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Nowdays, many plants and herbs are believed 
and proved to have blood glucose lowering effect. 
The phenomenon called “traditional medicine” or 
“back to nature” is growing and becoming popular 
in the society with low level of education and 
the need of other treatment besides ‘chemistry 
agents’. As clinicians and researchers, we must 
put evidences and pathophysiology (biologic 
plausibility) in the first place before giving 
patients suggestion for consuming plants or 
herbs for treatment of diabetes. 

Diabetes in low resource countries
Diabetes is a major public health problem 
nowdays.1,2 According to the latest International 
Diabetes Federation (IDF) Atlas (2014), 
prevalence of diabetes all over the world reaches 
8.3%, with 46.3% undiagnosed cases. Globally, 
in 2014, 387 millions people living with diabetes 
and it has been estimated in 2015, this number 
will increase up to 592 millions people. Diabetes 
prevalence in Indonesia reaches 5.81% with 
9,116,030 people living with diabetes.2 The 
popularity of diabetes is very high, set this disease 
to become a global concern for many healthcare 
professionals, educators, pharmacists, scientists, 
and traditional healers all over the world.3,4 It 
is established that treatment for diabetes need 
multidisciplinary approach.4   

Diabetes is treated from the level of primary 
care physician, family physician, internist, 
and endocrinologist.5 In many remote rural 
areas with low human resources, sometimes 
paramedics (nurses, midwifes, even traditional 
healers) give treatment for diabetes patients.6,7 
This phenomena also occur in remote rural areas 
in Indonesia.6 Since in several remote villages 
there are only glibenclamide which is available 
in the primary health cares, health practitioners 
always suggest glibenclamide for the treatment 
of diabetes as if the drug is the only drug used 
for diabetes. This pitifull condition continue 
from time to time without any evaluation of 

blood glucose (no monitoring), complication 
examination, and titration of doses and 
intensification of treatment, while blood glucose 
control has not achieve the target. The situation 
undoubtedly will bring to poor glycemic control 
and increase of complications in patients living in 
remote and rural areas all over the world.8 

Diabetes is a syndrome with many complicated 
aspects, from new pathophysiology, diagnosis, 
complication prevention, and novel treatments.9,10 
The advancement of technology in diabetes 
treatment worldwide sometimes not followed 
by accessibility of diabetes patient to get 
standard diagnostic and treatment, such as 
portable glucometer for self monitoring blood 
glucose (SMBG), good quality laboratory 
for HbA1c examination, and also complete 
medications for diabetes.8 In Indonesia primary 
healthcare facilities, as been said previously, 
only glibenclamide and sometimes metformin is 
available. In some districts, insulin is not available 
at all, even in the government hospitals. At the 
end, this condition and myths about diabetes 
in society leads to the growth and popularity of 
traditional ingredients from plants and herbs, 
nutriceuticals, complimentary, and alternative 
therapy for lowering blood glucose in diabetes 
patients.11,12

Green tea as complimentary alternative 
therapy for diabetes
In this issue, there is one clinical research written 
by Lahirin, et al13 from Department of Nutrition 
Faculty of Medicine Universitas Indonesia, 
Jakarta, Indonesia, about green tea (Camellia 
sinensis), one of the most popular herbs studied 
worldwide, which give blood glucose lowering 
effect in healthy subjects. Green tea is a well-
known beverages in Asian countries such as 
Japan, Korea, and China which has been spread to 
become famous beverages all over the world.14 For 
Indonesian society, green tea usually consumed 
at breakfast or coffee/tea break in the afternoon. 
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Now, green tea is not only famous because of its 
delicious taste, which is suitable for most tea 
lovers, but also for its beneficial for maintaining 
several metabolism process in our body.14 

From clinical trials, green tea consumption is 
associated with reduction of cardiovascular risks, 
such as diabetes, hypertension, dyslipidemia, and 
obesity. Green tea consumption is also in line with 
reduction of markers of inflammation, oxidative 
stress, and free radicals. These trials were done 
in several eastern countries like Taiwan, Japan, 
and Korea. Overall, almost all trials support the 
consumption of green tea.14 It is also known that its 
effect correlate positively with doses of green tea 
in one day (calculate with cups). In meta-analysis 
done by Peng, et al15 it is suggested that green tea 
consumption had a favorable effect on decrease 
of blood pressure. Although this meta-analysis 
only prove a little reduction on blood pressure 
(± 2 mmHg), but samples from 13 clinical trials 
included in this meta-analysis and significancy of 
the statistical calculation speak ‘the big beneficial 
effect’ for green tea lovers. Unfortunately, meta-
analysis about green tea consumption and the 
effect of weight reduction not achieve statistically 
and clinically. Although Baladia, et al16 found 
decrease in the percentage of fat mass, it is not 
clinically relevant. 

There is a meta-analysis which correlates green 
tea consumption and blood glucose management 
published in 2014. Unfortunately, this analysis 
did not show any statistical and clinical relevancy 
from green tea consumption on fasting plasma 
glucose, fasting serum insulin, OGTT-2 h glucose, 
HbA1c, and HOMA-IR in populations at risk of 
type 2 diabetes.17 As the effect of green tea in 
vitro molecularly has been known, Wang, et al17 
suggested other high quality clinical trials for 
definitely determine the effect of green tea on 
glycemic control in population at risk of type 
2 diabetes. It is also needed clinical trials that 
perform in patient with type 2 diabetes.

Lahirin, et al13 finding in this research revealed a 
beneficial effect of postprandial glucose in high 
dose consumption of green tea. Although it is not 
a new strike, Lahirin strengthen the dose-effect 
relationship of green tea consumption and blood 
glucose management. Despite it is not applicative 
to consume many cups of green tea in one day, 
Lahirin finding can reinforce other pharmacy 

research: which dose is most suitable for blood 
glucose lowering. In the future, it is not impossible 
that green tea extract can be a phytopharmacy 
or supplement, along with convensional oral 
hypoglycemic agents, to manage blood glucose in 
patient at risk of diabetes, prediabetes (impaired 
glucose tolerance), and diabetes.

Suggestions for clinicians and researchers
We are now in the era of commercialization. 
Everything can be look beneficial and important 
to be consumed as long as packaged and 
marketed flawlessly. Abundant of researches in 
the field of complimentary alternative medicine 
from small group of patients to meta-analysis 
using plants and herbs for many purposes must 
drive our critical thinking of many aspects. First, 
is it applicative in daily practice to consume a lot 
of plants or herbs which have beneficial effect for 
our body? What doses is the most ideal for us to 
get the beneficial effect? Second, is the evidence 
clinically significant or just statistical game that 
bring the positive effect of the herbs? Third, what 
parameters used in monitoring of the beneficial 
effect? Is it applicable and clinically relevant to 
examine it in daily practice? These principals of 
appraisal must be deeply held by all clinicians 
before suggesting any plants or herbs for the 
treatment of specific disease. 

But, as a part of academics society, we must also 
support and reinforce research which is using 
plants and herbs in manage specific disease, 
commonly metabolic or degenerative diseases 
such as hypertension, diabetes, dyslipidemia, 
obesity, and metabolic syndrome. Give the best 
evidence with the best ethical manner. The result 
can help building evidences related to the topics. 
Last but not least, always honestly report the 
result although it is a negative result. 
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ABSTRAK

Latar belakang: Entomologi forensik belum dimanfaatkan 
sebagaimana mestinya di Indonesia. Keberadaan serangga 
forensik di Indonesia juga belum banyak dilaporkan. Penelitian 
ini bertujuan untuk mendapatkan jenis-jenis serangga pada 
bangkai hewan coba yang dapat dipergunakan untuk perkiraan 
saat kematian.

Metode: Empat babi domestik yang dimatikan dengan cara 
berbeda digunakan sebagai model. Bangkai diamati dua kali 
sehari (sekitar pukul 09.00 dan 16.00) selama 15 hari untuk 
mendapatkan tahap-tahap dekomposisi dan koleksi serangga 
baik imatur maupun dewasa. Serangga imatur dipelihara 
dan serangga dewasa diidentifikasi di Laboratorium hama 
dan penyakit tanaman, Universitas Sam Ratulangi, Manado. 
Chrysomya megacephala dan C. rufifacies diidentifikasi baik 
secara morfologik maupun tehnik deoxyribose-nucleic acid 
(DNA).

Hasil: Lima tahap dekomposisi didapatkan dalam penelitian 
(segar, pembusukan awal, pembusukan aktif, pembusukan 
lanjut, dan skeletonisasi ). Serangga yang ditemukan ialah 11 
spesies Diptera and delapan Coleoptera selama 15 hari suksesi. 
Chrysomya megacephala, C. rufifacies dan Hermetia illucens 
berkolonisasi pada semua bangkai. 

Kesimpulan: Pada keempat ekor babi serangga yang 
ditemukan terutama terdiri dari Diptera dan Coleoptera. 
Chrysomya megacephala, C. rufifacies dan Hermetia illucens 
tampaknya merupakan kandidat utama untuk perkiraan saat 
kematian.

ABSTRACT

Background: Forensic entomology has not been 
acknowledged in Indonesia so far. Indonesian carrion insects 
are very rarely reported. The aim of this study was to obtain 
the types of insects on pig carcasses that could be used for the 
estimation of post-mortem interval. 

Methods: Four domestic pigs sacrificed with different methods 
were used as a model. The carcasses were observed twice 
daily (around 9 a.m and 4 p.m) during 15 days to assess the 
stages of decomposition and to collect insects, both in mature 
and immature stages. The immature insects were reared and 
the mature insects were indentified in the Laboratory of Pests 
and Plant Diseases, University of Sam Ratulangi, Manado. 
Chrysomya megacephala and C. rufifacies were identified both 
morphologically and with deoxyribose-nucleic acid (DNA) 
techniques. 

Results: Five stages of decomposition (fresh, bloated, active 
decay, post-decay, and skeletonization) were observed. 
A total of 11 Diptera and 8 Coleoptera species were found 
during a 15-days succession study. Chrysomya megacephala, 
C. rufifacies and Hermetia illucens colonized in all carcasses.

Conclusion: Insects found on four different pig carcasses 
consisted mainly of widespread Diptera and Coleoptera. 
Chrysomya megacephala, C. rufifacies and Hermetia illucens 
seemed to be primary candidates for the estimation of the 
post-mortem interval.
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Insects have been used in forensic investigation 
as early as the thirteenth century in China.1 The 
first serious description of insect succession on 
corpses was given by Mégnin.2 Early forensic 
work on insects was done by Nuorteva3 in Finland 
and Leclercq4 in Belgium. After the publication of 
the first handbook by Smith1 in 1986, forensic 
entomology became gradually more fashionable 
in normal police work. In the last three decades 
forensic entomology developed rapidly, especially 
in the areas with a temperate climate. More 
recently studies on this topic have been carried 
out in several tropical countries. As the carrion 
insects in most tropical countries are not very 
well documented, thus the findings of those 
insects will be a great challenge. So far, no specific 
forensic entomology studies have been conducted 
in Indonesia. Research was done on the island of 
Sulawesi, which is on the transition of the Oriental 
and Australian biogeographical regions. Sulawesi 
has a very peculiar fauna, rich in endemic species. 
During the Wallace project in 19855 carrion flies 
were collected by Kurahashi, et al6-9 and carrion 
beetles by Hanski and Krikken10, and Hanski and 
Niemela.11 These insects were studied mainly in 
undisturbed rainforest habitats. Most human 
corpses are however found in an urban or 
suburban environment and the carrion fauna of 
this habitat type was not examined in Sulawesi on 
a systematic way. 

According to the information from the Department 
of Forensic and Medicolegal Prof. Dr. R. D. Kandou 
General Hospital Manado, the most common cases 
of violent deaths in Manado are blunt stroke on 
the occipital area and cardiac puncture. In order 
to test whether the cause of death influenced the 
insect succession, four pigs were sacrificed in 
different ways. The aim of the present study was 
to identify the insect succession on pig carcasses 
as a model in forensic entomology for predictor of 
death interval.
 

METHODS

Field studies were carried out at Winangun and 
Batu Kota, Manado, North Sulawesi, Indonesia, 
between January 27th and February 15th, 2012. 
Winangun and Batu Kota are located at a 
latitude 1°26’41”N and longitude 124°50’11”E, 
respectively, at an altitude of 66 metres above sea 
level. Four domestic pigs weighing approximately 

20 kg each (aged two month old) were used as a 
model. The 1st pig was sacrificed by using 200 g 
potassium cyanide per oral designated as carcass 
I; the 2nd pig was sacrificed by a blunt stroke on its 
occipital area, carcass II; the 3rd and 4th pig were 
sacrificed by cardiac punctures, carcass III and IV. 
After death, three pigs were placed in protective 
cages at a distance of 20 m from each other at 
Winangun, and the other one (carcass IV) at Batu 
Kota. The cages consisted of a wooden frame 
(1.6x1x1 m3) were covered with wire meshing 
(diameter ± 1.7 cm).

The carcasses were observed twice daily (around 
9 a.m and 4 p.m) during 15 days to assess the 
stages of decomposition (fresh, bloated, active 
decay, post-decay or skeletonization) and to 
collect insects.

Both mature and immature insects were collected. 
Insects flying around the carcasses or pearched 
on the carcasses were collected with an insect net 
and recorded. Immature insects including eggs, 
larvae in natural cavities and wounds, and larvae 
from other parts of the carcasses were collected 
for rearing and identification in the Laboratory 
of Pests and Plant Diseases, Sam Ratulangi 
University, Manado. Soil around and underneath 
the carcasses were examined to observe the 
presence of insects including pupae. Immature 
insects were reared on slices of fresh pig liver. 
Adult insects were sacrificed with ethyl acetate 
and mounted on entomological pins, while 
immature specimens were stored in 95% alcohol.

Specific literature for the identification of adult 
Sulawesi carrion insects is mainly limited to 
blowflies. Most other species were identified 
by direct comparison with identified museum 
material. The identification of immature insects 
is based on rearing to adults. Voucher specimens 
were deposited at the Sam Ratulangi University, 
Manado; and Naturalis Biodiversity Center, 
Leiden.

Chrysomya megacephala and C. rufifacies were 
identified both morphologically and with 
deoxyribose-nucleic acid (DNA) techniques. 
Samples for DNA identification were extracted 
with AxyPrep Multisource Genomic DNA 
Miniprep Kit. This kit uses column purification 
technique that extracts both core and 
mitochondrial DNA. 

Medical Journal of Indonesia
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After extraction, samples with 1270 bp 
cytochrome oxidase I (COI) gene were amplified 
with polymerase chain reaction (PCR) using 
primer for Chrysomya, as follows:12

● C1-J-1718f (5’–
GGAGGATTTGGAAATTGATTAGTTCC)

● TL2-N-3014r (5’ – 
TCCAATGCACTAATCTGCCATATTA)

● TL2-N-3014MODr (5’ – 
TCCATTGCACTAATCTTGCCATATTA)

Step Temperature Time
Predenaturation 95°C 2 minutes
Denaturation 95°C 30 seconds
Primary annealing 54°C 30 seconds
Extention 72°C 90 seconds
Final extention 72°C 90 seconds

Table 1. Steps of PCR of COI gene

Species Source
Coleoptera
Hybosoridae Phaeochrous emarginatus Castelnau Hanski & Krikken, 199110

Hybosoridae Phaeochrous sulawesi Kuijten Kuijten, 197813

Scarabaeidae Onthophagus aper Sharp Hanski & Krikken, 199110

Scarabaeidae Onthophagus mentaveiensis Boucomont Hanski & Krikken, 199110

Scarabaeidae Onthophagus scrutator Harold Hanski & Krikken, 199110

Silphidae Necrophilia renatae (Portevin) Ruzicka, Schneider, Qubaiová & Nishikawa, 201214

Silphidae Necrophilia charon Sikes & Madge Sikes, Madge & Trumbo, 200615

Silphidae Nicrophorus distinctus (Grouvelle) Sikes, Madge & Newton, 200216

Diptera
Calliphoridae Calliphora hasanuddini Kurahashi & Selomo Kurahashi & Selomo, 19979

Calliphoridae Chrysomya greenbergi Wells & Kurahashi Wells & Kurahashi, 199617

Calliphoridae Chrysomya nigripes Aubertin Singh, Kurahashi & Wells, 201118

Calliphoridae Chrysomya rufifacies (Macquart) James, 197719

Calliphoridae Chrysomya yayukae Kurahashi & Magpayo Kurahashi & Magpayo, 19878

Calliphoridae Hemipyrellia ligurriens (Wiedemann) James, 197719

Calliphoridae Idiella divisa (Walker) James, 197719

Calliphoridae Isomya delectans (Walker) James, 197719

Calliphoridae Lucilia adisoemartoi Kurahashi, 19886

Calliphoridae Lucilia papuensis Macquart James, 197719

Calliphoridae Phumosia abdominalis Robineau-Desvoidy James, 197719

Calliphoridae Phumosia elegans Kurahashi Kurahashi, 19897

Calliphoridae Phumosia indica (Surcouf) James, 197719

Calliphoridae Phumosia njonja Kurahashi Kurahashi 19897

Calliphoridae Phumosia promittens (Walker) James, 197719

Calliphoridae Strongyloneura prolata (Walker) James, 197719

Table 2. Sulawesi carrion insects reported in taxonomic literature

Primers were made at PT Genetika Science 
Indonesia located in Jakarta, Indonesia. PCR 
was carried out with Biometra® T Personal, with 
temperatures of each cycle as seen as Table 1.

PCR products were visualized using 1.0% 
agarose gel, dyed in ethydium bromide 1.5% and 
transiluminated with ultraviolet (UV) rays, and 
were then sequenced with COI gene bar coding 
that is commonly used in flies identification. 

RESULTS

The mean daily temperature at the study sites 
fluctuated between 23.4°C and 27.2°C. Almost all 
days had heavy rainfalls.

No comprehensive review of Indonesian carrion 
insects did exist. Many tropical carrion insects 
were described a long time ago without mentioning 
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that they were collected on carrions. More recent 
taxonomical papers usually contain more ecological 
information but it is very difficult to trace specific 
carrion insects in scattered publications. Based on 
the carrion-taxa found in neighbouring countries, 
literature was searched for potential carrion 
insects in Sulawesi. The results of the literature 
search are summarized in Table 2.

Five stages of decomposition were distinguished 
in all carcasses. The duration of the different 
stages is illustrated in Table 3. The fresh stage 
was observed on day one. The bloated stage was 
observed on days two and three for all carcasses, 
but facial destruction was first observed on 
carcass II. The active decay stage was observed 
on days four and five in carcass II, III and IV 
meanwhile in carcass I on days four to six. The 
post-decay stage was observed on days six to 
eight in carcass II and III, and just on day six in 
carcass IV. In carcass I, however, this stage lasted 
until day 10. Skeletonization was observed on 
day nine for carcasses II and III, on day seven 
for carcass IV, but on day 11 for carcass I. The 
different insects in relation to the decomposition 
stages are summarized in Table 4. 

Fresh stage
C. megacephala and C. rufifacies visited the 
carcasses at the fresh stage from day one. Eggs 

Stages of decomposition Days 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Fresh                

Bloating                

Active decay     

 

           

Post decay                

Skeletonization                

 

Table 3. Duration of decomposition stages in four different pig carcasses in Manado

Potassium cyanide (KCN) per oral
Blunt stroke on its occipital area
Cardiac puncture at Winangun
Cardiac puncture at Batu Kota

of Chrysomya were found on day one in natural 
orifices (mouth, nose, ear, and anus) and the 
stab wounds. Other Diptera which visited the 
carcasses on the same day were Ophyra spinigera 
and Sarcophagidae. Formicidae were found from 
the first hour of post-mortem in the natural 
orifices, especially in those with fresh blood. 

Bloated stage
Blowfly larvae invaded the carcasses’ faces 
voraciously especially in carcasses II, III and 
IV. C. rufifacies and C. megacephala were 
abundant. Musca domestica, Ophyra spinigera, 
and Sarcophagidae were still found at this stage. 
Sarcophagidae were observed only on intact skin, 
and not on the natural orifices or wounds. Beetles 
found at this stage were the predators Saprinus 
and Philonthus on day three. Riptortus linearis 
was found on intact abdominal skin on day three. 
On day two, Formicidae left the natural orifices 
invaded by Chrysomya maggots, but were still 
found in the non-invaded areas. 

Active decay stage 
At the end of this stage, Diptera larvae had 
consumed most part of the body tissues leaving 
the skin, cartilages, bones, and the last part of 
muscles and guts. This stage lasted for two 
days in carcasses II, III and IV, and three days in 
carcass I. 

Post-decay
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Species Fresh Bloated Active decay Post-decay Skeletonization
Coleoptera  
Cleridae Necrobia rufipes (De Geer)  - - - A A
Dermestidae Dermestes maculatus De Geer - - - A A
Histeridae Pachylister tabellio Marseul - - - A -
Histeridae Saprinus  sp. - A A A A
Hydrophilidae Sphaeridium discolor Orchymont - - A - -
Silphidae Diamesus osculans Vigors - - A A, L A, L
Staphylinidae Creophilus flavipennis Hope - - A A A
Staphylinidae Philonthus sp. - A A A, L A, L
Dermaptera  
 Labiidae   - - - A -
Diptera  
Calliphoridae Chrysomya megacephala (Fabricius) A A, L A, L A, L A
Calliphoridae Chrysomya rufifacies (Macquart) A A, L A, L A, L A
Calliphoridae Hemipyrellia ligurriens (Wiedemann) - A - - -
Fanniidae Fannia sp. - - - A -
Muscidae Atherigona sp. - - A A -
Muscidae Musca domestica L. - A A, L L L
Muscidae Ophyra spinigera Stein A A A A, L A
Phoridae   Phoridae sp. - - A
Piophilidae Protopiophila sp. - - A A A
Sarcophagidae Sarcophaga s.l. sp. A - - - A
Stratiomyidae Hermetia  illucens (L.) - - A A -
Heteroptera  
Alydidae Riptortus linearis (Fabricius) - A A A -
Hymenoptera   
Formicidae  A A A A A

Table 4. Insects found on four different pig carcasses in Manado in relation to the decomposition stages

Notes: A = adults; L = larvae

C. rufifacies and C. megacephala both larvae and 
adults were abundant. Musca domestica, Ophyra 
spinigera, and Sarcophagidae still visited the 
carcasses. Other Diptera such as Protopiophila, 
Phoridae, and H. illucens were found at the end of 
the active decay stage (day five). Beetles in this 
stage were Saprinus, Philonthus and Sphaeridium 
discolor. There were many Formicidae, predating 
on Chrysomya larvae which left the carcasses for 
pupation. R. linearis were still present. 

