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  Editorial

Medical Journal of Indonesia

For a local scientific journal such as the Medical 
Journal of Indonesia (MJI), being indexed in an 
international indexing company is an important 
target towards which all the efforts should be 
directed. This will be resulted in a greater visibility 
by the readers, hence increases the citation of the 
published articles that actually the important 
thing of being publish. Last December 2015 this 
dream is finally comes true as the content selection 
and advisory board of Scopus sent an email 
stating that this journal is accepted to be indexed 
in the Scopus. Thus, this issue represents the first 
edition where the MJI would be acknowledged 
as a journal with international reputation by the 
Indonesian Ministry of Research, Technology, and 
Higher Education. 

This important event brings a special glory, not 
only for editorial board member or the head of 
the institution (Faculty of Medicine, Universitas 
Indonesia) along with German-Indonesian 
Medical Association, but we think also for most 
medical scientific communities in Indonesia. 
Since the acceptance of MJI in the Scopus means 
a wider chance for Indonesian writers is now 
open to publish their research or other works in 
a namely journal with international reputation. 
MJI is the second medical journal in Indonesia 
to be indexed in Scopus, after Acta Medica 
Indonesiana. Although not yet openly announced 
and not yet be available in the Scopus’s database, 
this good news is already widely acknowledged 
in the country as indicated by a significant 
increase of submitted manuscript. This reflects 
an enthusiasm of the writers to publish their 
hard work in MJI.

For us as editorial board member, this change 
represents a very important corner stone that 
enables us to improve the quality of our journal. 
The old paradigm of “egg and hen” has been 
experienced by us. In order to improve the 

quality, submission of good papers is absolutely 
important. On the other hand, the trust of potential 
writers is much dependent on the availability of 
the journal in indexing system. With no inclusion 
of well-known indexing system that will make 
MJI as “journal with international reputation”, 
the writers with good quality works are reluctant 
to submit their manuscript. This vicious circle 
seemed very hardly interruptible. 

In the early 2015, the MJI has tried its second 
effort to register in the Scopus—a well-known 
indexing system, after being failed three years 
ago. Intensive improvement in the information 
and technology system, journal management, 
working system, as well as consolidation of 
editorial member, have been attempted in order 
to reach this big dream. And finally, this effort is 
fruitful.

Besides this important gain, this achievement 
however, never means a relief of tension. This 
is a new start for us to make the journal to be 
acknowledged not only nationally but also 
internationally. Journal is a tool for the researchers 
to publish and “promote” their works. MJI always 
try to help author to publish their works in a good 
quality and to be read and cited widely by other 
researchers. 

The primary purpose of this journal is to share 
knowledge, hence we published this journal as 
an open access journal. Along with this, we also 
remind that the research itself, writing, review, 
editorial processes should be done ethically. 
The publication ethics of MJI are shown in 
http://mji.ui.ac.id/journal/index.php/mji/
pages/view/pubethics as we adopted it from 
Committee on Publication Ethics (COPE). We 
are sure that this obligation will improve the 
quality of the journal thus spreading the “right” 
knowledge.

http://mji.ui.ac.id/journal/index.php/mji/pages/view/pubethics
http://mji.ui.ac.id/journal/index.php/mji/pages/view/pubethics
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Nowadays, much heavier workloads are now on our 
shoulders. Development of the publishing system 
grows rapidly. We always try to enhance and follow 
the relevant development in order to enhance the 
journal quality. We have to run much faster and work 
much harder, and harmonious concert of works 
from all stake holders are necessary to maintain 

these path while targeting the next perspective 
to improve the journal’s impact factor and to be 
accepted in other distinguished indexing systems. 
Along with this editorial, we also would like to invite 
medical writers and researchers all over the worlds 
to cooperate with us in publishing your great work 
in MJI.
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ABSTRAK

Latar belakang: Biosintesis urea merupakan proses 
penting dalam hati. Proses ini membutuhkan ATP, CO2 dan 
mitokondria yang fungsional dengan kondisi aerobik. Hati 
dapat mengalami kondisi hipoksia secara umum dan lokal. 
Penelitian ini bertujuan untuk menganalisis efek hipoksia 
kronik pada aktivitas biosintesis urea, yang diindikasikan oleh 
aktivitas spesifik dan kadar mRNA karbamoil fosfat sintetase 
1 (CPS1), enzim kunci biosintesis urea, pada tikus yang 
mengalami hipoksia.

Metode: 20 ekor tikus sprague-dawley jantan dewasa muda 
ditempatkan dalam ruang hipoksik yang dihubungkan dengan 
selang gas campuran O2 (10%) dan N2 (90%). Lima tikus 
dikorbankan setiap 1, 3, 5, dan 7 hari. Homogenat jaringan 
hati dianalisis untuk hypoxia inducible factor-1 (HIF-1) 
dengan metode ELISA, mRNA CPS1  dengan real time RT-PCR) 
dan aktivitas spesifik enzim CPS1 dengan metode Pierson. 
Data dianalisis dengan uji ANOVA dan uji korelasi Pearson.

Hasil: Kadar HIF-1 hati meningkat secara signifikan seiring 
peningkatan mRNA CPS1 dan aktifitas spesifik enzim CPS1 
(p<0,05). Terdapat korelasi yang kuat antara mRNA CPS1 
dan aktifitas spesifik enzim CPS1 (r=0,618; p<0,01), korelasi 
sedang antara HIF-1 dan mRNA CPS1 (r=0,419; p<0,05), 
namun tidak terlihat korelasi antara HIF-1 dan aktivitas 
spesifik enzim CPS1. Hasil ini mengindikasikan biosintesis urea 
dalam hati dipengaruhi hipoksia dan sebagian diregulasi oleh 
HIF-1. Peningkatan biosintesis urea juga meningkatkan NH3 
akibat peningkatan proteolisis yang terlihat dari penurunan 
berat badan total dan berat jaringan hati tikus.

Kesimpulan: Terjadi peningkatan ekspresi dan aktivitas 
spesifik CPS1 pada biosintesis urea sebagai akibat dari 
peningkatan proteolisis pada kondisi hipoksia kronik.

ABSTRACT

Background: Urea biosynthesis is a very important process 
in the liver which needs ATP, CO2 and functional mitochondria 
or aerobic condition. Liver can adapt to hypoxic condition, 
generally and locally. This study aimed to analyze the effect of 
chronic hypoxia on liver urea biosynthesis as indicated by the 
level and specific activity of mRNA of carbamoyl phosphate 
synthetase 1 (CPS1), a key enzyme in urea biosynthesis in 
hypoxic rats.

Methods: 20 male Sprague-Dawley rats were placed in 
hypoxic chamber supplied by a mixture of 10% O2 and 
90% N2. Five rats were sacrificed at 1, 3, 5, and 7 days 
after exposure. Liver homogenates were analyzed for HIF-
1 (hypoxia inducible factor-1) by ELISA, CPS1 mRNA by 
real time RT-PCR and CPS1 enzymatic specific activities by 
Pierson method. Data were analyzed by ANOVA test and 
Pearson correlation.

Results: The HIF-1 in liver increased significantly, as well 
as CPS1 mRNA and CPS1 enzymatic activities (p<0.05). 
There was a strong correlation (r=0.618; p<0.01) between 
the level of CPS1 mRNA and CPS1 enzymatic activities, 
moderate correlation between HIF-1 and CPS1 mRNA 
(r=0.419; p<0.05) but no correlation between HIF-1 and 
CPS1 enzymatic activities. The study indicated that urea 
biosynthesis in liver was affected by hypoxia and partially 
under HIF-1 regulation. The study also found increase of 
urea and NH3 biosynthesis related to proteolysis as indicated 
by the decrease of total body weight and liver weight.

Conclusion: There was an increase in the expression and 
specific activities of CPS1 in urea biosynthesis as a result of 
increasing proteolysis  in chronic hypoxic condition.

http://dx.doi.org/10.13181/mji.v25i1.1213
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Liver is a vital organ that plays major role in 
metabolism as well as detoxification.1,2 Despite 
different roles, both types of these functions are 
connected each other, and it is not easy to distinguish 
them. In general, nutritional metabolism is aimed 
to produce energy and intermediate metabolites 
as precursor for synthesis of important biological 
compounds, such as hormones. On the other side, 
the objective of xenobiotic metabolism is to detoxify 
non-nutritional compound, which is dangerous for 
the body. It is not always easy to classify, whether 
a metabolic pathway is unique for nutritional or 
xenobiotic, eg. urea biosynthesis which represents 
one of the most important function of liver. As 
a metabolic pathway, urea cycle or biosynthesis 
treats ammonia/nitrogen trihydride (NH3) as a 
normal product of amino acid-protein metabolism; 
however NH3 is very toxic, especially for central 
nervous system. The liver exerts its functions to 
convert this substance into urea to eliminate toxic 
effect of NH3 through urea cycle or biosynthesis.1,3

Ammonia itself is continuously formed as byproduct 
in amino acid metabolism. Urea biosynthesis 
is a mitochondrial dependent pathway. Part of 
this process occurs in this organelle and needs 
adenosine triphosphate (ATP) as energy source 
and carbon dioxide (CO2). Both are produced in 
mitochondria and need aerobic metabolism. It is 
very important to know, whether urea biosynthesis, 
as an oxygen dependent process, would be affected 
by hypoxia condition.4 Liver hypoxia may occur as a 
consequence of several conditions, such as chronic 
heart failure,5 chronic obstructive pulmonary 
disease (COPD),6 or severe anemia.7

The aim of this study was to analyze the effect 
of chronic hypoxia on liver urea biosynthesis as 
indicated by the level and specific activities of 
messenger ribonucleic acid (mRNA) of carbamoyl 
phosphate synthetase 1 (CPS1), the first and the 
key enzyme in the urea biosynthesis. The enzyme 
was observed at mRNA and protein level, i.e. 
as enzyme activities. Considering that much of 
adaptative responses to hypoxia  are under the 
control of hypoxia inducible factor-1 (HIF-1), we 
also observed this transcription factor protein in 
the form of the subunit-1, HIF-1α. 

METHODS

This was an experimental study conducted on 

25 male Sprague-Dawley rats, weighing 150-200 
grams. The animals were obtained from Institute 
of Veterinary Research, Ministry of Agriculture, 
Bogor, West Java, Indonesia. The protocol of 
experiment was approved by Ethical Review 
Committee of the Faculty of Medicine, Universitas 
Indonesia (No. 115/H2.FI/ETIK/2013). 

Hypoxia treatment
Animals were adapted to the animal house 
condition for two weeks. Body weight 
was measured before and after treatment. 
Experiment was conducted by placing 20 rats in 
a close chamber, connected to the gas cylinder 
containing gas mixture of 90% N2 and 10% O2 at 
1 atm pressure. Five rats were taken as control 
group and placed in normal cage. Animals were 
sacrificed before treatment (day-0) and on day-1, 
-3, -5, and -7 of experiment; five rats each time. The 
liver was taken and placed in phosphate buffer 
saline (PBS) pH 7.4 containing anti-protease and 
kept in freezer of -80° C.        

Expression of CPS1
Liver homogenization and isolation of total 
RNA 
The livers were kept in -80°C freezer in PBS 
solution, and taken from the solution before 
measured. Liver tissue was cut to pieces of about 
100 mg using scalpel and scissor, and placed in 
a new sterile microtube  for  each rat. Liver was 
placed on ice gel pack during the manipulation 
to prevent protein denaturation or losing its 
enzyme activity. Liver was homogenized in 
micro-homogenizer with a sterile micro-pestle 
by addition of 500 mL Tripure isolation reagent 
(Roche, Cat. No. 11 667 165 001). The reagent 
isolates deoxyribonucleic acid (DNA), ribonucleic 
acid (RNA), and protein at once from the same 
sample. Another 500 mL Tripure was added 
and the mixture was homogenized once again, 
then cold centrifuged (2-8°C) at 12,000 g for ten 
minutes. The supernatant containing DNA, RNA, 
and protein was placed in another 1.5 mL sterile 
microtube and incubated for 15 minutes at 15-
25°C for complete dissociation of nucleoprotein, 
followed by addition of 200 mL chloroform. The 
tube was shaken rigorously for 15 seconds then 
incubated at the same temperature for 2-15 
minutes. The second 12,000 g centrifugation was 
performed for 15 minutes in 2–8°C. The mixture 
was separated into three phases: the upper-clear 
contained RNA, the middle-white, contained DNA, 

http://mji.ui.ac.id
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and the lowest-red, contained protein. The clear 
upper phase containing RNA was separated 
carefully and put into sterile 1.5 mL microtube. 
The middle and lower phases were separated 
and stored at 2–8°C for one night. RNA in upper 
phase was precipitated by addition of 500 mL 
isopropanol, followed  by inversion of the tube 
upside-down several times and 5–10 minutes 
incubation at 15–25°C. After the incubation, 
the microtube was cold centrifuged at 12,000 
g for ten minutes. Supernatant was discarded 
and the white precipitate of RNA was washed in 
1 mL 75% ethanol. The mixture was vortexed 
and followed by another cold centrifugation 
at 7,500 g for five minutes. Supernatant was 
decanted and the RNA precipitate was dried 
by placing the micro tube inverted on a filter 
paper for 5–10 minutes. RNA was redissolved 
by adding 50 mL RNase-free water followed by 
incubation at 55-60°C for 10–15 minutes. The 
RNA solution was divided into three aliquots of 
20 mL each and stored at -20°C. The purity of 
RNA was measured with spectrophotometer at 
260 nm and 280 nm. 

cDNA Amplification
Measurement of each mRNA was performed 
indirectly by real time reverse transcription 
polymerase chain reaction (RT-PCR), using 
KAPA SYBR FAST One-Step quantitative RT-
PCR (qRT-PCR) Kit (KAPA Biosystem, Cat. No. 
KK4651). By this technique, the number of 
copy deoxyribonucleic acid (cDNA) molecule 
synthesized is proportional to the number of 
mRNA template molecule, and the process is 
quantified real time by adding fluorescence. 
In this case SYBR green is hardly fluoresced in 
free condition, but fluoresced 1,000 times when 
bound to a double strand DNA. For the reaction, 
5 mL KAPA Sybr qPCR Master Mix (2x), 0.2 mL of 
200 nM forward primer, 0.2 mL 200 nM reverse 
primer, 0.2 mL KAPA RT Mix (50x), 1 mL template 
RNA (100 ng/mL), and nuclease free water 13.4 
mL, total volume was 20 mL. Synthesis of cDNA 
proceed during 10 minutes at 42°C, followed 
by inactivation of reverse transcriptase at 95°C 
for five minutes. PCR cycles (30-40 cycles) and 
detection: ten seconds at 95°C, 30 seconds at 
57.3°C (for CPS1) or 56°C (for 18s rRNA), 30 
seconds  at 72°C. For melting curve analysis, the 
mixture was incubated for one minute at 95°C, 
one minute at 55°C, ten seconds at 55°C (80 cycles, 
by increasing temperature 0.5°C/cycle). Nuclease 

free water was used as negative control in place 
of RNA template. Relative gene expression was 
counted according to method of Livak.8

Measurement of mRNA expression
Messenger RNA (mRNA) of HIF-1a and 
CPS1 were assayed by counting the 
number of cDNA copies and it was done 
by RT-PCR, using 18s rRNA as positive 
control. Primers for CPS1 were as follows: 
Forward 5’-GGCTTTGGTTTGGCCAATGT-3’ 
(accession number NM_017072.1) and 
Reverse 5’-TCCGAGTACCCTCCTAAGCC-3’. 
Primers for 18s rRNA were: Forward 
5’-CGCGGTTCTATTTTGTTGGT-3’ and Reverse 
5’-AGTCGGCATCGTTTTATGGTC-3’ (accession 
number NR_046237,1). 

Specific activities of CPS1
Protein and enzyme assay
Total liver homogenate proteins of HIF-1 and CPS1 
were measured in different ways. Total protein 
concentration was determined chemically by 
biuret technique, non-enzyme protein like HIF-1a 
was measured by ELISA (Cusabio, Cat. No. CSB-
E08540r) whereas CPS-1 protein was measured 
by the enzymatic activities according to technique 
of Pierson.9

Total protein content
Piece of liver weight about 100 mg, was 
homogenized as describe previously. However, 
instead of separated by Tripure, homogenized 
was suspended in 1,000 mL PBS pH 7.4. After a 
centrifugation for five minutes in 5,000 g, 25 mL 
supernatant was aspirated and placed in a tube 
containing 2 mL biuret reagent. Absorbance was 
read at 540 nm against blank, distilled water. 
Standard curve was made from a series of seven 
dilution of 6% bovine serum albumin.10 

Measurement of HIF-1 concentration by ELISA 
(Enzyme-linked immunosorbent assay)
Liver homogenate was added with protease 
inhibitor phenyl methyl sulfonyl fluoride 
(PMSF), and  kept overnight in -20°C, followed 
by freezing for one hour at -20°C and thawing for 
30 minutes at room temperature three times in 
the following day. The homogenate was then cold 
centrifuged 5,000 g for five minutes. Samples 
were titred by addition of PBS to make gradient 
of sample concentration according to the kit 
manual (Cusabio, Cat. No. CSB-E08540r). Briefly, 
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100 mL sample was added to 96 well ELISA 
microplate, which was previously coated with 
HIF-1 responding element (HRE). After two hours 
incubation at 37°C, the supernatant was removed 
and biotin labelled antibody anti-HIF-1 was added 
and incubated for one hour at 37°C, followed 
by three times washing. Furthermore, addition 
of 100 mL/well avidin-horse radish peroxidase 
conjugate, incubated for one hour at 37°C, then 
washed five times. Tetramethylbenzidine (TMB) 
substrate was added to each well and incubated 
for 15–30 minutes at 37°C in the dark. Finally, 
50 mL stop solution was added to each well, 
absorbance was read within five minutes at 450 
nm (wavelength).        

Enzyme activity of CPS1
Enzyme activity of CPS1 was assayed according 
to technique of Pierson,9 which was expressed as 
the amount of urea produced. A standard curve 
of urea was made. Briefly, substrate solution, 
containing ammonium bicarbonate (NH4HCO3), 
ATP, magnesium acetate, N-acetyl glutamate, 
dithioerythritol, and ethanolamine, was mixed 
with enzyme solution (liver homogenate)  and 
incubated for ten minutes at 37°C. The urea was 
then converted into hydroxyurea by addition 
of hydroxylamine. The mixture was incubated 
at 95°C. After ten minutes of incubation, 
chromogenic reagent, containing antipyrine, 
and diacetyl monoxyme, in acidic solution (20% 
sulfuric acid/H2SO4  and 2.5% acetic acid/
CH3COOH) was added. The absorbance was read 
at 458 nm and the value was plotted on the urea 
standard curve for quantification.

Data analysis
Data were analyzed statistically with SPSS 
program v.16. The normality of all data 
was examined by Shapiro-Wilk test and the 
homogeneity by Levine test. Normally distributed 
data were analyzed with ANOVA-test (each 
group compare with control group) followed by  
least significance difference (LSD) post-hoc test 
whenever differences found. Correlation between 
two parameters (CPS1 mRNA and CPS1 enzymatic 
activities, HIF-1 and CPS1 mRNA, HIF-1 and CPS1 
enzymatic activities) was done using Pearson 
correlation test. Data which are not normally 
distributed, will be analyzed by non-parametric 
methods using Kruskal-Wallis or Mann-Whitney 
tests. P-value of 0.05 was taken as the limit of 
statistical significance.11

RESULTS

 
HIF-1 activities
Hypoxia-inducible factor-1 (HIF-1) was measured 
as specific protein using ELISA method. The 
results expressed HIF-1 protein divided by total 
protein concentration in the same sample. The 
sample optimal dilution was 1/1,200 which was 
used during the experiment. It is clear that HIF-
1 decreases slightly on day one, but increases 
significantly on day three and day five (p<0,05) 
(Figure 1). 

CPS1 mRNA level
CPS1 increased significantly on day-1 then 
decreased progressively on day-3, -5, and 
reached  the lowest level on day-7, suggesting the 
occurrence of total body hypoxia, which triggered 
the liver to express the CPS1 (Figure 2).

CPS1 enzymatic activity
The activity of CPS1 was calculated based on 
the intercept of the absorbance of the liver 

 

 

Figure 1. Expression of HIF-1α protein during systemic 
chronic hypoxia

Figure 2. Relative expression of CPS1 mRNA during sys-
temic hypoxia
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enzymatic product with the curve or with the 
formula obtained. The result of CPS1 activity 
is shown in figure 3. It is clearly seen that 
CPS1 activity increased drastically (±181% of 
control) on day-1 and decreased progressively 
from day-3 to day-7 (±125% that of day-1). 
However, during the experiment, the activities 
of CPS1 were still significantly higher than 
normal control from day-1, -3, -5, and -7 
(p<0.05) (Figure 3).

Correlation of HIF-1 and CPS1 
Hypoxia-inducible factor-1 (HIF-1) is well 
known as a very responsive protein to hypoxia 
condition.12 This study showed that CPS1 
responds to hypoxia in function of time, at 
mRNA level as well as at protein or enzymatic 
level. Statistical analysis showed a moderate 
correlation between HIF-1 and CPS1 mRNA 
(r=0.419; p=0.037), a strong correlation between 
CPS1 mRNA and CPS1 enzyme activity (Pearson 
coefficient, r=0.618; p<0.001), but no correlation 
between HIF-1 and enzymatic activities of CPS1 
(r=0.049, p>0.05).

DISCUSSION

Urea biosynthesis, also well known as Krebs-
Henseleit cycle or urea cycle, is one of the most 
important liver functions.13 The role of this 
metabolic pathway is to detoxify NH3 which is 
continually formed as a result of transamination 
and deamination of amino acids. Ammonia is 
known very toxic for the central nervous system.14 
In hepatic failure, the capacity of liver in urea 
synthesis is markedly reduced. Consequently, 
most of blood ammonia fail to be converted 

 
Figure 3. Specific activity of CPS1 during systemic chronic 
hypoxia

into urea. As a result, central nervous system is 
intoxicated and the subject will fall into hepatic 
coma.13,14  

Half of the urea cycle occurs in mitochondrion.15,16 
The NH3 is converted to bigger  molecule  (the 
urea) through a ATP-dependent process. Urea 
also contains a carbonyl group, meaning that the 
urea biosynthesis needs CO2. The process occurs 
with high efficiency in mitochondrion, where 
ATP as well as CO2 are abundantly available. Both 
compounds are available only in mitochondrion 
in aerobic condition.17

Hypoxic condition often occur systemically or 
locally. Local hypoxia may happen in any organ, 
as a result of local or even segmental decrease 
of blood flow, for instance in atherosclerosis 
or thrombus. If it occurs in brain or heart, the 
subject will undergo stroke or heart attack. 
Local hypoxia can also occur in liver.18 In this 
case, it is important to know what happens in 
liver cells with total body hypoxia for a relatively 
long time. The objective was to know whether 
the urea biosynthesis affected by total body 
hypoxia. Multicellular organism has several 
ways for adaptation in a relatively lack of O2 
condition and some of them are coordinated 
genetically by a gene producing a protein, HIF-
1 which is discovered in mid-90’s by Semenza.12 
HIF-1 is a transcription factor which regulates 
the expression of an important number of genes. 
As reported previously, HIF-1 also increased  in 
response to hypoxia12,19,20 as well as  a proof  of 
hypoxic  liver cells.

Urea biosynthesis needs aerobic condition. 
The process involves five enzymes to work in a 
cycle. The first reaction, formation of carbamoyl 
phosphate is the key reaction. The activity of 
catalyzing enzyme, CPS1 controls and indicates 
the activity of the synthesis process where one 
molecule of carbamoyl phosphate eventually 
gives one molecule of urea. In this study, it was 
found that the longer the period of hypoxia the 
greater activities of CPS1, suggesting more NH3 
was converted into urea. The NH3 originated from 
transamination and deamination of amino acids 
suggesting that prolonged hypoxia will increase 
the number of total free amino acids (which was 
not measured in this study). However, free body 
amino acids may come from proteolysis and the 
food intake. This study showed decrease in the 
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rats body and liver weight during the prolonged 
hypoxia, suggesting that a certain degree of 
proteolysis might occur. The free amino acids, 
after deamination will be used for synthesis of 
glucose (gluconeogenesis) in ATP production. It 
is well known that in hypoxia condition, energy 
production is dominated by anaerobic glycolysis 
with lactate, instead of CO2 and water as end 
product, in which two ATP in place of 36 ATP are 
formed. 

Hypoxia-inducible factor-1 (HIF-1) is known as 
a master gene because it regulates nearly 100 
genes.20,21 In general, the genes can be divided 
into three groups: genes that regulate proteins 
needed for maintaining the tissue oxygen supply, 
genes whose products are needed for adaptation 
to hypoxia by switching the metabolism to 
anaerobic type, and finally genes that control the 
efficiency of the overall metabolism by adjusting 
the total body mass with the energy production 
capacity. 

Anaerobic glycolysis is triggered by HIF-1 by up-
regulation of lactate dehydrogenase to anaerobic 
isoform,22 key enzyme of gluconeogenesis.21 
One of the raw material for gluconeogenesis is 
amino acid, which must be liberated from the 
body proteins reserve. Activities of proteasome 
was increased under the control of HIF-1.23 
CPS1, the key enzyme in urea biosynthesis may 
be under HIF-1 control. In this study, there was 
moderate correlation between HIF-1 and CPS1 
mRNA and no correlation between HIF-1 and 
CPS1 specific activities. It suggests that HIF-1 
might up-regulate the CPS1 mRNA expression, 
but it did not  translate all mRNA  into CPS1 
protein as can be seen in the control rats liver, 
where a  substantially high CPS1 activitiy was 
detected. In fact, urea biosynthesis is a very 
important pathway and kept working all the 
time independently with external control. 
However the role of HIF-1 in regulating CPS1 
has to be elucidated and it needs further studies 
by binding of HIF-1 to promoter region of CPS1 
and also the influence of increase of the HIF-1 
content, stimulated by non-hypoxia pathway, on 
the CPS1 content. 

