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Background: The bark of Erythrina variegata Linn.(Ev) is used in Thai traditional medicine for the treatment of many
diseases in Thailand and is an ingredient in the Mahanintangthong remedy (antipyretic) and Lomammapruek remedy
(analgesic and anti-inflammatory).

Objective: To study anti-inflammatory activities of ethanolic extract of E. variegata in vitro.

Material and Method: Bark of E. variegata was extracted with 95% ethanol. In this study, Griess reagent was used to
measure the anti-inflammatory activity by inhibitory effects of extract on nitric oxide production activated by lipopolysaccharide
in RAW 264.7 cell lines, COX-2 and TNF-a were also tested by using ELISA techniques.

Results: The ethanolic extract of E. variegata showed potent anti-inflammation properties by inhibiting prostaglandins
production through enzyme COX-2 and inhibitory activity against lipopolysaccharide induced nitric oxide production in RAW
264.7 cell lines with an IC, value 0f 9.27+0.72 and 47.1+0.21 ug/ml, respectively. However it was not effective against TNF-
o release.

Conclusion: The ethanolic extracts of E. variegata bark showed higher inhibitory effect on PGE, as acute inflammation than
inhibitory effect on Nitric oxide production and TNF-o release representing chronic inflammation. This study thus supports
the use of E. variegata bark for treatment of inflammation-related diseases by Thai traditional medicine.
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Inflammation is the body’s attempt at self-
protection; the aim being to remove harmful stimuli,
including damaged cells, irritants, or pathogens and
begin the healing process. Nitric oxide (NO) and
Prostaglandin E, (PGE,) are known to act as secondary
mediators of pro-inflammatory cytokines, such as
Tumor necrosis factor (TNF-ov), interleukin-1f (IL-1)
and interleukin-6 (IL-6), which are considered to be
important initiators of the inflammatory response and
mediators of the development of various inflammatory
diseases®. Among these, TNF-o is implicated as a key
cytokine playing an important role in the immune
response such as autoimmune reactions, and its
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production is crucially required for the synergistic
induction of NO synthesis in lipopolysaccharide (LPS)
stimulated macrophage®. TNF-o. and NO will reduce
production of PGE,, the major metabolite of the
Cyclooxygenase-2 (COX-2) pathway, which plays a
critical role in the pathogenesis of acute and chronic
inflammatory diseases®.

Thai traditional medicine used many plants
for anti-inflammation Erythrina variegata Linn. has
long been used to reduce inflammation and its bark
is an ingredient in antipyretic and analgesic or anti-
inflammation preparation such as Mahanintangthong
remedy and Lomammapruek remedy.

The genus Erythrina (Leguminoceae) is
distributed in the tropical and subtropical regions of
the world and encompasses over 100 species. The name
“coral tree” is used as a collective term for these
plants®. E. variegata Linn. is typically found on sandy
soil in littoral forest, and sometimes in coastal forest up
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to 250 m (800ft) in elevation. It is a fast-growing, 50-60
feet tall and wide deciduous tree with green and yellow-
variegated, 6-inch-long leaves. Different parts of the
plant have been used as traditional medicine in sedation,
opthalmia, asthma, epilepsy, and also as an antiseptic.
Its leaves have a cathartic, diuretic, antiseptic and anti-
inflammatory action®. The leaves are used in fever,
inflammation and joint pain. The juice of the leaves is
used to relieve earache and toothache®. The roots are
also used to stimulate lactation and menstruation and
is used as a laxative, diuretic and expectorant®. In
Thailand, the bark is used as an analgesic and
antipyretic®. Phytochemical investigations on the plant
revealed the presence of alkaloids, flavanoids and
isoflavanoids, coumarins, lectins, flavones glycosides
and steroids®*?. However, there has not been any
report on anti-inflammation activity of its bark.
Thus, in the present study, the anti-inflammation
effect of ethanolic extract of E. variegata Linn. using
in vitro methods was investigated. This result would
support the use of this plant as an ingredient in Thai
traditional medicine to treat inflammatory-related
diseases.

