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ABSTRACT

Hispidulin, nepetin and vanillic acid are naturally-occurring phenolic compounds which potentially
possess anti-inflammatory and immunosuppressive properties. Nevertheless, there is no information
concerning human T-cell activation and apoptosis. This study, therefore, aims to evaluate
pharmacological effect and cytotoxicity of hispidulin, nepetin and vanillic acid on T-lymphocyte
activation. Blood samples were obtained from ten healthy volunteers and separated to obtain
peripheral blood mononuclear cells (PBMCs) by Ficoll-Hypaque density gradient centrifugation. PBMCs
were stimulated with anti-CD3/28 coated beads, treated with hispidulin, nepetin or vanillic acid at
different concentrations (50-200 uM) and incubated for 24 hours. The samples were then stained with
fluorochrome conjugated monoclonal antibodiesand reagents for activation and apoptosis assays
before analyzed by LSRFortessa flow cytometer. Results showed that the expression frequencies of
CD25 and CD69 in CD4”™ and CD8" T lymphocytes were markedly decreased by hispidulin and nepetin
at the highest concentration (200 uM). When lowering the concentration to 100 pM, hispidulin still
significantly inhibited the expression of activation markers except CD69 in CD4" T cells while nepetin
remained suppressing the expression of CD25 and CD69 in CD8" T cells. No change was observed for
hispidulin at the lowest concentration of 50 uM, whereas nepetin inhibited the expression of CD69 in
CD8" T cells. However, the activation markers were increased when using vanillic acid at all
concentrations.  None of these compounds disturbed total apoptotic cells in CD4” and CD8’
populations compared to the stimulated control. It is then suggested that hispidulin and nepetin are
feasible immunosuppressive agents for inflammation-related diseases through the inhibitory activity
of early activation in T cells in dose-dependent manner without inducing cell death. Vanillic acid, on
the other hand, has no effect on immunosuppression but shows more potential on

immunostimulation.

Keywords: Hispidulin, nepetin, vanillic acid, immunosuppression, T-cell activation.
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flunquAIuAY (stimulated control)

navesdaiindu vy waznsaniada denisiiudviuvesgadidadenuiyindi-Fulnleddign

Y

QEEZAT

waafignnsrduaziinisuansesnvesluiananivainvaleniugadiiouansineglunizgnnsveu
(activation markers) tnefl CD69 Juluanafinansoanuiegnsinsmaaningnnszdu Ineinind
g UNITUUIMIvRLTadLazn19119 U619 Tugiugdisudedyqyia (signal-transmitting

receptor) vouaaidaden Tuvuzd CD25 sxiluluanafivantoanuiluniends uazvimdindu

U v o .

sudsdyannnes interleukin-2 (IL-2) Miedestunszuiunisnseiuiindnusugadilabionyn

yinfl-aulladsialy Aetu CD69 war D25 Fefsulddmiunisananisnszduwadlussozsiu

o

wonanilfidedaladenty EDTA finnnaundudu 2 mM Wuspauauwuuuan (positive control) d1miu

v
3 ko a a a

PudunalunsdudenisnseAuvesdanadu Ay Laznsnnliada 1ie9971nils1891uI1 EDTA @115

q (]
v o ¢ [19]

visnsnszduaddadenyrviing-aulnludliegsauysal

v v

wadindanunviaf-aulnledngnnseAunis anti-CD3/28 coated beads waaldasNdain1snaasy

U q

(Bafigdu wundu viensaniada) AAnuidudusngg (50, 100 uag 200 M) AQNINNTIATIZIME
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walamalvialelauvsiieuandiiiudnvaznsuansesnveduanafignnszduluszeziu (CD69' uaz
CD25") w4 activated CD4" T cells uaz activated CD8' T cells Aauanasagaluguil 2 Fsdruau

wadidindenuniyiianieg Afinsuanseonyas CD69” way CD25 ALQNUAAIHALLANTINT 1

Stimulated EDTA Hispidulin Nepetin Vanillic acid

CD4+

Gomp-PE-A :: CDES
Comp-PE-A 1 CDES
Comp-PE-A :: CDES
Comp-PE-A : CDES
Comp-PE-A 1 CDES

a3

0 ia B ]
182

181

03
153

E TS wt ot RECEE IS wt at ot wt et
Comp-APC-A : CD25 Comp-APC-A : CD25 Comp-APC-A :: €D25

CD8+

Comp-PE-A = CD63
Comp-PE-A = CD63
Comp-PE-A ;: CDES
Comp-PE-A : CDER
Comp-PE-A :: CD63

a3
022

e by by e
L R R R s e wt
Comp-APC-A = CO28 Gomp-4PG-A = CD25 Comp-aPCA: CD25 Comp-APCA : CO2S Gomp-4PC-A = CO28

Ul 2 uansdnwaznisuansesnvesluanaiignnszsilussezeu (CD69" wag CD25") Y84 anti-CD3/28
stimulated CD4" T cells uaz anti-CD3/28 stimulated CD8” T cells Lﬁawmaauﬁaagaﬂaau LULNRY

waznIANlada 1ANULNTY 200 UM wazUSeuiisuiunguatunu (stimulated control)

nansAnwmuindlelddafigauuaziumAuiinnududu 200 pM wadiiadoavnivia o4’ uay
D8’ fiinsuanseenves CD69 uay CD25 fdnnuanatesniideddgmuaififlowIouiouiungs
AuAK kazmsanasianditouifisusiiugvslunissudiesauauuuuuinild EDTA lneidlean
arudutuiildanndo 100 M Bafigiusudinisuanseanvesluana €025 luwadidadonui 2
wiia luvasfiumiuanansaannisuanieenvaslutana CD69 uay CD25 Tuiwadfindonviuia CD8
winfu uaziiloanaudaduresansas (50 pM) linumsiwasuudasleq visnlddafinau us
nuIumiudausaannsuaneanvasiuana CD69 Tuwadidadonvivia CD8 Ie d1wmsunsnan
fadaduliinuianinsadudinisnseduradidias uinduldualunenssiudiufoanunsadiunig

wanseonvasluana CD69 waz CD25 luwadifiadonu1iiis 2 ylaunu
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A1519% 1 LanesIuIuLYad (%) U949 anti-CD3/28 stimulated CD4™ T cells Wag anti-CD3/28

stimulated CD8" T cells #iflnmsuansoanvesluanafignnszaulussuziu (CD69" uaz CD25) e

