

and Paired Associate Learning of 
cognitive function test 

test was also weakly correlated (Pearson’s 
r=-0.19, n=120, p<0.05) with blood arsenic 
level in study population (Fig. 2).  

The other three subtests, Logical Memory, 
Digit Span and Visual Memory tests were 
not significantly correlated (n=120, Pearson’s 
r=-0.14; r=-0.035 and r=-0.16, respectively) 
with blood arsenic level in study population. 
The reference range of blood arsenic level  
is 0.001-0.025 µg/ml. In this study, sixty-
nine subjects (57.5%) had the blood arsenic   
level <0.025 µg/ml and was regarded as  
low blood arsenic group. Fifty-one subjects 
(42.5%) was ≥0.025 µg/ml and was 
regarded as high blood arsenic group. 

Table 1.  Cognitive function scores (mean±SD) 
of low blood arsenic and high blood 
arsenic groups 

*indicates significant difference between two groups 
  
 

 
 

 
 

 

 
 

 
Fig.  3. Total score of cognitive  function  in low  
             and high blood arsenic groups 

Table 1 shows comparison of cognitive 
function scores in low and high blood 
arsenic groups. Out of five subtests of 
GMS, mean score of Mental Control test 

 Arsenic group   
P 

value Low blood 
(n=69) 

 (<0.025 µg/ml) 

High blood  
(n=51) 

(≥0.025 µg/ml) 
Mental control                3.70±1.42   2.92±1.61 0.006* 
Logical memory         13.72±7.54 11.39±6.36  0.076 
Digit span     10.70±2.32 10.39±2.38  0.485 
Visual memory          5.56±0.61   5.42±0.72  0.263 
Paired associate 
   learning 

    23.17±6.95             20.80±8.09  0.088 

Total score 56.85±14.88 50.93±14.48 0.031* 
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was significantly lower in the high blood 
arsenic group than that of in the low blood 
arsenic group (p<0.05) and total cognitive 
function score was also significantly lower 
in the high blood arsenic group than that   of  
in the low blood arsenic group (p<0.05) 
(Fig. 3). 
 

DISCUSSION 
 

The mean age of adolescents in this study 
was 16 years. The majority were road 
venders, manual workers and farmers. They 
used tube well water for drinking purpose  
in this area. The minimal permissible     
level for arsenic in drinking water is        
0.01 mg/l or 10 µg/l. Most  of  the  subjects 
(55%) in this study drank the water 
containing arsenic concentration 10-50 µg/l 
and 30% drank 50-100 µg/l of arsenic 
contaminated water and only about 15% 
drank between 101-200 µg/l of arsenic 
contaminated  water. 

The blood arsenic levels of study popu-
lation ranged from 0 to 0.09 µg/ml and 
mean value is 0.03 µg/ml. Low blood 
arsenic group of 69 subjects (57.5%) were 
within normal range (0-0.025 µg/ml) and 
their mean value was 0.01±0.01 µg/ml.  The 
high blood arsenic group of 51 subjects 
(42.5%) were higher than normal blood 
arsenic level (i.e., >0.025 µg/ml) and mean 
blood arsenic level was 0.05±0.02 µg/ml. 
Variation in blood arsenic level of subjects 
may be affected by arsenic concentration of 
drinking water, amount of water intake, 
individual body defense, nutritional status 
and antioxidant level. Even within a small 
geographic area, the arsenic level may be 
varied from one tube well to the next and 
blood arsenic level may be varied from 
person to person. 

In this study, blood arsenic level of the 
subjects who drank arsenic contaminated 
water for 5 to less than 10 years duration 
was significantly lower than that of the 
subjects who drank for 10 to 15 years 
duration and more than 15 years duration.  

A study reported a significantly positive 
correlation between blood arsenic level and 
duration of arsenic exposure in drinking 
water in total subjects.9 Moreover, duration 
of arsenic exposure to the subjects of high 
blood arsenic group (16±1.83 years) in      
this study is significantly longer than that    
of low blood arsenic group (12±4.78 years). 
Therefore, the longer the duration of 
drinking arsenic contaminated water, the 
higher the blood arsenic level and might be 
effect on the health of the person. 

One study reported the effect of arsenic     
on many organs or systems and the 
development of arsenicosis may take 5-15 
years.10 In this study, the total scores of 
cognitive function in high blood arsenic 
group subjects (50.93±14.48) are signifi-
cantly lower than that of low blood arsenic 
subjects (56.85±14.88). 

Since the brain is the one of the target  
organ for arsenic toxicity, chronic arsenic 
exposure is associated with wide range of 
neurological complication especially in 
learning and memory. In this study, GMS 
test was used to evaluate the attention, 
concentration, learning and short term 
memory. Out of the 5 subtests of GMS, 
Mental Control which is tested for attention 
and concentration and Paired Associate 
Learning which is tested for new concepts 
formation and learning were weakly inverse 
correlated with blood arsenic level in study 
population with (n=120, r=-0.19, p<0.05*) 
and (n=120, r=-0.19, p<0.05*), respectively. 
Thus, there were weak inverse correlation 
between blood arsenic level and 2 out of     
5 subtests of GMS in total subjects of 
arsenic exposed population.  

The model of memory has a strong serial 
structure which includes sensory memory, 
short-term memory and long-term memory. 
Information coming into the sensory register 
can pass to short term storage via intentional 
processes and only then onto long-term 
memory. In short-term memory, disability 
in remembering items may be correlated  
with damage  to  subcomponents of working 
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memory system.11 Thus, GMS used in this 
study measured 3 cognitive domains-
attention, learning and memory in arsenic 
contaminated subjects.  

In the present study, the total score of high 
blood arsenic group (50.93±14.48) was 
significantly lower than that of low blood 
arsenic group (56.85±14.88) and the scores 
of mental control were significantly 
decreased in the high blood arsenic group 
(2.92±1.61) compared with the low blood 
arsenic group (3.70±1.42). Moreover, the 
other subtests of General Memory Scale 
(GMS) such as Logical Memory (13.72      
±7.54 vs. 11.39±6.36), Digit Span (10.70    
±2.32 vs. 10.39±2.38), Visual Memory (5.56 
±0.61 vs. 5.42±0.72) and Paired Associate 
Learning (23.17±6.95 vs. 20.80±8.09) were 
decreased in the high blood arsenic group 
than the low blood arsenic group.  