Material and Method
Plant material

The bark of E. variegata Linn. was collected
from Nakhon Pathom on January 2014. Its barks were
dried by hot air oven 50°C and powdered.

Preparation of extract

The crude powder (500g) was macerated in
ethanol (95%) for 3 days and extracted for 2 more times.
The filtrates were pooled and concentrated to dryness
under reduced pressure using an evaporator to obtain
a dark brown colored molten mass. The percentage
yield was 2.95% w/w.

Cell culture

RAW 264.7 murine macrophage cell line was
cultured in RPMI 1640 Medium (Sigma, St. Louis, MO,
USA) which was supplemented with 10% heated fetal
bovine serum (FBS) (Sigma, St. Louis, MO, USA), 100
U/ml penicillin, 100 ug/ml streptomycin and incubated
at a temperature of 37°C, 95% humidity in 5% CO,
atmosphere. Cell lines were subcultured every 3 days.

Determination of nitric oxide (NO) production®®¥
The RAW 264.7 cell line was cultured in RPMI

1640 (BIOCHROMA®) supplement with 10% heated

fetal bovine serum, 100 1U/ml penicillin and 100 pg/ml
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streptomycin. Cells were grown at 37°C and 5% CO, in
humidified air. Cells were seeded in 96-well plates, 1x10°
cells/well, and allowed to adhere for 24 hours at 37°C
in a humidified atmosphere containing 5% CO.,. After
that, the medium was replaced with fresh medium
containing 100 pg/ml of lipopolysaccharide (LPS)
together with test sample at various concentrations
and then incubated for 24 hours. NO production was
determined by measuring the accumulation of nitrite in
the supernatant using the Griess’s reagent (100 ul)
which was added to 96-well plates and absorbance was
read using a microplate reader at 570 nm.

The inhibition of NO production was
calculated and IC,, values were calculated using the
Prism program.

MTT assay®314

Briefly, after 24 hours incubation with test
samples, MTT solution (10 pl, 5 mg/ml in PBS) was
added to the wells and then incubated at 37°C at 5%
CO, atmosphere with 95% humidity for 2 hours.
After that the medium was removed and isopropanol
containing 0.04 M HCI was added to dissolve the
formazan solution and the absorbance was read
using a microplate reader at 570 nm. The test
compounds were considered to be cytotoxic when
the optical density of the sample treated group was
less than 70%.

Inhibitory effect on LPS-induced TNF-a release from
RAW 264.7 cells ling®4

Inhibitory effects on the release of TNF-c.from
RAW 264.7 cells were evaluated using Quantikine
mouse TNF-o. ELISA test kit. Cells were seeded in
96-well plates, 1x10° cells/well, and allowed to adhere
for 24 hours at 37°C in a humidified atmosphere
containing 5% CO,,. After that, the medium was replaced
with fresh medium containing 100 pg/ml of LPS together
with test sample at various concentrations and then
incubated for 24 hours. The supernatant (50 ul) was
then transferred into 96-well ELISA plate and TNF-o.
concentrations were determined. The inhibition of
TNF-o production was calculated and IC_; values
were calculated using the Prism program.

Inhibitory effect on LPS-induced PGE, release from
RAW 264.7 cells line (COX-2) t319

The RAW264.7 cells were seeded in 96-well
plates, 1x10° cells/well, and 5 ug/ml of LPS added
to stimulate macrophage and allowed to adhere for
24 hours at 37°C in a humidified atmosphere containing
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5% CO,. After incubation, supernatant was collected,
and amount of PGE, determined using a PGE,Enzyme
Immuno-Assay Kit (Cayman Chemical Company).
Amount of PGE, was measured relative to that of
positive control.

Statistical analysis

Results were expressed as mean + SEM of
four determinations at each concentration for each
sample. The IC_ values were calculated using the Prism
program.

