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ABSTRACT

Objective: This study objective was to determine the immunomodulatory effects of the black cincau (Mesona palustris BL.) supplement on Escherichia
coli strain 0157-infected mice.

Methods: Black cincau (Mesona palustris BL.) and red ginger (Zingiber officinale var. rubrum) were extracted on a pilot plant scale. For the animal
experiment, the mice were adapted for 7 days with black cincau supplement at a dose of 43.29 mg/kg b.w. (SSP I), a dose of 85.58 mg/kg b.w. (SSP II),
adose of 4.33 mg/kg b.w. of a commercial immunomodulator (SK) and buffer saline for the negative control (KN) and positive control (KP). Then, mice
were infected intraperitoneally (intraperitoneally) with E. coli strain 0157 10'° cfu/mL, except KN. On day 21, the cell of mouse spleen was analyzed
using flow cytometry.

Results: Result showed that administration of black cincau supplement up to 85.58 mg/kg b.w gave immunomodulator effects in infected mice.
Immunomodulator effect can be seen through the increasing of the relative average of a cluster of differentiation (CD)4" T cells, CD8* T cells, CD4* CD8*
T cells, CD4* CD62L T cells, CD8*CD62L T cells, and CD68*interferony (Interferon gamma) monocytes cells. Exposure of black cincau supplement on
infected mice can recover small intestine mucosa structure of mice.

Conclusions: This study demonstrates that the supplement of black cincau extract can give an immunomodulatory effect on E. coli-infected mice.
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INTRODUCTION

The immune system is a defense process in a response of antigen
which is categorized into two groups: Innate immune system and
specific immune system [1]. The immune response is initiated by
microorganism infection or antigen that caused macrophage binding
to antigen and relaying signals to T lymphocyte [2]. Escherichia coli is
predominant bacteria in contaminated foods such as meat, milk, fruits,
and vegetables. Infection caused by E. coli occurs more often in children
than adults [3]. The vaccine is a common prevention used to increase
the response of mucous immune [4-6].

Imunomodulator is a compound affecting the immune response by
increasing the immune system (immunostimulant) and suppressing
abnormal immune system (immunosuppressant) [7]. Natural products
are known to contain bioactive compounds such as antioxidant and anti-
inflammatory that can be used as immunomodulator [8]. Black cincau
and red ginger are well known as immunomodulator agents. Black
cincau and red ginger are traditionally used to prevent heatiness, fever,
abdominal irritation, indigestion, hypertension, and anti-inflammatory
agent [9-11]. Exposure of ginger extract orally to pregnant mouse did
not show toxicity up to 1000 mg/kg b.w [12]. Consumption of fresh red
ginger can cause side effects such as light diarrhea and allergy [13].
Ginger is consumed for managing body weight, anti hiperlipidemia,
alzheimer, diabetes, and sea sick [13-18].

Functional beverages containing black cincau, cinnamon bark
(Cinnamomum burmannii), and pandan leaves (Pandanus amaryllifolius)
can increase levels of interferon-y (IFN-y) and Ig G (Immunoglobulin G)
in Salmonella thypimurium-infected mice [19]. It has been reported that
exposure of water extract of black cincau in HeLa cells increased the
expression of IFN-y and immune system activity through Natural Killer

(NK) cell, T-cell toxicity (CD8*) and macrophage [10,20]. A combination
of black cincau, pandan leaves, and ginger has synergy effects indicated
by increasing level of total phenolic and antioxidant [21].

Most extraction of bioactive compounds in plants was performed in
laboratory scale. The extract obtained might have a different activity of
bioactive compound compared to those extracts obtained from a pilot
plant scale. This study aimed to determine immunomodulatory effects
of black cincau and red ginger extracted on a pilot plant scale compared
to commercial immunomodulator that indicated by the relative average
of CD4* T cells, CD8* T cells, CD62L T cells, monocyte (CD68), and
cytokine IFN-y in E. coli strain 0157-infected mice.