a

a

viede sy EDTA Bafighu iy uaznsaniada Annududusiigg uagiIeuifisuiunduaiuay
(n=5)
NGUNARDY AU UIULAE (%)
wiudu co4’
(uM) CD69" CD25" CD69" CD25"
nguAUAY - 738 + 4.6 57.9+ 99 68.7 + 6.4 42.2 + 13.0
(Stimulated control)
EDTA 2000 29.5 + 19.4%* 2.9 + 2.6%%%* 18.1 £ 15.0%** 1.0 £ 1.1%*
(Positive control)
gaiiniu 50 81.3 + 3.8 62.2 + 11.4 54.0 + 21.0 288 + 35
100 63.1 + 10.4 30.7 + 3.5%% 325+ 24.1% 8.7 + 3.2%*
200 28.1 + 19.6** 22+ 1.1 15.2 £ 15.3%%* 1.0 + 0.5**
LAY 50 72.0 £ 6.8 73.2+93 46.0 + 19.9% 33.7+6.1
100 583 + 133 57.1 +18.1 29.9 + 20.9%* 2713+ 12.7*
200 39.5 + 14.7%* 9.5 + 8.4%* 19.7 £ 15.4%% 2.0+ 1.3*
nnniadn 50 82.9 + 4.7 715 + 8.2%* 76.6 + 8.1%* 55.7 + 8.7*
100 84.1 + 4.0 71.6 + 10.2%%* 782+ 7.7% 545 + 14.4*
200 81.5 + 3.9% 70.3 + 10.3%** 75.2 + 5.9% 51.9 + 13.7**

*P-value < 0.05, **P-value < 0.01, ***P-value < 0.001, ****P-value < 0.0001.

43 wavedaindu Ay uaznsanfiade densameuuveznenlniavesyadifinidenuivilad-dul

g

nstudugmislunisduganmsnagiifuiuvesasusznevdndusediiiulalaindunasinarsseneuiu

2N

= < < a ' 3 Hy Y v & vaw ¥ o a a [ v
wnuagilunannuuivnolwadanaisnld muumaaaﬂmmLwﬂuﬂIWa"Lszﬂmmeimn‘umsaau

sl o

19ade1e annexin V way propidium iodide (PI) uniAszsinazdnungadndlliinuaziwaaniad
53UEAN9Y IalAnsaewuUaznenlndaszeziu (early apoptosis) N13ANBLUUDENONINTaTzuzUaiy

(late apoptosis) kagn15MeLUUTlATTa (necrosis)

dmsumsfinyinaresansusenausensmenuuaswonindaty wadidndearivied-dulnledazgn
nszAuLazifnansBafigau LAy waznsallada Lsziulﬁmﬁ”umamaaquéiumaé“v&miﬂizéju
vouwad iauidunouresnisdenduylungesisawudazinsennty tnglufithsrnisdoudae
annexin V uae Pl ntuwadilldazgninuniinsesidemaiionalialslnuydifowandliifudnume
msmefiszeyengg ves CD4™ T cells war CD8' T cells mwé’amsﬂﬁzé}:ué’qLLamﬁaashﬂugﬂﬁ 3 &

Jnnuwadidfindentivia CO4 way CD8” fineluszozsngg azgnuaninalunsei 2
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Stimulated EDTA Hispidulin Nepetin Vanillic acid

CD4+

Comp-FI-A Pl
Comp-PI-A :: P
Comp-PI-A Pl
Comp-PI-Az: PI
Comp-PI-A:: PI

] w ot W 0 wooet
Comp-FITC-A : Ann V Comp-FITC-A  Ann ¥

CD8+

Comp-PI-Az: Pl
Comp-PI-Az: Pl
Comp-PI-Az: Pl
Comp-PI-Ax: Pl
Comp-PI-A:: P

3

[] 10 wtnf 0 10 wt o’

Comp-FITC-A = Ann V Comp-FITC-A = Ann V Comp-FITC-A T Ann vV Comp-FITC-A : Ann V

UM 3 uansdnuazn1AN8Yes anti-CD3/28 stimulated CD4" T cells uaz anti-CD3/28 stimulated
CD8" T cells Wonnaousiedaigdu wniiu uavninindada TAnnududu 200 M waziUSeuiiiey

AlunguAuAY (stimulated control)

= ' a X s & A a + + A a v
Naﬂ?ﬁﬂﬂ‘lﬁ’]lﬂWUﬂ’]iLWllsUusuaqLsﬂaaLﬁJ@Laamsﬂqjﬁuu@ D4 way CD8 V](?]’]EILLUUEWW@WIV]SUﬁﬁgﬂgmu

VRIINFNANTTaTigau Ay 1Anududulag (50-200 M) uidinrsnuwwildunisnieuuuaznen

'
a

In@aszeyaneveavaaiiiindy Ingianeianududy 200 M safigiumienhliiiansmeuuuesy

¥
=

wowlndaszozdanafiudu 10 wihluwaddadonvwdn D4 uenaniiundudanienildinnis
meuuUoznenIndasyez ey 16.8 wh luwaduindonvnvdn CDd’ uaz 7.5 wih luwadida
\denv1aviin CD8' asmiiﬁmmﬁa@,mamumimaquaxwawim%aﬁy’q 2 3zszwuiwﬁy’ﬂ%aﬂ@§u wavLy
winldldmdoniliAansmeuuvernenindaveseadidadonuaa 2 ¥da (CD4™ way CD8Y) aed
fitfoddnuilossuisufunguaiuny dmsunsaniadatu innarududulinuiviilsianis

v

LTUVDINTMNELUUDE WON TN Tz UE 6199 UAvesla
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AN519% 2 LanIsIuILLad (%) U949 anti-CD3/28 stimulated CD4™ T cells Wag anti-CD3/28

stimulated CD8" T cells M1EN15MELUUDENONINTATLELAU S282UAY WATHATINAITANELUUDENON

