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Abstract

B. monnjeri extract (BME} is an abundant source of bioactive compounds, including saponins
and flavonoids known to produce vasodilation. However, it is unclear which components are the more
effective vasodilators. The aim of this research was to investigate the vasorelaxant effects and

mechanisms of action of saponins and flavonoids on rat isolated mesenteric arteries using the organ

"~ bath technique. The vasorelaxant mechanisms, including endothelial nitric oxide synthase (eNOS)

pathway and calcium flux were examined, Saponins (bacoside A and bacopaside 1), and flavonoids
{luteolin and apigenin) at 0.1-100 pM caused vasorelaxation in a concentration-dependent manner.
Luteolin and apigenin produced vasorelaxation in endothelial intact vessels with more efficacy (£,
99.4£0.7 and 95.3+2.6%) and potency (EC,, 4.3521.31 and 8.93+3.33 pM) than bacoside A and
bacopaside | (E,, 83.6£2.9 and 79.948.2%; EC,, 10.845.9 and 14.6£5.4 pM). Pretreatment of
endothelial intact rings, with L-NAME (100 pM); an eNOS inhibitor, or removal of the endothelium’
reduced the relaxant effects of all compounds. In K'-depolarised vesssls suspended in Ca”-free
solution, these active compounds inhibited CaCl,-induced contraction in endothelial denuded arterial
rings. Moreover, the active compounds attenuated transient contractions induced by 10 pM
phenylephrine in Ca”-free medium containing EGTA (1 mM). Thus, relaxant effects occurred in both
endothelial intact and denuded vessels which signify actions through both endothelium and vascular
smooth muscle cells. In conclusion, the flavonoids have about twice the potency of saponins as

vasodilators. However, in the BME, there is ~20 x the amount of vaso-reactive saponins and thus are

more effective.



Graphical Abstract

S

\

.
:([1% M) Active camipounds
} K (0.1-100 M)
:/‘A,;E.aq,‘ l l | l
A T '

. 1g "\\ I

o ) v\."l

10 miin

gl
Rat mesenteric artery

- luteelin

@ Apigenin
2 DBacenide A
= Waiopaniide |
B Al I

m

L]
E 2

Smooli
muscle

Prahmi 1500
Active Compounds % N Bﬂt?g;’taﬁl:nﬂ:il;ifeﬂ

= I
{1) Apigenin | 2FeCid 0
(2) LU*EDH“ - 1ECAR AT (2)
(3-6) Bacoside A é
(7) Bacopasidel = sor ] A (3) ﬁ) (6) ‘(lt

R e R SR : E I
o v 25 10 {min)




ot
U9 1

uUniin

ar =
1. anndrRnuazinnainm

Tranarzinnialaiauuannidan (cardiovaseular disease) uawmnnin@edindusvilenns

Urzanaialan dszannfasas 31 (World Health Organization, 2017) wasifhufywiqaninlususy

s

i 7 valszinalng wildhulsdadaiddny fa nmzaruiulalings FeenafianinAntivaesnniy

Loy
frunuzasaanidandailany (Aaronson and Ward, 2008) faiid snflanunsnanavsandanuing
-4 = 23 P ar =3 L7
Wn AamnsaanacniunusearssaldeadiulaanazacuquanusuRea Ll agulnaiy
{ ‘J =y ﬂl 3 -~
ynudenuily asnilmnadufiviussiilszavinwlunisineags Zhang et al., 2015)

= e u

WeEEnsdn Bacopa monnieri (L.) Wettst. tfaq1iusnatluasd Plantaginaceae

q

PR
visuil H7e
s:l 3 ] oy =F 1 ] s!‘ .;' ol o
duayulwsiduisemsuarenludrmongsianaeeduils szyIEiTaRfnAINal tgeduns
& ) . s el . . - . . - o S A
TONRNATIVAUNNEIEU ) Brannune wanllwvisnszanguazaeiufifde Tnanuadialdly
Ussiwnalng Famnazdanimudaduedaineifaguam (nenun Seaihiia, 2561)
vsNiNasdrAnyudn 4| Am #13ngq saponins LU bacoside A,, bacopaside ll, bacopasaponin
C isomer, bacopasaponin C, bacopaside | Waz#19ngH flavonoids 1A un luteolin waz apigenin
(Phrompittayarat, et al., 2007; Limpeanchob et at., 2008; Nuengchamnong el al., 2018) fl9Men3%E
A At [ X - ] ar 1 1 A -y ; [ 24
tneafuaranavsuiisersuydaladunassniian wunarsaiansufifigniasaaudutenlumy
(Kamkaew et al., 2011) uazirliivaanidenuawilen weafaaenserianaad (Dar and Channa,
1997; 1999) Arranaviruiin liAanIAa R 99Ma A ALRE ALAITUT ARNVATLTHn LaSHUINEs

ar al e & ., | o ar P
afmeangns liangalunasaidanundaudnlil (mesenteric artery) ianadayuandrdnyaaavsui

bacoside A, U8z bacopaside Il finudngrtavinliivaanidan mesenteric artery Aaeida (Kamkaew
1 ar 1 1 3 ‘J’V 1 . e =y L

et al.,, 2011) witltlanawdnrininglnla uanaanilfanuds luteolin vnliifianisaateftevanniaes

uolugieanin (Si et al, 2014) athalsfimu asadansuiilsenaufonasdrdy B ammnsg

ar & . I e 1 ‘4 1o i
M (Alaangans supplementary data N AuuIN; Sumathi et al., 2011) wadaldilufudsag gvslamilu



=
=

7 e - e o - o PR «
ﬁ'l?ﬁ']ﬁm“ﬁﬂluﬂ']?Vf’]!l'ﬁLﬂﬂﬂqTﬂﬁr}ﬂﬁlQﬂﬂ\?HﬂﬂﬂLﬂﬂﬂ‘ﬂu'lﬁlﬁﬂ \ﬂu'}"]ﬂu'ﬁ‘lﬂﬂﬁﬂmLIE"E]UWIHUQVIE
JJ Q’ @ - ol =3 t 1 . L
llﬁxﬂ’éﬂ,ﬂﬂri?ﬂ‘i‘]ﬂf]ﬂﬁ?]Lﬂﬂqsﬁ@'ﬂ‘ﬂﬂ\iﬂq?ﬂqﬂlerUﬁ"I?ﬁﬂﬁﬂ?u“?z'ﬁqqﬁﬁq?nﬂu saponins LLﬂZﬁq?ﬂﬁQN

flavonoids ilanIzaa uiiaaanidnn mesenteric artery

2. inglseRIAIRIMTINE

(1) WeAnunvizasarsdrdtyansanansnfingu saponins ur¥Ngu flavonoids llnanitaaiainuay

T WaBnlABA mesenteric artery
dJ' k -J AJ T e o =) o e & - ¥ N
(2) Lw‘aﬁnmnalﬂwmmﬂmnnmiﬂmﬁmwm%ﬁﬂamm'aﬁmfaqm‘rmﬂﬂ;mmnmwmunqu saponins

warngy flavonoids

3. TALUALBINNSIAE

dseiitunsimnlunaaanaaed (in vito study) Ann1seanei e AlRaanddL
a1 (mesenteric arteries) VDINYUTN Tﬂﬂﬂmﬁaqu“ﬁjﬁ’wﬁ'ﬁmﬂdu saponins 16 bacoside A uay:
bacopaside | ;LamﬁmuLﬁﬂquﬁrﬁ’umsﬁqﬁmndu flavonoids i luteolin ua apigenin sauviaAnE
nalniwiendesiunsaansasemeeniden ur ummees endothetial nitric oxide (eNOS) waz

ci a' 24 [¥ e o - &
nalnmigodesiunisareiradaudoauasgaduaaniaan

4. dssTaaifamdnaslai

(1) msvigauaTauIssrdAysesdslnivsdi lunsaasiresvaandan transzuaumsmag
angnAgainIsuwng Lﬁ'e}dqm"‘mn'}mﬁﬂL%wnﬂﬁﬁmaqamﬂws‘lﬂﬂ

(2) Lﬁu%ﬂyjﬁﬁ“’t‘l’g’lutﬁﬂ'}ﬁ'ﬁﬂaiﬂﬂﬂiﬂi]ﬂqwé’}]ﬂ\ﬂﬂ"l?ﬁ'] Aryaavayulnansuillunirasisfvessan

