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Abstract

Identification of redox markers may be of clinical significance in the man-
agement of dengue patients. This study is to identify the association between
antioxidant enzymes, hematological parameters and liver transaminases in
patients with acute dengue infection. Blood samples were taken from patients
on the day of admission, day 05 and 07 from admission for analysis of gluta-
thione peroxidase (GPX), glutathione reductase (GR), aspartate transaminase
(AST), alanine transaminase (ALT) and hematological parameters. AST and
ALT levels were significantly elevated (p < 0.05) on day 05 in dengue patients.
In contrast, GPX and GR showed significantly low levels on day 05 compared
to on the day of admission and day 07. Although there was a decline in the
trend of platelets towards day 05, values were not significantly different.
Dengue associated with liver injury appears to peak around day 05 when the
GPX and GR enzymes levels in patients were the lowest suggesting that in-
creased viral load in the acute phase of dengue infection has initiated an an-
tioxidant imbalance. Thus, timely investigation of antioxidant enzymes (GR
and GPX) and liver transaminases around day 05 of admission may be of
value in the management of patients with dengue infection similar to as seen
in platelet counts.
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1. Introduction

Dengue virus is a major mosquito-borne disease worldwide, with a thirty-fold
increase in incidence during the past 50 years [1]. Dengue infections can be
caused by any of the four closely related dengue viral serotypes [2] [3]. The ini-
tial, or primary, infection may cause symptoms from mild to severe. Subsequent
infections with other sero types, called secondary dengue infection, may lead to
more severe diseases [4], such as dengue hemorrhagic fever (DHF) or dengue
shock syndrome (DSS). Varying degrees of liver involvement are reported dur-
ing acute dengue infection and thought to be due to hypoxic damage due to im-
paired liver perfusion resulting from fluid leakage, oxidative stress or immune
mediated injury [5].

The severity of dengue infection varies widely, suggesting immune pathologi-
cal, genetic and viral type factors may play a role in disease severity [6] [7] [8]
[9]. Host genetic factors, such as glucose 6-phosphate dehydrogenase deficiency,
may also contribute to increased replication of dengue virus in monocytes,
which effect abnormal cellular redox equilibrium. This regulates virus replica-
tion and virulence in cells [10] [11] [12]. Oxidative damage may affect all bio-
chemical compounds of cells and causes the loss of fluidity and leads to the de-
struction of cell membrane because of structural deformity [13] [14]. Inactiva-
tion and removal of these ROS depend on relations involving a wide spectrum of
antioxidative defense mechanisms. These ROS are neutralized by various me-
chanisms; GPx and GR have been reported to be a more sensitive antioxidant
enzyme in dengue and other viral infections [15].

Glutathione (GSH), also known as y-L-glutamyl-L-cysteinyl-glycine, is re-
quired in the maintenance and regulation of the thiol-redox status [16]. Under
physiological conditions, the reduced form of GSH is the predominant form
with its concentration from 10 to 100 fold higher than the oxidized form of GSH
(GSSG). Under physiological conditions, the GSSG is produced by the catalyze
of GSH peroxidase which is commonly known as Glutathione peroxidase (GPX).
The production of the oxidized form of GSH (GSSG) requires a cysteine residue
which at physiological pH is present as a thiolate form. Cysteine form of thiloate
(N-acetyl-l-cysteine) will be used to replenish the glutathione concentration by
the liver [17]. Under oxidative stress, these residues are prone to oxidation in
sulfenic acid, which efficiently reacts with GSH leading to form GSSG which is
catalytically reduced back to GSH by the NADPH dependent glutathione reduc-
tase (GR). Thus, the ratio between GSH to GSSG at 10:100 is an important indi-
cator of the redox environment [18]. In this context, the depletion of GR and
GPX levels appeared to be the primary mediators of cell damage which support
our hypothesis that GR and GPX represent the most important in the mainten-
ance and regulation of thiol-redox status due to differential redox species.

Alterations in the homeostasis of the GR and GPX group of antioxidant en-
zymes, have been implicated in the enterology and or progression of many hu-

man diseases e.g. cataract [19], cardio vascular disease [20] and dengue fever
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[21]. These studies have shown that reduced levels of GSH and GPX contribute
to oxidative stress associated with many pathological statuses including dengue
infection. Oxidants play a complex role in viral diseases by influences on host
cell metabolism, viral replication and extending to desirable inactivating effects
on viruses and less desired toxic effects on host tissue [22]. Assessment of liver
function will be more vital in the case of pathogenesis of dengue viral infection.
Thus, we decided to investigate the association of GR and GPX activity with re-
spect to liver damage in acute dengue infection by using aspartate transaminase
(AST) and alanine transaminase (ALT).

2. Material and Method
2.1. Subjects

A hospital-based single prospective cohort study was carried out on 48 patients
(Male-29, Female-19), that Nawaloka Hospital, Colombo, Sri Lanka. All pa-
tients/guardians provided informed written consent for participation in the

study.

2.2. Ethical Clearance

Ethical clearance for the study was obtained from the Ethics Review Committee,
Nawaloka Hospitals, Colombo 02, Sri Lanka (Reference Number: NHREF/9/
17/01).

