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Abstract

regulatory T cells.

expression of CD25% and upregulation of FoxP3 gene.

autoimmune diseases.

Background: ECa 233 is a standardized extract of C. asiatica containing the triterpenoid glycosides, madecassoside
to asiaticoside in the ratio of (1.5 +0.5):1. Anti-inflammatory activities of ECa 233 have been reported; however the
immunomodulatory effects of ECa 233 on regulatory T cells, which have a pivotal role in immune regulation, has
not been elucidated. Therefore, we investigated the effects of ECa 233 on regulatory T cells that may provide
benefits in autoimmune and chronic inflammatory diseases.

Methods: ECa 233 was prepared as oral suspension in 0.5% carboxymethylcellulose and administered to male
Wistar rats via oral gavage. The pharmacokinetics and toxicity of ECa 233 were evaluated. Splenic lymphocytes were
isolated and analyzed by flow cytometry and gPCR to determine the immunomodulatory effects of ECa 233 on

Results: All rats had good tolerability to ECa 233 and other test preparations. The pharmacokinetic study showed
low oral bioavailability for both triterpenoids, with the maximum plasma concentration reached at 4 h for
asiaticoside and at 0.5 h for madecassoside. Multiple oral administration of ECa 233 reduced the frequency of T
cells, particularly CD8 T cells in rats. ECa 233 enhanced the percentage of regulatory T cells, characterized by high

Conclusions: The present study demonstrated that ECa 233 possesses immunosuppressive properties by
enhancing regulatory T cells. These results provide in vivo evidence for the anti-inflammatory action of ECa 233, in
line with previously reports, and the potential uses of ECa 233 in the treatment of chronic inflammatory and

Background

The immune system plays a critical role in the preven-
tion of cancer and infectious diseases. However, dysregu-
lation of the immune function is related to chronic
inflammation and autoimmune diseases. To control im-
mune homeostasis, multiple mechanisms are involved.
Regulatory T cells (Tregs), a CD4 T-cell subset with im-
munosuppressive function, play a crucial role in
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regulating immune homeostasis and self-tolerance. Nat-
ural Tregs (nTregs) arise from the CD4" thymocytes in
the thymus [1], whereas peripheral naive CD4 T cells
can be differentiated into inducible Tregs in the pres-
ence of certain cytokines such as tumor growth factor-
(TGE-B) and interleukin-2 (IL-2) [2]. Tregs exhibit high
surface expression of CD25 [3]. The transcription factor
FOX head P3 (FoxP3) is a major regulator of the devel-
opment and function of Tregs, in which mutation of the
FoxP3 gene results in severe autoimmune disease [4].
Given the pivotal role of Tregs in immune regulation,
adoptive transfer of Tregs provides therapeutic benefits
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in autoimmune and chronic inflammatory diseases such
as multiple sclerosis, collagen-induced arthritis and type
1 diabetes [5-7]. In addition, several herbal medicines
have been shown to reduce chronic inflammation and
ameliorate autoimmune diseases by selective increases in
Tregs [8—10].

C. asiatica (L.) Urban, the plant commonly found in
tropical and temperate zones around the world, has been
widely used in traditional medicine due to various health
benefits, including learning and memory enhancement,
wound healing, and anti-inflammation [11-14]. The ac-
tive components of C. asiatica extracts are mainly triter-
penoid glycosides madecassoside and asiaticoside [15].
To avoid variation in the compositions of the bioactive
compounds, standardized extract ECa 233 was devel-
oped to control the amount of triterpenoid glycosides at
>80% with a constant of madecassoside to asiaticoside
ratio of (1.5+0.5) to 1 [16]. The standardized extract
ECa 233 has been studied for its pharmacological activ-
ities in cognitive function [17, 18] and hepatoprotective
effect [19]. Previous in vitro studies have also demon-
strated that ECa 233 inhibits proinflammatory mediators
and cytokines including ROS, NO, TNF-a, and IL-1f in
LPS-stimulated macrophages and keratinocytes [20].
However, the effects of ECa 233 in immune modulation
and Tregs generation have not been elucidated.

In our pharmacokinetic experiments of ECa 233 dur-
ing 2016-2018, we consistently observed the accumula-
tion of the two-triterpenoid glycosides in rat spleens
with an approximate 10—100 fold of spleen to plasma ra-
tio [21, 22], suggesting potential in vivo immunological
effects of these compounds. This is also supported by
traditional uses of C. asiatica in Thailand as an anti-
inflammatory agent [23] and previous literatures show-
ing immunomodulatory effects of alcoholic extracts of
C. asiatica in rodents [24, 25]. In the present study, we
aim to investigate in vivo immunological effects of ECa
233. The standardized extract ECa 233 was prepared as
oral suspension and pharmacokinetic profiles as well as
animal tolerability were also determined. Information
obtained from this study will provide important evidence
to confirm the ethnopharmacological knowledge of the
use of the immunomodulatory actions of C. Asiatica.

Methods

Animals

Eight-week-old male Wistar rats were purchased from
Nomura Siam International Co., Ltd, Bangkok,

Thailand). Prior to the experiments, the rats were accli-
matized for 2 weeks at a controlled temperature at 24 +
2°C and 40-60% humidity, a 12-h dark-light cycle with
ad libitum access to food and water. All animal proce-
dures were approved by the Institutional Animal Care
and Use Committee of the Faculty of Pharmaceutical
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Sciences, Chulalongkorn University (approval no. 19—
33-001, date of approval, April 1, 2019).