Wwen Wantednuidudugeialyl



=
uvn 2

5 g [
MITVIUNIUITTIUNTTUNILNE AU S

taqfulsairlauazuaanasaduarvgeaninduiingsgauaqlszanivinlan (World Health

Organization, 2017; Roth et al., 2017; Mc Namara et al,, 2019) Ingwudiniazantudulaiingaiy

i 1 [
L. ] vooar

adedaaidn Ay iin ﬂ‘lﬂdimml@mmmﬂmaaﬂ(K;efdsen 2018) auumimummf;:mﬂuﬁ’u

vaEALAB AN TR LAUBaN T T aTesEealuinene
=4 1 173 & Y ‘J’ = d‘ = -
mamamﬁqu’tmgﬂﬁ‘:naumaL@manmuLuﬂLsﬂu*ﬁqgnmnauimm:uuﬂs:mwmmmﬁm
& 4 1
. (sympathetic) LAZANTAMAIERNLILLILIGNAET Tanniiadsuazannisadi ayGuniveulafidem
) , < 5oy P o A - o fw & |
(endothelium) WawaanaNaZaunairanaasiszi lHrstemaandendasuuag dens
1 Ly :v' dl % o o v ] < 8o 1 =
dadawlsmnagadasiunimiinueesszuualatounasaiion lEun asuaiuisoluntsgiden
(compliance), A2 1NEUNIUIIN (total peripheral resistance), AT 1HAULASA (blood pressure) Lay
amrnarlvareaiion (hload flow) (m‘aam(ymi Wviel, 2560)
. o
wadlaulafiduuassranianiiniiiaugumeaaiadazemsamian Weriuguanuiy
Tafinldag luntazdni nrrgg@animineuressadieulnidanaainasaidan (endothelial
dysfunction) uaznita nsaraaeslsiufiniimaanian Anilignrgdoniiafilunisasesaes
= ) c P 3 =5 ¥ o 8 s g oa o . W
vaaAaAanauauRsian siniraimluatauden fofigaisilifanneaiilalingls
. ! o = =3 ] =4 d[ ql =3='
(Giles et al., 2012) 3anngaruaNAHsUlainguiTangunisinaresdanluae sdaaitlfudu
2 [ =5 d' P =] d! =JI 1r e s =1 o
fasnalnnseaanaieasaemdes fafinalndedinfifandaetuntsrataieeanaeaiiensanni v
o . . s . . o .
vihiwausadioulaiidausesmaniieniluvdn fn1suaians endothelial relaxing factor fidnéty Ae
anslusiEnaanlas (nitric oxide), Inramlsadu (prostacyclin) uax endothelial derived hyperpolarizing
_ 3 . . .
factors (EDHFs) {Brozovich et al., 2016) uana1nil nalnniraaiadasasmasadnnduiandaetunig
e v 4 o -2 ' o a r R
antFunawaaifonhugadndaiflafouresvasaidans thunalnnisdusinisinasesdeausny ion

channels 19U Ca®" channels uaz/sa K’ channels (Brozovich et al., 2016)

Tﬂumm'-aammmamamﬂmﬂﬁﬂ%qm‘lm Tﬁﬂﬂnm:mﬂ'muﬂa‘lnmﬁ‘nmﬁmaﬂqmﬂ In1raanainang



= . A © o
VTNl wTe Bacopa monnieri (L.) Wettst. (Scrophulariaceae) Lﬁuﬁ‘ﬂwﬁuwﬁmﬂuﬁﬂu
msumdargranaesdudn Tna iilusnipalssamuszigaila (Thome Research, 2004; Russo
and Borrelli, 2005; Prasad, et al., 2008; Gohil and Patel, 2010} wrniifia1sdndtuiiiluasdlrznau

4, eyt
wanatugili 1 daralifl

saponins flavonoids

i /' jujubagenin glycosides: \j -~ pseudojujubogenin
B i i i - luteolin
i - bacoside A, - bacopaside |l ' - aplgenin
bacoside A ( :"‘“j o h
i - bacopasaponin Cisomar - bacopasaponinC ¢

..... : i {bacopaside X)

- bacopaside |

\_  -bacopaside V

31l 1 agtlansdndn/lussaiamed

anrdrAtyansniaiavisudl wisasnidu 2 ngu Aa negu saponins UaZNEY flavonoids
laaingy  saponins  wilriesflungy  jujubogenin  glycosides 1Hun  bacoside A,
Bacopasaponin C isomer {bacopaside X) Waz bacopaside IV Ltﬂzﬂ@:u pseudojujubogenin
glycosides Ihun bacopasaponin C, bacopaside |, bacopaside Il Way bacopaside V Intigns
saponins Ha&N (mixture saponins) (381791 bacoside A dsenavuiag bacoside A; bacopaside

-:!? e 1 “ o v 1 . 1
ll, bacopaside X Ua bacosapenin C Uanannid aqviuwta‘uufiaqsmﬂ:gnqu flavonoids THwn



w <
luteckin WAL apigenin ﬂdLLﬂﬂﬂﬂ;ﬂ‘ﬂ 2 (Deepak et al., 2005; Phrompittayarat, et al., 2007:

Limpeanchob et al., 2008, Rajasekaran et al., 2014; Nuengchamnong et al., 2016)
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and Kuna 2013)
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sarcoplasmic reticulum A1 s_f'hwﬁaﬁnﬁmtﬁya Fautaauanniien tai artery (Kamkaew et al., 2011)

& , _ . , o ay .
usnanil 918919491 flavonoids 1AW luteolin (10-100 uM) Fnliiinnnsaataiagaduasslian
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R R
TRAINRDALRDAANNR

M R
mAU ¢ Flavonoids

5 : {1) Luteolin
(2) Apigenin
: Sapoenins

R | 1@ (8) Bacopaside | _

‘ : ! . ; {4) Bacoside A3

3 ; I 3 l (5) Bacopaside ||
%i ' ‘ {6) Bacopasaponin C isomer

5 : ll E t (7} Bacopasaponin C
L *
‘ f%giﬁ i [ 3) v (7)

e l “ i J‘f A (?1) J
L. o P 5}»-- P a N T Bacopa monneri extracl
i i ‘ y N ¢

o 1A 4 L ,‘;‘\‘ AN 5 \r“ _ Bacopa standard mix
i — ———r T —r S —r—

2.5 5 7.5 10 12.5 15 17.5 min

4 i & 9 s .
gﬂﬂ 3 HPLC chromatagram finnedauiugey Bacopa monniera extract WaY Bacopa standard mix

waneensdIATYNgN saponins uaraTdAtYNgy flavonoids (AAuilasarn Sumathi et al,, 2011)
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U3l fsevanraantdnnluvesanases (in vitro study) UARINATAREIGG8
waandaaundaTld (mesenteric arteries) tawmyae (rats) Tnemadaunmiuasnsdndn
niu saponins 1AUA bacopaside 1 Uaz bacoside A wWhnuisuniansdrdtungu flavonoids

T T . . . :’IJ é e} 2 ar e = by 3
Towr tuteolin waz apigenin sauviaAnenalnfifgafesfunnsaaneianwmanadan Eun

o J . .
UntvEad endothelial nitric oxide (eNOS) waz nalninaadiastunislvarssnaaidendani

AATAAURDALAA R
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UV 3

=y oio o
delilEyIsaqs

1. AnIvnaag

nsAnilldfueyiBnirindduludnimaassinanznisunisassaiussunaslddaimaaes

NWIRENAEIALT VeaTeRiTATNT 600710 (FatanansuuLIATALUAn) dadnarasiaslidmiy

1

nAAsiliuyan (Sprague Dawley rats) wigif] nutingzudng 200-250 n¥u TnedaFaam 3 aaau

o = g’ll & J’ 1 & 1 L ] S A
Tuyse A wyiamumgmiing deavadwiien 1 ddanfieummeaant a dnudndvaseaiianiside

= L ﬁt‘ Q—A [ 3 o
uwiangnaeasdg inanmsg i luniadsaduldanunasfaoudanimasasiouun

2, gnTdAIIEIsEN AT

drdnAtungu saponins 16Ul bacoside A, bacopaside | uas flavonoids M futeolin,
apigenin Fdaanniiin deit Luteolin (lot 126M4061V) uaz apigenin (lot WE445301/1) a1n Sigma
Aldrich (St. Louis, MO, USA) @914 Bacoside A (lot 00002005-003) Lay bacopaside | (lot 00002002-

T17H} a1n ChromaDey, inc. {Irvine, CA, USA).