Post-decay stage
During this stage, especially Dermestes consumed 
the remaining tissue. Only very few adult C. 
rufifacies and C. megacephala were observed. 
Other Diptera (Protopiophila, Phoridae and H. 
illucens) and R. linearis were still found in the 
early post-decay stage (day six). The beetles of 
the active decay stage were still present in this 

stage as well as a few Formicidae. On day eight, 
one adult Labiidae was found in carcass II.

Skeletonization 
In this stage, adult C. rufifacies and C. 
megacephala of the new generation emerged 
from their pupae on days 12 and 13. However, 
their larvae and Muscidae larvae were still 
found under and around the carcasses. 
Dermestes maculatus, Saprinus, Philontus, and 
Necrobia rufipes were still present. 

DISCUSSION

Decomposition
Generally, five stages of decomposition are 
recognized.20-23 Payne24 reported six stages (fresh, 
bloating, active decay, advanced decay, dry and 
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remains) in Clemson, South Carolina. Archer 
and Elgar25 reported only two stages (initial 
decomposition and advanced decomposition) 
from Victoria, Australia while Wang, et al26 in 
South China distinguished four stages. 

In our study we observed five stages of 
decomposition in all carcasses; the duration of the 
decomposition stages in the different carcasses 
was however not the same. Carcass I took 10 
days for skeletonization, carcasses II and III only 
took eight days, and carcass IV six days. Carcass 
I had no wounds or external blood in contrast 
to carcass II (fresh blood that came out of the 
mouth), III and IV (stab wound); oviposition by 
blowflies on carcass I was therefore much later. 
The duration of decomposition (7-10 days) 
resembled to those reported by Wang, et al26 in 
South China and Heo, et al27 at Tanjung Sepat, 
peninsular Malaysia meanwhile Apichat, et al28 in 
Phitsanulok, Thailand reported one day each for 
fresh, bloated, and active decay stages, but three 
days for post-decay stage and a much longer 
skeletonization period (days 8-31).

Generally, Calliphoridae are the first insects to 
lay eggs on a corpse or carcass which makes 
them the most important tool of the forensic 
entomologist.1,29 In our study, Chrysomya 
megacephala and C. rufifacies were abundantly 
found in both adult and immature forms. C. 
rufifacies maggots are predators on C. megacephala 
maggots and their eggs are therefore deposited 
later than those of C. megacephala. These dominant 
Chrysomya species are the same as those from 
similar experiments in other parts of tropical Asia 
as reported by Heo, et al27 in Malaysia, Apichat, et 
al28 in Thailand and Wang, et al26 in South China. 

Rearing of larvae and pupae in the laboratory 
resulted in adult C. rufifacies and C. megacephala. 
From both larva and pupa samples of carcasses II 
and III, the adults emerged one day earlier than 
those of carcass I. Adult Chrysomya at the study site 
emerged one day later than those in the laboratory. 
This faster development was caused by the higher 
temperature in the laboratory (28°-30°C). 

Heo, et al27 reported that the second generation 
blowflies appeared on day-12 and -13 around the 
vegetation on the study sites, which are similar 
to our results. Larvae of C. megacephala and C. 
rufifacies were still present underneath and around 

the carcasses until skeletonization. According to 
Gunn30 adult flies also feed on the carcass during 
the post-decay stage or skeletonization, but they 
did not initiate oviposition. 

Hermetia illucens was originally restricted to the 
New World but it has spread to other regions, 
both tropical and temperate.29,31 This species is 
not often found in corpses, and is reported to 
colonize carrion in an advanced stage: 20-30 days 
post-mortem21,30,32 In our study, adult Hermetia 
illucens were already found on day five. Diclaro 
and Kauffman33 reported that H. illucens larvae 
have six instars which needed 14 days, and a 
pupation period of two weeks. The rearing of soil 
around the carcasses collected on day 11, resulted 
in a second generation of Hermetia illucens on 
days 35-39. The growth of the larvae was in 
accordance with the findings of Tomberlin, et al.34 

Sarcophagidae larvae are reported from large 
carrion including forensic cases.29,35 In our study, 
adult Sarcophagidae were found in small numbers 
from day 1 until the end of the study, but no 
maggots or pupae were observed. As these species 
apparently did not develop in the carcasses they 
cannot be used as forensic indicators. The adult 
Sarcophagidae were not identified to species 
level.

Larvae of Ophyra (instar two and three) are 
predators of larvae Musca domestica and other 
Muscidae larvae.1,29,36 In our study, adult Ophyra 
spinigera was found from day 1-8, and their 
larvae on day 6-14 together with other Muscidae 
larvae. 

Adults of Musca domestica usually visit a corpse 
after the arrival of blowflies and flesh flies in both 
the active and post-decay stages. House flies are 
rarely attracted to fresh corpses, unless there is 
excreta or exposed gut present.1,29,30 In our study, 
Musca domestica was found from day 2-5, earlier 
than that observed by Byrd and Castner29, Gunn30, 
and Smith1. The first adult fly emerged during 
rearing in the laboratory on day seven which is 
similar to that of Gunn30 who stated that the life 
cycle of Musca domestica takes six to eight days at 
a relatively high temperature.

In our study, adults of Phoridae were found on 
day-5. Rearing in the laboratory of soil collected 
at day eight resulted in pupae and adult Phoridae 

Medical Journal of Indonesia



76 Med J Indones, Vol. 24, No. 2
June 2015

which shows that development of the Phoridae 
occurred on the carcasses. Unfortunately the 
identification of Phoridae is notoriously difficult 
which prevents their usage as a forensic indicator 
at the moment.

In general, adults of Protopiophila visit carcasses 
in an active state of decay and an early dry stage. 
Larvae, as well as the adults, are necrophagous.29 
In our study, adult Protopiophila were found on 
day 4-6 but their larvae were not found on the 
carcasses or during rearing of soil samples. Adult 
Protopiophila were not identified to species level.

The beetles found in our experiment did feed 
on maggots or on parts of the carcass that were 
not consumed by maggots and therefore, they 
arrived usually later than the blowflies. The 
earliest Coleoptera visiting the carcasses were 
Staphylinidae (day-3), followed by Saprinus sp. 
(day-3, -5, -6, -10); these taxa are predators29 
and their presence was in accordance with the 
abundance of Diptera larvae on the carcasses. 
Sphaeridium discolor was found on day-4 and -5. 
Most Sphaeridium species are dung specialists 
and they were probably attracted by the gut 
contents of the carcasses. Dermestes maculatus 
(day-6, -10) and Necrobia rufipes (day-10) were 
observed later in the succession. Dermestes 
species are usually found on dry carcasses in 
the wild. Almost all species are scavengers and 
feed on various types of dried animal tissue.29 
Necrobia sp. have a special preference for fatty 
tissues: their larvae are sometimes predacious.37 
The Coleoptera larvae collected are belong to 
Diamesus osculans and Staphylinidae. 

Formicidae are social insects which are distributed 
all over the world. In tropical areas they are 
very abundant and can be found in all stages 
of decomposition as predators or omnivores 
feeding on both body tissue and exudate fluids.1,30 
The ants were observed in the first hour after 
the start of the experiment and during the whole 
decomposition process in accordance with the 
statements of Aggarwal38 and Heo, et al39. Ants 
were usually found in the natural orifices, they 
will leave these areas after being invaded by the 
Chrysomya. 

Adults of Riptortus linearis were found on day 
2-6. These bugs landed on the intact abdominal 
skin of carcasses, and not on the natural orifices 

or the open wounds, which suggest they are 
accidental visitors. All Alydidae, the family to 
which Riptortus belongs, are apparently plant-
feeders1,40 but Payne41 reported three species of 
Alydidae feeding on a pig carcass in the USA. The 
relation between Coreidae and carcasses seems 
doubtful at the moment.

Labiidae are widely distributed, especially in 
hot climates.42 Several species are predators on 
other insects by seizing them with their forceps 
or are omnivorous.29,40,42 On day eight one adult 
Labiidae was found on carcass II. At this moment 
we consider this condition as an accidental 
visitor.

Literature study revealed a total of 11 Diptera 
and eight Coleoptera species which were belong 
to the potential carrion fauna of Sulawesi. 
Most of these taxa were different from those 
of the literature study, probably because the 
literature data were mainly based on the 
forest environments. The suburban Manado 
list contains mainly widespread taxa while the 
species from the literature list mainly endemic 
species in Sulawesi. 

Five stages of decomposition (fresh, bloated, active 
decay, post-decay and skeletonization) could be 
distinguished during the 15 days study. Chrysomya 
megacephala and C. rufifacies dominated the 
other insects in all carcasses. Formicidae were the 
first visitors and found during the whole study, 
but abandoned areas which were invaded by 
Chrysomya larvae. Although the insect succession 
patterns were generally similar in all carcasses, 
the duration of decomposition and the moment 
on which the second generation of Chrysomya 
adults appeared were not the same. Traumatic 
carcasses showed a shorter decomposition period 
and an earlier emergence of Chrysomya adults. 
Further experiments are needed to prove that 
these succession patterns are reliable enough to 
be used in court. 

The morphological identification of C. megacephala 
and C. rufifacies was confirmed with DNA-
techniques. The carrion fauna of a limited part 
of Sulawesi is certainly not representative for all 
regions in Indonesia. Further research in other 
regions will reveal much more species of the carrion-
community and thus, can lay a fundamental for the 
development of forensic entomology in Indonesia.
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In conclusion, during our succession study on pig 
carcasses in suburban Manado, 11 Diptera and 8 
Coleoptera taxa were collected. Six of the collected 
taxa were collected as larvae on the field location 
and two additional taxa were reared to adults from 
soil samples collected at the field location. The 
fact that these species developed on the carcasses 
classify them as potential forensic indicators. 
From Chrysomya megacephala, C. rufifacies and 
Hermetia illucens, the development from larvae 
to adults in relation to the ambient temperature 
is already known and they seem therefore to be 
primary candidates for the estimation of the post-
mortem interval in suburban Sulawesi. 
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ABSTRAK

Latar belakang: Sebagian besar penyebab ketidaksuburan 
laki-laki adalah rendahnya motilitas spermatozoa 
(astenozoospermia). Hingga saat ini, etiologi astenozoospermia 
pada tingkat molekuler belum banyak diketahui. Motilitas 
spermatozoa sangat ditentukan oleh struktur aksonem yang 
disusun mikrotubul dan didukung oleh protein outer dense 
fiber (ODF) dan fibrous sheath (FS). Penelitian ini bertujuan 
untuk menganalisis ekspresi protein ODF1 dan ODF2 pada 
spermatozoa pria yang tidak subur astenozoospermia dan 
kontrol pada pria yang subur normozoospermia.

Metode: Sampel semen astenozoospermia (n=18) 
diperoleh dari Laboratorium Andrologi Rumah Sakit Cipto 
Mangunkusumo Jakarta dan kontrol diperoleh dari donor 
laki-laki subur normozoospermia (n=18). Motilitas semen 
dianalisis dengan computer-assisted sperm analysis (CASA). 
Semen selanjutnya dianalisis dengan Western blot dan 
imunositokimia menggunakan antibodi yang mengenali 
protein ODF1 dan ODF2.

Hasil: Analisis ekspresi protein ODF1 menunjukkan adanya 
pita dengan berat molekul (BM) ~30 kDa dan ODF2 dengan 
pita BM ~85 kDa. Rerata intensitas pita ODF1 dan ODF2 lebih 
rendah pada kelompok astenozoospermia (AG) dibanding 
kelompok normozoospermia (NG). Selain itu, kedua protein 
ODF terlokalisasi tidak padat dan tidak merata pada AG, 
dibandingkan dengan NG. Motilitas spermatozoa kelompok AG 
lebih rendah dibandingkan dengan kelompok NG berdasarkan 
average path velocity (VAP) = 32,07 ± 7,03 vs 37,58 ± 8,73 µm/
dtk, p = 0,455; straight line velocity (VSL) = 24,17 ± 6,90 vs 
27,61 ± 4,50 µm/dtk, p = 0,317 dan curvilinear velocity  (VCL) = 
45,68 ± 7,91 vs 55,55 ± 16,40 µm/dtk, p = 0,099.  

Kesimpulan: Terdapat penurunan ekspresi dan penyebaran 
lokalisasi difus protein ODF1 dan ODF2 pada AG dibandingkan 
dengan NG. Perbedaan ini mungkin menyebabkan gangguan 
motilitas spermatozoa.

ABSTRACT

Background: Most of male infertility are caused by defect 
in sperm motility (asthenozoospermia). The molecular 
mechanism of low sperm motility in asthenozoospermic 
patients has not been fully understood. Sperm motility 
is strongly related to the axoneme structure which is 
composed of microtubules and supported by outer dense 
fiber (ODF) and fibrous sheath (FS) protein. The objective 
of this study was to characterize the ODF (ODF1 and ODF2) 
expression in asthenozoospermic infertile male and control 
normozoospermic fertile male. 

Methods: Asthenozoospermic samples (n=18) were collected 
from infertile patients at Andrology Lab, Cipto Mangunkusumo 
Hospital Jakarta and control were taken from normozoospermic 
fertile donor (n=18). After motility analyses by computer-
assisted sperm analysis (CASA), semen were divided into two 
parts, for Western blot and for immunocytochemistry analysis. 
Antibody against ODF1 and ODF2 protein were used in both 
analyses.

Results: Analysis of ODF1 protein expression showed bands 
with molecular weight of ~30 kDa and ODF2 ~85 kDa. 
The mean band intensity of ODF1 and ODF2 protein were 
lower in the asthenozoospermic group (AG) compared to 
normozoospermic group (NG).  Moreover, both ODF proteins 
were less intense and less localized in the AG than NG. Sperm 
motility was lower in AG, compared to control NG, i.e. average 
path velocity (VAP) = 32.07 ± 7.03 vs 37.58 ± 8.73 µm/s, p = 
0.455; straight line velocity  (VSL) = 24.17 ± 6.90 vs 27.61 ± 
4.50 µm/s, p = 0.317 and curvilinear velocity (VCL) = 45.68 ± 
7.91 vs 55.55 ± 16.40 µm/s, p = 0.099.

Conclusion: There is down-regulation of ODF1 and ODF2 
protein expression and less-compact localization in AG 
sperm compared to the NG. These changes might have caused 
disturbances in the sperm motility as observed in this study.
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Indonesia has 40% fertile couples of 200 
million total population. Ten percents of those 
couples are infertile. Infertility is defined as 
inability to conceive after at least one year of 
unprotected intercourse. Male infertility reaches 
40-50% of general infertility cases,1,2 with 
asthenozoospermia being one of the causes.3 

Asthenozoospermia is a condition in which the 
number of motile spermatozoa moving straight is 
below the WHO normal reference values of 32%.4 
The decrease of sperm motility may be caused by 
sperm dysfunction, abstinence, partial obstruction 
of seminal tract, varicocele and genetic factor.5,6 
The mechanism of sperm motility involves sliding 
action of microtubules in the axoneme of sperm 
tail. In the morphogenesis process that occurs 
during spermatogenesis in the testes, sperm tail 
formation involves proteins such as outer dense 
fiber (ODF) and fibrous sheath (FS). In addition, 
sperm motility cannot be separated from the 
process of sperm maturation in the epididymis. 
Sperm maturation is a process in which sperm 
achieves its ability to fertilize the egg, occurring 
in the proximal of epididymis.7 In relation to the 
role of epididymis in sperm maturation, Aitken, 
et al8 showed that there are differences of protein 
profile in the caput of epididymis compared to the 
cauda.

In addition, several studies have identified 
proteins that are expressed in the epithelium 
of the epididymal duct, including the ODF. The 
importance of ODF and FS in the formation of 
fully competent sperm cells is indicated by the 
presence of ODF and FS protein in the epididymis,9 
in which sperm cells undergo maturation 
by interaction with proteins secreted in the 
epididymal lumen.7,9 Chen, et al10 showed that the 
expression of ODF1 was decreased significantly in 
asthenozoospermic men. The role of ODF protein 
in sperm motility has also been showen by ODF2 
knock out mouse study.11  

Until now, the expression of ODF protein in 
infertile men with asthenozoospermia is still 
largely unknown. Thus, in the present study 
we wanted to characterize the ODF expression 
in asthenozoospermic sperm and to give 
information about sperm motility disruption at 
molecular level. It is expected that this might help 
the clinician to diagnose and give an appropriate 
treatment to asthenozoospermic patients. 

METHODS  

Sperm were collected from male infertile patients 
with asthenozoospermia who came to Andrology 
Lab at Cipto Mangunkusumo General Hospital, 
namely asthenozoospermic group (AG) and from 
control male fertile donor with normozoospermia, 
namely normozoospermic group (NG). After 
motility analysis by computer-assisted sperm 
analysis (CASA), semen were divided into two parts, 
one part for Western immunoblotting and another 
part for immunocytochemistry analysis. The study 
was conducted from May 2013 to September 2014. 
The protocol of this study has been approved by 
the Ethics Committee of the Faculty of Medicine, 
Universitas Indonesia (No. 317/HS F1/ETIK/2013).

Computer-assisted sperm analysis (CASA) 
Motility parameters were examined using CASA 
(Hamilton - Thorne v.12.4 Build 006A). Parameter 
settings have been optimized to assess human 
spermatozoa. The motility parameters were 
analyzed of average path velocity (VAP), straight 
line velocity (VSL) and curvilinear velocity (VCL). 
Distance visual field calibrated with a calibration 
slide (Leja) and the final setting was stored. Filming 
was set up as many as 30 shots per second, where 
each movement of the head of spermatozoa taken 
at least 25 points per second to form a circuit trace. 
VSL (the distance between the start point to the end 
point divided by the length of time the formation of 
traces of the circuit traces) and VCL (the amount of 
displacement at each distance divided by the length 
of time shooting the formation of a series of traces) 
were analyzed. The analyses were performed 10 
times on each sample, then the average was taken 
as the VAP, VSL and VCL. Analysis was performed on 
100 spermatozoa per analysis time.

Western blotting
Sperms were washed in phosphate buffered 
saline (PBS) and protein were extracted with 
sodium dodecyl sulphate (SDS) extraction buffer 
containing 10% SDS, 0.375 M Tris HCl, sucrose and 
protease inhibitor. Sperm protein were separated 
by SDS-polyacrylamide gel12 and transferred to 
polyvinylidene difluoride (PVDF) membrane 
(Amersham, CA, USA).13 The membrane was 
blocked in 5% dry milk in tris-buffered saline and 
tween 20 (TBST) (10 mM Tris/HCl 7.6, 150 mM 
NaCl, 0.05% Tween 20), and incubated with anti-
human ODF antibody (Santa Cruz Biotechnology, 
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USA) diluted 1:200 in blocking solution for 
overnight in 4°C. Membrane was washed in TBST 
three times of five minutes each and then incubated 
with a secondary antibody (anti-rabbit-Ig-G 
conjugated horse radish peroxidase –Horseradish 
peroxidase/HRP) diluted in 1:1000 in 3% skim 
milk or 1% for one hour in room temperature. 
Complex antigen-antibody were detected by 
enhanced chemiluminescence (ECL) plus Western 
blot detection system (Amersham, CA, USA) 

Immunocytochemistry
Sperm were washed in Percoll gradient, air 
dried onto poly-L-lysine slides and fixed with 
4% formaldehyde then permeabelized with 
0.2% triton X-100. Antibody incubation was 
performed with anti-ODF protein antiserum SA 
963, diluted 1:200 in blocking solution in 4°C for 
overnight. For detection, a secondary antibody 
(anti-rabbit-Ig-G antibody) linked to fluorecein 
isothicyanate (FITC) was used. The distribution 
and localization of ODF signal were detected by 
convocal microscope (Zeiss, Vanadia).

RESULTS

The results showed that there were differences 
between the AG and NG. CASA analysis showed that 
VAP was 32.07 ± 7.03 µm/s in AG and 37.58 ± 8.73 
µm/s in NG (p = 0.455); VSL were 24.17 ± 6.90 and 
27.61 ± 4.50 µm/s respectively (p=0.317); whereas 
VCL were 45.68 ± 7.91 and 55.55 ± 16.40 µm/s 
(p=0.099) (Figure 1). Based on CASA analysis, we 
could state that motility parameters i.e. VAP, VSL 
and VCL in AG were lower than NG.

Western blot analysis to define the protein 
expression of ODF1 and ODF2 in sperm of AG 
and NG showed band (~30 kDa) of ODF1 protein 
expression and its intensity was lower in the AG 
group compared to NG (Figure 2A and 2B). The 
ODF2 protein expression showed band of ~85 kDa 
with the intensity being lower in AG compared to 
NG significantly (Figure 3A and 3B). 

Immunocytochemical analysis showed the 
localization of ODF1 protein was in the neck and tail 
of spermatozoa in the NG. On the other hand, the 
localization of ODF1 protein in AG was  less intense 
and the distribution was more diffuse compared to 
NG (Figure 4A and 4B). Different from ODF1, the 
localization of ODF2 protein in NG was in all over 
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Figure 1. Result of sperm motility parameter of CASA analy-
sis. AG indicates that the average of VAP, VCL and VSL were 
lower, compared to NG

 
 

 

Figure 2. Western blot analysis to detect ODF1 protein in 
sperm of AG and NG. The result showed band (~30 kDa) (A) 
and its intensity, (B) Tubulin was used as a house keeping 
protein.

Medical Journal of Indonesia

 

 

NG2 AG1 AG2 AG3 AG4 AG5 AG6A.
kDa

70

55

40

35

25
30

B.

25,106 36,514

120.000

100.000

80.000

60.000

40.000

20.000

0

In
te

ns
it

y 
of

 O
D

F1
 b

an
d

Astheno group Normo group

Normo GroupAstheno Group

60

50

40

30

20

10

0



82 Med J Indones, Vol. 24, No. 2
June 2015

the head and tail of the sperm (head, middle piece 
and principal piece of tail) of spermatozoa (Figure 
5A). The ODF2 protein localization of AG was less 
intense and diffuse compared to NG (Figure 5B). 

DISCUSSION  

Based on CASA analysis, we observed motility 
parameters i.e. VAP, VSL and VCL in NG were 
higher than AG. Other study by Nayernia, et al14 
whom generated mice with a targeted disruption 
of the gene SMCP by homologous recombination, 
indicated that the infertility of the male SMCP (-/-) 
mice on the 129/Sv background is due to reduced 
motility of the spermatozoa (asthenozoospermia) 

 
 

 

 
 

 

Figure  3.  Western blot analysis to detect ODF2 protein in 
sperm of  AG and NG. The result showed band (~85 kDa) (A) 
and its intensity (B). Tubulin was used as a house keeping 
protein

  
 

A B 

Figure  4. Immunocytochemistry analysis  of ODF1 protein 
in sperm of  AG (A) and NG (B)
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A B 

Figure  5. Immunocytochemistry analysis  of ODF2 protein 
in sperm of AG (A) and NG (B)

as determined by CASA, as compared to wild-
type spermatozoa (normozoospermia).14 The 
study showed differences of sperm motility 
parameter by CASA between normozoospermia 
and asthenozoospermia.