Materials

Standardized extract ECa 233 powder was provided by
Siam Herbal Innovation Co., Ltd., Bangkok, Thailand.
The standardized extract contained 50% madecassoside
and 40% asiaticoside, as determined by liquid chroma-
tography tandem mass spectrometry (LC-MS/MS). Ana-
lytical standard asiaticoside (purity >98.5%) was
purchased from Sigma-Aldrich Corp, USA and madecas-
soside (purity >96.7%) from Chromadex Corp, USA.
Glycyrrhetinic acid (purity >98.0%) as internal standard
(IS) for LC-MS/MS analysis was purchased from Wako
Pure Chemical Industries, Ltd., Japan. Dimethyl sulfox-
ide (DMSO) and carboxymethyl cellulose (CMC) used as
a suspending agent were purchased from Sigma-Aldrich
Corp., USA.

Animal experiment

Rats, weighing more than 400 g, were put in metabolic
cages and fasted overnight with free access to water be-
fore experiments. The animals were divided randomly
into four groups (1 = 6 in each) control, and treated with
ECa 233,100 mg/kg via oral gavage, or with pure made-
cassoside 5.0mg/kg or pure asiaticoside 4.0 mg/kg via
intravenous administration. The intravenous prepara-
tions were freshly dissolved in 20% DMSO/NSS for in-
jection. The oral preparations were freshly prepared by
suspending the test compound in 0.5% CMC. To reduce
pain and injury during drug administration and blood
collection, rats were anesthetized with 5% isoflurane by
chamber induction. Serial blood samples (300 uL) were
collected at 0, 5, 15, and 30 min, and at 1, 2, 4, 8, and 24
h after dosing. Blood samples were centrifuged at 5000 g
for 10 min, and plasma was collected and stored at -
20°C until analysis. Determination of aspartate trans-
aminase (AST), alanine transaminase (ALT), and cre-
atinine levels were performed at pre-dosing, and at O h
and 24 h after dosing. Creatinine level was determined
by enzymatic Roche Cobas 6000 analyzer. In this enzym-
atic method creatinine is converted to creatine under
the activity of creatininase. Creatine is then acted upon
by creatinase to form sarcosine and urea. Sarcosine oxi-
dase converts sarcosine to glycine and hydrogen perox-
ide, and the hydrogen peroxide reacts with chromophore
in the presence of peroxidase to produce a color product
that is measured at 546 nm (secondary wavelength = 700
nm). This is an endpoint reaction that agrees well with
recognized HPLC methods, and it has the advantage
over Jaffe picric acid-based methods that are susceptible
to interferences from non-creatinine chromogens. For
tissue collection, the rats was euthanized with isoflurane
after oral dosing the test compound at 100 mg/kg for 7
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days. After the dead was confirmed, spleen and blood
were immediately collected, washed with normal saline
solution, and send to immunology laboratory for further
experiments. The control group received oral gavage of
0.5% CMC as vehicle control. All animal procedures
were complied with the ethical principles and guidelines
for the use of animals (National Research Council of
Thailand, 2015).

Determination of triterpenoids in biological samples
Protein precipitation by methanol was applied for prep-
aration of LC-MS/MS samples. Briefly, plasma sample
(50 uL) was mixed with 200 pL of methanol containing
10 ng of IS. The mixture was centrifuged at 10,000 g for
10 min and 10 pL of supernatant then injected for ana-
lysis by the LC-MS/MS system. Validation of the bioana-
lytical method of bioactive triterpenoid determination
was based on previous study by our groups [26]. In brief,
LC-MS/MS was performed on a Nexera ultra high-
performance liquid chromatograph and 8060 triple
quadrupole mass spectrometers (Shimadzu Co., Ltd,
Japan). The stationary phase was Synergi Fusion-RP C18
column (Phenomenex Inc, USA) with 40°C oven
temperature. The mobile phase was 100% methanol and
0.2% formic acid in water with gradient elution. The
flow rate was 0.5 mL/min and the volume of injection
10 uL. The analysis was conducted in a negative mode
with mass-to-charge ratios of madecassoside, asiatico-
side, and glycyrrhetinic acid of 973.40/503.30, 957.40/
469.20, and 469.35/409.40, respectively.

Splenocytes isolation

Spleens were harvested from rats administered with ECa
233 or vehicle control (control group) and prepared in
an aseptic condition. Briefly, the spleens were minced
and mashed through a cell strainer (100 um) using a 5-
mL syringe to obtain a homogeneous cell suspension.
The contaminating erythrocytes were lysed using 1X
Red Blood Cell lysis buffer (BioLegend, USA). The cell
pellets were washed twice with PBS and resuspended in
complete medium (Roswell Park Memorial Institute
(RPMI) 1640 Medium containing 10% fetal bovine
serum (FBS) for further analysis. The viability of spleno-
cytes was determined using trypan blue dye with a result
of more than 95% viability.