Study setting: Nawaloka Hospitals, Plc, Colombo 02, Sri Lanka.

Inclusion criteria: Age 12 years and above. Patients presenting on day 1 or 2
of fever positive for dengue antigen (NS1) as the test sensitivity of NSI1 antigen
test is high only day 1 and 2.

Exclusion criteria: Chronic liver disease, pregnancy, steroid therapy and

those who on more than the recommended dose were excluded.

2.3. Collection of Blood Samples for Laboratory Investigations

Venous blood was drawn from patients serologically confirmed positive by
dengue NS1 rapid test (SD-bioline, Korea) on day of admission, day 05 of ad-
mission (at the lowest platelet count) and day 07 of admission for following la-
boratory analysis as this is correlated with the pattern of thrombocytopenia in
dengue infection.

1) Antioxidant enzymes (GPX and GR)

Blood samples were collected into lithium heparin tubes and immediately
stored in aliquot at —4°C pending analysis for GPX and GR. Plasma GPX and
GR antioxidants concentrations were determined by Randox commercial assay
kit (Ransel test kit, Randox Laboratoris, UK) on Dimension clinical chemistry
analyzer (Germany).

2) Liver transaminases

The serum sample was used to detect AST and ALT (Siemens, Germany) by

the Dimension clinical chemistry analyzer. As in accordance with the manufactures
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procedure of assay kit, U/L was used.

3) Hemaotological parameters

The blood samples collected into EDTA tubes were used to assess the full
blood count using Sysmex haematology analyzer (XS500, Japan).

2.4. Statistical Analysis

Analysis of data was performed using IBM SPSS statistics version 25. Since the
probability-probability (PP) plot revealed the variables involved were not nor-
mally distributed, the Friedman test was used to compare the means between the
on admission, day and day 07 of admission. Results were reported as median

(IQR) and differences. A p-value < 0.05 was considered significant.

3. Result

The study was carried out among 48 (20 males, 28 females, age range 12 - 69)
patients who had dengue infection confirmed by positivity for NS1. The patients
had fever for <3 days at the time of enrolment. According to WHO 2009
Guidelines, 38 of patients were diagnosed as dengue fever (DF) and 10 were de-
veloped dengue hemorrhagic fever (DHF).

1) Patterns of changes in liver transaminase and antioxidants levels dur-
ing acute phase (0 - 7 days)

The changes in liver transaminases (AST, ALT) and antioxidant enzymes
(GPX and GR) were measured on the 3™, 5" and 7™ days after onset of fever.

The results of liver transaminase pattern of changes and antioxidant levels in
blood of dengue patients are shown in Table 1.

There was a significant increase in AST (p = 0.001) and ALT (p = 0.000) levels
on day 5 of admission compare to day of admission (Figure 1(a) and Figure
1(b)). Gradually both AST and ALT declined on day 07 of admission while ALT
had a significant reduction (p = 0.013) compared to the day 05 of admission.
Both GSH (Figure 1(c), p = 0.01) and GPX (Figure 1(d), p = 0.03) significantly
declined in the day 05 of admission compared to day of admission. However, the
GPX and GR levels increased in patients at the time of discharge compared to
day 05 of admission.

2) Pattern of changes in hemaotological parameters

The changes in hematological parameters during the period are shown in Ta-
ble 1. The platelet count is accordance with the pattern of change observed in
the antioxidant enzymes (Figure 1(e)). The plalets were significantly reduced on
the day 05 of admission and were increased on day 07 of admission. There were
04 patients who had platelet counts less than 50,000 on admission. Eight (08) pa-
tient’s platelet counts were reduced to less than 50,000 in the day 05 of admis-
sion. Based on the WHO 2009 guidelines there were 08 patients who had evi-
dence of fluid leakage by ultra sound scanning. Patients were, therefore, divided
into two groups: positive fluid leakage (n = 10) and negative fluid leakage (n =
38).

When considering antioxidants, the GPX level was significantly higher on the
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day of admission and day 05 of admission patients who had fluid leakage com-
pared to other group. Similarly, high values of GR were observed in patients who
had fluid leakage compared to others. The median percentage of platelet reduc-
tion on day 05 of admission was 26% (2.27% - 85%) from the day of admission.

Table 1. Liver transaminases, antioxidant enzymesand Haemotogical parameters.