In conclusion, expression and specific activity 
of CPS1 in urea biosynthesis in rats liver were 
increased and affected by hypoxia and partially 
under HIF-1 regulation. 

Acknowledgement                              
This study is part of research project entitled 
“Regulation of glutaminase, carbonic anhydrase, 
H/K-ATPase and carbamoyl phosphate 
synthetase expression by HIF-1 in hypoxia 
condition”, funded by DRPM-UI Research Grant 
No. DRPM/RII/238/RU-UI/2013 (Riset Utama 
Universitas Indonesia, 2013).

Conflict of interest
The authors affirm no conflict of interest in this 
study.

REFERENCES

1. Botham KM, Mayes PA. The respiratory chain and 
oxidative phosphorylation. In Harper’s Illustrated 
Biochemistry, editor. 28th ed. New York: McGrawHill ; 
2006. p. 103–12.

2. Nath B, Szabo G. Hypoxia and hypoxia inducible 
factors: diverse roles in liver diseases. Hepatology. 
2012;55(2):622–33.

3. Marks DB, Marks AD, Smith CM. Biokimia kedokteran 
dasar: sebuah pendekatan klinis. In: Suyono J, Sadikin 
V, Mandera LI, editors. Basic medical biochemistry: a 
clinical approach. Jakarta: Penerbit EGC; 1996. p. 701–50. 
Indonesian.

4. Pekkala S, Martinez AI, Barcelona B, Gallego J, Bendala 
E, Yefimenko I, et al. Structural insight on the control 
of urea synthesis: identification of the binding site for 
N-acetyl-L-glutamate, the essential allosteric activator 
of mitochondrial carbamoyl phosphate synthetase. 
Biochem J. 2009;424(2):211–20.

5. Suarez I, Bodega G, Fernandez B. Glutamine synthetase 
in brain: effect of ammonia. Neurochem Int. 2002;41(2–
3):123–42. 

6. Kurashima K, Hoshi T, Takaku Y, Kanauchi T, Nakamoto K, 
Ueda M, et al. Changes in the airway lumen and surrounding 
parenchyma in chronic obstructive pulmonary disease. Int 
J Chron Obstruct Pulmon Dis. 2013;8:523–32. 

7. Mydin HH, Murphy S, Clague H, Sridharan K, Taylor IK. 
Anemia and performance status as prognostic markers 
in acute hypercapnic respiratory failure due to chronic 
obstructive pulmonary disease. Int J Chron Obstruct 
Pulmon Dis. 2013;8:151–7.

8. Livak KJ, Schmittgen TD. Analysis of relative gene 
expression data using real-time quantitative PCR and 
the 2-ΔΔC

T method. Methods. 2001;25(4);402-8.
9. Pierson DL. A rapid colorimetric assay for carbamyl 

phosphate synthetase 1. J Biochem Biophys Methods. 
1980;3(1):31–7.

10. Harahap, Indriati P. Analysis of blood biochemistry: 
biochemistry of laboratory experiment. Department 
of Biochemistry, Faculty of Medicine, Universitas 
Indonesia. 2001.

11. Dahlan MS. Statistik untuk kedokteran dan kesehatan: 
deskripsi, bivariate, multivariat, dilengkapi aplikasi 
dengan menggunakan SPSS. 5th Ed. Salemba Medika: 
Jakarta; 2011. 167–88. Indonesian

http://mji.ui.ac.id

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3610447/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3610447/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3610447/


Nikmah, et al.
Expression and specific activities of CPS1

9

12. Semenza GL. Hypoxia-inducible factor-1: oxygen 
homeostasis and disease pathophysiology. Trends Mol 
Med. 2001;7(8):345–50.

13. Lieberman M, Marks AD. Basic medical biochemistry: 
a clinical approach. 3rd Ed. Philadelphia: Lippincot 
Williams and Wilkins; 2009; 697–711.

14. Adeva MM, Gema S, Natalia B, Donapetry Cristóbal. 
Ammonium metabolism in humans. Metabolism 
clinic and experimental. 2012;61:1495–511. 

15. Thoden JB, Xinyi H, Frank M. Carbamoyl-phosphate 
synthetase: creation of an escape route for ammonia. 
Journal of Biology Chemical. 2002;277:39722–7.

16. Pekkala S, Martínez AI, Barcelona B, Gallego J, bendala 
E, Yefimenko I,  et al. Structural insight on the control 
of urea synthesis: identification of the binding site for 
N-acetyl-L-glutamate, the essential allosteric activator 
of mitochondrial carbamoyl phosphate synthetase 1. 
Biochemical J. 2009:424(2);211–20.

17. Nord FF. Mechanism and regulation of the glutamine-
dependent carbamyl phosphate synthetase of 
Escherichia coli. In: Meister A, editor. Advances in 

enzymology and related areas of molecular biology. 
New York: John Wiley and Sons; 1989; 315–74.

18. Kietzmann T, Cornesse Y, Brechtel K et al. Perivenous 
Expression of the mRNA of three hypoxia-inducible 
factor alpha subunits, HIF-1alpha, HIF-2-alpha, HIF-
3alpha, in rat liver. Biochem J. 2001; 354: 531–7.

19. Dufour JF, Clavien PA. Signalling pathways in liver 
disease. 3rd ed. Berlin: Springer; 2005; 442.

20. Kaluz S, Kaluzová M, Stanbridge EJ. Regulation of 
gene expression by hypoxia: integration of the HIF 
transduced hypoxic signal at the hypoxia-responsive 
element. Clinica Chimica Acta. 2008; 395(1–2): 6–13.

21. Greijer AE, Up-regulation of gene expression by hypoxia 
is mediated predominantly by hypoxia-inducible factor 
1 (HIF-1). Journal Pathology. 2005;206: 291–304.

22. Nuria P. Hypoxia promotes glycogen accumulation through 
Hypoxia Inducible Factor (HIF)-mediated induction of 
glycogen synthase 1. PLoS One. 2010; 5(3): e9644. 

23. Storey, KB. Biochemical adaptation. in: Storey KB (Ed.). 
Functional metabolism: regulation and adaptation. 
Wiley-Liss, Inc, Hoboken, New Jersey. 2004; p. 383–413.

Medical Journal of Indonesia

http://www.ncbi.nlm.nih.gov/pubmed/?term=Pescador N%5Bauth%5D


10 Med J Indones, Vol. 25, No. 1
March 2016

X-ray radiation effect of C-arm on adipose tissue-mesenchymal stem 
cell viability and population doubling time

Keywords: AT-MSCs, population doubling time, irradiation, viability

pISSN: 0853-1773 • eISSN: 2252-8083 • http://dx.doi.org/10.13181/mji.v25i1.1335 • Med J Indones. 2016;25:10–8
• Received 23 Dec 2015 • Accepted 16 Mar 2016

Corresponding author: Ahmad J. Rahyussalim, rahyussalim71@ui.ac.id

Copyright @ 2016 Authors. This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 
International License (http://creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and 
reproduction in any medium, provided the original author and source are properly cited.

Ahmad J. Rahyussalim,1,2 Jeanne A. Pawitan,2,3,4 Alam R. Kusnadi,1 Tri Kurniawati2,3

1 Department of Orthopaedic and Traumatology, Faculty of Medicine, Universitas Indonesia, Cipto Mangunkusumo Hospital, 
Jakarta, Indonesia

2 Stem Cell Medical Technology Integrated Service Unit, Cipto Mangunkusumo Central Hospital, Faculty of Medicine Universitas 
Indonesia, Jakarta, Indonesia

3 Stem Cell and Tissue Engineering Cluster, Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia
4 Department of Histology, Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia

  Basic  Medical  Research

Medical Journal of Indonesia

ABSTRAK

Latar belakang: Sel punca mesenkimal asal jaringan lemak 
(AT-MSCs) lebih mudah diisolasi dibandingkan asal sumsum 
tulang. Prosedur injeksi sel punca secara minimal invasif 
memerlukan panduan mesin sinar-X yang dapat memengaruhi 
viabilitas dan waktu penggandaan. Penelitian ini bertujuan 
untuk melihat pengaruh sinar-X terhadap viabilitas dan waktu 
penggandaan populasi sel punca AT-MSCs.

Metode: Sel punca adiposa yang tersimpan di UPTTKSP RSCM 
FKUI, dilakukan thawing, propagasi kemudian dipaparkan pada 
berbagai dosis radiasi sinar-X dari mesin C-arm. Viabilitas sel 
punca diukur dan dikultur untuk menilai waktu penggandaan 
sel. Uji linier dikerjakan untuk membandingkan viabilitas sel 
pasca-thawing, post-propagasi, post-radiasi sebelum kultur, 
pasca-kultur setelah radiasi dan antara kelompok dosis radiasi. 
Uji Krukal-Wallis menilai waktu penggandaan populasi di 
antara bermacam dosis radiasi, dan uji Wilcoxon menilai waktu 
penggandaan sebelum dan setelah radiasi.

Hasil: Periode konfluens rata-rata AT-MSCs pasca-radiasi 
adalah 4,33 hari. Tidak ada perbedaan bermakna viabilitas 
sel punca sebelum dan setelah paparan sinar-X (p=0,831). 
Tidak terdapat korelasi antara viabilitas sel punca sebelum 
kultur setelah dipaparkan berbagai dosis radiasi sinar-X 
(p=0,138, r=0,503). Tidak ada perbedaan bermakna waktu 
penggandaan populasi sel punca yang dikultur setelah 
paparan sinar-X dan sel punca tidak dikultur setelah paparan 
sinar-X dan di antara kelompok sel punca yang dipaparkan 
berbagai dosis sinar-X (p=0,792). 

Kesimpulan: Waktu penggandaan populasi dan vialibilitas sel 
punca adiposa tidak dipengaruhi oleh paparan sinar-X hingga 
32,34 mgray.

ABSTRACT

Background: Adipose tissue derived mesenchymal stem 
cells (AT-MSCs) are relatively easy in isolation procedure 
compared to bone marrow-derived. Minimally invasive MSC 
injections need C-arm as guidance that potentially influence 
the cell viability and doubling time. This study aimsed to 
determine the effect of C-arm X-ray exposure on AT-MSC 
viability and population doubling time (PDT).

Methods: This experimental study used cryopreserved 
adipose tissue derived MSCs stored in Stem Cell Medical 
Technology Integrated Service Unit Cipto Mangunkusumo 
Hospital. Cells were thawed, propagated, and exposed to 
varying doses of C-arm X-ray radiation. Stem cell viability 
was measured, and then the cells were cultured to assess 
their PDT. Generalized linear models test was used to 
compare cell viability between post-thaw, post-propagation, 
post-radiation, post-culture post-radiation, and control and 
between radiation dose groups. Kruskal-Wallis test assessed 
PDT between various radiation doses in post-radiation 
groups. Wilcoxon test was used to assess PDT between pre-
radiation and post-radiation groups.

Results: Mean confluence period of adipose MSCs post- 
irradiation was 4.33 days. There was no statistically 
significant difference in MSC viability after X-ray exposure 
between pre- and post-irradiation groups (p=0.831). There 
was no correlation between post-irradiation viability and 
radiation dose (p=0.138, r=0.503). There were no significant 
differences in PDT between pre- and post-culture post-
irradiation groups and between various radiation doses in 
post-irradiation groups (p=0.792).  

Conclusion: MSC viability and PDT were not influenced by 
radiation exposure up to 32.34 mgray.

http://dx.doi.org/10.13181/mji.v25i1.1335
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Stem cells are regarded as future treatment for 
a variety of diseases due to their differentiation, 
proliferation, and regeneration capability. 
Mesenchymal stem cell (MSC) is a type of stem 
cell, which can be found in bone marrow, adipose 
tissue, umbilical cord, brain, liver, muscle, skin, and 
embryo.1–5 Although MSCs can be found in many 
kinds of  tissues and organs, they constitute only one 
among 106 adult bone marrow stromal cells, and 
only one among 104 umbilical cord cells.1 A study by 
Lubis et al2 reported that MSCs, which were collected 
from iliac crest could be cultured in vitro so that 
they could meet the need for cell therapy. Adipose 
tissue-mesenchymal stem cells (AT-MSCs) are 
increasingly utilized in clinical practice. Compared 
to other types of MSCs, AT-MSCs are relatively easy 
in isolation procedure, can be obtained less painful 
from various sites (e.g. abdomen, thigh, upper 
arm, back, yellow marrow, etc), and have similar 
regenerative and differentiation ability as bone 
marrow MSCs.5–7 Moreover, for allogeneic use, AT-
MSCs may be obtained from waste of liposuction. 
However, AT-MSCs sensitivity to irradiation has not 
been reported yet. 

In orthopedic clinical practice, stem cells are 
utilized for the treatment of segmental bone 
defect, articular cartilage and tendon local defect, 
spinal fusion, and neuronal regeneration.1,2,7 
Direct implantation of MSCs for spinal cord 
injury was relatively safe and may improve 
neurological deficit.8–11 Intraspinal implantation 
of MSCs can be done either by open surgery 12 

or by minimally invasive technique using C-arm 
image intensifier that causes X-ray radiation 
in Cipto Mangunkusumo Hospital.  Minimally 
invasive intraspinal implantation procedure 
mimics vertebroplasty procedure in term of 
C-arm guided to reach the lesion or spinal cord as 
an implantation target.13 Intraspinal implantation 
in conjunction with open surgery is applied 
especially for acute injury patient needing 
immediate surgery. For this case, allogeneic MSCs 
implantation is a treatment of choice because 
the cells are available in a laboratory. Minimal 
invasive intraspinal implantation is applied for 
chronic or delayed cases without canal problem. 
It this procedure is done in operating theatre with 
C-arm imaging intensifier. X-ray image guides the 
needle to put cells into the lesion precisely. This 
process it is very important for the cells to directly 
spreading spinal cord damage without repair the 
systemically throughout the human body.    

A study showed that ionizing radiation up to 
10 Gy did not alter functional characteristics 
and marker expression of MSCs.14 However, 
Kurpinski et al15 suggested that 0.1 Gy of X-ray 
may inhibit MSC cycle without interfering 
osteogenic differentiation in vitro. Irradiation 
was also found to inhibit stem cell proliferation 
and differentiation at two weeks post-exposure.16 

Laboratories that produced MSCs are now 
available in Indonesia and the researchers have 
capabilities to do MSC isolation and culture as well. 
However, there was no study, which addressed the 
viability and proliferation capability of AT-MSCs 
after X-ray radiation exposure of C-arm image 
intensifier. The present study aimed to evaluate 
viability and proliferation ability of MSCs after 
X-ray radiation exposure of the machine.

METHODS

The study design was in vitro laboratory 
experimental study held in Cipto Mangunkusumo 
Hospital in February 2015. This study was approved 
by Ethical Committee for Medical Research of 
Faculty of Medicine Universitas Indonesia-Cipto 
Mangunkusumo Hospital with No. 164/UN2.F1/
ETIK/II/2015. 

This research used cryopreserved AT-MSCs. The 
cells were derived from a healthy donor, a 19-year-
old girl who had an open reduction and internal 
fixation in September 2014. With patient’s 
consent, some adipose tissue was harvested from 
femoral region by surgery procedure, processed, 
and the cells were cultured in two cycles before 
finally were cryopreserved. The inclusion criteria 
were the cells should expressed positive CD73 
and CD90 markers, and were negative for CD34 
marker. The cells were indeed mesenchymal stem 
cells as was the criteria of International Society 
for Cell Therapy (ISCT). Exclusion criteria were if 
there was not enough cells obtained for one batch 
of experiment and cultures were contaminated 
during experiment. Sample size (n) was set three 
for each group.

AT-MSC samples were taken from tissue bank at 
Stem Cell Medical Technology Integrated Service 
Unit, Cipto Mangunkusumo Hospital, CMU 2 
Building, 5th floor, Jl. Diponegoro 71, Jakarta, 
Indonesia.
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Preparation of AT-MSCs
Cryopreserved AT-MSCs were thawed, and 
washed in complete medium (1% penicillin/
streptomycin, 1% amphotericin B, 1% heparin 
(1,000 U), 1% glutamax-L, and 10% platelet rich 
plasma containing α-MEM) and were propagated 
in T25 flasks, and when confluence was reached, 
MSCs were harvested using TrypLE Select, 
neutralized by an equal amount of complete 
medium, and viability was directly assessed 
using trypan blue exclusion method. Viability 
was calculated as percentage ratio of the number 
of living and total cells. Furthermore, population 
doubling time (PDT)17,18 was calculated. 

C-arm X-Ray exposure
Mesenchymal stem cells were divided into ten 
groups (one control group and nine treatment 
groups), which were put in Eppendorf tubes that 
contained 1x105 cells/100 µL medium. MSCs of 
treatment groups were exposed to X-ray from 
the C-arm image intensifier (Siemens Siremobil 
Compact L X-ray tube). First group was the 
control group that did not receive any X-ray 
exposure. Group II, III, and IV received 50 kV of 
X-ray exposure for 60, 120, and 240 seconds 
respectively. Group V, VI, and VII received 60 kV 
of X-ray exposure for 60, 120, and 240 seconds 
respectively. Group VIII, XI, and X received 70 kV 
of X-ray exposure for 60, 120, and 240 seconds 
respectively. X-ray exposure in each group was 
repeated three times. X-ray exposure on MSCs 
was measured by TLD100-H dosimeter, and the 
dose was interpreted by Harshaw TLD 3500. 
After X-ray exposure, all groups were evaluated 
for their viabilities. All experiments were done in 
duplo. 

Mesenchymal stem cells were then cultured in 
complete medium at 37°C with 5% CO2. The cells 
were observed and the medium was renewed 
every two days. When the cells in control group 
were in 80 to 90% confluent, all cells in all groups 
were harvested, viability was assessed and PDT 
was calculated.

Population doubling time measurement 
Population doubling time (PDT) was calculated 
using the equation:

PDT =          log 2 x ∆T                
               log (NH)-log (NI)

NH= harvested cell number
NI= cell number at seeding
∆t = time from seeding to harvesting (in days)

Data collection and analysis
Data were collected at pre-irradiation, post-
irradiation, and post-irradiation-and-culture 
to evaluate viability and PDT for all groups. 
Statistical analyses were done with SPSS 
version 17.0 by generalized linear model to 
evaluate differences in viability between study 
groups. Spearman test was used to calculate 
correlation between pre-irradiation, post-
irradiation, and post-irradiation-and-culture 
viability for all groups. One-way Anova test 
or Kruskal-Wallis test as alternative was 
used to evaluate the significanct difference 
of post-irradiation population doubling time 
between study groups. Pearson test (if data 
distribution was normal) or Wilcoxon test (if 
data distribution was abnormal) was used to 
evaluate the significanct difference between 
pre-irradiation and post-irradiation population 
doubling time between groups.

RESULTS

AT-MSCs post-culture confluent at day four post-
culture can be seen in Figure 1. Viability showed 
slight difference between X-ray exposure 
group (Figure 1 B, 1C and 1D) compared to 
control group (Figure 1A). Before the cells 
were harvested, we had observed a retraction 
in cultured AT-MSCs with exposure strength 
of 50 kVp, at all exposure duration (Group II, 
III, and IV), which can be seen in Figure 2D. 
Table 1 shows the mean values of viability and 
PDT at various irradiation doses and control 
at pre-irradiation, post-irradiation, and post-
irradiation-and-culture. Mean difference due to 
irradiation waiting time in control group was 
5.07% while mean difference of AT-MSCs post-
exposure viability for all groups was 7.61%.

The shortest post-irradiation-and-culture PDT 
was 2.04 days, found at 8.82 mSv dosage (group 
VIII); the longest PDT was 15.83 days, found 
at 5.53 mSv dosage (group IV). Mean post-
irradiation-and-culture PDT for experimental 
groups was 38% longer than that of control 
group. There was no significant difference 
between viability values at pre-irradiation, 

http://mji.ui.ac.id
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post-irradiation, and post-irradiation-and-
culture (p=0.831) (Figure 1). There was 
correlation between post-irradiation viability 
and irradiation dose, but it was not statistically 
significant (r=0.503; p=0.138). Table 2 shows 
median, minimum, and maximum values of 
PDT at various irradiation doses, at pre-and 
post-irradiation. There was no statistically 
significant difference between pre-irradiation 
and post-irradiation PDT in all experimental 
groups. Moreover, there was no statistically 
significant difference of post-irradiation 
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Figure 1. Adipose tissue-mesenchymal stem cells post-culture confluent at day four post-culture. Viability showed slight differ-
ence between X-ray exposure group (B, C, and D) compared to control group (A). There was no statistically significant diffference  
pertaining to viability among the groups (magnification 400x)
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Figure 2. Adipose tissue-mesenchymal stem cells post-culture showed confluent cells post-thawing (A, B, and C). Retraction for-
mation due to over confluence was shown by cells post-culture after radiation (D) (magnification 400x)

Group
Exposure 
strength

(kVp)

Exposure 
duration 
(second)

Irradiation 
dose

(mSv)

Pre-irradiation 
viability (%)

Post-irradiation 
viability (%)

Post-irradiation 
and culture 

viability (%)

Post-irradiation 
and culture PDT

1 0 0 0 97.23 92.16 87.96 3.67
2 50 60 1.53 97.23 86.40 86.62 10.19
3 50 120 3.01 97.23 96.24 87.64 5.88
4 50 240 5.53 97.23 93.04 87.53 15.83
5 60 60 4.35 97.23 94.51 87.76 1.71
6 60 120 8.46 97.23 92.54 85.26 3.48
7 60 240 14.84 97.23 93.28 86.78 2.51
8 70 60 8.82 97.23 94.19 86.74 2.04
9 70 120 18.42 97.23 94.71 79.35 9.62

10 70 240 32.34 97.23 94.75 87.20 2.60

Table 1. Mean values of viability and PDT of the study groups at pre-irradiation, post-irradiation, and post-irradiation-and-culture

population doubling time between irradiation 
doses (p=0.792). 

DISCUSSION

In this study, we found a correlation between post-
irradiation-and-culture viability and irradiation 
dose (r=-0.648, p=0.043). We also found a 
correlation between post-irradiation viability and 
irradiation dose, although it was not statistically 
significant. From those findings, we suspected 
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Irradiation
dose (mSv)

Pre-irradiation
PDT

Post-irradiation
PDT p

0 1.73 (1.37-3.47) 3.36 (1.55-6.11)
1.53 1.73 (1.37-3.47) 1.85 (1.81-26.9) 0.109
3.01 1.73 (1.37-3.47) 2.21 (2.04-13.38) 0.109
4.35 1.73 (1.37-3.47) 1.64 (1.51-1.98) 1.000
5.53 1.73 (1.37-3.47) 1.75 (1.73-44.01) 0.109
8.46 1.73 (1.37-3.47) 1.94 (1.63-6.88) 0.285
8.82 1.73 (1.37-3.47) 2.03 (1.58-2.52) 0.593
14.84 1.73 (1.37-3.47) 1.78 (1.66-4.08) 0.109
18.42 1.73 (1.37-3.47) 3.37 (1.87-23.62) 0.285
32.34 1.73 (1.37-3.47) 2.17 (1.55-4.09) 0.109

Table 2. Median, minimum and maximum values of PDT at 
various irradiation doses, at pre-and post-irradiation

that some DNA was damaged due to irradiation, 
but cell death did not occur until the attempt to 
repair the damage was failed. Some DNA repair 
mechanism occurs at mitosis; therefore, we 
found a decrease in post-irradiation-and-culture 
viability. Viability represents stem cell ability 
to withstand external stressors. AT-MSCs are 
sensitive to irradiation. Islam et al19 suggested 
that irradiation impaired bone marrow stem cell 
mitotic and differentiation capability, cell cycle, 
and gene expression. The reduced viability may 
increase the amount of MSCs required in clinical 
practice. The present study showed a tendency 
of decrease in cell viability after X-ray exposure, 
although it was not statistically significant. There 
are several contributing factors to cell viability. 
Sensitivity to irradiation is affected by cell ability 
to overcome irradiation related genome damage. 
In other words, failure to repair post-irradiation 
cell damage may lead to reduce proliferation 
ability and cell death.14

The effect of irradiation to MSCs depends 
on various factors, including radiation dose, 
cell/tissue endogenous, and environmental 
factors. Irradiation affects stem cell through 
deoxyribonucleic acid (DNA) damage, cell cycle 
impairment, senescence, and cell death related to 
genetic and epigenetic alteration.20 Cell and tissue 
injury due to irradiation is caused either by direct 
macromolecule ionization or by some indirect 
processes through free radicals from water 
radiolysis.19 Ionization and reactions with free 
radicals may alter structure and function of DNA, 
lipid, and protein. Those changes may impair 
cell metabolic function that lead to cell injury 

or even cell death. DNA is the most important 
target macromolecule in cell injury and death.21 
Free radicals may enter the cell by diffusion 
through cell membrane and thereby damaging 
cell macromolecules, particularly DNA. Cell 
endurance to irradiation is affected by the ability 
to produce antioxidants and the ability to repair 
DNA damage.22 There are two mechanisms of 
DNA repair: non-homologous end joining (NHEJ) 
and homologous recombination (HR). The NHEJ 
has six components: Ku70, Ku80, DNA-PK, XRCC4, 
DNA ligase IV (LigIV), and XRCC4-like factor 
(XLF). In NHEJ process, DNA damage is identified 
by Ku proteins; which bind and activate DNA 
protein kinase. Then end-processing enzymes, 
polymerase, and DNA ligase IV are called upon 
and activated. Moreover, HR begins with ssDNA 
generation. The HR process is affected by MRE11-
Rad50-NBS1 (MRN) protein complex. Catalyzed 
by Rad51, BRCA1, and BRCA2, ssDNA is processed 
by polymerase, nuclease, helicase and DNA ligase. 
HR may reintroduce replication process and 
repair inter-strand DNA crosslink. While NHEJ 
may occur at all cell cycle, HR can only occur at S 
and G2 phase.23

Li et al24 reported that high radiation dose 
substantially reduced the ability to differentiate, 
although it did not diminish completely. 
Furthermore, Pawlik et al25 reported that cell 
sensitivity to irradiation varied according to its 
cell cycle; the cell was relatively sensitive during 
M and G2 phase, and was relatively resistant at 
the end of S phase. Our study did not check the 
cell cycle phase, and this fact was the limitation 
of our study.