MATERIALS AND METHODS

Materials

Dried leaves of black cincau (janggelan) were obtained from Magetan,
East Java, Indonesia. Dried red ginger and dextrin were purchased
from local markets in Malang East Java, Indonesia. Fetal calvin serum
(FCS) “Gibco” was obtained from Parasitology Laboratory, Brawijaya
University, Malang. Non-sterile phosphate buffered saline (PBS) was
obtained from Biomedical Laboratory, Brawijaya University, Indonesia.
FACSFlow BD was purchased from Animal Physiology Laboratory,
Brawijaya University, Indonesia. “Biolegend” antibody (fluorescein
isothiocyanate [FITC]-conjugate rat anti-mouse CD4 clone GK1.5,
PE-conjugate rat anti-mouse CD8 clone 53-6.7, PE/Cy5-conjugate rat
anti-mouse CD62L clone MEL-14, FITC-conjugate rat anti-mouse CD68
clone FA-11, and PE/CyS5 conjugate rat anti-mouse IFN-y clone XMG 1.2)
was obtained from Animal Physiology Laboratory Brawijaya University,
Malang; ethanol 70% and 96%, and formalin 37% were purchased from
Makmur Sejati Store Malang. E. coli strain 0157 was obtained from the
Microbiology Laboratory Faculty of Medicine, Brawijaya University
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Malang. Male white mice (Mus musculus) Balb/c aged 8-10 weeks,
weight 20-30 g were obtained from Parasitology Laboratory Brawijaya
University Malang.

Preparation of supplement of black cincau and red ginger

Dried leaves of janggelan and dried red ginger with ratio 24:1 (w/w)
were extracted with the infused water method. The extraction was
performed on a pilot plant scale with a capacity of 500 L and with a
ratio of raw material and water by 1:20 (w/v). The extraction was
performed for 152.44 minutes at 40°C and -46 cm Hg. Then, the extract
was evaporated at 50°C and -60 cm Hg for 21 hrs until one-fifth of
the initial amount. Dextrin of 5% was added to the extract. Then, the
mixture was dried in the oven at 50°C for 21 hrs.

Determination of total phenolic

Total phenolic content was analyzed using Folin-Ciolcalteu method.
In brief, 10 mg of the supplement was diluted with distilled water,
then mixed with 1 ml of 10% Folin-Ciocalteu reagent followed by the
addition of 800 pL of 7.5% Na,CO,. The mixture was allowed to stand for
30 minutes in the dark. The absorbance was measured at 765 nm. Total
phenolic was expressed as mg of caffeic acid equivalent per g sample.

Determination of 2,2-diphenyl-1-picrylhydrazyl (DPPH) free
radical scavenging activity

The free radical scavenging activities of the supplement were
determined using modified of Hatano et al. [22]. The supplement was
diluted with distilled water to have a concentration of 4000 mg/mL,
then divided into a series of dilution, followed by the addition of 0.2
mM DPPH solution. After 30 minutes incubation, the absorbance was
measured at 517 nm using Spectrophotometer UV-vis.

Examination of immunomodulatory effects of black cincau
supplement in mice

The protocol of animal experiment was approved by the animal ethical
committee Brawijaya University Malang Indonesia. Mice used in this
study were 6 weeks old male. Mice were adapted with susupap feed
and kept in a standard animal room for 7 days. During the experiment,
mice were given free access to the feed and water. 35 of mice were
divided into 5 groups of seven mice per group. On day 8 to 14, groups
were treated as follows: Group SSP I dosed with 43.29 mg/kg b.w of
supplement, group SSP II dosed with 85.58 mg/kg b.w of supplements,
group SK dosed with 4.33 mg/kg b.w of commercial immunomodulator
product and Group KN and KP dosed with saline buffer. On day 14,
mice were intraperitoneally infected with E. coli of 0.2 mL/mouse
(10 cfu/mL), except KN. On day 15 to 21, groups of SSP I and SSP II
were dosed with the same dose of supplement as on day 8 to 14. Group
of KN and KP were given only saline buffer. The supplement was given
by oral gavage with the volume gavage did not exceed 6.6 mL/kg b.w.

