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Abstract. Bajakah tampala plant (Spatholobus littoralis Hassk.) has
been used for traditional medicine by the Kalimantan Dayak tribe in
Accepted: May 20, 2022 the treatment of cancer. This study aimed to find out the potential of
DOI: 10.15575/biodjati.v7i1.14126  ethanol extract of the stem of Bajakah tampala (Spatholobus littora-
123Department Biology, Faculty of lis Hassk.) as an anti-inflammatory agent in carrageenan-induced
Mathematics and Natural Sciences, Mice. The method used was a Completely Randomized Design with
University Tanjungpura, JI. Prof. Dr. five treatments and five replications. The treatments consisted of a
H. Hadari Nawawi, Pontianak, West water-treated mouse as a negative control, sodium diclofenac 30,8
Kalimantan, Indonesia, 7811 mg kg as apositive control, and an extract of bajakah dose 2.5; 250;
c-mail: 1250 mg kg BW. The dose of bajakah extract was given orally one
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elvi. rusmiyanto@fmipa.untan.ac.id -~ sion into the soles of mice. The diameter of edema was measured for
3siti.ifadatin@fmipa.untan.ac.id 210 minutes. The results showed that the diameter of the mice soles
showed a significant increase in all groups after the carrageenan
injection. The value of AUC (Area Under the Curve) of bajakah
extract dose (2.5, 250; 1250 mg kg™') from the 150" minute to the 210"
minute did not show significant differences from one another. The so-
dium diclofenac as positive control gave the lowest total AUC value
of 236 mm.minute, followed by bajakah extract at a dose of 2.5 mg
kg BW of 239.22 mm.minute. The calculation results of the percent-
age of the inflammation inhibition showed that the administration
of ethanol extract of the stem of Bajakah, Spatholobus littoralis,
at the lowest dose of 2.5 mg kg BW provide the best inflammation
inhibition with 19.21% inhibitory value, nearly approaching the posi-
tive control of diclofenac sodium with an inhibitory value of 21.53%.
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INTRODUCTION

The immune system works by respond-
ing to exposure and infection of pathogens in
the body. There are various kinds of inflamma-
tory mediators such as cytokines, histamine,
prostaglandins, and leukotrienes which will
be released by leukocytes or inflamed tissues.

The compound of the inflammatory mediator
will cause inflammation or local inflamma-
tion of body tissues. Inflammation is charac-
terized by redness, heat, pain and swelling
of tissue (Ricciotti & Fitzgerald, 2011). The
excessive inflammatory response will cause
injury to blood vessels and other tissues.
Hence, anti-inflammatory drugs are required
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to inhibit the synthesis of inflammatory me-
diators. Synthetic drugs which are commonly
used to treat inflammation come from a med-
icine group of the Non-Steroidal Anti-Inflam-
matory Drugs (NSAIDs) and corticosteroids
(Altman et al., 2015). The use of synthetic
anti-inflammatory drugs can cause unwanted
drug side effects, such as disorders of gas-
trointestinal tract, cardiovascular and kidney
function (Altman et al., 2015; Salvo et al,
2011). Therefore, it is necessary to conduct
research to find anti-inflammatory from natu-
ral ingredients with minimal side effects.

One of the plants which have po-
tential medicinal ingredient is from the
genus Spatholobus belongs to the Legumin-
oceae family. Genus Spatholobus, known by
its local name Bajakah plant, consists of 29
species spread across tropical and subtropical
Asia (Ninkaew & Chantaranothai, 2014). Ba-
jakah plant of genus Spatholobus, particularly
from S. suberectus and S. littoralis species,
has been known by the inland communities
of Kalimantan, especially the Dayak tribe
who have been using them as traditional-
medicine, both empirically and scientifically
(Wardah & Sundari, 2019). One of them has
anti-inflammatory activity, yet it still requires
investigation both in vitro and in vivo.

The secondary metabolites which have
been identified from S. suberectus include
3,7-trihydroxyflone, eriodictyol, plathymenin,
dihydroquercetin, butin, neoisoliquiritigenin,
dihydrokaempferol, liquiritigenin, and 6-me-
thoxyeriodictyol. In addition, the bioactive
compounds in S. suberectus showed cytotox-
icity activities and inhibit estrogen receptors
in the human breast cancer cells (Peng et al.,
2014; Sun et al., 2016), anti-mutagenic (Inami
etal., 2019) and have anti-inflammatory activ-
ity (Li et al., 2003).