Radiation dose unit used in this study is Sievert. 
Sievert is an international unit of exposure dose 
or equivalent dose, which is equal to received dose 
(gray) multiplied by quality factor. Quality factor 
for X-ray is 1, so 1 sievert = 1 gray. Irradiation 
dose at the present study was between 1.53-32.34 
mSv. Upon the radiation exposure, viability of 
MSCs was decreased. In accordance with Nicolay 
et al14, human MSCs were less radiosensitive 
than cells that had already differentiated into 
primary fibroblasts. Irradiation as low as 0.1 
gray may inhibit MSC cycle without affecting its 
osteogenic differentiation in vitro.16 Other study 
reported that low-dose irradiation may improve 
osteoblastic differentiation and mineralization 
in vitro.24 We did not explore the differentiation 
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ability of MSCs after irradiation exposure. This 
study was not along with data from Liang et 
al26 that which showed low-dose 50 and 75 
mGy radiation improved MSC proliferation 
compared to control and 100 mGy radiation, 
due to transition between G1 and S phase of cell 
cycle.26 Higher dose of radiation at 2-4 cGy caused 
DNA damage with subsequent transduction 
signal pathway activation to repair the damage. 
Moreover, high-dose 4 Gy irradiation caused DNA 
damage that was followed by cell apoptosis and 
proliferation.19,27 However, according to Singh 
et al22 radiation exposure in vivo up to 9 Gy did 
not affect proliferation ability. Furthermore, 
Kurpinski et al15 suggested that MSCs responded 
well to radiation exposure by repairing DNA 
damage.

Mesenchymal stem cells viability in the present 
study decreased in the majority of experimental 
group, including all post-irradiation-and-
culture groups. The decreased viability of post-
irradiation-and-culture groups may be related 
to senescence of the MSCs itself. Schallmoser et 
al28 suggested that aging MSCs had impaired cell 
proliferation, altered phenotype, gene expression, 
and cell nucleus structure, as well as impaired 
protein processing and cell metabolism. However, 
this suggestion was not supported by Zuk et al29 
which showed that MSCs were relatively stable, 
with a senescent  rate of 5% at the 10th passage 
and only 15% at the 15th passage, but the MSCs 
used in Zuk et al29 study were not cryopreserved, 
while we used cryopreserved cells which were 
shown to undergo senecence at lower passages 
compared to fresh cells.30

Pre-irradiation PDT in the present study was in 
accordance with Mitchell et al31 which reported 
that MSC PDT at the first to fourth passage was 
86.6-112.8 hours. In contrast with However, 
different with our study, Zhu et al32 reported 
that MSC PDT at the third passage was 36 
hours, and Wall et al33 reported that until the 
fifth passage PDT was 45 hours. At the present 
study, mean post-irradiation PDT was higher 
than mean pre-irradiation PDT, but did not 
differ significantly. Pre-irradiation and post-
irradiation AT-MSCs were in different passage 
due to culturing. A study by Gruber et al34 
suggested that PDT increased significantly in 
line with the period of passage. In our study, 
a small passage difference (only one period of 

passage) and small radiation exposure were 
not enough to produce a statistically significant 
lengthening of PDT. The findings were also in 
accordance with Peng et al.35

With doses of 5.53 mSv (group IV) and 18.42 mSv 
(group IX), PDT was dramatically increased. Those 
phenomena were not found in any other groups, 
although all MSCs underwent the same process of 
thawing. The substantial increase of PDT in groups 
IV and IX may be caused by difference in cell 
cycle when exposed to irradiation, or difference 
in the location of DNA damage. This is one of the 
weaknesses of our study as we did not specify at 
which cell cycle the irradiation was done nor the 
location of DNA damage, as DNA damage due to 
X-ray radiation usually occurs at random.

Hahn et al36 found a correlation between 
prolonged PDT and increase in relative resistance 
to radiation, the lengthening of PDT permitted 
the cells to repair DNA damage. Nicolay et al14 
admitted that cell failure to repair the radiation-
related damage may lead to loss of proliferation 
ability or cell death. This may decrease the initial 
number of proliferation capable cells, thereby may 
prolong the confluence time and PDT. MSCs may 
retain post-irradiation proliferation ability with 
x-ray exposure up to 10 Gy. However, MSC PDT 
may be prolonged up to three times compared to 
primary fibroblasts.

Mesenchymal stem cells proliferation rate was 
influenced by several factors such as cell source, 
culture medium composition and quality, such 
as supplement (FBS, platelet lysate), glucose and 
glutamine concentration, presence of hypoxia, 
cell density, flask size, plastic quality, and 
addition of growth factors. We used α-MEM as 
basal medium to support ATMSC proliferation. 
Similar to Suryani et al study18 we also used 10% 
platelet lysate since this was better and more 
economical compared to a commercial medium 
(Mesencult®) at the first to fifth passage, 
although in the initial culture Mesencult® was 
better.

Through an in vitro study, Sardjono et al37 found 
spontaneous differentiation and senescence of 
ATMSCs after six passages. They suggested that 
cell viability may decrease after washing process 
by PBS. They washed the cells in PBS before cell 
count to minimize trypsin effect that was used 
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to separate MSCs from the plastic container. 
Therefore we did not wash the cells as we used 
tryple Select, which was milder compared to 
trypsin, in accordance with Pawitan et al38 to 
minimize the confounding factors.

The duration of radiation exposure was based 
on C-arm image intensifier usage in clinical 
practice at our institute, especially for patients 
with spinal orthopaedic surgery. C-arm at our 
institution was used for one to three minutes; it 
was in accordance to Boszczyk et al13 in which 
kyphoplasty assumed X-ray exposure from C-arm 
for one to two minutes.

The TLD was used to estimate the dose received by 
AT-MSCs from C-arm image intensifier. Compared 
to other types of dosimeter, TLD was more 
sensitive, more durable, more precise (measure 
X-ray exposure below 1 mGy), more responsive, 
and more consistent (unaffected by humidity nor 
magnetic field).39 Moreover, TLD 100-H that was 
used in this study was a dosimeter of choice for 
measuring low-dose X-ray exposure in clinical 
practice.40-42

In this study, we observed a retraction in 
cultured AT-MSCs with exposure strength of 
50 kVp, at all exposure duration (group two, 
three, and four) (Figure 2). Retraction at the 
study of Pawitan et al38 was found as a result of 
confluence imbalance in the flask; monolayer at 
the flask periphery and over confluence parts 
grew upwards, forming multiple layers, due to 
prolonged culture. These multilayer cells were 
clearly seen at the beginning, but subsequently 
became thickened and formed micromasses 
with blurred appearance due to formation of 
chondrogenic matrix. We suggested that the 
retraction in our study represented differentiated 
cells with a decrease in proliferation ability, 
thereby lengthen MSC PDT of corresponding 
study groups. Moreover, differentiated cells 
were not able to proliferate anymore, leading to 
a decrease in their viability. This fact was one of 
the limitations in our study, which might have a 
consequence on the results.

Age was a contributing factor to biological 
properties of MSCs, but we supposed that it did 
not affect our study significantly. MSCs in this 
study were harvested from a 19-year-old girl. 
According to Gruber et al34 MSCs collected from 

old donors (mean age of 56 years old) showed 
a longer PDT at the first to fourth passage. In 
addition, Zhu et al32 reported a decrease in MSC 
proliferation ability, which correlated well with 
increasing age. In contrary, Schipper et al43 did not 
find any significant difference of cell proliferation 
between three age groups.

Overall, the limitations of our study included the 
fact that the cells were harvested from a single 
young donor, and might show different results on 
older donor. Moreover, we did not check the cell 
cycle and senescensce profile, and some of the 
cultures were grown to overconfluence. Therefore, 
further studies are needed to verify our results. 

For future directions, we suggest to use cells 
below passage 10 for fresh cells and for 
cryopreserved cells below passage five, which 
are not over confluence to reduce the presence 
of differentiated and senescent cells. Moreover, 
as cells from logaritmic phase (in mitotic phase) 
are more prone to irradiation damage, and as 
viability and PDT were not influenced by radiation 
exposure up to 32.34 mGy, we recommend to use 
radiation exposure up to 32.34 mGy. 

In conclusion, MSC viability and PDT were not 
influenced by radiation exposure up to 32.34 mGy.
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ABSTRAK

Latar belakang: Proliferasi sel terjadi baik pada sel normal 
maupun sel kanker. Penghambatan proliferasi sel pada 
umumnya bertujuan untuk membunuh sel kanker, yang banyak 
dilakukan dengan menghambat sintesis DNA, terutama melalui 
intervensi sintesis basa purin atau pirimidin. Pada sintesis purin 
de novo diduga terdapat peran biotin yang merupakan koenzim 
dalam reaksi karboksilasi, salah satu tahap yang sangat 
penting dalam sintesis purin. Penelitian ini bertujuan untuk 
mempelajari potensi avidin sebagai pengikat biotin dalam 
penghambatan mitosis.

Metode: Sel mononukleus darah tepi (SMDT) manusia dikultur 
dalam medium RPMI-1640 dan distimulasi oleh fitohemaglutinin 
(PHA) dengan dan tanpa interleukin-2 (IL-2) dan dengan atau 
tanpa avidin. Efek penambahan avidin dilihat pada 24, 48, dan 
72 jam dan dilakukan analisis terhadap proliferasi, viabilitas, 
dan siklus sel. Analisis statistik menggunakan one-way ANOVA.

Hasil: Avidin menghambat sintesis DNA dan proliferasi SMDT 
pada kultur yang distimulasi PHA dengan atau tanpa IL-2. 
Analisis siklus sel menunjukkan bahwa avidin menghambat 
progresi masuknya SMDT dari fase G0/G1 ke fase S. 

Kesimpulan: Hambatan utilisasi biotin karena pengikatan 
oleh avidin, dapat menghambat proliferasi sel.

ABSTRACT

Background: Cell proliferation occurs not only in normal 
but also in cancer cells. Most of cell proliferation inhibition 
can be done by inhibiting the DNA synthesis, notably by 
intervening the formation of purine or pyrimidine. In purine 
de novo synthesis, it was assumed that biotin plays a role as a 
coenzyme in carboxylation reaction, one of the pivotal steps 
in the purine de novo pathways. The aim of this study was 
to see the avidin potency to bind biotin and inhibit mitosis.

Methods: Peripheral blood mononuclear cell (PBMC) 
was cultured in RPMI-1640 medium and stimulated by 
phytohemagglutinin (PHA) in the presence or absence of 
interleukin-2 (IL-2), with or without avidin. The effect of 
avidin addition was observed at 24, 48, and 72 hours for cell 
proliferation, viability, and cell cycle. Statistical analysis was 
done by one-way ANOVA.

Results: Avidin inhibited cell proliferation and viability in 
culture under stimulation by PHA with and without IL-2. Cell 
cycle analysis showed that avidin arrested the progression 
of PBMC after 72 hours of culture. Most cells were found in 
G0/G1 phase. 

Conclusion: Inhibition of biotin utilization by avidin 
binding can halt cell proliferation.
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Purine is an essential compound in nucleotides and 
functions as building block of deoxyribonucleic acid 
(DNA) and ribonucleic acid (RNA).1 Nucleotides also 
have a role as a second messenger, such as guanosine 
triphospate (GTP) and 3’-5’-cyclic adenosine 
monophospate (cAMP), and as a coenzyme such 
as adenine dinucleotide (NAD) and coenzyme A.2 

The inhibition of purine synthesis is important to 
stop cell proliferation. In cancer, cell proliferation 
occurs continuously and uncontrolled.3 An attempt 
to halt cell proliferation is the cornerstone of 
cancer therapy. Cell proliferation can be inhibited 
in various ways, most of them by intervention of 
purine synthesis.4

There are two pathways in purine synthesis, de 
novo synthesis pathway and salvage pathway. In de 
novo synthesis, purine is synthesized directly from 
precursors, i.e. sugar, amino acids, and bicarbonate. 
In salvage pathway, the purine or nucleotide 
released from hydrolytic degradation of nucleic acid 
is reused or recycled.5 In de novo synthesis pathway, 
there are ten enzymatic reactions, three of the 
reactions need the vitamin as a coenzyme. Reaction 
in the third and the ninth step needs the folic acid, 
whereas reaction in the sixth step, a carboxylation 
reaction, commonly needs the biotin.6 

To date, intervention of the formylation step is used 
as a therapeutical approach, by using the folate 
analogues. It is interesting to note that the sixth 
step which needs biotin is practically not explored 
at all. Avidin is a well known protein due to its 
high affinity to biotin (Kd=10-15M).7 Avidin-biotin 
interaction is considered the strongest non-covalent 
interaction among ligand-protein interaction in 
nature.8 So far, utilization of the interaction is 
limited to in vitro assay and other applications 
such as enzyme-linked immunosorbent assay 
(ELISA), immunohistochemistry, and western 
blot.9 We supposed, based on the high affinity of 
biotin-avidin interaction, this protein could arrest 
cell proliferation. In this study, we evaluated the 
role of biotin on DNA synthesis, cell proliferation, 
cell cycle by using human peripheral blood 
mononuclear cell (PBMC) stimulated to mitosis with 
phytohemagglutinin (PHA). The cells were then 
harvested periodically after the first stimulation.

METHODS

This was an experimental study conducted at 

the Department of Biochemistry and Molecular 
Biology, Department of Medical Biology, and 
Department of Clinical Pathology, Faculty of 
Medicine, Universitas Indonesia, Jakarta, from 
March 2014 to March 2015.

The protocol of the study has been approved 
by Medical Ethics Committee of Faculty of 
Medicine, Universitas Indonesia (No. 318/
H2.F1/ETIK/2014). Signed informed consent 
was obtained from three volunteers. PBMC was 
obtained from the buffy coats of healthy donors. 
Heparinized human peripheral blood (6 mL) 
was obtained from normal healthy volunteers. 
Peripheral blood was isolated by gradient density 
centrifugation with Ficoll Paque PLUS (GE 
HealthcareTM). Cells in the interface layers were 
removed and washed by phosphate buffered 
saline (PBS), then resuspended in RPMI-1640 
(LonzaTM) medium which is supplemented with 
10% inactive FBS (GibcoTM), 100 U/mL penicillin 
(GibcoTM), and 100 µg/mL streptomycin 
(GibcoTM). Cells were cultured in triplicate with 
density of 0.5x106 cell/mL and stimulated by 
addition of 10 U/mL IL-2 (PeprotechTM) and 
1% PHA (GibcoTM). BrdU incorporation and 
the reduction of tetrazolium salt were used to 
determine the cells proliferation and viability. 
Cells were harvested at 24, 48, and 72 hours 
after the addition of avidin. 

The proliferation of PBMC was done using 
commercial Kit Cell Proliferation ELISA 
BrdU (colorimetric) (RocheTM) following the 
procedure described in the user’s manual. The 
viability measurement of PBMC was carried 
out using the commercial kit Proliferation 
Reagent WST-1 (RocheTM). Data were expressed 
as absorbance (mean±SD) of at least triplicate 
experiments. Cells (1x106) were harvested, 
washed with PBS, fixed with 70% ethanol, 
treated with 100 µg/mL RNase A (Sigma-
AldrichTM), and stained with 50 µg/mL 
propidium iodide (Sigma-AldrichTM). After 30 
minutes incubation at room temperature, the 
distribution of DNA content was measured 
with a FACS Calibur (Beckton Dickinson 
Immunocytometry SystemsTM) flow cytometer.

Data analysis was done by using SPSS version 
19. Normality of data was tested by Kolmogorov-
Smirnov test. Comparison among groups was 
done by one-way ANOVA.
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RESULTS

Effect of avidin on proliferation and cell 
viability in PHA-stimulated human PBMC
To assess the effect of avidin in inhibiting cell 
proliferation and viability, PBMC were stimulated by 
PHA (10 µg/mL) and PHA (10 µg/mL) plus IL-2 (10 
µ/mL).  At 24, 48, and 72 hours intervals, the wells 
seeded at 5x104 cells were harvested and analyzed 
by BrdU ELISA proliferation assay which reveal cell 
in the S phase of the cell cycle. The cells stimulated 
with PHA proliferated significantly (p<0.05) higher 
compared to non-stimulated cells over 48 hours 
culture. However, the cells number after 72 hours 
was decreased (p<0.05). The proliferation of PBMC 
was inhibited by avidin. Significant inhibition was 
observed at 24 hours (p<0.05), 48 hours (p<0.05), 
and 72 hours (p<0.05) (Figure 1).

There was a significant increase of cell proliferation 
after stimulation by PHA and IL-2 compared to 
non-stimulated cells over 48 hours culture. The 
proliferation of PBMC was significantly inhibited by 
addition of avidin. As shown in Figure 1, proliferation 
of PBMC was also decreased at 72 hours (Figure 2).

To assess the cell viability, PBMC was stimulated 
with PHA and in the medium containing PHA 
and IL-2. The effect of the addition of avidin was 

Figure 1. Effect of purine synthesis inhibition by avidin on 
cell proliferation under stimulation with phytohemagglu-
tinin (PHA). The absorbance based on BrdU incorporation 
was used as indicator of proliferation and evaluated at 24, 
48, and 72 hours (*= p<0.05)

Figure 2. Effect of purine synthesis inhibition by avidin on 
cell proliferation under stimulation with phytohemaggluti-
nin (PHA) and interleukine 2 (IL-2). The absorbance based 
on BrdU incorporation was used as indicator of proliferation 
and evaluated at 24, 48, and 72 hours (*= p<0.05)

observed at 24, 48, and 72 hours for cell viability 
analysis. There was a significant increase of cell 
viability after stimulation by PHA compared 
to non-stimulated cells over 72 hours culture. 
Significant inhibition was observed at 72 hours 
(p<0.05) (Figure 3).

Figure 3. Effect of purine synthesis inhibition by avidin on 
cell viability under stimulation with phytohemagglutinin 
(PHA). The absorbance based on the reduction of tetrazo-
lium salt was used as indicator of cell viability, and evaluated 
at 24, 48, and 72 hours (*= p<0.05)
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The cell viability was significantly increased in 
cell stimulated with PHA and IL-2, compared 
to unstimulated cells over 72 hours cultures 
(p<0.05). Addition of avidin was associated with 
significant decrease of cell viability at 24 and 72 
hours (p<0.05) (Figure 4). 

Distribution of PBMC stimulated by PHA with 
and without avidin at various phases of cell 
cycle
It can be seen that PBMC in control group (Figure 
5A) and after stimulation with PHA (Figure 5B) 
were in G1 phase (M1). However, the cells were 
already started to DNA synthesis phase, and in the 
end the population entered mitosis phase. Most 
of PHA and avidin stimulated-PBMC were also in 
G1 phase (M1). Addition of avidin was associated 
with lower number of cells undergoing DNA 
synthesis compared to those treated with PHA 
alone (Figure 5C).

Figure 6 shows that PBMC seeded in medium 
alone (control) entered the G0/G1 phase 97.28%, 
S phase 1.36%, and G2/M 0.68%. The PHA-
stimulated PBMC, entered the G0/G1 phase 
71.13%, S phase 21.48%, and G2/M 5.31%. The 
addition of avidin in PHA-stimulated PBMC, 
entered the G0/G1 phase 80.53%, S phase 
17.70%, and G2/M 0.88%.

Figure 5. Antiproliferative effect of avidin in the mitosis of 
PBMC. PBMC was stained by propidium iodide. PBMC was 
cultured in medium alone (panel A), stimulated by PHA 
(panel B), and stimulated with PHA with addition of avidin 
(panel C). Analysis of viable cell was done with FACS Calibur 
(Beckton Dickinson Immunocytometry Systems) and evalu-
ated after 72 hours of incubation
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Figure 4. Effect of purine synthesis inhibition by avidin on 
cell viability under stimulation with phytohemagglutinin 
(PHA) and interleukin 2 (IL-2). The absorbance of cell viabil-
ity was measured based on tetrazolium salt reduction and 
evaluated at 24, 48, and 72 hours (*= p<0.05)
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Figure 6. Distribution of PBMC in cell cycle phase in control 
group, PHA-stimulated group and influence of avidin on each 
phases

DISCUSSION

Peripheral blood mononuclear cell is used as 
model in various studies of cell proliferation as 
well as to evaluate the effects of various treatments 
on this process.10 The majority of the cells are T 
lymphocytes  and this cell can easily be stimulated 
to mitosis by adding phytohemagglutinin 
(PHA).10,11 The advantage of this model is that 
the mitosis can be started anytime and the cells 
proliferate simultaneously and synchronically. 
Therefore, the cells can be harvested at any time 
as needed and the responding cells are practically 
found at the same stage of cell cycle.

Purine is an indispensable part of DNA.4 As 
mentioned previously, purine is made in two ways, 
the de novo synthesis and the salvage pathways. 
The differences of both pathways are laid on 
the fact that in the de novo synthesis, purine is 
synthesized directly from precursors and requires 
several cofactors.5 There are three steps in which 
two different groups are needed to complete the 
reaction, the formyl, and carboxyl groups.1 

Intervention of formylation process will result in 
inhibition of purine synthesis. This intervention 
can be obtained by using folic acid analogue.12 
It was proven in microbes (Saccharomyces 
cerevisiae and also L. arabinosus), that purine 
synthesis needs biotin for the CO2 fixation.13 
The phenomenon is also observed in the pigeon 
liver homogenates.14 Zerega et al15 have proven 

that avidin, a biotin binder, inhibited chick 
chondrocytes proliferation in vitro. These authors 
explained that biotin deprivation interfered the 
activity of fatty acid metabolism, i.e. acetyl-CoA 
carboxylase, pyruvate carboxylase, and the β-sub 
unit of the propionyl-CoA carboxylase. These 
enzymes play a pivotal role in the terminal stage 
of differentiation. In higher organism, it was 
observed in rats that biotin was needed in the 
fixation of CO2 into purines.16 

To date, there was no report about the effect 
of intervention of carboxylation process by 
addition of biotin binder which makes this 
cofactor not available any longer. It is well known 
that avidin binds the biotin very strongly with 
the Kd of 10-15.7 Once bound, it is practically 
impossible to dissociate avidin-biotin complex. 
If it happened, the bounded biotin cannot be 
used anymore. In this study, BrdU (analogue of 
thymidine) incorporation was used as indicator 
DNA synthesis,17 whereas the formazan formed 
from water soluble tetrazolium-1 Salts (WST-1) 
was used as indicator of cell proliferation and 
viability.18 

Decreases DNA synthesis and viability can be 
seen by low BrdU incorporation and the low 
optical density value of the WST-1 assay. In this 
obeservation, we found that BrdU incorporation 
and the reduction of WST-1 tetrazolium salt were 
significantly lower in stimulated PBMC treated 
by avidin. Occurence of proliferation arrest 
was also demonstrated by the flowcytometry 
analysis. As the phenomenon is found only in 
the PHA-stimulated PBMC treated by avidin, it 
is suggested that the important part of biotin 
found previously in the medium are bound by 
the avidin and therefore biotin are not available 
anymore for the cell. Flowcytometry analysis 
also indicated that proliferation of avidin 
treated cells was halted in the G0/G1 phase. It 
means that the cell cannot enter the S phase in 
which the DNA synthesis occurs.

To date, the inhibition of DNA synthesis i.e. in 
cancer treatment is done by using purine or 
pyrimidine analogues or by intervening the 
purine synthesis using the folate analogue. Our 
observations indicate that disturbing the biotin 
availability, in this case by using avidin, can halt 
DNA synthesis and decrease cell viability. Unlike 
purine or pyrimidine analogues, avidin binds the 
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biotin very firmly. In the principal, using a specific 
binding protein for inhibition of DNA synthesis is 
rather difficult to use in the whole intact animals. 
However, there are some possibilities to be 
considered, for instance by using biotin analogue 
in DNA synthesis. However utilization of a biotin 
analogue, which is a xenobiotic, is not without 
problems. On the other hand, utilization of intact 
avidin, which is a foreign protein will provoke 
an immune response. For this reason, a possible 
approach is to construct a small peptide which can 
bind the biotin. The peptide can be constructed 
by studying the binding site of avidin. 

In conclusion, our study indicated that 
intervention of biotin availability by avidin could 
reduce or even halt cell proliferation and viability. 
The analysis of cell cycle showed that addition of 
avidin inhibit the progression of cell from the G0/
G1 to S phase. 
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ABSTRAK

Latar belakang: HbA1c berkorelasi dengan laju filtrasi 
glomerulus (LFG) dan tekanan darah diastolik (DBP). Tujuan 
utama penelitian ini adalah untuk mengevaluasi variabel 
biokimia dan klinis, dalam kaitannya dengan LFG pada pasien 
dengan diabetes mellitus tipe 2 (DMT2).

Metode: Penelitian ini merupakan studi retrospektif, 
longitudinal, dan deskriptif, melibatkan pasien DMT2, yang 
dirawat dari Januari hingga Desember 2014, di Clínica de 
Diabetes, Rumah Sakit Regional "Gral. Ignacio Zaragoza", 
ISSSTE, Kota Meksiko, Meksiko. LFG dihitung menggunakan tiga 
rumus: kolaborasi epidemiologi penyakit ginjal kronik (CKD-
EPI), Cockcroft-Gault, dan modification of diet in renal disease 
(MDRD), pada dua periode observasi, 3 dan 6 bulan. Hasilnya 
dibandingkan dengan uji t atau uji Wilcoxon-Mann-Whitney 
tergantung pada distribusi variabel. Uji Pearson digunakan 
untuk menganalisis korelasi antara LFG dengan setiap rumus 
dan variabel yang digunakan.