Isolation of spleen cells

The method of spleen cell isolation was adopted from Widyaningsih
et al. with slight modification [10]. In brief, mouse spleen was placed
in a petri dish containing non-sterile PBS on ice gell, and chopped with
a needle. Spleen extract was filtered with stringer cell. The filtrate was
transferred to a 15 mL tube, then added to non-sterile PBS. The filtrate
was centrifuged at 1500 rpm for 5 minutes, and then the supernatant
was removed. This step was repeated twice. Pellets were added with
2% FCS in PBS and transferred to Eppendorf tubes.

Cells measurement by flow cytometry

A flow cytometry was used to determine certain cell features as
described by Zumrotul et al. [23]. Pellets were centrifuged at 5000 rpm
4°C for 10 minutes, the supernatant was removed. The pellet was added
with 0.4 mL PBS and 0.1 mL primary antibody (CD4 FITC conjugate,
CD8 PE conjugate, CD62L PE-Cy 5 conjugate, CD68 FITC conjugate,
and IFN-y PE-Cy 5 conjugate). Samples were incubated afterward for
15 minutes on ice. Samples were added with 300 pl PBS and analyzed
using flow cytometer“BD FACSCalibur” Data obtained was analyzed
using BD cellquest Pro™.
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Histopathology of small intestine

The small intestine was cut and placed into formaldehyde 10%
suspension with PBS. Fixation of the tissue was performed with
formaldehyde solution for 24 h, washed with running water for 1 hr,
then put in Automatic Tissue Tex Processor machine “Sakura Tissue Tek
Xpress X 50”. Afterward, samples were placed in a block with paraffin.
Samples were cut with thickness 3-5 p by microtome “LEICA RM 2245”,
then put in the oven 70-80°C for 30 minutes. Samples were put in xylol
solution for 20 minutes, in ethanol for 3 minutes, and running water for
15 minutes. Samples were put in Harris Hematoxilin for 10-15 minutes
for staining process. Afterward, the samples were washed with running
water for 15 minutes. Samples were dyed with acid ethanol 1%,
ammonia, and eosin solution for 10-15 minutes. Afterward, samples
were dehydrated again with ethanol for 12 minutes then clearing with
xylol solution for 2 hrs.

Analysis data

Antioxidant activity and relative cell in spleen extract were statistically
analyzed with One Way ANOVA using SPSS software, followed by
post-hoc Tukeys (honest significant difference) test. The values of
p<0.05 were considered statistically significant. Histopathology of the
small intestine is done descriptively.

RESULTS

Total phenolic and DPPH free radical scavenging activity of black
cincau supplement

Total phenolic of black cincau supplement was higher than those of raw
material of black cincau and red ginger. IC50 of the supplement of black
cincau is the lowest one compared to raw material and commercial
immunomodulator (Table 1).

Average relative cell in spleen

CD4* T cells

The relative amount of CD4* cells each treatment is KN (2.742+0.185),
KP (3.374£0.175), SSP I (5.128+0.521), SSP II (2.58+0.408), and SK
(3.514+0.533) (Fig. 1a). Examination of CD4* T cells showed significant
difference among treatments. A relative cells average of SSP I showed a
cells average of CD4* T cells was higher than KP. Levels of the relative
average of CD4* T cells on SSP Il approached KN.

CD*8 T cells

The relative CD8* cells of each treatment are KN (35.71+2.43),
KP (28.16%2.67), SSP I (30.94+2.61), SSP II (18.60+2.82) and SK
(17.52+2.24) (Fig. 1a). Examination of CD8'T cells showed significant
difference among treatments. The relative average of CD8'T cells
showed higher numbers than the relative average of CD4" T cells.

CD4* CD8* T cells

CD4* CD8" T cells showed correlation between CD4* and CD8"* T cells in
lymph cells. The relative average of CD4* CD8* T cells of each treatment
is KN (0.898+0.131), KP (0.754+0.163), SSP I (0.978+0.094), SSP II
(0.708+0.132), and SK (0.644+0.069) (Fig. 1a).