Flow cytometry

Freshly isolated splenocytes were washed and resus-
pended in PBS containing 1% FBS. The cell pellets were
incubated with fluorochrome-conjugated antibodies for
20 min at 4°C and washed twice with PBS (1% FBS).
The following monoclonal antibodies were used: PE
anti-rat CD45RA antibody, APC anti-rat CD3 antibody,
PEcy7 anti-rat CD antibody, PE anti-rat CD8 antibody,
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and FITC anti-rat CD25 antibody. All antibodies were
obtained from BioLegend, USA. Samples were acquired
and analyzed with BD Accuri C6 Plus Flow Cytometer
(BD Biosciences, USA).

Real time RT-PCR

Total RNA was extracted from the frozen spleen sec-
tions using RNeasy Mini Kit (Qiagen, Germany) and
converted into ¢cDNA using QuantiTect Reverse Tran-
scription Kit (Qiagen, Germany). The synthesized cDNA
was used as the template to determine the relative ex-
pression of immune related genes including Ifng I/2,
Il17a, 1110, Foxp3, Tgfb. The quantitative RT-PCR was
performed with a StepOne plus RT-PCR using Lunar
Universal qPCR Master Mix (New England BioLabs,
USA). The mRNA expression of candidate genes was
normalized to the expression level of B-actin and pre-
sented as relative quantification using the calculation of
2744Ct The primers used in the experiments are listed in
the table below:

Gene Forward (5'-3") Reverse (5'-3')

IFN-y GCCCTCTCTGGCTGTTACTG CCAAGAGGAGGCTCTTTCCT
IL-2 AAACTCCCCATGATGCTCAC GAAATTTCCAGCGTCTTCCA

IL-17A CCATCCATGTGCCTGATGCT AAGTTATTGGCCTCGGCGTT

IL-10 CGACGCTGTCATCGATTTCTC CAGTAGATGCCGGGTGGTTC
FoxP3 TCATGGGCCCTCAAAGTTAC GTGTGGTTTTCTGGGATGCT

TGFB CTTTGTACAACAGCACCCGC TAGATTGCGTTGTTGCGGTC

Proliferation assay

Freshly isolated splenocytes were resuspened in RPMI
1640 culture media containing 10% FBS and seeded in
96-well plates at 5 x 10* cells per well. The splenocytes
were then stimulated with either 5mg/mL of LPS
(Sigma-Aldrich, USA) or 5mg/mL of Concanavalin A
(Sigma-Aldrich, USA) for 72h at 37°C in 5% CO,. The
cell viability was assessed using the WST-1 assay (Roche
Diagnostics, Switzerland) according to the manufac-
turer’s instructions.

Pharmacokinetic and statistical analyses

All pharmacokinetic parameters were computed by non-
compartmental analysis using PK Solution 2.0 software
(Summit Research Service, USA). The pharmacokinetic
parameters were reported as maximal plasma concentra-
tion (Cpyay), time to reach maximal plasma concentration
(Tpax), area under the curve from time 0 to 24h
(AUCy.(), area under the curve from time O to infinity
(AUC.inf), mean resident time (MRT), volume of distri-
bution (Vd), total clearance (CL), and elimination half-
life (T1,,). The absolute oral bioavailability was calcu-
lated as (AUCp.o. + dose p.o.) + (AUCiv. + dose iv.).
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Pharmacokinetic data are presented as mean + standard
deviation. Blood chemical parameters were analyzed by
Mann—Whitney U-test to compare the significance of
differences between pre-dosing and 24 h post-dosing,
with a p-value of less than 0.05. All statistical analyses
were calculated using SPSS version 16 (SPSS, Inc., USA).
Pharmacodynamic results are presented as mean +
standard error of mean (SEM). The data were analyzed
with an unpaired Student’s t-test. A p-value of <0.05
was considered statistically significant.

Results

In vivo tolerability of standardized extract ECa 233

In order to study the immunomodulatory effects of ECa
233 in vivo, we first evaluated the tolerability and
pharmacokinetics of standardized extract ECa 233.
Figure 1 illustrates the molecular structures of the
bioactive triterpenoid glycosides in ECa 233, including
asiaticoside and madecassoside. The doses of pure
triterpenoid glycosides were calculated based on the
percentage labeled amount of ECa 233, as mentioned in
Materials and Methods. Table 1 shows the result of
tolerability after the administration of the compounds
for 24 h. The animals presented good tolerability with
normal physical appearance. The levels of liver enzymes,
including AST and ALT, were also within the normal
range and no significant differences were observed
between ECa 233 and the pure compounds, or between
before and after administration. In addition, the animals
exhibited normal kidney function as there was no
significant alteration in creatinine levels after treatment.