3. 18159
3.1 MaAnugatngsdAydrsaianaiinidenaa i aauasdaugld
dninnanudeTinodwailaanisingaay thiopental sodium (100 mg/kg BW) nnatadtia
(intraperitoneal injection) udandnivaasssu (magatlnanisl¥ forceps ui‘iuﬁﬁuﬁmz’éwuﬁ'lﬁ’gﬁn)
Raflndesanudadadmilalneuiiuiataua nuassdanuaslugouanlé (mosenteric artery) sinifhidu
& (2-5 mm) udartinlduaauli chambers 989 organ bath itlgrrazang Krebs solution Sdantlsznat
Ag Nacl 122 mM; KCI 5 mM; N-[Z—Hydroxyethyl]piperazine-N'—[Z—ethane—sulfonic acid] (HEPES) 10
mM; KH,PO, 0.5 mM; NaH,PO, 0.5 mM; MgCl, 1 mM; glucose 11 mM and CaCl, 1.8 mM waz Ui pH
= 7.3 fi78 NaOH mﬂﬂﬁma‘wmaﬂqa:muauqmmﬁiﬁaﬁﬁ a7 aeruaadag veaadeninenlBdoss
gausauatisaeirZsl optimal tension (1 n3k) uas ﬁl:ﬂ"ﬂﬁlfﬁ']ijﬁnﬂﬁﬁﬂ’}dﬁﬂﬂﬂ%ﬁ‘ﬁbﬂﬁl\iﬁ‘ﬂuﬁ’m’]?
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c! y = = L2
neanlagulagy Krebs solution %N 10-15 wii nsRaLALBITBIIARAERAR LGN A lugiinIg
o A a 4 da & 4 o | PPNV w
waguwlasauniisemasadesifaduilsiinmeaansdrdyiiaoudndiusng q ruselelly
e = ) o e L o 4 .
organ bath Miuassaaausmuey Tneussiniadugnuilasdtueunnilang force transducer Hauri
MaclLab (ADInstrument, Sydney, Australia) UWRSWAALANNADLTIIAES m?ﬁnmqw“ﬁﬁiﬂ\im?ﬁné’@

ar nc;d ] = ] 2 i =} = [ cJ’
’&’1ﬁ‘ﬁﬂm"ﬂi‘l!NVINﬁlﬂﬁﬂﬂmtﬂ’ﬂﬂlmdﬁ’)uﬂﬂﬂ Uaaziagdmnaid

- 3.1.1 Anwnalnaasdsdidansanaweuinemeaaiadaaasunaniian
wiliinaamasauaiafingans 10 uM phenylephrine (QL1-receptor agonist) lilavaantaannada
[ -:j A i =2 0 ar [T ar =5 T ar d'
Tuszdtnadiuds Ravagrddymdingiu 0.1-100 pM asly organ bath tufindusnasai
d 4
wagwlasly! nmeassilutiadly
(1) nduiliansdrAivaemfanini (endothellum-intact vessel)

3 d e i o '
(2) ndai Wignsdrdtyinaasidesilmasanaulnfifey (endothellum-denuded vessel)
r

(3) ﬂfinﬁ"’tﬁm?ﬁ'lﬁ'rgwaﬂmtﬁamﬂnﬁ?mﬂmﬁauﬁwm?'L-NAME (eNOS inhibitor)

ar 4 = [
3.1.2. Ensnalnrasasanndanmsiafauizeswnaldsidias

y . :
vasadea A niaulafidun (endothefium-denuded vessel) gnuaaulu Ca® free Krebs
, 4 , : A
solution {flutaa1 30 wnit AaReuiu Ca™ free 80 mM K" solution ifluaan 10 it wlenssiuliiin
2+ :: =2 e 3 <4 & i

nnilnged voltage-dependent Ca®' channels anmiiudsinliuasaidanuasmdsanisuaasiiazans
0.01-10 mM CaCl, Huanudindiunuadl davasnidasuamauiagagegredindion Kiebs
solution uaxld Ca**-free Krebs solution ilutaan 30 unil mudiag Ca®* free 80 mM K solution 9480
AT Was pre-incubate (e 10 1% fian Ca®*-free Krebs solution {control) 138 AFATYAIANR

nrudfiacudindu 10 pM e nicardipine (antagonist of voltage-dependent Ca* channels) ienu

dindine 1 M
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e 1 = <5 . .
313 ﬁnmna'lmzmm'sﬁﬂﬁrgmamsmaaummuﬁm"ﬁ'ﬂuaanmn sarcoplasmic reticulum
waunaaaldanlu 80 mM K' Krebs solution tutaan 5 unit ufndefiag Ca®-free Krebs
. o+ A 1 e 2 = 8 &
solution {(Ca” free + 1 mM EGTA) illutaan 10 i sauvinlinanmaasvsdngae 10 pM PE aaniu
. s & :: 4 + .
R9B Nt Krebs solution kazidrludunenudinsdiu Tnaulfausnn Ca”'-free Krebs solution 11 Ca*-

o &

free Krebs solution Alansddtyansadansudl nlisuifeuauusdunisvasisomasanias

o -
tan1maaggnidatlugilAnaie (mean) + Ailsautuninigiu (SEM) Fayanrmaany
= 3 ' ::i ' 1 5 92 oo -y L3
ufsufsnanuuansiernsiiaitgassninanguuaznialungy Inal¥aiilunsiamad ANOVA
Waz post-hoc Tukey test d11 EC,, uaz E, . 14 unpaired Student's ttest Taein uunAIaauusngag

. e o o, = . .
afwiittd1iyRdn pvalue < 0.05 Aaszisatilsunsu GraphPad Prism version 5.00 for Windows,

(GraphPad Software Inc., La Jolla, CA, USA).
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rl
uvv 4

BRN15938

1 HAABIEITAAIAITANANTHIABNITAAEAINBINADALARA

d o ' -]
ilausnuaanidanuasdiuanld (mesenteric artery) 1aeuyannun uihwaeaEanuaauly

organ bath Wflvlmﬂmtﬂ‘amﬁmnﬂumﬂﬂn 10 }JM phenylephrme LLmuﬂma’z‘a‘ﬂ'}ﬂry'ﬂmwsuu ngx

""saponms ’lﬁu,ﬂ' bacopaszde I waz bacomde A lLﬂ”nﬂu flavonoids 1mttﬂ lutealin uaz aplgenm 'lu‘m\a

g
[

X 2 = 1 L [ o=y ! @ L2 o =3 =] =f
ANMHANTY 0.1 a9 100 uM WB’}'Iﬂ"tﬁ‘ﬂ’lﬂfg‘ilﬂ\wiﬂmwdﬂ‘ﬂ\%ﬂ@lu‘ﬂ'ﬂmﬂﬂﬂ??ﬂ@?ﬂﬂ@ﬂﬂﬂuﬂﬂﬂlﬁﬂﬂﬂu

P Lo P PP o [YIRT TR PR
wulaflagy (endothelial intact artery, +EC) 93n11A818A9HNTUATH AN HLT NI UM NT T 09497

(concentration-dependent manner) neifian IC, uae E,, udndlumsndi 1

= o A & =P A & =
AN 1 844 IC,, uaw E,, aneg1sdnAtyansanansniiseniseansintsiuaanidanundoudi und

. - 3 T pvalue
Active compounds ECg, (M) E e (%) n
whole graph curves

Flavonoids Luteckin 4,35 + 1.31 99.4 + 0.7 6 -

Aplgenin 8.93+£333 0953+26 9 NS
Saponins  Bacoside A  10.8+59 83.6+29tF 7 <0.05%
Bacopaside| 146+54 79.9+82t 7 <00+t
Vehicle DMSO - 174+311t 7 < 0.01 +1

Significantly different compared with luteolin tp < 0.05, +1p < 0.01

using unpaired Student’s Hlest (n = 6-8).
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Luteolin