The research on bajakah tampala extract
(Spatholobus littoralis) as an anti-inflammato-
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ry is still limited. Therefore, it is necessary to
figure out the anti-inflammatory potential of
ethanol extract of the Bajakah plant stem (S.
littoralis). The tests were performed in vivo
using the carrageenan-induced mouse animal
model. The inflammatory response was ob-
served from the decrease in the volume of
mouse paw edema (Mus musculus L.).

MATERIALS AND METHODS

Preparation of Materials

Bajakah stem (Spatholobus littoralis
Hassk.) were obtained from the forest in the
Sungai Ambawang, Kubu Raya District, West
Kalimantan. Sample collection was carried
out in July 2020. The identification of plant
species was determined in Laboratory of Bi-
ology, Faculty of Mathematics and Natural
Sciences, Universitas Tanjungpura. The lab-
oratory animals used were male Swiss mice
weighing 25-35 grams, aged £3 months. Mice
were acclimatized for 2 weeks, given food
and drink ad libitum.

Preparation of Bajakah Ethanol Extract

Bajakah stems were washed with run-
ning tap water and dried for 7 days. After dry-
ing, the stems were chopped, powdered with
a grinder, and sieved using a 25-mesh sieve.
Then the powder was ready to be extracted us-
ing the maceration method (Wardoyo, 2006).
The powder of the bajakah stem was weighed
as much as 150 g, added 2.5 L of ethanol 96%,
then allowed to stand for 24 hours. The extract
was separated by filtering and the process was
repeated twice with the same type and amount
of solvent. All the filtrate obtained was mixed
and concentrated using a rotary evaporator at
a temperature of 60°C with a rotating speed
of 30 rpm. Then, the filtrate was evaporated
over a water bath at a temperature of 50°C to
obtain a thick extract.
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Preparation of Sodium Diclofenac and
Carrageenan Solution 2%

The dose of diclofenac sodium was ob-
tained from the conversion of a human dose
of 2.5 mg kg! BW to a mice dose of 0.0308
mg g' BW or 30.8 mg kg! BW. Diclofenac
sodium powder dissolved in 0.5% CMC until
homogeneous. The preparation of the carra-
geenan solution was carried out by dissolv-
ing 0.2 grams of lambda carrageenan powder
(Sigma-Aldrich) in 10 ml of 0.9% sterile so-
dium chloride. The carrageenan solution was
used as an irritant that causes edema.

Anti-inflammatory Method

This study used a Completely Random-
ized Design (CRD) with 5 treatment groups,
each group consisting of five mice as repli-
cates. The treatments consisted of: negative
control, positive control and extract of Baja-
kah stem at a dose of 2.5; 250; 1250 mg kg'.
The negative control was treated with inflam-
mation induction by injecting 2% carrageenan
and 0.5% CMC solution orally. Positive con-
trol was treated with inflammation induction
and inflammatory drug sodium diclofenac
orally. The treatment of bajakah extract was
carried out by inflammation induction and
followed with the bajakah extract orally.

The in vivo anti-inflammatory test meth-
od used was the Winter method using lambda
carrageenan injection (Winter et al., 1992).
Before testing, mice fasted for 18 hours. Then
the test material was administered orally ac-
cording to the experiment design. One hour
later, the mice were subjected to edema, in-
duction by injecting 0.15 ml of 2% lambda
carrageenan suspension subplantarly into the
soles of the mice's hind legs. The diameter of
the thickness of the edema of the feet of the
mice was measured using a digital caliper.
The anti-inflammatory activity of the test drug
was shown by its ability to reduce the volume
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of induced edema of the soles of the feet. The
edema diameter of the feet of mice after car-
rageenan injection was measured at the 30™,
60™ 90" 120% 150", 180™, and 210" minutes
using a digital caliper.

The edema volume (Ve) is the result of
volume reduction after carrageenan injection
(Vt) with the initial paw volume (Vi) (Eq.1).
The area under the curve (AUC) was calculat-
ed by (Eq.2). The percentage of edema inhibi-
tion was calculated by the following formula
(Sahlan et al., 2019):

V.=V -V (1)

_ Ven+Ve(n—1)

AUC
)

x(tn—t(n—1)

Inflammatory Inhibition (%) =

AvC
I- (AUCr:c) x 100% 3)

Statistical Analysis

The results of the measurement of ede-
ma diameter, area under the curve (AUC) and
the percentage of inflammation inhibition
were statistically analyzed using one-way
ANOVA with 95% confidence level.