0
\R2
HO
0]
HO
Ry
OH
Asiaticoside Ri=H R,= Glu - Glu - Rha

Madecassoside R;=0OH R;=Glu-Glu-Rha

Fig. 1 Chemical structure of triterpenes from Centella asiatica (Glu:
glucose, Rha: rhamnose)
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Pharmacokinetics of standardized extract ECa 233

We next analyzed the plasma concentration—time profile of
oral ECa 233. The mean plasma concentrations of
asiaticoside and madecassoside were analyzed over time after
the administration of ECa 233 or the pure compounds, as
shown in Fig. 2. Intravenous injection of pure asiaticoside or
madecassoside showed maximum plasma levels of
approximately 3000 pg/L and 10,000 pg/L, respectively. The
plasma concentrations decreased gradually to approximately
10 pg/L at 8h after dosing (Fig. 2a and b). The plasma
concentration—time profile of oral administration of ECa 233
also exhibited a rapid gastrointestinal absorption with the
detection of both triterpenoid glycosides within 5 min after
oral dosing. However, the maximum plasma levels (C,,,,) of
asiaticoside and madecassoside after oral administration of
ECa 233 were 147.84 + 62.82 ug/L and 121.24 + 11332 pg/L,
respectively. The T, was reached at 4h for asiaticoside
and at 0.5 h for madecassoside (Fig. 2c and d). The complete
pharmacokinetics ~ parameters  derived from  non-
compartmental analysis of concentration—time profile after
oral administration of ECa 233 and pure compounds are re-
ported in Table 2. The absolute oral bioavailability of ECa
233 was 2.36% for asiaticoside and 1.58% for madecassoside.

Effects of ECa 233 on splenic lymphocytes

In the present study, we sought to investigate the effects
of ECa 233 on splenic lymphocytes. We first examined the
proliferative responses of splenocytes obtained from rats
treated with ECa 233. The splenocytes were isolated and
freshly stimulated with Con A or LPS. The proliferative
response was measured by using WST-1 assay. We ob-
served no significant differences on the mitogenic re-
sponses of splenocytes between the control and ECa 233-
treated groups. We next analyzed the subsets of spleno-
cytes from rats treated with ECa 233. As shown in Fig. 3a
and b, the percentage of CD45RA™ B cells was increased
in the splenocytes of rats receiving ECa 233 treatment
compared to the vehicle group, but this was not statisti-
cally significant. However, ECa 233 significantly reduced
the proportion of CD3" T cells in the rat splenocytes
(38 £1.9 vs 44 + 3.1, ECa 233 vs control, p < 0.05). Further
phenotypic analyses of T-cell subsets showed that oral ad-
ministration of ECa 233 increased the percentage of CD4"
T cells and reduced the percentage of CD8" T cells in the
spleen (Fig. 4a and b), resulting in a higher ratio of CD4 to
CD8 with ECa 233 treatment. These results suggested that
ECa 233 modulates cellular immunity in vivo.

ECa 233 enhances the frequency of splenic regulatory T
cells

As an increase in the proportion of splenic CD4" T cells
with ECa 233 treatment was observed, we next
investigated the effects of ECa 233 on the frequency of
regulatory T cells (Tregs). Previous studies have shown
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Table 1 Physical appearance and biochemical profiles of pre-dose vs. post-dose. Data are shown as mean + SD (n = 6; *P < 0.05)

Compounds Route Physical appearance Creatinine (mg/dL) AST (U/L) ALT (U/L)
Pre-dose Post-dose Pre-dose Post-dose  Pre-dose Post-dose Pre-dose Post-dose
(0h) (24 h) (0h) (24 h) (0h) (24 h) (0h) (24 h)
Asiaticoside IV Normal Normal 060 +003 061 +004 4240+ 1454 5480+ 9.20 2680 +£383 2740+ 532
4 mg/kg
Madecassoside IV Normal Normal 064 +004 067 +005 4620+ 487 63.20 + 1681 2380+ 259 2400 + 4.85
5mag/kg
ECa 233 PO Normal Normal 061 +002 064 +001 4502 + 712 6180 + 1569 2480+ 415 2760+ 6.11
100 mg/kg

that unstimulated CD4" T cells expressing CD25 exhibit
a suppressive activity; thus, we analyzed the percentage
of CD4"CD25" Tregs in the spleen. In this study, we
observed that oral administration of ECa 233
significantly increased the percentage of CD4"'CD25" T
cells in the splenocytes compared to the control group
(Fig. 5a). In addition, the mRNA expression of splenic
FoxP3, a major transcription factor regulating Tregs, was
upregulated with the in vivo treatment of ECa 233 (Fig.
5b). These data suggest that oral administration of ECa
233 increases the population of immunosuppressive
Tregs in the spleen of rats.

ECa 233 upregulates transcriptions of Treg-derived
cytokines

Tregs have been known to secrete anti-inflammatory
mediators, including IL-10 and TGEF-p. Therefore, we

measured transcription of these immunosuppressive cy-
tokines in the spleen after oral administration of ECa
233. There was a significant increase in mRNA expres-
sion level of IL-10 (Fig. 6a) and TGF-p (Fig. 6b) with
ECa 233 treatment. Additionally, the mRNA expression
of T-cell growth factor IL-2 was reduced in the spleen of
ECa 233-treated rats, while there was no difference in
IFN-y gene expression between the two groups (Fig. 6¢
and d).