Apigenin
Bacoside A

5 Bacopaside [

b= DMSO

*

T

I

£

=&

100 ¥

0.1 1
[Compounds], p1M

<% Y w - 1 } 1 [
U 4 uavsesrrdrdnyaavansadaveud ludnanaudiudiu 0.1 fa 100 pM Aldantrraudaras

o cl . 1] o s =y T . -
waamBenumsdua lEnTieulafiden uanuilu % Relaxation sesnsddnyzeeisud éu apigenin,
luteolin, bacoside A, bacopaside | tay ludotarruidiad 0.1 8¢ 100 pM taxil DMSO dlugana
arany (negative control) WAAIALIY mean + SEM of 6-9 individual arteries **p=<0.01, **p<0.0M1

each compound compared with intact vessels (+EC) Tng/ladia two-way ANOVA (n = 6-9)

2 nalnaasasdrAndsanansuiidanisariunuavaaniian

@ LT - o & |!; lJ

arddnyraawmauiiiiliivean@anasaiiclunaaminniiiaulnfiBan (endothetium) vita
. [=] < . = ] ] L qr 8 e o o as
intact uazuaanlaaaLlTI1AsIN endothelium Wia denuded usiasnglsfnu ansIddrsdIATIR i
- e 2 =5 =4 H & @ o [ 2 o
nan1saartiiantiaeas lunaaniaen denuded Aulwanlfidansdrdyresisuiivnliifiansaans
(% <% ] =i :l | 7 & . =F . J :.o .
Faaesuaanlieniiunalnfitneadaatu endothelium 1ite vasodilators ia4311 endothelium Lay

a s or o 9 o] lﬁl B "R d: & e t

A fsurain linaaniaaailsAann endothelium Aaredald ennsranamasangin el

o o e
nalntasansdrityiilde smooth muscle cell snavaamaaninsss
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o o5 {

nguliianrdrdtyfivasadem ni Gaesdeufiats L-NAME (eNOS inhibitor) il

=

. ; . . y
nIARIEiITaIVARAIREAAATIANAY  TINTARIEIANTBIMAS AR aRARRIL WU R R ALAS AT,

[ |

UrAan endothelium a3l nzasnsiareswasaiansesasdrdyReinalnrinunnsneziy

<

nitric oxide pathway Wluudndndny uanalugdii 5 dr EC, uas £ wnsssdrdnyuanslumsa

|
2
() T T R T
20 =
H
= 4p
g
A
& 60
3
© .' } o,
guqd O -EC S, e O EC
8- +EC plus L-NAME - - SEC plus L-NAME R N il
@
100 o T 100 T T

01 1 10 100 0.1 1 10 100
log [Luteolin, pM log [Apigenin], uM

=
2
2
Z
=4
s
4 O -EC o,
& B B~ +EC plus LNAME §
=B~ +EC plus L-NAME P
piiy T T T Ly T T T
0.1 1 10 100 .1 1 10 100
log [Bacoside A], pM log [Bacopaside I}, pM

| ) . . 1 .
gﬂﬂ 5 HANTAGTHATTaNVRBAIADA mesenteric artery WA iflu % Relaxation fladns (a) luteolin, (b)
. ¥ N ' L 73 -l
apigenin, (c) bacoside A Uaz (d) bacopaside | Wdmarudingiu 0.1-100 pM InsufFeuifisunasg
AREFTEIVABALABATEWI N UABALEER intact (tEC) wanaldan denuded (-EC) Lazuanmtian
o : " .
intact 71 pre-incubate frgds L-NAME Wudazmuidinduaesans wanadidly mean + SEM of 6-9
individual arteries **p<0.01, ***p<0.001 each compound compared with intact vessels (+EC) Tng 1

AR two-way ANOVA (n = 6-9)
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denuded {-EC) Tunannl@an mesenteric arterial rings 139 endothelial intact arteries with L-NAME

-y ar v @ . .
A1§9 2 EC,, URe E_ 'llﬂxim?ﬁflﬂ@‘ﬂﬂdﬁﬂiﬁﬂﬁ?ﬁ?uumﬂ relaxations of endothelial intact {(+EC),

Active compounds EC,, (uUM) Emax (%)
Luteolin

+EC 4.35+1.31 99.35 £ 0.66
+EC plus L-NAME 1489+ 356 ¢ 90.85 + 5.85
Apigenin

+EC 8.93+3.33 95.27 £ 2.61
-EC 12.80 £ 2.54 98.81+1.19
+EC plus L-NAME 25,62 +3.38 11 894.40 + 2.10
Bacoside A

+EC 10.81 £ 5.85 §3.60 + 2.86
-EC 14.50 £ 6.30 37.90£4.72 1}
+EC plus L-NAME 3381x6.25¢ 33.16 £ 8.41 1+
Bacopaside |

+EC 14.63 £ 5.36 79.94 + 8,17
-EC 17.29+£4.75 5897 +7.051
+EC plus L-NAME 2538+ 4.33 5845 +£4.21 1

nfraniiey EC, or E,,, of each component +EC vs, -£C or +EC plus L-NAME.

tp < 0.05, f1p < 0.01 Inalda4tin unpaired Student’s fHest.
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a1 4 = [
3 nalnrasssananensinfaufiuaaaidauidiad
. K R L o
nmadevssadanifiudy dlawmilaatirlagnimmvaa Cacl, inatadnd 0.01-10 mu
Kreb solution fidzrrann Ca® FutRmainnalnnisnszduniniinead voltage-operated Ca® channel

9 + + . ﬂs i 1+ e 3
(VOCC) #intl 80mM K" Ca”" free Kreb solution uaztiiases Cacl, anrauidivdiu 0.01-10 mm sin i

=

| o = ir I 2 H LYg .. Ly
n'3smmuma«mamﬂm‘n’:mammsmﬂmmwﬂmaamﬁa AAaIRT

m'a pre lncubatlon mamsmﬁmﬂmﬂuulﬂmmu lmm Bacopamdel Luteolin was Aplgenin

ﬂﬁfJ’]NL‘IﬂJ'ﬂu 10 pM l‘ﬂut’lﬁ’f 10 ‘LE"I‘VI THJQ"! ’lﬁﬂ??ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂmﬂﬂ denuded mesenteilc LN‘E!‘VEHG]

CaCl, Arnnndiniu 0.01-10 mM Sainlina il rightward shitt 7nnaavl control WALARNITUAFN GG

(maximum contraction; E,__ ) 984 control, bacopaside 1, luteolin Was apigenin 1Hun 100£1.3, 81.8+1.7,
o o 4o y m o

72.0£6.7 uaz 40.2+3.6% Mt 3z Nicardipine (1 pM) TellgmuaniRdudininilagas voce

aamIuAiraIuana@an denuded mesenteric artery lilngauysal
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@ DMSO

6‘100- -5~ Bacopasidel
] ;

&f %= Luteolin
E 80 + wA =2~ Apigenin
g ]

E o e BEwOu Nicardipine
g 60 [P

5

f A

& #

= 40 = X

S

o
B0

&

S

O £ £y i, Y )

& 0 & = g = b33

-5 -4 -3 -2
log [CaCLL M

=4 ot : A Q . . i
3 & nrviugnamauaisuawaanieailamiiuanirlay Cacl, (CaCl, induced contraction) Bauans
4 ‘ o - . . .
control 48£N7 A pre-incubate Ea’fmmsmﬂnﬂ‘aqa:{u’lmwwn Idur Bacopaside |, Luteolin {tax

2s
LY.

o ' o :
Apigenin ianadntiv 10 pM wazansAdudenasinadiises Ca** (Nicardipine; aanudindin 1 pM) s

wlefidudnisunsageavasniden (% contraction to maximum contraction) AN aURELT AN TYA
sagegmilevan Ca® lusfausn (first Ca®" applications) ugmsA1ili Mean + SEM of 4-6 individual
arteries **p<0.01 each of the active compounds compared to DMSO Taalafifi two-way ANOVA

{n = 4-8)
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ar ] d d v '
4. nﬂin‘u'adm‘iﬁ'lm‘gEl'am%‘l,ﬁa'auwnﬂatmﬂL%ﬂu‘&)‘anmn sarcoplasimic reticulum

