A Different Approach to Assess
Oxidative Stress in Dengue
Hemorrhagic Fever Patients
Through The Calculation of

Oxidative Stress Index

by Edi Hartoyo

Submission date: 15-Nov-2020 09:52AM (UTC+0700)

Submission ID: 1446231163

File name: r_Patients_Through_The_Calculation_of Oxidative_Stress_Index.pdf (246K)
Word count: 3666

Character count: 18631



)
. doi: 10.11594/jtls.07.03.08
OPEN @ ACCESS Freely available online

Submitted June 2017; Revised August 2017; Accepted August 2017

THE JOURNAL OF TROPICAL LIFE SCIENCE
VOL 7, NO. 3, pp. 237 — 242, September 2017

A Different Approach to Assess Oxidative Stress in Dcnguc Hcrnorrhagic Fever Patients Thro ugh

the Calculation of Oxidative Stress Index
Edi Hartu}'u 12 Tskandar Thalib '3, C}'nthia Maharani Puspifa Sari 3, \Vind}' Yuliana Budianto 4, Eko Suhartono 3

! Department of Child Health, Faculty of Medicine, Lambung Mangkurat University, Banjar Baru, Indonesia
2 Depa.rtment of Child Health, Ulin Public Hospitzﬂ, Ba.njarma.sin, Indonesia
3 Research and Deve|opment Unit, Mutiara Bunda Mother and Child Hospila], MZI.I'L"IPIJI’ZI, Indonesia
a * Department of Pediatric Nursery, Faculty of Medicine, Lambung Mangkurat University, Banjar Baru, Indonesia
5 Deparlmenl of Medical Chemislrnyiochemislry, ].:':u:uh}«r of Medicine, Lambung Mmgkural Universily, Banjar Baru, Indonesia

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 (agecl 6 months—18 )rea.rs) with three different stages of DHF, i.e stage I, 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 patl'lways rnigl'lt be involved in
the Pathnmecha_nism of DHF and OSI might be used as a biomarker for OS and the severity in DHF patients.

Kaywtmll: Uengue hemn orrflagic fever, oxidative stress, oxidative stress index

INTRODUCTION

Dengue hemurrhagic fever (DHF) is a major Pu]:!lic
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 Populatiun 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-
ta.lity rate of 41,3%. Since then, major outbreaks of DHF
with signiﬂca.nt rnurtality 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-
curding to the symptoms and severity. Symptumatic
dengue virus infections were grouped into three catego-
ries: undifferentiated fever, clengue fever (DF) and den-
gue hemorrhagic fever (DHF). DHF had more classified
into four severity grades, with grades Il and IV bei.ng
defined as clengue shock s.ynclmme (DSS) [5].

The pathogenesis of DHF is poorly understood. Sec-
undary infections with multiple serotypes were found as
one of the risk factors for develuping 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 higi‘i viremu:tatus causing Pati‘ioiog}/
of DHF is still not clear [6]. In this respect, it has been
proposed the involvement of DENV infection-derived
oxidative stress (OS) orﬂ'le severity of ciengue. This is
based on their ability to trigger the release of pro-inflam-
matory cy‘tokines, inciucling TNF- a.ipi'la, participating in
collective action in the imanPathogenesis 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
migi'it be involved in Pati‘iomecha.nisrn of DHF and it
seems is higher with the higher grade of DHF [9].

Recentiy, OS not oniy evaluated by ana.lyze the level
of oxidants and antioxidants, but also a.naiyze 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 s:tucly is aimed to assess the level of OS in
several classes of DHF through measurement OSIL The
results are exPectecl to be used as suppiementary infor-
mation how the OS pathomecha.nism is involved in sev-
eral pathological conditions in DHF. Also, the results of
this stucly are expected to serve as information to define
a new marker for several pathoiogica.i conditions in
DHF.

MATERIALS AND METHODS
Subjects

The stucly was conducted on DHF patients after in-
formed consent was obtained from them. It was ap-
ProvecBr the Ethics Commission of the Facuity of Med-
icine, ]_arnbung Mangkurat University, Banjarmasi_n,
South Kalimantan, donesia. A total of 61 subjects
(ageci 6 months—18 )lears) 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 11 (DHF-2, n
= 36) with gracie II of DHF, and group III (DHF-3, n =
3) with grade III of DHF according to the World Health
Organization (WHO) 1997 guideiines for control and
prevention of DHF.11 Dengue infection was confirmed

by IgM/IG g and NS-1 detection.

collection
Samples of blood were collectecle:um 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 anaiysis were
conducted at Medical Chemical/Biochemical Laboratory
of Lambung Mangkurat University, Ba.njarbaru, South

Kalimantan, Indonesia.