Table 1: Total phenolic content and IC,, of raw material of
black cincau and red ginger, black cincau supplement, and
commercial immunomodulator

Sample Phenolic total  IC,, (ug/g) ng/mL
(mg CAE/g)

Black cincau (raw material)  15.81+0.36 396.71+6.40

Red ginger (raw material) 12.12+0.35 124.99+1.36

Black cincau supplement 66.38+1.45 75.18+0.03

Commercial 84.07+4.51 251.37+7.36

immunomodulator

Data represent the mean and standard deviation of three measurements

327



Widyaningsih et al.

CD4* CD62L T cells

CD4* CD62L T cells showed CD4* T cells naive, which not encountered
with specific antigen in spleen cells. The relative CD4* CD62L T cells
of each treatment are KN (1.286+0.140), KP (3.374£1.03), SSP I
(1.198+0.217), SSP 1I (0.77+0.08), and SK (2.096+0.203) (Fig. 1b). SSP
II showed significant result due to the low presence of CD4* CD62L T
cells compared to other treatments. Low levels of CD4* CD62L T cells
indicated higher presence of active CD4 T cells than naive.

CD8* CD62L T cells

CD8'CD62L T cells showed CD8* T cells naive which not encountered
with specific antigen in spleen cells. The relative CD8*CD62L T cells of
each treatment are KN (2.51+0.59), KP (1.124+0.26), SSP I (1.71£0.40),
SSP II (0.784+0.11), and SK (1.38+0.13) (Fig. 1c). This study showed a
relative average of CD8 T cells was higher than CD8*CD62L and CD4 T
cells mostly on exposure of SSP II.

CD68 monocytes cells

CD68 is a glycoprotein that expressed on monocytes. The relative
CD68 monocyte of each treatment are KN (4.51+0.77), KP (5.53+0.69),
SSP 1 (6.74+£0.94), SSP 1I (2.83+0.17), and SK (2.50+0.24) (Fig. 1d).
Exposure of black cincau supplement at a dose of 43.29 mg/kg b.w
showed increased of monocytes cells compared to other treatments.

CD68*+IFN-y monocytes cells

CD68*IFN-y monocytes cells showed CD68 monocytes cells that contain
IFN-y in the membrane. The level of IFN-y in CD68 monocyte cells of
each treatment is KN (3.29+0.54), KP (2.95£0.69), SSP I (1.84+0.53),
SK (1.82+0.37), and SSP II (1.59+0.41) (Fig. 1d). Giving supplement at a
dose of 85.58 mg/kg b.w caused lower levels of IFN-y in CD68 monocyte
cells than other treatments.

Fig. 2 shows that negative control shows good villus and the well-
organized surface of epithelial cells, cell membrane, lamina propria,
and muscular mucosa. Positive control showed organized -cell
membrane, lamina propria, and muscularis mucosa. However, villus
was shown damaged. Depleted surface epithelial cells were also
present. SSP I showed more organized villus compared to positive
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control. Hemorrhagic and exudate were present in villus. In the group
of SSP 11, villus, lamina propria, and epithelial cell structure are better
than other treatments. While hemorrhagic in villus decreased, whereas
the exudate remains present on villus terminal.

DISCUSSION

Black cincau supplement has higher antioxidant activity than its
raw material due to bioactive compounds extracted from black
cincau and red ginger which enhances antioxidant activity of the
supplement [24,25]. Antioxidant compounds extracted from plant can
inhibit cell damaged through preventing oxidative stress and can be
used for immunostimulant [26-28].

The cellular immune system is an immune system that produced from T
cell. CD4* T cells proliferate to TFH (T Follicular Helper), Th1 (T helper 1),
Th2,Th9, Th17,and Th22 for trapping antigen in macrophage expressed
through MHC II (Major Histocompatibility Complex) [1]. The elevation
of the immune system occurs due to the activation of CD4* T cells,
leading to the low level of CD4* T cells in the mouse spleen induced by
the bioactive compounds in the supplement (SSP II). The combination
of black cincau, pandan leaves, and red ginger provides a synergic effect
shown by the increased levels of phenol and antioxidant activity [29].
CD8* T cells kill the infected cells in MHC I antigen presented by
antigen presenting cell (APC). Tc (cytotoxic cell) cells generate Th1 and
Th2 cytokine, TNF-a, perforin, and apoptosis leading to cytolisis [1].
Mice condition approaching recovery and presence of phenol in the
supplement. Low levels of a relative average of CD8* T cells in SSP 11
and SK occurred due to the activation of lymphocyte in the infected
cells. CD8 T cells were activated by the supplement to support bacteria
phagocytosis. Low levels of CD4* CD8T cells on SSP Il and SK occurred
due to differentiated cells to form CD4 and CD8 cells. The low levels of
CD4* CD8'T cells were followed by the high number of differentiated
cells to form CD4 and CD8 T cells. IFN-y stimulated expression of MHC |
and MHC II, co-stimulator APC, enhanced differentiation of CD4* T cells,
microbe phagocytosis, neutrophil activation, and stimulated cytolitic
effects of NK cells [1].