Wenagausiy EDTA Fafigdu lumAy uaznsadndade Nadudududieg wazilieuiiguiungy

AIUAY (n = 5)

njunaaes | AN UIUYAE (%)
L‘i’llll“illu ﬂ’]i@l']ElLLUUSZWBWIVI%ﬁ ﬂ’]iﬁ]']&lLLUUE]SWE]WIVI‘?jﬁ WNAIIUNTIINYLUU
(UM) STUTAY seazUane aswanlnda
cpa’ cps’ cpa” cps’ cpa’ cp8’
nNauAIUAY - 355+ 146 | 416+ 194 | 30+1.8 65+72 | 385+162 | 48.1+26.0
(Stimulated
control)
EDTA 2000 | 167 +29 | 334+59 48+18 131+27 | 215+43 | 465+66
(Positive
control)
gainau 50 179+50 | 298+ 17.7 1.3+04 29+27 192+53 | 327+204
100 | 237+52 | 290+131 | 24+08 38+ 2.0 26.1+58 | 328+ 150
200 | 21.4+38 | 315+146 | 300+ 67* | 148+45 | 515+83 | 463+ 17.2
LULWAY 50 212+23 | 327+134 | 21+03 36+25 233+22 | 363+ 157
100 | 214+65 | 308+138 | 154+29.0 | 147 +20.7 | 368+ 27.9 | 455+ 255
200 198+85 | 230+88 | 505+ 32.6% | 486 +32.0% | 70.3 +31.3 | 71.6+ 319
nsandlaan 50 376+ 108 | 456+ 135 | 43+ 1.7 79+66 | 41.9+125 | 535+ 20.0
100 | 37.4+104 | 460+ 133 | 41+17 78+70 | 415+121 | 538+ 20.2
200 | 354+110 | 443+155 | 39+ 1.6 72+72 | 393+124 | 515+ 223

‘NaTINTIELULBENONINTALAU1INHATINTBINTIELULUBE NN TS s AuLas SvazUany,

*P-value < 0.05, **P-value < 0.01.

5. A5IATITNANIITNARDS

a '

INNITNUNIUITIUNTIUNUINNII8IIUNTANBINAVOIFANNAUADNITIANTIUIU (proliferation) WwaznNIS

Y

1Y = =

P . . s A e v o ay A [10] P
NITAU (activation) vodlaaa LW@@JQWﬁiumWiWWUﬂWi@ﬂLﬁULLagﬂﬂQNﬂNﬂULWSﬂLLﬂLiaﬁLWEJ'J Iusﬂmg‘ﬂ‘lll‘W‘U

q

ealiifnyinavesumiusogvifand s senunsineiuldssyiudielisafigduiignuenatinoonun
nfiayulng Artemisia vestita Fernuuiavs 99.3% finrandudu 10 pM annsndudimuanisanves
Tuana €025 luwadifindenvnvied-aulnludilsansunymdsaingnnsesdusae concanavalin A (Con A)
Tnsenududuiioonguidudsdenanldgniamaseuin i ufivdewadineds MTT assay " agnalsfinm
wafildanmsinwveslasinisifeiinuinieldiead PEMC Al¥anenanadnsuarldarsuinsgiudaiiniu
(ArmUIavs >98%) finrandudu 10 uM liwunsdsuuUasuesnisuanisenveslaana CD69° uway CD25"
Tuwadifiidenunvin CD4* uay 08" wingsladlawFeufisutunguaiuau dstudldvhnafiuany
Wudutuauia 200 um LLagmamiﬁﬂmwvjwmmLsﬁusﬁuﬁaaﬂqwéﬁuQy’waamia&ﬁ 100 wag 200 UM N37HA
Woilldwedlassmstunndnanifsemilussaunssuerafunnswadilflunsvaaowiieiu esan
wadildlulassnsiilfnanidesveseraainsuyud lurasilussunssndueaduesdninaaes naonau

Tnsfeuduylungeasawuduazimalialun1sinsizisiglnalelawumsiuanieiu gslunittusisauly
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a

o a a A I
’JSSmﬂﬁiﬂ61NaﬁuaﬁaawmauLaWWBﬂﬁLLamaaﬂ‘UaJIMLaqa CD25 WUy GZNLUuVL‘Ubmeaﬂ’liLLEW]ENEJBﬂ‘UE]d

U

luanafildonainainnssfuvesseufnuselulaauduiouniniiazsinuyininisegsy inlinan1sveasadl

AAnudeauuleas

lnsmsifelfmuindaigduiasiunduigriwaranudwnglunsdudinisnssdureseadifiaidenuvile

v '
a a

#-dulledvuegiuusunaesasild Inefanududy 200 UM Vadaigduiaziinfuaiunsadudanis

U

wanseanvasluanafiveniienisnssfuszesau (CD69 way CD25) Tuwadifiadionv1ivda CD4" uay CD8' &

TigslumsdugalnalAesiunisld EDTA (Frniuauwuuuln) wilumnududuvedansng 2 siaildiutdosnin

=

10 i1 Jsansaventainansng 2 vlladiiuseansamlunisdugiandt EDTA Weanauiduduasil 100 pM

fafigdudinsaimisnannisuanioenvedluiana €069 luwadidaidoavnivia coa” 16 luvaziumay
annsaeengislumsiudiuuusimsazasewaddiadontniviia Co8” uawiileananaduduasinil 50
UM lamziumALigianssaannisianisenianzvestuiana CD69 lulwadidiadonvvia Co8™ 16 nanns
noaesiildianduslonlunmniludnudedoldlunsinvilseniednunalnfifstendeseanislsiia

msudansnagifuiuiuudimnzinizasiewaddadesyviing-dulvlys

q

widgafigiuuaziumAunannududugeds 200 pM ldldwmtsnihiwadiinnisaisuuuessnenlndaiiio
Wisuilsuiunguadunu widiaunsadiuiulinvesnisaeigudeiuanududuresarsild gslunin

PULDALANIU LT UUDIR TN TITNUIINTANY WU UBE NN INTATL UL AUYDIIARANAILATNITAYLUUDL NN

a a a a

In@asrevlaneveavandsy FeannsaasuilewuliingainiuuasumAuanuisarsanssuIunITmeLuUey

U

wonlv@aveswadannsrevduingsravaty Asiuanududunivuzihdmiunisnagiiduiuresansn 2 yin

Ao 100 uM Iefianilsdelseansnmlunisdudnisnseiuveseadsiuiuanuvasadelunisld wenaintigadl

a a a

HARINBaTgAuLarmAuTannsuanseanvedliiana CD3 FadalidinisAnulassyivanvenionalnluns

Y

v
o =

anasil fstudedaduSesivinmedwiunisdnwinalnniseengrdvesaisi 2 iiadssly

[15-18]

1Y

dwsunsaniladatunuirdnisfinvannineienuismsiessuugiauiuuidnsldlideauidaiau
91899 NIANTATAMLNTIAANTITLAARENTBY COX-2 LasNITNTEAUYDY NF-KB denaliiseiuves TNF-a
A v o a [15] & « Y o | & A v |
way IL-2 anadlelyimysulsemuansiuuin 200 meke  dainstudunadainaniillelafinnsmaasdldnse
iladaiAuduty 10 waz 100 pM lugaduualasvnaainny wazdanuitgivansesdu NO  uawifin
. . Aw o o« 1Y) a v v ~Nq v [16] ' <
caspase-1 deactivation lunuuiduiuslasnsefuusuiannududuvesarsnld  sgrelsinuly
lassnsideiililduanslviiiuinnsaniadaigrslunisnagiquiuuiinfinmeaeuianududugadis 200

