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Abstract

BACKGROUND: Dengue infection has a wide clinical spectrum ranging from asymptomatic infection to severe form
with organ damage. Liver is among the common organ affected. Curcuma longa is a widely used herb that exhibits
a hepatoprotective effect.

AIM: This study aimed to investigate effect of C. longa on liver necroinflammatory activity and alanine aminotransferase
(ALT) levels in dengue virus serotype-2 (DENV-2) infected BALB/c mice.

MATERIALS AND METHODS: BALB/c mice were assigned into Group 1 (healthy mice), Group 2 (without C. longa
administration), and Group 3 (C. longa administered). DENV-2 was inoculated intraperitoneally in Groups 2 and 3.
C. longa extract was given at dose of 0.147 mg/mL intraorally in the 1° to 7"" day. Liver histopathology and ALT level
were assessed on the 7" day. Necroinflammatory activity was assessed with a Knodell histology activity index (HAI)
score.

RESULTS: The median Knodell HAI score in Group 1, Group 2, and Group 3 were 1.0 (0-5), 7.0 (4-10), and
3.5 (0-8), respectively. The mean difference of Knodell HAI score between Group 2 and Group 3 is 4.1 (95% ClI
1.75-6.45, p = 0.002). The mean ALT in Groups 1, 2, and 3 were 58.22 + 18.31 IU/L, 58.26 + 18.31 IU/L, and 57.00
+ 10.71 IU/L, respectively. One-way analysis of variance test showed no significant differences in ALT level levels
among the three groups (F = 0.26, p = 0.974).

CONCLUSION: This study showed the hepatoprotective effect of C. longa that might decrease the liver

necroinflammatory activity in dengue infection.

Introduction

Dengue infection is the most common tropical
infectious disease caused by dengue virus (DENV)
from the genus Flavivirus [1]. DENV was first isolated
in 1943 in Japan and to date there are five serotypes
have been identified, specifically DENV-1, DENV-2,
DENV-3, DENV-4, and most recently DENV-5 that were
announced in October 2013 [2]. Dengue infection has
become a global health issue with the second highest
incidence and mortality among vector-borne diseases
after malaria with Aedes aegypti and Aedes albopictus
as the main vectors of DENV [3]. A multicenter study by
Utama et al. showed that DENV is one of the etiologies
of acute febrile illness, it accounted for 32% of acute
febrile iliness case [4].

Approximately 3.6 billion people living in
dengue endemic areas and 50 million people are
infected with dengue each year leading to 25.000
deaths [5]. Southeast Asia and West Pacific region
have the highest burden of dengue in the world, it
is estimated that 75% dengue case in the world has
occurred in this region [6]. Dengue infection has a wide

clinical spectrum ranging from asymptomatic infection
or undifferentiated febrile illness to the severe and life-
threatening condition called dengue hemorrhagic fever
(DHF) and dengue shock syndrome (DSS) [7].

Liver injury in dengue characterized by increased
levels of alanine transaminase (ALT) and could progress
to acute liver failure that increased the mortality rate [8].
Liver injury in dengue infection is presumably cause
by hepatocytes apoptosis, hypoxic damage, oxidative
stress, and immune system dysregulation induced by
viral infection [9]. To date, there is no specific therapy
have been determined for dengue treatment.

Curcuma longa is a native plant to Southeast
and South Asia that commonly has been used as
traditional medicine, including in Indonesia. Curcumin
the main active component of C. longa showed protective
effects on the liver, as well as inhibitory mechanism
against viral replication through four mechanisms
of ubiquitin-proteasome system, transcription, gene
expression, and viral replication [10], [11], [12]. This
study aims to investigate effect of C. longa extract on
liver necroinflammatory activity and ALT levels in DENV
serotype-2 (DENV-2) infected BALB/c mice.
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Materials and Methods

Experimental animals

Eight weeks old male BALB/c mice weighing
40 g were used in this study. Each cage contained two
mice with standard pellet diet and water were provided
ad libitum. The mice were acclimatized for 1 week,
then were assigned into three groups consisting of
ten mice in each group, specifically Group 1 (control
group, healthy uninfected mice), Group 2 (group of
DENV-2 infected mice, but did not receive extract of C.
longa), and Group 3 (group of DENV-2 infected mice
and received C. longa extract). The study workflow is
shown in Figure 1.

The study was conducted in accordance with
the International Conference on Harmonization Good
Clinical Practice Guidelines and ethical principles
originating in or derived from the Declaration of
Helsinki. This study was reviewed and approved by the
Research Ethics Commission of Faculty of Medicine,
Udayana University/Sanglah General Hospital (193/
UN14.2.2.VII.14/LP/2019).