On admission Median Day 05 of admission Day 07 of admission

-val
(min - max) Median (min - max) Median (min - max) p-vatue
ALT (U/L) 63 (18 -279) 105 (25 - 644)* 132 (28 - 516) p = 0.000*
AST (U/L) 63 (19 - 265) 102 (25 - 622)° 97 (30 - 298) p =0.000°
GR (U/L) 4.8 (12 - 226) 4.6 (15 - 219)° 4.6 (14 - 287) p = 0.002°
GPX (U/L) 690 (30 - 850) 695 (41 - 882)¢ 675 (45 - 840) p = 0.000?
150,000 90,000 110,000
Platelet (per ul) p =0.001¢
(30,000 - 246,000) (18,000 - 140,000)¢ (24,000 - 340,000)
Hametocrit (%) 40 (30 - 49.9) 41.6 (31.3 - 49.1) 40.6 (34 - 47.6) p = 0.560
Haemoglobin

(g/dL) 13.3 (10 - 16.5) 13.9 (10.5 - 16.9) 13.5 (10.8 - 16.8) p = 0.401

WBC (perpl) 3025 (1200 - 7100) 3100 (1300 - 11,750) 4800 (1600 - 17,000) p = 0.610

»bode The values in day 05 of admission were significantly different (p < 0.05) compared to on admission
and day 07 of admission. 1 unit (U) is the amount of enzyme that catalyzes the reaction of 1 pmol of sub-

strate per minute.
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Figure 1. Changes in serum transaminase levels, antioxidant enzyme and platelets in pa-
tients with DF and DHF (a): Changes in serum aspartate transaminase levels; (b):
Changes in serum alanine transaminase levels; (c): Changes in serum glutathione reduc-
tase; (d): Changes in serum glutathione peroxidase; (e): Changes in platelets.

4. Discussion

Fluctuations in antioxidant enzyme levels in the blood and body fluids have been
reported for many diseases [23]. Redox disequilibrium is associated with
pathology of cardiovascular [20], diabetes and cataracts [19] [21] in our previous

studies, where erythrocyte GPX activity was found to be a sensitive marker of
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oxidative stress. Low erythrocyte levels of GPX and GR among patients indicate
that superoxides formed by antioxidants of various thiol-containing compounds
(glutathione) result in decreased levels of GR. However, in all types of synthesis
of GSH, the main source of the tripeptide is produced by the liver.

Therefore, this study was carried out to determine the changes in blood anti-
oxidant enzymes (GR and GPX) in parallel with liver transaminases and other
hemaotological parameters in acute phase of dengue viral infection. The results
revealed that the concentrations of liver transaminases (AST and ALT) were sig-
nificantly increased in the day 05 of admission and declined on the day 07 of
admission respectively. This trend was more prominent among DHF patients
than DF patients. The liver is the main organ which exposes to viral toxicity or
immunological injury as response to the viremia. Furthermore, the changes of
plasma antioxidants (GR and GPX) levels showed an opposite pattern of release
compared to liver enzymes during this acute phase of dengue infection, where
the peak reduction of both antioxidants enzyme levels were observed on the day
five of admission suggesting that elevation of AST and ALT could be associated
with the oxidative stress induced by the dengue virus [5]. The decreased GPX
and GR levels reflect an impaired cellular defense mechanism during acute viral
phase. Evidence suggests that in the early phase of viral infection perturbation of
host cell membrane decreases of intra cellular pH and GSH efflux which allow to
commence the viral cycle in the host cell. Furthermore, it has been documented
that GSH also engaged in forming mixed disulfides with viral proteins and con-
sequently GSH levels were further decreased as its component cysteine is incor-
porated into viral proteins [24]. As a result of decrease GSH concentration
which affect the intracellular redox state will which shift more oxidants cause
hepatocellular injury and release of liver enzymes (Figure 2), which could re-
quire fast reduction of oxidized cysteines allowing replenish the substrate for
GSH. Thereby providing N-acetylcystine (NAC), a thiol-containing compound
that provides the GSH precursor cysteine, may be more effective in reducing
oxidative stress in dengue viral infection [25]. Moreover, it was also reported
that oral administration of N-acetyl cysteine restored GSH blood levels in pa-
tients with HIV and thereby improved the survival rate [26]. The GPX and GR
levels in the study which considered with other diseases such as CVDs, cataract,
etc. [19] [20] [21], suggesting that GPX and GR play important role in acute
dengue infection. This is thought to be a defense response to increase levels of
cellular oxidation and to minimize oxidative damage during pathogenesis of
disease.

Although the characteristic primary manifestations in hematological parame-
ters (thrombocytopenia, high hematocrit and leucopenia) in dengue patients
were not significant in our study, the changes in hematological parameters were
similar to other studies [5]. This could be associated with the damage to cell
component, basement membrane and epithelia by lipid peroxidation, protein

denaturation and enzyme inactivation in vascular endothelial cells.
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Figure 2. Changes in intracellular GSH level and hepa-
tocellular damage in dengue viral infection.

In summary, our results indicate that the peak oxidative stress occurs around
day five of acute dengue viral infection characterized by elevated hepatocellular
enzymes (AST and ALT) and the low antioxidants enzymes (GR and GPX)
could be due to high viral load. Thus, timely investigation of antioxidant enzyme
levels (GR and GPX) and liver transaminases around day 05 of admission may
be of value in the management of patients with dengue infection similar to
platelet behavior. This study highlights the importance of glutathione enzymes
as a common intermediate for diseases associated with oxidation/redox status
such as cataract and CVDs. Furthermore, clinical trials on supplementation of
N-acetylcysteine for replenishing the intracellular GSH level will support the
contention that NAC supplementation could be useful in acute dengue infection.
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