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Physiologically active components and vasorelaxation effect of
Vitis labruscana B. and Vitis coignetiae grapevine leaves at growth stages

Jin-Ju Yu' and Hye-Yoom Kim>*

'Hanpoong Pharm & Foods Co.
’Hanbang Cardio-Renal Syndrome Research Center, Wonkwang University

Abstract Prior studies of physiologically active substances in grapes have focused only on the fruit, pericarp, and
branches, as well as the pulp and seeds. The present study assessed the changes in quercetin-3-O-glucuronide (Q30G) and
flavonol glycoside content using grape leaves from Vitis labruscana B. and V. coignetiae at different growth stages and
provided basic data for quality control. Content analysis showed that both varieties differed in Q30G and flavonol
glycoside content by growth stage, and the components were found to be high in the order of fruit, maturation, and
coloration. Also, Vitis labruscana B. has a better vascular relaxation effect than Vitis coignetiae. These results suggest that
in the use of grape leaves as a functional raw material, Q30G and flavonol glycosides can be used as indicator
components. In addition, if raw materials for each growth stage are mixed in a particular ratio, it will be a way to manage

the specific efficacy and content of indicator components.
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rivaroxaban, enoxaparin, warfarin, vitamin K antagonist®} aspirin
S0 FE AREEE, olHe FEELS I 5& A o= U
4 B FAEE 2§ K (Wamer 5, 2011). H ol# g
FAES gslshir g8 FolE XE Ee distr] AT A
Ae 2 o]l AEHHORE o]FojA L YTHKim T,
2017;Kim, 2020; Lee 5, 2018).

Ioe A AAFSRE AL 22 I F SR G v
Bl Sl FAetaL, A4, F, ¢ 59 F1E BEd ok R
o] 9 THChang %, 2009). —o] AESH 715s Yeile
polyphenolF-2 ¥3H3t flavonol, stilbene 52 T} 313HE-2 o
332 ATh(Yilmaze} Toledo, 2004). Exof -4 &4 313
B2 & 5ol A flavonoids?} non-flavonoidsZ 7 4~ Ut}
flavonoids &2 o= kaempferol, quercetin, myrisetin, anthocyanin,
catechin 5©°] %03, non-flavonoids =& 2=  hydroxycinnamic
acid, caftaric acid, gallic acid, resveratrol 5] thiEdo|H, o]z gt
stE2 AESH, sty gl oty BEAS 5HoE e
23t grakslA|o]tiDe Rosso 5, 2015). ©] 5 quercetin® %
2% GRS sk AN stEEA, A W 1A dixk
S AX|HA glucuronic acidz} ZA3aled, quercetin 3-O-glucuronide
(Q3OG)E WLt (Pariyar 5, 2019). Q30GE #<=3}lo|H (Ho
5, 2013), & Derlindati 5, 2012) 2 AMPKS] HZZ eNOS
AL BT 3 715 N Bt e AR dEA ok
(Shen -5, 2012). o] &g A= Bol olFoFot, X%
Aol gk A= obF Hulgitt B3 XIE FrllMe EEE
A o F2 ZZJ% AEA] B2 Fugr] 2
< ket old H71=H A7) ool ol F
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I& Yo §%S W &A 8 7S =oW JeAE
o2/ 77 9& Aow ALRETh $29] o)l Ao X
= 9 FEE 847 $3 IdA|(Kwon 5, 2016), £ ok
2289 Q30G7} BV2 wlAlolw A EolA 3= FZH(Yoon
2014)¢} scopolamine®l] &gt 7|18 “off 7§ &I (Pariyar &,
2017), 2 28 2doA AE# 715 /BN E3Kim F,
2020), ZAEZF 2doA & 74 EIK(Chang 5, 2020)l o
3 B vyl g7lel 2 Y9 % FAHoR AFHL
ATE WA & Aol Adde] 5 HE F5 X%
Qe ASHAERE AFst Q30G ¢ ZTFE = vlFA (quercetin,
kaempferol, & isorhamnetin}2] &3} o] w2 3 o]t g3}
£ Wrlste] d#d a3 ABEHE #AYE AT 712 ARS
Algstazl it

O
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M=

B Ao AMgE T 92 20209 A5 FAAA] W A
o] FrtellA Ael=E e WD (Vitis labruscana B2} M5
(Vitis coignetiae) 2V F5S ASEAL A7) 79, FA7]: 8¢
9 A57]: 9= AFsden, T2 FA S FFATL0
Haw)o] Qi)

AlEM=

F= 4 100g 20072 50% (viv) S-S 3% (viv) WERA
(glacial acetic acidy2 37, 80-90°ColA 3A17F &<t F=3T}. &+
Z9S Sum F71¢] mpe|ARIGEE o|&35te] AFstr S
Y 271o® 28] FE) 1, 22k AYS Fsted 3,000 rpm,
10°C 2722 158 7+ 9AEZ(HANIL Combi 514R, Hanil
Scientific Inc., Kimpo, Korea) § ‘&5 9t F3}od 60°C o]3}i|A]
7+t F=(EYELA N-1200B rotary evaporator, Tokyo Rikakikai
Co., Tokyo, Japan) & X3 7AZ3st 679 FE2E AES 4

TH(Table 1).