Besides those results, this study also supports 
previous finding that the most prominent proteins 
of human sperm ODF protein are the 30 kDa ODF1 
and 40-85 kDa ODF2 protein.15,16 Our present 
study observed down-regulation of ODF1 and 
ODF2 in asthenozoospermic men compared to 
normozoospermic men. In line with our results, 
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Chen, et al10 showed that the expression of ODF1 
was decreased significantly in asthenozoospermic 
men. In addition, Chen, et al10 reported that in the 
ODF2 knock out mouse, the infertility was caused 
by the disruption of sperm tail formation and 
motility mechanism. 
 
To the best of our knowledge, the present study was 
the first to show the different distribution of ODF2 
protein in the asthenozoospermic patients compared 
to the normal sperm patients. Immunocytochemical 
analysis of this study also confirmed that the 
expression of ODF2 protein was different between 
normozoospermic and asthenozoospermic sample 
as indicated by different localization of ODF2 protein 
expression. Petersen, et al17 detected the ODF2 
proteins over the middle piece of sperm tail and 
extends to about principal piece of sperm tail. The 
present study did not compare the sperm sample, 
whether those were from normozoospermic or 
asthenozoospermic samples. 

In conclusion, we have shown that there were less 
active expression of ODF1 and ODF2 protein and 
less-compact localization in AG sperm compared to 
the NG. These results are probably due to disruptions 
in the ODF protein expression during maturation 
process at epididymis on asthenozoospermia 
sperm samples. The changes may, at least in part, 
have caused disturbances in the sperm motility. 
Further studies are needed to reveal the influence 
ODF expression level on sperm motility.
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ABSTRAK

Latar belakang: Latihan fisik anaerobik adalah latihan 
fisik yang dilakukan dalam waktu singkat dengan intensitas 
tinggi. Hal ini dapat merangsang apoptosis pada kardiomiosit 
ventrikel kiri. Penelitian ini bertujuan untuk menganalisis 
apoptosis kardiomiosit pasca latihan serta pasca henti latih 
latihan fisik anaerobik.

Metode: Penelitian ini menggunakan 32 ekor tikus Wistar 
Ratus Novergicus dengan berat badan antara 250-350 
gram (usia 8-10 minggu), dibagi dalam 8 kelompok dengan 
n=4 pada tiap kelompok  dan diberi latihan fisik anaerobik 
selama 4 dan 12 minggu (kelompok Exc-4, Exc-12) dan 
latihan anaerobik diikuti empat minggu henti latih (Exc-4-D, 
Exc-12-D). Kelompok pembanding hanya diobservasi dalam 
periode yang sama (kelompok Ctl-4, Ctl-12, Ctl-4-D, Ctl-12-D).  
Pada akhir pengamatan tikus dieutanasia dan jantung diambil 
untuk pemeriksaan ekspresi caspase-3 sebagai indikator 
proses apoptosis menggunakan pulasan imunohistokimia. 
Data dianalisis dengan uji ANOVA.

Hasil: Terjadi peningkatan ekspresi caspase-3 pada kelompok 
Exc-4 (72,03%) dibanding Ctl-4 (27,22%), (p < 0,001); dan Exc-
12 (79,30%) dibanding Ctl-12 (30,53%) (p = 0,027).  Proses 
henti latih menurunkan ekspresi caspase-3 secara signifikan 
(31,12% pada Exc-4-D dan 30,44% pada Exc-12-D). 

Kesimpulan: Latihan fisik anerobik dapat meningkatkan 
apoptosis pada kardiomiosit jantung tikus ditandai dengan 
peningkatan ekspresi caspase-3. Henti latih dapat memperbaiki 
kondisi jantung yang ditandai dengan penurunan ekspresi 
caspase-3.

ABSTRACT

Background: Anaerobic physical exercise is a high intensity 
physical exercise performed in a short time. This exercise can 
stimulate apoptosis in left ventricular cardiomyocytes. The 
aim of this study is  to analyze the apoptosis of cardiomyocytes 
after anaerobic exercise and detraining. 

Methods: Thirty two wistar rats Ratus Novergicus 250-350 
grams (8-10 weeks old) were divided into the following groups 
(n = 4) and given naerobic physical exercise four and 12 weeks 
(group Exc-4, Exc-12) and anaerobic exercise followed by four 
weeks of detraining (Exc-4-D, Exc-12-D). The control groups 
were only observed in the same period (group CTL-4, CTL-12, 
CTL-4-D, CTL-12-D). At the end of observation, the rats were 
sacrificed and examination of the expression of caspase-3 as an 
indicator of apoptosis was done using immunohistochemical 
staining. Data were analyzed with ANOVA test. 

Results: An increase in expression of caspase-3 in the group 
Exc-4 (72.03%) compared to the CTL-4 (27.22%), (p < 0,001); 
and Exc-12 (79.30%) compared to the CTL-12 (30.53%) (p 
= 0.027). Detraining process showed a significant decline 
Capase-3 expression (31.12% in exc-4-D and 30.44% in the 
exc-12-D).

Conclusion: Anaerobic physical exercise can increase 
apoptosis in rat left ventricle   cardiomyocyte characterized 
by increased expression of caspase-3. Detraining can improve 
heart condition characterized by decreased expression of 
caspase-3.
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Physical exercise is a series of regular exercise 
and movement consciously planned by people 
to improve the functional capacities and then 
improving health status.1 In addition to improving 
health, physical exercise is also beneficial for 
treatment or prevention of disease.2 Physical 
exercise becomes important in everyday life 
because accordingly about 12% of cardiovascular 
diseases are due to lack of physical activity.2 

According to its type and intensity, physical exercise 
will give positive influence on the physiology of the 
heart, such as increased myocardial oxygen supply 
and myocardial contractility. In addition, some 
morphological changes can also be observed, such 
as an increase in left and right ventricle the diameter, 
left atrial dimension, cardiac mass and  thickening 
of the left ventricular wall.3,4 These changes are 
followed by the change in ejection fraction which 
is characteristic of cardiac physiology in athletes 
(athlete’s heart).3-5

Some studies showed the risk of cardiac 
arrhythmias in athlete’s heart, especially cardiac 
arrest caused by pathological changes as a result 
of an increase in wall stress, decreased elasticity, 
impaired left ventricular diastolic relaxation, 
increased left ventricular end-diastolic volume 
and decreased contractility. Whereas the function 
of the heart and blood vessels constantly is 
challenged to meet the metabolic needs of 
skeletal muscle in high intensity physical 
exercise.6-8 Anaerobic exercise might also a trigger 
of myocardial infarction as approximately 4%-
20% of myocardial infarction (MCI) is reported 
to occur immediately after exertion.2   Evidence of 
increased sudden cardiac death and myocardial 
infarction have been reported, with the incidence 
in adults being higher than young people. The 
incidence is 2.62/100,000 cases in men and 
1.07/100,000 in women athletes per year. Risk of 
sudden cardiac death was also 2.5 times higher in 
athletes than those who do not exercise.9,10 

High intensity physical exercise causes an increase 
in myocardial oxygen demand and requires 
more oxygen supply, which can induce cardiac 
hypertrophy both physiological and pathological.11

Animal study in rat showed that physical exercise 
for four days, 10 days, and 13 weeks are associated 
with chronic excessive pressure load on the heart 
that stimulates apoptosis.12

The occurence of cardiomyocyte apoptosis is 
associated with the stretching of cardiomyocytes 
and increased concentrations of neurohormonal 
factors, such as angiotensin II and natriuretic 
factor. Stretching is the mechanical factor that 
plays a role in apoptosis of cardiomyocytes and 
causes morphological changes in the later phases 
of the stages of apoptosis. 13  

Barauna et al14 reported that resistant exercise 
for four weeks induced cardiac hypertrophy 
without changes in heart function.  The opposite 
is reported by Daustar et al15  that training for 
four weeks did not induce excessive damage to 
the heart, because the level of apoptosis and 
infarct size did not change. Siu et al16 stated that 
exercise above 12 weeks did not show increased 
expression of Bax and Bcl-2 (apoptosis induction 
attenuated).  In contrast, Kwak et al17 reported 
that 12-weeks exercise significantly increased 
apoptosis in the left ventricle.  

Apoptotic stimulus is expected to decrease with 
the cessation of exercise or detraining after high 
intensity exercise. Detraining train for four weeks 
can reduce the wall stress of the left ventricle which 
causes a decrease in adaptation and function of 
left ventricular myoctes contractility back just like 
before getting physical exercise.18 High intensity 
exercise has the potential to cause death in athletes, 
due to the occurrence of pathological cardiac 
hypertrophy. Whether the cessation of exercise will 
reduce the risk of death is still questionable.12

In this study, we wanted to verify the hypothesis 
that physical anaerobic exercise will increase 
apoptosis and detraining will decrease the level 
of expression of apoptotic proteins in cardiac 
muscle cells. 

METHODS

This was an experimental study conducted in 
the Department of Physiology and Department 
of Pathology, Faculty of Medicine, Universitas 
Indonesia, Jakarta, Indonesia from May to July 
2014. Wistar rats (Rattus norvegicus) aged 
between 8-10 weeks with body weights ranging 
between 250-350 grams were used. Animal were 
alocated to four groups of anaerobic exercise: four 
and 12 weeks anaerobic exercise (group Exc-4, 
Exc-12) and four and 12 weeks exercise followed 
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by four weeks of detraining (group Exc-4-D and 
Exc-12-D). In addition, we also allocated four 
control groups for each exercise groups, namely 
Ctl-4, Ctl-12, Ctl-4-D, and Ctl-12-D, respectively. 
The control groups were not subjected to exercise, 
but only observed for the same length of period. 

Anaerobic physical exercise was done with animal 
treadmill at 35 meter/min speed, for 15 minutes 
(with 90 seconds break every five minutes of 
exercise). 

At the end of exercise or detraining period, 
the animals were sacrificed by decapitation, 
and the heart was collected and paraffin 
blocks of left ventricle were prepared with 
immunohistochemical staining of caspase-3 as 
indicator of apoptosis.

Expressions of caspase-3 were detected according 
to standard protocol from the Department 
of Pathological Anatomy, Faculty of Medicine 
Universitas Indonesia (Starr Trek HRP-DAB 
or Horseradish Peroxidase Diaminobenzidine 
method).  The primary antibody used was anti-
caspase-3 antibody (Abcam Ab4051) with of the 
optimization 1:100. Primary antibody incubation 

with PBS 0,1% + tween 20 + 5% donor horse 
serum and carried out overnight. 

Photos of immunohistochemistry (IHC) with 
2048x1536 pixels were taken from light 
microscope Leica DM500 with Leica ICC50 HD 
camera (magnification 40x). Five different visual 
fields were taken at random. The data measured 
were the percentage of caspase-3 expression area 
counted using Image J program. 

Data analysis was done by using SPSS 17. 
Normality of caspase-3 expression was tested by 
Saphiro-Wilk method. Comparison among groups 
was done by one-way ANOVA test, followed by 
the least significant different (LSD) as post hoc 
analysis. The protocol of this study has been 
approved by the Research Ethics Committee of 
the Faculty of Medicine, Universitas Indonesia 
(No. 153/PT02.FK/ETIK/2011). 

RESULTS

Positive immunohistochemical results of 
caspase-3 expression were different in each 
group as shown in Figure 1. Increase in the 
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Figure 1. Increase in the percentage area of the expression of caspase-3 (brown in the cytoplasm of rat cardiac left ventricular car-
diomyocytes) in: A. Exc-4;  B. Exc-4-D; E. Exc-12, and F. Exc-12-D. There is a decrease in the percentage area of caspase-3 expression 
in: C. Ctl-4 and D. Ctl-4-D , G. Ctl-12 and H. Ctl-12-D. Positive expression of caspase-3 at human tonsillar tissue (yellow arrow).

http://mji.ui.ac.id

 

 



Siagian, et al.
Caspase-3 and anaerobic exercise

87

percentage of the expression of caspase-3 (brown 
in the cytoplasm of rat cardiac left ventricular 
cardiomyocytes) is seen in the in group of 
anaerobic exercise and detraining. The percentage 
area of caspase-3 expression in control groups 
were lower than those of exercise groups. 

Figure 2 showed caspase-3 expression in the 
groups of anaerobic exercise and detraining as 
well as in the control groups. Four weeks anaerobic 
exercise was associated with significant increase 
of caspase-3 expression compared to control 
group, with an average. While the difference 
between control and detraining group was only 
8.91%. Between  Exc-12 difference of 44.81% the 
Ctl-12 groups, we obtained an average difference 
of 48.77% (p<0,001). The smaller increase 
(10.95%) was also observed in the group of Ctl-12 
versus Exc-12-D. Further data analysis showed no 
significant difference between the Ctl-4 and Ctl-
12 (p = 0.310) with a mean difference of -3.31%. 
Likewise, between the Exc-4-D and Exc-12-D 
groups (p = 0.835) with an average difference of 
0.69%.

DISCUSSION

Anaerobic exercise for 4 and 12 weeks 
showed significantly increase in apoptosis  as  
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Figure 2. Comparison of average percentage of caspase-3 expression between groups of anaerobic exercise and the correspond-
ing control groups 

* p < 0.05 between groups

indicated by significant increase of caspase-3 
expression. In contrast, detraining process 
was associated with the decrease of caspase-3 
expression approaching the control values of the 
corresponding groups.

Figure 2 showed the average percentage of 
the increase in caspase-3-positive following 4 
and 12 weeks of anaerobic exercise. Different 
exercise procedure in the study of Jin et al12 

showed no increase in the expression of 
apoptosis after physical exercise for 4 days, 10 
days and 13 weeks. They used treadmill running 
exercise of 36 m/min for 60 min/d (5 days/
week) in mice aged 6-8 weeks. The increase in 
the average percent positive caspase-3 in the 
anaerobic physical exercise groups four and 12 
weeks indicates that cardiomyocyte apoptosis 
may play an important role in the early 
stages of cardiac adaptation to pathological 
burden but not for physiological loads. High 
intensity physical exercise requires long-term 
adaptation to work load as well as to high 
demand. Increased left ventricular volume 
during exercise requires a high blood flow and 
left ventricular hypertrophy which can lead 
to high systemic arterial pressure which force 
the heart to make prolonged adjustments.12,19 
Myocardial apoptosis is expected to determine 
the initial stages of cardiac adaptation to 

P
os

iti
ve

 a
va

ra
ge

 c
as

pa
se

-3
 (%

)

Medical Journal of Indonesia



88 Med J Indones, Vol. 24, No. 2
June 2015

physiological and pathological burden. 
Influence of physical exercise on the heart vary 
according to differences in the species, age, 
sex, and duration and intensity of exercise.12 
Duration and intensity of training  are the 
important factors that promote adaptation of 
cardiomyosite.20 

Teiger et al21 founds that apoptosis occurs in the 
first seven days after excessive pressure, with 
a peak at four days, whereas cardiac growth 
continues for more than 30 days. The increase 
of caspase-3 expression indicated that cardiac 
adaptation to pressure overload is mediated 
by cardiomyocyte apoptosis.12 Caspase-3 is an 
executor of apoptosis pathway as a mediator 
between mitochondrial and death receptor 
apoptotic pathway. Stretching cardiomyocyte and 
increased left ventricular wall stress can trigger 
death receptor as characterized by the increased 
expression of Fas protein.22

High-intensity anaerobic physical exercise 
causes an increase of end-diastolic pressure 
due to excessive load and can lead to wall stress, 
which further stimulate sarcomer replication, 
fiber elongation, and enlargement of cardiac 
chamber or eccentric hypertrophy.13 Acute 

increase of wall stress may lead to replication 
of sarcomeres, concentric wall thickening and 
hypertrophy associated with significant increase 
of left ventricular mass.14 According to some 
literatures, the excessive pressure burden can 
also stimulate apoptosis and cause excessive 
expression of growth factors, increased 
collagen deposits and deletion of mitochondrial 
deoxyribose nucleic acid (mtDNA).2,11,21,23  Cell 
growth signal produces conflicting genetic 
request and trigger the apoptotic response. 
Continuous growth stimulation can induce 
cardiomyocyte hypertrophy as a result of loss 
of intracellular survival signals that normally 
suppress the apoptosis.24

Regarding the influence of detraining, Pelliccia 
et al25 reported that ventricular adaptation and 
myocardial contractility returned to normal 
conditions Teiger et al21 after detraining.25 
Detraining can reduce changes in cardiac function, 
fibrosis and susceptibility to arrhythmia.13,18 
However, the size of cardiac chamber and left 
ventricular mass may remain elevated despite 
reduction of dilation by detraining.13 Decrease 

cardiac chamber is hindered due to the expansion 
of interstitial collagen matrix that occur during 
cardiac remodelling in response to chronic 
stretching of the pericardium. Normalization of 
cardiac morphology in athletes occurred long 
after detraining as indicated by the reversibility 
of arrhythmia after cessation of exercise.13,26 
In mice, regression occurs even after only two 
weeks of detraining train which indicates that 
cardiac mass in mice returned to basal state 
after about 21 days of detraining.27 

According to Liu et al28 age may contribute 
to the loss of more than 30% of cardiac 
myocytes without heart disease, and can lead 
to myocardial dysfunction or heart failure.29 
In addition, These authors also reported 
that the expression of protein Bcl-2 and Bax 
increased in the heart of old Fischer-344 
rats under physiological conditions.28 While 
other author reported age-related  increase in 
cardiomyocyte apoptosis without significant 
changes in proteins Bax and Bcl-2.30  Progressive 
apoptosis of left and right ventricles of male 
rats occurred at 6,16, and 24 months of age, 
while  cytochrome C was significantly increased 
at 16 and 24 months compared to six months of 
age.  So, the study on mice aged 4, 8, 12 and 16 
weeks has not demonstrated quite high activity 
of caspase-3 protein.

Stages of myocyte loss may be associated with 
cell death that continuously and constantly 
occur throughout life.26 In humans and animals, 
cardiac aging is characterized by a decrease in the 
number of myocytes with reactive hypertrophy 
and fibrosis of the remaining cells.30 Increased 
apoptosis may be a consequence of a decrease in 
mitochondrial membrane stability and transition 
pore formation due to increasing age, which leads 
to the release of cytochrome into the cytosol, 
and ultimately to activation of caspase-3 and 
caspase-9.30 The loss of cardiac myocytes do 
not always lead to a reduction in cardiac mass. 
Aging process may cause an increase in cardiac 
connective tissue, stiffness/thickness of the wall, 
and loss of elasticity of the heart due to the loss 
or decrease in the number of myocytes. This will 
ultimately affect the contractility of the heart 
muscle.30

In conclusion, an increase in expression of 
caspase-3 after physical anaerobic exercise of 
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4 and 12 weeks showed that anaerobic physical 
exercise causes an increase in the cardiomyocyte 
apoptosis. Increased intensity and duration of 
anaerobic exercise may have harmful effect on the 
heart. Decreased expression of caspase-3 after 
detraining indicates that detraining is important 
for the recovery of cardiac dysfunction.
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ABSTRAK

Latar belakang: Overactive bladder (OAB) merupakan 
sindrom klinis yang digambarkan dengan gejala urgensi 
kompleks, dengan atau tanpa inkontinensia yang memiliki 
efek signifikan pada kualitas hidup dan harus ditangani secara 
tepat. Penelitian ini bertujuan mengulas penatalaksanaan OAB 
di Indonesia.

Metode: Kuesioner rancangan sendiri yang berisi pilihan 
diagnostik dan pengobatan OAB didistribusikan pada spesialis 
urologi Indonesia. Penelitian ini menggunakan desain potong 
lintang dan analisis data yang digunakan adalah analisis 
deskriptif.

Hasil: Sebanyak 129 spesialis urologi berpartisipasi dalam 
penelitian ini. Sebagian besar menemukan ≥ 20 kasus OAB per 
tahun dengan tipe paling sering OAB tanpa inkontinensia atau 
OAB kering (57,4%). Sebanyak 34,1% membutuhkan setidaknya 
tiga alat diagnostik untuk menilai OAB. Pemeriksaan terdiri 
dari bladder diary, urinalisis, dan sistem skoring. Sistem skoring 
yang paling sering digunakan adalah overactive bladder 
symptoms score (OABSS) 48,9%. Sebanyak 35,7% spesialis 
urologi menggunakan antimuskarinik dan terapi perilaku 
sebagai terapi lini pertama. Solifenacin 5 mg, satu kali perhari 
adalah jenis antimuskarinik paling sering diberikan (48,0%). 
Evaluasi saat pasien datang kontrol berupa keluhan (96,9%), 
bladder diary (72,9%), dan efek samping obat (58,1%). Ketika 
terapi lini pertama gagal, sebagian besar spesialis urologi 
(54,3%) memilih untuk meningkatkan dosis antimuskarinik. 
Tidak ada yang memilih injeksi botulinum toxin pada buli 
sebagai terapi tambahan. 

Kesimpulan: OAB merupakan penyakit yang cukup sering 
dan masih menantang bagi spesialis urologi. Penatalaksanaan 
pasien OAB oleh spesialis urologi Indonesia sesuai dengan 
pedoman yang ada.

ABSTRACT

Background: Overactive bladder (OAB) is a clinical syndrome 
consisting of symptom complex of urgency, with or without 
incontinence which has significant effects on quality of life 
and has to be managed properly. The aim of this study was 
to review the management of OAB by Indonesian urologists. 

Methods: A self-constructed questionnaires containing 
diagnostic and treatment options of OAB patients were 
distributed to Indonesian urologists. This was a cross-sectional 
study and descriptive analysis method was used to analyze the 
data. 

Results: 129 Indonesian urologists participated in this 
study. Most of them faced more than 20 OAB cases per year 
with the most common type was OAB without incontinence 
or dry OAB (57.4%). Most urologists (34.1%) ordered at 
least three diagnostic tools to determine OAB. They were 
bladder diary, urinalysis and scoring system. The most 
used scoring system (48.9%) was the overactive bladder 
symptoms score (OABSS). Thirty-five point seven percents 
(35.7%) of urologists used antimuscarinic and behavioral 
therapy as initial therapy. Solifenacin 5 mg/day was the most 
common antimuscarinic prescribed as the first line therapy 
(48%). Most common items commonly evaluated for follow-
up: symptoms (96.9%), bladder diary (72.9%); and drug’s 
side effect (58.1%). When initial therapy had failed, most 
of the urologists (54.3%) chose to increase the dose of 
antimuscarinic. None of them chose bladder botulinum toxin 
injection as their additional therapy.