RESULTS AND DISCUSSION

Based on the results of the study, the
mouse paw diameter showed a significant
increase in all groups after the carrageenan
injection. Gradually, the edema volume will
decrease over time. The negative control
which was not treated with anti-inflammato-
ry drugs showed a slower decrease in edema
volume than the positive control and the ex-
tract of Bajakah (Table 1).

Carrageenan is a sulfate polysaccharide
with a negative molecule, hence it has the
ability to bind to inorganic molecules (Ne-
cas & Bartosikova, 2013). Carrageenan is a
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polysaccharide, an extraction product of red
algae (Rhodopyceae), especially the genera
Chondrus, Euchema, Gigartina, Fucus, Fur-
cellaria, Hypnea and Iridae. Based on the gel
formation, carrageenan can be divided into
lambda carrageenan, kappa carrageenan and
iota carrageenan (Pacheco-Quito et al., 2020).
The irritant nature of carrageenan adminis-
tered by injection caused the edema (inflam-
mation) formation in local tissues.

After carrageenan was injected, the
pro-inflammatory mediators such as cyto-

kines, prostaglandins and leukotrienes re-
leased by inflammation tissues. Induction of
carrageenan will increase interleukin-8 (IL-8)
and stimulate the TLR4 pathway which then
initiates inflammation (Myers et al., 2019).
These inflammatory mediators then causes
vasodilation of blood vessels aiming to col-
lect more leukocytes going towards the
site of inflammation. Carrageenan is then
phagocytosed by neutrophils so that the ede-
ma response gradually decreases.

Table 1. Average edema diameter (mm) of mice paw after carrageenan induction

Average edema diameter (mm)

Test groups

Ve, Ve, Ve, Ve, Ve, Ve,
Ve, Ve,
Negative control ~ 2.28£0.1°  1.89£0.2* 1.52£02¢ 129£02* 121202 1,11£1.7*  1.02:0.4*  0.99+0.4°
Positive control 201202 172403 1.46£03* 1.19£02* 0.89£02" 0.69+0.1° 0.62+0.1>  0.560.1°
Bajakah 2.5 mgkg' 1.850.1°  1.59+£0.2° 125£0.2° 1.08£0.3° 0.96£0.3% 0.91£03" 0.86+0.2" 0.790.2"
g;akahz” ME 5 0240.0%  1.77+0.1°  1.45£02¢ 1.22+02¢ 0.99+0.1% 0.980.1® 0.90£0.1® 0.76+0.1%
Aakah 1250 mg 5 191000 1776020 1282010 1.06£0.1° 1.03£02% 0.87£02% 0.76:02% 0.66£0.2%

kg!

Note: Ve, = edema paw volume in 0 minute. Ve, = edema paw volume in 30 minute. Ve, = edema paw volume in 60 minute Ve,

= edema paw volume in 90 minute. Ve, = edema paw volume in 120 minute. Ve, = edema paw volume in 150 minute. Ve

6

edema paw volume in 180 minute. Ve, = edema paw volume in 210 minute Data are average+standart deviation. Different value
in the same column showed significant difference (P<0.05)

The Area Under the Curve (AUC) pro-
vides information regarding the decrease in
edema diameter. The larger the AUC value, the
smaller the effect of edema volume reduction,
and the smaller the AUC value, meaning the
larger the effect of edema volume reduction
(Apridamayanti et al., 2018). The inflamma-
tory response revealed a different decline pat-
tern from the 30t minute to the 210" minute
(Table 2). The AUC value of positive control
was the smallest compared to the Bajakah
extract group, indicating the biggest inhi-
bition of the inflammation by diclofenac so-
dium compounds. The negative control treat-
ment showed the largest AUC value from the
30t minute to the 210! minute. The slow
decrease in AUC was because there was no
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drug substance treatment inhibiting the in-
flammatory reaction in the negative control.
All doses of Bajakah extract from 150t min-
ute to 210t minute did not show significant

differences to one another, yet were signifi-[]

cantly different from the positive control. The
administration of ethanol extract of Bajakah
stem gave an inflammatory response on the
experimental animals, but was not equal to
the anti-inflammatory response of diclofenac
sodium as positive control.