Discussion

Standardized extract ECa 233 is a water-insoluble extract
of C. asiatica that contains not less than 80% triterpen-
oid glycosides with an asiaticoside/madecassoside ratio
of (1.5+0.5):1 [16]. The pharmacological effects of the
extract have been evidenced to include wound healing,
anti-inflammation, and cognitive function enhancement.
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Table 2 Pharmacokinetic parameters of madecassoside and asiaticoside, a main component of ECa 233. Data are shown as mean +

SD (n=6)
Parameters Asiaticoside Madecassoside
Asiaticoside ECa 233 Madecassoside ECa 233
4mg/kg IV 100 mg/kg PO 5mg/kg IV 100 mg/kg PO
Crnax (Mg/L) N/A 14784 +62.82 N/A 12124+ 11332
Trmax () N/A 400+ 245 N/A 050+ 159
AUCq (ug.h/L) 758869 +12,144.79 1591.66 + 1430.06 8575.63 +3238.74 130735+ 878.01
AUCqinf (Mg.h/L) 760543 +12,142.80 1797.82 + 1324.85 8691.56 + 3330.53 137778 £882.71
MRT (h) 0.74+031 8.80+4.85 065+0.18 641+356
Vd (L/kg) 327+391 284.78 £ 229.02 3254222 189.68 + 120.78
CL (L/h/kg) 225+ 166 3548 £26.99 067 £0.31 57.83.17 £47.04
Ty (D) 098+ 056 648+6.18 450+376 3494219
Bioavailability (%) N/A 236 N/A 1.58

Our group has previously reported a comprehensive
pharmacokinetic study of standardized extract ECa 233
in which the administration of oral ECa 233 resulted in
a high plasma concentration and long half-life of triter-
penoid glycosides compared with the oral administration
of pure compounds in equivalent doses [21, 22]. In the
same study, a significant amount of madecassoside and
asiaticoside in the spleen was reported, ranging from

2000 to 4000 ng/g of tissue and approximately 10-fold
higher on day 7 vs day 1 after dosing [21]. Together with
its anti-inflammatory effects and its accumulation in
spleen, these prompted us to investigate the immunodu-
latory effects of ECa 233 in vivo after oral
administration.

In the present study, ECa 233 was prepared as oral
suspension in 0.5% CMC vehicle and administered to
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the animals via oral gavage. CMC is known to be a
pharmacologically inert vehicle for oral suspension that
provides a good safety profile with no damage to
intestinal integrity [27]. The safety of ECa 233 oral
suspension was confirmed in this study and the results
coincide with a previous acute toxicity study showing
that the 50% lethal dose of ECa 233 was >10g/kg in
rodents [28]. Here, we also report that after
administration of ECa 233 oral suspension the C,,,, was
approximately 120—140 pg/L with values of T, of 0.5h
and 4 h for madecassoside and asiaticoside, respectively.
These pharmacokinetic parameters are lower than
reported in our previous study using 50% DMSO in NSS
as vehicle. This is possibly due to the high solubility of
the DMSO preparation, resulting in fast absorption.
However, the low bioavailability of ECa 233 is similarly
observed in this study due to the large molecular

structure of triterpenoid glycosides. In addition,
madecassoside is shown to be a substrate for P-
glycoprotein and multidrug-resistant protein 2, affecting
the level of absorbed compound [29].

In this study, we also determined the effect of ECa 233
on the immune system and showed for the first time
that oral administration of ECa 233 reduces the
frequency of T cells, particularly CD8 T cells in
splenocytes, suggesting an immunosuppressant property
of the extract. We also found a reduced splenic IL-2
gene expression, in consistent with the reduction in T
cells. IL-2 is known to play a critical role in T cell sur-
vival and proliferation [30]. Interestingly, IFN-y gene ex-
pression was not altered after ECa 233 administration,
suggesting that the TH1 immunity may not be affected
by the treatment. More importantly, we report an in-
crease in CD4"CD25" T cells and upregulation of FoxP3
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gene in the spleen after in vivo treatment of ECa 233. A
previous study has shown that mRNA expression of
FoxP3 and inhibitory molecules, including IL-10, Lag3,
and CTLA-4, are highly upregulated in unstimulated rat
CD4*'CD25" T cells. In addition, adoptive transfer of
these cell subsets prevent insulitis induced by diabeto-
genic T cells in rats, suggesting an immunoregulatory
role of this cell subset [31].

Triterpenoid glycosides have been shown to exhibit
collective pharmacological properties and modulate
multiple molecular targets including genes, signaling
molecules, receptors and cellular proteins. Previous
studies suggest that C. asiatica exerts its an anti-
inflammatory action through suppression of pro-
inflammatory cytokines, chemokines and adhesion mole-
cules [32]. For example, Luo et al. reported that made-
cassoside suppressed TNF-a, IL-1f and IL-6 secretion
induced by oxygen-glucose deprivation/reperfusion-in-
duced injury in microgial cells, mediated by inhibition of
TLR4 and its downstream signaling molecules MyD88/
NE-kB [33]. In silico docking study of triterpenoid also
revealed the IKKp inhibition and downstream NF-«kB in-
hibition as the major mechanism of anti-inflammatory
action of asiatic acid [34]. For the direct effect on im-
mune cells, the triterpenoid fraction of C. asiatica,
madecassic acid, were shown to promote differentiation
of Tregs and attenuate dextran sulfate sodium-induced
colitis in mice via regulating the PPARy/AMPK/ACC1
pathway [35]. Similarly, oral administration of triterpen-
oid saponin, madecassoside provided anti-arthritis ef-
fects through enhanced secretion of IL-10 from the
small intestine of collagen induced arthritis rats and the
accumulation of Foxp3" cells in the lamina propria [36].
Consistently, our present data demonstrate that oral ad-
ministration of C. asiatica standardized extract ECa 233
promotes the induction of splenic CD4"CD25" Treg
cells and anti-inflammatory cytokine genes IL-10 and
TGE-p thus supporting the potential therapeutic benefits
of C. asiatica standardized extract ECa 233 in chronic
inflammatory and autoimmune-related diseases.