Hasil: Rerata usia adalah 56,5±11,3 tahun pada kelompok 
setelah 3 bulan (n=110) dan 57,1±13,8 tahun pada kelompok 
setelah 6 bulan (n=47). Pada kedua kelompok, formula dengan 
persentase terendah kasus CKD adalah CKD-EPI dan perbedaan 
dari formula ini memiliki korelasi positif yang signifikan dengan 
DBP. 

Kesimpulan: Rumus CKD-EPI menunjukkan persentase 
terendah kasus CKD dalam periode tindak lanjut pendek, 
dan perbedaan yang secara konsisten berkaitan dengan 
DBP, menegaskan pentingnya mengendalikan DBP untuk 
mengurangi evolusi menjadi CKD.

ABSTRACT

Background: HbA1c is correlated with the estimated 
glomerular filtration rate (eGFR) and diastolic blood 
pressure (DBP). Our main objective was to evaluate the trend 
of biochemical and clinical variables, in relation to the eGFR 
in patients with type 2 diabetes mellitus (T2DM).

Methods: This was a retrospective, longitudinal, and 
descriptive study, including patients with T2DM, who 
were cared for from January 2014 until December 2014, 
at the Clínica de Diabetes, Hospital Regional “Gral. Ignacio 
Zaragoza", ISSSTE, Mexico City, Mexico. eGFR was calculated 
using three formulas: the chronic kidney disease – 
epidemiology collaboration (CKD-EPI), Cockcroft-Gault, and 
modification of diet in renal disease (MDRD), during two 
periods of observation, 3 and 6 months. The results were 
compared by Student t tests or Wilcoxon-Mann-Whitney test 
depending on the variable distribution. Pearson correlation 
was employed to determine the relation between the eGFR 
determined with each formula and the analyzed variables.

Results: The mean age was 56.5±11.3 years in the group of 3 
months’ follow-up (n=110) and 57.1±13.8 years in the group 
of 6 months’ follow-up (n=47). In both groups, the formula 
with the lowest percentages of cases of CKD was CKD-EPI 
and the difference of this formula had a basal and final 
significant positive correlation with the DBP. 

Conclusion: The CKD-EPI formula showed the lowest 
percentages of cases of CKD in a short follow-up period, 
and its difference is consistently associated with the DBP, 
confirming the importance of controlling the later to 
mitigate the evolution to CKD.
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Lack of adherence to treatment involves large 
economic expenditures. Worldwide studies claim 
that one half of patients with type 2 diabetes 
mellitus (T2DM) do not adequately comply with 
their treatment and that fewer than 30% of patients 
change their habits or lifestyles.1 Compliance with 
adequate and intensive treatment is related with 
the delay in disease onset.2 

Measuring adherence presents difficulties 
because there is no unique method ascribed for 
it. The World Health Organization (WHO) defines 
adherence as the extent to which the behavior of 
a person corresponds to the recommendations 
agreed upon between the health professional 
and the patient, in terms of taking medications, 
monitoring a dietary treatment, and executing 
the programmed lifestyle changes.3 Some authors 
have demonstrated that the best adherence 
percentage achieved in chronic patients ranges 
between 50 and 75%.

Based on studies of T2DM, the latter is the leading 
cause of chronic kidney disease (CKD)4 even 
where it is not related with histological diabetic 
nephropathy.5 Incipient diabetic nephropathy 
is classically defined as increasing albuminuria, 
heralding a decline in the glomerular filtration 
rate (GFR). In fact, the prevalence of CKD in 
patients with T2DM is estimated to be 25–40% 
worldwide.6

Monitoring of renal function should be carried 
out by calculating the estimated GFR (eGFR), 
with three main techniques currently with 
widespread use: 1) the chronic kidney disease – 
epidemiology collaboration (CKD-EPI) equation, 
which generally results in lower prevalence of 
CKD and more accurate assessment of prognosis;7 
2) the Cockcroft-Gault formula, which indicates 
creatinine clearance, and 3) the modification 
of diet in renal disease (MDRD) formula, which 
evidences eGFR.8 

The formula developed by Cockcroft and Gault 
possesses a good correlation with the true GFR 
and is clinically useful in patients aged 20–100 
years; however, it has strong limitations in diabetes 
and should therefore be avoided, in addition its 
being overestimated in situations of advanced 
renal insufficiency and especially in obese and 
edematous patients.9 On the other hand, the 
MDRD combines nutrition and sociodemographic 

variables is recommended by the National Kidney 
Disease Education Program (NKDEP) to measure 
GFR in adult population.10 This formula tends to 
underestimate eGFR at higher levels, but performs 
better at lower eGFR (≤60 mL/min per 1.73 m2). 
Last, the CKD-EPI equation was developed in an 
effort to create a more precise formula than the 
MDRD, especially when the actual GFR is >60 ml/
min/1.73 m2.11.

HbA1c is correlated with the eGFR and diastolic 
blood pressure (DBP).12 In fact, a short term 
glycemic control can get reductions of blood 
pressure and GFR.13 This study aimed to describe 
the most consistent variables associated with 
deterioration in eGFR using the CKD-EPI, 
Cockcroft-Gault, and MDRD equations within a 
time-frame period of three and six months in 
patients with T2DM. 

METHODS

Patients
This was a retrospective, longitudinal, and 
descriptive study developed at the Clínica 
de Diabetes, Hospital Regional “Gral. Ignacio 
Zaragoza”, ISSSTE, Mexico City, Mexico. Patients 
with T2DM, of all ages, seen from January until 
December 2014, irrespective of metabolic control, 
were included in the study. We excluded patients 
not willing to participate in the study, and those 
who missed an appointment during the study 
were eliminated.

Following a 12 hours fasting, venous blood samples 
were taken in Vacutainer™ tubes for determination 
of glucose, total cholesterol, high-density lipoprotein 
cholesterol (HDL-ch), low-density lipoprotein-
cholesterol (LDL-ch), triglycerides, and uric acid 
(Hitachi 917® Autoanalyzer) and HbA1c. Capillary 
blood glucose was measured with a Precision® 
glucose monitor. Serum glucose was measured 
utilizing the glucose oxidase method, and HbA1c, 
with the turbidimetric inhibition immuno assay 
(TINIA) method (Roche). 

Clinical assessment
After their blood samples were taken, the patients 
ate breakfast from 9–10 a.m., and filled in the 
directed history (only at their first appointment), 
a survey of ingested kcal in the previous 24 hours, 
and a questionnaire on diabetes. Two hours post-
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breakfast glucose was measured, and the patients 
received education on diet, self-monitoring, 
exercise, American Diabetes Association (ADA) 
therapeutic targets, and chronic complications 
through classes and workshops.

Patients were measured (m) and weighed (kg) 
(Torino). Body mass index (BMI) was calculated 
as weight (kg) divided by height (m) squared. 
Blood pressure was measured with a mercury 
sphygmomanometer (Baumanometer, USA) after 
five min of rest.

A 24-hours dietary recall was used for this 
purpose. Diet was categorized within three 
choices: 1) consumption of 80–120% of the 
indicated kcal; 2) <80% of the indicated kcal, and 
3) >120% of the kcal indicated. Diet was classified 
as dichotomous whether this had or had not a 
balanced proportion of 50–60% carbohydrates, 
10–20% protein, and <30% fat. Calculated kcal 
were based on ideal weight minus 200 kcal/day if 
the patient was overweight.

Exercise (intensive walking, running, or cycling) 
was reported in days per week of physical 
activity and min/day. A specific activity was 
not prescribed due to the heterogeneous work 
schedule and physical conditions of the patients. 

Glomerular filtration rate
The GFR determination was made with the next 
aforementioned formulas:

CKD-EPI formula
eGFR = 141 × min(SCr/κ,1)α × max(Scr/κ,1)-1.209 × 
0.993Age × 1.018 [if female] × 1.159 [if black] 
Where SCr is serum creatinine (mg/dL), κ is 0.7 
for females and 0.9 for males, α is –0.329 for 
females and –0.411 for males, min indicates the 
minimum of Scr/κ or 1, and max indicates the 
maximum of Scr/κ or 1. 

Cockcroft and Gault formula
eGFR (mL/min) = [((140-age) × weight)/(72 × 
SCr)] × 0.85 if female 
Age is expressed in years, weight is expressed in 
kilograms, and SCr is expressed in mg/dL.

MDRD
eGFR (mL/min/1.73 m²) = 186 × SCr⁽⁻¹∙¹⁵⁴⁾ × 
Age⁽⁻⁰∙²⁰³⁾ × 0.742 (woman) × 1.210 (if black)
Where SCr = serum creatinine (mg/dL). 

Statistics
Quantitative or continuous variables were 
described by mean and standard deviation 
(SD) and, in some cases, by median and range. 
Qualitative variables were described by absolute 
frequency and percentage per modality. 
Quantitative variables were compared between 
groups by Student t test in case of normal 
distribution and the Wilcoxon-Mann-Whitney 
test otherwise. Missing data were not replaced. 
The analyzed population was defined as all 
patients who fulfilled all inclusion criteria with no 
major protocol deviations. Intra- and intergroup 
differences between baseline and values after 
three or six months were analyzed with the 
Student t test. Pearson correlation was employed 
to determine the relation between the GFR 
determined with each formula and the variables 
analyzed. All tests were performed with the SPSS 
v.20 statistical software program. 

Ethics
The Ethical and Research Committees of Ciprés 
Grupo Médico (CGM), code 2015/03, approved this 
study. The procedures followed were in accordance 
with the ethical standards of the General Health 
Law of Mexico and were subjected to the ethical 
and moral value judgments of the Declaration of 
Helsinki, updated in Fortaleza, Brazil. 

RESULTS

In the current study, mean age was 56.5±11.3 
years in the group of the three-month follow-up 
(n=110; 71 females and 39 males) and 57.1±13.8 
years in the six-month follow-up group (n =47; 28 
females and 19 males). Table 1 depicts the general 
characteristics of the patients. In Table 2, we 
illustrate the percentages of patients with renal 
failure by using each formula. In both groups, the 
formula with lowest percentages of cases of CKD 
was CKD-EPI.

Among all of the analyzed variables, those that 
maintained a significant correlation during both 
periods are presented in Table 3 and Figure 
1. As expected, age had a negative correlation 
with renal function; urea, creatinine, and uric 
acid all demonstrated all a significant negative 
correlation with the three formulas. In the lipid 
profile, there was a constant positive correlation 
between cholesterol and LDL and cholesterol and 
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triglycerides, and a negative correlation between 
triglycerides and HDL. Notoriously, there was a 
negative correlation between urea and albumin. 
Measurements for blood pressure, as expected, 
correlated. 

The whole population, at baseline, exhibited the 
following negative Pearson correlation between 
urea and the three formulas evaluated to calculate 
eGFR, CKD-EPI (r=–0.876; p≤0.001), MDRD (r=–
0.826; p≤0.001), and Cockcroft-Gault (r=–0.742; 
p≤0.001). When analyzing the same variables 
for creatinine, the same order was maintained 
(r=–0.797, p≤0.001), (r=–0.779; p≤0.001), and 
(r=0.669; p£0.001). For uric acid, the significant 

Follow-up period
3 months (n=110) 6 months (n=47)

Basal Final Basal Final
Albumin (g/dL) 4.1±0.4 4.2±0.3 4.2±0.3 4.2±0.2
BMI (kg/m2) 28.3±4.2 27.8±3.8 27.6±3.5 27.5±3.4
Ca (mg/dL) 9.2±1.2 9.3±1.2 9.1±0.4 9.2±0.3
Capillary Glucose am (mg/dL) 145.7±62.8 131.6±41.9 144.0±54.9 125.6±52.3
Cholesterol (mg/dL) 168.8±45.5 159.1±45.5 166.4±41.1 161.8±40.5
CKD-EPI (mL/min) 85.5±27.3 87.1±28.6 78.5±29.6 79.1±31.9
Cockcroft-Gault (mL/min) 96.0±53.5 103.1±50.8 84.0±35 82.6±39.7
Creatinine (mg/dL) 0.95±0.71 0.99±0.94 1.12±0.82 1.22±1.1
DBP (mm Hg) 78.1±7.4 76.9±7.5 80.8±9.1 75.4±6.8
Exercise (min/day) 25.2±21.9 27±18.7
Fat (%) 34.3±10 34.6±10.3 33.8±9.8 32.9±9.4
Globulin (g/dL) 3.3±2.8 3.1±1.8 2.9±0.4 2.9±0.3
Glucose (mg/dL) 145.6±62 135.9±45.8 136.1±48.7 132.7±42
HbA1c (%) 8.2±1.9 7.4±1.4 7.7±1.7 7.4±1.5
HDL-ch (mg/dL) 45.7±14.5 48.1±16.8 43.5±11.9 46.8±13.1
LDL-ch (mg/dL) 91.1±35.1 83.6±34.6 87.5±33 88.0±31
MAP (mm Hg) 88.2±20.5 83.2±26 91.9±16.1 86.0±19.4
MDRD (mL/min) 86.1±34.6 97.5±34.7 77.4±31 77.8±36.1
Muscle (%) 28.9±5.5 32.3±22.9 29.2±5 28.9±4.6
P (mg/dL) 3.7±0.8 3.7±0.5 3.5±0.5 3.6±0.5
SBP (mm Hg) 120.9±11.7 117.9±11.9 120±12.8 118.6±10.3
Triglycerides (mg/dL) 171.5±110.9 148.6±116.9 189.3±185.6 144.1±67.1
Urea (mg/dL) 39.7±24 40.5±24.8 44±23.7 44.9±30.5
Uric acid (mg/dL) 5.2±1.3 5.2±1.4 5.9±1.6 5.7±1.4
Visceral Fat (%) 10.6±3.4 10.6±3.3 10.9±3.4 10.5±3.8
Weight (kg) 71.6±13.3 70.7±12.4 69.7±11.5 69.1±11

Table 1. General characteristics of the studied groups

BMI: Body mass index, Ca: calcium, CKD-EPI: Chronic Kidney Disease-Epidemiology Collaboration, DBP: diastolic blood pressure, 
HDL-ch: High-density lipoprotein cholesterol, LDL-ch: Low-density lipoprotein cholesterol, MAP: mean arterial pressure, MDRD: 
Modification of Diet in Renal Disease, P: phosphorus, SBP: systolic blood pressure

Follow-up period (months)
3 6

Basal Final Basal Final
CKD-EPI 15.45 13.63 10.90 10.00
Cockcroft-Gault 16.36 16.36 12.20 15.45
MDRD 16.36 15.45 13.63 12.72

CKD-EPI: Chronic Kidney Disease-Epidemiology Collabora-
tion, MDRD: Modification of Diet in Renal Disease

Table 2. Percentages of patients with renal failure

negative correlations were only exhibited with 
two formulas; CKD-EPI (r=–0.511, p=0.001), and 
MDRD (r=–0.527; p≤0.001).
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In the case of albumin, correlations were positive 
with MDRD (r=0.386; p=0.020), Cockcroft-Gault 
(r=0.379, p=0.023), and CKD-EPI (r=0.358; 
p=0.038). Among the equations, highest positive 
correlations were between CKD-EPI and MDRD 
(r=0.959; p≤0.001), second, between CKD-EPI 
and Cockcroft-Gault (r=0.883, p≤0.001), and last, 
between Cockcroft-Gault and MDRD (r=0.853; 
p≤0.001).

Through the multivariate lineal regression 
analysis in the group of three months follow-up, 
the variables with a significant prognosis for a 
final eGFR were age (p≤0.001 for both formulas), 
serum glucose (p=0.026 for MDRD and 0.015 
for CKD-EPI) and urea (p=0.002 for MDRD and 
≤0.001 for CKD-EPI). The same analysis in the 
group of six months showed that the initial value 
of urea was the only variable positively associated 
with the final eGFR calculated with CKD-EPI 
(p=0.008) and MDRD (p=0.005).

Follow-up period (months)
3 6

r p r p
Age and CKD-EPI -0.577 ≤0.001 -0.512 0.001
Age and Cockcroft-Gault -0.662 ≤0.001 -0.516 ≤0.001
Age and MDRD -0.540 ≤0.001 -0.415 0.012
Age and urea 0.351 ≤0.001 0.397 0.008
BMI and DBP 0.201 0.041 0.344 0.019
BMI and visceral fat 0.634 ≤0.001 0.685 ≤0.001
Capillary glucose (am) and serum glucose 0.587 ≤0.001 0.546 0.005
Cholesterol and fat 0.304 0.007 0.386 0.016
Comprehension goals and diet adherence 0.375 ≤0.001 0.401 0.005
Creatinine and muscle 0.366 0.002 0.410 0.023
DBP and CKD-EPI difference* 0.204 0.041 0.357 0.016
DBP and MBP 0.854 ≤0.001 0.893 ≤0.001
Diet adherence and diet comprehension 0.565 ≤0.001 0.556 ≤0.001
Diet comprehension and adherence 0.283 0.003 0.305 0.037
Diet comprehension and reaching goals 0.360 ≤0.001 0.330 0.024
Fat and muscle -0.568 0.048 -0.401 0.015
Glucose and HbA1c 0.652 ≤0.001 0.629 0.003
LDL and fat 0.361 0.002 0.367 0.017
SBP and DBP 0.296 0.002 0.398 0.006
SBP and MBP 0.750 ≤0.001 0.768 ≤0.001

BMI: Body mass index, CKD-EPI: CKD: chronic kidney disease, DBP: diastolic blood pressure, HDL-ch: high-density cholesterol, 
LDL-ch: low-density cholesterol, MBP: mean blood pressure, MDRD: Modification of Diet in Renal Disease, SBP: systolic blood 
pressure. *: Basal-final values.

Table 3. Significant correlations at 3 and 6 months

Figure 1. Significant correlations within a three and six 
month’s follow-up. BMI: body mass index, CG: Cockroft-
Gault, CGam: Capillary glucose am, CKD-EPI: Chronic Kidney 
Disease – Epidemiology Collaboration, DBP: diastolic blood 
pressure, DC: Diet Comprehension, dif: difference (basal-fi-
nal), eGFR: estimated glomerular filtration rate, GC: Goals in 
Comprehension, GI: Goals in Information, HDL: High-density 
lipoprotein, HypoG: Hypoglycemia, LDL: Low-density lipo-
proteins, MAP: mean arterial pressure, MDRD: Modification 
of Diet in Renal Disease, RG: Reaching goals, SBP: systolic 
blood pressure, S-M: Self-monitoring
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Finally, for the two periods, the only variable 
associated with an eGFR difference was DBP and 
CKD-EPI difference (basal–final), (three months: 
r=0.204, p=0.041; six months: r=0.357,  p=0.016). 
By contrast, the second measure of HbA1C had 
a negative correlation with the eGFR difference 
using the Cockcroft-Gault and MDRD (r=-0.245, 
p=0.011) formulas in the shorter period (three 
months).

DISCUSSION

In both groups, there was a predominance of 
female patients. This is in accordance with several 
publications that report more assiduous medical 
consultation from women than from men.14

In general, there were more significant 
correlations among variables within three-
months than the six-months period. This means a 
loss of power in the direct or indirect interactions 
that, otherwise, allows identification of stronger 
correlations despite the time involved. This 
finding is in concordance with a previous study 
designed to evaluate the effectiveness of a short-
term, community-based, individualized lifestyle 
intervention in patients with mild diabetes or 
hypertension who exhibited beneficial changes 
in activity, dietary, and clinical parameters.15 In 
a longer follow-up, another group demonstrated 
that, in order to sustain the impact of a community-
based comprehensive intervention for T2DM, 
improving and repeating the comprehensive 
strategy is greatly recommended, especially for 
patients with lower educational levels.16

Non-adherence to diabetes medications is 
associated with higher rates of mortality.17 In a 
previous publication of our group, we demonstrated 
that education programs in T2DM contribute to 
a decrease in HbA1c within six months, but an 
intensive program is more effective in reducing 
cholesterol and LDL.18 In this new approach 
within a shorter time period, we verified a positive 
correlation between diet comprehension and better 
adherence; this same diet comprehension facilitated 
reaching metabolic goals of control.

Ekinci et al19 suggest that aging, perturbations in 
blood pressure, and the development of intrarenal 
vascular disease may contribute to decreases 
in renal function independently of changes in 

albuminuria.19 It is likely that these data will 
remain constant in all countries.

It has been suggested that poor glycemic control 
may cause the risk of substantially increased 
blood pressure (BP) variability in subjects with 
diabetic nephropathy.20 In our two groups with 
different follow-up periods, this relationship was 
not found. The explanation is that this correlation 
was performed in all patients at each time and in 
each group, and not only in subjects with CKD. 

Classification of subject as CKD or non-CKD 
patients by different equations implies the 
assignment of a different risk of end-stage renal 
disease (ESRD); all-cause mortality, coronary 
artery disease, and stroke. For example, employing 
the MDRD equation in patients with T2DM 
underestimates GFR in patients with normal and 
high GFR21 and may be inaccurate in patients with 
normo-albuminuric patients with diabetes.22 In 
agreement with this statement, other authors 
have found that prevalence of CKD was lower 
using Cockcroft-Gault or CKD-EPI formulae than 
MDRD formulae.23,24 It is critical because being 
considered as CKD, low eGFR, and higher systolic 
blood pressure (SBP) are risk factors that are 
independently associated with peripheral arterial 
disease.25 Even more so, in the study of Fabbian 
et al24 the authors found that eGFR was <60 ml/
min/1.73 m2 in 15% of patients by MAYO, 26% 
by Cockcroft-Gault, 27% by MDRD186, 31.5% 
by MDRD175, and 30% by CKD-EPI. In contrast, 
in our patients, percentages were lower with 
the CKD-EPI formula. This difference could be 
attributed to the fact that the population that we 
studied was younger by about ten years.

Lifestyle interventions and good diabetes control 
are also linked with reduction of proteinuria and 
alleviation of CKD progression.26-29 In our patients, 
the exercise had a negative correlation with 
HbA1c only in the short follow-up period. With 
deeper analysis, a higher increase is appreciated 
in creatinine, urea, and uric acid after six months 
than after three months despite a better control 
of serum glucose, capillary glucose, HbA1c, lipid 
profile, and BP. 

Therapeutic management of diabetes is more 
challenging in patients with renal impairment. 
CKD vs non-CKD patients have less strict glycemic 
control.30 Greater emphasis should be placed on 
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the major risk factors, such as hypertension, 
smoking habits, and hyperlipidemia.31

This study has several limitations. First, we 
were not able to categorize CKD based on the 
new kidney disease: improving global outcomes 
(KDIGO) classification recommendations32 due 
to missing information about the albuminuria 
reports. Second, we did not estimate cystatin C, 
which is constantly produced and excreted by 
the kidney and has been recommended to be 
taken into account.33 Third, the cardiovascular 
risk score of each patient was not assessed, and 
subjects who suffered a cardiovascular event 
could have a lower renal function than those who 
did not. However, our aim was merely to show 
how the different formulae work in a clinical 
setting and their usefulness associated with the 
variables that show the most important changes 
and correlations. 

We conclude that, in a short evaluation period 
in patients with T2DM, the CKD-EPI formula 
shows the lowest percentages of cases of CKD. 
Besides, the eGFR difference calculated with 
CKD-EPI had a significant positive correlation 
with the DBP.
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ABSTRAK

Latar belakang: Acute respiratory distress syndrome 
(ARDS) merupakan salah satu komplikasi fatal sepsis berat. 
Penggunaan cairan koloid sebagai cairan resusitasi dapat 
menurunkan kejadian ARDS karena memiliki berat molekul 
yang lebih tinggi dibandingkan cairan kristaloid. Peningkatan 
extravascular lung water (EVLW), kadar interleukin-8 (IL-8) 
dan vascular cell adhesion molecule-1 (VCAM-1) telah diteliti 
sebagai indikator penting yang berperan dalam patogenesis 
ARDS. Tujuan penelitian ini adalah mengungkap pengaruh 
cairan kristaloid atau koloid terhadap kejadian ARDS pada 
model hewan coba babi dengan sepsis berat, serta menganalisis 
pengaruh cairan kristaloid atau koloid terhadap peningkatan 
EVLW, IL-8, dan VCAM-1.

Metode: Penelitian ini merupakan studi eksperimental 
acak tersamar ganda, dilakukan di Laboratorium Bedah 
Eksperimental, Fakultas Kedokteran Hewan, IPB, dengan 
menggunakan 22 ekor babi sehat, berat badan 8-12 kg. Subjek 
dialokasikan secara acak menjadi dua kelompok, yaitu yang 
mendapatkan cairan resusitasi koloid atau kristaloid. Setelah 
pemberian endotoksin, klinis ARDS, EVLW, IL-8, dan VCAM-1 
dipantau saat sepsis, sepsis berat, 1 jam, dan 3 jam pasca-
resusitasi cairan. Analisis data menggunakan uji Wilcoxon, 
uji Kolmogorov-Smirnov, uji Mann-Whitney, uji t tidak 
berpasangan.

Hasil: ARDS kategori ringan lebih banyak terdapat pada 
kelompok koloid, sedangkan ARDS kategori sedang lebih banyak 
pada kelompok kristaloid. Peningkatan EVLW lebih sedikit 
terjadi pada kelompok koloid dibandingkan dengan kristaloid 
pada 1 jam dan 3 jam pasca-resusitasi. Nilai kadar IL-8 dan 
VCAM-1 tidak berbeda bermakna antara kedua kelompok. 

Kesimpulan: Penggunaan cairan koloid sebagai cairan 
resusitasi tidak menurunkan kemungkinan kejadian ARDS 
dibandingkan kristaloid. Cairan koloid berhubungan dengan 
peningkatan EVLW yang lebih rendah dibandingkan dengan 
cairan kristaloid, tetapi tidak pada kadar IL-8 dan VCAM-1.

ABSTRACT

Background: Acute respiratory distress syndrome (ARDS) 
is a fatal complication of severe sepsis. Due to its higher 
molecular weight, the use of colloids in fluid resuscitation 
may be associated with fewer cases of ARDS compared to 
crystalloids. Extravascular lung water (EVLW) elevation 
and levels of interleukin-8 (IL-8) and vascular cell adhesion 
molecule-1 (VCAM-1) have been studied as indicators 
playing a role in the pathogenesis of ARDS. The aim of the 
study was to determine the effects of colloid or crystalloid on 
the incidence of ARDS, elevation of EVLW, and levels of IL-8 
and VCAM-1, in swine models with severe sepsis.