Conclusion: OAB is a frequent disorder which remains a 
challenge for urologists. The management of patients with 
OAB by Indonesian urologists has been suitable with the 
previous studies and guidelines.
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OAB cases managed by urologists per year 
(n=129)

Total (%)

Number of cases
1 – 5 20 (15.5)
6 – 10 28 (21.7)
11 – 20 30 (23.3)
> 20 51 (39.5)

Type
Wet OAB 41 (31.8)
Dry OAB 74 (57.4)
Mixed (incontinence OAB + stress urinary 
incontinence)

14 (10.8)

Table 1. Number of cases and type of OAB faced by Indonesian 
urologists

Diagnostic tools Total (%)
Scoring system 88 (68.2)
Bladder diary 98 (76.0)
Urinalysis 85 (65.9)
Complete blood count 35 (27.1)
Uroflowmetry + post void residual 41 (31.8)
Urodynamic examination 24 (18.6)
Ultrasound 51 (39.5)

Table 2. Diagnostic tools to diagnose OAB

Overactive bladder (OAB) is defined as urinary 
urgency with or without incontinence, usually 
coincide with frequency and nocturia, without 
urinary tract infection or other abnormality.1-4 
OAB occurs in millions of people around the world. 
Its prevalence increases with age.5 However, 
many OAB patients are still underdiagnosed 
and undertreated. This is due to patients 
embarrassment to consult to their physician and 
the belief that this condition is related to the 
aging process. Belief of treatment unavailability 
might be another factor.5 OAB with incontinence 
is termed as wet OAB, while dry OAB patients do 
not complain about incontinence.6

According to epidemiological research from 
North America, the prevalence of OAB in women 
is 16.9%. It is increased to 30.9% in women above 
65 year-old.1 In European countries, 16.6% men 
and women above 40 year-old suffer from OAB.1 A 
more recent study in Canada and several European 
countries showed that as many as 11.8% of men 
and women over 18 years old have a complaint 
suggestive of OAB.7 A study in Indonesia showed 
that 4.1% and 1.8% of people from children to 
elderly have wet OAB and dry OAB, respectively.8 

Overactive bladder is a syndrome that is not life 
threatening, therefore, often ignored by patients 
and physicians. The effect of OAB in daily and 
quality of life is however very substantial.9 
Geriatric women tend to suffer from wet OAB.10 A 
survey held by Department of Internal Medicine 
Cipto Mangunkusumo Hospital to 208 geriatric 
population in Jakarta found the incidence of wet 
OAB was 32.3%.11

The aim of this study was to review the 
management of OAB by Indonesian urologists. The 
results of this study are very important in giving 
us an overview of how Indonesian urologists are 
treating OAB patients.

METHODS

The data was compiled from self-constructed 
questionnaires which were distributed to 
Indonesian urologists during Indonesian annual 
urology scientific meeting on 2012 in Jakarta. 
The questionnaire comprises of nine questions 
containing diagnostic and treatment options of 
OAB patients. The participants of the meeting 

were 231 persons consisted of 144 urologists 
and 87 general practitioners. On that time, the 
member of Indonesian Urological Association 
was 241 persons. According to Health Research 
Ethics Committee, Faculty of Medicine Universitas 
Indonesia, Jakarta, this study did not require 
ethical approval.

RESULTS

One hundred and twenty nine Indonesian 
urologists participated in this study from total 
of 241 urologists in Indonesia. Most urologists 
worked in governmental and teaching hospital 
(38%), non-governmental and non-teaching 
hospital (34.9%), and governmental hospital 
(27.1%). The amount and type of OAB faced 
by Indonesian urologists are shown in table 1. 
Diagnostic tool(s) chosen by Indonesia urologists 
to diagnose OAB are described in table 2.

Most of Indonesia urologists (76%) used bladder 
diary to diagnose OAB, followed by scoring 
system (68.2%) and urinalysis examination 
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Initial therapy Total (%)
Antimuscarinic only 13 (10.1)
Behavior therapy + antimuscarinic 46 (35.7)
Pelvic floor exercise + antimuscarinic 9 (7.0)
Behavior therapy + pelvic floor exercise 2 (1.5)
Behavior therapy + pelvic floor exercise + 
antimuscarinic

59 (45.7)

Total 129 (100.0)

Table 3. Initial therapy chosen by urologists to treat OAB

Antimuscarinic Total (%)
Solifenacin 5 mg, once a day 61 (48.0)
Tolterodine 2 mg, twice a day 14 (11.0)
Fesoterodine 4 mg, once a day 11 (8.7)
Combination of 2 antimuscarinic 25 (19.7)
Combination of 3 antimuscarinic 11 (8.7)
Combination of 4 antimuscarinic 2 (1.5)
Others 3 (2.4)
Total 127 (100.0)

Table 4. Antimuscarinic prescribed as the first line therapy

Items being evaluated Total (%)
Symptoms 125 (96.9)
Bladder diary 94 (72.9)
Scoring system 54 (41.9)
Uroflowmetry + post void residual 31 (24.0)
Drug’s side effect 75 (58.1)

Table 5. Items being evaluated for follow-up

Next additional therapy Total (%)
Increasing the dose of antimuscarinic 70 (54.3)
Switch to another antimuscarinic 49 (38.0)
Combine two types of antimuscarinic 44 (34.1)
Urodynamic evaluation 43 (33.3)
Tibial nerve stimulation 1 (0.8)
Surgery (e.c. bladder augmentation) 3 (2.3)
Reffered to another speciality 3 (2.3)

Table 6. Additional therapy when initial therapy had 
failed

(65.9%). Most urologists (34.1%) ordered at least 
3 diagnostic tools to determine OAB consisting of 
bladder diary, urinalysis, and scoring system.

Eighty-eight urologists (68.2%) used scoring 
system as one of diagnostic tools. The most 
used scoring system (48.9%) was the overactive 
bladder symptom score (OABSS), followed by 
international prostate symptom score (IPSS) 
(31.8%); combination of OABSS and IPSS (18.2%); 
and combination of overactive bladder-validated 
8 (OAB-V8) and IPSS (1.1%).

In terms of OAB initial therapy, most of the 
urologists (45.7%) chose a combination therapy 
(behavior therapy, pelvic floor exercise and 
antimuscarinic) as their initial therapy to treat 
OAB. No one chose behavior therapy alone as 
their initial therapy.

The type of antimuscarinic prescribed by Indonesia 
urologists when they chose antimuscarinic as 
their therapy can be seen in table 4.

There were 127 urologists (98.5%) who chose 
antimuscarinic as their initial therapy to treat 
patients with OAB. Most of them (48%) prescribed 
solifenacin 5 miligrams once a day followed by 

combination of 2 antimuscarinic (19.7%) and 
fesoterodine 4 miligrams once a day (8.7%).

When patients with OAB came to the office 
for follow-up, severity of patients’ symptoms 
whether they becoming better or worse were the 
most commonly evaluated (96.9%), followed by 
bladder diary (72.9%).

The types of next additional therapy when initial 
therapy had failed can be seen in table 6.

When the initial therapy had failed, most of the 
urologists (54.3%) chose to increasing the dose 
of antimuscarinic, followed by switch to another 
antimuscarinic (38%) and combine two types of 
antimuscarinic (34.1%). No body chose bladder 
botulinumtoxin injection as their additional 
therapy.

DISCUSSION

The symptoms of OAB have several causes and 
multifactorial. Mechanism of voiding involves the 
nervous systemand anatomy of the lower urinary 
tract. Any abnormalities of these organs can be the 
cause of OAB. The symptoms are usually linked to 
involuntary bladder contractions.12 When these 
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symptoms occur without any other abnormality 
of the urinary tract and bothersome to the patient, 
then diagnoses of OAB can be made.2,3

Treatment of OAB requires a proper and good 
diagnostic evaluation. A careful history taking of 
the genitourinary disorders and other diseases 
should be obtained from each patient. The 
physician should perform diagnostic steps to 
diagnose OAB and exclude other diseases. Beside 
proper history taking, a good physical examination 
and laboratory examination i.e. urinalysis are also 
important.2 Abdomen, genitourinary, and rectal 
examination as well as assessment of the lower 
extremities are pivotal for diagnosis.2,3,12 Urinalysis 
is useful to exclude hematuria, leukosituria and 
glucose in the urine.2,3,12

Some additional investigations are needed to 
establish diagnosis, design a proper treatment 
and exclude other diseases. Based on clinical 
judgement, post-void residual urine and 
urine culture may be obtained. Bladder diary 
and symptom questionnaires are tools to aid 
the physicians in assessing complaints more 
objectively.2,3 In uncomplicated patients, 
invasive examination such as urodynamics, 
cystoscopy and ultrasound of kidney and 
bladder are not recommended as the initial 
management.2 This study showed that most of 
Indonesian urologists ordered bladder diary, 
urinalysis examination, and scoring system as 
their procedures to determine OAB. This finding 
was similar and suitable with previous studies 
and guidelines.2,10,13

International prostate symptom score (IPSS) 
is a symptom score used for benign prostatic 
obstruction (BPO).14 It includes 7 questions 
on storage and voiding symptoms.14 OABSS 
was first developed by Homma, et al15 using 
the Japanese language. It was then validated 
among Japanese patients and has been 
accepted in several countries.15-18 OABSS is 
a self administered questionnaire based on 
questions on symptoms of OAB: urgency, 
incontinence, frequency, and nocturia.15 

Another questionnaire, called OAB-V8 was 
invented by Coyne, et al.19 This questionnaire 
contains 8 items of questions related to bother 
of the symptoms of OAB (frequency, urgency, 
nocturia, and incontinence).14 OAB-V8 has 
been widely use and translated into many 

languages.20 Indonesian urologists use these 
three different scoring systems. Most of them 
use OABSS and IPSS as their scoring systems to 
determine patients with OAB.

Successful OAB treatment relies on proper 
evaluation and follow-up. The etiology 
of OAB is multifactorial thus lifestyle and 
behavioral modification, physical therapy and 
pharmacological treatment are mandatory. 
Behavioral and lifestyle modification are 
recommended by several studies as the first line 
therapy for OAB.2,3,12 There are two principles for 
this therapy, one is modifying the voiding pattern 
using delayed voiding method and bladder 
training. The other is to strengthen the pelvic 
floor muscle to manage urgency and to prevent 
incontinence.2 It is important to educate and 
give information to patients about diet (types 
and amount of beverages, food and timing of 
consumption).12 Each treatment for each patient 
must be tailored accordingly depending on 
several factors such as age, level of education, and 
availability of caregiver.3

American Urological Association/ Society of 
Urodynamics, Female Pelvic Medicine and 
Urogenital Reconstruction (AUA/SUFU) have 
recommended that combination of behavioral 
therapies and antimuscarinic as the first 
line treatment. Several literatures reported 
that this combination can improve outcomes 
compared to each treatment alone.2 The same 
recommendation also issued by Indonesian 
Continence Association.10

Several types of drugs have been investigated for 
the treatment of OAB.12 AUA/ SUFU guidelines 
recommended oral antimuscarinic as second-
line therapy.2 Every single antimuscarinic has its 
own side effects. The most common side effect is 
dry mouth. Other side effects are blurry vision, 
gastroesophageal reflux, constipation, urinary 
retention, and cognitive impairment. Cognitive 
impairment is one of the primary concern in 
elderly population since dementia commonly 
occurs in this group of people.12

Antimuscarinic drugs are efficacious, safe, and 
well-tolerated treatments that improve quality 
of life.21 Many studies with the aim to compare 
among antimuscarinic drugs had been published 
with various results.5,12,22,23 Most Indonesian 
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urologists (98.5%) used antimuscarinic as 
their initial therapy to treat OAB. This result 
was suitable with the guideline that has been 
published.2,10,13

Follow-up is useful in assessing treatment 
compliance, symptom improvement and side 
effects of the drugs. Based on those information, 
alternative treatments can be prescribed for 
patients with minimal symptom improvement 
and disturbing side effects of the drugs.2 
Offering follow-up and alternative treatments 
to the patients have been recommended by the 
guidelines.2,10 All of the Indonesian urologists 
perform follow-up for the patients and almost all 
of them assess the symptom improvement. This 
finding was in line with the guidelines.2,10

AUA/SUFU guideline recommends antimuscarinic 
dose modification or switching to a different 
antimuscarinic in patients with minimal symptom 
improvement and intolerable side effects of the 
drugs.2 One antimuscarinic drug has not been 
proven superior to other drugs for improvement 
in symptoms and quality of life.13 Recent study 
showed that most of Indonesian urologists choose 
to modify the antimuscarinic dose or to switch the 
type of antimuscarinic once a patient had failed 
the initial therapy. This finding was suitable with 
the guideline.2

OnabotulinumtoxinA and/or neuromodulation 
may be an other treatment option for the carefully 
selected patients who has failed behavioral 
and antimuscarinic therapies.2,10 Previous 
studies reported the efficacy of peripheral tibial 
nerve stimulation (PTNS) in the treatment 
of incontinence, frequency, nocturia, and the 
improvement of quality of life.2,24-27 Studies on 
sacral neuromodulation demonstrated that all 
improvement of quality of life and subjective 
symptoms.2,28-31 The FDA has already approved 
injection of intradetrusor onabotulinumtoxinA 
(100U) as a third-line treatment in non-
neurogenic OAB patients.2

Indwelling catheters remain the last treatment 
option and are not recommended for OAB. 
Patients with refractory and complicated OAB 
can be offered augmentation of the bladder or 
urinary diversion although these treatments are 
very rare.2,10,12,13 A few of Indonesian urologists 
offered neuromodulation and augmentation of 

the bladder once they failed the therapy. None 
of them offer the use of onabotulinumtoxinA to 
a patient probably due to the regiment has not 
been circulating in Indonesia.

In conclusion, OAB is a frequent disorder 
which remains a challenge for urologists. The 
management of patients with OAB by Indonesian 
urologists has been suitable with the previous 
studies and guidelines. 
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ABSTRAK

Latar belakang: Teh hijau mengandung katekin yang memiliki 
efek menghambat amilase, sukrosa, dan sodium dependent 
glucose transporter (SGLT) yang mengakibatkan penurunan 
kadar gula darah postprandial (GDP). Efek menguntungkan 
ini telah didemonstrasikan secara luas menggunakan teh hijau 
dosis biasa (DB). Penelitian ini bertujuan mempelajari efek 
penurunan yang lebih besar dari GDP dengan menggunakan 
teh hijau dosis tinggi (DT) pada remaja sehat.

Metode: 24 subjek menerima larutan 100 mL dari seduhan 
0,67 atau 3,33 gram teh hijau  bersama dengan makanan 
uji. Gula darah puasa postprandial (GDPP) menit ke-30, ke-
60, dan ke-120 diukur. Dilakukan cross-over setelah wash 
out. GDP dan incremental area under the curve (IAUC) 
dianalisis dengan uji T berpasangan. Kandungan katekin 
dalam teh diukur menggunakan high-performance liquid 
chromatography (HPLC).

Hasil: GDP kelompok DT lebih rendah dibanding DB (menit ke-
60 = 113,70 ± 13,20 vs 124,16 ± 8,17 mg/dL, p = 0,005; menit ke-
120 = 88,95 ± 6,13 vs 105,25 ± 13,85). IAUC kelompok DT juga 
ditemukan lebih rendah dibanding DB (2055,0 vs 3411,9 min.
mg/dL, p < 0,001). 

Kesimpulan: Efek tambahan yang menguntungkan dari 
penurunan GDPP dapat dicapai dengan menggunakan dosis 
teh hijau yang lebih tinggi. Oleh karena itu, penelitian ini 
merekomendasikan penggunaan dosis teh hijau yang lebih 
tinggi untuk kontrol gula darah postprandial yang lebih baik.

ABSTRACT

Background: Green tea contains catechins that have 
inhibitory effects on amylase, sucrase, and sodium-dependent 
glucose transporter (SGLT) which result in lowering of 
postprandial blood glucose (PBG). This beneficial effect 
has been widely demonstrated using the usual dose (UD) of 
green tea preparation. Our study was aimed to explore futher 
lowering of PBG using high dose (HD) of green tea in healthy 
adolescents. 

Methods: 24 subjects received 100 mL infusion of either 0.67 
or 3.33 grams of green tea with test meal. Fasting, PBG at 30, 
60, 120 minutes were measured. Subjects were cross-overed 
after wash out. PBG and its incremental area under the curve 
(IAUC) difference between groups were analyzed with paired 
T-test. Cathecin contents of tea were measured using high-
performance liquid chromatography (HPLC).

Results: The PBG of HD group was lower compared to UD 
(at 60 minutes =113.70 ± 13.20 vs 124.16 ± 8.17 mg/dL, p = 
0.005; at 120 minutes = 88.95 ± 6.13 vs 105.25 ± 13.85 mg/
dL, p < 0.001). The IAUC of HD was also found to be lower 
compared to UD (2055.0 vs 3411.9 min.mg/dL, p < 0.001).

Conclusion: Additional benefit of lowering PBG can be 
achieved by using higher dose of green tea. This study 
recommends preparing higher dose of green tea drinks for 
better control of PBG.

http://dx.doi.org/10.13181/mji.v24i2.1167


98 Med J Indones, Vol. 24, No. 2
June 2015

One of degenerative diseases with high 
prevalence according to International Diabetes 
Federation (IDF) is diabetes mellitus type two. 
Approximately five million people in Indonesia 
suffered from diabetes in year 2000, and 12 
millions are predicted to have this condition by 
year 2025. World Health Organization (WHO) 
estimated that Indonesia will be one of ten 
countries with highest prevalence of diabetes in 
the world in 2025.1

The pathophysiology of diabetes type two is 
related to prolonged state of hyperglycemia, 
insulin resistance and deficiency of insulin 
production. Diabetes mellitus is defined if 
random blood glucose level is more than 200 mg/
dL, or fasting glucose level more than 126 mg/
dL, or both.1,2 However, hyperglycemia alone may 
be found in diabetic or non-diabetic patients.3,4 
Prolonged state of hyperglycemia which carries 
a risk in developing diabetes in the future 
usually caused by unhealthy lifestyle due to high 
carbohydrate diet and sedentary lifestyle.2 

Green tea contains high level of polyphenol 
substances (catechins) because green tea leaves 
undergo minimal fermentation process compared 
to black tea.5 One of its active substances, 
epigallocatechin gallate (EGCG), was known with 
its beneficial effects as hypocholesterolemic,6 
antibacteria,7 and antioxidant,8,9 with minimal 
side effects.10 

The role of green tea catechins in maintaining 
normal blood glucose level (euglycemia) is 
achieved via inhibitory activity of amylase, sucrase, 
and sodium-dependent glucose transporter 
(SGLT),11 as well as enhancing activity of tyrosine 
phophorilase enzyme,12 which enhances insulin 
secretion. The secretion of insulin, with its roles in 
glycogen synthesis and decreasing gluconeogenic 
enzyme such as phosphoenol pyruvate carboxy 
kinase (PEPCK) and glucose-6-phosphatase 
(G-6-P),13,14 also maintained by catechins through 
its antioxidant effect of preventing liver and 
pancreatic beta cells damage caused by free 
radicals.10  Nagao, et al15 reported that EGCG could 
cause a decrease in HbA1c and improve sensitivity 
of insulin. A study by Tsuneki, et al16 in healthy 
subjects showed that green tea could lower blood 
glucose level compared with water. Meanwhile, 
Josic, et al17 and Ryu, et al18 did not find any positive 
effect of green tea in lowering blood glucose levels.

Until now, the optimal dose of green tea catechins 
suggested in lowering postprandial blood glucose 
(PBG) elevation has been varied; however, some 
studies showed that the dose of green tea catechin 
which yields beneficial effect starting from 84 
mg of EGCG. This is equivalent to 176 mg of total 
green tea catechin as reported by Babu, et al19 
which showed that 48–55 % of green tea catechins 
occurred as EGCG. This can be obtained by infusing 
green tea in boiling water for three minutes.15,16,20 
The beneficial effect has been widely demonstrated 
using the usual dose of green tea consumption 
by drinking two small cups of regular strength 
tea (0.67 gram of green tea infused in 100 mL of 
boiling water). This study was aimed to explore 
potential further lowering of PBG by using higher 
dose of green tea (3.33 grams of green tea infused 
in 100 mL of boiling water) in healthy adolescents. 
As the catechin content of Indonesian green tea 
might be different from tea from other countries,10 
we hope that our study can be extrapolated to 
other population using different tea. In addition, 
we also analyzed the catechin content of tea used 
in this study.

METHODS

This study was a randomized, double-blind, cross 
over design clinical trial. It was held from May 
until June 2014 and the protocol of this study 
has been approved by Medical Ethics Committee 
of University of Indonesia (No. 320/H2.F1/
ETIK/2014). The subjects were healthy female 
nursing students at Muhammadiyah Tangerang 
University aged 19-24 years with  normal body 
mass index (BMI) of 18.5-22.9 kg/m2, 21 systolic 
blood pressure < 120 mmHg and diastolic blood 
pressure  < 80 mm Hg,22 random blood glucose 200 
mg/dL,1,23 and provided written informed consent. 
Exclusion criteria were history of degenerative 
diseases such as diabetes mellitus, cardiovascular, 
renal or liver diseases, smokers, use of antioxidant 
supplements in the last two weeks, symptom of 
gastritis after consumption of tea, and pregnancy 
or lactation. Subjects who were sick during the 
study, refused to finish the study, consumed EGCG 
supplements or food contain catechins during 
wash-out period, and could not complete the tasks, 
were dropped out from this study.

The study was carried out in two separate days 
with three days wash out period. Subjects were 
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randomly divided into two groups. Each group 
received 100 mL solution prepared from infusion 
of either 0.67 gram of green tea (usual dose 
group, UD) or 3.33 grams (high dose group, HD) 
in boiling water. The infusion time in both groups 
was three minutes. We analyzed the catechin 
content of the drinks using high performance 
liquid chromatography (HPLC) which was done 
by Saraswanti Indo Genetech Bogor. The UD 
drinks contain 66.52 mg of green tea catechins, 
and the HD drinks contain 369.14 mg. All subjects 
consumed high carbohydrate diet consisting of 
two slices of white bread24 and 3 grams of sucrose 
within 10 minutes time period after drinking 
green tea. Total calories from meal given to 
subjects were 212 kcal (39 g carbohydrate, 6 g 
protein and 3 g fat). 