The inhibition percentage of inflamma-
tion is opposite to the AUC value. The smaller
the AUC value, the largest the inhibition of in-
flammation. Positive control had the smallest
AUC value, showing the largest inflammation
inhibition of 21.53%. Bajakah ethanol extract
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at 2.5 mg kg! dose also revealed inhibition of
inflammation (19.21%) nearly the same as the
positive control (21.53%). The highest dose

Table 2. Area under the Curve (AUC) values

of bajakah extract 1250 mg kg' showed the
smallest inhibition of inflammation of 12.69%
(Figure 1).

AUC (mm.minute)

Test group
30 60 90 120 150 180 210 Total

I;‘;gt’;‘glv ¢ 62.67+0.1°  51.15+0.1*  42.15+0.1* 37.5+0.1°  34.80+0.1* 31.95+0.1*  30.15+0.1*  290.37
Positive 56.1047.1%  47.82+8.8"% 39.81+12¢ 312+11°  23.76+53Y 19.7243.7°  17.6542.9°  236.06
comtre 1047 8248, . . 7645, 7243, 6542, .
ﬁ?i? 25 517842.8°  42.6646.2° 34.86£6.8° 30.6348.4° 28.0848.4% 2646770 2475474  239.22
fgf?fl 250 s691a3.8te 48424410 40054470 33054370 29.5541.9% 28204170 24.93:1.9% 26121
Bajakah ab ab a a ab b ab

L 59.5244.9%  4584+44.4® 3516+33° 313844.3° 28.53+4.8% 2439434 21.3343.1° 246.15
1250 mg kg

Data are averagetstandart deviation. Different value in the same column showed significant difference (P<0.05)

25
21.53
o=

I |
0 I

= = N
o w (=]

Inflammatory inhibition(%)

53]

Positive control

15.25

12.69

Bajakah 2.5 mg kg-1 Bajakah 250 mg kg-1 Bajakah 1250 mg kg-1

Figure 1. Inflammatory inhibition after administration of Bajakah extract

Diclofenac sodium is a Non-Steroi-
dal Anti-Inflammatory Drug (NSAID). Di-
clofenac sodium works by inhibiting the cy-
clooxygenase enzyme (COX-2) so that the
formation process of prostaglandins, throm-
boxanes and prostacyclins is inhibited (Alt-
man et al., 2015). However, this class of drugs
does not inhibit the formation of leukotrienes
which also play a role in the process where
inflammation happens. Diclofenac sodium is
rapidly absorbed after oral administration and
has a short half-life. Diclofenac sodium 30.8
mg kg' BW was used as the standard anti-in-
flammatory drug. Diclofenac sodium dose is

Jurnal Biodjati 7(1):66—74, May 2022

higher than the ethanol extract of Spatholobus
2.5 mg kg BW which gives the optimal in-
flammation inhibition percentage. Therefore,
the ethanol extract of Bajakah stem at a low
dose (2.5 mg kg'' BW) is very potential to be
used as an anti-inflammatory agent.

Bajakah plant has members of other
species which are still included in the genus
Spatholobus. One of them is S. suberectus
which has antimutagenic and antitumor po-
tential. Spatholobus suberectus has also been
reported to have anti-inflammatory potential
(Inami et al., 2019). A study on Bajakah tam-
pala S. littoralis reported by Saputera et al.
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(2019), at a concentration of 6.25% showed
an inhibition response to the growth of Es-
cherichia coli bacteria. The diameter of the
strongest bacterial inhibition was produced by
a concentration of 50%.

Inflammatory mediators are the prima-
ry target of anti-inflammatory treatment. In
the conditions of injury, cell damage due to
bacterial infection or free radical exposure,
the body will release inflammatory mediators
as a form of communication among cells in
defending themselves from damage. These
inflammatory mediators include a group of
pro-inflammatory cytokines such as interleu-
kin 1B (II-1p), interleukin 6 (IL-6), tumor ne-
crosis factor (TNF-a), histamine released by
leukocytes, as well as inflammatory mediators
released by damaged tissues such as prosta-
glandins and leukotrienes.