UM ANULANA1NTRIHantatotasnanwaanlylunsneansneiy seritdwadflaunanidenvesoaasag

Y o A

uywd wanadildandnimaans ailufimsfnwinalnnisnanfduiufiunnsneiu nailldanlassnsided
aonndestumenudnatiufissyinsaniadalilifignilunsnagfiduiu esnnlulléfinadenisnaslale
il IFN-y, IL-2 wae IL-4 dlevmasdliansiinnudududud 0.1 1 100 uM Tuwadifindenuiviing-au
Tilladfignnsedudiig concanavalin A (Con-A) " Fuiulddusidnsefueadiliasunnsnsiu (sewing

anti-CD3/28 coated beads Wwaz Con-A) Alsilddwmalilatoasuiunnssiuesnly

Han1sneaeInlinIniadatunuiinaenyivesaudutuildausaiiuduIunsuanieanvadluana
CD25 uay CD69 Mslumaallindanunviia CDA way CD8 pe1eiltpd Ay Fanasinanildenndosiusieeu

ﬂ’ﬁﬁmsmﬂ'au‘wﬁﬂ‘ﬁ'izq’jmﬁm’lﬁaaﬂﬁmmLﬁﬁu%'uizwm 5 pg/mL (~30 uM) waz 40 pg/mL (~238 pM)
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s I~

a o Y s = a A a o - Y [1
f‘ﬂlﬂﬁﬂLW@JR]’]U')U(W?LLUQWTU@QL"UaaLﬁﬂLﬁa@mqqmumw-awlw‘lsﬂmﬂqﬂLa@@]@’]ﬁqaﬂﬂiLLaﬁﬁL'Wllﬂqﬁ‘ﬁaﬂ ”:N-'Y

v o
av v o =

Tnganudndunldiilndifeeiuildlulasanisideil (50-200 uM) danudsanansassyladesiuiinsainiiaded

< v
£% 1Y Y v ]

Anennlunisesngrisnsedugiiduiuuinnitgrslunisnagiiduiu uenaniidulinisnuiuditaisdseneu

Y q
(%

nsanfladaeslidgvslunmsnagiduiu wiaseuiusvesnsaniadatuaiunsanagiauiuld I51eunans
TAhuIn 1,3,4-oxadiazole derivatives vaensanfiaanauisadudenisuaselalalad IL-1, IL-6 wag IL-10 Tu

caly v ' - & [20] = o ) = |
wadilianndeuiundesanuy - dahauladmsumsfnwselulueuan
6.  ayunan1ivnaeg

Imamﬁé’]’ﬂﬁﬁumiﬁﬂmLLiﬂ‘ﬁiﬂmwuqmﬁummmqﬁﬁuﬁ’umaﬁaﬁ@ﬁuuamumau KuMaNTEUIUNSSUSs
nsnszfuveawadifindonvnviai-duliledisleldfedaudonanerarading giuazanudunizlunis
fFudansnspiuressadidinienynivini-aulrleduesdafigiu ueziumiuasiuegiuuTinavosansiild T
linuidmamdnhlifanmsmevensadiiniu fafudedanudasndodmivlduazannsniluiamunde
dieldlumssnwlsafifendesiunssniau lusnefinsaniiadadunuidgrslunisnssfugdduiuunn i

- I Y]

aeengvsnaniifuiu Jsasdvszlenilunisd@nwidesandmsuihuldiduesnulsafiieidesiugliduiu

q

ynnsassald
7. AfnIsuUIZNA

lassnsideillasunsatvayuanyuimwdnenmlunisvinniddevesonasdiulminulasinisaiusiuie

senivdtinauanenssunseaudnwiuddnnunssuatuayun1sidy (MRG5980259)
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immunosuppressive effect of hispidulin, nepetin and vanillic acid on human T-cell activation.
(in submission to Journal of International Journal of Immunology and Pharmacology, impact
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Thitilertdecha P, Tantithavorn V, Poungpairoj P, Onlamoon N. Effect of hispidulin, nepetin, and
vanillic acid on human T-cell immunity. TRF-OHEC Annual Congress 2018 (TOAC 2018),
Phechaburi, Thailand (poster presentation, 10-12 January 2018).
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AMANWAN N - Manuscript @9SUANLNLUNTANTITINITTEAUVUIUITR
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ABSTRACT

Backgreund: Hispidvlin® nepetin and vamillic acid are naturally-ocowring  phenolic
compounds which potentially possess anti-inflammatery and immunosuppressive properties.
Nevertheless. there is no information concerning T-cell activation and apoptosis using human

blood cells.

Purpose: To evalnate pharmacological effect and cytotoxicity of hispidulin, nepetin and
vanillic acid on T-lymphocyte activation.

Materials and metheds: Blood samples were obtained from ten healthy volunteers and
separated to obtain peripheral blood mononuclear cells (PBMCs) by Ficoll-Hypagque density
gradient centrifugation. PBMCs were stimmlated with anti-CD3/28 coated beads. treated with
hispidulin, nepetin or vanillic acid at different concentrations (50-200 pM) and incubated for
24 hours. The samples were then stamed with fluorochrome conjugated meneclonal
antibodies against CD3, CD4, CD8, CD19, CD25, CD56 and CDE9 for the activation assay,
and against CD3. CD4. CD38, CD19, CD36, annexin V and propidivm idedide (PI) for the
apoptosis assay before analyzed by LSRFortessa flow cytometer.

Results: At the highest concentration (200 pM), the expression frequencies of CD25 and
CDG9 in CD4” and CDE” T lymphocytes were markedly decreased by hispidulin and nepetin.
When lowenng the concentration to 100 pM. hispidulin still significantly inhibited the
expression except CD69 in CD4™ T cells while nepetin remained suppressing the expression
of CD25 and CD69 in CD8™ T cells. No change was cbserved for hispidulin at the lowest
concentration of 30 pM, whereas nepetin mhibited the expression of CD69 in CDE™ T cells.
However. the activation markers were increased when wusing vanillic acid at all
concentrations. None of these compounds disturbed total apoptotic cells in CD4™ and CDS™
populations compared to the stimulated control

Conclusion: Hispidulin and nepetin exhibit dose-dependent inhibitory activity of early
activation in T cells without inducing cell death, considering feasible immunosuppressive
agents for inflammation-related diseases. Vanillic acid, on the other hand. has no effect on

unmunosuppression but shows more potential on immunostimulation.