Therefore, chronic arsenic toxicity may 
have high risk to impair the cognitive 
function. It may be due to alter metabolism 
of various neurotransmitters in brain. 
Arsenic can cross the blood-brain barrier 
and it inhibits the synthesis, liberation      
and alters metabolism of various neuro-
transmitters such as monoamines, acetyl-
choline, gamma amino butyric acid, and 
glutamate.12  

In addition, arsenic-induced oxidative   
stress in brain causes oxidative DNA 
damage and subsequent cells death and 
induce the degeneration of dopaminergic 
neurons.13 Arsenic and its metabolites 
suppress the NMDA receptors in hippo-
campus, which play a pivotal role in 
synaptic plasticity, learning and memory, 
leading to neurobehavioral disorders and 
cognitive dysfunction.14 Whatever the 
mechanism, the present study revealed that 
chronic arsenic exposure was inversely 
associated with some cognitive domains of 
adolescents.  

One study in Mexican also showed a 
significant inverse association between 
urinary arsenic level (58.1±33.2 µg/l) and 
five  out  of  eleven  cognitive function  tests  

ie., Visual-Spatial Abilities with Figure 
Design, the Peabody Picture Vocabulary 
Test, the WISC-RM Digit Span subscale, 
Visual Search and Letter Sequencing Tests 
in 602 children (6-8 years of age).15  

In 2003, the study in Taiwan reported  
a significant difference between the partici-
pants who had high cumulative arsenic level 
and those of low cumulative arsenic level in 
three neurobehavial tests ie., continuous 
performance test, pattern memory and 
switching attention in 109 adolescents  
(14 years mean age).16  
Another two studies in Bangladesh pointed 
out the association between arsenic toxicity 
and cognitive functions. They assessed  
the children’s intellectual function of  
201 children (10 years of mean age) by 
using Wechsler Intelligence Scale for 
Children, version 3 and  found that signi-
ficantly lower (p<0.05) in Performance and 
Full-Scale scores in children with water 
arsenic levels  >50 µg/l than <5.5 µg/l.  
After that, they continued the study on    
301 children (6 years of mean age) for 
association between drinking arsenic conta-
minated water and cognitive function in 
2007 and reported that subjects who drank 
arsenic contaminated water were signi-
ficantly associated with reduced intellectual 
function such as performance and 
processing speed in children. The above-
mentioned studies pointed that drinking 
arsenic contaminated water was associated 
with impaired intellectual function in dose 
response manner in children.17 

There were some limitations in this study   
as the other cross-sectional studies. The 
present study excluded individuals with 
known history of neurological impair-
rments and diseases and those with overt 
clinical symptoms of neurobehavioral abnor-
malities by history taking and clinical 
examination. But, cognitive function may be 
impaired in anaemia and other poisonings 
like lead, mercury and manganese. In 
addition, intelligence levels of the subjects 
could not be measured.   
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Our study suggested that the subjects who 
used the arsenic contaminated well water for 
long duration had high blood arsenic level 
and low in total cognitive function scores. 
Thus, arsenic exposure by drinking and 
using arsenic contaminated well water may 
affect the cognitive function in adolescents. 
Therefore, the people living in arsenic- 
exposed area should be advised to drink safe 
water such as rain water and to use surface 
water by storing for several days before use. 
Moreover, they should be provided safe 
water supply and knowledge about arsenic-
induced health problems. 
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Infection with soil-transmitted helminths (STH) is still prevailing in 
developing countries including Myanmar especially in primary school 
children. Worm infestation is one of the priority diseases of National Health 
Plan in Myanmar. An intervention study was carried out among primary 
school children in three selected townships (Hlinethaya, South Dagon and 
North Dagon) of Yangon Region in 2013. The objective of this study was to 
assess the effectiveness of deworming and health education on STH 
prevalence among selected primary school children. A total of 1443 stool 
samples were examined using Kato-Katz thick smear technique before      
and after giving Albendazole (400 mg) drug according to school regular 
deworming programme. At the same time, health education regarding 
prevention of STH was given to the students and their parents or guardians. 
During baseline survey, helminths were detected in 32.3%, 18% and 10.6% 
of the students in Hlinethaya, South Dagon and North Dagon townships, 
respectively while in the second time survey (which was carried out  
6 months after baseline survey), they were detected in 32.5%, 10.6% and 
9.6%, respectively. Trichuris trichiura was found to be the most prevalent 
helminth in both surveys. These findings indicated that preventive 
chemotherapy together with health education play an important role in 
reduction of the prevalence of STH in two out of three townships. The 
prevalence of STH in Hlinethaya Township was not reduced which might  
be due to several factors including reinfection of the helminths, migrant 
population, low socio-economic status and poor personal hygiene. 

Key words: Soil-transmitted, Helminthes, School children
 

INTRODUCTION 
 

Soil-transmitted helminth infections are 
widely distributed throughout the tropics and 
subtropics.1 The soil-transmitted helminths 
(STH) are a group of parasitic nematode 
worms including roundworms (Ascaris lum-
bricoides), whipworms (Trichuris trichiura) 
and hookworms (Necator americanus and 
Ancylostoma duodenale).2 It is estimated 
that almost 2 billion people are infected 
with one or more of these soil-transmitted 
helminths, accounting for up to 40%  of  the 
global morbidity from infectious diseases, 
exclusive of malaria.3 Soil-transmitted  
helminths  pose significant   public  health  
challenges  in  many  countries of Southeast 

 
Asia (SEA). Overall, approximately one-
third of the world's cases of ascariasis, 
trichuriasis, and hookworm disease occur in 
the 11 major SEA countries.4  

Soil-transmitted helminths are transmitted 
through poor sanitation and hygiene. 
Therefore, children are typically at increased 
risk resulting in high prevalence and 
intensity of infection due to high level of 
exposure.5 The public health importance of 
STH infections ranked highest in morbidity 
rate among school-aged children who often 
present much heavy worms infections 
___________________________________ 
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because of their vulnerability to nutritional 
deficiency.2 In 2001, the World Health 
Assembly passed a resolution urging 
member states to control the morbidity of 
soil-transmitted helminth infections through 
large-scale use of anthelminthic drugs for 
school-aged children in less developed 
countries.6 Preventive chemotherapy (PCT) 
programmes in which single-dose Alben-
dazole 400 mg or single-dose Mebendazole 
500 mg, the drugs of choice for STH 
administered at the population level, is the 
main strategy for STH control.7 A study in 
the Peruvian Amazon described that school-
based health hygiene education intervention 
was effective in increasing STH knowledge 
and in reducing A. lumbricoides infection  
by 58%.  