The content of secondary metabolites
in the stem of S. littoralis includes flavonoid,
saponin and tannin compounds (Saputera et
al., 2019). Liu et al. (2019) found that the
secondary metabolites in the aqueous extract
of S. suberectus mostly belonged to the group
of flavones, isoflavones and anthocyanins.
The names of the compounds found were 2,6-
dimethoxy-1,4-benzoquinone, 4,7,20-trihy-
droxy-40-methoxy-isoflavanol, liquiritigenin,
formononetin sodium, genistein, formonone-
tin, daidzein, isoliquiritigenin, and genistin.
In addition, five new isoflavone compounds
were found, namely spasuberol A, homovanil-
lyl-4- oxo-nonanoate, spasuberol C, spasuber-
oside A, and spasuberoside B. Huang et al.
(2013) founded that Spatholobus suberectus
contained 2% of total phenolic compound and
was able to inhibit the enzyme elastase in neu-
trophil cells.

Liu et al. (2019) also figured out that the
compounds of aglycone flavonoid have ex-
tremely high anti-inflammatory activity. Fla-
vonoid compounds are antioxidants that work
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to neutralize oxygen radicals (ROS). The
prevention of ROS formation by flavonoids
is performed in several ways. The flavonoid
quercetin works to reduce oxidative damage
caused by ROS by increasing intracellular
antioxidants such as glutathione, as a metal
chelator, inhibiting the enzyme xanthine oxi-
dase and increasing the activity of Superoxide
Dismutase (SOD) (Brunetti et al., 2013). Choi
& Kim (2013) reported that the flavonoid
daidzein plays a role to stimulate catalase and
superoxide dismutase (SOD) activities (Choi
& Kim, 2013). Daidzein is a flavonoid that
was found in S. suberectus plant. The abili-
ty to neutralize free radicals is played by the
catechol group on the B ring of the flavonoid
framework (Banjarnahor & Artanti, 2014).

The neutralization of free radicals by
flavonoid compounds can increase the growth
factor of tissues experiencing inflammation
and is thought to modulate anti-inflammatory
cytokines. Anti-inflammatory cytokines con-
sist of interleukin-4 and interleukin-10 which
play a role as regulators of pro-inflammatory
cytokine secretion. The flavonoid compounds
in S. suberectus play a role in inhibiting the
mRNA expression of several pro-inflamma-
tory cytokines such as interleukin 18 (II-1p),
Tumor Necrosis Factor (TNF-a), nitric oxide
synthase (iNOS) and cyclooxygenase en-
zymes (COX -2) (Chen et al., 2004; Liu et al.,
2019).

Tannins are secondary metabolites
which strongly interact with proteins. High
tannin compounds from kesum leaves (Bixa
orellana L.) showed anti-inflammatory activ-
ity in carrageenan-induced mice (Yusuf et al.,
2012). Similar to flavonoids, tannins work to
reduce the levels of ROS and modulate the
immune system. Saponin compounds are gly-
cosides that are soluble in water and have the
characteristics of being able to make foam
when shaken. Saponins steroids have mem-
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brane toxicity and are able to cause rupture
of red blood cells. Aglycon part of saponin is
mainly responsible for the membrane stability
of inflamed tissue (de Groot & Muller-Goy-
mann, 2016) High doses of ethanol extract of
bajakah stem (250 mg kg and 1250 mg kg™')
did not really show the effect of the inhibition
of inflammation, possibly due to the high con-
tent of saponin compounds.

The results of the in vivo anti-inflamma-
tory test also revealed that the highest dose of
Bajakah S. littoralis extract (1250 mg kg™') did
not really provide inhibition to the formation
of edema. Administration of herbal extract is
thought to be dose-dependent in inhibiting the
release of inflammatory mediators, such as
synthesis of prostaglandins (PGE2) and nitric
oxide (NO) (Kaur et al., 2004). High doses of
Spatholobus extract may cause increased free
radical damage, but this requires further in-
vestigation.

CONCLUSION

The conclusion from this research is
that the ethanol extract of Bajakah tampala
stem (Spatholobus littoralis Hassk.) shows
anti-inflammatory potential. Wheres the dose
of ethanol extract of S. littoralis 2.5 mg kg-1
was not significantly different from the inhib-
itory value of positive control.
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