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Abstract

Human immunodeficiency virus-1 (HIV-1) is a causative agent of AIDS disease. The World
Health Organization has reported that there are 37.9 million people living with HIV worldwide, of
which approximately 1.7 million are newly infected patients each year. The treatments for infected
individuals have currently used multiple antiretroviral drugs to control disease progression by
reducing viral load in the body. However, adverse effects from medication are observed in some
patients, as well as an even more challenging problem from the emergence of drug-resistant virus.
Therefore, research for a novel antiretroviral drug is needed. Several studies have shown that
naturally derived medicinal plants exhibit antiviral activities, including anti-HIV-1, giving rise to the
potential use of the medicinal plants as alternative antiviral drugs. In this study, agueous extracts
of medicinal and endemic plants from U Thong district, Suphan Buri province were determined for
inhibitory activities against HIV-1 by syncytium reduction assay. The result demonstrated that there
were 16 out of 20 aqueous extracts of these plants possessed anti-HIV-1 activity by having ECs,
ranged from 7.62 to 163.79 pg/mL. Cytotoxicity of these extracts was also tested and shown to
have ICs, ranged from 31.77 to >250 pg/mL. In summary, these extracts represented selectivity
index (SI) ranged from 1.46 to 12.79, by which Terminalia bellirica (Gaertn.) Roxb. exhibited the
highest SI value. Further study on these extracts would lead to finding active compounds that can

potentially be developed as an antiviral drug against HIV-1 infection in the future.
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reverse transcriptase inhibitors (NRTIs), non-
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Farmmunlugniliifioanyusinalladalusiesne Tl
annsadnenldmenin uenanddamunisaesn
voshalusnafiingsd ududunauainnisla
%JUU%V]’]‘UEJ”I@EJ'NG]'EJLﬁEN‘UEND;:a@L%@ Weg9n
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Th%aenlod 1 [11-14] fuiuFshdogaftuiavun
wnatnans Inonistamidn 500 nfa udawudu
Fuvuad nuazunliazidvandeutuiindu
UsrAanide (sterile ddH,0) U3u1as 500 laaans
fa81a3 0ad uudunse s8RV wen
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wadoa Wuan 24 $2lus anndusildustedae
1A3 DL UL o nUT 9 (Operon, Korea) LAy
ansafiusfigamndl -20 ssrniwailes thansarin
7 wiawdunazanes e dimethyl sulfoxide
(DMSO) Tiilamuidndu 20 dadnsu/fadans
udAulifigamgil 4 ssrniwaldea [15]

2.3 N15tNNzLA Bawad 1A2 wazladd
Atat/rechgg

waa 1A2 wazlisa 2 MC99 Taan

NIH AIDS Reagent Program Useinanigeiusng
laowad 1A2 WuwadugiSadadenvinvila
CD4+ T lymphocyte fifinsuanseanlusfiu Tat
way Rev a03la5dovleq 1 lnsunaas 1A2 10
\dedluenms RPMIL6A0 Tidin1sifia 10 % fetal
bovine serum (FBS) kaga15UfjTiug gentamicin
(1 lulesn$i/fedans) wasimzidsneadfignmnf
37 perwaided Tuan1iedid 5 % CO, Tusuau
wadlagldElulelafines (hemocytometer) Lt
ilUldlunsneassely dwsulisa A*MC99
Fadulisaevled 19 T8 tat way rev
(defective HIV-1) gnifisisnuuaymalidluwad
1A2 wagmalasalamesaieds syncytium assay
vt 9T L6l P 100-200 SFU (syncytium forming
unit) sausuns 50 lulasans [7,16]

2.4 n13nagady anti-HIV 1 syncytium
reduction assay

ansadafivayulnsiazfivdwioagn

nagoulsyansnamnisaulisaealed 1 1ne
NAgouUn18n1TLY 96-well cell culture plate GR
Tuudazuquisaead 1A2 91uru 5x10° 1wad/
gy Mntufuansadaiifeansaeaii (2-fold