Conclusions

The present study investigated the in vivo
immunomodulatory effects of a standardized extract of
C. asiatica. Oral administration of ECa 233 provided
safety and conformity of pharmacokinetic profiles. The
results demonstrated that ECa 233 enhanced the
frequency of regulatory T cells and their associated anti-
inflammatory cytokines. Moreover, cytotoxic T cells and
interleukin-2 were reduced with ECa 233 treatment. Our
findings confirm the immunosuppressive activity of ECa
233 and support a further study to develop ECa 233 as a
promising candidate for clinical use in chronic inflam-
matory and autoimmune diseases.

(2021) 21:220

Page 9 of 10

Abbreviations

Tregs: Regulatory T cells; FoxP3: Forkhead box protein P3; ROS: Reactive
oxygen Species; NO: Nitric Oxide; TNF-a: Tumor necrosis factor- a; TGF-

{3: Transforming growth factor- 3; IL-1B3: Interleukin-1(; IL-10: Interleukin-10;
LPS: Lipopolysaccharide; IL-2: Interleukin-2; ConA: Concanavalin A;

CMC: Carboxymethylcellulose

Acknowledgements

We thank Chulalongkorn University Cancer Cellular Therapy Research Unit,
particularly Dr. Koramit Suppipat and Rattapoom Thaiwong for their
assistance with flow cytometry service.

Authors’ contributions

ST and PK conceived and designed the experiments. ST, DJ, and SU
performed the experiments. ST and DJ wrote the manuscript. ST and PK
revised the manuscript and coordinated technical support and funding. All
authors read and approved the final manuscript.

Funding
This research is funded by Chulalongkorn University: CU_GR_63_16_33_05.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval

All animal handling and experimental procedures were approved by the
Institutional Animal Care and Use Committee of the Faculty of
Pharmaceutical Sciences, Chulalongkorn University (@approval no. 19-33-001,
date of approval, April 1, 2019). All animal procedures were complied with
the ethical principles and guidelines for the use of animals (National
Research Council of Thailand, 2015). All animal experiments are reported and
complied with ARRIVE guidelines for the reporting of animal experiments.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Pharmacology and Physiology, Faculty of Pharmaceutical
Sciences, Chulalongkorn University, Bangkok, Thailand. 2Departmem of
Clinical Pharmacokinetics, Graduate School of Medical Sciences, Kanazawa
University, Takara-machi, Kanazawa, Japan. *Chakri Naruebodindra Medical
Institute, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bang
Phli, Samut Prakarn 10540, Thailand.

Received: 19 February 2021 Accepted: 17 August 2021
Published online: 03 September 2021

References

1. Owen DL, Sjaastad LE, Farrar MA. Regulatory T cell development in the
Thymus. J Immunol. 2019;203(8):2031-41. https://doi.org/10.4049/
jimmunol.1900662.

2. Freudenberg K, Lindner N, Dohnke S, Garbe Al, Schallenberg S, Kretschmer
K. Critical role of TGF-B and IL-2 receptor signaling in Foxp3 induction by an
inhibitor of DNA Methylation. Front Immunol. 2018,9:125.

3. Bryl E Daca A, Jézwik A, Witkowski JM. Human CD4low CD25high
regulatory T cells indiscriminately kill autologous activated T cells.
Immunology. 2009;128(1 Suppl):e287-95. https://doi.org/10.1111/j.1365-2
567.2008.02961 x.

4. van der Vliet HJJ, Nieuwenhuis EE. IPEX as a result of mutations in FOXP3.
Clin Dev Immunol. 2007;2007:089017.

5. Bluestone JA, Buckner JH, Fitch M, Gitelman SE, Gupta S, Hellerstein MK,
et al. Type 1 diabetes immunotherapy using polyclonal regulatory T cells.
Sci Transl Med. 2015;7(315):315ra189.

6. Sun G, Hou Y, Gong W, Liu S, Li J, Yuan Y, et al. Adoptive induced antigen-
specific Treg cells reverse inflammation in collagen-induced arthritis mouse


https://doi.org/10.4049/jimmunol.1900662
https://doi.org/10.4049/jimmunol.1900662
https://doi.org/10.1111/j.1365-2567.2008.02961.x
https://doi.org/10.1111/j.1365-2567.2008.02961.x

Tawinwung et al. BMIC Complementary Medicine and Therapies

20.

21.

22.

23.

24.

25.

model. Inflammation. 2018;41(2):485-95. https://doi.org/10.1007/510753-017-
0704-4.

Keeler GD, Kumar S, Palaschak B, Silverberg EL, Markusic DM, Jones NT, et al.
Gene therapy-induced antigen-specific Tregs inhibit neuro-inflammation
and reverse disease in a mouse model of multiple sclerosis. Mol Ther. 2018;
26(1):173-83. https://doi.org/10.1016/j.ymthe.2017.09.001.