Fasting, as well as PBG at 30, 60, and 120 
minutes were measured in every subjects 
using Accu-Chek® finger prick blood test. Every 
subjects were then cross-overed, thus, subjects 
who have received UD solution would be given 
HD solution after three days of wash out period, 
and vice-versa. The drinks were provided using 
indistinguishable, covered cups prepared by 
a third party, and both the subjects and data 
collector were not aware of every subject’s 
group designation until data analysis has been 
done. Data were analyzed using Statistical 
Package for Social Science (SPSS) version 20 

Parameters Mean ± SD
Age (years) 20.1 ± 0.4
BMI (kg/m2) 20.37 ± 1.40
Systolic BP (mmHg) 107.91 ± 9.65
Diastolic BP (mmHg) 69.16 ± 7.17

Table 1. Demographic characteristics of subjects

and Microsoft Office 2013 Data Analysis Tools. 
PBG and its incremental area under the curve 
(IAUC) difference between the groups were 
analyzed with paired t-test, and tolerability of 
high dose green tea among subjects were also 
explored. The result was considered statistically 
significant using p value cutoff of <0.05.  
 

RESULTS

 
All 24 subjects completed this study. The 
demographic characteristics of the subjects are 
depicted in Table 1. 

Table 2 shows fasting and postprandial blood 
glucose, as well as its IAUC value in the UD and 
HD groups.

There was no statistically significant difference of 
fasting blood glucose between groups. The PBG 
at 30 minutes of HD was lower than UD, although 
the difference was not statistically significant. 
The PBG at 60 and 120 minutes of HD group 
were lower than those of UD group. Altogether, 
those receiving higher dose of green tea exhibited 
lower IAUC of postprandial blood glucose level 
compared to usual dose. 

All subjects finished drinking the tea prepared, 
although 16 subjects (66.7%) complained bitter 
taste while consuming HD drinks. No subjects 
complained of palpitations, excessive diuresis, 
nausea and gastritis while receiving UD and 
HD of green tea. The HPLC results were as 
follows: drinks from the UD group- (prepared 
by infusing 0.67 gram of green tea) contain 
66.52 mg of green tea catechins, and drinks 
from HD group- contain 369.14 mg of green tea 
catechins. 

Blood glucose Usual Dose
(n = 24)

High Dose
(n = 24) p

Fasting (mg/dL) 88.04 ± 5.98 90.04 ± 5.92 0.164
30 min (mg/dL) 130.37 ± 12.40 124.12 ± 15.41 0.070
60 min (mg/dL) 124.16 ± 8.17 113.70 ± 13.20 0.005
120 min (mg/dL) 105.25 ± 13.85 88.95 ± 6.13 < 0.001
IAUC (min.mg/dL) 3411.87 ± 802.21 2055.00 ± 979.75 < 0.001

Table 2. Fasting and postprandial blood glucose levels following usual dose and high dose of green tea consumption and its IAUC value

IAUC = incremental area under the curve
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DISCUSSION

Green tea’s beneficial anti-hyperglycemic 
effects occurred both in the short- and long-
term timeframe. When taken with meal, green 
tea exhibits protective effect by shortening the 
duration of hyperglycemia and reducing overall 
elevation of postprandial blood glucose above 
the baseline or fasting level.11-14 Secondly, the 
antioxidant effects of habitual green tea drinking 
yields protective effect from free radical damage 
of pancreatic beta cell.9,10 Several studies showed 
that green tea effect in lowering blood glucose 
levels depends on its catechins content per drinks 
consumed and drinking frequency.16,17,25,26 This 
study focused on the short-term protective effect 
of green tea drinking, examined the additional 
postprandial blood glucose (PBG) lowering effect 
by increasing the dose taken at mealtime.

The subjects in this study were healthy adolescents 
aged 19-24 years and all of them were female. It 
was considered that carbohydrate metabolism 
was not impaired in young population, except in 
diabetes mellitus type 1 patients.27 Basu, et al28 
also indicated that women have higher sensitivity 
of insulin compared with men, possibly due to 
hormonal factor, as estrogen and progesterone 
affects tissue responses to glucose and gut 
motility.29 Although the result of this study might 
not be able to be extrapolated to male and older 
population, the homogeneity of subjects does 
minimize the bias of this study. 

The fasting blood glucose levels of all subjects 
were considered within normal limits, and the 
blood glucose levels at 30 minutes reached 
almost two times the fasting level which indicates 
first and second stage of insulin secretion.29,30 
Higher insulin secretion at second stage leads to a 
decrease in blood glucose levels at 60 minutes and 
further lowering at 120 minutes. Thus, the data of 
PBG in both HD and UD groups were considered 
within normal bounds of physiological insulin 
secretion in controlling blood glucose following a 
meal.30,31 

As expected of the good cross over study, 
the fasting blood glucose level did not differ 
significantly between the groups (UD = 88.04 ± 
5.98, HD = 90.04 ± 5.92; p = 0.164) because the 
subjects themselves exposed to the two different 

treatment, thus eliminating individual variation 
between groups in non-cross over studies. 
Furthermore, the subjects were not permitted 
to consume green tea and other food sources of 
catechins during wash out period. The PBG at 
minutes 30 also did not differ between the HD 
and UD groups, implying the role of green tea 
catechins in the later period of PBG elevation 
rather than in the early period, by inducing 
salivary a amylase bond to hydrogen complex 
interaction13 and inhibiting the activity of 
pancreatic a amylase.32,33 Other study conducted 
by Kobayashi, et al11 showed that EGC and EGCG 
can inhibit the activity of SGLT-1 which lead to 
decreased absorption of carbohydrate. The same 
results were also reported by Snoussi, et al34.

The PBG at 60 and 120 minutes were found to be 
lower in the HD group compared to UD group and 
the differences were statistically significant. The 
PBG were 8.42% lower at minutes 60 and 15.49% 
lower at minutes 120 in the HD group compared 
to UD group. The mechanism involved at these 
point of time related to an increase in glucose 
uptake into cells by increasing insulin secretion.35 
Babu, et al36  in animal study found that green 
tea catechins could stimulate glucose uptake by 
increasing insulin secretion, inhibiting glucose 
transporter type four system, and decreasing 
gene expression that control gluconeogenesis 
mechanism. Other study conducted by Sheperd, 
et al37 also agrees with this finding. The total/
cumulative effect of the benefit of HD of green 
tea over UD in this study can be evaluated by 
comparing overall elevation of postprandial 
blood glucose following the same test meal using 
incremental area under the curve (IAUC) of PBG. 
The IAUC in the HD group was 2055.00 ± 979.75 
min.mg/dL, or 39.8%, which was significantly 
lower than the UD group (3411.87 ± 802.21 
min.mg/dL, p < 0.001) suggesting the HD yields 
overall additional benefit in postprandial blood 
glucose control over UD. 

Regarding the return of postprandial blood 
glucose level to its baseline or fasting value, we 
found that the return at minutes 120 was observed 
in 14 subjects (58.3%) from the HD group but 
only observed in two subjects (8.3%) from the UD 
group. During the two hour period, no subjects 
in either groups have exhibited symptoms 
of hypoglycemia or have PBG value lower  
than 70 mg/dL.
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Of interesting note was our finding related to the 
time of return of postprandial glucose elevation 
to baseline or fasting level. Only 8.3% subjects 
receiving UD of green tea have their PBG returned 
to baseline level at minutes 120, while greater 
proportions of subjects (58.3%) receiving HD 
of green tea have achieved baseline levels at 
minutes 120. These findings suggest that drinking 
higher dose of green tea together with meals 
could somehow offset the risk of developing 
diabetes mellitus type two if done consistently, 
because prolonged state of hyperglycemia is 
an independent risk factor of type two diabetes 
mellitus.2 Although the meal used in this study 
contains fewer calories than meals typically 
consumed during lunch or dinner, the use of 
higher calorie meals could be evaluated in future 
studies. These findings could also be explored 
in future studies using higher dose of green tea 
to determine the ceiling dose of green tea that 
further increase of dose could not yield additional 
benefits.

The side effects reported in this study were only 
related to the taste of drinks prepared from HD 
of green tea, certainly, this could not be avoided 
because the bitterness of the drinks would 
increase when infusing greater amount of tea. 
Longer term studies by evaluating whether this 
taste preference would change should be studied 
to make our recommendations of using HD more 
acceptable to the public. As we found no negative 
short term effects of drinking HD of green tea 
reported and that the safety of higher quantity of 
green tea drinking in the long term has already 
been established38 the HD of green tea preparation 
could be recommended. 

In conclusion, the additional benefit of lowering 
postprandial blood glucose can be achieved 
by using higher dose of green tea. Thus, we 
recommend preparing green tea drinks by 
infusing at least 3.33 grams of green tea in boiling 
water for 3 minutes as a better alternative to usual 
preparation of 0.67 gram for better control of PBG 
elevations following high carbohydrate meals.
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ABSTRAK

Latar belakang: Urolitiasis didefinisikan sebagai pembentukan 
batu pada ginjal, ureter, atau kandung kemih. Beberapa 
penelitan menunjukkan bahwa abnormalitas metabolik 
merupakan hal yang umum pada pasien urolitiasis. Tujuan 
penelitian ini untuk melihat hubungan antara indeks massa 
tubuh (IMT), asam urat serum, glukosa serum, dan tekanan 
darah dengan opasitas batu pada pasien batu saluran kemih.

Metode: Penelitian ini dilakukan secara retrospektif dengan 
melihat rekam medis pasien dengan batu saluran kemih yang 
menjalani prosedur ESWL pada Januari 2008 – Desember 
2013 di Departemen Urologi Cipto Mangunkusumo. Data 
yang yang diambil adalah IMT, kadar asam urat serum, 
glukosa serum, tekanan darah, dan opasitas batu saluran 
kemih. Asosiasi antara IMT, kadar asam urat serum, glukosa 
serum, dan tekanan darah, dengan opasitas batu dianalisis 
menggunakan uji chi-square.

Hasil: Terdapat 2.889 pasien yang menjalani prosedur ESWL 
pada Januari 2008 – Desember 2013. Analisis dilakukan 
terhadap 242 pasien yang memiliki rekam medis lengkap. 
Rerata usia adalah ± 12,78 (48,02 tahun). Rasio laki-laki 
terhadap perempuan adalah 2,27:1. Rerata IMT adalah ± 3,78 
(29,91 kg/m2). IMT tinggi didapatkan pada 66,52% pasien. 
Proporsi batu radioopak adalah 77,69%  (188 pasien). Dua 
puluh dua pasien (9,1 %) memiliki tekanan darah normal. 
Pasien dengan kadar serum asam urat tinggi sebanyak 34,30 
% (83 pasien). Secara statistik didapatkan hubungan yang 
bermakna antara kadar serum glukosa sewaktu dengan 
opasitas batu (p < 0,05). 

Kesimpulan: Terdapat hubungan antara kadar serum 
glukosa sewaktu dengan opasitas batu pada pasien urolitiasis. 
Pasien hiperglikemia cenderung memiliki batu radiolusen. 
Sementara pasien normoglikemia cenderung memiliki batu 
radioopak.

ABSTRACT

Background: Urolithiasis refers to formation of stone in the 
kidney, ureter, or bladder. Several studies showed metabolic 
abnormalities were common in urolithiasis patients. The aim 
of this study was to describe the association between body-
mass-index (BMI), serum uric acid, serum glucose, and blood 
pressure toward stone opacity in urinary tract stone patients. 

Methods: This study was done retrospectively by reviewing 
registry data of urinary tract stone patients that had undergone 
ESWL on January 2008 – December 2013 in Department of 
Urology Cipto Mangunkusumo Hospital. Data concerning body 
mass index, serum uric acid, serum glucose, blood pressure, 
and urinary tract stone opacity were recorded. Associations 
between body mass index, serum uric acid, serum glucose and 
blood pressure with urinary tract stone opacity were analyzed  
using chi-square test. 

Results: There were 2,889 patients who underwent ESWL 
on January 2008 – December 2013. We analyzed 242 subjects 
with complete data. Mean age was ± 12.78 (48.02 years). 
Male-to-female ratio was 2.27:1. Mean BMI was ± 3.78 (29.91 
kg/m2). High risk BMIs were found in 161 patients (66.52%). 
The proportion of radioopaque stone was 77.69% (188 
patients). Twenty two patients (9.1%) had normal blood 
pressure. Patients with high serum uric acid were 34.30% 
(83 patients). We found a significant association between 
random serum glucose level and stone opacity (p < 0.05).

Conclusion: There is an association between random serum 
glucose level and stone opacity in urolithiasis patients. 
Hyperglycemia patients tend to have radiolucent stone, 
whereas normoglycemia patients tend to have radioopaque 
stone.
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Urolithiasis refers to formation of stone in the 
kidney, ureter, or bladder. It is the third most 
common cause of urinary tract disease. The 
prevalence of urolithiasis is reported between 
2 and 20% globally, with peak incidence in the 
second and third decade of life.1,2 The incidence 
of urolithiasis increased along with the increasing 
life expectancy.3

There are several factors that may be related to 
the development of urinary stones, such as age, 
gender, race, genetic, climate, dietary intake, and 
metabolic changes.1,2 Metabolic abnormalities 
were found in more than 90% of stone patients.1 
Hypercalciuria and hypocitraturia are the most 
prevalent condition that cause stone disease, 
although there are also other causes such as 
hyperuricosuria, hypokalemia, hyperuricemia, 
hypophosphatemia, and low urine volume.1,2,4,5

In large epidemiological studies, obesity and 
type 2 diabetes have been associated with 
increased risk of nephrolithiasis.6 Insulin 
resistance reduces the production and transport 
of ammonia, resulting in alterations of urine 
acidification and low urine pH.7 The changes in 
urinary constituents, including lower urinary 
pH, decreased citrate excretion, and uric acid and 
calcium excretion also has been associated with 
glucose intolerance, elevated blood pressure, and 
dyslipidemia. These conditions lead to increased 
risks of uric acid and calcium stone formation.6,8,9 

Urolithiasis as renal manifestations in gout 
patients usually is due to low urine pH.10 Several 
studies have shown association between 
recurrent uric acid kidney stones and metabolic 
syndrome. Kidney stones patients with type 
2 diabetes have higher prevalence of uric acid 
kidney stones than other patients with kidney 
stones. Increased soluble undissociated uric acid 
will lead to uric acid stone genesis.11

Increased body mass index (BMI) not only 
associated with kidney stone formation but 
also associated with stone size. Mechanisms of 
obesity to affect urolithiasis genesis are still being 
investigated. A study by Amaro, et al.1 has shown 
that metabolic syndrome (including obesity and 
high blood pressure) patients were at risk of 
certain stone formation (uric acid and calcium 
oxalate stones). Significant contribution of high 
BMI to kidney stone formation were through its 

influence in lowering urine pH. Obesity not only 
induces acidic urine, but also increases excretion 
of  uric acid, calcium, and oxalate.12 Maalouf, et 
al.12 have suggested visceral obesity as a factor 
to disrupt insulin resistance. Insulin resistance 
will lead to low urine pH. Inadequate ammonium 
excretion and/or production occurred, if there 
was reduced insulin bioactivity in the kidney 
proximal tubule.11

Knowing about the association between metabolic 
abnormalities and type of stone formation is 
really important, because metabolic factors can 
be modified to prevent the risk of certain urinary 
stones. It also can be used to select proper medical 
and dietary therapies to prevent recurrent stone 
formation.2 The aim of the study was to describe 
theassociations between BMI, uric acid serum, 
glucose serum, and blood pressure with stone 
opacity in urinary tract stone patients.

METHODS

 
We collect data from patients who underwent 
extra-corporeal shock-wave lithotripsy (ESWL) 
procedure from January 2008 to December 2013. 
Inclusion criteria were urinary tract stone disease 
patients who came to Department of Urology, 
Cipto Mangunkusumo Hospital to undergo ESWL 
procedure. Exclusion criteria were patients 
whose medical record data were not complete. 
Medical records that contained complete data, i.e. 
baseline demographic data (age, sex) and physical 
characteristics (bodyweight, height, and calculated 
BMI), systolic and diastolic blood pressure, stone 
size (length and width), uric acid serum level, 
and random glucose serum level were used. 
Confidentiality of subject identity was guaranteed.

Blood pressure (BP) (mmHg), which was 
measured according to the Eighth Joint National 
Committee (JNC 8) guidelines13 was noted. BMI 
that was calculated as weight in kilograms divided 
by square of height in meters, and radiographic 
data that showed opacity and size of urinary tract 
stone were taken from medical record. 

WHO expert consultation stated BMI cut off 
points for determining overweight and obesity 
in Asian populations: <23 kg/m2 as normal and 
>23 kg/m2 as increased risk.14 According to 
JNC 8 guideline, systolic blood pressure <120 
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Radioopaque stone
(n = 188)

Radiolucent stone
(n = 54)

Age (years) 48.21 ± 12.30 46.86 ± 12.58
Height (cm) 162.47 ± 7.44 163.69 ± 7.94
Weight (kg) 65.96 ± 11.88 65.92 ± 12.69
BMI (kg/m2) 24.91 ± 3.71 24.53 ± 3.87

Systolic BP 
(mmHg) 

125.81 ± 12.41 129.86  ± 14.09

Diastolic BP 
(mmHg) 

81.44 ± 6.87 82.96 ± 7.70

Stone length 
(mm) 

12.34 ±  8.60 9.00 ±  5.20

Stone width 
(mm) 

9.36 ±  6.56 8.06 ±  4.11

Uric acid serum 
(mg/dL)

6.81 ± 7.40 5.98 ± 1.75

Random 
glucose serum 
(mg/dL)

111.54 ± 36.67 127.98 ± 5.15

Table 1. Clinical characteristics of patients according to 
urinary stone opacity. 

Radio-opaque stone Radiolucent stone
OR (95%CI) p OR (95%CI) p

High BMI 0.992 (0.552 – 1.885) 0.981 0.971 (0.503 – 1.873) 0.929
High uric acid 1.871 (0.938 – 3.732) 0.073 0.612 (0.305 – 1.229) 0.165
High random glucose 0.219 (0.064 – 0.747) 0.009 3.444 (1.006 – 11.792) 0.038
Hypertension 1.026 (0.360 – 2.923) 0.961 1.190 (0.384 – 3.687) 0.763

Table 2. Risk estimation of stone opacity in urinary tract stone patients

mmHg and diastolic blood pressure <80 mmHg 
was defined normal.13 American College of 
Rheumatology Guidelines 2012 for Management 
of Gout defined hyperuricemia as serum uric acid 
greater than 6.8 mg/dL.10 American Diabetes 
Association described hyperglycemia as casual 
or random plasma glucose ≥200 mg/dL. Casual 
or random is defined as any time of day without 
regard to time since last meal.15

Statistical analyses were carried out using SPSS 
version 16.0 (SPSS, Chicago, IL, USA). A p-value 
was calculated by using chi-square test. Chi-
square analysis was also used to determine the 
odds ratio (OR) and 95% confidence interval (CI) 
of associations between BMI, serum uric acid, 
serum glucose and blood pressure, with urinary 
tract stone opacity. A p-value of less than 0.05 was 
considered statistically significant. Parameters 
that were considered statistically significant 
would undergo probability analysis of radiolucent 
or radioopaque stone formation.

RESULTS

There were 2,889 patients who underwent ESWL 
procedure from January 2008 through December 
2013. We retrospectively analyzed 242 medical 
records with complete data. The patients mean 
age was ± 12.78 (48.02 years). Radioopaque stone 
was found in 77.69% patients and radiolucent 
stone was found in 22.31% patients. The male-
to-female ratio was 2.27:1. Mean BMI was ± 
3.78  (29.91 Kg/m2). High risk BMI were found 
in 161 patients (66.52%). The proportion of 
radioopaque stones were 77.69% (188 patients). 
Twenty two patients (9.1%) had normal blood 
pressure. Patients with high serum uric acid were 
34.30 % (83 patients).

Table 1 shows the clinical characteristics of 
patients. Radioopaque stone patients that 

had high risk hypertension were 171 patients 
(90.96%), high risk BMI were 125 patients 
(66.49%), high uric acid serum level were 70 
patients (37.23%), and high random glucose 
serum level were 5 patients (2.66%).  Radiolucent 
stone patients that had high risk hypertension 
were 49 patients (90.54%), high risk BMI were 
36 patients (66.67%), high uric acid serum level 
were 13 patients (24.07%), and high random 
glucose serum level were 6 patients (11.11%).

Statistically there was a significant difference 
between random glucose serum level with 
stone opacity (p<0.05). Patients with high 
level of random glucose serum tended to have 
radiolucent stone (OR = 3.444; 95% CI = 1.006–
11.792; p = 0.038; Table 2). BMI, uric acid serum, 
and blood pressure showed no assocation with 

*statistically significant
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stone opacity. The probability of patient with high 
random glucose serum towards radioopaque and 
radiolucent stone formation was 17.97 % and 
77.45 % respectively.

DISCUSSION

This study was to describe the associations 
between metabolic profile with stone opacity in 
urinary tract stone patients. Examples of radio-
opaque stones are calcium oxalate dihydrate, 
calcium oxalate monohydrate and calcium 
phosphates. Examples of poor radio-opacity stone 
are magnesium ammonium phosphate, apatite, 
and cystine, while examples of radiolucent stone 
are uric acid ammonium urate xanthine and 
2,8-dihydroxyadenine.16

Our study showed that males had a two times 
higher incidence of stone formation compared 
to females, indicating that urolithiasis formation 
might be influenced by sex hormones. A study 
by Naghii, et al18 has concluded that there were 
an association between high plasma androgen 
concentration and incidence of renal calculi. They 
proposed gonadal steroids role in male idiopathic 
urolithiasis formation.17 Some animal studies had 
shown that testosterone enhanced excretion of 
urinary oxalate and increases evolution of calcium 
oxalate stone.18 Moreover, glycolic acid oxidase 
(GAO) level in the liver is induced by testosterone. 
Higher testosterone serum level will lead to 
increased GAO synthesis.19 Higher GAO hepatic 
level will cause hyperoxaluria condition, resulting 
in raised formation of calcium oxalate.19,20 This 
mechanism increases the likelihood of urinary 
stone genesis by reducing expression of renal 
osteopontin and promoting excretion of urinary 
oxalate.21 

Shakhssalim, et al23 have proposed the likelihood 
of testosterone influence in renal calculi 
formation. The results of their study, although 
stated that there was no statistical difference 
between male active renal calcium stone formers 
and control groups, testosterone serum level 
influenced higher excretion of urinary uric acid 
and urinary oxalate.22 On the other hand, low 
estrogen serum level in post menopausal women 
counterfeit the hormonal status in men. Urinary 
calcium level and calcium oxalate saturation 
are higher in menopausal women compared to 
premenopausal women. A study by Kato, et al23 

had shown that lower citrate and higher calcium 
excretion were found in menopausal women. This 
condition will lead to calcium stone formation.  
Estradiol has protective effect in premenopausal 
women compared with menopausal women in 
reducing urolithiasis development.21

A study by Cho, et al2 showed that metabolic 
syndrome was associated with a significantly 
increased risk of uric acid calculi development, 
especially in those with impaired fasting glucose. 
The opacity of uric acid stone will be radiolucent. 
In this study, random glucose serum level showed 
statistically significant association with opacity of 
stone formation. Therefore, the result of our study 
was well in line with the earlier study by Cho, et 
al2 moreover, a study by Letendre, et al24 stated 
that uric acid stone and hyperuricemia usually 
associated with high glucose serum level.23

Metabolic syndrome is associated with several 
systemic disorders. Hyperglycemia that happens 
in diabetes patients can disrupt urinary chemistry 
that exerts its effect on stone formation.23 Insulin 
resistance, which is happened in patients 
with type 2 diabetes mellitus, reduces amonia 
production. Decrease amount of ammonia would 
result in urine pH and acidity. Insulin resistance 
can be influenced not only by hyperglicemia but 
also by hyperuricemia condition.7  

In this study, the probability of patient with high 
random glucose serum towards radioopaque 
and radiolucent stone formation was 17.97% 
and 77.45% respectively. People with impaired 
glucose metabolism often have radiolucent stone. 
Impaired glucose metabolism can disrupt another 
metabolism. Sometimes people with imbalance 
glucose metabolism will have blood pressure 
problem and also uric acid metabolism disorder.7 

Insulin resistance usually occurs concomitantly 
with increased level of serum uric acid. Increased 
re-absorption of renal urate and decreased rate 
of renal urate excretion can occur with elevated 
level of insulin. Raising hexose monophospate 
shunt activity, which is associated with 
hyperinsulinemia can lead to increased purine 
production. Thus, uric acid serum and insulin 
have interplay effect. Both of them can affect each 
other. Recent studies showed that pathogenesis 
of metabolic syndrome were influenced by uric 
acid serum due to endothelial dysfunction.24-26
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Although several studies showed that BMI, 
hypertension, and uric acid serum were associated 
with composition of stone formation2,24,26 our study 
showed no statistically significant associations.