A = o 2 <2 L 24 2/ =4 - A 4 o 2+
wamtaniliivaemasnuasa mﬂna‘lnmmszqu'l,uummammmwawm Ca” B9nAaIN
. . g ‘4 o o = e .
sarcoplasmic reticulum (SR) 3awilaatindqaniuaa PE (10 pM) M IAANTVAGILLY transient

. g . . .
contraction wamily % contraction to PE luafafiaas? pre-incubate faaantdndtyiFawmisudunis

3 cJ a s [ dv . . . . . o
nanATIINMTAINaTA1ATY ATl control, apigenin, luteolin, bacoside A WAL bacopaside | Al

mﬁmwmmmmuﬁﬂmaﬂm contractlons 98 8+1 2, 50 118.5, 54 3114.9, 85 817.2 LRY 66.212. 9% -

f?’i’mﬁ’lﬂu LN‘EILLE’E]UL‘I’IFJU % comracnon iy controt Llﬁﬁlx‘iﬂ'] iﬁﬁiﬁﬂlﬂdﬂ’li“ﬂﬁ’l’ﬂﬂ\i‘!ﬂTﬂﬂLﬁﬂﬁﬂﬂ’]du

e 8 as

Pty g . . N . o f-f
HHAALYN AN Gl luteolin, apigenin taz bacopaside | i p-value A1l p<0.001, <0.01 URE <0.01

ANRIAL

% Contraction to PE

DMSO Luteofin Apigenin Bacoside A Bacopaside |

& o d o4 . . .
gﬂw 7 nTwiasan I TuARTasuasmaa silawmiluniinlag phenylephrine (PE-induced contraction)

Fauanalu control uaztanistiudanisuasaiile pre-incubate AaenrdAtyresanulnawsudl 1
luteofin, apigenin, bacoside A WAY bacopaside | Aaoudiadiu 10 M sianaTu feweq Ca® (Ca®
release) AN Ca”" store %id sarcoplasmic reticulum luwaamden denuded mesenteric artery ng 1w
wanafliy % contraction to PE ugasd il mean + SEM of 5-6 individual arteries *p<0.01, ***p<0.001

each of the active compounds compared with control Ingl4a0iA unpaired Student's Hest (n = 5-6)
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o
uvivi 5

d7uaziansalnanisnaaay

= oee J’ :/' -:i = = o 1 .
ywisaiiduafasnitdnydadiauian lunalnniraanedseestengy saponins
. N 1 N ﬁ] 2 r i n . -
(Inellaving bacoside A L&Y bacopaside [) wazanmgu flavonoids nanAy 1&un luteolin WAL apigenin

%aﬁm'}utm (potency) mmnzim (ECSQ 4.4 uaz 8 9 uM mmmu) (?ﬂw 1) umminqu flavonoids m'm _

'lumiﬁnmwmmwm 111 20 m’rﬁmmmqu saponins 5un bacoside A waz bacopaside | (Saesong
el al., 2019; NAHUIN HPLC chromatogram) fatiy Tuudsnagrisnisaarsianmaenidontatso
vasdnsanansndAnhssunanatngy saponins Wudawlug) annndnansngu flavonoids
' o < = . ., :
atalefimn Welinuiauaiuns (potency) 189084 aglycone flavonoids HuNN37

. . d’, e o o5 éd ] c” 3 o, ar
saponins glycosides Tuagjiugnuuslarnainbusnaifiviiionng (sugar moieties) 8173z dnut

|

a2

dfjisendusnumis (binding site) ﬁm‘[umqaﬁdumﬁtﬁmnummmﬂmmﬂmaammﬂm mwmmm'm

. _

mminqu Ilpophlhc groups ‘Lu’fﬂﬁammmqwﬂm ﬂavonmds ENB.l‘amﬂﬂ']?LW:‘J‘HN‘]J‘MQ']TW}'IEIGI’J*H‘M
) o 4!/ . -3 [ . e o . e )

uanalRan (Wu et al., 2006) ihigfugndwiunsdnnnalniesiiluenasasnmaasfsemaen

\Raarasa1Ingal flavonoids Amzifisuadnuanalnnisnisnanadasesnanideniasasngu

. \ . ] y o 9 d = e 4 s
flavonoids kazngy saponins TuvassirandaudlERdsasnauinfi@ey TIRANTTA/TILAIDA
s 4 L . o e o .
nanaidan (U7 2) daunalnnisaaiadnaasarsdrdyiiiendesiu nitic oxide (NO) Tatlh eNOS
inhibitor (L-NAME) %1191 L-NAME Wi EC,, uasanm E,_ Fumileudunaiaanisineulaiidausan
\ s oo o 4 oy . o & 3w

{denudation) 491449MN1TARNEIRITAINADALABANEI TR NO IWIWED SeaanadaanunIsanaa

. t:} ) N A ] ] o H
Jin et al. {2009) huana71 eyclooxygenase (COX) inhibitor lifinasanisaatasi1e9uas alae an

-4 o . . ar 2, ar ] 1 o = Pron, e =£. ]

wiliaisiael apigenin wazdaeardnsiuniAnuneuntiluasaiawsnfiasamsiidn Awudn
indomethacin THifanszvusensaangmuesnsendoniiamiiaidiagnsaiavsul (Kamkaew et
al,, 2011)

& y . o o
TundrilaGuuaamasm@aail Ltype Ca” channels Temauanassie depolarisation 39l

I o at a ‘3’ 1 a o 3
ca”" nadiugad uaiilgnavadavessadndantiaSou sansdnuvadransddty W uteolin
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. o - ¥ =i 1 I3
apigenin 4Rz bacopaside | 14 denuded vessels inliimmuadiinalnfifuediss ca®™ waidinanas 59
. 5 . = 3 N 1 e} . . < L TIR-N e 3 1K

effective 194 apigenin 1310097 luteclin WATNIZY apigenin AliiAanwaatafatiasnd Aammilu
LY heterogeneity Tunalnges flavonoids

nalnn1sudsaad Ca®* (Ca®' release) 89nann intracellular stores P AARITUATIGaIIRER

1 1 9t \ &

\fan ansdAty 1w luteolin apigenin Wwax bacopaside | aArnsndidanalnnniuasaes Ca®* ateles

4 <f
ﬁz'm bacos:de A ‘quc!ﬂmnmq mu'l'i Lﬂﬁ'ﬁ'm heterogeneity ﬂmmmumnmqnu

K channels uuwmwmﬂm?mmumwamfmmﬂm'ﬂmuafam{,ﬁ'ﬂ&t ‘ﬂd Jlang et al. (2005)
3189704 luteolin g1u1708UEa Ca” channels uasfuan1amdana stored Ca® dnehinssfu K
channels Aatly nalnend apigenin, bacoside A uas bacopaside | AtAga%24riit K channels 11970
Aasaan1sANE lauIAR

& . _ . , . .
ngAnililunnsthudunanas Si et al. (2014) 41 luteolin Analanasasia vascular endothelial
d . de . _ .
cells Tnauileasin eNOS phosphorylation vigle Ser1177 Ll,ﬁ::u’flﬂﬁ NO preduction #an31nii 4
gughlriansa flavonoids mﬂn'}?ﬁ’nﬂmﬂawaamLaaraua“ﬂnﬁmmTmmﬂmwmuaamtaamwamtﬁﬂiﬂ

AN oxidative stress (Ma et al., 2008; Jin et al. 2009; Qian et al., 2010) UaY diabetes (El-Bassossy et

al., 2018) agalsfimu uansdnfasuaanidanuns saponins fafiasiinsinmssie W lunnas

Jl 9 er er - I o ar 1 .
Tngdg madnuiluannasasasdrdnyresasaiansad 1un asdrdtyngy saponins uas
. dl a i o LY L !/Q! 1 ] <t
flavonoids Wi lianraaafMTamanatadsudifiuenannuy Aranatnunagaudiuieulad