dilution) AMUINTY 250, 125, 62.5, 31.25, 15.6
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uay 7.8 lalasn$i/fiadans asluvauiifiwad lne
nadouwsazAd I uTeEsaTa 3 91 way
ilvuslludimzidsawadfiganagd 37 esen
wardea luanizdisl 5 % Co, Wuan 1 $lus
nasasuimuanananliFa 497MC99 (100-200
SFU) U3uas 50 lalasans Tunquitfinisifuens
affn udwusellugmzidsasadidunm 3 fu
WAIFIUTIUNIU syncytia AIENADIaNTSAUGUY
#ndu (inverted microscope) N1TNAABUYNASS
finnsldnquaturuuan (positive control) 1uen
azidothymidine (AZT) wagldng uarunuay
(negative control) \uwadiifinsifimanizlasa
LAZNITLANLANIZEITANA S1891UNAVDIUTEENS
Awassarsanaayulnsidu 50 % effective
concentration (ECs,) Laal4d 3§ median-effect
equation (MEE) [7,17]
2.5 nsnagauanutdunwuasaisana
(cytotoxicity assay)
puduiivvosansanafivayulnsuay
fuduiemaaousieis colorimetric XTT assay
TnoLd vaiwad 1A2 $1uau 5x10° L9ad/may
Tndudnasataideasdewrindaududu
250, 125, 62.5, 31.25, 15.6 way 7.8 lulasnSau/
fiadans addunquitdiwaduasualilugimsdes
wadigamnd 37 ssmwaidea Tuan1ieiid 5 %
CO, vWuan 3 Yu wersufmuaivaisazans
USums 50 lulasdng 909 XTT tetrazolium salt
(1 fadnfu/fiaddns) Ainaudvaisazaty 1 %
phenazine methosulfate LLéjaU'ifLuﬁjLWWLﬁym
wadidunan 3 ¥alus lnewadissddinavadng
d13 formazan 7l AuNAaeUWME B (yellowish-
brown) 1hluiar1nisganduuasiinnuenindu

450/650 uluns (nm) wazldAn1sganfuuas
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LR]%QJJ‘UENL“Uaa‘ﬁI 50 % inhibitory concentration
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2.6 N19%1A1 selectivity index wazng
wlanagnadulafaeyle? 1

Selectivity index AruilaaInaunns

S| = ICq, + ECsy Bapnsianamiiusuaniasesiuaan
UaendeuazUssansamvesarsanaivayulng
Tnavnen Sl gaunefsansadadanuduiivie
Wwaden name fisziuanududugeansadal
wanandufivsawad vaietufisyiuniy
Fudusansanadnananansadud shiaedadl
Uszansn1n (high IC./low ECy,) Yauzfinisula
wanyasulaaedle 1 anti-HIV-1 activity) vas
ansannayulnsil 3 wuu A active, inactive wag
toxic Inenisuvanaidu active (Sl wnn3n 1) e
A1 ECs, aaﬂuisﬁ’uﬁlmﬂuﬁwawaa‘ Yuzfinng
wuanaldu inactive Lif o7 AT U U 9a AT
nagauluaIn1s0ansIuIU syncytium ag 50 %
warliifufiviowad wavnisudanaidu toxic e
A1 ECy, a&ﬂuizﬁuﬁlﬂuﬂwiamaé (low IC5y/high
EC.y) [18,19]
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3.1 29819

fvayulnsuasfivduderniusius
lugunegnesiiviavan 20 via lasinaainisiden
YHaNYUsENOUAIY (1) N1TE1SIVAAEDANBLUU
13191234 (random screening) (2) L& onN U7 4l
Usgiinslamise (3) l@eniyannuanisIvuni
Aseuneunth way (4) dend@nwiinegluied
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Table 1 Medicinal and endemic plants collected from U Thong, Suphan Buri

Thai name (status)* Part of use (selection criteria)**

Scientific name (species, family)

Derris solorioides Sirich. & Adema.

maluavrniugu (M) Leaf (d)
N FABACEAE

Zygostelma benthamii Baill.

auLELaN (M) i Leaf (b)
APOCYNACEAE

“ Acanthus ebracteatus Vahl

isanUainue (M) Leaf (b)
ACANTHACEAE
Euphorbia tirucalli L.

w5y (M) P Stem (c)
EUPHORBIACEAE

- = Dorcoceras glabrum C. Puglisi

WNUURLUIAT (E) Leaf (b)
GESNERIACEAE

o Capparis micracantha DC.