Keywords: Hispidulin, nepetin, vamllic acid, immmnosuppression, T-cell activation.
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INTRODUCTION

WVarious immune-related diseases, such as contact hypersensitivity, rheumatoid arthritis,
multiple sclerosis and allograft rejection, are related to T cell-mediated immune reaction and
require immunosuppressive dmgs for treatment. However, these immmnosuppressants (e.g..
glucocorticoids and cyclophosphamide) inhibit or prevent the immmne activities in nomn-
selective fashion resulting in severe side effects 12 Therefore, novel active species with high
efficacy as well as low toxicity for immunosuppression remain challenge. MNaturally-
occwring active compounds are considered to be an important part in drog discovery as erther
final drogs themselves or sources of novel structures.

Hispidulin = (4,5, 7-trihydroxy-6-methoxyflavene), nepetin = (37.4".5.7-tetrahydroxy-6-
methoxyflavone) and wvamllic acid (4-hydroxy-3-methoxybenzoic acid) are phenoclic
componnds and abundantly found in the Thai medicinal plant called Clerodendrum petasites
S. Moore ¥ Moreover, the three compounds were reported to be good candidates for skin
penetration : providing not only oral but also topical routes of ding administration for
allergic contact dermatitis. Hispidulin and nepetin are also found in other plant species
wmcluding Clerodendrum inerme (L) 5, Cleradendrum indicum (L) Gaertn ﬁ, Salvia plebeian
E. Br. (5P) ?, Eupatorium arnatfianum Griseb. E'._ Sanfoling insularis (Genn. Ex Fior) g, and
Artermisia vestita '°. Vanillic acid is found in several other plants as well, such as Solanum
melongena '1, Armillavia mellea 12, Allium sativam L. 13, and Phyllanthus emblica ¥ Because
of flavonoids (ie., hispidulin and nepetin), and phenoclic acid (ie., vamillic acid) are well-
known for anti-inflammatery and immunosuppressive potentials, they have been then

interested and recently investigated for these activities.

Gil ef al. (1994) reported that hispidulin was able to inhibit 12-O-tetradecanoylphorbol-13-
acetate (TPA)-induced ear edema in monse model ® and reduce croton oil-induced dermatitis
in mouse ear °. This inhibatory effect was later discovered that the process was mediated
through muclear factor erythroid 2-related factor 2 (Nrf2)heme oxygenase (HO) -1 signaling ’
and not through nuclear factor kappa-light-chain-enhancer of activated B cells (WNF-B)
induction ©. Hispidulin also inhibited nitric oxide (NO) and prostaglandin E; (PGEz)
production via the blockade of NF-«B deoxyribonueleic acid (DNA)-binding activity and c-
Jun N-terminal kinases (JNK) pathway, leading to suppression of inducible nitric oxide
syathase (INOS) and cyclooxygenase (COX)-2 expressions *. Moreover, hispidulin was
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reported to inhibit lipopolysacchande (LPS)-activated murine macrophages " as well as T-cell

activation and proliferation in mouse model "

Likewise luspidulin, nepetin reduced inflammatory processes i both LPS-activated muirine
macrophages and TPA-induced mouse ear edema models through Nif2/HO-1 signaling 7
besides diminished croton oil-induced dermatitis in mouse ear ©. Nevertheless, unlike
hispiduling nepetin was able to inhibit TPA-induced mouse ear edema through NF-«B

deactivation °.

For vanmllic acid, Kum ef al (2010) reported that it was able to suppress the expression of
COX-2 and the activation of transcription NF-«B p65, consequently reducing interleulun
(IL)-5 production B These were confirmed by another study with further supporting that
wvanillic acid also inhibited the production of PGE; and NO as well as the receptor-interacting
protein (FIP)-2/caspase-1 pathway ¥ In contrary to the compound’s immunosuppressive
ability, vamillic acid was demonstrated to enhance the activity of lymphocyte activation and
secretion of interferon (IFIN)-y 1 However, another report showed there was no disturbance
of vanillic acid on the levels of IFN-y, IL-2 and TL4 ',

Although anti-inflammatory and immunosuppressive properties of hispidulin and nepetin
have been explamed by those studies. the information is still not completed as those findings
were resulted from experiments in animal models and nsing isolated compounds from natural
plants instead of standard compounds. In this case, the biological properiies of the
compounds themselves and how they really function in human remain uncertain. On the other
hand, the experiments of vamillic acid were performed by using a standard compound
providing more reliable data for the compound’s pharmacological action; however, ifs
immunomodulatory property still remains ambigoous and controversial from those reports.

Owr study thus investizated effects of hispidulin, nepetin and vanillic acid on human T-cell
stimulation via the expression of activation markers and cytotoxicity via apoptosis assays by
using human bleod cells in order to pinpoint their immunosuppressive potentials.

MATERIALS AND METHODS

Study subjects and sample collection
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Ten healthy volunteers were recruted and gave written informed consents prior to
participation in this study. The study was etlucal approved by the Institutional Review Board
of the Faculty of Medicine Siriraj Hospital Mahidol University, Bangkok, Thailand. Twenty
milliliters of blood from individual donor were collected in sodivm heparin contained
vacutainer tubes (BD Biosciences, TTSA).

Peripheral blood mononuclear cells (PEMCs} separation

Peripheral blood monenuclear cells (PBMCs) were freshly isolated from the collected blood
samples by density gradient centrifugation over Ficoll-Pague (Histopaque 1077, Sigma-
Aldrich, USA) and then re-suspended in complete medinm (BPMI 1640, Gibco, USA)
containing 10% fetal bovine serum (FBS. Gibeo, TUSA), 1% L-glutamine (Gibco, USA), and
1% penicillin/streptomycin (Gibeo, USA). Numbers of iselated PBMCs were determined by
a trypan blue exclosion method.

Standard preparation

Stock solotions (500 pM) of hispidulin (TOCRIS Bioscience Inc., USA), nepetin
(Extrasynthase Inc., France) and wvamllic acid (Sigma-Aldrich USA) were prepared in
dimethyl sulfoxide (DMSO, Sigma-Aldrich, USA) before dilution into different
concentrations of 50, 100, and 200 pM for activation and apoptosis assays.