1
[y

o oo oy & o 4 o v & = 2
PREL “ﬂ'ﬂﬂqﬁ‘“wqiﬁuﬁﬂG‘]Lﬂﬂﬂﬁﬁﬁiﬂﬁq LLﬂxﬂ?xﬁlul‘ﬁﬁ@ﬂﬂqNLuﬂ L?ﬂUﬂﬂ\]ﬁﬂﬂﬁEﬁﬂmTﬁﬂﬁ?ﬁ ﬂr)ﬂﬂfﬂ,ﬂ

r
o e 2

. o ; .
U Ca”" influx WAz Ca® release A0 SR Nrdnwiluafsusniuassnsaansafasananaaesn
o, ol N . aﬂ‘ o =Y 4‘ . b3 ] .
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Abstract: B. swonnieri extract (BME} is an abundant source of bioactive compounds, including saponins
and flavonoids known to produce vasodilation. However, it is unclear which componenks are the
more effeclive vasodilators. The aim of this research was to Invesligate the vasorelaxant effects
and mechanisms of action of saponins and flavonoids on rat isolated mesenteric arteries using the
organ bath technique. The vasorelaxant mechanisms, including endothelial niteic oxide synthase
{eNOS) pathway and calcium fAux were examined. Saponins (bacoside A and bacopaside 1), and
Aavenoids {futeolin and apigenin at 0.1-100 uM caused vasorefaxation in a concentration-dependent
manner. Luteclin and apigenin produced vasorelaxation in endothelial intact vessels with more
efficacy (B 994 + 0.7 and 95.3 + 2.6%) and potency {ECsp 4.35 £ 1.31 and 8.93 + 3.33 uM) than
baceside A and bacopaside | {Emax 83.6 + 2.9 and 79.9 + 8.2%; ECs; 108 £ 5.9 and 4.6 £ 5.4 uM).
Pretreatment of endothelial intack rings, with L-NAME (100 uM); an eNOS inhibltor, or removal of
the endothelivm reduced the relaxant effects of all compounds, In K*-depolarised vessels suspended
in Ca’*-free solution, these active compounds inhibited CaCly-induced contraction in endothelial
denuded arterial rings. Moreover, the active compounds attenuated transient contractions induced by
10 uM phenylephrine in Ca*-free medium containing EGTA (3 mM). Thus, relaxant effects occurred
inbeth endothelial intact and denuded vessels which signify actions through both endothetium and

- vascular smooth muscle cells. In conclusion, the ffavonoids have about bwice the potency of saponins
as vasodilators. However, in the BME, there is ~20 X the amount of vaso-reactive saponins and thus
are more cffective,

Keywords: luteolin; apigenin; bacoside A; bacopaside & vasorelaxation

1. Iniroduction

Bacopa monmieri (L.) Wettst. or Brahmi, is an Ayurvedic medicine traditionally used as a
memory enhancer.  Along with memory improvement, it is known to promote mental health,
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as a neurotonic and cardiotonic agent. B. monnieri extract (BME) clearly has a cognitive enhancing
potential and newroprotective effects [1-16}, 1t has been shown 1o be antioxidant in rat brain [17,15]
and to possess several pharmacotogical actions such as anti-depressant {14-21], anti-dementia [Y],
anti-cholinesterase [8,9], anti-hyperglycaemic {22] and anti-hyperdipidaemia { 23], B. mowieri appears
to be non-toxic using haemafological and blood biochemical diagnostics [2:1-26]. BME demonsirated
cardioprotection, improved coronary blood flow, and protection against myocardial ischemia

an ac 50, daily ora
BME (40 mg/kg}) in rats for 8 sweeks showed a significant increase in cerebral blood flow [20], which
implics cerebrovascular difation.

BME contains an abundance of bicaclive compounds. They include dammarane-type triterpenoid
saponing, jujubogenin and pscudojujubogenin glycosides. These saponins are predominantly
bacopaside I and bacoside A, a mixture of bacoside As, bacopaside II, jujubogenin isomer of
bacopasaponin C, and bacopasaponin C [31-33]. Other than sapenins, flavoneids, essentially luteolin
and apigenin are also present in B. monnferi [10,34-36]. Bacoside Ag and bacopaside 1T relax rat
mesenteric arteries [29] but the mechanism(s) of their relaxation are presenty unknown. The flavonoids
found in B. monnieri also relax rat aorkae [37— 1] but these experiments used a variely of protocals and
vascular preparations. Therefore, it is important fo make a side-by-side comparison of these flavonoids
witl the B. sionuferi saponins using a resistance vessel type, For this we choose the mesenteric artery
which better exemplifies actions on regional bleod flow and systemic blood pressure than the aorla.
This work provides evidence to clirify the effective B, nigitnieri components for vasorefaxation which

could be related to the improvement of blood flow or mentory enhancement.

2, Results

2.1. Vasorelaxont Effects of the B, monnteri Active Congpotinds

Mesenteric arteries of rats were isulated and mounted in an organ bath via intraluminal wire
hooks connected to a force transducer, The vessels were pre-contracted with 10 pM phenylephrine
(PE), before adding B. mosnieri compounds including flavonoids (luieolin and apigenin), bacopaside 1,
and the saponin mixture (bacoside A) at 0.1-100 M. B. momnieri compounds caused vaserelaxation of
endothetial intact arteries (+EC) in a concentration-dependent manier (Figure 1) with ECsp and Epyax
values shown in Table 1.

{wieolin
- Apigenin
Bacoside &
= Bacopaside
DMSO

“s Relaxation

[Compounds], uM

Figure 1. Relaxations induced by buteclin, apigenin, bacoside A, and bacopaside I (0.1-100 pAf) and
vehicle (DMS0) in endothelial inkact mesenteric arteries precontracted with phenylephrine (10 M),
Values are mean = SEM of 6-9 individual arterial rings. “** indicates p < 0.001 comparing relaxation
for each compound with the control (DMSO} using tvo-way ANOVA (n = 6-9), Lines were fitted by
non-linear wgressjon.
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Table 1. The ECy and Emey of B. pionnieri active compounds on relaxation of endothelial intact rat
meseileric arteries,

p-Value Whole

Active Compounds ECs; M) Emac (3} n Graph Curves
Flavanoids Euteolin 435 £ 1.31 G4 307 6 -
Apigenin 893+ 333 953 £ 2.6 9 NS
Saponins Baceside A 05 £59 83629t 7 <105+
Bacopaside I 146 £ 5.4 99824 7 <00+
Vihicle DMSG - 17431 H 7 < 00t H

Significantly different companed with lutcolin £ p < 103, 4 p < 001 using unpainad Student's F-test (n = 6-9).

2.2. Mechanisins of Vasorelaxation by B. monnieri Comporaids

All the B. mawnieri compounds caused vasorelaxation in both endothelial intact {(+FC) and
endothelial denuded {-EC) mesenteric arterial rings. The relaxations were reduced by the removat of
endothelium, implying that these compounds acted via an effect on endothelial vasodilators. However,
the compounds stilt produced some vasorelaxations of the endothelial denuded nrterial rings ductoa
direct action on vascular smooth muscle cells. For intact vessels, L-NAME (inhibitor of endothelial
NO synthase; eNOS inhibitor}, also reduced the vasorelaxations (Figure 2, Table 2), These reductions
suggest that some or all the vasorelaxations were mediated through production and release of NO by
endothelial cells.

() a
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Figure 2. Cumulative concentralion-response curves of {a) luteelin, (b) apigenin, (¢} bacoside A and (d)
bacopaside | in concentrations (0.5-100 M) in endothelial intact (+EQ), denuded (-EC) mesenteric
arterfal rings and endothelal intact vessels pre-incubated in L-NAME (180 pM). The graphs are
expressed as %urelaxation of vessel pre-contracted with 10 uM PE, Values are mean = SEM of 6-9
individual arteries. **p < 801, *** p < 0.001 ¢ach compound compared with intact vessels (+EC) using
hwo-way ANOVA (n = 6-9).
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Table 2. “Lhe ECx) and Eunae of B, srannferi compounds on relavations of endothelial intact (+EC),
denuded (-EC) meseateric arterial rings or endothetial intack arteries with L-NAME.

Active Compounds ECsq (uM) Emax (%) n
Luteolin
+EC 435+ 131 9935 + 0,66 &
-EC 2190 £ 5851 62,42 x 465 1F 6
+EC plus L-NAM 1499+ 3561 D085 £ 5.85 [
THECTT T T a3 95.27 £ 2.61 9
-EC 1280+ 2.54 9381 £ 119 8
+EC plus L-NAME 2562 £ 3.38 94404210 7
Bacoside A
+EC 1081 £ 593 8360+ 286 7
-EC 1450 + 6,30 3790+ 472 [\]
+EC plus L-NAME 3381£625+ 3316 + 841 5
Bacopaside ]
+EC 14.63 £ 5,36 79.94 £ 817 7
-EC 1729 £ 473 5897 £ 7.05+ 7
+EC plus L-NAME 2538 £ 4.33 5845 £ 421 ¢ 7

Comparison of FCsg o1 Feu, of vach component +EC v -EC ur +EC phis L-NAME. £ p < 005, 14 < B0 using
unpairad Studeat's #-test.