9% (M) Stem (c)
CAPPARACEAE

auaitnn (M)

Terminalia bellirica (Gaertn.) Roxb.
COMBRETACEAE

Fresh fruit (c)

Mitrephora winitii Craib

Uy (E) Leaf (d)
ANNONACEAE
o Justicia gendarussa Burm. f.
nszanlaa (M) Leaf (c)
b ACANTHACEAE
1 & Sansevieria cylindrica Bojer ex Hook.
UNLN (M) Leaf (b)

ASPARAGACEAE

uzAn (E)

Spondias bipinnata Airy Shaw & Forman
ANACARDIACEAE

Fresh fruit (d)

uUs1vER (M)

Euphorbia hirta L.

Whole plant (c)

EUPHORBIACEAE
o Leea rubra Blume ex Spreng.
nyAsluLag (M) Leaf (b)
VITACEAE
y Barleria prionitis L.
29N1UNY (M) Leaf (b)
b ACANTHACEAE
o o W Barleria lupulina Lindl.
LEAAWINDUAIN (M) Leaf (c)
¢ ACANTHACEAE
Andrographis paniculata (Burm. f.) Wall. ex Nees
Hmzatelas (M) ST Leaf (b)

ACANTHACEAE

lasysy (B)

Tribounia venosa (Barnett) D.J. Middleton
GESNERIACEAE

Whole plant (a)

LRYANEI (M)

Plumbago zeylanica L.
PLUMBAGINACEAE

Leaf (b)

ANeNRae (M)

Gardenia sootepensis Hutch.
RUBIACEAE

Fresh fruit (b)

Wsgneay (M)

Kaempferia galanga L.
ZINGIBERACEAE

Leaf (b)

* Medicinal plant (M), Endemic plant (E); ** (a) random screening, (b) medicinal plant used, (c) previous report for

anti-HIV-1 activity, and (d) belong to the same family or genus as plants that possessed anti-HIV-1 activity
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MC99 uazal1y
Huiurowaduasdsdana
miaﬁ'm%uﬂ;wadﬁ%aguiwsLLazﬁﬁja'u
Fealusunegnasldgninumeaeunissudilata
wuled 1 Meds syncytium reduction assay hag
nadouAIluNwsalwaan2835 colorimetric
XTT assay Gawan1snadounuinansaia 16 win
nvianun 20 wila dgvisuladaerled 1 (wa
wawlu active) Insuanaan ECs, aglutng 7.62 fia
163.79 lulasnsu/dadans wazuannn 1Cs, ag
Tutae 31.77 fg >250 lulasnsu/daddns wavean
selective index (SI) v8sansanyn 16 wdn EJgJ"ﬁ

1.6 §9 12.79 §ea15aima1n Terminalia
bellirica (Gaertn.) Roxb. #1 S| ggn fanansly
13197 2 vazfansatinainfivasulng 2 via Ao
Acanthus ebracteatus Vahl. wag Sansevieria
cylindrica Bojer ex Hook. lu 5T gnd s 1ula¥a
wovled 1 (wlanardu inactive) wiiosanan ICs,
uag EC, dlAn >250 lulasnsu/dadans wazais
anmnaniwdn 2 vila A9 Gardenia sootepensis
Hutch. wag Barleria prionitis L. finnanduiiuse
wad (wlanardu toxic) 1 8991nA7 1Cs, aglu
suRwazdl EC., a@iuazﬁuﬁﬁmwmﬂuﬁwm
\wad

Table 2 Anti-HIV-1 activity of medicinal and endemic plants in U Thong, Suphan Buri

Plant extracts ICsq (g/mL) | ECs (ug/mb) S| Anti-HIV 1
(1) Terminalia bellirica (Gaertn.) Roxb. 97.47 7.62 12.79 | active
(2) Dorcoceras glabrum C. Puglisi >250 41.15 >6.07 | active
(3) Euphorbia tirucalli L. 212.18 36.09 5.89 active
(4) Derris solorioides Sirich. & Adema. 179.77 34.85 5.16 active
(5) Capparis micracantha DC. 177 36.65 4.83 active
(6) Zygostelma benthamii Baill. >250 54.29 >4.60 active
(7) Euphorbia hirta L. 142.99 41.15 3.48 active
(8) Plumbago zeylanica L. 179.16 58.52 3.06 active
(9) Spondias bipinnata Airy Shaw & Forman (unripe) 117.02 39.75 2.94 active
(10) Tribounia venosa (Barnett) D.J. Middleton 85.29 34.97 2.44 active
(11) Mitrephora winitii Craib >250 105.66 >2.37 | active
(12) Barleria lupulina Lindl. 89.64 47.50 1.89 active
(13) Leea rubra Blume ex Spreng. 185.83 118.67 1.57 active
(14) Justicia gendarussa Burm. f. >250 163.79 >1.53 | active
(15) Kaempferia galanga L. 88.79 59.32 1.49 active
(16) Andrographis paniculata Burm. f.) Wall. ex Nees 31.77 21.79 1.46 active
(17) Acanthus ebracteatus Vahl >250 >250 N/A inactive
(18) Sansevieria cylindrica Bojer ex Hook. >250 >250 N/A | inactive
(19) Gardenia sootepensis Hutch. 7.23 7.39 - toxic
(20) Barleria prionitis L. 32.80 68.12 = toxic