Methods: This was a randomized trial conducted at the 
Laboratory of Experimental Surgery, School of Veterinary 
Medicine, IPB, using 22 healthy swine models with a body 
weight of 8 to 12 kg. Subjects were randomly allocated to 
receive either colloid or crystalloid fluid resuscitation. After 
administration of endotoxin, clinical signs of ARDS, EVLW, IL-
8, and VCAM-1 were monitored during sepsis, severe sepsis, 
and one- and three hours after fluid resuscitation. Analysis 
of data using the Wilcoxon test, Kolmogorov-Smirnov test , 
Mann-Whitney test, unpaired t test.

Results: Mild ARDS was more prevalent in the colloid group, 
while moderate ARDS was more frequent in the crystalloid 
group. EVLW elevation was lower in the colloid compared to 
the crystalloid group. There was no significant difference in 
IL-8 and VCAM-1 levels between the two groups. 

Conclusion: The use of colloids in fluid resuscitation does 
not decrease the probability of ARDS events compared 
to crystalloids. Compared to crystalloids, colloids are 
associated with a lower increase in EVLWI, but not with 
IL-8 or VCAM-1 levels.
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Severe sepsis is a major cause of morbidity and 
mortality in children in intensive care. In the 
United States, the number of reported cases of 
severe sepsis is 42,000 per year (0.56 case per 
1,000 population per year).1 In 2009, in Cipto 
Mangunkusumo Hospital, Jakarta, out of 502 
pediatric patients requiring intensive care, 19% 
had sepsis and 54% of them died from sepsis-
related causes.2 Acute respiratory distress 
syndrome is a serious complication of sepsis, 
occuring in 60% of sepsis cases with a mortality 
rate of 30% to 60%.3-5

Increased capillary permeability is a leading cause 
of acute respiratory distress syndrome (ARDS). 
In relation to this, an elevation in extravascular 
lung water (EVLW) is an essential part of the 
pathogenesis of ARDS, although it may also arise 
through other mechanisms.6,7 A rise in hydrostatic 
pressure will increase the risk of lung edema and 
eventually worsen the ARDS.8 To date, optimal 
fluid management in patients with severe sepsis 
has been a controversial issue. Some studies have 
reported that crytalloid solutions increase EVLW, 
while colloids do not.8-10 Colloid administration 
has been reported to diminish EVLW elevation, 
as well as interleukin-8 (IL-8) and vascular cell 
adhesion molecule-1 (VCAM-1), inflammatory 
markers that play a role in ARDS.9 Since studies 
on administration of colloid or crystalloid fluid in 
pediatrics patient are still scarce, we decided to 
do this study. There are also very limited number 
of studies on the role of EVLW on ARDS and 
validation of EVLW in children is more complex.
 
The pathogenesis of ARDS is complex and remains 
poorly understood. Histopathologic examination 
is needed to explain the process; however, due to 
ethical considerations such examination could not 
be performed in live pediatric patients with ARDS. 
Therefore, we used a swine animal model due to 
its similarities with humans in hemodynamic and 
respiratory properties, as well as in the pulmonary 
intravascular macrophage system.10 This study 
aims to observe the effects of colloid and crystalloid 
solutions on EVLW, IL-8, and VCAM-1 in swine 
models with severe sepsis and ARDS.

METHODS

This was an experimental study using swine (Sus 
scrofa) models held at the Departments of Surgery 

and Radiology of the School of Veterinary Medicine, 
Institut Pertanian Bogor, and the Biochemistry 
and Pathological Anatomy Laboratory of the 
Medical School, Universitas Indonesia, Cipto 
Mangunkusumo Hospital, Jakarta, in January to 
August 2014. Subjects were 11 males and 11 
females, two to three months old swine models 
weighing 8 kg to 12 kg, equivalent to a human child 
aged one to three years. The swines were declared 
healthy by veterinarian and have undergone an 
adjustment and isolation phase. Animals having 
veterinarian-confirmed heart sound abnormalities 
and cardiac defects diagnosed based on chest 
radiography were excluded.

Swines fulfilling the inclusion criteria were 
randomized into two groups labeled as “solution 
A” (Gelatin, Gelofusin®.) and “solution B” (Ringer 
Acetate Maleate, Ringerfundin®). We used block 
randomization using random number tables as 
well as blinding. The study protocol has been 
approved by the animal ethics committee of the 
school of veterinary medicine, Institut Pertanian 
Bogor and the medical research ethics committee 
of the medical school, Universitas Indonesia (No. 
005/KEH/SKE/VI/2014) 

Experimental models were prepared in a 
confinement laboratory with accountable 
hygiene and standardized feeds (bran, curd pulp, 
and grass) according to the Guide for the Care 
and Use of Animals in Agricultural Research 
and Teaching (1999).10 Animal treatments 
were performed by experienced professionals. 
Acclimatization, antihelminthics (5 mg/kg of oral 
oxfendazole), and antibiotics (6 to 11 mg/kg of 
intramuscular oxytetracyclin) were completed 
prior to the surgical procedure. Swines were 
anesthetized with 20 mg/kg of intramuscular 
10% ketamine HCl and 2 mg/kg of intramuscular 
2% xylazine HCl. Following airway intubation, 
they underwent femoral artery catheterization 
for pulse index contour cardiac output (PiCCO) 
as well as central venous catheterization through 
the internal jugular vein. The animals’ vital signs 
and hemodynamic parameters were monitored 
throughout the study. Afterwards, administration 
of 50 mg/kg of endotoxin from Eschericia coli 
lipopolysaccharide were performed intravenously. 
Then, clinical signs of ARDS, EVLW (PiCCO), IL-8 
(pig Elisa), and VCAM-1 (pig Elisa) were observed 
during sepsis, during severe sepsis, and one- and 
three hours after fluid resuscitation. 
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We observed the swines at the beginning of the 
study when they were healthy, during sepsis, 
during severe sepsis, one hour and three hours 
post-resuscitation, and ended with euthanasia 
and necropsy. All data were documented in 
special study forms. The clinical determination of 
ARDS was based on The Berlin definition criteria. 
The Berlin definition was established to facilitate 
the diagnosis of ARDS by categorizing ARDS into 
three groups based on the degree of hypoxemia 
which were mild, moderate, and severe. Data 
analysis was done using SPSS v.20.0 (SPSS Inc., 
Chicago). Changes in each parameter were 
compared between the colloid and crystalloid 
group using unpaired t-test and Mann-Whitney. 
A p value of <0.05 was considered statistically 
significant.

RESULTS

 
Several obstacles were obtained in this study, 
including the provision of swine models and the 
animals susceptibility to stress. A number of 
swines died during the adjustment phase or fell 
ill during the study. Two subjects died prior to 
the three-hour-post-resuscitation monitoring. 
Therefore, we were unable to determine when 
the clinical diagnosis of ARDS was established 
in these subjects. Nevertheless, they were still 
included in this study, using histopathology 
from necropsy specimens as the sole method of 
determination of ARDS. Due to these drop-outs, 
we also obtained a diminished sample size for the 
comparison of clinically determined ARDS in the 
colloid and crystalloid group. However, we still 
obtained an adequate number of subjects when 
using histopathologic findings and lung injury 
score as parameters to diagnose ARDS.

Characteristics of study subjects
We obtained 22 subjects with an equivalent male-
to-female ratio. Baseline subject characteristics 
in the colloid and crystalloid groups were 
comparable.

There was no significant difference in the clinical 
manifestations of sepsis between the colloid and 
crystalloid groups (Table 2). Our results show 
that hemodynamic responses before receiving 
fluid resuscitation were similar in both groups. 
Therefore, any differences observed after fluids 
administration were solely due to treatment effect.

Variable
Results

Colloid group
(n=11)

Crystalloid group
(n=11)

Gender
Male, n (%) 6 (54.5) 5 (45.5)
Female, n (%) 5 (45.5) 6 (54.5)

Body weight (kg), mean 
(SD)

9.4 (1.36) 9.6 (1.57)

Body length (cm), mean 
(SD)

70.4 (4.50) 69.2 (4.35)

Heart rate (beats/minute), 
mean (SD)

110.3 (6.42) 108.4 (6.15)

Blood pressure (mmHg)
Systolic, mean (SD) 107.3 (7.73) 104.5 (7.93)
Diastolic, mean (SD) 64.7 (9.60) 67.4 (9.21)

MAP (mmHg), mean (SD) 78.8 (7.33) 79.9 (7.92)
Respiratory rate (breaths/
minute), mean (SD)

31.2 (2.86) 29.6 (5.59)

Temperature (°C), mean 
(SD)

36.7 (0.59) 37.2 (0.40)

Peripheral blood examination 
Hemoglobin (g/dl), mean 
(SD)

11.2 (0.78) 11.3 (1.23)

Hematocrite (%), mean 
(SD)

34.9 (1.8) 36.9 (4.5)

Erythrocyte (106/µL), 
mean (SD)

3.7 (0.65) 4.3 (1.04)

Leukocyte (103/ µL), mean 
(SD)

16.7 (2.94) 17.1 (3.69)

Thrombocyte (103/ µL), 
mean (SD)

361.5 (110.72) 407.2 (112.9)

Serum creatinine (mg/dL), 
mean (SD)

0.76 (0.22) 0.72 (0.24)

Serum albumin (g/dL), 
mean (SD)

3.5 (0.27) 3.9 (0.62)

Random blood glucose 
(mg/dL), median (IQR)

211.0 (86-362) 117.0 (33-461)

SD= standard deviation, IQR= interquartile range

Table 1. Characteristics of subjects

EVLW elevation in the colloid and crystalloid 
group
The increase in EVLW was measured at the 
point when severe sepsis present, then one hour 
and three hours after fluid resuscitation. EVLW 
increase was significantly higher in the crystalloid 
group compared to the colloid group, both at one 
hour and three hours post-resuscitation.
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Variable
Results

Colloid group 
(n=11)

Crystalloid group
(n=11)

Heart rate (beats/minute), 
mean (SD) 131.4 (14.18) 128.3 (4.92)

Respiratory rate (breaths/
minute), mean (SD) 38.8 (4.73) 38.2 (9.32)

Temperature (°C), mean 
(SD) 38.1 (0.75) 38.5 (1.09)

Leukocyte (103/ µL), mean 
(SD) 6.3 (2.71) 6.0 (2.81)

SD= standard deviation

Table 2. Clinical manifestation of sepsis in colloid and crys-
talloid group

Elevation of EVLW 
(mL/kg)

Fluid

pColloid
(n=11)

Crystalloid
(n=11)

one hour post-
resuscitation, median 
(IQR) 

1.00 (0-2.00) 3.00 (0-
11.00)

0.030*

three hour post-
resuscitation, mean 
(SD)  

2.7 (2.34) 6.3 (4.12) 0.034†

Table 3. Comparison of EVLW elevation between colloid and 
crystalloid group

*Mann-Whitney test, †Unpaired t-test, SD= standard devia-
tion, IQR= interquartile rang

ARDS category
Groups

p*Colloid group
(n = 9)

Crystalloid group
(n = 9)

Normal, n (%) 1 (50) 1 (50) 0.699
Mild, n (%) 7 (64) 4 (36) 0.699
Moderate, n (%) 1 (20) 4 (80) 0.699
Severe, n (%) 0 (0) 0 (0) 0.699

Biomarkers in sepsis and ARDS
Figure 1 shows the values of IL-8 and VCAM-1 
before and after endotoxin administration. Within 
the respective groups, there was a significant rise 
in IL-8 before and after endotoxin administration 
to induce sepsis. In contrast, VCAM-1 shows no 
significant changes following sepsis induction. 
No significant differences in IL-8 and VCAM-1 was 
found between groups.

ARDS according to the Berlin definition
Table 4 shows the distribution of ARDS severity 
in the colloid and crystalloid groups based on 
The Berlin definition. Moderate ARDS was more 
prevalent in the crystalloid group, while mild 
ARDS had a bigger proportion in the colloid 
group. However, we were unable to demonstrate 

Table 4. The distribution of ARDS severity at the end of mon-
itoring in the colloid and crystalloid groups

*Kolmogorov-Smirnov test

*Wilcoxon signed rank test

Figure 1. Comparison of IL-8 and VCAM-1 at pre-and-post-treatment between the colloid and crystalloid groups

the statistical significance of this difference 
(p=0.699). We had a small number of subjects in 
each group, but if the difference in ARDS severity 
we obtained was due to a real effect, then the 
magnitude of this difference would have been 
clinically important.
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DISCUSSIONS

EVLW elevation in the colloid and crystalloid 
group
The use of EVLW to reflect an increase in 
hydrostatic edema or inflammation has been 
reported in a number of recent studies.11-13 Some 
studies in adults have reported an association 
between the rise in EVLW, the occurence of 
ARDS, and the mortality of patients with severe 
sepsis.14,15 In the present study, EVLW elevation 
in the colloid group was smaller than in the 
crystalloid group (Table 3). The increase in lung 
capillary permeability in sepsis causes a shifting 
of fluid into the interstitial space, resulting in 
EVLW elevation. Both colloid and crystalloid 
administration add to increased EVLW, although 
with colloid administration a smaller increase 
was seen than in crystalloid administration, due 
to the ability of colloids to remain longer within 
the intravascular compartment. In the crystalloid 
group, the EVLW increase was apparent starting 
at one hour post-resuscitation, due to the shifting 
of the fluid out of the intravascular compartment, 
causing edema in the interstitial space with only 
20% remaining intravascularly. The elevation 
became even more marked at three hours post-
resuscitation. On the other hand, in the colloid 
group the rise in EVLW only started to noticeably 
appear at three hour post-resuscitation.16,17 

This implies that there is less interstitial edema 
with resuscitation with colloids compared to 
crystalloids.

Biomarkers in sepsis and ARDS
In sepsis, among the most important cytokines 
are IL-1 and tumor necrosis factor-a (TNF-α), 
which stimulate the production of IL-8 
from various cells such as endothelial cells, 
macrophages, neutrophils, alveolar epithelial 
cells, and fibroblasts.18-21 In the present study, 
IL-8 appears to increase after endotoxin 
administration in both groups (Figure 1). This 
finding is consistent with that of previous 
studies reporting that only IL-8 increased 
consistently, at the beginning and during severe 
sepsis and that the increase remained within 
24 hours [44.3 interquartile range (IQR) 17.8–
205) pg/mL and 757 (IQR 221–1,898) pg/mL; 
p=0.002].19 IL-8 can be detectable as early as 
ten minutes post-lypopolysaccharide (LPS) 
administration and in growth media is secreted 

after three hours of exposure. Therefore, IL-8 
is a reliable early marker during sepsis due to 
bacterial infection.22

In this study, IL-8 appears to increase after 
endotoxin administration in colloid group 103.1 
(IQR 0.2 to 350) pg/mL and 3,854.5 (IQR 2,968.9 
to 4,574.0) pg/mL, with a significant difference 
p=0.012. Likewise the crystalloid group, with 
a value of 125 (IQR 0.3 to 546.9) pg/mL and 
4,419.3 (IQR 945.2 to 4,847.3) pg/mL, p=0.003. 
Our findings are consistent with previous studies 
reporting that synthetic colloids have specific anti-
inflammatory effects, including decreasing post-
ischemic leukocyte-endothelium interaction and 
platelet adhesion.  Synthetic colloids have special 
characteristics which can influence vascular 
permeability and inflammation; nevertheless, the 
clinical relevance of such characteristics has not 
yet been fully explored. The mechanism through 
which colloids affect IL-8 levels is also poorly 
understood.16,17  

We did not find a significant increase in VCAM-1 
both in the colloid and crystalloid groups after 
endotoxin administration. Two pathways have 
been postulated for the elevation of VCAM-1 in 
severe sepsis, both mediated by the release of 
inflammatory mediators: alveolar endothelial 
injury and the formation of neutrophil-
thrombocyte complexes resulting in inflammation 
and an increase in thromboxane-A2. In our 
subjects, it appears that only inflammation and 
mild injury to the vascular endothelium have 
occured, therefore still inadequate to cause 
neutrophil extravasation into the interstitial 
space. In addition, the increase in the expression of 
VCAM-1 can occur up to 6 hours after exposure,16 

beyond the length of monitoring in the present 
study. A longer monitoring time may be necessary 
to observe further lung injury such that a more 
marked difference can be seen. 

In conclusion, the use of colloids, compared 
to crystalloids, in fluid resuscitation does 
not decrease the probability of ARDS events. 
However, the use of colloids is associated with a 
lower increase in EVLW and a lower mean lung 
injury score. Colloid or crystalloid use does not 
appear to affect IL-8 and VCAM-1 levels. In vivo 
studies comparing colloid and crystalloid fluid 
resuscitation are needed in children with severe 
sepsis.

Medical Journal of Indonesia



38 Med J Indones, Vol. 25, No. 1
March 2016

Conflict of interest
The authors affirm no conflict of interest in this 
study.

REFERENCES

1. Watson RS, Carcillo JA, Linde-Zwirble WT, Clermont G, 
Lidicker J, Angus DC. The epidemiology of severe sepsis 
in children in the United States. Am J Respir Crit Care 
Med. 2003;167(5):695–701.

2. Medical Record Department of Child Health, Cipto 
Mangunkusumo Hospital. Unpublished Data. 2008. 
Indonesian.

3. Monahan LJ. Acute respiratory distress syndrome. Curr 
Probl Pediatr Adolesc Health Care. 2013;43:278–84.

4. Dahlem P, van Aalderen WM, Bos AP. Pediatric acute 
lung injury. Paediatr Respir Rev. 2007;8(4):348–62.

5. Abraham E, Singer M. Mechanism of sepsis-induced 
organ dysfunction. Crit Care Med. 2007;35(10):2408–16.

6. Kirov MY, Kuzkov VV, Bjertnaes LJ. Extravascular lung 
water in sepsis. Intensive Care Med. 2005;6:449–60.

7. Martin GS, Eaton S, Mealer M, Moss M. Extravascular 
lung water in patients with severe sepsis: a prospective 
cohort study. Crit Care. 2005;9(2):R74–82.

8. Orbegozo Cortes D, Santacruz C, Donadello K, Nobile 
L, Taccone FS. Colloids for fluid resuscitation: what is 
their role in patients with shock?. Minerva Anestesiol. 
2014;80(8):963–9.

9. Cordemans C, De laet I, Van Regenmortel N, 
Schoonheydt K, Dits H, Huber W, et al. Fluid 
management in critically ill patients: the role of 
extravascular lung water, abdominal hypertension, 
capillary leak, and fluid balance. Ann Intensive Care. 
2012;2(Suppl1):S1–12.

10. Jackson P, Cockroft P. Handbook of pig medicine. 1st ed. 
New York: Elsevier Health Sciences; 2007. p. 1–45.

11. Khemani RG, Wilson DF, Esteban A, Ferguson ND. 
Evaluating the Berlin definition in pediatric ARDS. 
Intensive Care Med. 2013;39(12):2213–6.

12. Matute-Bello G, Downey G, Moore BB, Groshong SD, 
Matthay MA, Slutsky AS, et al. An official American 
Thoracic Society workshop report: features and 
measurements of experimental acute lung injury in 
animals. Am J Respir Cell Mol Biol. 2011;44(5):725–38.

13. Chung FT, Lin HC, Kuo CH, Yu CT, Chou CL, Lee KY, et 
al. Extravascular lung water correlates multiorgan 
dysfunction syndrome and mortality in sepsis. PLoS 
One. 2010;5(12):e15265.

14. Lubrano R, Cecchetti C, Elli M, Tomasello C, Guido G, Di 
Nardo M, et al. Prognostic value of extravascular lung 
water index in critically ill children with acute respiratory 
failure. Intensive Care Med. 2011;37(1):124–31.

15. Berkowitz DM, Danai PA, Eaton S, Moss M, Martin GS. 
Accurate characterization of extravascular lung water 
in acute respiratory distress syndrome. Crit Care Med. 
2008;36(6):1803–9.

16. Jacob M, Bruegger D, Rehm M, Welsch U, Conzen P, 
Becker BF. Contrasting effects of colloid and crystalloid 
resuscitation fluids on cardiac vascular permeability. 
Anesthesiology. 2006;104(6):1223–31.

17. van der Heijden M, Verheij J, van Nieuw Amerongen GP, 
Groeneveld AB. Crystalloid or colloid fluid loading and 
pulmonary permeability, edema, and injury in septic 
and nonseptic critically ill patients with hypovolemia. 
Crit Care Med. 2009;37(4):1275–81.

18. Mehta D, Malik AB. Signaling mechanisms 
regulating endothelial permeability. Physiol Rev. 
2006;86(1):279–367.

19. Remick DG. Interleukin-8. Crit Care Med. 
2005;33(12Suppl):S466–7.

20. Pierrakos C, Vincent JL. Sepsis biomarkers: a review. Crit 
Care. 2010;14(1):R15.

21. Fanelli V, Vlachou A, Ghannadian S, Simonetti U, Slutsky 
AS, Zhang H. Acute respiratory distress syndrome: new 
definition, current and future therapeutic options. J 
Thorac Dis. 2013;5(3):326–34.

22. Macdonald SP, Stone SF, Neil CL, van Eeden PE, Fatovich 
DM, Arendts G, et al. Sustained elevation of resistin, 
NGAL and IL-8 are associated with severe sepsis/
septic shock in the emergency department. PLoS One. 
2014;9(10):e110678.

http://mji.ui.ac.id



Hestiantoro, et al.
FSH and leptin as predictors for oocyte fertilization

39

Basal follicle stimulating hormone and leptin on the day of hCG 
administration predict successful fertilization in in vitro fertilization

Keywords: basal FSH, IVF, leptin serum, oocyte ratio

pISSN: 0853-1773 • eISSN: 2252-8083 • http://dx.doi.org/10.13181/mji.v25i1.1215 • Med J Indones. 2016;25:39–43
• Received 09 Mar 2015 • Accepted 08 Feb 2016

Corresponding author: Andon Hestiantoro, hestiantoro@gmail.com

Copyright @ 2016 Authors. This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 
International License (http://creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and 
reproduction in any medium, provided the original author and source are properly cited.

Andon Hestiantoro, Budi Wiweko, Robert H. Purwaka
Department of Obstetrics and Gynaecology, Faculty of Medicine, Universitas Indonesia, Cipto Mangunkusumo Hospital, 
Jakarta, Indonesia

Clinical  Research

Medical Journal of Indonesia

ABSTRAK

Latar belakang: Keberhasilan kehamilan dalam prosedur 
fertilisasi in vitro (FIV) bergantung pada beragam faktor. Studi 
ini bertujuan untuk menilai apakah usia, indeks massa tubuh 
(IMT), follicle stimulating hormone (FSH) basal, estradiol, dan 
leptin serum pada hari maturasi oosit dengan human chorionic 
gonadotropin (hCG) dapat digunakan sebagai peramal 
keberhasilan fertilisasi pada prosedur FIV.

Metode: Studi potong lintang dilakukan di Klinik Yasmin, 
Rumah Sakit Cipto Mangunkusumo, Jakarta, Indonesia. 
Sebanyak 40 partisipan merupakan pasien yang menjalani 
prosedur FIV. Data usia, IMT, FSH basal, estradiol, dan leptin 
serum hari penyuntikan hCG, rasio leptin serum/oosit, dan 
fertilisasi dianalisis dengan analisis bivariat dan multivariat 
untuk menentukan faktor-faktor yang berperan dalam 
memprediksi keberhasilan fertilisasi pada program FIV.

Hasil: Korelasi signifikan ditemukan antara kadar FSH 
basal dan rasio leptin serum/oosit pada hari penyuntikan 
hCG terhadap keberhasilan fertilisasi. Ditemukan pula 
persamaan untuk menentukan probabilitas keberhasilan 
fertilisasi: 1/(1+exp –(6.2 - 0.4(rasio leptin serum/jumlah oosit) - 0.8(FSH basal)), 
dengan nilai sensitivitas 77,8% nilai spesifisitas 77,8%, dan 
area di bawah kurva (AUC) 85,6%. Peluang keberhasilan 
fertilisasi terkait dengan nilai kadar maksimum FSH basal 
sebesar 5,90 mIU/mL dan rasio leptin serum/oosit sebesar 
3,98. 

Kesimpulan: Formula yang mencakup kadar FSH basal dan 
rasio leptin serum/oosit pada hari penyuntikan hCG dapat 
digunakan dalam meramal keberhasilan fertilisasi pada 
prosedur FIV.

ABSTRACT

Background: Successful pregnancy in in vitro fertilization 
(IVF) program depends on multiple factors. This study 
aimed to determine whether age, body mass index (BMI), 
basal follicle stimulating hormone (FSH), estradiol, and 
leptin on the day of trigger ovulation with human chorionic 
gonadotropin (hCG) might be used as predictor for successful 
oocyte fertilization in in vitro fertilization (IVF) program.

Methods: This is a cross sectional study conducted in Yasmin 
Fertility Clinic, Cipto Mangunkusumo Hospital, Jakarta, 
Indonesia. Forty participating patients underwent IVF 
program, excluding smokers, patients with diabetic, morbid 
obesity, and severe oligospermia or azoospermia. Age, BMI, 
basal FSH, estradiol, leptin on the day of hCG administration, 
oocyte count on oocyte retrieval, the number of mature 
oocyte, and fertility rate were analyzed using bivariate and 
multivariate analysis to determine which eligible factors play 
role in predicting the successful of fertilization.

Results: Significant correlation was found between basal 
FSH level and serum leptin/oocyte ratio on the day of hCG 
administration with successful fertilization. We found 
probability formula as follows: 1/(1+exp –(6.2 - 0.4(leptin serum/

oocyte ratio) - 0.8(basal FSH)), with 77.8% sensitivity, 77.8% specificity, 
and AUC levels of 85.6% indicating strong predictability. 
Probability of successful fertilization related to basal FSH 
level of 5.90 mIU/mL and leptin serum/oocyte ratio of 3.98. 

