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A Different Approach to Assess Oxidative Stress in Dengue Hemorrhagic Fever Patients Through
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ABSTRACT

The objectives of this study were to determine the involvement of Oxidative Stress (OS) in the pathogenesis of
dengue hemorrhagic fever (DHF) through the analysis of oxidative stress Index (OSI). The levels of malondialdehyde
(MDA), superoxide dismutase (SOD) and catalase (CAT) activity, and OSI were measured in 61 child dengue
patients and (aged 6 months—18 years) with three different stages of DHF, i.e stage [, II, and III. The results show
that the levels of MDA, SOD and CAT activity, and OSI significantly different between the group. The all parameters
that investigated in this present study seems higher MDA level and OSI in the higher grade of DHF, except for
SOD and CAT activity. From this result, it can be concluded that oxidative stress pathways might be involved in

the pathomechanism of DHF and OSI might be used as a biomarker for OS and the severity in DHF patients.
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INTRODUCTION

Dengue hemorrhagic fever (DHF) is a major public
health problem worldwide with a rapidly increased inci-
dence and spread during the past five decades [1]. Con-
cerning the incidence of DHF all over the world, the
graph has risen up noticeably in recent decades and over
40% of the world's population is now at risk from DHF.
It has been estimated that there may be 50 to 100 million
dengue infections globally per year [2].

DHF has been reported to be the leading cause of
hospitalizations and death among children in several
countries in Southeast Asia, including Indonesia [1].
The first recorded outbreak of a dengue disease compat-
ible with DHF occurred in Surabaya in 1968 with a mor-
tality rate of 41,3%. Since then, major outbreaks of DHF
with significant mortaiity have occurred in most of the

regions in Indonesia [3].

Dengue is a mosquito-borne viral disease caused by
one of the four serotypes of dengue viruses, which are
transmitted to humans through the bites of infected fe-
male Aedes mosquitoes, with Aedes aegypti being the
principal vector [4]. Four distinct serotypes of dengue
virus are known as DEN-1, DEN-2, DEN-3 and DEN-4
[2]. WHO classified this disease into several class ac-
cording to the symptoms and severity. Symptomatic
dengue virus infections were grouped into three catego-
ries: undifferentiated fever, dengue fever (DF) and den-
gue hemorrhagic fever (DHF). DHF had more classified
into four severity grades, with grades III and IV being
defined as dengue shock syndrome (DSS) [5].

The pathogenesis of DHF is poorly understood. Sec-
ondary infections with multiple serotypes were found as
one of the risk factors for developing DHF by a phe»

nomenon called antibody—dependent enhancement,
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which leads to high viremic state. However, the mecha-
nism behind this high viremic status causing pathology
of DHEF is still not clear [6]. In this respect, it has been
proposed the involvement of DENV infection-derived
oxidative stress (OS) on the severity of dengue. This is
based on their ability to trigger the release of pro»inﬂam»
matory cytokines, including TNF-alpha, participating in
collective action in the immunopathogenesis of dengue
disease [7]. By definition, OS is a disturbance in the bal-
ance between the production of reactive oxygen species
(ROS) and antioxidants defenses in favor of the pro-ox-
idants [8]. Our previous study clearly indicated that OS
might be involved in pathomechanism of DHF and it
seems is higher with the higher grade of DHF [9].

Recently, OS not only evaluated by analyze the level
of oxidants and antioxidants, but also analyze through a
proportion or ratio [10]. This ratio was first proposed by
Sharma et al. and known as OS index (OSI) [11]. OSI
is a ratio between Total Oxidants Status (TOS) and To-
tal Antioxidant Status (TAS) [12-13]. Generally, TOS
and TAS was measured by the method of Erel. This pre-
sent study used a different approach. OSI is calculated
by measuring the ratio between MDA level and the total
activity of superoxide dismutase (SOD) and catalase
(CAT).

Considering the OS mechanism involved in DHF,
this present study is aimed to assess the level of OS in
several classes of DHF through measurement OSI. The
results are expected to be used as supplementary infor-
mation how the OS pathomechanism is involved in sev-
eral pathological conditions in DHF. Also, the results of
this study are expected to serve as information to define
a new marker for several pathological conditions in
DHF.

MATERIALS AND METHODS
Subjects

The study was conducted on DHF patients after in-
formed consent was obtained from them. It was ap-
Proved by the Ethics Commission of the Faculty of Med-
icine, Lambung Mangkurat University, Banjarmasin,
South Kalimantan, Indonesia. A total of 61 subjects
(aged 6 months—18 years) were recruited for this study.
Subjects were divided into 3 groups: group I (DHF-1, n
= 22) with a grade I of DHF, while group II (DHF-2, n
= 36) with grade II of DHF, and group III (DHF-3, n =
3) with grade III of DHF according to the World Health
Organization (WHO) 1997 guidelines for control and
prevention of DHF.11 Dengue infection was confirmed

by IgM/IG g and NS-1 detection.