The benefits of school-based periodic 
deworming programs are likely to be 
enhanced when a sustained health hygiene 
education intervention is integrated into 
school curricula.8 In Thailand, the 2001 
national survey revealed that the overall 
helminth prevalence was 22.3% while in 
Laos the overall prevalence of infection 
with any STH was 70.6%.9, 10  

Several previous studies have been done to 
detect the prevalence of common intestinal 
helminthes and STH among school children 
in Myanmar.11-14 Studies in Myanmar 
showed that Ascaris lumbricoides was the 
most prevalent intestinal helminth followed 
by Trichuris trichiura and hookworm.11-14 

Infection with multiple STHs is common   
in poor tropical countries where these 
helminths are endemic.10 An overall para-
sitelogical prevalence of soil-transmitted 
helminths in school children in Myanmar     
was 69.7% in baseline survey in 2003.   
After seven years of implementation of 
national deworming programme, it had 
resulted in a  significant  reduction  of  STH 
prevalence to 21% in 2012.15 
The objective of this study was to assess  
the effectiveness of deworming and    health 
education on STH prevalence among 
primary school children in three selected 
townships of Yangon Region. 

MATERIALS AND METHODS 
 

All schools from three selected townships 
were listed and used as the sampling frame. 
Among these schools, 10 schools were 
selected by random proportional. Of each 
school, 150 Grade 1 to Grade 3 students 
were selected randomly.   

An intervention study was carried out from 
June to December 2013. During baseline 
survey in June, parents/guardians of the 
primary school students were explained 
about the nature of the research and given 
the plastic bag container containing wooden 
applicator. Informed consent was obtained 
from the parents/guardians of the students. 
They were also informed that they could 
withdraw their children from the survey 
without any disadvantage for either their 
children or themselves. Stool samples of the 
students were collected on the next day and 
kept at 4C. Each stool sample was detected 
for soil-transmitted helminths by Kato-Katz 
thick smear technique at Parasitology 
Section, National Health Laboratory.  

Albendazole 400 mg was given to students 
according to school regular deworming 
programme in August 2015. Health 
education regarding control of soil-
transmitted helminths and proper hand 
washing technique was given to students 
and their parents/guardians by medical 
officers of National Health Laboratory, 
Township Medical Officers and school 
health staffs of respective townships. 
Second time survey was conducted on the 
same students who participated in baseline 
survey 4 months after giving Albendazole 
drug and health education. 

Data analysis 
The data were compiled, coded and entered 
into Excel spread sheet and then, analyzed. 
Ethical consideration 
Approval was obtained from the Ethical 
Committee on Medical Research involving 
Human Subjects, Department of Health, 
Myanmar. 
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RESULTS 
 

During baseline survey in June 2013, hel-
minths were detected in 32.3% (162/502), 
18% (101/562) and 10.6% (40/379) of       
the students in Hlinethaya, South Dagon 
and North Dagon townships, respectively. 
During the second time survey in December 
2013, helminth infections were found in 
32.5% (132/406), 10.6% (42/396) and 9.6% 
(27/282) of the students, respectively. The 
overall prevalence of helminth infection   
was 21% (303/1443) and 18.5% (201/1084) 
in baseline and the second time survey 
respectively (Fig. 1). 

 
 
 
 
 
 
 
 
 
 
 
Fig.  1.  Comparison  of STH  prevalence before  

  and after intervention 

 
 
 
 
 
 
 
 
 
 

 

Fig. 2.   Most  prevalent  intestinal  helminths  
in Hlinethaya Township 

In Hlinethaya Township, the most prevalent 
intestinal helminths during baseline survey 
were Trichuris trichiura (21.1%) followed 
by Ascaris lumbricoides (6.2%), Enterobius 

vermicularis (2.8%), hookworm (1%) and 
Echinostoma species (0.6%). The same 
pattern of prevalence of helminths was 
detected during the second time survey      
in which the prevalence of T. trichiura,          
A. lumbricoides, Enterobius vermicularis 
and Opisthorchis viverrini were 21.4%, 
9.2%, 1.7% and 0.2%, respectively (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.   Most prevalent  intestinal helminthes in  
South Dagon Township 

 
In South Dagon Township, the most pre-
valent intestinal helminths during baseline 
survey were Ascaris lumbricoides (7.8%) 
followed by Trichuris trichiura (7.3%) 
Enterobius vermicularis (2.1%), hookworm 
(0.4%) and Trichostrongylus orientalis 
(0.2%). During the second time survey the 
prevalence of T. trichiura, Enterobius ver-
micularis, A. lumbricoides, Taenia species, 
Echinostoma species and Trichostrongylus 
orientalis were 4.5%, 2.5%, 2.2% 0.8% 
0.3% and 0.3%, respectively (Fig. 3).  

In North Dagon Township, the most 
prevalent intestinal helminths during 
baseline survey were Trichuris trichiura 
(6.6%) followed by Ascaris lumbricoides 
(2.1%), Enterobius vermicularis (1.1%), 
hookworm (0.5%) and others species 
(0.3%). During the second time survey the 
prevalence of T. trichiura, A. lumbricoides, 
Enterobius vermicularis and others species 
were 5.7%, 1.5%, 1.4% and 1%, respec- 
tively (Fig. 4). 
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B=A. lumbricoides E=Echinostoma species 
C=E. vermicularis F=O. viverrini 

         A= A. lumbricoides    E=T. orientalis 
         B=T. trichiura   F=Echinostoma species 
         C=E. vermicularis   G=Taenia species 
         D=Hookworm  

P
er

ce
nt

ag
e 

of
 S

TH
 p

re
va

le
nc

e

Township

Baseline survey 

Second time survey 

   A           B          C        D          E              F
Name of Intestinal helminth

Baseline survey

Second time survey

7.8
7.3

2.2 2.1

4.5

2.5

0.8
0.30.4 0.2 0.3

Baseline survey

Second time survey

A B C D E F G

P
er

ce
nt

ag
e 

of
 p

re
va

le
nc

e
Name of  Intestinal helminthName of intestinal helminth 

Name of intestinal helminth 

Name of township 

Baseline survey 
 

Second time survey 

Baseline survey 
 

Second time survey 

Baseline survey 
 

Second time survey 

Pe
rc

en
ta

ge
 o

f p
re

va
le

nc
e 

 

P
er

ce
nt

ag
e 

of
 S

TH
 p

re
va

le
nc

e 
Pe

rc
en

ta
ge

 o
f p

re
va

le
nc

e 



224 

 
 
 
 
 
 
 
 
 
 
 
 

Fig.  4.  Most   prevalent   intestinal  helminthes 
in North Dagon Township 

 
 
 
 
 
 
 
 
 
 

Fig.  5.  Most  prevalent  intestinal  helminths in 
three selected Townships 

During baseline survey the most prevalent 
intestinal helminths in three selected 
townships were Trichuris trichiura (11.9%) 
followed by Ascaris lumbricoides (5.2%), 
Enterobius  vermicularis (2.1%), hookworm 
(0.6%) and Echinostoma species (0.3%), 
others species (0.2%), Hymenolepis nana 
(0.06%) and Trichostrongylus orientalis 
(0.06%).  
During the second time survey the pre-
valence of T. trichiura, A. lumbricoides, 
Enterobius vermicularis, others species,  
Taenia species, Opisthorchis viverrini, 
Trichostrongylus orientalis and Echino-
stoma species were 11.2%, 4.5%, 1.9%, 
0.3%, 0.3%, 0.1%, 0.1 and 0.1% respec-
tively (Fig. 5). 