Conclusion: The formula consisting of basal FSH and 
leptin serum/oocyte ratio on the day of trigger ovulation 
was capable in predicting the probability of successful 
fertilization in IVF procedure.
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As a modality for managing infertility problems, 
in vitro fertilization (IVF) program has still 
shown low success rate of 30–40%.(1) Successful 
pregnancy in IVF program depends on the 
age of subject, etiological factors, duration of 
infertility, and endometrial receptivity. Others are 
associated with the types of treatment, such as 
intra-cytoplasmic sperm injection (ICSI), frozen 
embryo, the number of oocytes recovered, and 
the quality of transferred embryos.1 The quality of 
transferred embryo plays an important role with 
IVF success, and it is related to pre embryo or two 
pro nucleus (2pn) cell. Successful fertilization 
showed fertilization rate of 2pn cells is more than 
65%.2

The quality of oocytes plays a key role in a 
proper embryo development. The competence of 
oocytes depends on numerous processes taking 
place during the whole oogenesis, which are age, 
body mass index (BMI), basal follicle stimulating 
hormone (FSH), and estradiol.3 Estradiol 
production will increase along the follicle size 
growing and the oocyte become more mature. 
Hence, the higher level of estradiol could be the 
characteristic of oocyte maturation. Despite of 
being the general marker of oocyte maturation, 
estradiol still could not be the predictor of 
cytoplasm maturation since there was no different 
result observed in estradiol levels of follicular 
fluid between fertilized and unfertilized oocytes.4 

Recent studies have suggested that leptin receptor 
(Ob-R) can mediate signal through either the 
mitogen activated-protein kinase (MAPK) or the 
Janus-activated kinase/signal transducer and 
activator of transcription signal-transduction 
pathway. The role of leptin has proven in both 
nuclear and cytoplasmic maturation. During 
oocyte maturation, phosphorylated-MAPK 
content was increased by leptin, and leptin-
stimulated oocyte maturation was blocked when 
a specific MAPK activation inhibitor suppressed 
leptin-induced MAPK phosphorylation. It is 
demonstrating the leptin enhanced nuclear 
maturation via activation of the MAPK pathway. 4

Leptin was considered to be one of the oocyte 
maturation predictor by looking at the activation 
of the MAPK and the maturation promoting 
factors (MPF). Along with age, BMI, basal FSH 
and estradiol, leptin is another important factor 
in predicting fertilization rate in IVF. In addition, 

the most important key of successful fertilization 
is not only limited to the follicle size, but precisely 
the final step, which is the oocyte maturation 
degree assessed from the cumulus mass 
expansion and the density of corona cell around 
the oocyte.4 In IVF cycles, hCG administration is 
used as a surrogate luteinizing hormone (LH) 
surge to induce development and maturation of 
larger ovarian follicles (≥15 mm in diameter) that 
have acquired granulose cell LH/hCG receptors.5,6 
For this reason, leptin serum level is needed to 
be examined around the time when predicted 
oocyte maturation occurs, which is in the day 
of hCG administration for oocyte maturation. In 
addition, since maturation of each oocyte was 
being assessed, leptin level in each follicle was 
obtained by measuring the ratio of leptin serum 
level with oocyte count. 

As it is important to identify the marker for 
determining oocyte maturation, this study aimed 
for determining the suitability of leptin serum on 
the day of human chorionic gonadotropin (hCG) 
administration as the predictor for successful 
oocyte fertilization in IVF program, while 
assessed the association between age, BMI, basal 
FSH, follicular estradiol, and leptin serum with 
success rate of fertilization in IVF program.

METHODS

This was a cross sectional study conducted in 
Yasmin Fertility Clinic, Cipto Mangunkusumo 
Hospital, Jakarta, Indonesia, from August 2008 to 
May 2009. The samples were 40 subjects. Subjects 
were chosen according to inclusion and exclusion 
criteria. The inclusion criteria was patient 
underwent IVF program, while the exclusion 
criteria were smokers, diabetes mellitus, morbid 
obesity, and severe oligoospermia or azoospermia. 
The protocol of this study has been approved 
by Medical Ethics Committee of Universitas 
Indonesia (No. 27/PT02.FK/ETIK/2009).

Subjects underwent interview, physical 
examination, and laboratory examination. About 
5 mL of venous blood were taken for day three 
basal FSH and later on oocyte retrieval for 
serum estradiol and serum leptin. Leptin serum 
was obtained on the day of hCG administration. 
Leptin serum per oocyte ratio was measured 
by dividing leptin serum on the day of hCG 
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administration with numbers of oocyte during 
oocyte retrieval.

Subjects’ ages were obtained in anamnesis, while 
BMI was calculated from the weight and height 
obtained using a weight scale. FSH level was 
measured in the third day of menstruation; pre-
ovulation estradiol level was measured before 
hCG administration, and leptin serum level was 
measured in the day of hCG administration. Those 
variables were obtained from laboratory data of the 
venous puncture analysis. Successful fertilization 
rate defined as the occurring of more than 65% 
fertilization according to the laboratory data.

Pre-embryo results were recorded as data and 
processed with SPSS for Windows v.13. Bivariate 
analysis using T-test and Mann-Whitney test 
were performed to the factors affecting oocyte 
fertilization, continued with multivariate analysis 
using logistic regression.

RESULTS

Bivariate analysis on fertilization success 
There were 40 subjects aged 26–44 years old 
recruited in this study. They were divided into two 
groups: (1) group with fertilization rate <65%, 
which considered as not successful; (2) group 
with fertilization rate ≥65%, which considered 
as successful. The numbers and demographic 
characteristic including age and BMI of both 
groups were similar with the average age about 
35 years and the average BMI about 23 kg/m2.

Bivariate analysis was conducted between two 
groups. T-test analysis was performed to age, 

BMI, estradiol on hCG-administration day, leptin 
serum on hCG-administration day, and follicular 
estradiol on hCG-administration day. Mann-
Whitney analysis was performed to basal FSH 
and leptin serum. The success of fertilization 
procedure is related to basal FSH and leptin 
serum significantly with p value of 0.001 and 
0.002 respectively (Table 1). 

Multivariate analysis on fertilization success 
Multivariate analysis with logistic regression 
was performed on age, basal FSH, estradiol on 
hCG-administration day, leptin serum on hCG-
administration day, and leptin serum. From the 
logistic regression, we found the variables related 
to success fertilization are basal FSH and leptin 
serum (Table 2).

In counting the probability of the success in 
fertilization procedure, those factors then were 
included in the following equation: 

Probability = 1/(1+exp –[6.2 - 0.4(leptin serum/oocyte ratio) 

-0.8(basal FSH)])

Variables
Fertilization rate

p<65%
(n=22)

≥65%
(n=18)

Age (years) 36.18±4.59 34.06±4.60 0.118†

BMI (kg/m2) 23.55±2.83 23.08±2.68 0.596†

Basal FSH (mIU/mL) 7.15±2.358 5.18±1.59 0.001*

Estradiol (pg/mL) 2192.15±1255.37 2841.56±1388.96 0.129†

Follicular estradiol (pg/mL) 404.10±158.58 386.16±137.57 0.708†

Leptin (ng/mL) 25.96±8.35 20.38±11.51 0.081†

Leptin serum/oocyte ratio 4.51±3.06 3.31±2.19 0.002*

Table 1. Factors affecting fertilization success

BMI: body mass index, FSH: follicle-stimulating hormone, *Mann-Whitney analysis, †T-test analysis

Variables Coefficient p
CI 95%

Min Max

Leptin serum/
oocyte ratio 

-0.378 0.046 0.472 0.994

Basal FSH -0.773 0.011 0.254 0.840
Constant 6.196 0.005

Table 2. Logistic regression on basal FSH, estradiol on the 
day of hCG administration, leptin on the day of hCG admin-
istration, and leptin per oocyte ratio on the day of hCG ad-
ministration

FSH: follicle-stimulating hormone, hCG: human chorionic go-
nadotropin
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An example of a case using this equation is 
provided as follows:

Basal FSH = 4.80 mIU/mL; leptin serum hCG day 
administration = 16 ng/mL; oocyte=5
Leptin serum/oocyte ratio: 16/5=3.20 
Y = 6.2–(0.4x3.2)–(0.8x4.8)= 1.3
Probability = 1/(1 + exp–1.3)= 0.78

It can be concluded that the basal FSH of 4.80 
mIU/mL and leptin serum per oocyte ratio of 
3.20 has probability for successful fertilization as 
much as 78%. 

From the equation above, receiver operating 
characteristic (ROC) curve was analyzed to 
find out the sensitivity and specificity of the 
equation. The ROC curve has area under curve 
(AUC) of 85.6%, which statistical interpretation 
showing 80%-90% as strong predictability 
(Figure 1).

The AUC is 85.6% concluded as strong 
predictability, with 77.8% sensitivity and 77.8% 
specificity. The sensitivity and specificity were 
found on probability value of 0.474, which means 
probability level above 0.474 has successful 
fertilization predictability. Maximum level of 
basal FSH is 5.90 mIU/mL and the leptin serum 
is 3.98.

DISCUSSION

The role of basal FSH as fertilization success 
predictor
In this study, successful fertilization was marked 
by fertilization rate ≥65%. We found lower basal 
FSH (5.18 mIU/mL vs 7.15 mIU/mL, p=0.001) in 
successful fertilization. From the previous study, 
Andersen et al7 reported that supraphysiological 
FSH level affected oocyte viability in assisted 
reproductive technology. The regulation of 
progesterone production by the developing 
follicles during controlled ovarian stimulation 
is a complicated interplay of hormonal systems 
involving the theca and granulosa cells, and the 
effect of the actions of both LH and FSH7 It has 
been reported that pregnancy rate will reduce 
significantly if day three FSH levels were more 
than 15 mIU/mL. Very few pregnancy achieved if 
day three FSH levels were more than 25 mIU/mL.8 
Another study showed FSH level of 6.5–15 mIU/mL 

 

 

 
Figure 1. Receiver operating characteristic (ROC) curve 
containing basal FSH and leptin serum role in predicting the 
success of fertilization

as poor responders.9 Basal FSH level performed 
better as a sole prognosticator for treatment 
failure, but the high cut off level necessary to 
reach sufficient prognostic power inevitably 
reduces the number of patients that may benefit 
from the test. Basal FSH is a limited value in the 
prediction of pregnancy rate after IVF and should 
only be applied if clear consequences, therefore 
another predictive factor is needed to predict 
fertility success.10

The role of leptin as predictor for fertilization
We found lower leptin level (20.38 ng/mL vs 
25.96 ng/mL, p=0.081) and lower leptin serum 
(3.31 vs 4.51, p=0.002) in successful fertilization. 
Leptin enhances MAPK fosforilation and cyclin 
B1 expression, which oocyte maturation occurs.4 
In fact, higher leptin level reduces oocyte 
maturation. Anifandis et al11 has conducted 
prospective studies to assess prognostic value of 
leptin on embryo quality. Increased leptin level 
above 59.48±7.6 ng/mL related to bad embryo 
quality and leptin level above 56.87±5.52 ng/
mL related to pregnancy failure. Higher leptin 
level related to decreased ovarian stimulation, 
follicular maturation, embryo quality, and 
pregnancy success. Mantzoros et al12 showed that 
lower leptin level is a pregnancy predictive factor 
in normal woman, even in polycystic ovarian 
syndrome (PCOS) patients. 
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Predictor model for fertilization in IVF
The model pointed out that the lower basal 
FSH level and leptin serum will have higher 
fertilization success, and even then lowest 
level of both variables could not be determined 
yet. This is the same with other studies that 
showed lower basal FSH and leptin have higher 
probability of oocyte maturation and embryonic 
development until pregnancy outcome. There 
is still no study that put basal FSH together 
with leptin serum to predict fertilization. It was 
previously mentioned by Bancsi et al10 that basal 
FSH levels were quite limited in predicting on 
going pregnancy rates after IVF. Previous studies 
on leptin as the predictor of IVF success showed 
that higher leptin reduced embryo development 
and pregnancy rate.11,12 This study found that 
the formulation consisting of basal FSH and 
leptin per oocyte ratio combination can be 
good in predicting the probability for successful 
fertilization.

Clinical importance of the equation above is that 
we can predict the success of fertilization process, 
decide which patient has the best response, help 
in counseling of the patient, and finally would 
became prognostic factors affecting the success 
of fertilization process, and raise the efficiency in 
IVF.

The level of basal FSH and leptin serum per 
oocyte ratio
We found the maximum level of basal FSH is 5.90 
mIU/mL and leptin serum per oocyte ratio is 3.98. 
The minimum level of both variables could no be 
determined yet by this study. The count of basal 
FSH is the same with other studies, but the count 
of leptin serum per oocyte ratio is a new finding 
in this study.

In conclusion, this study had found correlation 
between basal FSH and leptin serum with 
successful fertilization. The formulation found, 
which consisted of basal FSH and leptin serum/
oocyte ratio, was capable of predicting the 
probability of successful fertilization in IVF 
procedure. This correlation between basal FSH 
and leptin serum was observed as success value 
for oocyte fertilization process.
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ABSTRAK

Latar belakang: APOEε4 merupakan faktor risiko genetik 
yang kuat untuk kejadian demensia Alzheimer (DA), di mana 
pada penyakit ini terjadi penurunan bersihan beta amiloid (Aβ) 
di otak dan plasma. Pemahaman terhadap kaitan patogenik 
potensial antara APOEε4 dan Aβ plasma dapat membantu 
identifikasi dini mereka yang berisiko terkena DA. Penelitian 
ini bertujuan mengetahui hubungan APOEε4 dengan kadar Aβ 
di dalam plasma pada hendaya kognitif ringan tipe amnestik 
(HKRa) dan DA.

Metode: Penelitian ini merupakan studi potong lintang pada 
populasi pasien yang datang ke klinik memori Siloam Hospitals 
Lippo Karawaci dalam kurun waktu 2013-2014. Subyek 
dikelompokkan menjadi tiga kelompok, yaitu (1) kognisi 
normal, (2) HKRa, dan (3) demensia Alzheimer. Dilakukan 
pemeriksaan APOEε4 dan Aβ40 serta Aβ42 di plasma. Analisis 
data dilakukan dengan menggunakan metode uji korelasi dan 
regresi logistik.

Hasil: Sejumlah 60 subyek (kognisi normal = 23, HKRa = 17, 
DA = 20) memenuhi kriteria penelitian. Terdapat 19 (31,7%) 
subyek dengan APOEε4 positif.  Peluang subyek dengan APOEε4 
positif untuk terjadi DA 3,9 kali dibandingkan subyek dengan 
APOEε4 negatif. Ditemukan perbedaan bermakna rerata 
kadar Aβ4o plasma pada kelompok HKRa dibandingkan dengan 
kelompok DA. Korelasi antara APOEε4 (+) dengan peningkatan 
Aβ42 di plasma juga signifikan (p<0,05). 

Kesimpulan: Terdapat korelasi antara APOEε4 dengan kadar 
Aβ42 di plasma yang mendukung hipotesis bahwa materi 
genetik bentuk isoform ini mempercepat perkembangan DA 
melalui jalur yang bergantung Aβ.

ABSTRACT

Background: APOEε4 is a strong genetic risk factor for 
Alzheimer’s disease (AD). AD itself has been associated 
with reduced Aβ clearance from the brain and plasma. 
Understanding the potential pathogenic link between 
APOEε4 and plasma Aβ might allow for earlier identification 
of people at risk of developing AD. The aim of this study is to 
find out the correlation between APOEε4 and plasma Aβ in 
amnestic mild cognitive impairment (aMCI) and AD patients.

Methods: This is a comparative cross-sectional study of 
patients attending a memory clinic in Siloam Hospital Lippo 
Karawaci, Tangerang, during the period of 2013-2014. 
Subjects were categorized into three categories: normal 
aging, aMCI, and AD. We performed blood test to examine 
APOEε4, plasma Aβ4o level, and plasma Aβ42 level. All data 
analyses were performed using correlation test and logistic 
regression.

Results: Sixty subjects (normal aging = 23, aMCI = 17, AD 
= 20) were included. There were 19 (31.7%) subjects with 
APOEε4 positive. Subjects carrying ε4 allele were more likely 
to have AD by 3.9-fold than subjects with APOE ε4 allele 
negative. There is a significant difference between the mean 
of plasma Aβ40 in aMCI group and AD group. We also found 
correlation between APOEε4 (+) and higher plasma Aβ42 
(p<0.05). 

Conclusion: There is a correlation between APOEε4 and 
plasma Aβ42 level, which supports the hypothesis that this 
genetic isoform accelerates the rate and progression of AD 
through Aβ-dependent pathways.

http://dx.doi.org/10.13181/mji.v25i1.1255


Situmeang, et al.
APOEε4 associates with plasma Aβ level

45

Alzheimer’s disease (AD) is the most common 
cause of dementia in the elderly. It is approximately 
occurred in 13% of people over the age of 65 
to 45% people over the age of 85.1 One of the 
strongest pathomechanism of AD is amyloid 
cascade hypothesis that points to the imbalance 
between production and clearance of amyloid-β 
(Aβ) peptides in the brain which results in 
accumulation and aggregation of Aβ in the form 
of soluble Aβ oligomers, intraneuronal Aβ, and 
amyloid plaques injure synapses, and ultimately 
leads to neurodegeneration and dementia.2,3 

The strongest risk factor for AD is the ε4 allele of 
the apolipoprotein E (APOE).4-6 There are three 
polymorphic alleles of APOE gene: ε2, ε3, and 
ε4, which APOEε3 allele is the most frequent 
in worldwide population (77.9%), followed 
by ε4 (13.7%), and ε2 (8.4%).7 Risk of AD was 
increased in individual with one copy of ε4 
allele (heterozygote) and higher in two copies 
(homozygote).7 APOEε4 is associated with lower 
age of AD onset. Mean age at clinical AD onset 
in ε4 homozygote, ε4 heterozygote, and ε4 non-
carriers are 68 years, 76 years, and 84 years, 
respectively.4,8

Mild cognitive impairment (MCI) is a transitional 
stage between normal cognitive function and 
dementia. Amnestic MCI (aMCI) is associated with 
increased risk of AD,9 is estimated to progress into 
clinically diagnosable AD in 10–15% of cases per 
year, compared to a rate of 1–2% per year among 
healthy elderly individuals.10 APOEε4 affects 
memory performance in people with MCI,11,12 both 
in middle age (40–59 years) and elderly (60–85 
years) people.13,14 In addition, MCI patients with 
APOE ε4 experience more-rapid decline in several 
cognitive and functional assessments,12,15,16 which 
leads to increased risk of progression from MCI 
to AD-type dementia.17-19 Consistent with younger 
age of AD onset in individuals with APOEε4, it also 
applies in aMCI.20 These findings indicate that the 
APOEε4 genotype in patients with MCI can serve 
as a predictive factor for determination of clinical 
outcome and the risk of conversion to AD.21

APOE provides instruction to make a protein 
called Apo lipoprotein E- lipoproteins bind to 
several cell-surface receptors to deliver lipids 
and also to hydrophobic Aβ peptide, which 
is thought to initiate toxic events that lead to 
synaptic dysfunction and neurodegeneration 

in AD.21 APOE isoforms differentially regulate 
Aβ aggregation and clearance in the brain, 
and have distinct functions in regulating brain 
lipid transport, glucose metabolism, neuronal 
signalling, neuroinflammation, and mitochondrial 
function.21,22 Immunohistological evidence 
demonstrates that APOE is co-deposited in senile 
plaques in the brains of AD patients.23 The Aβ 
deposition in the form of senile plaques is more 
abundant in APOEε4 carriers compared with non-
carriers.24-26 Furthermore, APOEε4 carriers have 
lower cerebrospinal fluid (CSF) Aβ42 level27,28 yet 
the relationship between plasma Aβ and APOEε4 
remains inconclusive.29-32 

In the present report, we studied the correlations 
between genetic risk factor APOEε4 with plasma 
amyloid beta level in both aMCI and AD. 

METHODS

Subjects in this study were patients who visited 
memory clinic of Siloam Hospital Lippo Village 
from September 2013 to September 2014. We 
included all subjects who fulfilled inclusion 
criteria: 1) age >60 years old, 2) able to speak 
Bahasa Indonesia or English (premorbid), 3) 
able to read and write (premorbid). We excluded 
subjects with impaired renal function and subjects 
with major vascular lesions or other structural 
lesions in magnetic resonance imaging (MRI).   

Subjects were categorized into three clinical 
diagnoses: normal aging, amnestic mild cognitive 
impairment, and AD. We performed physical, 
neurological, and neurobehavioral examinations 
including mini mental status examination (MMSE), 
montreal cognitive assessment (MoCA), and 
consortium to establish a registry of Alzheimer’s 
disease (CERAD). We used AD-8 questionnaire 
and instrumental activity daily living (IADL) to 
determine impairments on activities of daily 
living. We determined severity of AD using 
Clinical Dementia Rating Scale (CDRS) and Global 
deterioration Scale (GDS). MRI test was executed 
on subjects who had stroke history or suspected 
to have other causes of dementia.

We performed blood test to examine ureum, 
creatinine, APOEe4 with restriction fragment 
length polymorphism, plasma Aβ40 level, and 
plasma Aβ42 level. The concentration of Aβ 
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peptides (Aβ40 and Aβ42) in plasma was measured 
using commercially available sandwich ELISA 
assay (IBL International GmbH, Hamburg, 
Germany) which has been shown to be sensitive 
enough 1.56–100 pg/mL. 

All data analyses were performed using SPSS 
statistics (IBM Corp. Released 2011, version 20 
Armonk, NY, US). The measures were expressed 
as mean ± standard deviation. We evaluated the 

Charact characteristics n (%)
AD

(n=20)
Mean±SD

aMCI
(n=17)

Mean±SD

HC
(n=23)

Mean±SD
p*

Age group (years) 75.4±5.57 69.3±6.7 68.1±5 <0.001
60–69 26 (43.3)
70–79 29 (48.3)
 ³80 5 (8.4)

Sex 0.492
Female 18 (30) 15 7 17
Male 42 (70) 5 10 6

Education level (years) 11.3±4.1 13.1±3.5 13.78±3.2 0.08
<6 7 (11.7)
7–12 24 (40)
>12 29 (48.3)

Hipertension 0.926
Yes 25 (41.7) 9 7 9
No 35 (58.3) 11 10 14

Diabetes mellitus 0.791
Yes 12 (20) 5 3 4
No 48 (80) 15 14 19

Family history of AD 0.135
Yes 8 (13.3) 5 2 1
No 52 (86.7) 15 15 22

Genotip APOE (ε4+/ ε4-) 9/11 6/11 4/19 0.03
APOEε4/4 4 (6.7)
APOEε3/4 13 (21.7)
APOEε2/4 2 (3.3)
APOEε3/3 36 (60)
APOEε2/3 5 (8.3)

Plasma amyloid level (Mean±SD)
Plasma Aβ40 level 119.97±100.91 151.6±126 87.2±70.7 116.8±90.3 0.151
Plasma Aβ42 level 11.86±33.59 19.03±57.1 6.10±4.1 9.89±11.2 0.483
Plasma Aβ42/Aβ40 ratio 0.119±0.204 0.12±0.24 0.1±0.08 0.13±0.24 0.864

Table 1. Subject characteristics

AD= Alzheimer’s disease; aMCI= amnestic mild cognitive impairment; HC= healthy control; *For categorical variables, Pearson 
chi-square was used to compute the p value. For continuous variables, one-way analysis of variance was used to compute the p 
value

association between two qualitative variables 
using chi square test and the association between 
qualitative variable and quantitative variable 
using t test. We performed the correlation test 
and logistic regression. A probability value less 
than 5% was considered statistically significant. 
The protocol of this study has been approved by 
Mochtar Riady Institute of Nanotechnology (No. 
083/MRIN-EC/09/2014). We obtained written 
informed consent from all patients.   
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RESULTS

A total of 80 subjects in memory clinic were 
evaluated in which 65 patients among them met 
our inclusion criteria. We excluded five subjects 
due to a major infarct in MRI findings (one 
subject) and the impairment of renal function 
(four subjects). Sixty subjects were eligible for 
further step analyzing apo-E polymorphism 
and plasma amyloid beta (Aβ40 and Aβ42 level). 
Diagnosis is divided into three groups: AD = 20, 
aMCI = 17, and normal cognition = 23 subjects. 
Forty two subjects were women (70%) and unlike 
common demographic profile in Indonesia, half of 
the subjects had high educational level (>12 years 
of formal education) (Table 1). 

There is a significant association between APOEe4 
genotype with cognitive function, particularly in 
HC versus AD group (Table 2). Subjects carrying 
the ε4 allele were more likely to have AD by 3.9 
times compared to non-carriers. This likelihood 
is even higher in subjects with age-group ≤70 
years (OR=13).  

Level of Aβ40 and Aβ42 plasma in AD is the highest 
compared to aMCI and HC, while the Aβ42/Aβ40 
ratio in this group is the lowest (Table 3). We 
found a significant difference between the mean 
of plasma Aβ40 in HC versus AD group (p<0.05). 