2.3. 8. wonnicri Compornds and Co™ Injlyx

Voltage-operaied Ca* channels (VOCCs) were activated by depolarising denuded vessels with
B mM K'Y in CaZ-free Krebs' solution. Then vascular contraction elicited by CaCl; accumulatively
added at increasing concentrations (0.0i-10 mM). In the same vessel, the protoce] was repeated by
pre-incubation with 10 uM B. monnieri compounds for 15 min andt these CaCly-induced contractions
were inhibited and scen as a rightward shift of the plots and rediced Epmay from control (Figure 3).

& DMsO
“# Bacopasidel
= Yulealin
"'f”ﬁg# R Aplgenin
j”' A% O Nicardipine

=
<
:

0
=
L

e
=
L

%

20 +4

% Cantraction te maximum of Call,
L
=
1

log [CaClL M

Figure 3. CaCly-induced contractions of denuded mesenteric arteries pre-incubated in high K¥,
Ca®*-free niedia in the condltions of pre-incubation with DMSO (negalive contrel), 10 uM bacopaside
L, 10 pM luteoting 10 pM apigenin, and 1 g nicardipine (positive contmol). Y-axis, %% contraction
compared to the contraction achieved with the ighest Ca?* concentration during the initial run without
a B. moniticri compound in the same vessel. Values are mean + SEM of 46 Individual arteries, *pr <
0.01 each of the active compounds compared to DAMSO using hwo-way ANOVA (n = 4-6}.

The maximum contraction {Emac} of control, bacopaside 1, tuteolin and apigenin were 100 + 1.3,
819 1.7, 72.0 £ 6.7 and 40.2 + 3.5%, respectively. Positive control, L-lype Ca?*-channel blocker,
nicardipine (1 pM) completely abolished this CaCly-induced vasoconstriction (Figare 3).
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2.4, 8. monnier! Componnds and Infracelhulor Co?t Release

The release of intracellular Ca®* from the sarcoplasmic retievlum is another important trigger of
vascular contraction. Denuded arterial rings were pre-incubated in Ca?*-free Krebs' solution for 10 min
and thea 10 M PE added thereby eliciting a translent contraction. Then the protocal was repeated
with the same arterial ring in the presence of the test compounds (control, apigenin, luteolin, bacoside
A and bacopaside I) producing reduced contractions (98.8 + 1.2, 50.1 + 85,543 + 14.9, 858 + 7.2 and
66.2 + 2.9%, respectively) (Figure 4). Luteolin, apigenin and bacopaside I caused significant decrease

i PEHAUEEl Conlratiion compared o Ihe Vehiclé control (<00, <001 and <0F00T respechively )™

g

401

% Contraction to PE

20

DAMSO Lutonlin Apigenin Bacoside A Bacopaside |

Figure 4. PE-induced contraction induced by Ca?* release from sarcoplasmic reticulum of endothelial
dennded mesenterie arteries in the presence of DMSO (control), 10 phof luteofin, apigenin, bacoside A
and bacopaside L The data is % contraction to [0 jiM PE induced contraction compard {0 contractions
praduced by the initial protoco] without test compound. Values are mean + 58M of 5-6 individual
arferies. ** p < 0.01, *** p < 0.001 vach of the aclive compounds compared with conlrol using unpaired
Student’s i-test (n = 5-6).

3, Discussion

‘This is the first study comparing the vasedilatory mechanisms elicited by saponins (particularly
baceside A and bacepaside 1) and the principal flavonoids {luteolin and apigenin) were the most potent
(ECs 4.4 and 8.9 uM) (Figure }). However, these arc present in BME at only about 1/20th the contents
of the baceside A saponins and bacopaside | (Figure S1 and Table SI) [42). Thus in ferms of the overall
actions of the complete BME, the saponins would be expected to make a targer contribution lo the
vasorelaxation than the Ravonoids,

However, higher potency of aglycone flavonoids compared to saponin glycosides may be due
to sugar mojeties interfering with the moleeule interacting with the binding sites responsible for the
vasorelaxalion as suggested by previously, i.e,, lipophilic groups in the ring skeleton of flavonoids
increased their vasorelaxant activity [43]. This provides a basis for study of the molecular mechanisms
of vasorelaxation of flavonoids.

We investigated the mechanisms of Havonoid- and saponin-induced relaxation by endothelial
denudativn in mesenteric arterial rings which impaired vasorelaxation (Figure 2). Role of NO was
investigated using the eNOS inhibitor (L-NAME) with the test conipounds. L-NAME increased ECsg
and reduced Epax which imitated the effect of endothelial denudation, suggesting the relaxation was
mainly medicated by NO. This accords with observations made by Jin et al. that a cyclooxygenase
(COX) inhibitor did not affect the relaxation induced by apigenin {44], and consistent with our previous
study of B. monnieri extract, where indomethacin had no effect on vasorelaxation [29]. There were some
important concentration dependent differences between flavonoids and saponins. Firstly, denudation
or blockade of eNOS reduced the offect of bacoside A more than bacopaside I, luteolin and apigenin.
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Perhaps this was a reflection of bacoside A being a mixture of saponing, However, curiously the
responses of luteolin and apigenin to denudation and 1-NAME where the latter had a greater effect.
Vascular smooth muscle express plasma membrane L-{ype Ca2? channels that allow depolarisation
dependent Ca?* entry to trigger contraction, All three compounds (futeslin, apigenin and bacopaside
1) tested in denuded vessels depressed this mechanism of contraction that can alsa explain in par, the
vasorelaxant cHect. But here, apigenin appeared to be more effective than luteolin while it was less
effective In relaxation studies suggesting some heterogeneity in the mechanism of favenoid action.

L lease f Uular storesalouvesulates contractionvizinositaltcisphosphate: (123

or ryanadine receptors {RyR) associated channels in the SR membranes. 1% associated channels are
commonly activated by plasma membrane G-protein coupled neceptors including o -neceptors which
are activated by PE. RyR channels are activated by Ca?* itself. The three pure compaunds also inhibited
Ca?* released from stores which can account for at least sonte vasorelaxation of vessels precontracted
by PE. However, the bacoside A was without clear effect again suggesting some heterogeneity between
the four test substances. Other Ca?-channels may also be involved, for example T-channels and TRP
channels, espectally TRPC4 which is activated by «-receptor activation.

K* channels also play a role in regulation of vascutartone, i.e., voltage-dependent Kt (K ) channels
open upon depolarization of the plasma membrane in vascular smooth muscle cells, and thus inhibits
Ca?* influx through VOCCs, resulting in vasodilation [45). Jiang et al. also reported that luteolin
inhibited Ca®* channels, inhibited release of stored Ca?* while K* channels were activated, specifically
via Kagp, Kea, Ky and Kg [40] therefore the effects of apigenin, bacoside A and bacopaside FHivolving
K* channels deserve further investigation. Our findings support those of i et al. that luteolin can
directly act on vascular endothelial cells, by inducing eNOS phosphorylation at Ser1177, leading
to NO production [41}. The flavonoids evoke relaxations and also protect endothelial dependent.
vasorelaxation against oxidalive stress [11,16,47] and diabetes [43), however vasaprotective effects of
saponins needs further comprehensive investigation.