N/A = not applicable; positive control, Azidothymidine (AZT), exhibited ICs,, ECs, and Sl at >10°

pM, 2.78x10° uM and >3.59, respectively.
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wvgnihanldusglevdluaunisshvilse
A9 9 Wuszesatsnuiududeundulunin
vanegiulnouniii nseisdaguennuwlsaniy
$ovay 50 dfiunanarseangn’ Anuludiy [21]
n3fnwIseansatanivlunisdudlasa
erlefundaussyaiSuusNTDINNTITUIATEY
154 Imeans calanolide A wag calanolide B 10
W Calophyllum lanigerum SauU@i0u NNRT
inhibitor @13 prostratin 31nW¥ Homalanthus
nutans Wag@ns bryostatin analog ﬁﬁ'ﬁmiwﬁ‘ﬁu
Inga1dedeyalaseasianiuaiives bryostatin
91Nty Bugula neritina nudn@1sia 2 wia
A11150N 386 UN15VNUVY provirus vaebaTH
walefitedudinmsindeuds (latent infection)
9a13 calanolide A QnIRaNSURTLAL DY TEUINg
nszvaunmsauiieldiduendnuiluszey phase
Il clinical trial 92183815 prostratin gﬂﬁ&umagﬂu
3¢8% phase | human clinical trial [22] YU dians
bryostatin analog fiAuvasasdeienaaeuiu
wynaans [23] eiinanandraduaziiiulddnde
\Wisuiaflouuvassuvesansoangninisdanm
(bioactive compound) fiansnsatianiauLdu
sn%“ﬂwﬂimaméuaw:@m%a FeniFoidlduands
WiutsuszansamnisauliSaesled 1 vesans
afanenu (crude extract) 90 16 wiln LA
A1881991N8UN0Y MDY TINTAANITUYS lag
nagouUsEansmamsdudsitaenled 1 fes
syncytium reduction assay Flaflaga 2= Mm99
uazlead 1A2 FsfienuiasnsosiofuRause
anfdunislatuiesdfuinisdadsdesedu 2

(biosafety level 2, BSL2) [19] saudsansanndagn
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nadeuAIAUduiYsoadA1e33 colorimetric
XTT assay Kan1sAnwvinlinsudoeyauseans

v o a ¥ <) a
annsaulifaeled 1 uardeyanuluiy

= v 1Y)

BIYBUANINAABUANIEFNAGN

Y

AOLYAAUDIANTAN A
dhamen Sl ivddeaudasnsouazgnsniu
Thaievled 1 (anti-HIV 1 activity) Inefivayulng
fiuansen Sigean 5 sudu Ldun Terminalia
bellirica (Gaertn.) Roxb. (S| 12.79), Dorcoceras
glabrum C. Puglisi (SI >6.07), Euphorbia tirucalli
L. (SI 5.89), Derris solorioides Sirich. & Adema.
(SI'5.16) wag Capparis micracantha DC. (S| 4.83)

Terminalia bellirica (Gaertn.) Roxb. 1Ju

A o

fivifinsldusylovilaeinanldiduayulng
Snwlsaris o Tunaneusewne dmsulsednsnm
yesansafalunsdudidaeslod 1 nuiise
Aoumiilgsieeunanisnaaeunsiudaeuled
reverse transcriptase (RT) $A1 ICs 117U 10
lulnsndu/daaans Inowdunisadnansaaetian
nauFsTAvInUssinasaus [24] FeiialndiAes

funanisnaasunisdudahisaelesd 1 n1sdnw

v
a

AT T At Ada19NINNAAALATNARDUR 287 S
syncytium reduction assay laghangnn ECs
whitu 7.62 lalasn$i/diadans saifugnssnulga
waled 1 Aldannansatalunisdneriidunasn
s ngnd Sudseuled RT agrdlsiniu arsarin
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