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Abstract: Production of IL2 by CD4* T cells is shown to
be suppressed in pregnant women infected by bacteria
such as Salmonella typhi. Elephantopus scaber and
Sauropus androgynus may be used as herbal supplement
to ameliorate this condition. This study aimed to
investigate the efficacy of E. scaber and S. androgynus
formulation to promote lymphoid proliferation and CD4
cytokine productions. The pregnant mice were randomly
divided into seven experimental groups: K- (control), K+
(with S. typhi), P1 (S. typhi + E. scaber 100%), P2 (S. typhi
+ E. scaber 75% and S. androgynus 25%), P3 (S. typhi
+ E. scaber 50% and S. androgynus 50%), P4 (S. typhi +
E. scaber 25% and S. androgynus 75%), and P5 (S. typhi
+ S. androgynus 100%). FACS analysis was done on day
18. Typhoid fever caused decreasing IL-2 and IFN-y and in
contrast increasing IL-4 production. In this experiment we
clearly showed that typhoid fever decreased the amount
of CD4 T cells but rather increased the amount of B cells.
Formulation of E. scaber and S. andogynus was able to
ameliorate the condition by increasing IL-2, IFN-y, CD4 T
cells and decreasing both IL-4 cytokine production and
the amount of B cells.
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1 Introduction

Elephantopus scaber (tapak liman) is one of the traditional
herbal medicines used to treat certain diseases. Ethanol
extract of the leaves can stimulate wound healing
activity in mice is characterized by decreasing chronic
inflammatory cells, reduced swelling and increased
collagenation [1]. Stigmasterol serves to stimulate naive
CD4+ T cells to differentiate into Thl or Th2 cells. In
addition, Sauropus androgynus (katuk) is also often used
as an herbal medicine. Chemical compounds contained
in S. androgynous are saponin, flavonoid, and tanin.
Flavonoid is a polyphenolic compound known to have
properties as a free-radical, hydrolysis and oxidative
enzyme inhibitor, and works as an anti-inflammatory
agent [2]. Saponins and flavonoids have long been
known to have efficacy as an immunomodulator that can
modulate the immune system, especially in increasing the
proliferation of immune cells [3].

Pregnant women have changes in the immune system
response due to the implantation of an embryo which is
basically non-self antigen. Immunological recognition
of pregnancy is vital for the maintenance of pregnancy,
and inadequate recognition of fetal antigens may cause
abortion [4]. These changes make pregnant women more
susceptible to pathogen infection. A recent case of typhoid
fever in the first trimester of pregnancy demonstrated that
Salmonella enterica serotype typhi (S. typhi) could be one
of the other pathogens on the TORCH list of pathogens [5].
Fetal loss occurred at 16 weeks with S. typhi found in the
fetus at autopsy [6].

However some pathogenic bacteria have the ability to
suppress the production of IL-2 cytokine by CD4+ T cells.
This strategy is done to prevent rapid T cells proliferation so
that the response of the immune system to bacterial invasion
is weakened. IL-2 exerts its effects on many cell types in the
immune system, especially the T lymphocyte cells [7]. IL-2
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also acts to stimulate NK cells [8]. The major activities of
IL2 cytokine in CD4+ T cells are to induce development
of antigen-specific clones via both proliferative and anti-
apoptotic mechanisms, increase the production of other
cytokines such as IFN-y and decrease cytokines that are
produced by Th2 such as IL-4, IL-5, IL-6, and IL-10 [9].

Until now, herbal medicines have been chosen as a
safer treatment option during pregnancy because they
have no teratogenic effects like antibiotics. As described
before, E. scaber and S. androgynus have the potential as
therapeutic herbal supplements during pregnancy. The
combination of both supplements is suspected to lead
to a synergistic effect in stimulating the immune system
through increased secretion of IL-2 by CD4* T cells, which
is a growth factor for immune cells. Our recent finding
demonstrated that E. scaber combined with Polyscias
obtusa significantly increased immune activity, especially
CD4* T cells, CD8" T cells, and TER119* [10]. Based on
that, in this study we want to investigate the effectiveness
of the formulation of E. scaber when combined with
S. androgynus on the secretion of IL-2 by CD4* T cells and
its effect on the secretion of the other cytokines such as
IFN-y and IL-4, and lymphocyte cell proliferation.