Cell sttmulation and treated condifions

PBMCs at a concentration of 2x10° cells/mL were stimulated with anti-CD3/28 monoclonal
antibodies immobilized on magnetic beads (Dvnabeads CD3/28 T-cell expander, Gibeo,
USA) at a 1:1 bead to cell ratio in a 24-well culture plate and treated with hispidulin, nepetin
ot vanillic acid at concentrations of 30, 100, and 200 uM (treated samples). Control samples
were treated with 2 mM ethylenediaminetetraacetic acid (EDTA, Cellgro, Mediatech Inc.,
USA, a posttive control) or left vntreated (a stimmlated control). The samples were then
meunbated in a COn incubator at 37°C and 5% COq for 24 howrs. After that, the beads were
removed and the samples were washed with 2% FBS (Gibco, USA) in phesphate buffered
saline (PBS, Gibco, USA) prier to immunefluorescence staining for activation and apoptosis

assays.

Immunaflnorescence staining and analysis
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For an activation assay, the anti-CD3/28 stimmlated cells from each sample group were
stained with a combination of fluorochrome conjugated monoclonal antibodies to identify
activated T cells including CD4 PerCP, CDE FITC, CD25 APC, CD69 PE (BD Biosciences,
USA), CD3 AT00 and CD19/CD36 APC-Cy7 (BioLegend, USA) for 15 mimutes before
washed and re-suspended in PBS (Gibeo, USA).

With respect to an apeptosis assay, the activated cells from individual condition were stained
with a combination of fluorochrome conjugated monoeclonal antibodies to identify T cells and
their apoptotic cells comprising CD3 AT00, CD4 BV605, CDE BV310, and CD19/CD36
APC-Cy7 (BioLegend, USA) for 15 minutes. The stained samples were washed and re-
suspended in annexin V-binding buffer before stained with FITC conjugated annexin V. and
propidinm idodide (FL BD Biosciences, USA) following the manufacturer’s instruction.

All stained samples were analyzed by LSEFortessa flow cytometer (BD Biosciences, TJSA)
and FlowJo® software (Tree Star, San Carlos, CA).

Data analysis

Statistical analysis was performed using GraphPad Prism® software version 7.02 (GraphPad
Software, Inc.. La Jolla, CA). Data was expressed as mean + standard dewiation (SD). A
paired t-test was used to determine the statistical differences of the mean values between
treated groups and an uvnotreated group. P-values <0 (.05 were considered as a statistical

significance.
RESULTS
Determination of anti-CD3/28 activated CD4 and CDE™ T lymphocytes

A key event in excessive inflammation 15 activation of T lymphocytes which plays a major
role in the induction phase of immune responses. T cells are generally activated by specific
pieces of antigen presenting on a major histocompatibality complex (MHC) molecules and
ligands of co-stimulating molecules. These molecules are presented on infected cells or
antigen presenting cells (APCs). In this study, we used anti-CD3/28 coated beads which are
most preferable for cell stimmlation becauwse of thewr physiological relevance of cell
stunmlation to both T-cell receptor complex and co-stimmlating molecules.
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To identify CD4™ and CDE™ T cell populations, a conventional gating strategy was commonly
emploved (Fig. 1). Cells were first gated for doublet discrimination (data not shown) and then
for live lymphocytes (FSC-A vs SSC-A). A cell population without CD19 and CD356 was
gated to eliminate B cells and NE cells before characterization of CD4” and CD8™ T cells by
vsing a two-dimensional dot plot of CD4 versus CD8. It was observed that CD3™ T cell
population was downregulated when treated with hispidulin and nepetin. except vanillic acid,
at all concentrations (30-200 pM) when compared with the stinmlated control.

[insert Fig. 1]
Effects of hispidulin, nepetin and vanillic acid on T-cell nctivation

Once the cells have been activated, a variety of activation antigens are expressed on their cell
swface. CD69 15 the earliest expressed antigen on stimulated cells and invelves in
proliferation and functions as a signal-transmutting receptor in lymphocytes. CD25 is, on the
other hand, expressed at the later phase of activation and acts as a signal-transmitting receptor
of mnterlenlan-2 (IL-2) for further T-cell stimulation. CD69 and CD25 are thus used as early
activation markers. In order to assess the inlibitory effects of huspiduling nepetin, and vamlhe
acid at different concentrations on T-cell activation, it is also necessary to have a positive
control for comparisen. 2 mM EDTA was then chosen as a T-cell activation inhibitor due to
its complete inhibition in the formation of conjugates between T cells and their target cells *°.

The representative flow cytometric profiles of CD69 and CD235 expressions on stimulated T
cells when treated with hispidulin, nepetin and vanillic acid at the concentration of 200 pb
are presented in Fig. 2. After the cells were stimulated with anti-CD3/28 coated beads, the
stimulated T-cells were treated with different concentrations (50 - 200 pM) of hispidulin,
nepetin and vanillic acid. Changes of CD25 and CD69 expression in CD4 and CDS™ T
Iymphocytes were then observed (Table 1). At the highest conmcentration (200 pM) of
hispidulin and nepetin, all CD25 and CD6Y in CD4 ™ and CDE™ T lymphocytes were markedly
decreased companng to nntreated cells (a stimuolated control). It is noted that these decreases
from the two compounds were almost similar to those from EDTA (a positive control). When
the concentration was lower to 100 pM, hispidulin significantly inhibited CD25 expression in
both CD4™ and CD8™ T cells as well as CD69 in CD8™ T cells, whereas nepetin suppressed
CD23 and CDSY markers in CD8™ T Iymphocytes. For their lowest concentration of 50 pM,
no change of any T-cell activation markers was found when treated with hispidulin but CD69

24



199

expression in CD8+ T cells were decreased when treated with nepetin. Only vanillic acid at