Male BALB/c Mice
Weighing 40 gram

Day1
DENV-2 Injection Intraperitoneally (106 PFU/ml)

Day 2 I l Ns-1
[ NS-1 Examination Negative

NS-1 Positive
20 BALB/C mice

Group 1 (Control group) Group 2 Group 3
10 mice 10 mice 10 mice
Received double distilled water Received double distilled water Received C. longa extract 0.147
2 cc once daily from day 1 - day 7 2 cc once daily from day 1 - day 7 mg/ml once daily from day 1 - day 7

! | !

Day 7
All mice were euthanized

Liver biopsy and ALT examination

]

Figure 1: The study workflow

C. longa extract

This study used C. longa CDS-13 extract
containing 19% curcumin that had been processed
into methanol fraction. Mice in Group 3 received
0.147 mg/mL of dissolved C. longa extract in 2 cc warm
water. The extract was administered orally once daily
on the 1°-7" day [13]. Group 1 and Group 2 were given
2 cc/day double distilled water.

DENV

The DENV used in this study was DENV-2
that was obtained from the Health Research and
Development Agency, Ministry of Health of Republic

of Indonesia. DENV-2 was injected intraperitoneally
with a titer of 10° PFU/mI in Groups 2 and 3. DENV-2
previous study showed that DENV-2 infected BALB/c
mice is an appropriate model of dengue infection and
histopathological analysis revealed liver injury with viral
antigens detection [14]. Moreover, study Megawati
et al. in Bali showed that DENV-2 have higher incidence
of more severe form of dengue (DHF) [15].

Dengue non-structural protein (NS-1) antigen
examination using the enzyme-linked immunosorbent
assay was performed on the 2™ day to confirm dengue
infection. Mice with negative NS-1 results were excluded
from the study.

Examination of alanine aminotransferase

ALT examinations were carried out at a
Veterinary Hospital, Faculty of Veterinary Medicine,
Udayana University. ALT examination was conducted
with International Federation of Clinical Chemistry
(IFCC) enzymatic kinetic examination using the IFCC
(Biorex Diagnostics, Antrim) ALT liquid reagent and the
iChem-535Vet spectrophotometer (iCubio Biomedical
Technology, Shenzhen). Peripheral blood was drawn
medial to the cantus in the retroorbital venous plexus
using a microcapillary pipette. ALT examinations were
carried out on the three groups of mice on the 7" day.

Liver histopathology examination

On the 7" day, all mice in the three groups
were euthanized by the cervical dislocation method.
The livers fixed with 10% formalin in distilled water.
Paraffin block was made using a Leica RM2125 (Leica
Microsystem, Germany) microtome with a thickness of
4 um. The staining was performed with Hematoxylin
Harris method. Liver histopathological examinations
were carried out in Laboratory of Histopathology,
Faculty of Veterinary Medicine, Udayana University.
Histopathological abnormalities were assessed by
light microscopy with x400 magnification to observe
the presence of hepatic cell necrosis and the results
were presented in numerical form based on the Knodell
histology activity index (HAI) score [16].

The Knodell HAI score is used to assess
necroinflammatory activity and fibrosis in liver
biopsy. Knodell HAI consists of three categories of
necroinflammation and one category of fibrosis with
a total Knodell HAI score =24 which is considered a
significant necroinflammatory activity. The categories
assessed are periportal bridging necrosis, intralobular
degeneration and focal necrosis, portal inflammation,
and fibrosis. Total Knodell HAI score 0-3 indicate non-
significant necroinflammatory activity, score of 4-8
indicate mild necroinflammatory activity, 9—12 indicate
moderate necroinflammatory activity, and 13-18
indicate severe necroinflammatory activity [17].
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Statistical analysis

This study is an experimental study with
a randomized post-test only control group design.
Numerical scale that normally distributed is presented
in mean and standard deviation. Categorical scale is
presented in relative frequency. One-way analysis
of variance (ANOVA) analysis was used followed by
a post hoc-Least significant difference test (LSD) to
assess the effect of C. longa extract on ALT levels and
histopathological features of the livers of mice infected
with DENV-2. If the data are not normally distributed,
a Kruskal-Wallis test will be performed. The Statistical
Package for the Social Sciences (SPSS) statistical
software (version 24.0, SPSS Inc., Chicago, IL, USA)
was used for all the statistical analysis.