Results
Inhibitory effect on NO production

Effect of E. variegata extract on the pro-
inflammatory mediator (NO) in activated murine
macrophage cell lines was measured as anti-
inflammatory properties compared with positive control
(Prednisolone). The result of inhibitory activity against
LPS induced NO production are shown in Table 1 and
Table 4. The E. variegata ethanolic extract exhibited
moderate inhibitory activity (IC_; value of 47.1+0.21
ug/ml). However, E. variegata exhibited less anti-
inflammatory activity than Prednisolone (IC,, value of
1.31+0.05 ug/ml) which is a positive control of anti-
inflammatory drug. The cytotoxic effect of E. variegata
extract was also determined using the MTT assay. E.
variegata extract up to concentration of 100 ug/ml
showed no cytotoxicity (i.e. less than 30% cells were
affected).

Inhibitory effect on LPS-stimulated PGE, release from
RAW 264.7 cells (COX-2)

Results of assay determining inhibitory effect
of E. variegata on LPS-stimulated PGE, (COX-2) release
from RAW 264.7 cell lines using PGE, Enzyme Immuno-
Assay Kit are shown in Table 2 and Table 4. The Ev

extract exhibited strong potency with IC, value of
9.27+0.72 ng/ml. However, E. variegata exhibited less
anti-inflammatory activity than prednisolone (IC,, of
0.96+0.01 ug/ml) which is a positive anti-inflammatory
drug.

Inhibitory effect on LPS-induced TNF-a release from
RAW 264.7 cells

Results of the assay are shown in Table 3.
and Table 4. The Ev extract has no inhibitory
effect which having IC, of more than 100 pg/ml.
However, prednisolone, the standard positive control
showed strong anti-inflammatory activity against TNF-
owith IC_ 0f 0.95+0.19 pug/ml.

Discussion

The determination of anti-inflammatory
activities of 95% ethanolic extract of E. variegate bark
through the three pathways revealed that the extract
has anti-inflammatory properties only through two
pathways. It could inhibit NO production and releasing
of PGE, although not as good as prednisolone, a
positive control (p<0.01). However, the extract did not
effect the TNF-a release (1C, of greater than 100 pg/
ml). This plant extract showed moderate inhibitory
activity (IC_, of 47.1+0.21 ug/ml) against LPS-induced
NO production. As for release of PGE,, it responds in
an acute phase of inflammation by sensitizing spinal
neurons to pain, produces fever, increases
vasopermeability and extracellular substances®®. E.
variegata extract showed high anti-inflammatory effect
through LPS-stimulated PGE, release (COX-2) relative
to prednisolone (IC,, value 9.27+0.72 and 0.96+0.01 ug/
ml, respectively). It is reported that the secondary
metabolites from this plant was a good source for
NSAID drug development®”. The alkaloids extracted
from its leaves are reported to have anti-inflammatory

Table 1. Inhibitory effect of the ethanolic extract from E. variegata on LPS induced NO production, cytotoxicity and IC_

in RAW 264.7 cells

Plants and positive % inhibition of nitric oxide production (% cytotoxicity) IC,,(ug/ml)
control
0.1pg/ml 1ug/ml 10 pug/ml 30 ug/ml 50 ug/ml 100 pg/ml
E. variegata Linn. - 2.87+0.72 10.75+1.59  30.65+0.44 53.02+0.26 85.24+2.27 47.1+0.21
(-29.34+2.42) (-17.56+3.29) (-15.54+1.76) (7.33+4.43) (16.19+1.2)
Prednisolone 32.35+1.87 46.11+0.48 58.45+1.17 64.86+2.03 74.03+1.17 - 1.31+0.05
(3.97+1.29) (7.44+3.18) (8.71+1.8)  (11.79+1.07) (6.57+6.65)

Mean of triplicate + SEM (n = 3), “-”: not done
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Table 2. Inhibitory effect of the ethanolic extract from E. variegate bark on LPS-stimulated PGE, release (COX-2) in RAW
264.7 cells (1C,,and percentage of inhibition on PGE, release at various concentrations)

Plants and positive

% inhibition effect of PGE, release (COX-2)