CD62L is a protein expressed in B cells, T cells, monocyte and NK
cells [1]. Expression of CD62L protein in CD4 T cells showed CD4 T cells
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Fig. 1: Flow cytometry (a) CD4* T cells, CD8* T cells, CD4*CD8" T cells; (b) CD4* CD62L T cells; (c) CD8* CD62L T cells; (d) CD68* and CD68*
interferon-g monocyte cells
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Fig. 2: Histopathology of the small intestine of mice; (a) negative
control, (b) positive control, (c) SSP I, (d) SSP II and (e) SK.
Ayellow arrow () indicating hemorrhagic, red arrow (»)

indicating exudate in the small intestine walls. The thickness of

the small intestine mucous in healthy mice was 0.2 pm whereas
the infected mice was 0.1 pm

were naive [30]. Percentage of naive CD4* T cells in infected mice lamina
propria was higher than the healthy ones [31]. CD8* T cells which binds
CD62L protein are naive cells. This result showed the high presence of
CD8 T cells expressed to recover immune system of infection compared
to CD4* T cells. CD8* T cells are cytotoxic T cells damaging bacteria
infected cells in MHC I antigen presented by APC [1].

CD68 protein is a surface marker expressed by macrophage but not
specifically [32,33]. CD68*IFN-y monocyte showed IFN-y intracellular
produced by CD68 monocyte cells, but not secreted form cell. The
macrophage is non-specific immune system, which is initial immune
on infection in within 0-12 hrs [1]. In this study, the supplement was
orally given for 7 days after E. coli infection. Group of SSP II has the
ability to stimulate macrophage producing IFN-y which can be used
in cell differentiation of CD4 T cells, CD8 T cells, and B220 B cells
indicated by recovery level in mice. Aqueous extract of black cincau
at a dose of 1000 mg/kg b.w increased the level of IFN-y in the early
infection [10].

Histopathology examination of small intestine aimed to see the
damaged cell caused by intra-peritoneal injection of E. coli strain 0157
and to determine the effects of black cincau and red ginger exposure
on the damaged cells in infected mice. Small intestine adapts in the
gastrointestinal tract and a nutrition adsorption [34]. Injection of E. coli
in mice caused shedding and necrosis of villi and epithelial cells in the
small intestine due to the reaction of Stx (Shiga toxin) with an epithelial
enterocyte in the gastrointestinal tract [35]. Hemorrhagic in villus and
an exudate in the small intestine occurs in infected mice. Exudate is
liquid emerged from vein caused by the low capillary permeability and
pressure on the capillary wall [36]. An exudate in the small intestine
indicates an improvement of mice health. Davies [37] reported the
quantity of exudates depends on wounds and its recovery level.
Positive control showed a good recovery in villus, lamina propria, and
mucous compared to negative control, but not as good as on exposure
of SSP II due to the high occurrence of hemorrhagic in villus. Group of
SSP 1I showed a significant result in recovery of mucous structure in
Escherichia coli strain 0157-infected mice.

CONCLUSION

Exposure of black cincau supplement at a dose of 43.29 mg/kg b.w in
E. coli infected mice increased the relative percentage of CD4* T cells,
CD8*T cells, and CD4* CD8* T cells. Exposure of cincau supplement at a
dose of 85.58 mg/kg b.w increased activation of CD4* T and CD8* T cell
percentage, increased IFN-g in CD68 monocyte cells, and recovered the
structure of mice small intestine mucosa.
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