Results

The study subjects were divided into three
groups, specifically Group 1 (group of healthy, dengue-
uninfected mice), Group 2 (group of mice infected
with DENV-2, but did not receive C. longa extract),
and Group 3 (group of mice infected with DENV-2 and
received C. longa extract). Dengue infection status
was confirmed with NS-1 examination on the 2™ day
after virus inoculation. NS-1 examination in all mice
in Groups 2 and 3 showed positive results; hence, all
mice were included in the study. All mice infected with
dengue survived until the end of this study.

The histopathological features in Group 1
(control) showed normal hepatocyte cells with regular
hepatocyte architecture and intact cell walls without
signs of inflammation (Figure 2). Histopathological
examination in Group 2 showed edema of Kupffer cells
as well as an increase in the distribution of monocytes
and signs of inflammation accompanied by injury to
hepatocyte cell membranes. Group 3 histopathological
features showed an inflammatory process and
distribution of monocytes, but less injury to hepatocyte
cell walls than Group 2.

Histopathological changes in subjects were
assessed semi-quantitatively using the Knodell HAI
score. The median Knodell HAI score in Groups 1, 2, and
3 was 1.0 (interquartile range [IQR] 0-5), 7.0 (IQR 4-10),
and 3.5 (IQR 0-8), respectively. The histopathological
result in this study is presented in Table 1. The Kruskal—
Wallis test showed significant differences in the mean
Knodell HAI score in the three groups (p = 0.001).

To determine the difference in the mean Knodell
HAI score between groups, the post hoc LSD test was
used. Post hoc LSD (Figure 3) showed a significant
difference in the mean Knodell HAI score between
Group 1 (control control) and Group 2 (positive dengue
that did not receive C. longa) (p = 0.001), and between

MO: Monocytes

Table 1: Histopathological examination of the liver

Group Mice Knodell HAI score Necroinflammatory activity

Mild

Mild
Non-significant
Non-significant
Non-significant
Non-significant
Non-significant
Non-significant
Mild
Non-significant
Moderate

Mild

Mild

Moderate

Mild

Mild

Moderate

Mild

Moderate
Moderate

Mild

Mild

Mild

Mild
Non-significant
Non-significant
Non-significant
Non-significant
Non-significant
Mild

Group 1

o
o

Group 2

o

o
o o o

Group 3

CONOOBERWN-22A200NOODARWN-_2200NEWN =
AOOOWNAORER S S A SRR SARA S AUNOSW— 2O

10
Knodell HAI score: Knodell Histology Activity Index Score. Knodell HAI score interpretation: 1-3 = non-significant
necroinflammatory activity, 4-8 = mild necroinflammatory activity, 912 = moderate necroinflammatory activity,
13-18 = severe necroinflammatory activity.

Group 2 (positive dengue who did not receive C. longa)
and Group 3 (positive dengue that received C. longa)
(p = 0.002).

This study showed a significant difference
in the mean Knodell HAI score between Group 2
compared to Group 1 (7.0 vs. 2.0; mean difference: 5,
95% Cl12.65-7.35, p=0.001) and Group 2 compared to
group 3 (7.0 vs. 2.9; mean difference: 4.1, 95% CI 1.75—
6.45, p = 0.002), while Group 3 (2.9) and Group 1 (2.0)
did not show a significant difference (mean difference:
0.9, 95% CI -1.45-3.25, p = 0.374).
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Figure 3: Mean difference of Knodell histology activity index

In this study, the mean ALT levels in Groups 1,
2, and 3 were 58.22 + 18.31 IU/L, 58.26 + 18.31 IU/L,
and 57.00 £ 10.71 IU/L, respectively. One-way ANOVA
test showed no significant differences in ALT levels
between the three groups (F = 0.26, p = 0.974).

Discussion

Liver injury in dengue patients may occur
directly or indirectly through immune system
dysfunction [9]. Injury to the liver may occur directly due
to the cytopathic effect of DENV in which DENV antigen
is detected in hepatocytes, which cause impaired liver
function [18], [19]. A postmortem study in a severe case
of dengue conducted by Huerre et al. showed that
hepatocytes and Kupffer cells were involved in the viral
replication process and cell apoptosis occurred in the
necrosis area [20].

The pathophysiology of liver injury in dengue
may also occurthrough anindirectmechanism. Avirutnan
et al. showed that NS-1 may bind to hepatocytes,
which is thought to trigger the formation of immune
complexes and trigger complement activation [21].
Inflammation and infection of hepatocytes due to DENV
infection will lead to apoptosis of hepatocytes [22].
Histopathological features of liver injury due to dengue
infection include microvascular steatosis, hepatocyte
necrosis, hyperplasia, and injury to Kupffer cells, and
mononuclear cell infiltration [9], [14].