IC,, (ng/ml)

control

0.0lug/ml 0.1ug/ml 1pg/mi

10 pug/ml 50 pg/ml 100 pg/ml

E. variegata Linn. - -
Prednisolone -3.45+0.19 -3.73+0.28

-7.55+0.19 54.62+4.57 75.02+2.05 81.55+0.19 9.27+0.72
53.31+0.09 81.83+0.84 - -

0.96+0.01

Mean of duplicate + SEM (n = 2), “-”: not done

Table 3. Inhibitory effect of the ethanolic extract from E. variegate bark on LPS-induced tumor necrosis factor-alpha (TNF-
o) release from RAW 264.7 cells (percentage of inhibition on TNF-o release at various concentrations IC_ and)

Plants and positive % inhibition effect of TNF-o release IC,, (ug/ml)
control

0.1 pg/ml 1 ug/ml 10 ug/ml 50 ug/ml 100 pg/ml
E. variegata Linn. - - - - 9.92+2.1 >100
Prednisolone 34+4.09 50.93+3.14 70.5+4.07 86.83+2.21 - 0.95+0.19

Mean of duplicate + SEM (n = 2), “-”: not done

Table 4. Anti-inflammatory activities of Erythrina variegata extract through three path ways (inhibitory effect on NO

production, PGE, release, TNF-o. release)

Plant extract and positive control

IC,, of inhibitory effects stimulated by LPS (ul/ml)

NO production

PGE, release TNF-o release

47.10+0.21
1.31+0.05

E. variegata Linn.
Prednisolone

>100
0.95+0.19

9.27+0.72
0.96+0.01

activity®®,

In summary

This plant extract has inhibitory effect on
inflammation process. Many reports on animal model
or in vivo study have shown that all part of this plant
had anti-inflammatory activitity®®2%, However, this is
the first report of testing in vitro or in cells of the activity
of its bark extract through the three pathways of anti-
inflammation. Yet, E. variegata bark extract showed
weak activity against TNF-o release which represents
chronic inflammation and involves an increase in many
mediators (IC,, of greater than 100 ug/ml). The cell
viability or cytotoxicity test of this extract using MTT
assay showed no toxicity. These results confirm and
support on-going use of E. variegata bark in Thai
traditional medicine for treatments of inflammation. In
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addition, E. variegate bark is also confirmed as an
ingredient in the Mahanintangthong remedy which is
used as antipyretic. It can reduce acute inflammation
because its effect is to inhibit PGE, release, so it can
reduce fever. This confirmed the use of its bark as
ingredient in Lomammapruek remedy which is used for
reducing pain and inflammation. Its bark showed better
acute anti-inflammatory activity than for chronic
inflammation because the ethanolic extract of its bark
showed higher inhibitory effect on COX-2 as acute
inflammation than on NO release and has no inhibitory
effect through TNF-a release which represents the
chronic inflammation.

Conclusion

The ethanolic extract of E. variegata bark
exhibited higher inhibitory effect on PGE, as an acute
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inflammatory effect than on NO production and has no
effect on TNF-o. release as chronic inflammation. These
results are relevant to the use of E. variegata bark in
Thai traditional medicine for treatment of inflammation-
related diseases. In addition, E. variegata bark is also
used as an ingredient in the Mahanintangthong remedy
(antipyretic) and Lomammapruek remedy (analgesic and
anti-inflammation). This study supports the use of
E. variegata bark in Thai traditional medicine remedies
for inflammatory treatment. The anti-inflammatory
compounds should be further isolated from the
ethanolic extract of its bark and studied.

What is already known on this topic?

Inflammation is defined as the local response
of living mammalian tissue to injury due to any agent.
The body’s defense mechanism acts to eliminate
the spread of the injurious agent, which may be due
to heat, cold, radiation, trauma, organic and inorganic
poisons, bacteria, fungi, parasites, antigen anti-body
reaction and cell mediated reactions. Many Thai
traditional medicinal plants are used in treatment of
inflammation-related diseases. However, these plants
are the subject of little scientific reporting in support
of using them in treatment of inflammation-related
diseases.