DISCUSSION 
 

In this study, the overall prevalence of 21% 
and 18.5% of STH infection were obtained 
among primary school children during the 
baseline and the second time surveys. These 
results were comparable to the overall 
helminth prevalence of 22.3% obtained 
among schoolchildren in Thailand9 and that 
of 21% reported in Myanmar in 2012.15   

The prevalence rates of the present study 
were considerably lower than that of Laos, 
which was 70.6%10 and that of 66.6% 
obtained among primary school children in 
Yangon Division in 2010.16 However, these 
results were higher when compared to       
the prevalence rate of helminth infestation       
in Magway Division in 2010 which was 
3.2%.17 The above variable results in pre-
valence of STH infection mainly depended 
on the personal hygiene, environmental 
sanitation, and seasonal variations.  

In the present study, the most prevalent 
intestinal helminth was Trichuris trichiura 
in both surveys which was consistent with 
the finding of a study conducted among 
school children in Myanmar in 2003.18 

However, in other studies done in Myanmar, 
Ascaris lumbricoides was the most pre-
valent intestinal helminth17, 19 while in 
Thailand and Laos, hookworm was the 
most prevalent one.9, 10  

The prevalence rate of Trichuris trichiura 
(11.9% and 11.2%) in both surveys were 
considerably lower than that of Laos, which 
was 41.5%10 But, these results were higher 
when compared to that of Thailand which 
was only 1.6%.9 Treatment of STH infec-
tions in school-age children may improve 
growth but health education can be an effec-
tive and safe substitute for repeated de-
worming and reducing the opportunity for 
the emergence of drug-resistant helminthes. 

The study carried out in Western Thailand 
on the Thai-Myanmar Border in 2003 
revealed that the prevalence of intestinal 
parasitic infections was reduced markedly 
from 67.8% in the first survey to 25.8% in 
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the second survey after giving anti-parasitic 
drugs and health education.20 Compared to 
Thailand study, the prevalence of intestinal 
parasitic infections in the present study was 
reduced from 21% to 18.5%. 

These findings indicated that preventive 
chemotherapy together with health edu-
cation play an important role in reduction of 
the prevalence of STH in two out of three 
townships. The prevalence of STH in 
Hlinethaya Township was not reduced 
which might be due to several factors 
including reinfection of the helminths, 
migrant population, low socio-economic 
status and poor personal hygiene. 

Conclusion 
In conclusion, we found that the reduction 
of the prevalence of STH can be achieved 
to a certain limit by preventive 
chemotherapy and health education to the 
students as well as to the parents or 
guardians. However, safe water supply and 
good personal hygiene (including practice 
of proper hand washing) of the family 
members are also important factors to 
reduce incidence of STH. Awareness of 
knowledge regarding the transmission     
and prevention of STH should be done by 
various means (health education, media 
including newspapers and journals) to the 
entire community of these townships. 
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Attempt had been made to develop vector control using natural plant 
product. For this purpose Kaffir lime (Citrus hystrix DC) leaves were 
collected from Mawlamyine Township, Mon State. One hundred grams of 
dried leaves powder were extracted with 95% ethanol 1:5 wt/v by cold 
percolation method in laboratory for 7 days. The resulting 8 gm of viscous 
material was obtained from 100 gm of dried leaves. Different concentrations 
of ethanolic leaves extract of Citrus hystrix  DC as 2.4%, 2.1%, 1.8%, 1.5% 
and 1.2% were prepared freshly in 100 ml each of distilled water in 150 ml 
plastic cups. Laboratory-reared Dagon Township strain of Aedes mosquito 
larvae were used for testing larvicidal properties of ethanolic leaves extract 
of Citrus hystrix DC Larvae were exposed 24 hours for each replication in 
different concentrations in laboratory. Result revealed that the highest dose 
2.4% produced 99.5 % mortality followed by 2.1% crude extract with 85.5% 
mortality of 3rd and 4th instars Aedes larvae. And, 1.8% concentration of 
ethanolic leaves crude extract found 62.5% mortality of Aedes larvae within 
24 hours. The effective lethal concentrations of LC50 for 50% mortality and 
LC90 for 90% mortality were found to be 1.73% and 2.08% crude ethanolic 
leaf extract of Citrus hystrix. Beta-citronellal (66.85%) was the most 
abundance compound in the leaf of Citrus hystrix, which might be toxic to 
the tested mosquito larvae. In conclusion, the ethanolic leaves extract of 
Citrus hystrix exhibited strong larvicidal activity against Aedes larvae which 
could be considered as a potentially alternative source for developing novel 
larvicides to be used in controlling vectors of mosquito-borne disease.   

Key words: Citrus hystrix, Aedes larvae, Concentration, Mortality, Ethanolic extract

INTRODUCTION 
 
Mosquito-borne diseases such as dengue 
haemorrhagic fever, malaria, filariasis are  
harmful to human and they are a public 
health problem in Myanmar.1 Billions of 
people, primarily in tropical countries, are  
at risk from such diseases which are trans-
mitted by three different genera of mosquitoes 
as Aedes, Culex and Anopheles species.2 To 
control mosquitoes and mosquito-borne 
diseases, which have a worldwide health 
and economic impacts, synthetic insecticide- 
based interventions are still necessary, 
particularly in situations of epidemic out-

break and sudden increases of adult 
mosquitoes.3 However, The indiscriminate 
use of conventional insecticides is fostering 
multifarious problems 85 to 90% of applied 
pesticides never reach target organisms and 
they disperse through the air, soil and water, 
creating widespread development of insecti- 
ide resistance, toxic hazards to mammals, 
undesirable effects on non-target organisms, 
and environmental pollution.4-6 Frequent 
application of large amount  of  insecticides 
leads   to  increased dangers for humans and 
_________________________________________ 
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other organisms and progressively greater 
environmental damage.  