200  all concentrations did not suppress any marker expression in both T cell subsets. howewver,
201  wvanillic acid increased frequencies of both CD25 and CD69 markers in CD4™ and CDE T
202 cells.
203  [insertFig. 2]
204  Table 1 Percentages (mean = SD) of early activation markers (CD69” and CD257) in CD4"
205 and CDE8 T cell populations when treated with EDTA (a positive control), and hispidulin,
206  npepetin and vanillic acid at different concentrations compared to a stimulated control (n = 5).
Treated condition Conc. Frequencies (%a)
(udD) @iy Dy
CDea”~ CDis” CDs9”™ cDls
Untreated - T38+46 579299 68764 423130
{Stimmlsted control)
EDTA 2000 B 5+194%* 2943 6FF* 18.1 £ 15.0%3% 10+1.1%*
(Positive contral)
Hhspadubn 30 81333 622+114 34.0=210 288+33
100 631104 30 T235%= 325+24]% BT£32%=
200 28.1+19.6%* 22+ ] 1% 152 £ 15.5%3= 1.0+0.5%=
HMepetin 30 T20x+68 73.2+93 450+ 10.0% 33761
100 583+133 571=181 299+ 20 .9%* 273=121%
200 3.5+ 147 9.5 + B4¥* 19.7 + 15.4%3+ 20+£1.3%*
Vamlhe acd 30 820 4 Txx T1.5=B2%= T6.6+8.1%* 55787
100 4.1 =4.0% 716+ 102%** 782177+ 345 1445
200 Bl.5+39* 70.3 = 103%*# T32x59% 51.9+£13.7#+
207 *P-value < (.05, ¥*P-value = 0.01, ***P-value < 0.001, ****P-yae = 0.0001.
208  Apoptotic induction by hispidulin, nepetin and vanillic acid
209  When the compounds show immunosuppressive activity, it is essential to ensure whether the
210  resmlts are a direct effect from the compound or a bystander effect. A bystander outcome can
211  occur from the compounds’ toxicity cansing cell damage. With the flow cytometric technigque
212 aleng with a combination of annexin V and propidinm iodide (PI) staining, discrimination of
213 lving cells and different stages of damaged cells (death cells) including early apoptotic, late
214  apoptotic. and necrotic cells can be evaluated.
215 T lymphocytes were stimmlated and treated with hispidulin, nepetin and vamllic acid under
216  the same conditions as activation experiments before staining with annexin V and PL The
217 representative flow cytometric profiles of death cell profiling in activated CD4" and CD8™ T
g
MRG5980259
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218  lymphocytes when treated with hispidulin, nepetin and vanillic acid at the concentration of
219 200 pM are also shown in Fig. 3.The changes in percentages of early. late, and total apoptotic
220  cells (a sum of early and late apoptotic cells) in both CD4" and CDE™ T Iymphocytes were
221  then measwred (Table 2). Results showed that early apoptotic cells were not increased after
222 treated with hispidulin and nepetin at all concentration. while the tendency of late apoptotic
223  was raised following an increase of the two compounds’ concentration. In particular at the
224  concentration of 200 pM, hispidulin considerably induced late apoptotic cells of CD4™ T cells
225 by 10-fold and nepetin induced late apoptotic cells of CD4™ and CD8™ T cells by 16.8- and
226 7.5-folds. respectively. However, when considering the total apoptotic cells, both hispidulin
227  and nepetin did not significantly influent CD4” and CD8™ populations when compared to the
228  stinmlated control For wvamllic acid, the compound not only possibly possesses the
229  immunostimulating effect, but also did not cause cell death in either early or late apoptotic
230  phases.
231  [inmsert Fig. 3]
232  Table 2 Percentages (mean + SD) of early, late and total apoptotic cells in CD4™ and CD§™
233  populations when treated with EDTA (a positive control), and hispidulin, nepetin and vanillic
234  acid at different concentrations compared to a stimmlated control (n = 5).
Treated Conc, Frequencies (%)
condition (uhD) Early apoptosiz Late apoptosis Total apoptosis*
D4 cDs” cDy cDs Co4” CDs"
Untreated - 355146 | 416x194 3018 6372 35162 | 481260
(Stmmalated
control)
IOIA 7000 | 167=20 | 334=50 | 28=z18 | 131=27 | 21543 | 365=66
(Positive
control)
Hispidulin 50 | 179=50 | 298=177 | 13=04 | 289=27 | 192£53 | 32.7=204
100 [37+£52 | 190=x131 24+08 38£20 261+38 328+150
200 21438 | 315146 [ 300£67%* | 148243 515+83 | 463172
Mepetn 50 212=23 | 327134 21+03 36+25 1334212 363+ 157
100 214=65 | 308138 | 154290 | 147207 | 368279 | 455255
200 198+85 230+88 | 505+326% | 486=320% | T03+313 | 7T16+319
Vamlbe amd | 50 376108 | 456135 4317 T9+66 419125 | 535+£200
100 | 374104 | 460=133 4117 T8£T70 415121 | 538202
200 | 354110 | 4432155 igtl6 T21+£712 393+124 | 51.5+£223
235  *Total apoptotic cells is a sum of early and late apoptotic cells, *P-value = 0.05, **P-value = 0.01.
236
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DISCUSSION

There is only one preliminary T-cell proliferation and activation study determined amti-
nflammatory and immunosuppressive properties of hispidulin 10 whilst none of nepetin was
investigated. The report showed that 1solated hispidulin with purity of 99.3% from Arfemisia
vestita at the concentration of 10 pM was able to inhibit CD25” expression in concanavalin A
(Con A)-induced T-cell activation using murine spleen cells. This inhibitory concentration
was also confirmed by MTT assay for no cytotoxicity " However. when we treated human
PMBCs with 10 puM hispidulin (standard compound with purity =28%), both early activation
markers (CD6Y” and CD15+} on CD4+ and CDS+ T cell subsets as identified by using
polychromatic flow cytometry remained the same when compared to the stimmlated control
(data not shown). We then elevated the concentration up to 200 uM and results showed that
the effective doses were 100 and 200 pM. These different outcomes might be cansed from
different types of cells used in the experiments, mterspecies variation, or different staiming
aszays and flow cytometry analyses. Moreover, the published report detected the effect of
hispidulin on only CD25" expression of T cells which was possible to be previously induced

by other antigens or mitogens, resulting in variation in outcomes.

Cur study also found that hispidulin and nepetin behave in the same dose-dependent manner.
At the concentration of 200 pM, they were able to suppress all early activation mariers in
both CD4” and CD8™ T cells and showed similar mhibitory effect to EDTA (a positive
control). However, the two compounds were used 10 times smaller concentration than
EDTA, suggesting their higher potency. Hispidulin at the lower concentration (100 pM) still
inhibited the expression of activation markers except CD6Y in CD4™ T cells, whereas
nepetin had more specific actions by fully suppressing only CDE T cells. When lowering the
concentration of nepetin to 50 pM. the hibition was even more specific to CD69 activation
marker in CD& T cells. This can be useful for some treatments or mechanisms requiring
specific T-cell inhibition.

Although hispidulin and nepetin at the concentration uwp to 200 uM did not significantly
disturb a mumber of total apoptotic cells when compared to the stimulated control, the trend
of cell death was increasing accordmg to the higher concentration of compounds.
Furthermore, early apoptotic cells seemed to be decreased while late apoptotic cells were
dramatically increased when compared to the stumulated control, assuming that hispidulin and
nepetin could accelerate the programmed cell death from early to late phases. The suggested

10
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inhibitory dose, therefore, is 100 pM with promising efficacy and safety. It is worth noting
that hispidulin and nepetin at all concentrations also downregulated CD3 expression. To our
Inmowledge, there is no explanation for this event available and it still remains challenge for
further exploration in mechanism of actions of the two compounds.