Hypertension can be induced by uric acid by 
decreased nitric oxide. While urate reaches the 
vascular smooth muscle, it will promote cellular 
proliferation, followed by renal microvascular 
disease progression. Further, reduced number of 
nitric oxide will lead to renin-angiotensin system 
(RAS) activation that will lead to proliferation 
of smooth muscle cells and formation of various 
inflammatory mediators. Decrease amount of 
nitric oxide and RAS activation will procede to 
endothelial dysfunction. This condition will cause 
vasoconstriction in kidneys.27 Several studies 
proposed theory that in the beginning uric acid 
will initiate hypertension. As time goes by, uric 
acid serum will have a role in salt-sensitive 
hypertensive condition rather than direct effect 
in vascular dysfunction.28

Strohmaier, et al7 have concluded that uric acid 
serum level significantly correlate with uric acid 
stone formation. Moreover, Skolarikos, et al29 
have proposed that patients with radiolucent 
stones (uric acid and ammonium urate) may 
have high level of uric acid serum. However, 
there is weak evidence in association between 
radiolucent stones and hyperuricemia.31  A study 
by Jeong, et al33 concluded that increased uric 
acid excretions were not only associated with 
uric acid stone formation but also calcium oxalate 
stone formation. Calcium oxalate stone is formed 
by salting-out mechanism in a hyperuricosuria 
condition. Lower urine pH will cause reduced 
formation of calcium phospate crystals, which 
happen in the rising formation of calcium oxalate 
stones.30

Several metabolic parameters were not analyzed 
in our study due to lack of data. Clinicians 
often provide care to urolithiasis patients with 
numerous co-morbidities, but not all of metabolic 
parameters were checked. European Association 
of Urology (EAU) Guidelines 2014 on Urolithiasis 
did not include metabolic syndrome parameters 
work-up (HDL cholesterol & triglycerides).16 EAU 
Guidelines 2014 on Urolithiasis suggest several 
ways to evaluate and treat urolithiasis patient. 
Each stone type has its specific work-up to 
prevent stone recurrence.29

Our study showed that there was no significant 
association between hyperuricemia with 
radiolucent stone formation. We assumed that 
a bigger sample size should be obtained to get 
a more significant result. A further study with 
longer time needs to be done to confirm the 
results of our study. 

In conclusion, there is an association between 
random glucose serum level with stone opacity 
in urinary tract stone patients. Patients with 
high level of random glucose serum tend to have 
radiolucent stone. Whereas, patients with normal 
level of random glucose serum tend to have 
radioopaque stone.
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ABSTRAK

Latar belakang: Respons inflamasi pada fase akut strok 
iskemik akan memicu proses neuroplastisitas dan menentukan 
luaran klinis. Angiogenesis dan neurogenesis diinduksi oleh 
ekspresi vascular endothelial growth factor (VEGF) pada fase 
akut strok. Tujuan penelitian ini adalah untuk mengetahui 
hubungan antara kadar VEGF serum pada fase akut strok 
dengan luaran klinis.

Metode: Penelitian ini menggunakan desain kohort 
longitudinal terhadap 64 pasien strok iskemik sistem anterior 
dan baru pertama kali mengalami stroke, dibuktikan dengan 
difussion-weighted magnetic resonance imaging (DWI) 
kepala. Pemeriksaan kadar VEGF serum dilakukan pada 72 
jam dan 7 hari pasca-strok dan dinilai luaran klinis pada 30 
hari pasca-strok menggunakan skor National Institutes of 
Health Stroke Scales (NIHSS). Analisis data menggunakan uji 
T, uji Spearman, dan regresi logistik.

Hasil: Kadar VEGF jam ke-72 dan hari ke-7 yaitu 5,84 ± 0,736 
ng/mL and 5,797 ± 0,96 ng/mL (p > 0,05).  Kadar VEGF 72 jam 
pasca-strok yang tinggi dapat digunakan untuk memprediksi 
derajat klinis yang buruk pada 30 hari pasca-strok (OR = 
6,5; 95% CI = 1,15-36,61; p = 0,034). Subjek yang mengalami 
peningkatan kadar VEGF pada 7 hari dibandingkan 72 jam 
pasca-strok menunjukkan derajat klinis hari ke-30 yang 
cenderung lebih ringan. (Skor NIHSS = 1,33 ± 1,22 vs 3  ±  3,78; 
p = 0,232). 

Kesimpulan: Kadar VEGF pada fase akut strok iskemik 
menggambarkan derajat kerusakan otak, dinamika kenaikan 
kadar VEGF pasca-strok berkaitan dengan perbaikan luaran 
klinis.

ABSTRACT

Background: Inflammatory response in the acute phase of 
ischemic stroke will trigger the process of neuroplasticity 
and determine the clinical outcomes. Angiogenesis and 
neurogenesis are induced by expression of vascular 
endothelial growth factor (VEGF) in the acute phase of stroke. 
The purpose of this study was to determine the association 
between VEGF serum level in acute phase of stroke with the 
clinical outcomes. 

Methods: This longitudinal cohort study was conducted on 
64 patients suffering from first-attack of anterior circulation 
blockage as evidenced by cephalic diffusion-weighted magnetic 
resonance imaging (DWI). VEGF serum level was  measured at 
72 hours and 7 days after stroke and the clinical outcomes were  
assessed on day 30 post-stroke using the National Institutes of 
Health Stroke Scale (NIHSS). 

Results: VEGF level at hour-72 and on day-7 were 5.84 ± 
0.736 ng/mL and 5.797 ± 0.96 ng/mL, respectively (p > 
0.05). High VEGF levels at hour-72 can be used to predict 
poor clinical outcome 30 days after stroke (OR = 6.5; 95% CI 
= 1.15-36.61; p = 0.034). Subjects who have increasing levels 
of VEGF on day-7 compared to hour-72 tend to have better 
clinical outcomes on day-30. (NIHSS score = 1.33 ± 1.22 vs 3  
±  3.78; p = 0.232).

Conclusion: VEGF levels in the acute phase of ischemic 
stroke reflect the degree of brain damage, the dynamic of the 
increase in VEGF levels after a stroke was associated with 
better clinical outcomes.
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Stroke is the third leading cause of death in 
developing countries among population above 
60 years old, after heart disease and cancer. 
Approximately, more than 80% cases of stroke 
is ischemic and the rest is hemorrhagic.1,2 In 
Indonesia, stroke is the first leading cause of 
death.3 It is not just an elderly disease, but also 
affects young people. Stroke causes both physical 
and psychological burden for patients, families, 
and communities. The impact of this medical issue 
economically results in the decline of productivity 
and economic capacity of communities and 
nations.1-4

Mechanism of brain injury after ischemic stroke 
is a complex process and is concomitant with 
inflammatory process that involves neuronal 
cells, glial cells, endothelial cells, extracellular 
matrix, and peripheral leukocytes.5-7 Post-stroke 
outcome is not solely determined by pro- and anti-
inflammatory cytokines, but also by neurotrophic 
factors released in acute stroke as a result of 
neuronal injury. After cerebral ischemia, neuron 
plasticity is once again triggered on surviving cells 
to compensate the dead neurons and support the 
function of the damaged ones. The mechanisms 
underlying neuronal plasticity are dendrite 
reorganization, axonal sprouting and activation 
of endogenous pluripotent cells which are able 
to differentiate into neurons. Angiogenesis and 
arteriogenesis are the major processes of vascular 
plasticity. After an ischemic attack, angiogenesis is 
necessary to provide new capillary and increase 
blood flow to regenerate the suffering cells.8

Vascular endothelial growth factor (VEGF) is 
a vascular permeability factor, a major protein 
that induces angiogenesis in both normal and 
pathological conditions. VEGF binds to tyrosine 
kinase receptors, vascular endothelial growth 
factor receptor-1 (VEGFR-1) and VEGFR-2 / 
kinase insert domain receptor (KDR) / fetal 
liver kinase-1 (Flk-1), and mediates intracellular 
signals for cell growth and cell survival.8 In the 
brain, VEGF is produced primarily by neurons, 
vascular cells, and astrocytes. Following 
ischemic stroke, hypoxic condition induces VEGF 
expression followed by fibroblast growth factor 
(FGF), angiopoietins, transforming growth factor 
beta (TGFβ), platelet-derived growth factor 
(PDGF) and tissue-plasminogen activator (tPA).9,10

Previous studies reported that the VEGF serum 

level in acute phase of stroke (within 24 hours 
onset of symptoms) is associated with infarct 
volume and a better prognosis in three months. 
Plasma VEGF levels increase immediately after 
the  onset of ischemic stroke in all types of strokes 
up to 90 days.11 

Although it seems to be constructive in long term, 
this response may contribute to deleterious edema 
formation during the acute phase of ischemic 
stroke. Several studies showed that VEGF contain an 
unfavorable effect towards outcome. High VEGF in 
acute ischemic stroke correlates with cerebral micro-
bleeding.12 Early post ischemic administration of 
recombinant VEGF to ischemic rats significantly 
increased blood brain barrier leakage, hemorrhagic 
transformation and ischemic lesions.13

This study aimed to explore the role of VEGF in 
the pathomechanism of acute ischemic stroke 
and its role in predicting clinical outcomes. 

METHODS  

This longitudinal cohort study was conducted 
from August to December 2014, in Siloam 
Hospital, Karawaci, West Java.  Patients with acute 
onset (<72 hours) of anterior circulation ischemic 
stroke, were closely observed for one month after 
the initial stroke. Patients with history of previous 
stroke and thrombolytic therapy, decreased liver 
and kidney functions, congestive heart failure, 
acute myocardial infarction, and pneumonia were 
excluded from the study. Magnetic resonance 
imaging (MRI) was performed at admission to 
confirm the ischemic stroke and to assess cerebral 
infarction volume. Formula ABC/2 (mm3) was 
used to measure infarct volume (A:length; 
B:width: C:number of slice).14 

VEGF serum levels were measured with human 
VEGF immunoassay Quantikine® (R&D Systems, 
Inc, USA) within 72 hours and on day 7 after 
stroke. This assay employed the quantitative 
sandwich enzyme immunoassay technique. 
A monoclonal antibody specific for VEGF has 
been pre-coated onto a microplate. Following a 
wash to remove any unbound antibody-enzyme 
reagent, a substrate solution was added to 
the wells and color develops in proportion to 
the amount of VEGF bound in the initial step. 
The color development was stopped and the 
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intensity of the color was measured at 450 nm 
wavelength. 

Clinical outcomes were assessed at hour-
72, day-7 and up to day-30 after stroke using 
National Institutes of Health Stroke Scales 
(NIHSS). The severity of stroke was evaluated 
with NIHSS and they were categorized as mild 
(0-3), moderate (4-15) and severe (16-42). 
Ethical clearance was obtained from Mochtar 
Riady Institute for Nanotechnology Ethics 
Committee Number 072/MRIN-EC/08/2014. 

Data were analyzed with SPSS 20.0. T-test was 
used to compare NIHSS scores on day 30 in 
group with increased or decreased VEGF levels. 
Spearman correlation test was used to evaluate 
the correlation between VEGF levels with NIHSS 
score. Logistic regression analysis was used to 
predict 30 days outcome after stroke.

RESULTS

In total, 64 patients aged 37 - 89 year old (mean 
of 58.8 ± 11.3 years) met the inclusion criteria 
of this study, consisted of 46 (62.0%) males 
and 18 (29.0%) females. The largest group of 
age was 46.8% in the range of 50 - 59 years 
old. About 93.8% of participants had history 
of hypertension, while 76.7% of them also had 
lacunar anterior circulation infarct (LACI). About 
59.4 % of subjects had a moderate NIHSS score 
(4-15) on admission with an average score of 
5.2 ± 3.7. On day 30, we found 89.5% of subjects 
had a mild NIHSS score (0-3). There were only 
16 patients evaluated for VEGF serum level on 
day-7 after stroke(Table 1). 

Mean VEGF serum level at hour-72 was 5.84 ± 
0.736 ng/mL, and on day-7 was 5.797 ± 0.96 ng/
mL (p > 0.05). VEGF serum level at hour-72 had 
a significant correlation with NIHSS score on 
admission (r = 0.264; p = 0.035) (Table 2). 

There was no significant correlation between 
VEGF level at hour-72 with NIHSS score on day-
30 (r = 0.156; p = 0.217).  VEGF levels on day-7 
(5.797 ± 0.96 ng/mL, n = 16) was significantly 
associated with 30 days clinical severity with a 
value of r = 0.518 and p = 0.040 (Table 2). 

The changes in VEGF levels at hour-72 and on 

Characteristics n Value
Gender

Male 46 71.88 %
Female 18 28.13%

Bamford classification
LACI* 49 76.56%
Non-LACI 15 23.43%

Age (mean ± SD ; years ) 64 58.78 ± 11.31
BMI$ (mean ± SD) 64 25.11 ± 3.88
MAP# (mean ± SD ; mmHg) 64 111.26 ± 14.28
Infarct volume+ (logmean ±  SD; 
mm3)

64 1.05 ± 1.77

VEGF level  hour-72 (logmean ±  
SD; ng/mL)

64 5.84 ± 0.73

VEGF level day-7 (logmean ±  SD 
ng/mL)

16 5.79 ± 0.96

NIHSS‡ hour-72 (mean ± SD) 64 5.2 ± 3.74
NIHSS day-7 (mean ± SD) 64 3.55 ± 3.22
NIHSS day-30  (mean ± SD) 64 1.76 ± 2.28

Table 1. Characteristic of patients, VEGF serum levels, and 
NIHSS score

* LACI: Lacunar anterior circulation infarct 
# MAP : Mean arterial pressure
$ BMI: Body mass index
+ Infarct volume measured using formula ABC/2 mm3 

(A=length; B=width; C=number of slice) 14,20
‡ NIHSS : National Institute of Health Stroke Scale

n R p
hour-72 VEGF level vs 
NIHSS hour-72

64 0.264 0.035

hour-72 VEGF level vs 
NIHSS day-30

64 0.156 0.217

Day-7 VEGF level vs NIHSS 
day-30

16 0.518 0.040

Table 2.  Correlation between VEGF level and NIHSS score

day-7 can be categorized as “increased” and 
“decreased” (Figure 1). T-test was then used to 
see the difference in NIHSS score on day-7 and 
-30. In this category, the group with increasing 
VEGF serum level (n = 9) tended to have milder 
clinical severity than the group with decreased 
VEGF level (n = 7). NIHSS score in both groups 
were 1.33 ± 1.22 and 3.001 ± 3.78, respectively; 
p = 0.232) (Figure 2).

This study also explored correlation between 
infarct volume, Bamford classification, and 
clinical outcomes 30 days after stroke. There 
was positive correlation between infarct volume 
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Figure 1. VEGF level at 72 hours compared to NIHSS score 
30 days after stroke

Figure 2. NIHSS scores at day 30 after onset in group with 
increasing (n = 9) and decreasing (n = 7) VEGF level

Variables OR SE z p (95% CI)
Infarct volume 5.97 1.08 1.65 0.099 0.02 - 1.39
Bamford classification 1.16 0.99 0.16 0.874 0.12 - 5.97
VEGF     6.5 0.88 2.12 0.034 1.15 - 36.61

Table 3.  Logistic regression to predict 30 days outcome after stroke

and NIHSS score 30 days (r = 0.362; p = 0.005). 
There was also correlation between Bamford 
classification and NIHSS score 30 days after 
stroke. Multivariate analysis logistic regression 
showed that VEGF was the strongest clinical 
predictor on day 30 after stroke, compared to 
the infarct volume and Bamford classification 
with an OR = 6.5 and p = 0.034 (CI = 1.15-36.61) 
(Table 3).

DISCUSSION

VEGF showed a dramatic increase in serum of 
stroke patients with highest expression occurred 
on day 7, and it remained significantly elevated 
at 14 days after stroke, even after 3 months post- 
stroke.11,15

Lee, et al16 reported a relationship between elevated 
serum level of VEGF and infarct volume, and the 
highest level of VEGF was found in large vessel 
disease (LVD) stroke. Moreover, he also found that 
the high VEGF serum level in 24 hours post-stroke 
was related with more favorable prognosis in 
three months follow-up. This study seems to show 
different result, as the high VEGF serum taken in 

acute phase of stroke was related with more severe 
prognosis (r = 0.264; p = 0.035). This could be 
explained by result of Matsuo’s study.11 They found 
that the VEGF serum level in acute ischemic stroke 
was higher than control, this elevation continued 
up to three months after onset. It is interesting 
that VEGF level varied in subtype stroke according 
to TOAST (Trial of Org 10172 in acute Stroke 
Treatment) classification of ischemic stroke type. 
There was a positive correlation between VEGF 
level and clinical presentation within three months 
after onset on cardioembolic infarct subtype and 
lacunar infarct. On the other hand, a negative 
correlation was found in atherothrombotic infarct 
subtype. In this study, VEGF serum levels taken 
within 72 hours post-stroke were positively 
correlated with early clinical presentation within 
72 hours after onset (r = 0.264 and p = 0.035), 
and also have positive correlation with 30 days 
outcome (r = 0.15 and p = 0.217). Whereas VEGF 
serum level on day-7 after ischemic stroke had 
a positive correlation with 30 days outcome (r = 
0.518 and p = 0.04). Referring to Matsuo study,11 
the positive correlation between VEGF and 30 
days clinical outcome, might be caused by lacunar 
infarct (LACI) happened in majority of the study 
subjects. (Bamford classification).  
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After acute stroke, VEGF expression appears 
within six hours in response to hypoxia along 
the ischemic area.17 In vivo study shows that 
introducing intravenous Vascular Endothelial 
Growth Factor-A (VEGF-A) two days post-stroke 
would induce angiogenesis in penumbra and 
help neuron recovery due to ischemic process.18 
Intraventricular VEGF antibody had shown 
negative impact in increasing infarct volume in 
post focal cerebral ischemia mice.19 Topical and 
intramuscular VEGF had also shown that infarct 
volume and edema was significantly decreased 
in medial cerebral artery occluded mice. This 
revealed that VEGF has a neuroprotective effect. 

This study revealed that subjects whose levels 
of VEGF on day-7 increased compared to levels 
at hour-72 led to the better NIHSS score at 30 
days after stroke, and subjects with VEGF level on 
day-7 decreased compared to the level at hour-
72 led to worse clinical outcomes (see Figure 
2). Although this is not statistically significant, 
this phenomenon supports earlier statement 
that VEGF was believed to play a key role in 
angiogenesis and neurogenesis after stroke. 

It could also be explained that VEGF serum level 
in acute phase reflected the brain response to 
hypoxia degree and neuronal damage, whereas 
VEGF dynamic change showed VEGF role as 
neuroprotector through angiogenesis and 
neurogenesis processes. We deduced that the 
clinical outcomes did not only rely on high VEGF 
serum level in early phase of stroke, but also on its 
dynamic in acute and after acute-phase of stroke.

We evaluated correlation between infarct volume 
and Bamford classification with clinical outcomes.  
Infarct volume measured at hour-72 post-stroke 
had significant correlation with clinical outcomes 
at day-30 (r = 0.382; p = 0.005). This is similar 
to other previous studies.20 Bamford classification 
also had correlation with clinical outcomes at day 
30 after stroke (r = 0.243; p = 0.053). In this study 
we found that VEGF was the strongest clinical 
predictor on day-30, compared to the infarct 
volume and Bamford classification with an OR = 
6.5 and p = 0.034 (95% CI = 1.15-36.61). (Table 3)

Limitations of this study was the small sample 
size, and there were 48 patients not measured 
VEGF level on day-7 and no measurement of. 
VEGF level on day-30. 

In conclusion, VEGF levels in the acute phase 
of ischemic stroke can predict the degree of 
brain damage. The dynamics of the increase 
in VEGF levels after stroke correlated with 
improved clinical outcomes. Further research 
on neuroprotective role of VEGF in post-stroke 
recovery may open up opportunities in the 
management of post-ischemic stroke patients. 
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ABSTRAK

Pankreas annular adalah kelainan kongenital yang khas 
dengan terbentuknya cincin pankreas yang mengelilingi 
duodenum secara utuh atau sebagian. Kami melaporkan sebuah 
kasus pankreas annular pada pasien anak berusia 15 hari 
yang datang ke rumah sakit dengan keluhan muntah berulang 
dengan penurunan berat badan yang bermakna. Foto rontgen 
abdomen menunjukkan pembesaran lambung dengan pasase 
gas yang terkumpul pada duodenum proksimal. Laparotomi 
terbuka dilakukan dan ditemukan adanya pankreas annular 
yang mengelilingi duodenum proksimal yang menyebabkan 
hambatan pasase melewati duodenum. Pasien ini dilakukan 
side-to-side gastrojejunostomy dan stoma dibuat melewati 
obstruksi, dan didapatkan pasasenya memuaskan. Empat 
hari setelah operasi, pasien kembali muntah-muntah dengan 
abdomen yang membesar. Foto abdomen menggunakan 
kontras menunjukkan tidak adanya pasase kontras melalui 
stoma yang dibuat. Terjadi striktur atau re-stenosis pada stoma 
yang pertama dibuat. Hasil yang memuaskan tampak dengan 
teknik Roux-en-Y gastrojejunostomy bypass anastomosis. 
Pasien diperbolehkan pulang setelah 24 hari perawatan di 
rumah sakit tanpa sekuele yang tidak diinginkan.