2 Material and Methods

2.1 Plant material

Fresh leaves of E.scaber and S.androgynus were collected
from Balai Materia Medica Batu, Malang, Indonesia
during August 2014. The leaves were identified by the
Taxonomist of Balai Materia Medica Batu, Malang,
Indonesia. Elephantopus scaber and Sauropus androgynus
fresh leaves were air-dried at room temperature. 1 kg of the
air-dried leaves of the plant was milled into powder. The
powder of each leaf was macerated in 70% ethanol at room
temperature for 24 h. The ethanol extract soluble of each
plant was concentrated under reduced pressure at 50°C in
a vacuum pump evaporator. Crude plant ethanol extract of
each plant was weighed in accordance with predetermined
formula and dissolved in mineral water for use on each day
of experiments. The initial dose of E. scaber was 200 mg/kg
BW (body weight) and S. androgynus was 150 mg/kg BW.

2.2 Animals

Experimental animals in this study were 8 weeks old female
Balb/C mice, pathogen free, and 5 days pregnant from Gadjah
Mada University, Indonesia. The animals were housed
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in a pathogen free chamber under standard laboratory
conditions of temperature, humidity, and light. The animals
were given free access to food (standard mice pellets) and
mineral water ad libitum. The pregnant mice were randomly
divided into seven experimental groups of 5 mice each:
Group K- (without S. typhi infection or pregnant and healthy
mice as a control), Group K+ (S. typhi infection of pregnant
mice with typhoid fever), Group P1 (S. typhi infection + 100%
of E. scaber), Group P2 (S. typhi infection + 75% of E. scaber
and 25% of S. androgynus), Group P3 (S. typhi infection + 50%
of E. scaber and 50% of S. androgynus), Group P4 (S. typhi
infection + 25% of E. scaber and 75% S. androgynus), and
Group P5 (S. typhi infection + 100% of S. androgynus). All the
animals were treated for 18 days and still allowed free access
to food and mineral water.

2.3 Induction of experimental typhoid fever

Typhoid fever was induced by intraperitoneal injections
of S. typhi bacteria at a dose of 10’ CFU in 0.5 mL solvent.
The isolate of S. typhi was collected from Microbiology
laboratory, Faculty of Medicine, Brawijaya University,
Malang, Indonesia.

2.4 Cellisolation

Spleen was isolated and washed twice with PBS. Cells
were isolated from spleen by crushing spleen in
PBS. Homogenates of cells were centrifuged at a speed
of 2500 rpm, at 10°C, for 5 minutes. Supernatant was
discarded while the pellet was being resuspended in 1 ml
of PBS.

2.5 Flow cytometry analysis

Spleen cell suspensions were divided into two microtubes
A and B with as much as 100 pl to each microtube. Both
A and B microtubes were centrifuged with the speed of
2500 rpm at 10°C for 5 minutes. Supernatant was discarded
and the pellets were stained with antibodies. The 2 types
of dye combinations used were: dye A: FITC-conjugated
rat anti-mouse CD4, PE-conjugated rat anti-mouse IFN-y,
and PE/Cy5-conjugated rat anti-mouse IL-2; dye B: FITC-
conjugated rat anti-mouse CD4, PE-conjugated rat anti-
mouse B220, and PE/Cy5-conjugated rat anti-mouse IL-4.
Cells were stained with extracellular antibodies first and
then incubated for 20 minutes at 10°C. Subsequently,
the cells added with a fixative solution cytofix/cytoperm
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as much as 50 pl and incubated for 20 minutes at 10°C.
Residual of fixative solution was removed by washing
solution washperm as much as 500 pl and then
centrifuged at a speed of 2500 rpm at 10°C for 5 minutes.
Supernatant was discarded while the pellets were stained
with intracellular antibodies (IFN-y, IL-2 or IL-4) then
incubated for 20 minutes at 10°C. The incubated cells were
added with 500 pl of PBS. Each sample was transferred
into a flow cytometry cuvette and then analyzed by flow
cytometer.

2.6 Data analysis

Data were analyzed by BD Cell Quest PRO™ software
then tabulated and analyzed statistically. The statistical
analysis used a parametric one-way ANOVA analysis with
a significance level of p < 0.05%, followed by the Tukey’s
test. Statistical analyses were done by SPSS version 16 for
Windows.