Pifieros AR, de Lima MHF, Rodrigues T, Gembre AF, Bertolini TB, Fonseca
MD, et al. Green propolis increases myeloid suppressor cells and CD4+
Foxp3+ cells and reduces Th2 inflammation in the lungs after allergen
exposure. J Ethnopharmacol. 2020;252:112496. https://doi.org/10.1016/jjep.2
019.112496.

Yang J, Yang X, Li M. Baicalin, a natural compound, promotes regulatory T
cell differentiation. BMC Complement Altern Med. 2012;12(1):64.

Ma C, Ma Z, Liao X, Liu J, Fu Q, Ma S. Immunoregulatory effects of
Glycyrrhizic acid exerts anti-asthmatic effects via modulation of Th1/Th2
cytokines and enhancement of CD4+CD25+Foxp3+ regulatory T cells in
ovalbumin-sensitized mice. J Ethnopharmacol. 2013;148(3):755-62. https://
doiorg/10.1016/jjep.2013.04.021.

Chippada SC, Volluri SS, Bammidi SR, Vangalapati M. In vitro anti-
inflammatory activity of methanolic extract of Centella asiatica by HRBC
membrane stabilisation. Rasayan J Chem. 2011;4(2):457-60.

Somboonwong J, Kankaisre M, Tantisira B, Tantisira MH. Wound healing
activities of different extracts of Centella asiatica in incision and burn
wound models: an experimental animal study. BMC Complement Altern
Med. 2012;12(1):1-7.

Rao SB, Chetana M, Devi PU. Centella asiatica treatment during postnatal
period enhances learning and memory in mice. Physiol Behav. 2005,86(4):
449-57. https//doi.org/10.1016/j.physbeh.2005.07.019.

Gray NE, Harris CJ, Quinn JF, Soumyanath A. Centella asiatica modulates
antioxidant and mitochondrial pathways and improves cognitive function in
mice. J Ethnopharmacol. 2016;180:78-86. https://doi.org/10.1016/j.jep.2016.
01.013.

Hashim P, Sidek H, Helan MHM, Sabery A, Palanisamy UD, llham M.
Triterpene composition and bioactivities of Centella asiatica. Molecules.
2011;16(2):1310-22. https://doi.org/10.3390/molecules16021310.

Tantisira M. Bioactive standardized extract of Centella asiatica (ECa 233). In:
Proceeding of the 8th NRCT-JSPS Joint Seminar: 2009; 2009. p. 2-3.
Tantisira M, Tantisira B, Patarapanich C, Suttisri R, Luangcholatan S,
Mingmalailak S, et al. Effects of standardized extract of Centella asiatica
ECa 233 on learning and memory impairment induced by transient
bilateral common carotid artery occlusion in mice. Thai J Pharmacol.
2010;32:22-33.

Kam-eg A, Tantisira B, Tantisira MH. Preliminary study on effects of
standardized extract of Centella asiatica, Eca 233, on deficit of learning and
memory induced by an intracerebroventricular injection of 3-amyloid
peptide in mice. Thai J Pharmacol. 2009;31:79-82.

Intararuchikul T, Teerapattarakan N, Rodsiri R, Tantisira M, Wohlgemuth G,
Fiehn O, et al. Effects of Centella asiatica extract on antioxidant status and
liver metabolome of rotenone-treated rats using GC-MS. Biomed
Chromatogr. 2019;33(2):4395. https://doi.org/10.1002/bmc.4395.

Sukketsiri W, Tanasawet S, Moolsap F, Tantisira MH, Hutamekalin P,
Tipmanee V. ECa 233 suppresses LPS-induced proinflammatory responses in
macrophages via suppressing ERK1/2, p38 MAPK and Akt pathways. Biol
Pharm Bull. 2019;42(8):1358-65. https://doi.org/10.1248/bpb.b19-00248.
Anukunwithaya T, Tantisira MH, Tantisira B, Khemawoot P. Pharmacokinetics
of a standardized extract of Centella asiatica ECa 233 in rats. Planta Med.
2017;83(08):710-7.

Hengjumrut P, Anukunwithaya T, Tantisira MH, Tantisira B, Khemawoot P.
Comparative pharmacokinetics between madecassoside and asiaticoside
presented in a standardised extract of Centella asiatica, ECa 233 and their
respective pure compound given separately in rats. Xenobiotica. 2018;48(1):
18-27. https://doi.org/10.1080/00498254.2016.1273562.

Ministry of Public Health. Thai Herbal Pharmacopoeia 2019. Nonthaburi:
Department of Medical Sciences, Misitry of Public Health; 2019.

Jayathirtha MG, Mishra SH. Preliminary immunomodulatory activities of
methanol extracts of Eclipta alba and Centella asiatica. Phytomed. 2004;
11(4):361-5. https.//doi.org/10.1078/0944711041495236.

Lee Y, Choi HK, N'deh KPU, Choi YJ, Fan M, Kim EK, et al. Inhibitory
effect of Centella asiatica extract on DNCB-induced atopic dermatitis in
HaCaT cells and BALB/c mice. Nutrients. 2020;12(2):411. https://doi.org/1
0.3390/nu12020411.