ABSTRACT

Annular pancreas is a rare congenital anomaly characterized 
by a partial or complete encirclement of ectopic pancreas tissue 
around the duodenum. We report a case of annular pancreas 
in a 15 day-old infant admitted to the hospital with complaints 
of profuse and recurrent vomiting and loss of body weight. 
Non-contrast abdominal X-ray showed a dilated stomach with 
bubbles formation around the upper abdomen. An obstruction 
was noted and open laparotomy was performed. Upon 
laparotomy, pancreatic ring encircled the proximal duodenum 
causing an obstruction. Side-to-side gastrojejunostomy was 
performed and passage through the bypass was satisfactory. 
Four days after the operation, vomiting and bulging abdomen 
ensued. Contrast abdominal X-ray demonstrated filling 
defects at the level of obstruction and the anastomosis made. 
Anastomotic stricture was suspected and thus was corrected 
using Roux-en-Ygastrojejunostomy procedure. Postoperative 
course in this patient was satisfactory and patient was 
discharged after 24 days of hospitalization.
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Annular pancreas is one of the rarest causes of 
acute duodenal obstruction in both children and 
adults. It is characterized by the presence of a ring 
of pancreatic tissue that completely or partially 
surrounds the duodenum. Approximately one to 
three out of 20,000 babies were born with this 
congenital disorder with higher predisposition 
towards male.1 

Defects during the embryologic development of 
the foregut are responsible in the development 
of annular pancreas. The formation of pancreas 
begins during the 5th week of gestation. Primitive 
foregut develops into one dorsal and two ventral 
buds, in which during the 7th week of gestation 
ventral buds will rotate with gut as the axis to 
unite with dorsal bud after rotating behind the 
duodenum. During this embryologic process, it 
was postulated that annular pancreas was formed 
by the abnormal union of the edge of ventral 
bud with duodenum resulting in fibrous tissue 
formation around the duodenum.2-4

Annular pancreas causes complete or incomplete 
duodenal obstruction where this may lead to 
recurrent profuse vomiting and poor feeding. This 
will manifest as malnutrition and failure to thrive if 
there is a delay in hospital admission.5,6 Abdominal 
distension is commonly found and may prompt 
immediate nasogastric decompression. Diagnosis 
of annular pancreas is usually confirmed upon 
laparotomy, but radiographic images with the 
help of contrast may aid in displaying evidences of 
the presence of duodenal obstruction.  Immediate 
management of annular pancreas in children 
should include fluid resuscitation to prevent 
hypovolemic shock, correction of any electrolyte 
abnormalities, gastric decompression and 
surgical management to relieve the obstruction. 
Surgical options include duodenoduodenostomy, 
duodenojejunostomy, gastrojejunostomy or very 
rarely pancreatic resection.7

CASE REPORT

A 15 days old infant was admitted into Tarakan 
General Hospital (Rumah Sakit Umum Daerah 
Tarakan, North Kalimantan) with chief complaint 
of persistent vomiting. The first episode of 
vomiting occurs one hour after breastfeeding. 
The vomit was projectile and not bile-stained. 
From the date of delivery until hospital admission 

patient had been vomiting repetitively, look more 
exhausted and lost a lot of body weight.

The baby was delivered full-term through normal 
birth delivery and assisted by midwife with the 
birth weight of 4,000 grams. He immediately 
cried after delivery and passed meconium on 
small amount within 24 hours after delivery. 
Breastfeeding was initiated as soon as possible.
 
During physical examination, the baby looked 
severely ill and dehydrated. The infant’s heart rate 
was 160 x/minute, respiratory rate 48 x/minute, 
and temperature 36.6°C. The baby’s weight upon 
admission was 2,800 grams and his body length 
was 68 cm. The upper abdomen was moderately 
distended, no mass was palpable and peristalsis 
was prominently seen in the upper abdomen. 
There was no abnormal peristalsis heard upon 
auscultation. 

Laboratory examination showed no significant 
abnormalities. However, abdominal x-ray photo 
revealed distended stomach with bubbles of gas in 
the right upper quadrant of abdomen. Distended 
abdomen and bubbles of gas raised suspicion of 
the presence of obstruction although the level of 
obstruction still could not be determined as of 
this moment. Barium meal was not given at this 
point, because the diagnosis of obstruction was 
already appropriately established to start surgical 
exploration without further investigation.  

 

 

 

 

 

 

 

 

 

 
Figure 1.  Plain X-ray of the abdomen shows distended 
stomach(S) and passage of gas in the proximal duodenum 
(D). Presence of bowel gas distal to the proximal duodenum is 
hardly portrayed in this photo
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Operation was carried out after both the state of 
dehydration and malnutrition had been resolved. 
After general anesthesia was performed, 
supraumbilical transverse incision was made. 
Upon opening the peritoneum, a dilated stomach 
approximately as large as eight centimeter was 
exposed containing fluid and no passage of fluid 
was apparent. The second part of the duodenum 
was apparently constricted by a ring of pancreatic 
tissue that completely surrounded the duodenum 
and was continued with the head of pancreas. 
Upon identifying the obstruction, it was decided 
to bypass the obstruction by performing side-to-
side gastrojejunostomy. Upon the completion of 
side-to-side gastrojejunostomy, passage through 
the by-pass was tested and seemed to be patently 
working well. After that, abdominal cavity was 
adequately irrigated with normal saline and 
surgical wound was closed. 

Postoperatively the nasogastric tube was inserted 
and remained in place for the next three days. 
The patient was programed to start breastfeeding 
again three days after the operation in which 
during that period of time he received parenteral 
nutrition under the close supervision of 
pediatrician. After three days, nasogastric tube was 
taken off because of production of vomit through 

 

 
Figure 2. Intraoperative: dilation of the stomach and proxi-
mal duodenum is clearly visualized (black arrowheads) due 
to a complete annular band of pancreatic tissue that con-
stricted the second part of the duodenum (black arrow). 
Distal to site of obstruction, the distal or third part of was 
collapsed (white arrows)

 

 

Figure 3. Barium Study taken after side-to-side gastrojeju-
nostomy. Barium contrast only fills the dilated stomach (S) 
and duodenum  proximal to the obstruction (white arrow)

nasogastric tube was minimal. Unfortunately, the 
patient started to vomit repetitively on the next 
day after the nasogastric tube was taken off. The 
vomit was again projectile and bilious; therefore 
initiatives were taken to re-examine the patient. 
Barium meal examination was performed. It was 
clear that the barium contrast only going to fill 
the stomach and proximal part of duodenum. No 
contrast was clearly seen entering the by-pass 
that has been made during the operation.

Consequently, another laparotomy was 
performed to correct anastomotic stenosis. 
With the confirmation of anastomotic stenosis, 
another bypass was constructed using Roux-en-Y 
gastrojejunostomy technique. Postoperatively, 
patient showed considerable progress in 
recovery, no vomiting was observed after 
nasogastric tube was taken out. The patient 
was discharged after 24 days of hospitalization. 
During the follow-up at the patient’s age of 11 
months old, events of profuse vomiting were no 
longer observed. The patient’s body weight was 
also increased steeply as it was reached 7.5 kg 
on the follow-up examination. 

Medical Journal of Indonesia



118 Med J Indones, Vol. 24, No. 2
June 2015

DISCUSSION

Annular pancreas is a congenital abnormality 
that is characterized by the formation of 
pancreatic tissue that partially or fully encircles 
the duodenum. Annular pancreas, with its rare 
incidence, may be symptomatic in the early 
stage of life or can go unnoticed until adulthood 
depending on the degree of obstruction.8,9 

Symptoms of annular pancreas in adults are 
commonly associated with complications of 
peptic ulcer, pancreatitis, duodenal, and biliary 
obstruction.9,10 In infants, on the other hand, 
clinical manifestations revolve around duodenal 
obstruction in which leads to abdominal distention 
and profuse vomiting that leads to failure to thrive 
if left unresolved. Annular pancreas sometimes 
associates with other congenital abnormalities 
such as Down syndrome, esotracheal fistula, anal 
imperforation, Hirschsprung disease11 and Smith-
Lemli-Opitz syndrome.12

The diagnosis of annular pancreas can be 
suspected prenatally with the findings of double-
bubble signs accompanied with hyperechogenic 
band around the duodenum during ultrasound 
examination.13 After birth, simple radiograph 
of the abdomen may signify the presence of 
duodenal obstruction. These signs, however, are 
also commonly observed in other conditions such 
as duodenal web, duodenal atresia, and midgut 
volvulus.6 Despite its role as pathognomonic 
finding, double bubble signs may not be present 
in all cases of duodenal obstruction14 as with 
the present case. A barium enema can also be 
performed to further confirm the presence as well 
the level of obstruction. Nevertheless, in 40% of 
annular pancreas cases, the diagnosis was made 
by visual confirmation during laparotomy.14 Other 
imaging modalities such as CT-scan, endoscopic 
retrograde cholangiopancreatography (ERCP) and 
magnetic resonance cholangiopancreatography 
(MRCP) may provide rapid anatomic depiction 
of pancreatic ring encircling the duodenum in a 
number of adult patients.3,15

The relief of duodenal obstruction surgically 
is the main goal in the management of 
patients with annular pancreas. The relief of 
obstruction is preferably achieved by creating 
anastomosis that will bypass the obstruction. 

The procedures that may be used include 
gastrojejunostomy, duodenojejunostomy or 
duodenoduodenostomy.4,14,15 The choice of which 
procedure to be performed has been an argument 
among different authors. Fu, et al1 stated that each 
procedure is proper for certain type of patient. 
In younger patients, duodenoduodenostomy 
or duodenojejunostomy is preferred because 
the need of vagotomy may be minimized. Up 
until today, however, there has not been enough 
data to conclude which procedure provides 
better outcome and it requires further research. 
Attempts to resect or divide the annulus can be 
extremely difficult to achieve as the pancreatic 
tissue can lie intramurally with no dissection 
plane.14 Furthermore separation of annulus 
from the duodenum has been associated with 
many complications, including duodenal leakage, 
pancreatitis and pancreatic fistula.1,4,14,15

In our patient, side-to-side gastrojejunostomy 
was initially performed. This procedure, however, 
was complicated with incidental anastomotic 
strictures or re-stenosis. Therefore, this 
necessitates the repair of by-pass with Roux-
en-Y gastrojejunostomy. In a study conducted 
by Ezomike, et al16 repair of anastomosis is 
as high as 17.4% (out of 23 patients) which 
is due to anastomotic leakage and strictures. 
They also stated that repair of anastomosis or 
reoperation is related to higher mortality.16 In 
our case, nevertheless, result from post-repair 
has been satisfactory and uneventful until 
the date of the most recent follow-up. This is 
probably attributable to the time of presentation 
to the hospital and meticulous pre-operative 
resuscitation with the appropriate parenteral 
nutrition.16 A number of studies also report high 
mortality rate associated with prolonged gastric 
stasis and sepsis16,17 which is in contrast to our 
patient. 

In conclusion, symptomatic presentation of 
annular pancreas in infants should prompt 
immediate relief of obstruction by the means 
of surgical by-pass. Symptomatic patients may 
present with profuse vomiting (bilious or non-
bilious), abdominal distension as well as failure 
to thrive. Supporting diagnostic tools such as 
plain abdominal radiograph and barium enema 
may confirm the presence of obstruction but not 
the real cause as 40% of annular pancreas are 
actually visually confirmed during laparotomy. 
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Adequate pre-operative resuscitation without 
delaying definitive surgical by-pass is important 
to achieve better prognosis for the patient with 
lower mortality. The patency of the anastomosis 
must be also monitored carefully before patient is 
discharged. The presence of anastomotic stricture 
prompts immediate repair of anastomosis. 
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ABSTRAK

Probiotik telah sejak lama diketahui fungsinya dalam dunia 
medis. Salah satu aplikasinya adalah penggunaan probiotik 
selama kehamilan. Studi terbaru menunjukkan bahwa 
suplementasi probiotik prenatal dinilai aman dan berguna. 
Pada review ini, kami menyorot fungsi probiotik pada ibu hamil. 
Beberapa strain probiotik terbukti mampu mencegah kelahiran 
prematur dan preeklampsia pada ibu yang mendapatkan 
suplementasi prenatal, mengurangi kemungkinan dermatitis 
atopi meski tidak mampu mencegah kejadian asma dan 
sesak. Mekanisme yang terkait dengan fungsi ini masih belum 
diketahui secara pasti, namun diperkirakan sangat berkaitan 
dengan regulasi sel T.

ABSTRACT

Probiotics have been known for their use in medical field for 
quite a long time. Strong evidences are now available for the 
use of probiotics in clinical setting. One of the current issues 
on this topic is the use of probiotics in pregnancy. Recent 
studies showed that probiotics may be safe and beneficial 
for prenatal supplementation. In this review, we highlighted 
several proven use of probiotics supplementation in 
pregnant women. A few selected strains of probiotics 
showed promising outcome to prevent preterm labor and 
preeclampsia, and to reduce atopic eczema but not asthma 
and wheezing, in offspring of women who had prenatal 
probiotics supplementation. The mechanism of action 
responsible for this effect is closely related to the regulation 
of T cells, although the exact pathways are not defined yet.
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The role of microorganisms in food has been 
known for a long time. The first person to suggest 
the role of microorganism in food spoiling was 
A. Kircher, in 1658, who examined decaying 
bodies, meat, milk, and other substances and said 
the process was caused by “worms” invisible to 
the naked eye.1 But it was not until 1837 that L. 
Pasteur showed that microorganisms caused the 
souring of milk and used heat for the first time to 
prevent food from spoiling.1

Today, the established roles of microorganisms 
in food can be divided into three groups2,3 (1) 
pathogenic microorganisms that cause infection or 
food poisoning, (2) saprophytic microorganisms 
that play role in biodegradation and food spoiling, 
and (3) beneficial microorganisms used in 
fermentation process and to maintain healthy 
digestive tract.4  

Among the beneficial microorganisms is a group 
named probiotic. The original observation of the 
role of probiotics to promote human health was 
underwent by a Russian scientist Eli Metchnikoff, 
who suggested that “The dependence of the 
intestinal microbes on the food makes it possible 
to adopt measures to modify the flora in our 
bodies and to replace the harmful microbes by 
useful microbes” in 1907.5 

The number of microbes along human digestive 
tract is tremendous, sizing up to 100 trillion 
microorganisms.6 These microbes are of distinct 
phenotypes and each specific site can carry 
different type, from 56 phenotypes in mouth 
to 195 in colon. They are responsible to break 
down ingested polysaccharides, including the 
indigestible plant-derived pectin.7

In 2001, World Health Organization/Food and 
Agriculture Organization of the United Nations 
(WHO/FAO) defined probiotics as “living 
microorganisms which when administered in 
adequate amounts confer a health benefit on 
the host”.8 Probiotics consist of yeast or bacteria, 
especially lactic acid bacteria.4,9 The most well-
known members of this group are Lactobacillus, 
Bifidobacterium and Streptococcus. They 
exhibit strain-specific differences on resistance 
against acid and bile, ability to colonize the 
gastrointestinal tract and clinical efficacy.9 
The possible mechanism of actions includes 
inhibition of pathogenic bacteria, production of 

useful metabolites or enzymes, enhancement 
of mucosal function, and modulation of host 
immune responses.8,9

Some modern definitions on probiotics 
include a preventive or therapeutic action of 
probiotics. Charteris, et al10 defined probiotics as 
‘microorganisms, which, when ingested, may have 
a positive effect in the prevention and treatment 
of a specific pathologic condition’. Since probiotics 
have also been found to be effective in treatment 
of several gastrointestinal disorder such as 
acute infectious diarrhea,11 antibiotic-associated 
diarrhea,12 and irritable bowel syndrome,13 they 
are also considered as therapeutic agents.14 

Probiotics are also associated with risk reduction 
in developing atopic sensitization in children,15 
lower incidence of gestational diabetes mellitus16  
and preeclampsia,17 and fewer case of necrotizing 
enterocolitis in preterm infants18, if given during 
prenatal period. 

Despite the common mechanism of actions 
proposed, the beneficial effects of probiotics 
vary and can be strain-specific.19 One strain of 
probiotic can have different clinical effect to 
a certain disease, compared to other strain of 
probiotics. For example, a study by Wagner, et 
al20 found that four different strains of probiotics 
showed different efficacy and great diversity of 
immune effect in preventing colonization and 
sepsis with Candida albicans in mice. Therefore, 
generalization of probiotics effects without solid 
evidence should be avoided. 

This literature review is aimed to address the 
possible benefits of probiotics and to recommend 
their usage in the field of obstetric.  

Definition 
The term probiotic was first introduced by Lilly 
and Stillwell21 in 1965 to describe ‘substances 
secreted by one microorganism which stimulates 
the growth of another’. In 1989, Fuller22 
highlighted that probiotics were living matter 
by describing them as ‘a living microbial food 
supplement which beneficially affects the host 
animal by improving its microbial balance’. 
Newer definitions of probiotics include the 
possible preventive or therapeutic effect for the 
host because recent publications stated that 
probiotics are proven to be effective in treating 
gastrointestinal disorders.10 
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Other terms that are closely related to probiotics 
are prebiotics and synbiotics. Prebiotics are 
indigestible food ingredient that are advantageous 
to the host by selectively promote the growth or 
activity of beneficial enteric bacteria.23 Meanwhile, 
synbiotic is the combination of prebiotics and 
probiotics designed to improve the survival of 
ingested microorganisms and the colonization of 
the intestinal tract.24

To be considered as probiotics, microorganisms 
have to own several characteristics. They must 
be resistant to gastric acid and bile, safe and 
confer health benefit for the host5, and have the 
ability to colonize the intestinal tract and ward 
off the pathogenic bacteria.25 Furthermore, 
any probiotics must be able to endure the 
manufacturing process and the long shelf-life.26,27

In newer publications, The International Scientific 
Association for Probiotics and Prebiotics8 
stated that there are several categories of living 
microorganisms for human. The first one is not 
probiotics. Products (foods, drinks, etc) claimed 
as “containing living and active culture” with 
following criteria: contains any food fermentation 
microbes in minimum 1x109 colony-forming 
unit (CFU) of microorganisms per serving, are 
not probiotics. Although these products contain 
living microbes, that do not imply they possessed 
the probiotic activity. 

Meanwhile, the second group are the probiotics 
group. There are three different subgroups: 
supplement without health claim, supplement 
with health claim, and probiotic drug. The general 
criteria for all subgroup are every product must 
contain safely proven species with sufficient 
corroborating evidence, appropriate for human 
use, have proof of delivery of viable probiotics at 
efficacious dose, and (for drugs) meet the criteria 
for drug regulation. 

Mechanism of action 
There are several microorganisms that have been 
widely known as probiotics. Bifidobacterium, 
Lactobacillus, and Saccharomyces are the 
most well-known probiotics bacteria. Their 
mechanisms of actions are very strain-specific 
and case-specific.19 Probiotics major mechanism 
of actions consisting of these following 
actions: secretion of anti-microbial substances, 
competitive adherence to mucosa and epithelium, 

strengthening the gut epithelial barrier, and 
modulation of the immune system.28  

Lactobacillus can modulate the regulation of genes 
encoding adherence junction protein, such as: 
E-cadherin and β-catenin, while also influence the 
phosphorylation of adherence junction proteins.28 
Lactobacillus casei exhibited an ability to restore 
mucosal integrity by enhancing expression 
and redistributing tight junction proteins of 
the zonula occludens and protein kinase C. 
Two isolated and purified peptide secreted 
by Lactobacillus rhamnosus GG demonstrated 
anti-apoptotic activity and therefore limit the 
epithelial damage.28 Another mechanism is the 
ability to promote mucous secretion to improve 
barrier by increasing mucin production mediated 
by the upregulation of MUC2, MUC3, and MUC5AC 
in HT29 cells.28 

Lactobacillus and Bifidobacterium also promote 
mucous adhesion mediated by protein, saccharide 
moieties, and lipotechoic acid. Lactobacillus 
reuteri produces an adhesin called MUB (mucus-
binding protein).28 Bifidobacterium animalis 
subsp. Lactis and Bifidobacterium bifidum facilitate 
the colonization of human gut by degradation 
of extracellular matrix of cells.28 Lactobacillus 
and Bifidobacterium also have been shown to 
inhibit a broad range of pathogens, such as E. 
coli, Salmonella, H. pylori, L. monocytogens, and 
rotavirus by competing for available nutrients 
and mucosal adhesion sites. These bacteria can 
also modify their environment to make it less 
suitable for other competitors.28

Antimicrobial substances produced by probiotics 
are called bacteriocins, which mostly are organic 
acid (acetic and lactic acid) that can inhibit Gram-
negative bacteria.28 They mediate pathogens 
killing by destruction of target cells by pore 
formation and/or inhibition of cell wall synthesis. 
Other than that, probiotics can also interact with 
immune system and modulate their response via 
pattern recognition receptors such as toll-like 
receptors and nucleotide oligomerization domain 
(NOD)-like receptors.28  

Safety
The safety of probiotics has been questioned for 
quite a long time. The issues addressed in this 
topics29 are disease occurrence and the possibility 
of infection, toxic and metabolic effect, antibiotic-

http://mji.ui.ac.id



Wibowo, et al.
Probiotics supplementations in pregnancy

123

resistance transfer between gut microflora, and 
immunological adverse events.19,30 Few cases have 
shown the possibility of adverse events although 
the correlation is still doubted.

Infection 
The concern regarding infection came from 
the probable transmigration of bacteria and 
several reported cases on bacteremia or sepsis 
attributable to probiotic strains. Theoretically, the 
risk is very low since probiotics are not selected 
among the pathogenic microorganisms. The 
estimated risk was less than one per one million 
users for Lactobacillus and one per 5.6 million 
users for Saccharomyces boulardii and even less 
in general healthy population.31

It has been linked to the probiotics’ ability 
to adhere to human gut and in turn induce 
transmigration. Syndman stated that probiotics 
had no better adhesive properties to human gut 
compared to clinical strain and animal models 
suggested that probiotics actually reduced the 
translocation of other bacteria.29

In their review article, Boyle, et al19 listed 12 
cases of bacterial sepsis and 24 cases of fungal 
sepsis related to probiotics use in human. Most 
of the cases were identified using pulse-field gel 
electrophoresis (PFGE) of different substances, 
deoxyribonucleic acid (DNA) sequencing using 
polymerase chain reaction (PCR), or antibiotic 
resistance measurement. Lactobacillus rhamnosus 
GG, Bacillus subtilis, and Saccharomyces boulardii 
were the most frequently used probiotics in those 
studies. All of the cases had risk factors, such as 
immune compromise condition, critical illness, 
use of central venous catheter (CVC), use of broad 
spectrum antibiotics, or impaired intestinal barrier, 
unless it was not stated in the original paper. 