3 Result

3.1 Intracellular expression level of IL-2
cytokine that produced by CD4+ T cells

As shown in figure 1, typhoid fever induced by S. typhi
intraperitoneal caused a significant decrease of IL-2
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produced by CD4* T cells (25.77%) (p < 0.05) compared
to the control (60.58%). Oral administration of E. scaber
and S. androgynus extract with formulas (P1-P5) for 18
days significantly increased the number of the cytokine
IL-2 produced by CD4+ T cells (p < 0.05) as compared to
K+ group. The highest increase occurred in P5 treatment
with the formula of 100% S. androgynus and the lowest in
P3 treatment with the formula 50% of E. scaber and 50%
of S. androgynus. However, the five treatments of extract
all indicated that the number of IL-2 was not significantly
different (p < 0.05) than control (Figure 1). To confirm the
changes of IL-2 cytokine we also checked other parameters
that were affected by the presence of the IL-2 cytokine,
which will be discussed in the next section.

3.2 The relatives number of CD4+ T lympho-
cytes cells and intracellular IFN-y cytokine

CD4* T cells and IFN-y cytokine are the two parameters
that have a positive correlation with the presence of IL-2
cytokine. This study proved that changes in the number
of IL-2 cytokine gave a concrete impact on CD4* T cells
and IFN-y cytokine. Figure 2 showed that the decrease of
IL-2 in K+ impacts the number of CD4* T cells significantly
(p < 0.05) compared to those healthy mice (K-). The relative
number of CD4+ T cells increased significantly (p < 0.05)
in all treatments (P1 to P5) compared to K+ treatment. The
P2 and P3 treatments indicated the number of CD4+ T cells

Figure 1 The intracellular expression levels of IL-2 cytokine produced by CD4* T cells in all treatments. P1=100% E. scaber; P2 = 75%
E. scaber : 25% S. androgynus; P3 = 50% E. scaber : 50% S. androgynus; P4 = 25% E. scaber : 75% S. androgynus; P5 = 100% S. andro-
gynus. On day 18, mice were dissected, splenocyte cells were stained by intracellular staining then analyzed by flowcytometry. Data were

mean * SD values of 5 mice in each group with p value < 0.05.



214 — M. Sasmito Djati, et al.

DE GRUYTER OPEN

Figure 2 The relative number of CD4* T lymphocyte cells in all treatments. P1=100% E. scaber; P2 = 75% E. scaber : 25% S. androgynus; P3
=50% E. scaber : 50% S. androgynus; P4 = 25% E. scaber : 75% S. androgynus; P5 = 100% S. androgynus. On day 18, mice were dissected,
splenocyte cells were stained by extracellular staining then analyzed by flowcytometry. Data presented is mean + SD values (0.78, 2.74,
1.44, 0.48, 3.35, 6.23, 3.96) of 5 mice in each group with p value < 0.05. Notation letters printed on each bar showed the significant diffe-

rence between the investigated groups.

Figure 3 The intracellular expression levels of IFN-y cytokine produced by CD4* T cells in all treatments. P1=100% E. scaber; P2 = 75%
E. scaber : 25% S. androgynus; P3 = 50% E. scaber : 50% S. androgynus; P4 = 25% E. scaber : 75% S. androgynus; P5 = 100% S. andro-
gynus. On day 18, mice were dissected, splenocyte cells were stained by intracellular staining and then analyzed by flowcytometry. Data
presented is mean + SD values of 5 mice in each group with p value < 0.05.

which were not significantly different (p > 0.05) in the
healthy mice group (K-), while P1, P4, and P5 treatments
were significantly different (p < 0.05).

Furthermore, figure 3 showed that IFN-y cytokine
had a change similar to the IL-2 cytokine. In the typhoid

fever group without extract administration (K+), the IFN-y
cytokine decreased significantly (p < 0.05) compared to the
control group or healthy mice. Oral administration of the
extract with formulation P1 to P5 all showed an increase
in the number of IFN-y cytokine significantly different
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(p <0.05) with K+ group. P1, P3, P4 and P5 groups indicated
the number of IFN-y cytokine was not significantly
different (p > 0.05) with the control group (healthy mice),
whereas P2 was significantly different (p < 0.05).

3.3 The intracellular expression level of IL-4
cytokine produced by CD4+ T and the relative
number of B lymphocyte cells

Another case with the CD4* T lymphocytes and IFN-y
cytokine, IL-4 cytokine and B lymphocytes cells (B220*) are
the two parameters which have a negative correlation with
the IL-2 cytokine. This study proved that during typhoid
fever the expression level of IL-4 cytokine produced by
CD4* T cells increased significantly (p < 0.05) compared to
control. In the combination of E. scaber and S. androgynus
leaves extract (P1 until P5) the number of IL-4 cytokine
decreased significantly (p < 0.05) compared with the K+
group (Figure 4).