Samples collection

Samples of blood were collected from the patients
using vacutainers containing EDTA. The samples were
centrifuged for 15 minutes at 2000 rpm and stored at -
20°C until further analysis. All parameters analysis were
conducted at Medical Chemical/Biochemical Laboratory
of Lambung Mangkurat University, Banjarbaru, South

Kalimantan, Indonesia.

MDA Ievel analysis

MDA levels was calculated by thiobarbituric acid re-
active substances (TBARS) by the technique already pro-
posed by Buege and Aust [14]. The supernatant was put
into a pyrex tube that contained 10% of trichloracetic
acid and 0.67% of thiobarbituric acid and incubated at
100°C for 15 minutes. Then chill the mixture on ice for
5 minutes and add the 1.5 mL of n-butyl-liquor. Let the
mixture stand for 40 seconds and centrifuged at 1000
rpm for 15 minutes. The TBARS value was calculated by
the spectrophotometer at the absorbance of 532 nm and
figured utilizing the coefficient 1.56 x 105 mol/cm. The
MDA concentration expressed in umol MDA. As a
standard solution, we used commercially MDA.

SOD activity analysis

The activity of superoxide dismutase (SOD) was
measured according to Misra and Fridovich [2]. The ox-
idation of epinephrine was followed in terms of the pro-
duction of adrenochrome, which exhibits an absorption
maximum at 480 nm. The reaction mixture contains 0,1
M epinephrine, 0.1 mM EDTA and carbonate buffer
(pH 10.2). The temperature was maintained at 30°C and
the absorbance measured at 480 nm using a spectropho-
tometer. One unit of SOD activity was defined as the
enzyme amount that inhibits the rate of epinephrine ox-

idation by 50% [15].

CAT activity analysis

CAT activity estimated by using Aebi’s method. The
first step was to prepare the stock solution by using 2
mL and 1 mL from phosphate buffer at pH 7 and H,O,
(30 mM) respectively. Then, 50 uL of the lysate was
added to the stock solution. The ability of catalase to
work a reducing factor was measured by determining

the changes in absorbance at 240 nm [16].

OSI analysis
The OSI was a ratio between MDA and the total
activity of SOD and CAT. It was calculated following to

equation:
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Figure 1. Comparison of MDA level in the different grade of
DHF. DHF-1: grade I DHF; DHF-2: grade II DHF;
and DHF-3: grade III DHF
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Figure 2. Comparison of SOD activity in the different grade of
DHF. DHF-1: grade I DHF; DHF-2: grade I DHF;
and DHF-3: grade III DHF
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Figure 3.  Comparison of CAT activity in the different grade
of DHF. DHF-1: grade I DHF; DHF-2: grade II DHF; and DHF-
3: grade III DHF

0SI (uM /unit) = M—DA
SOD + CAT

Statistical analysis

The results were expressed as mean = SE for three
replicates. Significance of mean differences of all MDA,
SOD, CAT, and OSI between groups were statistically
compared using one-way Anaiysis of Variance
(ANOVA) or Kruskal-Wallis test and followed by a post
hoc Tukey’s Honestly Significant Difference (HSD) or
Mann»Whitney test for muitiple range test. Significance
was set at p < 0.05. The software used for the data anal-
ysis were the Statistical Pac]{age for the Social Sciences
(SPSS) version 16.0 and Microsoft Excel 2010 for Win-
dows Vista.

RESULTS AND DISCUSSION

In this present study, OS status in the different
grade of DHF patients was evaluated by measuring OSI.
To obtain the level of OSI, MDA level, SOD, and CAT
activity must calculate. The results show in Figure 1-—
3. According to Figure 1, MDA level seems to increase
with the increasing of DHF grade, and from Figure 2
and 3, both SOD and CAT activity seems to decrease
with the increasing of DHF grade. Kruskal-Wallis test
results show that the MDA level is significantly different
from each other (p < 0.05). Mann»Whitney test results
show that there are significant differences in MDA level
between all group of treatments (p < 0.05) (Table 1). For
the SOD and activity, Kruskal-Wallis test results show
that the both SOD and CAT activity are significantly
different from each other (p <0.05). Mann»Whitney test
results show that there are significant differences in
SOD and CAT activity level among all group of treat-
ments, except between DHF-1 and DHF-2 in CAT ac-
tivity (p < 0.05) (Table 1).

After determining the MDA level, and SOD and
CAT activity, the OSI can be obtained. The results show
in Figure 4. OSI seems to increase with the increasing
of DHF grade (Figure 4). Kruskal-Wallis test results
shows that the OSI level is significantly different from
each other (p < 0.05). Mann-Whitney test results show
that there are significant differences between all group
of treatments (Table 1).