Although there were some cases of infection with 
the use of Lactobacillus or Bifidobacterium, Sanders, 
et al32 argued that no gene has been associated 
with pathogenicity in these microbes. Owing to 
the fact that different strains of Lactobacillus can 
also be found on normal human’s gut, the clinical 
isolate from blood still does not conclude that the 
use of these specific strains of probiotics can cause 
infection in population at risk.  

Metabolic effect
One of metabolic effects related to the use of 

probiotics is the production of D(-)-lactic acid and 
the probability of developing lactate acidosis.33 D(-
)-lactic acid is a compound derived from methyl-
glyoxal metabolic pathway that is also a specific 
bacterial metabolite produced by gut microbes, 
especially Lactobacillus spp.34 When the number 
of this particular species rises, the intraluminal 
pH rises. The acid state of gut creates a favorable 
environment for Lactobacillus spp. and not for 
other species. If the consumption of simple chain 
carbohydrate increases, Lactobacillus spp. will 
produce more lactic acid which may result in 
lactic acidosis.35 

The lactic acidosis had been reported in patients 
with short bowel syndrome, with or without the 
use of probiotics.35-37 Neurologic sequelae can 
follow this condition, such as ataxia, slurred speech, 
memory loss, even loss of consciousness. One of 
the cases of lactic acidosis36 triggered by probiotics 
use a combination of Lactobacillus acidophilus and 
Bifidobacterium infantis to reduce diarrhea on two 
year-old post gut resection infant. Lactic acidosis 
occurred after three years eight months after 
surgery and four months after probiotic use. 

In other study38 on healthy term infants, use of 
Lactobacillus paracasei was not associated with 
increase of lactic acid in blood. There were 88 
infants, aged up to 72 hours, involved in this 
study. Half of the subjects were feed with formula 
containing probiotics while the rest were feed 
with non-probiotic containing formula. The 
subjects were followed up until day 168. There 
was no increase in level of lactic acid and no 
adverse events were associated with the use of 
probiotics in these infants. There is no study 
reporting probiotic-induced lactic acidosis in 
otherwise healthy individual. 

Antibiotic resistance 
Another concern regarding probiotic safety is the 
potential antibiotic-resistance transfer between 
probiotics and gut microbiome, particularly 
pathogenic bacteria.19,29 It has been established 
that human gut acts as reservoir for antibiotic 
resistant genes called resistome.39 The so-called 
genes are natural reactions from gut bacteria to 
protect antibiotic-producing bacteria from their 
own products and to increase their chance of 
survival.39 The problem rise when these genes 
are transferred horizontally and vertically to 
pathogenic bacteria. 
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In a study of microbes found in chicken feces,40 
lactic acid bacteria were found to be most sensitive 
to penicillin, amoxicillin, chloramphenicol, and 
ampicillin, while it is more resistant to gentamycin, 
suplhametoxazole, kanamycin and streptomycin. 

The resistance genes, originated from mobile 
elements such as plasmids, transposons, and 
integrons, are spread by horizontal gene transfer 
(HGT).41,42 In lactic acid bacteria, these genes encode 
the resistance to tetracycline, chloramphenicol, 
erythromycin, and macrolide.29,41 Tetracycline 
resistance genes are the most abundant in 
lactobacilli, at least 11 genes had been identified, 
including genes coding for ribosomal protection 
proteins and efflux pumps.41 One chloramphenicol 
resistance gene had been identified in L. 
acidophilus, while four different erythromycin and 
three macrolide resistance genes had been found 
in several Lactobacillus species.41 Conjugation 
appears to be the most prevalent mechanism42 
and a transfer from gram-positive enterococci to 
lactobacilli and lactococci can take place in animal 
gut and in vitro, and vice-versa, including transfer 
to Staphylococcus.41 

Vancomycin resistance in lactic acid bacteria is 
characterized as intrinsic phenomenon caused by 
chromosomal mutation. The D-alanine/D-alanine 
terminal for vancomycin binding was replaced by 
either D-lactate of D-serine, therefore prevent the 
vancomycin binding process.41 There had been 
evidence of possible in vivo vancomycin resistant 
gene, vanA, transfers from an Enterococcus strain 
to L. acidophilus32 although there was no evidence 
of plasmids and genes related to this resistance 
found in Lactobacillus rhamnosus GG from 
hybridization or PCR.29  

Safety in pregnancy 
Probiotics use in pregnancy is deemed safe in 
general, as shown in a recent meta-analysis43 of 
eight high-quality studies in more than 1,500 
pregnant women. Most of the subjects were in 32-
36 weeks of pregnancy, although one study was 
done in first trimester. The analysis compared the 
use of Lactobacillus sp. alone or in combination 
with Bifidobacterium sp. with placebo. The result 
showed no significant difference in outcomes: 
caesarean section rate, birth weight, and 
gestational age between two groups. Malformation 
as an outcome was reported in one study and it 
stated that there was no malformation found in 

probiotic group while three malformation cases 
were found in placebo group. 

Another recent review31 of eight different studies 
following the meta-analysis showed that there 
was no adverse pregnancy outcome related to the 
use of probiotics. Most of the included randomized 
placebo-controlled trials compared Lactobacillus 
sp. alone, or in combination with Bifidobacterium 
sp. or Propionibacterium sp.. Most of the studies 
agreed with the proceeding meta-analysis and 
reported no difference in gestational age, birth 
weight, or rate of Caesarean section. Luoto, et al16 
reported lower incidence of gestational diabetes 
mellitus in probiotic group and significantly 
lower birth weight and shorter birth length of 
newborns from the aforementioned group. Allen, 
et al44 reported that there was no significant 
adverse event related to probiotic supplement 
on pregnancy, childbirth, and newborn’s general 
health until six months of life. 

Another concern regarding safety for use in 
pregnancy is the possibility of disruption of T 
helper one (which exhibit pro-inflammatory 
activity – Th1) and T helper two cells (which 
exhibits anti-inflammatory activity – Th2) ratio.19 
Throughout pregnancy, there is a shift from Th1 
response to Th2 response that induces maternal 
tolerance and suppression of immune system.45,46 
This response is shown as reduction in the 
percentage of interferon-γ (IFN-γ) and Tumor 
Necrosis Factor-α (TNF-α)-secreting T helper cells, 
and also the increased production of interleukin-4 
(IL-4) produced by Th2.45 IFN-γ indirectly 
promotes Th1 differentiation by upregulating 
IL-12 receptor while at the same time inhibiting 
Th2 growth. IL-4 is the main cytokine to promote 
growth and differentiation of naive T cells to Th2, 
thus inhibiting differentiation to Th1 cells.45,47 
Increased Th2 response is linked with fetus 
viability in utero, while surge of Th1 response is 
associated with recurrent spontaneous abortion 
and preeclampsia.45,46 There is evidence that links 
the use of probiotics with the changes of Th1/Th2 
equilibrium. In patients with severe traumatic 
brain injury (TBI), probiotics were able to reverse 
the Th2 polarization response to the Th1/Th2 
equilibrium.48 Probiotics’ ability to cause Th1 
polarization may theoretically put the fetus in 
danger, if this mechanism occur in pregnancy. 
Although for now, there is still no evidence to 
support this claim, thus it still remains a theory.  
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Clinical evidence in obstetric field
Prevention of preterm delivery
Preterm delivery is a global problem. According to 
WHO, the estimated number of preterm delivery 
is 15 million per year and about one million of 
those babies die annually.49 It is the leading cause 
of newborn death in the world, ranging from 5% 
to 18% of babies born, across 184 countries.49 

Several important risk factors for preterm delivery 
had been named, such as history of preterm 
birth, twins pregnancy, ethnicity, maternal age 
<18 years, and genitourinary or intrauterine 
infections.50 Numerous evidences have reported 
an association between infection/inflammation 
and preterm birth. One of the consistent observed 
causes is the evidence of chorioamnitis, which 
affects 20-70% placentas of preterm born babies. 
Positive membrane culture is detected in 30-60% 
of those patients.

Probiotics, particularly lactobacilli, are a potential 
breakthrough way to prevent preterm birth that 
act to restore vaginal lactobacilli count. A study 
by Vitali, et al51 showed that supplementation 
of Lactobacillus spp (L. paracasei, L. plantarum, 
L. acidophilus, L. delbrueckii subsp. Bulgaricus), 
Bifidobactetium spp (B. longum, B. breve, B. 
infantis), and S. thermophilus can alter the cytokine 
and chemokine response in vaginal mucous. 

A 2007 meta-analysis study52 on three trial of 
medium quality showed that there was no benefit 
from supplementation of probiotics to prevent 
very preterm birth (<32 weeks) (RR = 0.65; 
95% CI = 0.03-15.88) and preterm birth (<37 
weeks) (RR = 3.95; 95% CI = 0.36-42.91). The 
confidence intervals of these two findings are 
very wide and therefore possess no statistical 
significance. Reports of the studies included 
in this analysis mostly focused on laboratory 
evidence of infection (lactobacillus count, type of 
abnormal vaginal flora, vaginal fluid pH, presence 
of clue cells, etc) rather clinical findings regarding 
infection or preterm labor. Therefore, the writers 
of this meta-analysis could neither support nor 
oppose the use of probiotics in pregnancy to 
prevent preterm delivery.52

The more recent publications on the same topic, 
on the other hand, suggested that probiotics may 
play a role in preventing preterm labor. A study 
by Myhre, et al53 involving 18,888 women all 

across Norway in Norwegian Mother and Child 
Cohort from 2002 to 2007 showed that probiotics 
reduces incidence of preterm labor. The subjects 
were asked to complete two questionnaires in 
gestational week 15 and in gestational week 17-
22. They were asked about their probiotic milk 
consumption. Answers were divided into yes or 
no; yes were stratified into low and high intake. 
Of all subjects, 950 experienced preterm delivery. 
The risk for developing preterm labor in subjects 
consuming probiotic milk was lower than those 
who didn’t (OR = 0.857; 95% CI = 0.741-0.992; p = 
0.038). Furthermore, the risk was lower in groups 
who consume high intake of milk (OR = 0.820; 
95% CI = 0.681-0.986; p = 0.035) compared to no 
intake. 

In women taking probiotics supplementation, the 
level of chemokine Eotaxine, which exerts pro-
inflammatory activity, decreased from week 33 
to 37, compared to control.51 Meanwhile, the level 
of anti-inflammatory cytokine and chemokine, 
interleukin (IL)-4 and IL-10, in probiotic 
group stayed in the same concentration from 
week 33 to 37, while it declined in the control 
group.51 The researcher hypothesized that:51 (1) 
probiotics counteracted the decrease of anti-
inflammatory cytokine levels in control group, 
and (2) probiotics induced the decrease of pro-
inflammatory cytokine in probiotics group. 

Another paper by Yang, et al54 stated that injection 
of supernatant of L. rhamnosus GR-1 (GR-1 SN) 
in pregnant mice can lower preterm birth by 
43%. The study found that GR-1 SN decrease 
the production of several pro-inflammatory 
cytokine and chemokine, such as IL-1β, -6, 
TNF-α in maternal plasma, myometrium, and 
amniotic fluid. Furthermore, maternal plasma 
progesterone also reduced significantly in mice 
given the GR-1 SN supernatant injection. Past 
studies have shown that SR-1 GN stimulate 
release of IL-10, in human monocytes, mouse 
macrophages, and human trophoblast cells,55 

through the janus kinase/ signal transducer 
and activators of transcription (JAK/STAT) 
and mitogen-activated protein kinases 
(MAPK) pathway.56 The upturn of this cytokine 
respectively suppress TNF-α.56 This also support 
the hypothesis that probiotics may contribute 
to a reduction in overall systemic inflammation 
and keeping it at a subtreshold level to avoid 
progesterone-induced labor.
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Prevention of preeclampsia 
Probiotics have been long known to have 
antihypertensive effect. A recent meta-analysis of 
14 studies showed that probiotics have a blood 
pressure-lowering effect in general population.57 
The studies included in this analysis originated 
from Japan and Europe with respondents’ age 
ranging from 35 to 75 years old. After taking 
probiotic fermented milk intervention, reduction 
in systolic-blood pressure was reported. The net 
systolic changes ranging from -1.5 to -12.4 mmHg 
(mean: -3,10; 95% CI = -4,63-(-)1,56; p = 0,193), 
while the mean of net change for diastolic blood 
pressure were -1.09 (95% CI = -2.11-(-)0.06; p = 
0,153).

Theoretically, probiotics can prevent eclampsia 
since it prevents inflammation both systemically 
and locally.51,56 A study by Brantsæter, et al17 

showed that probiotics may actually link to 
reduction of preeclampsia incidence. This study 
was a part of Norwegian Mother and Child Cohort 
Study. A total of 33,399 nulliparous pregnant 
women were included in the study and were 
asked to complete two sets of questionnaire in 15 
weeks and 17-22 weeks of pregnancy, including 
food frequency questionnaire asking about milk 
consumption. Among the subjects, 1,755 women 
(5.3%) developed preeclampsia. In crude model, 
consumption of probiotics was associated with 
the reduced risk of all sub-type of preeclampsia 
(early-late, mild-severe), but after adjustment, 
probiotic use was only associated with the severe 
type of preeclampsia (OR = 0.79; 95% CI = 0.66-
0.96). The consumption of probiotic milk then 
was divided into four criteria: no, low, moderate, 
and high intake (median of intake: low 13.2 mL/
day, moderate 28.5 mL/day, and high 200 mL/
day). The incidence of preeclampsia was lower 
in group with higher consumption (5.6% in no 
intake group, 4.1% in high intake group). The 
calculated risk of preeclampsia was also reduced 
among high consumers (OR = 0.61; 95% CI = 
0.43-0.89). 

Prevention of eczema in offspring
For several years, probiotic supplementation to 
pregnant women has been linked to reduction 
in incidence of eczema in their offspring. The 
evidences were mixed, some stated that there 
was no link while the others said that there was 
reduction in number of new cases. In a 2011 
meta-analysis, Doege, et al58 on systematic review 

claimed that there was a significant risk reduction 
for atopic eczema in children aged 2-7 years old 
whose mother received supplementation during 
pregnancy. Seven studies were included, involving 
a total of 2,800 pregnant women in this analysis. 
The result showed that the risk reduction for 
atopic eczema was significant when the lactobacilli 
were used as the probiotics agent (RR = 0.82; 95% 
CI = 0.71-0.96) rather than probiotic mixture (RR 
= 0.92; 95% CI = 0.83-1.02). It concluded that 
the use of lactobacilli, if taken as monotherapy, 
in pregnancy may be beneficial in preventing 
incidence of infant eczema. 

A more recent meta-analysis by Pelucchi, et al59 
identified 18 publications based on 14 trials 
and decided on two outcomes: atopic dermatitis 
and immunoglobulin E (IgE)-associated atopic 
dermatitis. The study found that there was a 20% 
reduction in incidence of atopic dermatitis and 
IgE-associated atopic dermatitis in women who 
had probiotic supplementation during pregnancy. 
The analysis reported an risk ration (RR) of 0.79 
(95% CI = 0.71-0.88) for atopic dermatitis in the 
treatment groups. As for the IgE-associated atopic 
dermatitis, the RR was 0.80 (95% CI = 0.66-0.96) 
and consistent throughout random-effect model. 
Another outcome in this analysis was the effect 
of probiotic treatment on disease severity. Out 
of 18, 11 studies reported the disease severity as 
an outcome and 9 of 11 stated that there was no 
difference found between treatment and placebo 
groups, and there was no. Relation to dose or type 
of supplementation. They were also unable to 
determine whether the effect in those studies was 
limited into one specific strain, because the data 
availability was limited. However, they agreed 
with previous study that the use of lactobacilli, 
specifically L. rhamnosus GG, was associated 
with a RR of 0.74 (95% CI = 0.61-0.90). It was 
also worth noting that several studies in this 
meta-analysis performed intervention to only 
pregnant mothers while other studies also gave 
supplementation to the babies. Therefore, it was 
inconclusive whether the results of these studies 
were solely resulted from supplementation for 
mothers. 

A large-scale cohort study in Norway (a part of 
The Norwegian Mother and Child Cohort Study),60 

reported slight reduction in relative risk for atopic 
eczema in offspring of women who consumed 
probiotic milk during pregnancy. The study 
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included 40,614 children born in 2003 to 2009. 
Among them, 12.2% had symptoms of atopic 
eczema by six months of age, 13.6% had current 
atopic eczema at 18 months of age. If only the 
mother received probiotic milk supplementation, 
when their child reach six month, there was a 
small reduction of atopic eczema (RR = 0.94; 
95% CI = 0.89-0.99), but then it was no longer 
found in 18 months (RR = 1.00; 95% CI = 0.95-
1.05). However, if both mother and child took the 
supplementation (for child even after six months 
old), there was a slight reduction in atopic eczema 
risk (RR = 0.93; 95% CI = 0.86-1.00) although it 
was bordering insignificance. 

Another challenge on the topic is finding the 
possible mechanism of how supplementation 
in pregnant mothers can affect their offspring, 
in terms of atopic eczema incidence. Several 
mechanisms were proposed to explain this 
phenomenon. The conventional approach is 
that probiotics modulate intestinal microbiota 
composition or directly stimulate its immune 
system. In allergy pathogenesis, type one and 
two T helper cells play important roles. Allergic 
disorders are associated with a shift of the Th1/
Th2 balance towards a Th2 response, and in turns 
promotes the secretion of IL-4, IL-5, IL-9, IL-13, 
and IL-31, also increase the IgE production.15 In 
newborns, their immune systems are not fully 
developed, and tend to be skewing toward Th2 
trend to prevent in-utero rejection. However, 
Th2 is responsible to stimulate B cells to 
produce more IgE, which can activate mast 
cells and cause allergic symptoms. Exposure to 
microbes in early life can help reverse this trend 
and promote the development of Th1 via activity 
of Th3.61 Th3 will release transforming growth 
factor (TGF)-β that modulates the activity 
of B cells. As a result, B cells suppress their 
production of IgE and promote production of 
IgA. IgA will act as allergen exclusion system and 
will reduce the contact between immune system 
and antigen. Probiotics can also modulate the 
toll-like receptors and proteoglycan recognition 
proteins of enterocyte, leading to activation of 
enteric dendritic cells and a Th1 response, thus 
inhibiting Th2 activity.15

Regulatory T cells (Treg) role is also thought to 
play a role in preventing allergy sensitization.62 
Antigen-specific Treg (CD4+CD25+foxp3+) 
that secrete anti-inflammatory cytokines IL-10 

and/or TGF-β has the potential to suppress the 
production of IgE and Th1/Th2 proliferation.61-63 
Furthermore, recent advances stated that 
homeostasis of mothers’ Treg, Th1 and Th2 may 
influence their children’s allergy condition.63 With 
the fact that mother’s immune cells can cross the 
placenta, this may be the possible mechanism of 
eczema prevention by probiotic supplementation. 
Other possible mechanism is that prenatal 
probiotic supplementation modulates the 
maternal vaginal and intestinal microbiota, and 
provides important colonizing inoculum for 
the newborns and thus affecting colonization of 
their intestinal system.64 Furthermore, there is 
also new evidence that gut microbiota acquired 
during early postnatal period is required for the 
development of Treg.62  

Prevention of wheezing in offspring
Numerous murine model experiments 
proved that probiotic use, both perinatal or 
not, can prevent airway inflammation and 
hyperactivity.65-68 The mechanism underlying 
this property is closely related to the Th1/Th1/
Treg activity to prevent eczema, with TGF-β as 
the main actor.65,66

Despite these evidences, recent meta-analysis 
showed that probiotics property to prevent 
wheezing and asthma was still debatable.69 The 
analysis included 20 clinical trials published 
between 2003 and 2013, enrolled a total of 
4,866 infants. Different species and strains of 
probiotics were tested, alone or in combination. 
The probiotics used were: four Bifidobacterium 
spp and six Lactobacillus spp. Outcomes observed 
in these studies included wheezing, asthma, and 
lower respiratory tract infection. The median 
range of follow-up among these trials was 24 
months (ranging from four months to eight years). 
Nine trials involving 3,257 children reported 
asthma as an outcome, and from data analysis, it 
was found that there was no significant difference 
of asthma incidence between subjects who 
received probiotics and those who did not (RR 
= 0.99; 95% CI = 0.81-1.21). Nine other studies, 
including 1,949 children, with wheezing as their 
outcome also reported that the incidence between 
two groups were similar (probiotics vs placebo: 
35.0% vs 31.1%, RR = 0.97; 95% CI = 0.87-1.09). 
This result was also supported by another meta-
analysis by Elazab, et al15 who stated that early 
life (prenatal and postnatal) use of probiotics 
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does not protect against asthma or wheezing (RR 
= 0.99; 95% CI = 0.88-1.12). A cohort study60 in 
Norway was also in agreement with two other 
meta-analyses. Early life probiotic milk intake 
(perinatal or postnatal) does not affect the incidence 
of asthma in child. Both perinatal supplementation 
to mothers only and supplementation to mothers 
and children peri- and post-natally do not alter the 
incidence of asthma among the children (mother 
only supplementation: RR = 0.96 (95% CI = 0.85-
1.08 vs mother and child supplementation: RR 
= 1.07; 95% CI = 0.95-1.19). Therefore, for now, 
the evidence to support perinatal probiotic use 
to prevent wheezing or asthma in offspring is still 
lacking.

In conclusion, the current evidences support the 
claim that probiotic is safe for general population 
and pregnant women, although some cautions 
should be used for immunocompromised 
population. There was no adverse effect of 
probiotics on pregnancy outcomes including 
gestational age, birth weight, malformation and 
complication of pregnancy. Probiotics, especially 
Lactobacillus spp. and Bifidobacterium spp., were 
proven to reduce the incidence of preterm labor 
and preeclampsia in pregnant women and eczema 
in their offspring. However, present evidences 
failed to prove that probiotics were beneficial to 
prevent wheezing and asthma in the offspring of 
mothers given supplementation of probiotics. The 
mechanism underlying all these effects was closely 
related to regulation of T helper and T regulatory 
cells. Further studies are needed to determine the 
effective dosage of probiotics supplementation in 
order to produce these protective effects.    
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