IL-4 is a cytokine that plays a role in the activation of B
lymphocyte cells (B220*), particularly in the differentiation
of IgG1 and IgE synthesis which plays a role in allergic
responses. Figure 5 showed that S. typhi infection caused
a significant increase of B220* cells (p < 0.05) compared to
control. In P1 to P5 treatment, the relative number of B220*
cells decreased significantly (p < 0.05) when compared to
the K+ group.
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4 Discussion

A unique immune condition during pregnancy can cause
pregnant women to be more susceptible to infection
including Salmonella infections. Our finding proved
that typhoid fever caused by S. typhi infections during
pregnancy led to a decrease of IL-2 cytokine that normally
plays an important role in the immune system. In general,
Salmonella has many strategies to evade both the innate
and adaptive immune system. In the innate immune
system, Salmonella evades the oxygen killing mechanisms
of macrophages by disrupting NADPH oxidase and iNOS
trafficking to the SCV. Salmonella also alters chemokine
receptor expression on dendritic cells. As we know,
dendritic cells (DCs) are one of the expert antigen
presenting cells and necessary for naive T cell activation
[11,12]. In the adaptive immune system, the strategy used
to prevent T cell activation is reduction of Salmonella
antigens such as flagellin after the initial steps of bacterial
entry [13,14]. This failure of T cell activation causes the
least amount of IL-2 cytokine secretion because IL-2 will
be secreted by the activated CD4* T cells.

CD4* T cells (T helper cells) consist of two distinct subsets
termed Th1 and Th2. It is defined by their cytokine secretion.
Thl cells produced and secreted IL-2, IFN-y, and TNF-B
cytokines. While Th2 cells produce and secrete IL-4, IL-5,
IL-6, IL10 and IL-13 cytokines. Th1 and Th2 work alternately.
Cytokines produced by Thl will have an impact on the

Figure 4 The intracellular expression levels of IL-4 cytokine produced by CD4* T cells in all treatments. P1=100% E. scaber; P2 = 75%
E. scaber : 25% S. androgynus; P3 = 50% E. scaber : 50% S. androgynus; P4 = 25% E. scaber : 75% S. androgynus; P5 = 100% S. androgy-
nus. On day 18, mice were dissected, splenocyte cells were stained by intracellular staining and then analyzed by flowcytometry. Data were

mean + SD values of 5 mice in each group with p value < 0.05.
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proliferation of Thl and increase its cytokine production,
which inhibits proliferation of Th2 including its activity in
producing cytokines. That’s why in typhoid fever when IL-2
is decreased, CD4" T cells and IFN-y is also decreased, while
IL-4 cytokine and B220" cells are increased.

Herbal medicine has long been used as the treatment
during infection in pregnancy because the use of
antibiotics can lead to teratogenic effects. In this study,
we investigated the possible effectiveness of formulation
of E. scaber and S. androgynus in modulating the immune
system during pregnancy especially in promoting IL-2
secreted by CD4+ T cells. This study demonstrated that all
of the formulations that we made have a significant impact
in increasing the number of IL-2 cytokine, CD4* T cells,
and IFN-y cytokine during typhoid fever in pregnancy.
As described before, E. scaber contains triterpenoids
lupeol, sesquiterpene lactones (deoxyelephantopin,
isodeoxyelephantopin, 17.19-dihydrodeoxyelephantopin,
scabertopin isoscabertopin and elescaberin), fatty acid
esters (ethyl hexadecanoate, ethyl-9, 12-octadecadienoate,
ethyl- (Z) -9-octadecenoate and ethyl octadecanoate),
stigmasterol, stigmasterol glucoside, alkaloids, aurones
(one type of flavonoid), chalcones and phenolic
compounds in small quantities [15]. Sauropus androgynus
contains tannins, saponins, flavonoids and alkaloids
papaverine which shows potential as a natural medicine.
Some of these compounds have long been known as
immunomodulators, especially flavonoids and saponin.
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Flavonoid and saponin can modulate the immune system,
especially in increasing the proliferation of immune cells
[3]. High levels of flavonoids and alkaloids in E. scaber
enable this plant to function as an anti-oxidant that is
capable of controlling the activity of nitrix oxide (NO)
[16]. Furthermore, flavonoids have the ability to trigger the
activity of MAPK that can stimulate an increase of IL-2 [17].