Although plants and their preparations were 
the only pest management agents available 
before the advent of synthetic organic 
chemical, only a few insecticides of plant 
origin are now commercially available. 
Some plant extracts from the families of 
Asteraceae, Piperaceae, Annonaceae, Lami-
naceae and Rutaceae were demonstrated    
to produce various biological controls such     
as antifeedant, repellant, and insecticidal 
properties to many insect species. They 
have been proved non-toxic to human and 
environment.7 Among the plants investi-
gated to date, one showing enormous 
potential is the Citrus family.8 Citrus plants 
such as Citrus hystrix DC and C. reticulate 
Blanco are familiar through use of their fruit 
for culinary purposes and traditional 
medicine.9, 10 

The protective effects of the ethanolic 
extracts of three edible aromatic plants, 
mintweed Hyptis suaveolens, kitchen mint 
Mentha cordifolia and Kaffir lime Citrus 
hystrix, against rice weevil Sitophilus oryzae 
infestation  in  stored,  milled  rice  were 
investigated and found the highest repellent 
efficacy  of ethanolic  extracts from  kaffir 
lime within 24 hours.11 The methanolic 
extract of leaves of kaffir lime is known to 
inhibit the herpes virus12 and   also used as 
mosquito repellent.13 It is necessary to find 
out more potential natural products in plants 
pest. Mosquito control has been becoming 
increasingly difficult because of the in-
discriminate uses of synthetic chemical 
insecticides. Synthetic insecticides are toxic 
and adversely affect the environment by 
contaminating soil, water and air.14  

Majority of the chemical pesticides are 
harmful to man and animals, some of which 
are not easily degradable and spreading 
toxic effects. The increased use of chemical 
insecticide may inter into the food chain and 
thereby the internal organs of man and 
animals may be irreversibly damaged and 
they even result in mutation of genes. In 
larval mosquito control, application of 

insecticides in ponds, wells and other water 
bodies may cause health hazards to human 
and larvivorus fishes. Therefore, there is      
a need to find out the alternative ways for 
environmental safety, biodegradable, cost 
effective and indigenous methods for vector 
control. The present study was conducted    
to determine the effects of Citrus hystrix 
ethanolic leaves extract on Aedes aegypti 
larvae. 

 
MATERIALS AND METHODS 

 
Mosquito larvae  
Laboratory-reared Dagon Township strain 
of Aedes mosquito larvae were used for 
testing insecticidal properties of ethanolic 
leaves extract of Citrus hystrix DC.    
Collection and preparation of Citrus hystrix 
leaves extraction  
Kaffir lime (Citrus hystrix DC.) leaves were 
collected from Mawlamyine Township, 
Mon State. A total of 3 kilograms of Citrus 
hystrix leaves were cleaned and dried in 
shed place at room temperature for 30 days. 
One hundred grams of dried leaves powder 
were extracted with 95% ethanol 1:5 wt/v 
by cold percolation method in laboratory for 
7 days. Complete removal of the solvent 
from the extract was accomplished in glass 
rotary evaporator. The resulting 8 gm of 
viscous material was obtained from 100 gm 
of dried leaves. The viscous material was 
stored at 4ºC until use. The extraction was 
done in Central Research and Development 
Center (CRDC). 

Larvicidal testing procedure 
Based on preliminary tests, further dilutions 
were prepared with distilled water. Different 
concentrations of ethanolic leaves extract of 
Citrus hystrix DC as 2.4%, 2.1%, 1.8%, 
1.5% and 1.2% were prepared freshly in  
100 ml each of distilled water in 150 ml 
plastic cups.  Fifty each 3rd and 4th instars 
Aedes aegypti larvae were put into different 
concentrations and also negative control test 
was done simultaneously. Detail testing was 
done according to method described by 
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WHO, 1981.15 Larvae were exposed           
24 hours for each replication in different 
concentrations in laboratory at 27-29ºC   
and 70 to 80% relative humidity. Four 
replicates were carried out and mortality 
was checked and recorded after 24 hours   
of exposure period. Dead larvae were 
identified when the larvae failed to move 
after probing with a needle in the thorax 
region of the body. Lethal concentration 
LC50 and LC90 values for 95% confidential 
limits were calculated by following 
formula.16 
X2=(O-E)2/Ex(100-E) 
(X2=Chi squire, O=Observed value, E=Expected 
value, O-E=Observed minus expected) 

Data analysis  
Data entry and processing was made using 
Microsoft Excel software. The lethal con-
centrations of LC50 and LC90 values were 
calculated after 24 hours using dose-effect 
probit analysis.16 

RESULTS 

The ethanolic leaves crude extract of Citrus 
hystrix exhibited strong larvicidal activity 
against Aedes larvae.  

Table  1.   Larvicidal   effect   of   ethanolic  crude 
extract   of   Citrus  hystrix   DC  leaves 
against 3rd and 4th instars Aedes 
aegypti  larvae 

 
Table 1 shows that the highest dose 2.4% 
produced 99.5% mortality followed by 2.1% 
crude extract found 85.5% mortality of     
3rd and 4th instars Aedes larvae. And,     
1.8% concentration of ethanolic leaves 
crude extract found 62.5% mortality of 
Aedes larvae within 24 hours.  

Table 2. Effective concentration of Citrus hystrix 
leaves extract on 3rd and 4th instar 
immature stages of Aedes aegypti 
mosquito 

Lethal 
concentration 

95% Upper 
confidence limit 

95% Lower 
confidence limit 

Corrected 
limit 

LC50 1.76% 1.69% 1.73% 
LC90 2..136% 2.03% 2.08% 

  X2 =0.0445, p=0.05, df=4 

Table 2 shows that the 95% confidence 
corrected effective lethal concentrations 
LC50 for 50% mortality and LC90 for       
90% mortality were found to be 1.73% and 
2.08% crude ethanolic leaf extract of Citrus 
hystrix, respectively.   

 
DISCUSSION 

 
It was found that 2.4% (2400 ppm) of  
ethanolic leaves extract produced the most 
potent larvicidal activity with nearly      
100% mortality within 24 hours and over 
60% mortality at 1.8% concentration within      
24 hours. These findings are consistent with 
that of a study17 which reported that the 
water extract of Citrus seed showed LC50 
values of 135,319.40 and 127,411.88 ppm 
against the larvae of Aedes aegypti and 
Culex quinquefasciatus.17  

Another study revealed that the ethanol 
plant extract of Kaffir lime (Citrus hystrix) 
6.4% effected with a high of 90% 
mortality.11 Another study observed that    
the  leaf oil of Citrus hystrix 29.254 and   
26.748 µl/g affected 50% mortality at         
24 hours and 48 hours after treatment, 
respectively, and beta-citronellal 66.65% 
was the most abundant compound in the leaf 
oil of  Citrus hystrix.18 Citrus hystrix leaves 
essential oil showed good repellence pro-
perties against S. litera larvae. Repellency 
of Citrus hystrix essential oil might be due 
to the presence of β-citronellal compound 
which has high bioactive activity.18 The 
highest oil content was found in Citrus 
hystrix (3.36%) followed by S. aromaticum 
(1.50%) according to dry weight and high 
larvicidal efficacy on both pyrethroid-
susceptible and -resistant strains of Aedes 
aegypti  were dose dependent. When exposed 