With respect to vamillic acid, several studies for its immunomodulatory property were
performed with controversial results 18 vanillic acid was able to reduce COX-2 exXpression
and NF-«B activation, consequently resulting in decreases of TNF-o and IL-2 levels. when
orally admunistrating at 200 mglz into muce B The compound also showed these
suppressions, NO reduction, and caspase-1 deactivation in a dose-dependent manner when
treating with the concentrations of 10 and 100 pM in murine peritoneal macrophages '°
Unfortunately, our results show that vanillic acid at the higher concentrations up to 200 pM
had no inhibitory effect on human T-lymphocyte activation and did not caunsing cell death.
These differences might cause from inter-species variation between using mice and human
blood samples, and different immuone mechanisms of interest. In fact, our T-cell activation
data supports the previous report mndicating that vanillic acid did not possess the
immunosuppressive activity by not affecting cytoline production of IFN-y, IL-2 and IT-4
levels when treating with the concentrations of 0.1 to 100 pM in concanavalin A (Con-A)
stimulated human T cells . It is not surprising that the results fall into the same conclusion
although different types of T-cell stimmlators were chosen (ie. anti-CD3/28 coated beads vs
Con-A).

Interestingly. we found that vamillic acid at all concentrations significantly increased
expressions of CD23 and CD69” in both CD4™ and CDS™ populations. Our results then
support the previous investigation exhibiting that vanillic acid at the concentrations between
5 pg/ml (~30 pM) and 40 pgml (~238 pM) strongly enhanced human lymphocyte
proliferation and IFN-y secretion " The concentrations of vanillic acid used in this study
were also similar to those used in our study (30-200 pM). We, therefore, suggest that vanillic
acid tentatively possesses immunostimulating property rather than immunosuppression.
Although vanillic acid itself is not a zood immunosuppressant, its derivatives might be more
potent. There was an experiment showing that 1.3, 4-oxadiazole derivatives based on vanillic
acid exhibited potent inhibitory cytokine releases of IL-1, IL-6 and IT-10 in ConA-stimmlated
mouse lymph node cells ¥ This is then still required for confirmation in the future.
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CONCLUSIONS

This study is the first time to report immmunesuppressive property of hispidulin and nepetin on
T-cell activation by using human blood. Both compounds show dose-dependent activity for
suppression of early activation markers in T Iymphocytes without inducing cell death,
whereas vanillic acid potentially possesses immmunostimulating activity. Hence, our results
affirm the potentials of hispidulin and nepetin as the new compounds or sowrces of novel
structure for inflammatory diseases.
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Fig. 1 Phenotypic characterization of anti-CD3/28 activated CI}4+andCD3+lenlphncﬁ$
when treated with hispidolin, mepetin and vanillic acid at the concentration of 200 pM
compared to a stumnmlated control.
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Fig. 2 Representative expression of early activation markers (CD69 and CD237) of anti-
CD3/28 stimulated CD4” and CD8™ T Iymphocytes when treated with hispiduling nepetin and
vanillic acid at the concentration of 200 uM compared to stimulated and positive controls.
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Fig. 3 Representative death cell profiling in anti-CD3/28 stimulated CD4" and CDS™ T
Iymphocytes when treated with EDTA (20 mM), hispidulin, nepetin and vanillic acid at the
concentration of 200 uM compared to a stimulated control.
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. INTRODUCTION . TERIALS & METHODS

Hispidulin, nepetin and vanillic acid are “Blood samples were taken from 10 healthy volunteers.

natural  phenolic compounds and “PBMCs were obtained from blood samples by Ficoll-Hypaque density

predominantly found in Thai medicinal gradient centrifugation.

plant, Clerodendrum petasites S. Moore. “PBMCs were stimulated with anti-CD3/28 coated beads and then

W A few studies of these compounds have treated with hispidulin, nepetin, and vanillic acid (50-200 puM) or
been investigated for anti-inflammatory 2mM EDTA (a positive control) or left untreated (a stimulated

and immunosuppressive properties, control) prior to a 24-h incubation.

nevertheless, there is no information  ®The samples were stained with fluorochrome conjugated monoclonal

concerning  T-cell activation and antibodies against CD3, CD4, CD8, CD25, and CD69 for the activation

ey apoptosis using human blood cells to assay, and against CD3, CD4, CD8, annexin V and propidium idodide
c ;?&siws confirm the biological activities of the (PI) for the apoptosis assay before analyzing by LSRFortessa flow
5P ° compounds. cytometer.
| |resurts
ACTIVATION _APOPTOSIS

Stimulated Hispidulin

Vanillic acid Hispidulin Nepetin ‘Vanillic acid

Fig. 2 Represemauve expression of activated CD4+* and CD8* T cells when treated with hispidulin, nepetin and vanillic acid at the concentration
of 200 uM and compared to stimulated controls for activation and apoptosis.

Activation property ACTIVATION APOPTOSIS

" At the highest concentration (200
uM) of both hispidulin and nepetin,
all CD25 and CD69 in CD4* and
CD8* i lymphocytes were
markedly decreased.

HCDESe of D4 T cells
HCD25+ of CDAs T calls

Satotal apoptotic CD4+ T cells

,; 4o ERERERR TR dp ‘,«roa:,.» _’J"!’J"},"J X PR R

" When the concentration was lower s Nep— —Va—i —Hs— bNep—t b—Va—t & —Hia—d  —Nep—  —Va—i
to 100 pM, hispidulin significantly
inhibited CD25 expression in both ks e
activated CD4* and CD8* T cells,
whereas nepetin suppressed only
CD69 marker in CD8* T cells.

4CDED of CDBe T calie
UCD25+ of CDB T calla.

“total apoptotic CDB+ T cells
2
'

“ For the lowest concentration of 50 RS FErS ST ¢
UM, no change of T cell activation 'f’ LSS 9@‘9‘* # TS
markers (CD25 and CD69) in CD4* ST P e it e ¥ e e e
and CD8* T cells was found from Fig. 3 Percentages of CD69+, CD25+ and total apoptotic cells of CD4+ and CD8+* T cells when
both compounds. treated with hispidulin, nepetin and vanillic acid at different concentrations (50, 100, 200 uM)
and compared to stimulated and positive controls (mean = SD, n = 5).

“The effective concentrations for

hispidulin and nepetin are thus Apoptosis property
100 and 200 pM.
® Each concentration of every compounds did not disturb total apoptotic cells (a sum

® Vanillic acid at all concentrations of early and late apoptotic cells) in both CD4* and CD8* populations compared to the
had no effect on T-cell activation. stimulated control.
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