IL-2 is a growth factor for immunocompetent cells
which can increase the concentration of cyclin D2, E,
and A, that plays an important role in the cell cycle. After
passing through S phase, cyclin A binding will bind to Cdk1
to regulate cell transition from S to G2 [18]. Cyclin A-Cdk1
complex causes chromatin condensation that is needed
for cell division [19]. This causes immunocompetent cells,
especially CD4* T cells, to proliferate actively. Formulation
P4 (25% E. scaber : 75% S. androgynus) and P5 (100%
S. androgynus) results in the highest increase of CD4* T
cells. Nevertheless, it was not a strong enough effect to
shown significant difference from controls. It remains
possible that the higher number of cells as compared to
controls may be due to reactive cells. Formulation P2 (75%
E. scaber : 25% S. androgynus) and P3 (50% E. scaber : 50%
S. androgynus) produced the optimal effect on CD4* T cells
proliferation despite not showing significant difference
from controls.

CD4* T cells once activated by IL-2 will both proliferate
and produce IFN-y, thus the number of IFN-y cytokines will
increase. Moreover, IFN-y cytokines will also stimulate T

Figure 5 The relatives number of B220* T lymphocyte cells in all treatments. P1=100% E. scaber; P2 = 75% E. scaber : 25% S. androgy-

nus; P3=50% E. scaber : 50% S. androgynus; P4 = 25% E. scaber : 75% S. androgynus; P5 = 100% S. androgynus. On day 18, mice were
dissected, splenocyte cells were stained by extracellular staining then analyzed by flowcytometry. Data presented is mean + SD values (2.39,
20.45, 0.63, 0, 2.08, 3.42, 0.75) of 5 mice in each group with p value < 0.05. Notation letters printed on each bar showed the significant

difference between the investigated groups.
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cells to differentiate into CD4* T cells. IFN-y can stimulate
the up-regulation of MHC-II expression so that more naive T
cells differentiate into CD4* T cells [20, 21]. IFN-y cytokines
will both stimulate macrophages to control bacterial,
in this case S. typhi, replication via the iNOS response
and production of complement-fixing and -opsonizing
antibodies [22]. This innate activation of T cells plays a key
role in strengthening the effector function in cytokines
production at sites of infection, especially when the
pathogen can inhibit antigen presentation [23]. Moreover,
IFN-y cytokines can stimulate phagocytosis [24,25], the
oxidative burst [26], and intracellular killing of microbes
[27,28]. Patients with defects in the IFN-y, IL-12, or IL-12-
receptor genes are unable to produce IL-12 and/or IFN-y
and as a result have developed severe infections caused
by Salmonella [29,30]. The increase of IFN-y cytokines is
not only caused by IL-2 but also saponin contained in both
E. scaber and S. androgynus. Saponin has the ability to
increase IFN-y cytokines [31]. The optimum formulations
of E. scaber and S. androgynus were P1 (100% E. scaber),
P3 (50% E. scaber : 50% S. androgynus), P4 (25% E. scaber
: 75% S. androgynus), and P5 (100% S. androgynus) which
did not show significant difference compared to healthy
pregnant mice.

Naive T cells and Th1 cells absolutely require IL-2 for
activation and proliferation [32]. However, Th2 cells are
perfectly capable of proliferating without IL-2 if IL-4 is
present, which is convenient for them since they secrete
large quantities of IL-4 [33,32]. IL-4 cytokine can inhibit
the secretion of IL-12 and IFN-y [34,35,36]. IL-4 also
inhibits phagocytosis and intracellular killing [37,38],
and suppresses inflammatory cytokine production [39].
In the E. scaber and S. androgynus treatment, the number
of IL-4 cytokine and B220* decrease. It is caused by the
increase of IFN-y cytokine. The IFN-y cytokine secreted
by Thi cells directly suppresses IL-4 secretion and thus
inhibits differentiation of naive ThO cells into Th2 cells
[40-42]. In typhoid fever, the relative number of B220* cells
increase because IL-4 can activate B cell proliferation.
Furthermore, IL-4 also provides optimal support for
antibody production, and class-switching, and promotes
both mast cell growth and eosinophil differentiation and
activation resulting in humoral or allergic responses [43-
45].

5 Conclusion

Based on our study, we conclude that the formulation
of E. scaber and S. androgynus was able to modulate
the immune system via promoting IL2 cytokines in

Herbal Supplement Formula of Elephantopus scaber and Sauropus androgynus... = 217

pregnancy during typhoid fever. This condition made
the relative number of CD4* T cells and the production
of IFN-y cytokines increase while the expression level of
IL-4* cytokine and B220* lymphocyte cells decreased. The
formulation of E. scaber and S. androgynus that gave the
optimum effect in all investigated parameters was P3 (50%
E. scaber : 50% S. androgynus) which was not significantly
different compared to healthy pregnant mice.
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