MDA level analysis

MDA levels was calculated by thiobarbituric acid re-
active substances (TBARS) by the technique already pro-
Posecl I::y 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 centrii:ugecl at 1000
rpm for 15 minutes. The TBARS value was calculated by
the spectrophotometer at the absorbance of 532 nm and
t—igurecl utiiizing the coefficient 1.56 x 105 mol/cm. The
MDA concentration expressed in pmoi MDA. As a

standard solution, we used commercia].iy 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 absorance measured at 480 nm using a spectropho-
tometer. One unit of SOD activity was defined as the
enzyme amount that inhibits the rate ofepinepi‘irine ox-

idation by 50% [15].

CAT activity estimated by using Aebi’s method. The
first step was to prepare the stock solution ]::y using 2
mL and 1 mL from Phosphate buffer at pH7 and H,0,
(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].

The OSI was a ratio between MDA and the total
activity of SOD and CAT. It was calculated Foiiowing 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: gr:lr.le 111 DHF
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Figure 2. Comparison of SOD activity in the different grade of
DHEF. DHF-1: grade I DHF; DHF-2: grade II DHF;
and DHF-3: grade 111 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 gr:lde III DHF
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The results were cxpressecl as mean = SE for three
replicates. Significance of mean differences of all MDA,
SOD, CAT, and OSI between groups were statistically
compared one-way Analysis
(ANOVA) or Kruskal-Wallis test and followed by a post
c Tukey’s Honestly Significant Difterence (HSD) or
Mann-Whitney test for multiple range test. Signii'—ica.nce
was set at p < 0.05. The software used for the data anal
ysis were the Statistical Ps(f(agf for the Social Sciences
(SPSS) version 16.0 and Microsoft Excel 2010 for Win-
dows Vista.

using of Variance

RESULTS AND DISCUSSION

In this present study, OS status in the different
grﬂde of DHF patients was evaluated by measuring OSL
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-“"hitne}f 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 signii'—ica.nt 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 len is signii:icantl}r 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, including viral infection like dengue virus triggt‘r
the Pmducti(m of ROS [6,17]. In dengue infection, pro-
inflammatory cytokines secreted during the early phase
could contribute to oxidative stress, which may contrib-
ute to the path()genesis. Again, in this present study, we
observed an alteration in redox status
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Table 1. .\u’lann—“"hitne’v test results of MDA level, SOD and
CAT activity, and OSI in the different grade of DHF

patients
pvalue
Group comparison
MDA SO CAT  OSF
DHF-1: DHF-2 0.000 0000 0.564 0.000
DHEF-1 : DHE-3 0.006 0009 0.006 0.006
DHF-2 : DHF-3 0,007 0032 0.004 0.004

Note: *)DHF-1: grade 1 DHF; DHF-2: grade Il DHF; and DHF 3:grade
111 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 statistically iignilicanl:.

DHF1 DHF-2 DHEF-3
Experimental Group
Figure 4. Comparison of OSI in the different gr:lde of DHF.
DHEF-1: grade I DHF; DHF-2: grade II DHF; and
DHF-3: grade III DHF
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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 OSI, i'—irs;tly we evaluated the MDA level. The
results show that in the grade III of DHF, the level of
MDA was found significa.ntly 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 g‘rades. To best of our kn()wledge, this is the first
report s;tating 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, l.e.:

1) Dengue virus could induce a process known as res-
piratory burst. Respiratory burst is a term used
when neutmphils 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 (lxygenasi-l (HO-1) by the mono-
cytes. It is based on a recent investigation compared
HO-1 Producti(m I:!y monocytes in vivo In various
acute inflimmatory illnesses and in healthy con-
trols. Significa.ntly elevated HO-1 mRNA levels seen
in acute inﬂammatory illnesses suggest that mono-
cyte producti(m of HO-1 serves as a potent anti-in-
ﬂammatc)ry agent in ccmtmlling 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 pr()ducing hydr(lxyl radicals, which
are highly toxic to cells. It is based on a Previous
result which observed the ROS formation and cell
viabilit)/ 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 \fiabi]ity 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 rep()r‘ted 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 i.nvestigatecl in this present study. The i.ncrea.si.ng
of MDA level is caused I::y an OS

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

CONCLUSION

In conclusion, the present study demonstrated that
OS may Play a role in the Pathugenesis of DHF which
can be seen from the level of MDA, the activity of SOD
and CAT, and OSIL Also, the present study demon-
strated can be used as reasonable biomarkers for early
Preclicticm of severity of viral infection Particula.rly in a

case of DHF.
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