(2021) 21:220

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

Page 10 of 10

Songvut P, Chariyavilaskul P, Tantisira MH, Khemawoot P. Safety and
pharmacokinetics of standardized extract of Centella asiatica (ECa 233)
capsules in healthy Thai volunteers: a phase 1 clinical study. Planta Med.
2019;85(06):483-90.

Vogt S, Klemm D, Heinze T. Effective esterification of carboxymethyl
cellulose in a new non-aqueous swelling system. Polym Bull. 1996;36(5):
549-55. https://doi.org/10.1007/BF00342445.

Chivapat S, Chavalittumrong P, Tantisira MH. Acute and sub-chronic toxicity
studies of a standardized extract of Centella asiatica ECa 233. Thai J Pharm
Sci. 2011,35:55-64.

D-d L, W-j H, Rui Y, Dai Y, Xia YF. In vivo disposition and metabolism of
madecassoside, a major bioactive constituent in Centella asiatica (L) Urb. J
Ethnopharmacol. 2013;150(2):601-8.

Taniguchi T, Minami Y. The IL-2/IL-2 receptor system: a current overview.
Cell. 1993;73(1):5-8. https://doi.org/10.1016/0092-8674(93)90152-G.

Peng Y, Laouar Y, Li MO, Green EA, Flavell RA. TGF-B regulates in vivo
expansion of Foxp3-expressing CD4+ CD25+ regulatory T cells responsible
for protection against diabetes. Proc Natl Acad Sci. 2004;101(13):4572-7.
https://doi.org/10.1073/pnas.0400810101.

Nagoor Meeran MF, Goyal SN, Suchal K, Sharma C, Patil CR, Ojha SK.
Pharmacological properties, molecular mechanisms, and pharmaceutical
development of Asiatic acid: a Pentacyclic triterpenoid of therapeutic
promise. Front Pharmacol. 2018;9:892. https://doi.org/10.3389/fphar.2018.
00892.

Luo Y, Wang C, Li WH, Liu J, He HH, Long JH, et al. Madecassoside protects
BV2 microglial cells from oxygen-glucose deprivation/reperfusion-induced
injury via inhibition of the toll-like receptor 4 signaling pathway. Brain Res.
1679;2018:144-54.

Patil KR, Mohapatra P, Patel HM, Goyal SN, Ojha S, Kundu CN, et al.
Pentacyclic triterpenoids inhibit IKK@ mediated activation of NF-kB pathway:
in silico and in vitro evidences. PLoS One. 2015;10(5):e0125709. https://doi.
0rg/10.1371/journal.pone.0125709.

Xu X, Wang Y, Wei Z, Wei W, Zhao P, Tong B, et al. Madecassic acid, the
contributor to the anti-colitis effect of madecassoside, enhances the shift of
Th17 toward Treg cells via the PPAR y/AMPK/ACCT pathway. Cell Death Dis.
2017;8(3):2723. https://doi.org/10.1038/cddis.2017.150.

Wang T, Wei Z, Dou Y, Yang Y, Leng D, Kong L, et al. Intestinal interleukin-
10 mobilization as a contributor to the anti-arthritis effect of orally
administered madecassoside: a unique action mode of saponin compounds
with poor bioavailability. Biochem Pharmacol. 2015,94(1):30-8. https://doi.
0rg/10.1016/jbcp.2015.01.004,

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1007/s10753-017-0704-4
https://doi.org/10.1007/s10753-017-0704-4
https://doi.org/10.1016/j.ymthe.2017.09.001
https://doi.org/10.1016/j.jep.2019.112496
https://doi.org/10.1016/j.jep.2019.112496
https://doi.org/10.1016/j.jep.2013.04.021
https://doi.org/10.1016/j.jep.2013.04.021
https://doi.org/10.1016/j.physbeh.2005.07.019
https://doi.org/10.1016/j.jep.2016.01.013
https://doi.org/10.1016/j.jep.2016.01.013
https://doi.org/10.3390/molecules16021310
https://doi.org/10.1002/bmc.4395
https://doi.org/10.1248/bpb.b19-00248
https://doi.org/10.1080/00498254.2016.1273562
https://doi.org/10.1078/0944711041495236
https://doi.org/10.3390/nu12020411
https://doi.org/10.3390/nu12020411
https://doi.org/10.1007/BF00342445
https://doi.org/10.1016/0092-8674(93)90152-G
https://doi.org/10.1073/pnas.0400810101
https://doi.org/10.3389/fphar.2018.00892
https://doi.org/10.3389/fphar.2018.00892
https://doi.org/10.1371/journal.pone.0125709
https://doi.org/10.1371/journal.pone.0125709
https://doi.org/10.1038/cddis.2017.150
https://doi.org/10.1016/j.bcp.2015.01.004
https://doi.org/10.1016/j.bcp.2015.01.004

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Animals
	Materials
	Animal experiment
	Determination of triterpenoids in biological samples
	Splenocytes isolation
	Flow cytometry
	Real time RT-PCR
	Proliferation assay
	Pharmacokinetic and statistical analyses

	Results
	In vivo tolerability of standardized extract ECa 233
	Pharmacokinetics of standardized extract ECa 233
	Effects of ECa 233 on splenic lymphocytes
	ECa 233 enhances the frequency of splenic regulatory T cells
	ECa 233 upregulates transcriptions of Treg-derived cytokines

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