Ethanolic 
extracts 
concen-

tration (%) 

Mortality 
Total 
tested 
larvae 

Mor- 
tality % Test 

larvae 
Test 

1 
Test 

2 
Test 

3 
Test 

4 

2.4 50x4 50 49 50 50 200 199 99.5 
2.1 50x4 44 45 44 46 200 179 85.5 
1.8 50x4 32 34 31 28 200 125 62.5 
1.5 50x4 15 12 12 14 200 53 26.5 
1.2 50x4  0  1  3  0 200 4 2 

Control 50x4  0  0  0  0 200 0 0 
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to the higher oil concentrations, more  
larvae showed toxic symptoms that led       
to an increase in mortality values.19 Other 
researchers observed that the C. reticulate 
was the highest potential larvicidal efficacy 
followed by C. hystrix, Z. xerumbet,            
K. galangal and S. aromaticum plant 
extracts with LC50 of 15.42, 30.07, 48.88, 
53.64, and 143.89 ppm, respectively, against 
the pyrethroid susceptible strain of Aedes 
larvae.19 These findings agree with the 
lervicidal activity finding of present study.  

The present study revealed that LC50        
and LC90 values of 1.73% and 2.08%, res-
pectively, were found to be very effective 
larvicidal properties against Aedes larvae. 
According to dose effect analysis, 1730 ppm 
field dose for 50% mortality and 2080 ppm 
field dose for 90% mortality will be needed 
to control Aedes larvae in field and also 
100% mortality was found at 2400 ppm 
dosage will be the estimated field dosage 
based on the present study. Residual effect 
was found 5 days for 100% larval mortality 
in laboratory.  
Citrus hystrix plants are available in many 
parts of the country although high numbers 
of plants are grown in coastal areas at Mon 
State and Thaninthayi Region. High amount 
of   leaves extract was needed for 200 liters 
of water. Therefore, further analysis is 
needed to isolate the active compound for 
larval control, field trials and acceptability.  
More studies are needed to elucidate the 
ovicidal activity against a wide range  of 
mosquito species and the active compound 
responsible for repellent activity should     
be identified, which could be used to   
control different mosquito species in the 
future.  

Conclusion 
The finding demonstrates that the leaves 
extract of Citrus hystrix is very effective 
larvicidal agent against Aedes mosquito 
larvae. It may serve as suitable alternative  
to synthetic insecticides in future as it is 
relatively safe and inexpensive and readily 
available in many areas of the country.     
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Constant reevaluation of ethical and safety guidelines for conducting 
sensitive research across different cultural contexts is paramount to the 
methodological evolution of research on violence against women. There     
is a growing body of rigorous research on women’s experiences of abuse, 
violence, discrimination and harassment around the world, including in the 
South and Southeast Asia region,1, 2 grounded in international ethical and 
safety standards.3,  4 However, limited evidence on violence against women 
exists in the Myanmar context. Consequently, there is little information on 
ethical and safety considerations for this specific setting. In Myanmar, 
violence   against women in the general population is only now beginning  
to be openly recognized as a key development concern.1 Despite the histori-
cally low level of prioritization of this issue,2 researchers and academics 
have been documenting women’s experiences of violence and abuse          
for some time, predominanty within the context of medical and health 
research.10-12 From 2012 to 2013, the Gender Equality Network (GEN), 
together with Ministry of Social Welfare, Relief and Resettlement, 
implemented a qualitative study on women’s  experiences of intimate partner 
violence, to build the knowledge base of violence against women in 
Myanmar in line with international ethics and safety standards of violence 
against women research. In the context of existing literature on violence 
against women in Myanmar, the resulting report ‘Behind the Silence: 
Violence against Women and their Resilience in Myanmar’ became one of 
the first studies to apply rigorous methodological and ethical standards 
towards research on women’s experiences of abuse in Myanmar. To fully 
account for the above ethical and safety considerations, as well as apply 
international best practices, the team worked to develop clear and 
comprehensive guidelines and procedures for conducting ethical and       
safe research on violence against women in Myanmar. This included 
mechanisms and processes to ensure confidentiality and voluntary 
participation, to ensure that respect, trust and engagement with women’s 
stories were foremost in the implementation of the study.  
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INTRODUCTION 

 
Constant reevaluation of ethical and safety 
guidelines for conducting sensitive research 
across different cultural contexts is 
paramount to the methodological evolution 
of research on violence against women. 
There is a growing body of rigorous 
research on women’s experiences of abuse, 

violence, discrimination and harassment 
around the world, including in the South  
and Southeast Asia region,1, 2 grounded in 
international ethical and safety standards.3, 4 
However, limited evidence on violence 
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against women exists in the Myanmar con-
text. Consequently, there is little infor-
mation on ethical and safety considerations 
for this specific setting.  
Drawing on lessons from the implemen-
tation of a qualitative study on violence 
against women conducted in Myanmar in 
2013 to 2014, this article presents critical 
steps to ensure ethical and safe implemen-
tation of research with women who have 
experienced intimate partner violence and 
discusses remaining ethics challenges and 
considerations for future studies on violence 
against women in Myanmar. 
Background 
The United Nations defines violence women 
as ‘any act of gender-based violence that 
results in, or is likely to result in, physical, 
sexual, or mental harm or suffering to 
women, including threats of such acts, 
coercion, or arbitrary deprivation of liberty, 
occurring in public or private life.’5

 This 
broad definition includes, but is not limited 
to, violence occurring in the family violence 
within the general community, trafficking 
and forced prostitution, and violence per-
petrated or by the state.  