What this study adds?

Knowledge about the anti-inflammatory
activities of ethanolic extract of E. variegata in vitro
regarding inhibitory activity against lipopoly-
saccharide induced NO production, inhibition of PGE,
reduction by enzyme COX-2 and TNF-o in RAW
264.7 cell lines. It was shown that the ethanolic extract
of E. variegata showed potent anti-inflammation as
inhibitory activity against lipopolysaccharide
induced nitric oxide production and inhibition of
prostaglandins release by enzyme COX-2, but was not
effective against TNF-o.. These results appear to
support the use of E. variegata for the treatment
inflammation-related diseases and these results related
the on-going future use of the plant in Thai traditional
medicine.

Acknowledgements

This work was financially supported by the
National Research University Project of Thailand
office of Higher Education Commission and Faculty
of Medicine, Center of Excellence in Applied Thai
Traditional Medicine Research (CEATMR), Thammasat
University.

S170

Potential conflicts of interest
None.

References

1. Glauser MP. The inflammatory cytokines. New
developments in the pathophysiology and
treatment of septic shock. Drugs 1996; 52: 9-17.

2. Aggarwal BB, Natarajan K. Tumor necrosis factors:
developments during the lastdecade. Eur Cytokine
Netw 1996; 7: 93-124.

3. Hinz B, Brune K. Cyclooxygenase-2-10 years later.
J Pharmacol Exp Ther 2002; 300: 367-75.

4. Whistler WA, Elevitch CR. Erythrina variegata
(coral tree) Fabaceae (legume family). Species
Profiles for Pacific Island Agroforestry 2006; ver
3.1:3-6.

5. PandyaDJ, Yadav EN, Kardani BR, Joshi KK, Desali
TR, Patel VL. Phytopharmacognostic Study of
Leaves of Erythrina indica. Res J Pharm Biol Chem
Sci2012; 3:127-32.

6. Agarwal VS. Drug Plants of India, first Edition.
Kalyani Publishers. New Delhi 1997; 361-2.

7. Sarragiotto MH, FilhoHL, Marsaioli AJ. Eritrosine-
N-oxide and erythartine-N-oxide two novel
alkaloids from Erythrinemulungu. Can J Chem
1981;59: 2771-5.

8. Prapaspong B, Suwannapokin S, Chaiyaklang U,
editors. Phathayasatrasangkhrua: Thai traditional
medicine. Bangkok: Kurusapa Business
Organization; 1999: 401-13.

9. ChawlaK, Sharmas. Erythritol, Anew Isoquinoline
alkaloid from Erythrina variegata flowers.
Fitoterapia 1993; 64: 15-7.

10. Tanaka H, Hirata M, Etoh H, Sako M, Sato M,
Murata J, etal. Six new constituents from the roots
of Erythrinavariegata. Chem Biodivers 2004; 1:
1101-8.

11. Hedge VR, Dai P, Patel MG, Puar MS, Das P, Pai J,
et al. Phospholipase A2 inhibitors from Erythrina
species from Samoa. J Nat Prod 1997; 60: 537-9.

12, Kouzuma'Y, Yamasaki N, Kimura M. The tissue-
type plasminogen activator inhibitor ETla from
Erythrina variegata: structural basis for the
inhibitory activity by cloning, expression, and
mutagenesis of the cDNA encoding ETla. J
Biochem 1997; 121: 456-63.

13. Tewtrakul S, Itharat A. Nitric oxide inhibitory
substances from the rhizomes of Dioscorea
membranacea. J Ethnopharmacol 2007; 109: 412-
6.