4, Materials and Methods

4.1, Gereral formation

Tissues were from male Wistar rats (200-300 g} which were obtained from Nemura Siam
International Co. Lid. (Bangkok, Thaifand). Experiments were appeoved by the Naresuan University
Animal Care and Use Committee (NUACUC), protocol number NU-AE 600710, The rats were housed
under the environmental conditions at 22 + 1 °C, 12-h light and dark cycle, fed with standard rodent
diet and tap water in Naresuan University Center for Animal Research (NUCAR) according to the
guidelines for care and use of laboratory animals {Institute of Labaratory Animal Research, eighth
edition 2011. Rats were anesthetized by intraperitoneal injection of thiopental sodium (100 ng/kg BW)
and killed. The mesenteric arteries were excised, cleaned of surrounding lopse conneclive tissue and
cut into rings of 3-5 mm width. Tn some experintents, endothelial cells were mechanically removed by
gently rubbing the lumen with a staintess steel wire, The mesenteric rings were mounled on a pair of
intraluminal wires in organ chambers containing physiological Krebs’ solution (mM): NaCl, 122; KC},
5; {N-(2-hydroxyethyl} piperazine N'-(2-cthanesulionic acid)] HEPES, 10; KH;POy, 0.5; NaH,POy, 0.5;
MgClp, 1; glucose, 11;and CaCly, 1.8 (pH 7.3), at 37 °C and aerated [29,19-5(]. The vessel segments
were allowed to equilibrate for 1-h at a resting tension of 1-1.3 g during which the solution was
replaced every 15 min. Changes in Isometric tension were measured using force transducer lever (CB
Sciences Inc, Milford, MA, USA) connected to a MacLab A/D converter (Chart V7: A.D. Instruments,
Castle Hill, NSW, Australia), stored and displayed on a personal computer. Following stabilization, the
arterial rings wete tested for viability by the application of 10 wM PE. Upon development of a steady
cantraction, the endothelium status wag tested with 10 pM ACh, The vessel was considered endotielial
intact when the ACh induced >70% relaxation. After establishing the status of the endothelium, the
rings were then rinsed with Krebs' solution for 30 min and one of the following protocols was initiated.
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Luteolin (fot 126M4061V) and apigenin {lot WE445301/1) were purchased from Sigma Aldrich (St
Louis, MO, USA). Bacoside A (lot 00002003-003) and bacopaside I (lot G002002-T17H) were purchased
from ChiromaDex, nc. (Irvine, CA, USA).

4.2, Vasorelaxond Effects of B. momnieri Active Compowids on Endothelial tntact Arteries

FoHowing stabilization, endathelial intact rings of mesenteric arteries were pre-contracted with

10 pM PE. After the contraction had bocome constant, the B. smonnieri aclive compounds (0.1-100 phi),

a-including luteolinyaplgening bacoside A trbatopaside bwers sddsd dumulativelyr oo

4.3. Vasorclaxont Effects of B, nonnier Active Compounds on Endothelinl Denuded Arferies

Successful endothelial denudation was confirmed by the absence of relaxation upon addition of
10 pM ACh. For investigation of the rote of endothelium in 0.1-10¢ uM B. monnierf active compounds
(uteolin, apigenin, bacoside A or bacopaside 1) induced vasorelaxation, endathelial denuded arteries
were used. The data of effect of active compounds were presented as Yorelaxation.

4.4 Study of Vasorelaxant Mechanisms of B. woitnieri Active Compotends vin eNOS Patlaay

The role of the endothetial relaxing factor, NO, in B. sonnieri active compounds {luteolin, apigenin,
bacoside A or bacopaside 1) induced vasorelaxation were evaluated in endothelial intact ring pre-treated
with NG-n{lm-L-arghﬁne niethyl ester {L-NAME, 100 pM), an inhibitor of eNOS, for 30 min prior ko
10 pM PE exposure,

4.5, Shudy of Vasorelaxant Mechanisms of B. monnieri Active Compotendds oxt Extracetlular G2 Influx

| Piidothélial dereided meseateric artéries were equilibrated in Ca?*-frve Krebs” solution (containing

(mM): ethytene glycol-bis (8-aminoethyl ether}-N,N,N,N tetra acetic acid (TGTA), 0.01; NaCl, 122, KCI,
5; HEPES, 10; KH,POy, 0.5; NaH,PQy, 0.5; MgCl,, 1 and glucose, L1 {(pH 7.3}) for 30 min followed
by replacing with Ca?*-free Krebs” solution containing 80 mM K* for 10 min which depolarizes the
vascutar smoeoth muscle cells, thus opening VOCCs, Various concentrations of CaCly were then added
{0.01-10 mM) in a logarithinic progression. After obtaining the maximum respanse, the baths were
washed out and replenished with Ca?*-free Krebs' solution for 30 min, The Ca2*-free 80 mM K*
solution was then re-applied following pre-incobation for 10 min with either: 1) M active compounds
or 1 WM nicardipine (antagonist of YOCCs). Concentration-response curves o cumulative addition
of CaCly were then repeated and compared with maximum conlraction evoked by previous control
CaCl; challenges,

4.6. Stenly of Vasorelaxont Mrchanisis of B. monnieri Active Compounds ont Intracelinlar Ca®* Relense

To stimulate initial Ca2* loading of the SR Ca2* stores, endothekal denuded mesenteric arterles
were exposed to 80 mM K* sotution for 5 min, and then washed out with Ca®*-free Krebs’ solution
containing 1 mM EGTA for 10 min. The arterial rings were then chatlenged with 10 wM PE (acting
through phosphaolipase C/IPs signaling) which release Ca?* from the SR thereby eliciting a transient
contraction [29]. The same protocol was then repeated to ensure that similar fransient contractions to
PEcould be obtained, Then, the arterial rings were chaflenged again with 80 mM K* solution for 5 min,
and washed out with Ca?*-free Krebs” solution comtaining T mM EGTA and 10 pM active compounds
for 10 min. The arterial rings wete again challenged with 10 uM PE. The PE-induced contractions were
compared in the presence or absence of active compounds.

4.7, Stafistical Analyses

Statistical analyses used GraphPad Prism version 5.00 for Windows, (GraphPad Software Inc., La
Jolla, CA, USA). Data from each concentration-effect curve was analysed using non-repeated two-way
ANOVA. Curve fitting in the figures was generaled by the same software using non-linear regression.
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ECzn and Enyay were compared using unpaired Student’s  test. Values are expressed as mean = SEM.
A pvalue < 0.05 was considered significant. v’ is the number of vascular rings used, each ring
orlginating from a different animal.

5. Conclusions

This study demonstrated that B. momnfer! active compornients, including both saponins and
flavenoids, produced vasedilatory effects on rat isolated mesenteric arteries pattially via endothelial

| ependent-release of vasodilators and-also. b sHrectelffects orrvasculac smoothomteclacalie i
blockade of Ca?* influx and its release from SR, This study for the firs tinte reports the comparative
vasodilatory effects of saponins and flavonoids found in B. monnicri extract. However, B. monieri
exlract, flavonaids i.e, luteolin and apigenin would be maore polent vasodilators but sa ponins have a
greater effect because of their greater contents. Accordingly, the clinical benefits on enhanced blood
flow and cognitive funclion may atise from a cambination of flavonoids and particularly the saponins,

Supplementary Materials: Supplementary materials ar available ontine, Figure 51: Representative HPLC-UV
chromatogram of mixed seven standands at 20 pg/mi for 1 and 2 and 100 pg/ml. for 3-7 (A) and Brahmi extract
(2 mg/mL) (B); luteolin {1), apigenin (2), bacoside A3 (3), bacopaside Il (4), bacopaside X (5}, bacopasaponin C (6}
and bacopaside 1 {7}, Table S1: Amount of cach compound in 93% ethanolic extract of Brahmi analyzed by HPLC.
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Figure 51. Representative HPLC-UY chromatogram of mixed seven standards at 20 pg/ml for 1 and 2
and 100 pg/mi for 3-7 (A) and Brabuni extract (2 mgsml} (B); hutcolin (1), apigenin (2), bacoside A3 (3),
bacopaside I (4), bacopaside X (5), bacopasaponin C (6) and bacapaside 1 (7). The HPLC method followed
the previous report [1].

Table 81. Amount of each compound in 95% ethanolic extract of Brahmt anal yzed by HPLC, The values
are expressed as averages from triplicate experiments + standard deviations.

Compound - Amount (mg/g of dried extract)
) | Luteolin 139 0.07
- Apigenin 0.77 + 0.06
! Bacoside As 9161113
| Bacopaside } 15.63 + 0.53
Bacopaside X 7.07 £ 0.36
| Bacopasaponin C 8192034
L Bacopaside | 10.69 + 0.19
fotal tavvsend - 20 s s tata] sapeins 3oy
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