The past two decades have seen substantial 
methodlogical improvements in violence 
against women research,1,  6-8  particularly in the 
Asia-Pacific region.1, 2 Consistently applied 
definitions of violence and methods of 
conducting research have contributed to        
a growing body of comparable research on 
violence against women, particularly in low 
and middle-income countries1, 2 Stronger 
international safety and ethical standards 
have improved women’s disclosure of 
violence and reduced possible negative 
outcomes   related    to  conducting  research  

with human subjects of such a sensitive 
topic.3, 9  

In Myanmar, violence against women in the 
general population is only now beginning to 
be openly recognized as a key development 
concern.# Despite  the historically low level 
of prioritization of this issue,## researchers 
and academics have been documenting 
women’s experiences of violence and  abuse 
for some time, predominantly within the 
context of medical and health  research.10-12  

Reported prevalence of women’s experience 
of abuse in Myanmar varies from between  
3 to 15 percent of women reported experi-
encing physical violence10 to up to 69 per-
cent of women reported experiencing psycho- 
logical, physical and/or sexual violence in  
the past twelve months.11 A more recent 
survey in five townships across Yangon, 
using community-based screening questions, 
found that 19 percent of women reported 
experiencing violence directly, and 53 per-
cent knew women within their communities 
or families who experienced violence.12 
Overall, one of the primary limitations       
of existing research on violence against 
women is a concerning lack of ethical      
and safety structures in place to mitigate 
negative consequences of research on  
sensitive topics and with vulnerable women. 

From 2012 to 2013, the Gender Equality 
Network (GEN), together with Ministry of 
Social welfare, Relief and Resettlement, 
implemented a qualities study on women’s 
experiences of intimate partner violence, to 
build the knowledge base of violence 
against women in Myanmar in line with 
international ethics and safety standards      
of violence against women research. The 
objectives of the study were: 

__________________________________________________________________________________________ 
#The Government of the Republic of the Union of Myanmar has signaled its commitment to the empowerment 
of women in Myanmar as a signatory to international treaties and conventions around women’s rights, including 
the right to live free from violence (GEN 2013a). The draft National Strategic Plan for the Advancement of 
Women (NSPAW) 2013-2022 aspires to the empowerment of all women in Myanmar, and aims to create 
enabling systems, structures and practices for the advancement of women, gender equality and the realization of 
women’s rights (The Government of the Republic of the Union of Myanmar, 2012).  
##The 1997 Myanmar National Action Plan for the Advancement of Women argues that violence against women 
is 'not a major issue' in Myanmar and that is only included in the action plan due to its relevance to women’s 
health and development overall (MNWCWA, 1997).  
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 To collect narrative information on the 
different types and patterns of violence 
against women, in the selected study 
areas in Myanmar; 

 To explore the factors that tend to 
increase women’s vulnerability to 
violence; 

 To identify current mitigation and 
coping strategies of women affected by 
violence, including the extent and to 
whom women disclosed the violence 
they experience, and women’s access to 
and use of support services and; 

 To document the consequences of 
women’s experiences of violence their 
health, work and relationships.  

In the context of existing literature on 
violence against women in Myanmar,       
the resulting report ‘Behind the Silence: 
Violence against Women and their resi-
lience in Myanmar’ became one of the first 
studies to apply rigorous methodological 
and ethical standards toward research on 
women’s experiences of abuse in Myanmar.  

Key ethical considerations 
With knowledge of internal standards of 
best practice for conducting research on 
violence against women, the research team 
developed a thorough research protocol. 
This protocol took into account a number    
of key ethical considerations, including:   
the larger socio-cultural environment that 
minimized and stigmatized women’s experi-
ences of abuse, the vast ethnic diversity of 
Myanmar society, and the limited research 
to-date on highly sensitive issues such as 
sexual violence and marital rape. Over-
arching gender inequalities in Myanmar 
condone men’s power and control over 
women and contribute to the devaluation of 
women’s voices and experiences.13  
These gendered values and norms create     
an environment in which violence against 
women is both practiced and sanctioned, 
while simultaneously dismissed or nor-
malized. In situations where women do 
experience violence - within or outside of 
the intimate partnership - ‘ideas about 

appropriate social behavior create a men-
tality that blames the victim for what she 
suffers.’14 Social norms that sanction 
women’s silence within intimate partner 
relations contribute to women’s limited 
agency to speak out about their experiences 
of violence - either through informal or 
formal mechanisms, as ‘women are afraid of 
being labeled as an undutiful wife by 
society.’15  

This environmental context had implications 
for study design. Within this social context, 
women who agreed to speak about their 
experiences of abuse to the research team 
would be speaking out despite a societal 
context of disbelief, fear, and shame.     
They would be sharing their narratives 
despite widespread denigration of women’s 
experiences of abuse such as women having 
‘asked for it’ or ‘brought it on themselves’ 
in the case of rape,16 having ‘made it all up’ 
in the case of child sexual abuse17 and 
sexual harassment,18 or having ‘failed to 
leave’ in the case of wife battering. They 
may have heard that women who have been 
assaulted experience further abuse at the 
hands of the criminal or legal justice 
system.19, 20  

They may have heard about or possibly 
suffered themselves from a variety of 
humiliating experiences related to their 
experience such as job loss, rejection by 
loved ones, traumatic symptoms, uncom-
fortable medical, forensic, or psychological 
examinations, and lasting physical dis-
figurement or disabilities.21 Thus, respect of 
women’s experiences and stories, with an 
emphasis on trust, became a guiding prin-
ciple of this study. Furthermore, given  
these possibilities, extra precautions were 
taken by the research team to ensure confi-
dentiality, maintain a supportive and non-
judgmental interviewing space, and supply 
women with information on existing 
services and support systems. These steps 
would be discussed further, below.  

Adopting principles of respect for persons, 
justice and fairness, beneficence, and 
normal efficiencies are crucial when under-
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taking any research study,22, 23 and become 
additionally important to consider when 
working on sensitive topics across vastly 
segmented populations, as in the case of 
ethnic diversity in Myanmar. Two major 
steps were taken during the development   
of the research design to address the issue  
of ethnic diversity across Myanmar and 
promote principles of respect for human 
participants, regardless of ethnicity.  

One, ethnicity was not used to stratify the 
final sample of women who were inter-
viewed. That is, the study did not analyze 
women’s experiences of abuse based on 
differences across ethnic groups. However, 
the research team recognized the importance 
of capturing regional differences in critical 
areas of inquiry.  