In this study, Group 2 which didn’t receive
C. longa had a higher mean Knodell HAI score with
a significant mean difference when compared to the
group of mice that received C. longa extract (group 3).
The mean difference in Knodell HAI score in this study
showed that the necroinflammatory activity were more
severe in Group 2 than in Group 3, whereas when

compared to group 1 (healthy mice), Group 3 did not
show a significant difference in necroinflammatory
activity. These results indicate a protective effect of
C. longa extract against liver damage in BALB/c mice
infected with DENV-2.

To the extent of our understanding, this is
the first study to assess the hepatoprotective effect
of C. longa in dengue infection examining liver
histopathological features and this study demonstrates
the hepatoprotective effect of C. longa. Study by
Ichsyani et al. showed that C. longa administration in
dengue infected BALB/c mice did not show liver toxicity
on histopathological examination [13]. However, the
study did not assess the effect of C. longa administration
on histopathological improvement.

Curcumin, an active compound from C. longa,
has long been recognized to inhibit enveloped virus
infectivity by inhibiting hemagglutinin activity [23]. The
administration of curcumin also plays a role in inhibiting
viral replication through the ubiquitin-proteasome
system, an important mechanism in the DENV infection
cycle [11]. C. longa extract administration decreased
DENV virus titer in BALB/c mice after 6 and 24 h post
infection [13]. Balasubramanian et al. also showed
that curcumin could inhibit the NS2B/NS3 protease
enzyme which plays a role in the cellular pathway that
is important for DENV replication [24].

DENYV infection increases intracellular reactive
oxygen species leading to inflammation and cell
death [25]. Oxidative stress in the liver due to dengue
infection correlates with the severity of disease, patient
with DSS has the highest oxidative stress level, followed
by DHF [26]. Chen et al. showed antioxidants to be a
defense mechanism protecting the cells from apoptosis
due to DENV infection [27]. C. longa that exhibits
antioxidant effects has been shown to protect the liver
from acute hepatic stress by preventing the occurrence
of oxidative stress [28].

Curcumin will increase intrahepatic antioxidant
levels and reduce the production of lipid peroxidase, a
free radical [29]. Curcumin also capable of inhibiting
proliferation and increase hepatic stellate cell apoptosis
by increasing the expression of peroxisome proliferator
activated receptor-y which can prevent hepatic
fibrogenesis [30]. Histological analysis by Fu et al.
demonstrated that curcumin could protect the liver from
injury and fibrogenesis due to CCL -induced liver injury
in mice [31].

Elevated ALT is common in dengue, but the
increase is related to the stage of disease. A study
by Lee et al. showed that the median ALT was higher
in patients with severe dengue [32]. Sani et al. also
showed that patients with severe dengue had a higher
median peak ALT level [33]. Oxidative stress in the liver
may occur despite normal transaminases enzyme [29].
Therefore, ALT examination is not the ideal test to
assess necroinflammatory activity. Approximately 37%
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of patients with significant necroinflammatory activity
have normal ALT values [16].

To date, no study has assessed the correlation
between ALT levels and Knodell HAI scores in dengue
patients. However, studies assessing the correlation
between the Knodell HAI score and elevated ALT in
other viral infections, such as hepatitis have been
reported. A study conducted by Lee et al. showed
that there was no correlation between ALT levels and
HAI scores in patients with hepatitis C [34]. The same
results were also shown in patients with hepatitis B
infection, where there were histopathological changes
in the liver despite persistently normal ALT levels [35].
A study conducted by Paes et al. showed no correlation
between liver injury and ALT levels in infected mice
compared to controls [36]. The study conducted by
Ichsyani et al. also showed no difference in ALT levels
in dengue-infected mice receiving C. longa compared
to healthy controls [13].

Although not statistically significant, the
mean ALT level in Group 3 that received C. longa
was lower when compared to Group 2 and Group 1.
Moreover, the histopathological examination in
Group 3 showed non-significant necroinflammatory
activity when compared to control. The insignificant
difference in ALT between groups and the discrepancy
with histopathological results is thought to be caused
by interindividual variation. In addition, the stage of
dengue infection itself also affects transaminase
levels in dengue infection that cannot be assessed in
this study.

Conclusion

This study showed necroinflammatory activity
in DENV-2 infected mice. In the study group that received
C. longa extract has a lower necroinflammatory activity
compared to other groups. The hepatoprotective effect
of C. longa might decrease the necroinflammatory
activity of the liver in dengue infection. Further studies
are needed to investigate the optimal dosage of
C. longa extract administration for hepatoprotection in
dengue infection.
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