Cognitive Function
APOEε4+ APOEε4+ APOEε4+

Total Age ≤70 years old Age >70 years old
p OR 95% CI p OR 95% CI p OR 95% CI

HC vs aMCI 0.196 2.59 0.47–15.09 0.507 1.85 0.19–17.52 0.236 4.5 0.22–274.78
HC vs AD 0.049 3.88 0.81–20.9 0.028 13 0.63–732.84 0.265 3.6 0.28–192.71
aMCI vs AD 0.549 1.5 0.33–7.02 0.124 7 0.32–418.61 0.808 0.8 0.09–7.51

Table 2. Correlation between APOEε4 genotype with cognitive function

AD= Alzheimer’s disease; MCI= mild cognitive impairment; HC= healthy control

Cognitive Function
Plasma Aβ40 (pg/mL) Plasma Aβ42 (pg/mL) Rasio Aβ42/Aβ40

Mean±SD p Mean±SD p Mean±SD p
HC 116.8±90.3 0.239* 9.89±11.2 0.528* 0.13±0.24 0.651*
aMCI 87.2±70.7 0.257† 6.1±4.1 0.142† 0.1±0.08 0.093†

AD 151.6±126.3 0.034‡ 6.3±0.94 0.568‡ 0.07±0.07 0.068‡

Table 3. Mean difference of plasma Aβ in each cognitive function group

Abbreviations: AD= Alzheimer’s disease; MCI= mild cognitive impairment; HC= healthy control

We analyzed the mean difference of plasma Aβ 
level in APOEε4(+) carrier compared to non-
carrier and found it significant in level of Aβ42 
plasma (Table 4). When we divided the subjects 
into two groups (higher level of Aβ and lower 
level of Aβ) based on certain cut off points, we 
found significant correlation between APOEε4(+) 
and higher Aβ42 plasma level (Table 5). 

APOEε4+
(mean±SD)

APOEε4-
(mean±SD) p

Plasma Aβ40  (pg/mL) 105.17±56.8 126.08±116.5 0.630
Plasma Aβ42 (pg/mL) 8.57±6.2 6.11±4.8 0.04
Aβ42/Aβ40 ratio 0.10±0.07 0.07±0.06 0.28

Table 4. Mean difference in subjects with APOEε4+ and 
APOEε4-

OR 95% CI
Plasma Aβ40 (pg/mL)* vs APOEε4 0.742 0.22–2.50
Plasma Aβ42 (pg/mL)†  vs APOEε4 3.487 1.06–11.46
Aβ42/Aβ40 ratio‡ vs APOEε4   3.704 1.15–11.92

Table 5. Correlation between plasma Aβ and APOEε4

*Cut off point for Aβ40 is 135.685 pg/mL; †Cut off point for 
Aβ42 is 6.055 pg/mL; ‡Cut off point for Aβ42/Aβ40 ratio is 0.081
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DISCUSSION

The ε4 allele of APOE as the strongest genetic 
risk factor for AD has been confirmed by genome-
wide association studies.33,34 The presence of 
this allele is associated with increased risk for 
both early-onset AD and late-onset AD.35,36 To our 
knowledge, investigation about the role of APOE 
ε4 in AD incidence among Indonesian has not been 
established. In population-based studies, the APOE 
ε4–AD association was weaker among African 
Americans (ε4/ε4, OR=5.7) and Hispanics (ε4/
ε4, OR=2.2) and was stronger in Japanese people 
(ε4/ε4, OR=33.1) compared with Caucasian 
cases (ε4/ε4, OR=12.5).37 In this study, the role 
of APOEε4 as strong genetic risk factor had been 
proven; showing an increased risk of up to four-
fold for carrier APOEε4 carriers to have AD than 
non-carriers. This risk is increased into 13-fold 
for subjects with age group ≤70 years, indicating 
that APOEε4 confers dramatically increased risk of 
development of AD with an earlier age of onset. 

The investigation of plasma Aβ species 
offers advantage over conventional method 
for measuring Aβ level in the brain and CSF. 
Obtaining and analyzing plasma level is relatively 
inexpensive, minimally invasive, and can easily 
be performed at multiple time points. Therefore, 
a plasma-based biomarker for early detection 
and diagnosis of AD would be ideal. The utility 
of plasma Aβ as a potential AD biomarker had 
been assessed in previous studies, but the results 
have been inconsistent.38-41 It is well established 
that CSF Aβ42 level decreased in conjunction 
with the cognitive decline, it has been postulated 
that plasma Aβ42 may decrease similarly.42

 Low 
plasma Aβ42 at baseline was associated with 
cognitive decline occurring during follow up.43 
We found no statistical significance of differences 
in plasma Aβ42 levels and Aβ42/Aβ40 ratio among 
AD, MCI, and HC groups, but there is a tendency 
that both are lower in aMCI and AD subjects 
than in HC subjects. Interestingly, plasma Aβ40 
is much higher in AD subjects compared to HC 
and aMCI subjects. Previous studies showed that 
Aβ levels varied highly in brains of patients with 
AD, and those with massive amyloid deposition 
contained predominantly Aβ40. In some patients 
with sporadic AD, high plasma levels of Aβ40 
may contribute to the accumulation of Aβ40 in 
preexisting plaques.44 

We found a significant correlation between 
APOEε4+ and high plasma Aβ42 level which more 
prominent in aMCI and AD groups. The APOEε4 
has been associated with reduced Aβ clearance 
from the brain45 and plasma46 and with impaired 
tight junction integrity.47 Our data suggest that 
APOEε4 influences Aβ42 levels, but not Aβ40 
level. Some studies have shown association 
between ε4 allele with increased fibrillar Aβ22 
and decreased soluble plasma Aβ42 in a dose-
dependent manner.30 Discrepancies between our 
results and those reported by others may result 
from differences in patient populations, the 
use of different enzyme-linked immunosorbent 
assays and platforms, and timing of sample 
collection in relation to the stage of disease 
progression. 

In conclusion, work summarized in this research 
highlights evidence for the association between 
APOEε4, plasma Aβ level, and cognitive decline. 
APOEε4 is a strong genetic risk factor for AD 
among Indonesian people, particularly in age 
group ≤70 years. APOEε4 seems to accelerate 
the rate and progression of AD through Aβ-
dependent pathways. The exact mechanisms 
by which APOEε4 regulates Aβ aggregation and 
deposition require further investigation.
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ABSTRAK

Latar belakang: Meningkatnya jumlah sel progenitor 
endotel (CD31+) merupakan salah satu faktor penting dalam 
mempertahankan homeostasis vaskular. Latihan fisik secara 
efektif akan meningkatkan jumlah sel progenitor endotel 
(CD31+) di darah tepi. Penelitian ini bertujuan untuk mengetahui 
pengaruh durasi latihan fisik aerobik akut intensitas sedang 
terhadap persentase sel CD31+ di darah tepi subyek dewasa 
muda sehat tidak terlatih.

Metode: Penelitian ini adalah penelitian eksperimental. 
Sukarelawan sehat tidak terlatih (n=20) melakukan uji sepeda 
statis intensitas sedang (64–74% DNM) dengan durasi 10 menit 
atau 30 menit. Pengambilan darah dilakukan sebelum dan 10 
menit setelah melakukan uji sepeda statis. Persentase sel CD31+ 
di darah tepi dianalisis dengan menggunakan flow cytometry.  
Analisis statistik dengan menggunakan uji t.

Hasil: Tidak terdapat perbedaan bermakna pada rerata 
persentase sel CD31+ sebelum dan setelah latihan selama 
10 menit dan 30 menit (p>0,05). Terdapat perbedaan 
peningkatan sel CD31+ di darah tepi antara kelompok latihan 
10 menit dan 30 menit. Pada kelompok latihan 10 menit, 50% 
subyek mengalami peningkatan. Sedangkan pada durasi 
latihan 30 menit, 80% subyek mengalami peningkatan. 

Kesimpulan: Persentase sel CD31+ di darah tepi sebelum dan 
setelah latihan selama 10 menit tidak berbeda bila dibandingkan 
dengan 30 menit. Namun, analisis data menunjukkan sebagian 
besar subyek (80%) mengalami peningkatan pada persentase 
sel CD31+ di darah tepi setelah latihan selama 30 menit.

ABSTRACT

Background: The increasing number of circulating CD31+ 
endothelial progenitor cells is one of the important factors for 
maintaining vascular homeostasis. Exercise will effectively 
increase the number of circulating CD31+ endothelial 
progenitor cells. This study aims to determine the effect of 
moderate-intensity acute aerobic exercise duration on the 
percentage of circulating CD31+ cells in untrained healthy 
young adult subjects.

Methods: This study was an experimental study. Untrained 
healthy volunteers (n=20) performed ergocycle at moderate-
intensity (64–74% maximum heart rate) for 10 minutes or 30 
minutes. Immediately before and 10 minutes after exercise, 
venous blood samples were drawn. The percentage of CD31+ 
cells in peripheral blood was analyzed using flow cytometry. 
Data was statistically analyzed using student t-test.

Results: There were no significant differences in the mean 
percentage of circulating CD31+ cells before and after 
exercise for 10 minutes and 30 minutes (p>0.05). However, 
there was a different trend in the percentage of circulating 
CD31+ cells after exercise for 10 minutes and 30 minutes. In 
the 10 minutes duration, 50% of subjects showed increase. 
Whereas in the 30 minutes duration, 80% of subjects showed 
increase. 

Conclusion: The percentage of circulating CD31+ cells 
before and after exercise for 10 minutes was not different 
compared to 30 minutes. However, data analysis shows that 
majority of subjects (80%) had increased in the percentage 
of circulating CD31+ cells after 30 minutes exercise.
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Cardiovascular diseases has become a global 
health problem. Based on the report by WHO, in 
2015 the number of deaths from cardiovascular 
diseases will increase to 20 million, about 30% of 
all deaths in the world.1 The WHO has estimated 
that if the major risk factors were eliminated, at 
least 80% of cardiovascular disease would be 
prevented.2 Therefore, promotion and preventive 
efforts should continue to be encouraged, 
prioritized, and reach all socioeconomic groups.

Endothelial dysfunction is associated with most 
forms of cardiovascular diseases.3 There are two 
mechanisms to replace the damaged endothelium. 
First, through the migration and proliferation 
of adjacent mature endothelial cells. Second, 
through alternative mechanism by endothelial 
progenitor cells. These cells are derived from 
bone marrow, circulate in the peripheral 
blood, and can differentiate into mature cells 
with endothelial characteristics.4 Endothelial 
progenitor cells contribute in maintaining 
vascular homeostasis through endothelial 
regeneration and neovascularization.5 Until now, 
there are no specific markers that could be used 
to identify human endothelial progenitor cells. 
Many researchers have identified circulating 
endothelial progenitor cells with flowcytometry 
using a single surface marker such as cluster of 
differentiation 34 (CD34), cluster of differentiation 
133 (CD133), vascular endothelial growth factor 
receptor-2 (VEGFR-2) or various combinations of 
surface markers. One of the many surface markers 
that can be used for identifying endothelial 
progenitor cells is cluster of differentiation 31 
(CD31).6 Based on a research conducted by Kim 
et al7, endothelial progenitor cells were almost 
exclusively confined to the CD31+ cell fraction, and 
culture of CD31+cells under defined conditions 
gave rise to endothelial cells.7 Recent studies 
provide evidence that exercise-either performed 
as a single session or training program-induced 
improvement in endothelial function. This 
is mainly due to mobilization of endothelial 
progenitor cells to peripheral circulation. Thus, 
exercise is an important method to promote 
cardiovascular health. Increased number of 
endothelial progenitor cells after exercise is 
probably caused by acute mobilization process 
of endothelial progenitor cells contained in 
bone marrow or due to shear stress that induces 
the release of endothelial progenitor cells into 
circulation.8,9

Given the important role of exercise for 
cardiovascular health, in 2007 the American 
College of Sports Medicine (ACSM) and the 
American Heart Association (AHA) recommend 
that all healthy adults need to do moderate-
intensity aerobic exercise for a minimum of 
30 minutes (or can be accumulated toward 
the 30 minutes minimum by performing bouts 
each lasting 10 minutes) five days per week.10 

However limited time available and low physical 
fitness often prevents a person to fulfill these 
recommendations, particularly in terms of 
duration. Therefore, accuracy in choosing the 
optimal duration of exercise becomes very 
important. Some studies related to the effect of 
exercise duration on the number of circulating 
endothelial progenitor cells in healthy individuals 
have been done with various results.8,11. The 
aim of this study is to investigate the effect of 
moderate-intensity acute aerobic exercise on the 
percentage of circulating CD31+ cells in untrained 
healthy individuals.

METHODS

Study subjects
Twenty healthy volunteers selected for this study 
were 20-22 years old male who never did regular 
physical activity [untrained, their maximum 
oxygen consumption (VO2max) correspond to this 
level of physical activity] and not on any medication 
known to interfere with the cardiovascular 
system. Subjects do not smoke or consume 
alcohol. Physical examination excluded apparent 
pathologies. Subjects were divided randomly into 
two groups: first group (10 subjects) performed 
ergocycle with moderate-intensity (64–74% 
maximum heart rate) for 10 minutes, and second 
group (10 subjects) performed ergocycle with 
moderate-intensity (64–74% maximum heart 
rate) for 30 minutes. The study protocol has been 
approved by the Research Ethics Commitee of the 
Faculty of Medicine, Universitas Indonesia (No. 
824/UN2.F1/ETIK/2014). All subjects gave their 
written informed consent before participation.

Study design
This was an experimental study with self-
control design (before and after). The study was 
conducted in the Faculty of Medicine, Universitas 
Indonesia from December 2014 until February 
2015. Experiments started in the morning (08:00 
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A.M). Subjects did not perform any strenous 
activities for at least 24 hours and were advised to 
have breakfast at least two hours before testing.

Determination of maximum oxygen 
consumption (VO2max)
Astrand six minute cycle test was conducted to 
validate that all subjects are untrained. Astrand 
protocol was performed on leg-cycling ergometer 
(Monark, Swedia) for six minutes.10 Suggested 
work rates for unconditioned males are 300 or 
600 kg.m.min-1 (50 or 100 Watts). Pedal rate set 
at 50 rpm (use metronome). The goal is to obtain 
heart rate between 125 and 170 bpm. Heart rate 
during the fifth and sixth minutes of the test were 
measured. If these heart rates differ by more than 
±5 bpm, the test is continued until steady-state 
heart rate is achieved. To estimate VO2max using 
this protocol, we use the nomogram. Once the 
VO2max has been determined, we multiply the 
VO2max value by the appropriate correction factor 
(based on age). Subject is called untrained if the 
value of VO2max is less than 45 mL/kg/min.12 

Single exercise bout
Exercise protocols were applied based on the 
ACSM and AHA recommendations for apparently 
healthy adults with minimal physical activity 
(64–74% maximum heart rate for 10 minutes or 
30 minutes).10 Single exercise bout was performed 
on leg-cycling ergometer (Monark, Swedia). Pedal 
rate set at 50 rpm (use metronome). Before the 
single exercise bout, subjects were seated in the 
upright position for at least 10 minutes before the 
baseline blood sample was drawn from antecubital 
vein. Subjects performed 10 minutes or 30 minutes 
ergocycle maintaining 64–74% of maximum heart 
rate (220-age) as aerobic exercise. Finally, 10 
minutes after cessation of the cycling test, the post 
exercise blood sample was taken.

Flowcytometry
Venous blood was collected in Ethylene Diamine 
Tetra Acetic (EDTA) acid tubes and processed 
immediately. Anticoagulated blood was mixed 
with Roswell Park Memorial Institute (RPMI) 
medium at a ratio of 1:1, and the mixed sample 
was then layered on to Histopaque (Sigma-
Aldrich, USA). Gradient centrifugation technique 
was performed to isolate mononuclear cells 
(MNCs). Flow cytometry analysis was performed 
with fluorescence activated cell sorting-calibur 
(FACS-Calibur) instrument (BD Biosciences, 

USA) and analyzed with CellQuestTM software 
(BD Biosciences, USA). One hundred microliters 
isolated MNCs were incubated with 10 µl 
Phycoerythrine (PE-) labeled Anti-human CD31 
(BD Pharmingen, USA) at room temperature in 
the lab cabinet for 20 minutes. The lymphocyte 
population gate was adjusted to forward scatter 
(FCS) and side scatter (SSC) profiles of isolated 
MNCs (Figure 1). PE isotype matched antibody 
(BD Pharmingen, USA) was used to set the cut 
off point for CD31+ cells in the lymphocyte sub-
population. A total of 1x104 events were analyzed. 
The result was displayed as percentage of cells 
positive for CD31.

Statistical analysis
The dependent and independent variables in 
this study were percentage of circulating CD31+ 
cells and exercise duration (10 and 30 minutes). 
All data analyses were performed using SPSS for 
Windows version 15.0 (SPSS Inc. Chicago, USA). 
Results are presented as mean ±SD. Data were 
examined for normal distribution using Saphiro 
Wilk test of normality. Comparisons among 

 

 

 

Subject Subject 

Figure 1. Flowcytometry analysis of CD31+ cells in periph-
eral blood. Mononuclear cells isolated from peripheral blood 
were gated in a forward-scatter (FSC)/side-scatter (SSC) 
plot: the cell population corresponding to small lymphocytes 
was gated and analyzed for background flourescence after 
labeling with isotype-matched control phyco erythrin (PE) 
mouse immunoglobulin G1 (second panel from left). (B) 
Flowcytometry analysis of CD31+ cells in one subject
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groups of study measures were done by student 
t-test (paired and unpaired). Probability values of 
p<0.05 were considered significant.

RESULTS

Characteristics of the subjects are summarized 
in table 1. Subjects in this study were healthy 
young adults, aged between 20–22 years old, has 
a normal body composition [mean body mass 
index (BMI) less than 25 kg.m-2, mean waist 
circumference less than 99 cm] and untrained. 
The average value of VO2max in all subjects is less 
than 38 mL/kg/min. This result showed that all 
subjects in this study are untrained. Percentage of 
circulating CD31+ cells before and after exercise 
in both groups (10 minutes vs 30 minutes) were 
assessed using student t test and are presented 
in table 2 and figure 2. Table 2 shows a decrease 
in the mean percentage of circulating CD31+ cells 
after 10 minutes exercise compared with before. 
While after 30 minutes of exercise, there is an 
increase in mean percentage of circulating CD31+ 
cells compared with before exercise.
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Figure 2. The mean percentage of circulating CD31+ cells be-
fore and after exercise for 10 minutes and 30 minutes
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Figure 3. Pie diagram showing the percentage of subjects 
who experienced the increase and the decrease in the per-
centage of circulating CD31+ cells after exercise for 10 min-
utes and 30 minutes

Variable (n=20) Value
Age (years) 21 (20–22)*
BMI (kg.m-2) 22.61 (19.26–24.71)*
Waist circumference (cm) 78.39±7.09
Resting heart rate (beats.min-1) 70.75±10.36
Blood pressure (mmHg)

Sistole 115.50±6.62
Diastole 68.10±5.46

VO2max (mL/kg/min) 33.13±4.40

*Data distribution is not normal (p<0.05)

Table 1. Characteristics of study subjects

CD31+ (%) p

Before 
exercise

After 
exercise

(before vs 
after exercise)

Exercise for 10 
minutes

66.89±10.17 65.67±10.05 0.094

Exercise for 30 
minutes

59.81±8.69 60.88±9.40 0.154

p (10 minutes vs 
30 minutes)

0.111 0.286

Table 2. Percentage of circulating CD31+ cells before and af-
ter exercise for 10 minutes and 30 minutes

The different trend between effect of 10 minutes 
compared with 30 minutes exercise on percentage 
of CD31+ endothelial progenitor cells is described 
further in figure 3. After 10 minutes exercise, 
50% of subjects (five subjects) showed increase 
(0.3%–0.8% of the value before exercise) and 
50% of subjects (five subjects) showed decrease 
(1.7%–4.8% of the value before exercise) in the 
percentage of circulating CD31+ cells after exercise. 
However, the increment showed a relatively small 
number. After 30 minutes exercise, 80% of subjects 
(eight subjects) showed increase (0.1%–4.2% of 
the value before the exercise) and 20% of subjects 
(two subjects) showed decrease (1.3%–2.7% of 
the value before exercise) in the percentage of 
circulating CD31+ cells after exercise. 

DISCUSSION

CD31 is a surface marker found on  mature 
endothelial progenitor cells.6,13 Other cells in the 
peripheral blood that express CD31 surface marker 
are monocytes, granulocytes and platelets.7 Flow 
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cytometry analysis of CD31+ cells in this study 
was performed in the lymphocyte sub-population  
from isolated MNCs. The gating strategy was 
specifically selected to sub-population of MNCs 
from peripheral blood with the highest probability 
of identifying endothelial progenitor cells. 

Our results showed higher percentage of circulating 
CD31+ cells than previous studies. This could be 
caused by different gating strategy in flow cytometry 
analysis. We used only CD31 staining to identify 
endothelial progenitor cells, whereas phenotypic 
of circulating endothelial progenitor cells are based 
on coexpression of endothelial and hematopoietic 
antigens such as cluster of differentiation 34/
vascular endothelial growth factor receptor-2/
cluster of differentiation 31/vascular endothelial-
cadherin (CD34/VEGFR-2/CD31/VE-cadherin). 
Therefore this becomes a limitation of this study.

These results are consistent with study conducted 
by Laufs et al14, who demonstrated that moderate-
intensity aerobic exercise for 10 minutes in 
healthy young adults did not increase the number 
of circulating endothelial progenitor cells.14  In 
the study conducted by Laufs et al14 there is an 
increase in the average number of endothelial 
progenitor cells that are different from the results 
of this study (the increase varies, 50% of subjects 
experienced an increase with a value below 1% 
and 50% of subjects experienced a decrease). 
This could be due to differences in exercise 
protocol and marker used to identify a population 
of endothelial progenitor cells.

On the other hand, these results are in contrast to 
studies conducted by Laufs et al14 and Cubbon et 
al,15 who demonstrated that moderate-intensity 
aerobic exercise for 30 minutes in healthy young 
adults can significantly increase the number 
of circulating endothelial progenitor cells.14,15 

This could be due to differences in the type of 
exercise, intensity of exercise, marker(s) used for 
identification of endothelial progenitor cells, and 
genetic or characteristics of the subject.

The type of aerobic exercise in a study by Laufs et 
al14 was running. According to ACSM, running is 
a kind of strenuous physical activity and causes 
an increase in heart rate higher than cycling. It 
will affect the physiological adaptation process of 
vascular system to exercise because this process 
is specific to the type of exercise performed.10

Exercise intensity used in Laufs et al14 and 
Cubbon et al15 studies are much higher than this 
study, which is about 68% VO2max or equal to 
80% maximum heart rate.16  We assume that the 
intensity of exercise used in our study may not be 
enough to generate similar response as the study 
by Laufs et al14 and Cubbon et al.15                

In Laufs et al14 and Cubbon et al15 studies, they 
used a combination of markers such as CD34+ /
VEGFR-2+/CD133+/CD177+/CD45- to identify 
immature endothelial progenitor cells. Whereas in 
this study, we used CD31 single marker. Immature 
endothelial progenitor cells will differentiate into 
mature endothelial progenitor cells marked by 
expression of CD31.13 In this study, differences in 
the pattern of change in the percentage of CD31+ 
cells after exercise for 30 minutes compared to 
10 minutes may be due to migration of immature 
endothelial progenitor cells from the bone 
marrow into peripheral blood and maturation 
process in the circulation.

Genetic background e.g race also showed 
differences in percentage of circulating endothelial 
progenitor cells after exercise. Asians according to 
a study by Cubbon et al15 showed slight increase 
in percentage of endothelial progenitor cells after 
exercise when compared with Europeans.15 This is in 
line with the result from this study. Other differences 
in subject characteristics which influence the 
outcome of this study when compared with Laufs et 
al14 study was the level of training in study subjects. 
Trained subjects as in Laufs et al14 study are known 
to have higher endothelial progenitor cells basal 
values which may significantly affect percentage 
increment after exercise.  This study used untrained 
subjects therefore had lower basal values as well as 
insignificant increment were obtained.9

However, from the results of this study, we can see 
there is a pattern of an increase in the percentage 
of circulating CD31+ cells after 30 minutes exercise. 
Changes in the percentage of CD31+ cells after 
exercise for 30 minutes on each subject varied. 
Where 80% of subjects (eight subjects) showed 
increase (0.1%–4.2% of the value before the 
exercise) and 20% of subjects (two subjects) 
showed decrease (1.3%–2.7% of the value before 
exercise) in the percentage of circulating CD31+ cells 
after exercise. Variations of this value is probably 
due to endothelial nitric oxide synthase (eNOS) 
enzyme polymorphism. eNOS enzyme influence 
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mobilization of immature endothelial progenitor 
cells from the bone marrow or in other words a 
normal vascular adaptation in basal condition. 
Individuals with eNOS polymorphism would 
demonstrate less vascular adaptation at the time 
of exercise, hence the variation occurs.17 Further 
investigation is needed to confirm our finding.

The mechanism by which exercise induces 
increase in the number or percentage of circulating 
endothelial progenitor cells is through mobilization 
from the bone marrow. Two determining factors 
by which exercise mobilize higher or lower 
magnitude of endothelial progenitor cells are 
exercise intensity and duration. Exercise with 
moderate or high-intensity (lasting less than one 
hour) cause a lower magnitude increase in the 
number of circulating endothelial progenitor cells, 
and their main mechanism of mobilization seems 
related to nitric oxide bioavailability. Increased 
bioavailability of nitric oxide (NO) will cause 
the activation of metalloproteinase nine and the 
release of soluble kit ligand, that would lead to 
mobilization of endothelial progenitor cells from 
bone marrow to circulation. On the other hand, 
long or ultralong duration exercise can generate 
mobilization response with a higher number and 
has a longer lasting effect and this is closely related 
to plasma VEGF levels, the most effective mobilizer 
for endothelial progenitor cells.11,18

In conclusion, the percentage of circulating CD31+ 
cells before and after exercise for 10 minutes was 
not different compared to 30 minutes. Although 
not statistically significant, there is a pattern 
of an increase in the percentage of circulating 
CD31+ cells after 30 minutes exercise. Majority of 
subjects (80%) had increased in the percentage of 
circulating CD31+ cells after 30 minutes exercise. 
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ABSTRAK

Keluhan sesak nafas yang memberat pasca melahirkan 
harus dicurigai akibat kelainan jantung, yaitu peripartum 
kardiomiopati. Kegagalan pada pompa jantung menyebabkan 
curah jantung menurun sehingga berdampak pada angka 
kematian peripartum kardiomiopati yang tinggi. Oleh sebab 
itu, pemantauan jalan napas sejak awal, pemberian cairan 
dengan cermat dan penggunaan obat-obatan vasoaktif 
memiliki peran penting dalam menurunkan angka pasien yang 
mengalami kematian. Sangatlah penting bagi pasien tersebut 
untuk dirawat di ruangan yang memiliki fasilitas pemantauan 
hemodinamik secara terus-menerus. Laporan kasus ini 
mengingatkan kembali bahwa pada akhirnya, keberhasilan 
terapi sebaiknya tidak hanya semata-mata dipusatkan pada 
nilai tekanan darah, namun pada tanda-tanda hipoperfusi 
jaringan yaitu ektremitas yang dingin, jumlah urin yang tidak 
adekuat, dan kesadaran pasien.