14. Tewtrakul S, Subhadhirasakul S. Effects of

J Med Assoc Thai Vol. 99 Suppl. 4 2016



compounds from Kaempferia parviflora on nitric called Sahasthara and its plant ingredients.

oxide, prostaglandin E2 and tumor necrosis factor- Pathumthani, Thailand: Thammasat University;
alphaproductions in RAW?264.7 macrophage cells. 2011.
J Ethnopharmacol 2008;120: 81-4. 18. Uddin MM, Emran TB, Mahib MM, Dash R.
15. Hong CH, Hur SK, Oh OJ, Kim SS, Nam KA, Molecular docking and analgesic studies of
Lee SK. Evaluation of natural productson Erythrinavariegata’s derived phytochemicals with
inhibition of inducible cyclooxygenase (COX-2) COX enzymes. Bioinformation 2014;10: 630-6.
and nitric oxide synthase (iNOS) in cultured mouse  19. Ghosal S, Dutta SK, Bhathacharya SK. Erythrina—
macrophage cells. J Ethnopharmacol 2002; 83: 153- chemical and pharmacological evaluation 11:
9. Alkaloids of Erythrina variegate L. J Pharm Sci
16. Krishna RM, Tejaswini G. Anti-inflammatory 1972;61:1274-7.
activity of Erythrina variegata. IntJPharm Pharm  20. Balamurugan G, Sajja S, Balakrishnan D, Selvarajan
Sci 2015; 4: 386-8. S. Invitro anti-inflammatory activity of Erythrina
17. Kakatum N. Anti-inflammatory activity of Thai variegata (L.) Leaves by HRBC Membrane
traditional remedy extract for muscle pain treatment Stabilization. Int J Drug Dev Res 2010; 2: 669-72.

gusaumseniayvedasanatasanadran
Yoy nov, ogans agsau

14 b4 L4 U 1
ind: whenvesnumaamanulszmatnegnnlylunsumnounyInelumssnnliaang wnne nazdadhuamsznovvesayulng
! ! ! vy v 14 L4 14 Yy ¥ Y 4
luesumnaq vy svenumiaunaned (unly) wasasvennaxdumony (intha upnarsiouaziaudusniay)

oY
[

4 ! 14
Jnnl Jain: lﬁaﬁﬂym?’lﬁﬂ7iJﬂ759?)!ﬂlelZlZlﬁ78/1!9f)ﬂ7£I‘llﬂx7?775ﬂﬂyﬁWﬂiﬂﬁNfﬂuaﬁﬁnﬁ)ﬁ

9
14

[ ad 0 = v o v o0 o d’ 4 I3 Qrs/ o o ﬂq//
Jaquaz35ms: nvaenvesnunaamarminate 95% uemsea wmsananlaluAnsgnsaiumseniavlaegmsdudansas
o 4 L4 v 1 1
lunsnaenlsalaolyds griess reagent, qnseueImmaq enzyme cyclooxygenase-2 (COX-2) Uasmsmad tumor necrosis factor-
4 L4 ! Y v
alpha (TNF-0) Ingly ELISA kits Tuwaa RAW 264.7 tileganszaunde lipopolysaccharide (LPS)
=8 o qu/ A v ary o d’d afu :j/ I3 i o :// uL
HaNIIANYT: sanATeNseaveNABnAUNaIAeangNsATUMBNIAYNA Ineaengnigueuoulyy COX-2 uazgudanisnad
L4 Ld T T 1 [ v T
lunsnoenlwnluivaa RAW 264.7 (a1 Ic i 9.2740.72 uaz 47.140.21 lulasnsuneiiaaans ama1ny) ualuinalumsgueimsmad
TNF-o
o g 4 v in/ o 4’0/ g & < d’ o a o
agul: arsarasuenseavedfenaumadnany uansgnamumseniaylaseengnadudasulan COX-2 idunavesmsdniayuyyidymdy
d' ar ua’// aL a - aL 4’@ 1% 4”:/ qudyu Vﬂ v
anmgnslumsdvgamsmailunineenlyauasmsmas TNF-or Fanalumsenauuyuiiess namsiseimivauumslyaenaunesnan

numsunngunynglumssnziemssniay

J Med Assoc Thai Vol. 99 Suppl. 4 2016 S171