For example, whether there were major 
thematic differences in gender norms and 
practices and social perceptions of violence 
against women across the geographic range 
of Myanmar. To address this issue, five 
secondary sites (Lashio, Magway, Loikaw, 
Kalay and Labutta) were including in the 
study design alongside the two primary sites 
(Yangon and Mawlamyine). Comparable 
focus-group discussions were held in the 
five secondary sites to capture nuances in 
social norms and attitudes and beliefs 
related to women’s experiences of violence 
across a broader geographical swath of 
Myanmar.    
Finally, the study design included questions 
on sexual violence within intimate partner-
ships, given the limited evidence on this 
form of violence against women in 
Myanmar. Globally, marital rape is a 
contested issue. In neighbouring Bangla-
desh, research points to widespread beliefs 
that a wife cannot be raped, as it is her duty 
to provide sex to her husband regardless of 
her wishes.24 Yet research has found that 
sexual violence within intimate partnerships 
is a pervasive form of violence against 
women,1, 2 despite the challenges around 
interviewing survivors of marital rape.25 

In the Myanmar context, stakeholders 
expressed concerns that women might not 

discuss sexual violence within the interview 
format, given the highly taboo nature of   
sex and the lack of open discussion around 
sexual behaviours particularly among 
women.26-28  

Given the sensitivities around marital rape, 
the research team developed an interview 
guide that was structured sequentially, 
beginning with questions of low-level sensi-
tivity (e.g., childhood, current life) and 
ending with the most sensitive questions 
(sexual practices, including violence). This 
method allowed the interviewer to build 
rapport and trust with the woman, and        
to ensure a higher degree of disclosure     
and openness. This took time, but a 
complete and nuanced store was obtained. 
Furthermore, all in-depth interviews were 
conducted by local female qualitative 
researchers, who had experience conducting 
in-depth interviews on women’s health and 
gender. 

To fully account for the above ethical and 
safety considerations, as well as apply 
international best practices, the team worked 
to develop clear and comprehensive guide-
lines and procedures for conducting ethical 
and safe research on violence against 
women in Myanmar. This included mecha-
nisms and processes to ensure confiden-
tiality and voluntary participation, to ensure 
that respect, trust and engagement with 
women’s stories were foremost in the 
implementation of the study. The following 
section outlines the key elements of this 
study’s ethical and safety framework for 
action.  
Ethics and safety framework  
Working from international standards of 
best practice, the research team performed 
an extensive literature review and con-
sultation process to ensure that the research 
protocol’s ethics and safety framework 
would uphold international ethical standards 
but would also fit with the complex and 
diverse socio-political context of Myanmar. 
Whilst international standards form an 
essential foundation, contextual relevance is 
a vital consideration to ensure that the 
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ethical consideration and procedures fit for 
the populations to be included in the sample. 
Ethical clearance 
The study was submitted to Ethical Review 
Committee (ERC) of the Department of 
Medical Research, for ethical review and 
approval, prior to any activities under-  
taken as part of the study design and/         
or implementation. The research team 
defended the study and applied changes 
based on the recommendations of the 
Committee, to ensure that the study adhered 
to local standards around medical and social 
science research. 
Methodological rigor 
A number of steps around sampling, data 
collection and analysis were taken to ensure 
that the study met standards of metho-
dological rigor for qualitative research on 
sensitive topics, such as women’s experi-
ences of abuse. The study used purposive 
sampling methods in order to identify 
women who met study criteria. Participants 
were identified through member organi-
zations of the coordinating network that had 
long-standing relationships with women in 
the communities where they worked.  
Focal points from each member organi-
zation underwent training on how to 
approach possible participants in ways that 
fostered a sense of mutual trust, respect    
and appreciation for women’s willingness  
to share traumatic narratives - as well as 
adhered to principles of confidentiality and 
voluntary participation.  
During data collection, interviews were 
conducted by female members of the 
research team, all of whom had undergone  
a weeklong training on how to conduct 
interviews with maximum sensitivity and 
caution while still obtaining relevant data  
on traumatic experiences of abuse. The 
interviewer explained the focus and purpose 
of the study to the participant, and 
responded to any questions or concerns 
before the participant gave verbal consent.  

The interviewers used a semi-structured 
guide for conducting the interviews, which 

gave the interviewers confidence in the 
trajectory of the discussion, while also 
allowing for fluid conversation dynamics. 
This further created a positive interaction 
between the interviewer and participant. 
Finally, the full research team - international 
technical advisors as well as Myanmar 
national researchers - were engaged in   data 
analysis to ensure that analysis captured 
local nuances. To ensure technical accuracy, 
the final report was peer-reviewed by 
international and Myanmar national vio-
lence against women research experts.  
Confidentiality 

It was a primary responsibility of the 
research team to ensure that women’s 
narratives and identities were kept confi-
dential throughout the research process. 
Prior to implementation, a ‘safe name’ was 
used to refer to the study in order to reduce 
the number of individuals who were aware 
of the study’s focus on intimate partner 
violence. This was done in order to prevent 
communities - and possible perpetrators - 
from learning of the true nature of the study 
and consequently putting women at risk of 
further violence or stigma for participating 
in the study.  

During data collection, each woman was 
given a code, rather than using her actual 
name on consent forms, and no real names 
were used in the final report. Interviewers 
also carried abbreviated question guides that 
did not include any sensitive questions, in 
case of any demands by individuals other 
than the participant to see and approve of 
the questions.  
All consent forms, transcripts and audio 
recordings were kept in a locked cabinet. 
Audio recordings were deleted after they 
had been transcribed, to remove any audio 
record of participants. All these steps 
ensured that women’s confidentiality was 
maintained throughout the research process.  

Safety and well-being of participants and 
researchers 

The safety and well-being of participants 
and   the  research  team  was  of  paramount  
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importance to the study. Participants 
themselves identified the place for inter-
view. This gave them maximum discretion 
over choosing a location where they could 
disclose sensitive and traumatic events in a 
comfortable and safe environment.  

Attention to the ethical concept of respect 
for persons also emerged as particularly 
crucial during the interview process. By its 
nature, violence against women includes a 
violation of personal boundaries (whether 
emotional or physical) and often also the 
violation of trust within an intimate 
relationship. 

It was, therefore, important not to replicate 
this violation of trust in the research 
process. Non-judgmental attitudes, sensitive 
questioning techniques and allowing the 
woman to lead the discussion all contributed 
to maintaining an environment of trust and 
respect for the participant’s well-being. At 
the end of each interview, the researchers 
offered the participant contact details for 
medical, legal and psycho-social resources 
through local partners.  

In addition, the research team included        
a psycho-social counselor who provided 
counseling to participants upon request. 
This process further fostered mutual trust 
between the participants and interviewers. 
The counselor also provided de-brief coun-
selling to the interviewers in order to offset 
the likelihood of vicarious trauma to the 
research team.  
Conclusion  
‘Behind the Silence: Violence against 
Women and their Resilience in Myanmar’ is 
one of the first studies in Myanmar to apply 
rigorous ethical and safety standards to 
research on violence against women in the 
general population. Although the general-
ized ability of this study is limited, given its 
qualitative nature, the data and findings 
were robust and much of this was due to the 
ethical framework and mechanisms in place 
to achieve quality research on violence 
against women in Myanmar.  

We aim to inspire future studies on 
women’s experiences of violence, as well as 
other research on sensitive topics, to take up 
these recommended steps to ensure a strong 
ethical and safe application of research 
methods on these topics in Myanmar.  
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