ABSTRACT

Progressive dyspnea following childbirth warrants a prompt 
suspicion into the diagnosis of peripartum cardiomyopathy, 
PPCM. Pump failure causes an inadequate cardiac output 
which ultimately contributes to PPCM high mortality rate; 
however early airway control, vigilant fluid balance and 
vasoactive support will substantially reduce the incidence 
of patients falling into decompensated heart failure. More 
importantly, it is imperative that these patients are cared 
in a setting where continuous hemodynamic monitoring is 
available. This case report serves as a reminder not to focus 
end-point therapy solely on blood pressure readings, but to 
observe signs and symptoms of hypoperfusion such as cold 
clammy skin, cool extremities, decreased urine output and 
mental status.
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Peripartum cardiomyopathy (PPCM) is a rare and 
challenging situation once encountered in the 
clinical setting. Within the obstetric population, 
dilated cardiomyopathy (DCM) is the most 
common form of myopathy seen and involves mild 
to severe left ventricular systolic dysfunction. Risk 
factors include obesity, multiparity, advanced 
maternal age (>30 years), multifetal pregnancy 
and preeclampsia. However the number one 
cause of PPCM is viral myocarditis. 1

Peripartum cardiomyopathy has a low incidence 
affecting 0.1% of pregnancies, but it carries a 
high morbidity and mortality from 7% to 50% 
and has variable outcomes.2 The clinical signs 
and symptoms are dyspnea, orthopnea, and 
paroxysmal nocturnal dyspnea due to increased 
ventricular pressure and subsequent fluid 
accumulation from the over-congested left 
ventricle. If left untreated, cardiomyopathies will 
lead to multiple organ failure due to the inability 
of the heart to fill with or eject blood at a rate 
appropriate to meet tissue requirements.3

Therefore, the cornerstone of successful 
management in such a case requires prompt 
airway and breathing control, vigilant fluid 
balance coupled with the use of balanced 
vasoactive drugs. In this case report, we present 
the management of acute heart failure due to 
peripartum cardiomyopathy in the intensive care 
unit.

CASE ILLUSTRATION
A 27 years old female with para 2,  live 1, abortus 
1 (P2L1A1) presented to the intensive care unit 
(ICU) after experiencing progressive worsening 
dyspnea 12 hours after an emergency C-section 
due to a nuchal cord, under spinal anesthesia. The 
patient had no prior history of tocolytic usage, 
coagulation abnormalities, recent infection or 
cardiac abnormalities. Routine antenatal care did 
not reveal the presence of hypertension and/or 
pre-eclampsia, but her weight had significantly 
increased 30 kg throughout the pregnancy. In 
the general ward, our patient began feeling short 
of breath which continued to worsen over two 
hours despite applying a simple mask at 10 LPM 
oxygen. Her saturation remained below 80% with 
a heart rate of 150–165 bpm, blood pressure of 
140/85 mmHg, and respiratory rate of 40 per 
minute. Arterial blood gas revealed respiratory 
acidosis: pH 6.9, PaO2 161 mmHg, PaCO2 78.6 

mmHg, HCO3
 -14.7 mmol/L, BE -20.7 mmol/L. 

Physical examination revealed diffuse rales on 
both lungs, cold and clammy extremities and she 
was agitated. An initial diagnosis of acute lung 
edema was made. 

The patient was rushed to the ICU where she 
was immediately intubated using intravenous 
5 mg midazolam and placed on mechanical 
ventilation with morphine: midazolam sedation. 
Ventilatory support was set to pressure control 
mode with  peak end expiratory pressure (PEEP) 
10, respiratory rate 20, and FiO2 of 0.6. The right 
subclavian vein was cannulated as a central 
access and meropenem was given on the first 
and second day, subsequently. Within one hour of 
admission, her blood pressure dropped to 70/50 
mmHg with a heart rate of 170 bpm, despite 
200 mL of fluid challenge. Norepinephrine at 
0.1 μg/kg/min, 3 μg/kg/min dobutamine, 5 μg/
min of nitroglycerin infusion, and 5 mg/hour of 
furosemide infusion were started.

Chest X-ray revealed cardiomegaly with a 
cardiothoracic ratio of 63%, pulmonary edema 
and bilateral pleural effusion (Figure 1). 
Continuous electrocardiography monitoring 
showed sinus tachycardia with no ST segment 
or T wave changes. Hematologic results were 
within normal values except for white cell count 
of 18,350 /mm3 (N: 8,000-15,000 /mm3), Hb 
11.68 g/dl, troponin T <0.01 ng/mL, C-reactive 
protein 0.21 mg/dl (N: <3), lactic acid 1.6 mg/dL 
(N: <4.0) and procalcitonin 0.19 ng/mL (N: <0.15). 
An echocardiogram revealed a severely impaired 
left ventricular systolic function with an ejection 
fraction (EF) of 19% (N: ≥55%) with severely 
hypokinetic infero-posterior ventricle wall region. 
On day one, diuresis was noted to be 100 mL/hour 
and the fluid balance was +605 mL/12hours.

On day two, her ventilatory support was 
weaned to PEEP 5, respiratory rate 15, and 
FiO2 was decreased to 0.35. An arterial blood 
gas response showed pH 7.386, pO2 190.8, 
pCO2 32.3, HCO3- 19.5 and BE of -4.1 mmol/L. 
Norepinephrine infusion was  tempered down 
to 0.03 μg/kg/min, 3 μg/kg/min dobutamine, 
5 μg/min of nitroglycerin infusion, and 5 mg/
hour of furosemide infusion. Her blood pressure 
was maintained at 130/80 with a heart rate of 
130 bpm. Normal saline was infused at 10 mL/
hour and diuresis was noted to be 234 mL/hour. 
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Her fluid balance was -5079 mL/24 hours. Her 
mentation greatly improved and she was able to 
respond appropriately.

On day three, norepinephrine was discontinued 
and her only support were 2.5 μg/kg/min 
dobutamine, 5 μg/min of nitroglycerin infusion, 
and 5 mg/hour of Lasix infusion. She was 
extubated shortly thereafter and all support 
was completely discontinued 12 hours post-
extubation. Her oral fluid intake was restricted 
to 1000 mL/24 hours, diuresis was noted to be 
120 mL/hour and the fluid balance was -2473 
mL/24 hours. Her medication at this time was 
20 mg furosemide tablet, daily. Vital parameters 
remained stable and she remained alert. 

A follow-up chest X-ray on day four showed 
marked reduction in the amount of infiltrates 
on both lung regions. Her cardiothoracic ratio 
measured 60% (Figure 2). Diuresis was noted 
to be 105 mL/hour and the fluid balance was 
-2517 mL/24 hours. She continued taking daily 
20 mg furosemide tablet. Aside from vasoactive 
medications and strict fluid control, it should 
be noted that our patient also received sedation 
and daily subcutaneous heparin of 5,000 IU in 
order to decrease the risk of thromboembolism 
throughout her four days in the ICU. 

She was transferred to the general ward on day 
five and discharged from the hospital on day 17 
with oral furosemide 40 mg/day, candesartan 
2 mg/day, potassium tablets 600 mg/day, 
and trimetazidine 35 mg/day. A follow-up 
echocardiography prior to discharge was not 
available due to financial problems. However, a 
follow-up visit one week after discharge revealed 
her vital signs: Blood Pressure 120/80 mmHg; 
Heart rate 95 beats per minute, sinus rhythm, 
respiratory rate 14 breaths per minute, no pedal 
edema, and she has continued her daily activities 
without any dyspnea noted. 

DISCUSSION

In this case report, we see a non-classic clinical 
presentation of acute pump failure in a healthy 
patient with no prior signs of cardiac abnormalities. 
Our patient reported a pregnancy weight gain 
of 30 kg indicating that excessive fluid retention 
has taken place, as the expected average weight 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Chest X-ray on day one, one hour after intubation

Figure 2. Chest X-ray on day three, eight hours after extubation

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

gain during pregnancy is 14.5 kg. Any additional 
increase from the average weight is commonly 
due to fluid retention.4 After delivery occurred, 
she started feeling dyspneic due to the sudden 
increase in venous return after intense uterine 
contraction and involution. As a result, heart 
failure may follow due to excessive end diastolic 
volume and failure of ventricular compliance to 
eject the excessive blood.
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In this patient, PPCM was diagnosed on the basis 
of acute progressive orthopnea and dyspnea 
and dilated dysfunctional left ventricle upon 
echocardiography within 24 hours of delivery. 
Diffuse rales upon chest auscultation and chest 
X-ray showing pulmonary edema, bilateral 
pleural effusion and cardiomegaly strengthen the 
diagnosis of acute pump failure leading to signs of 
fluid overload. Her echocardiographic results of 
an EF less than 45% occurring within five months 
postpartum without any prior history of cardiac 
or valve dysfunction confirm the diagnosis of 
cardiomyopathy.5 A normal electrocardiography 
and normal troponin level exclude the diagnosis 
of myocardial infarction and myocarditis.

Interstitial pulmonary edema causes persistent 
hypoxemia as shown by her oxygen saturation 
that remained at 80% using a 10 LPM oxygen 
flow by simple face mask. The pathophysiology 
stems from pulmonary interstitial space, a region 
between the alveolar epithelium and capillary 
epithelium where gas exchange could only take 
place. If this region is filled with excessive fluid 
from an over congested left ventricle, the space 
widens and gas exchange becomes disrupted.6 
Intubation and mechanical ventilation were 
decided as early as possible as persistent hypoxic 
condition is a well-known cause of pulmonary 
vasoconstriction. If left untreated, it will result in 
increased right ventricle pressure and put further 
stress on the already “strained” heart. Analgesia 
and sedation with morphine and midazolam was 
given to reduce oxygen consumption and aid in 
smooth mechanical breathing.

In cardiogenic edema, a high initial PEEP was given 
in order to open and recruit more alveoli. By using 
PEEP, the alveoli are kept in a distended manner 
and increase the surface area available for gas 
exchange.7 In this patient, a calculated alveolar-
arterial (A-a) gradient was 454 mmHg (normal 
value ≤15 mmHg) and a PaO2/FiO2 ratio of 268 
which are the combination of interstitial edema 
and low cardiac output. Systolic dysfunction 
causes shunting of pulmonary blood to the 
circulation. An increased heart rate, increased 
blood pressure with diffuse rales and dyspnea are 
clear indications that systemic circulation was 
halted at the ‘pump’ level. 

Her echocardiography revealed normal sized 
heart chambers; however the left ventricle 

ejection fraction was severely impaired. A severely 
hypokinetic infero-posterior region on the heart 
will significantly affect myocardial contractility, 
hence impairing cardiac output.8,9 For this 
reason, inotropic and vasoactive medications are 
needed as a crucial support in the management 
of acute systolic dysfunction.10 Loop diuretics are 
necessary to reduce preload while nitroglycerin 
is utilized to dilate arterial smooth muscles and 
reduce the “pump” workload.

Twenty four hours after initiating mechanical 
ventilation, inotropy support and diuretics the 
alveolar-arterial (A-a) gradient became 54.1 and 
her PaO2/FiO2 index improved significantly to 
545. Such value reflects an improving oxygenation 
status and confirms the disturbance of gas 
exchange from a cardiac origin. Fluid balance 
was deliberately strived to negative in order to 
reduce fluid overload while carefully titrating to 
the patient’s hydration status and mentation.10 

Intravenous antibiotic was administered as a 
prophylaxis for her high initial white blood cell 
count and history of recent operation. Recovery 
from PPCM occurs between three and six months 
postpartum, but has been reported to occur as late 
as 48 months postpartum, with a mean ejection 
fraction (EF) of 0.28 to 0.46. Specifically, it is 
characterized by left ventricular ejection fraction 
(LVEF) recovery to ≥0.50 or improvement by 
>0.20.11,12 Our patient has returned for a one week 
follow-up visit with normal vital parameters and 
no complain of dyspnea with daily activities. She 
is due for a follow-up echocardiography, 40 days 
postpartum.

In conclusion, the management of acute 
heart failure due to cardiomyopathy must 
be established and promptly treated. Airway 
must be secured early because interstitial fluid 
accumulation results in airway edema and 
may worsen hypoxemia from the low cardiac 
output during “pump failure”. Next critical care 
interventions must be directed at 1) initiating 
mechanical ventilation with sedation to optimize 
oxygen delivery, 2) administering positive 
inotropic and vasoactive drugs to increase 
contractility and maintain an optimum mean 
arterial pressure (MAP) for organ perfusion, 
3) reducing preload and afterload to reduce 
left ventricular workload, and 4) fluid balance 
is kept negative while keeping close attention 
to adequate perfusion signs such as improving 
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mental status, warm extremities and adequate 
urine output.  
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ABSTRAK

Trombus intrakardiak dapat menetap pada sejumlah kasus 
walaupun dengan pemberian antikoagulan. Hal ini membuka 
kemungkinan untuk menambahkan agen trombolitik yang 
poten tanpa meningkatkan risiko perdarahan ke dalam rejimen 
terapi. Bukti-bukti terkini menunjukkan profil manfaat dan 
keamanan yang menjanjikan dari lumbrokinase oral sebagai 
agen trombolitik yang spesifik. Sejauh pengetahuan kami, data 
penggunaannya pada trombus intrakardiak sangat terbatas. 
Kami melaporkan dua kasus dengan trombus intrakardiak. 
Pasien yang pertama dengan stenosis mitral dan fibrilasi 
atrium, ditemukan trombus atrium kiri sebesar 8 cm2. Setelah 
pemberian terapi oral lumbrokinase selama dua bulan, 
trombus tidak ditemukan kembali. Pasien kedua memiliki 
trombus ventrikel kiri pada penyakit jantung koroner dengan 
fraksi ejeksi ventrikel kiri yang rendah. Ukuran trombus 
berkurang secara bermakna setelah pemberian lumbrokinase. 
Kedua pasien tidak mengalami efek simpang yang berarti. 
Presentasi kasus ini bertujuan untuk menampilkan potensi 
lumbrokinase sebagai terapi antitrombotik oral pada 
tatalaksana trombus intrakardiak.

ABSTRACT

Intracardiac thrombus may persist in some cases even 
after anticoagulant therapy. This opens a possibility to 
add a potent thrombolytic agent into therapeutic regimen 
without increasing bleeding risk any further. Increasing 
evidence showed a promising efficacy and safety of oral 
fibrin specific lumbrokinase as a thrombolytic agent. To the 
best of our knowledge, report of the use of lumbrokinase 
on intracardiac thrombus is limited. We reported two cases 
of intracardiac thrombi. In first patient, after two-month 
therapy with lumbrokinase, the previous 8 cm2 left atrial 
thrombus was completely disappeared. Second patient had 
left ventricular thrombus due to low left ventricular ejection 
fraction caused by coronary artery disease. A significant 
dissolution in thrombus size on repeated follow-up was 
found. Both patients did not experience any significant 
adverse effect. This case series aims to present the potential 
use of lumbrokinase as as oral antithrombotic therapy in 
intracardiac thrombus.
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Intracardiac thrombus, for example left atrial 
and left ventricular thrombus, is associated with 
several conditions especially low flow states 
such as in mitral stenosis, atrial fibrillation, and 
ischemic heart disease.1–4 Increased morbidity and 
mortality are associated with its embolization.3–6 
The best antithrombotic strategy is not known 
and several studies showed that in some patients 
despite receiving anticoagulation, the thrombus 
may persist.7–10 This opens possibility to 
introduce a new therapeutic agent for significant 
dissolution without adding an increased risk of 
adverse effects especially bleeding. 

Lumbrokinase is a group of enzymes possessing 
a strong thrombolytic activity extracted 
from earthworm (Lumbricus rubellus).11,12 
Its clinical application is mostly confined in 
Asia. Several studies showed its efficacy in the 
treatment of coronary artery disease, stroke, 
and thromboembolic diseases.13–17 Despite its 
potent thrombolytic effect, lumbrokinase has a 
minimum bleeding risk due to its fibrin specific 
characteristic. This holds potential use as ideal 
thrombolytic adjuctive therapy or even as 
cornerstone in thromboembolism.18 Data  about 
its use on intracardiac thrombus are limited. 
This case series aims to present the potential 
use of lumbrokinase as an ideal thrombolytic in 
intracardiac thrombus management.

CASE ILLUSTRATION
First case, a 32 years old male was referred to 
National Cardiovascular Center Harapan Kita, 
Jakarta, with severe mitral stenosis due to 
rheumatic heart disease, left atrial thrombus, atrial 
fibrillation with normal ventricular response, 
and history of ischemic stroke in 2001. Patient 
complained of shortness of breath since two weeks 
before outpatient appointment. Previously patient 
had history of shortness of breath upon activity for 
years. Patient received warfarin 2 mg once daily, 
ramipril 5 mg once daily, digoxin 0.25 mg once daily, 
furosemide 40 mg once daily, and hepatoprotector 
from local hospital. Warfarin was consumed 
irregularly without international normalized ratio 
(INR) check. Patient experienced stroke in 2001 
without any current neurological sequelae.

Upon physical examination, patient showed 
normal blood pressure, breathing rate and 
temperature and irregular heart rate. Heart 
auscultation found mid diastolic murmur at 

apex and early diastolic murmur at left sternal 
border. Lung was clear upon auscultation. 
Electrocardiogram revealed an atrial fibrillation 
with normal ventricular rate. Blood test was 
within normal range except for serum glutamic 
oxaloacetic transaminase (SGOT) 246 U/L and 
serum glutamic pyruvic transaminase (SGPT) 
455 U/L. Echocardiogram from referring hospital 
found a left atrial thrombus of approximately 
8 cm2 with severe mitral stenosis and mild-
moderate aortic regurgitation (Figure 1).

We decided to continue warfarin 2 mg once daily 
and then adjusted to 2 mg once daily and every 
third day 4 mg once daily after INR check (INR 
1.28). Lumbrokinase was added into therapy with 
doses of two capsules three times daily (each 
containing 250 mg of Lumbrokinase extract, 
equivalent to 300,000 unit Lumbrokinase). After 
one month of treatment, follow-up transthoracic 
echocardiogram showed a reduced thrombus into 
approximately 3.8 cm2 (figure 2). Lumbrokinase 
was then reduced to a capsule twice daily. On the 
following month, the thrombus was no longer 
found in follow-up echochardiogram with Wilkin 
Score 8, mitral valve area of 0.6 cm2, no mitral 
regurgitation, severe pulmonary hypertension, 
left ventricular ejection fraction (LVEF) 56%, 
and tricuspid annular plane systolic excursion 
(TAPSE) 1.1 cm (figure 3). Clinically, there were 
no significant adverse effects observed during the 
treatment course. 

 

 

Figure 1. Four apical chamber view echocardiogram re-
vealed a left atrial thrombus with approximate size of  8 cm2 
(white dashed line)
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Second case, a 51 years old male was referred from 
West Kalimantan with diagnosis of cardiomyopathy. 
He complained of frequent chest pain since 
one and a half year ago with the worst pain was 
felt three months ago. He received furosemide, 
spironolactone, trimetazidine, aspirin, and 
rosuvastatin from previous hospital. In outpatient 
clinic, physical examination was unremarkable. The 
electrocardiogram (ECG) revealed pathologic Q in 
lead V1-4 suggesting old anterior infarction. Chest 
X-ray showed enlarged heart with cardiothoracic 
ratio of 60%. Previous echocardiogram showed 
LVEF of 20%. Cardiac magnetic resonance imaging 
(MRI) was done then in our hospital with result of 
depressed LVEF (18%), depressed right ventricle 

 

 

 

 

Figure 2. After a month of treatment with lumbrokinase, the 
size of thrombus decreased to 3.8 cm2 (White dashed line)

 

 

 

 

 

Figure 3. After the second month of treatment with lumbro-
kinase, the trombus was no longer found in transthoracic 
echocardiogram

 

 

 Figure 4. First magnetic resonance imaging (MRI) showed 15.6 
mm x 8.5 mm thrombus at left ventricle apex (white arrow)

 

 
Figure 5. After eight months therapy with lumbrokinase, 
the thrombus was barely noticed, reduced to 1.9 x 0.4 mm 
(white arrow)

systolic function, severe hypokinetic at septum, 
anterior, inferolateral and akinetic at apex; 
moderate hypoperfusion at septum and anterior 
during rest and stress perfusion, total scar volume 
of 29%, with thrombus seen at apex with size of 
15.6 mm x 8.5 mm (figure 4). Coronary Computed 
Tomography (CT) scan revealed extensive calcium 
plaque burden with severe stenosis in left 
anterior descending artery (90%), left circumflex 
artery (90%) and total occlusion at distal right 
coronary artery. Lumbrokinase two capsules three 
times daily, clopidogrel, carvedilol, and ramipril 
were added into therapy. Three months later, 
MRI was repeated with result of improvement 
in LVEF (increased up to 27%), normal right 
ventricle  systolic function (from previous 37% 
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to 62%), stress inducible ischemia at left anterior 
descending artery territory, reduced scar volume 
to 20% and the thrombus reduced to 3 mm x 4 mm. 
Lumbrokinase was then continued with dosage of 
one capsule twice daily. Another MRI was repeated 
five months after with LVEF of 27%, normal right 
ventricle function, inducible ischemia in left 
anterior descending artery territory, and  reduced 
thrombus to 1.9 x 0.4 mm (Figure 5).

DISCUSSION

Left atrial thrombus is present in up to one 
third of patients with mitral stenosis and atrial 
fibrillation due to low flow states.7,19 Treatment is 
mandated to reduce the risk of thromboembolism 
especially in form of stroke. Complete dissolution 
of left atrial thrombus may not be fully 
achieved by traditional anticoagulants. Among 
candidates for percutaneous transvenous mitral 
commisurotomy who were given warfarin with 
INR maintained between 2.0 and 3.0 and followed 
up for 6 to 34 months, the disappearance rate of left 
atrial thrombus is only 62%.20 Cheol et al21 found 
six of nine patients with adequate anticoagulation 
with warfarin had persistent trombi eventhough 
the size of thrombi decreased from 2.2±0.8 cm to 
0.9±1.0 cm.21 A study conducted by Fukuda et al8 
revealed a better result, left atrial thrombus was 
found in 8.8% of patients with sub-therapeutic 
anticoagulation therapy and in 3.6% of patients 
with sufficient anticoagulation therapy. 
Nevertheless, this study was conducted in non 
valvular atrial fibrillation population which did 
not reflect our patient situation closely.8 Jaber 
et al9 found thrombus resolution in 80.1% of 
patients who received anticoagulation for 47±18 
days. Contrast to plenty of data available on the 
usage of warfarin, the data of lumbrokinase for 
left atrial thrombus are limited. A study compared 
the usage of warfarin vs lumbrokinase in left atrial 
thrombus for 45 days revealed a comparable 
efficacy. Disappearance rate is 83.8% and 82.3% 
for lumbrokinase and warfarin respectively.22 
Those available data suggest that single 
antithrombotic therapy may not be sufficient for 
treating left atrial thrombus. Using nomogram 
developed by Silaruks et al20 for predicting 
the dissapearance of left atrial thrombus after 
warfarin therapy, our patient has approximately 
25% chance of left atrial thrombus disappearance, 
mostly due to its large size. The less likelihood of 

complete dissolution opens the possibility to use 
lumbrokinase as adjunctive therapy to increase 
the likelihood for disappearance. Lumbrokinase 
was chosen due to its potent fibrinolytic activity 
and low bleeding risk.18,22 Due to its fibrin specific 
profile, addition to warfarin therapy is expected 
not to increase bleeding risk any further.

Our first patient had CHA2DS2-VASc score of three 
(the score consists of congestive heart failure, 
hypertension, age, diabetes mellitus, prior stroke 
or transient ischemic attack or thromboembolism, 
vascular disease, and sex category) which 
corresponds to high risk of stroke who required oral 
anticoagulant of warfarin or novel anticoagulants 
as per European Society of Cardiology guidelines.23 
Indeed, patient had history of stroke four years 
ago. Warfarin had been consumed previously with 
insufficient INR level due to incompliance. In a 
small study, low intensity warfarin therapy resolved 
71% left atrial thrombi in non valvular atrial 
fibrillation. Thus a combined effect of warfarin and 
lumbrokinase may explain the complete dissolution 
of large atrial thrombus in our patient despite its low 
chance of disappearance (25%, using nomogram 
developed by Silaruks et al20). Upon several follow-
ups, no significant adverse effect including bleeding 
was observed in our patient. 

In the second case, patient had left ventricular 
thrombus due to low LVEF caused by coronary 
artery disease. Patient received clopidogrel 
and lumbrokinase without warfarin. Meurin et 
al10 in a prospective multicenter study found 
most thrombi (92.3%) disappeared after triple 
antithrombotic therapy (warfarin in addition to 
dual antiplatelet therapy). The thrombus in this 
study was a new thrombus which is more likely 
to respond to therapy. In our case, the thrombus 
was  more likely to be old thrombus which was 
persisted after antiplatelet therapy. In addition to 
improvement in left and right ventricular systolic 
function and reduced scar volume, the trombus 
was significantly reduced after treatment with 
lumbrokinase without any significant adverse 
effect. These finding may imply potential role of 
lumbrokinase in improving ischemic profile and 
dissolute intracardiac thrombus.

In conclusion, lumbrokinase may play a role as 
a antithrombotic therapy in  large intracardiac 
thrombus. Further clinical trial is needed to 
validate its efficacy and safety.
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