Recently, it has been indicated that many of infec-
tions, inciuding viral infection like dengue virus trigger
the production of ROS [6, 17]. In dengue infection, pro-
inﬂammatory cytokines secreted during the eariy phase
could contribute to oxidative stress, which may contrib-
ute to the pathogenesis. Again, in this present study, we

observed an alteration in redox status
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Table 1. Mann-Whitney test results of MDA level, SOD and

CAT activity, and OSI in the different grade of DHF

patients
p-value
Group comparison
MDA SOD CAT  OSI
DHF-1 : DHF-2 0.000 0.000 0.564 0.000
DHF-1 : DHF-3 0.006 0.009 0.006 0.006
DHEF-2 : DHF-3 0.007 0.032 0.004 0.004

Note: *)DHF-1: grade I DHF; DHF-2: grade II DHF; and DHF-3: grade
IIT DHF. Results presented as mean+SD. p-Values were calcu-
lated using the Kruskal Wallis test and followed by Mann-

Whitney test; p < 0.05 was considered statisticaﬂy significant.
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Figure 4. Comparison of OSI in the different grade of DHF.
DHF-1: grade I DHF; DHF-2: grade II DHF; and
DHEF-3: grade III DHF

in the different clinical spectrum of dengue viral infec-
tion by calculated the OSI but with a different approach.

OSI in this study was calculated as the ratio between
MDA and the total of SOD and CAT activity. To calcu-
lated the OS], firstly we evaluated the MDA level. The
results show that in the grade III of DHF, the level of
MDA was found significantly different with both grade
I and II. Similar changes were found in the levels of
MDA among different grade of DHF. Among DHF
cases, MDA levels were significantly different from each
other, which is similar to our previous report [9]. Other
parameters that we evaluated before the calculation of
OSI were SOD and CAT activity. Both SOD and CAT
activity seems to be decreased with the increasing of
DHF grades. To best of our knowledge, this is the first
report stating the alteration in redox status among the
different grades of DHF.

After the calculation of MDA level, and SOD and
CAT activity, the OSI could calculate. The result shows

that the OSI were significantly different from each other.

The OSI were increased with the increasing of DHF se-

verity. It is consistent with several previous reports that

the increasing level of oxidative stress might be related
to the severity of dengue viral infection and may be in-

volved in the pathogenesis of its complications (6, 7].
All the results of this present study suggested the

involvement of OS in DHF which is an agreement with

some previous results. The basic mechanism can be ex-

plained in two different ways, i.e.:

1) Dengue virus could induce a process known as res-
piratory burst. Respiratory burst is a term used
when neutrophils become activated through the ac-
tions of NADPH oxidase and generate ROS produc»
tion that can be very effective to kill a microorgan-
ism, inducing virus [9].

2) This OS is a result of the interaction between adhe-
sion molecules on both phagocyte and vascular en-
dothelial cell surfaces in the sites of tissue inflam-
mation during dengue infection [18].

3) OS in DHF patients could be formed via the for-
mation of heme oxygenasi-1 (HO-1) by the mono-
cytes. It is based on a recent investigation compared
HO-1 production by monocytes in vivo in various
acute inflammatory illnesses and in healthy con-
trols. Significantly elevated HO-1 mRNA levels seen
in acute inﬂammatory illnesses suggest that mono-
cyte production of HO-1 serves as a potent anti-in-
ﬂammatory agent in controﬂing excessive cell or tis-
sue injury in the presence of oxidative stress and
cytokinemia [19].

4) Dengue virus infection could interfere the intracel-
lular iron metabolism; this may trigger the Fenton
reaction, thus producing hydroxyl radicals, which
are highly toxic to cells. It is based on a previous
result which observed the ROS formation and cell
viability during dengue infection treat with a mem-
brane permeable iron chelator. The result shows
that treatment with this iron chelator could reduce
ROS formation and increase cell Viability during the
dengue infection [20].

5) The dengue infection could affect the antioxidant
enzymatic»like SOD, CAT, and GSH. However, the
exact mechanism on the matter remains unclear,
but the previous study reported that SOD, CAT,
and antioxidative serum capacity was found lower

in dengue fever patients than control [21].

However further studies are needed to determine
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which one is an exact mechanism for the increasing of
ROS and OS in DHF patients. Furthermore, MDA level
was found significantly increased in all stage of DHF
that we investigated in this present study. The increasing
of MDA level is caused by an OS

condition. The ROS can attack polyunsaturated
fatty acids and initiate lipid peroxidation, a process that
can eventually lead to a loss of membrane function and
its integrity in DHF [6]. One of the final products of
iipid peroxidation is MDA which is measured in this
study

CONCLUSION

In conclusion, the present study demonstrated that
OS may play a role in the pathogenesis of DHF which
can be seen from the level of MDA, the activity of SOD
and CAT, and OSI. Also, the present study demon-
strated can be used as reasonable biomarkers for early
prediction of severity of viral infection particularly in a
case of DHF.
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