Alef & 717]

Quercetin-3-O-glucuronide (Q30G)= Extrasynthese (Genay, France)
ol A quercetin, kaempferol, isorhamnetin=MilliporeSigma (St.
Louis, MO, USA)lIM Al55 7+9std ARS8tk HPLC #4°]
AR Gl HPLC 572 AHES, 71 9] ¥4 8 322 ¢
s Aokt el 15 Aokt Sule PUstel Atk HPLC
+ SHIMADZUA}] SHIMADZU I-series LC-2030C (Shimadzu
Corporation, Kyoto, Japan)S Al&3}92™, HPLC ZHL&
CACELL PAK Cl18 UGI20 (250x4.6 mm LD.; 5um) (Osaka
soda, Tokyo, Japan), Waters Xbridge Shield RP18 (150x4.6 mm

I.D.; 3.5 um) (Waters, Milford, MA, USA)S AR&-3ITH

Quercetin-3-O-glucuronide £44

Quercetin-3-O-glucuronide (Q30G) ¥FF 3.5mgs HIEHS 20
mLol £33k stock solution® = ke, 175, 87.5, 43.75, 21.88,
2 44pugml FEE At FFN R ARGt A oF
0.15 goll MIERE 50 mLS 718t 6087 223 & T 045um
membrane filterE ©]-8-3l] 7S § HPLC AYLZE A3
om A gl A ofg Z27ASZ HPLC &43Th AR
HPLC &= SHIMADZU I-series LC-2030C°]™, ZHL Waters
Xbridge shield RP18 column, 4.6 mm LD.x150 mm, 3.5 um A}

Table 1. Extraction yield from two strains of grape leaves at
growth stages (%)

Vitis labruscana B. Vitis coignetiae

Fruiting 25.26% 28.46%
Coloring 26.19% 26.15%
Maturity 28.22% 30.13%

L3t} o] F5AE 0.1% (v/v) formic acid, acetonitrile®] 2™, 0
HolA 408714 acetonitrile®] H]-&S 15%A 25%Z, 40-42%
A= 100%2 Ao 2 MSAH o niRgtez opA] 1027
15%2 243t 28 25 35°C0H, §452 0.6 mL/min®] %
ot ARrEIRE UVnis HE71E o83t 330nmollA A&
Pt A= Bt A B3] HgAo| ZAsI A5
ks B, ANS 33 ARt A Ao W ¢
F2HxE e

Ecl2E HiEA|(flavonol glycoside) &4

A771EFTA 4. A77152F AR, 3. /18 AR A
W, 3-66 STtEE WPAE 2AR EAEoH, SEE b
A F quercetin EFEFS 14.5mgS F 50 mL wgkE<] &3]
3Fe] stock solution (290 pg/mL)S #| 23}, kaempferol &2
125 mgS 3l 50 mL Wek&el] 83l35ted stock solution (250 pg/
mL)S.Z AMS- 3t} Isorhamnetin EFF2 4.9 mg 33+ 20 mL
WekSol] 2al3kod stock solution (245 ug/mLyS A3 471<]
Ztz} 89 stock solutionS 1:1:1 (viviv) E33te] &3 stock
solution® 2 ZF ARE-3te] 2ufjrR S 5te] ARE-SIow 7}
3520 TE= v 2tk Quercetin 96.67, 4834, 24.17, 12.08,
242 pg/mL, kaempferol 83.33, 41.67, 20.83, 10.42, 5.21 pg/mL,
isorhamnetin 81.67, 40.84, 2042, 1021, 5.10 pg/mLe] F=2 3}
o FFAE 2AAT A Azs A 200 meol] 3482 ]l
25 G2=50:20:8, viv/v) 10mLE 7Fsle] 90°C =82l A
07 7HiEE] & o] gl WerES rtste] 50 mLE Y-85
0.45 um membrane filters ©]-83t] gt & HAoZ A&
gt ARE-gF HPLC 3= SHIMADZU I-series LC-2030C°|™,
A™E CACELL PAK CI8 UGI20 (250x4.6mm LD.; 5pum)
S AT, Acetonitrile (0.1% phosphoric acid), 0.1% phosphoric
acidE 40:60 HIEE 30%7+ 1.0mL/min 422 A3t} A
LEE 35°Co|H, AREIHLE UV/Vis AE7]E o83t 370
nmell A A&t s At d& BFHe] Ao &
Azt A9 S B, ANS 33 At de 2
o] Hi ¥ AFHAE Ve TH
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733 71 WA (Sprague-Dawley, =57l 2F 250-300 g)9] &
A=)

chamberel]l o] AT 1 H AL tensionS AA3] F7}
AA 1229 optimum tensiono] =E3H== Tt o] el
1 uM2] phenylephrine® 2 %2 FE3813 HYo| =E3dl= A
7kl 55 & 3uME] acetylcholines #@]3te] o]t 72 &l
stom olgk BVl 85% o Ushe W WIMEST B4
o7 Agat vt Aty £ A AR B AF W
HORE 1 uMe phenylephrine® = 58 &3 o|F AlF F
ZE(Vitis labruscana B.S} Vitis coignetice F52] ASTAE, =,
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Table 2. The contents of quercetin-3-O-glucuronide and flavonol glycosides of solid extract from two strains of grapevine leaves at
growth stages (mg/g)
AL Flavonol glycosides”
Variety Growth stage Quf reetin 3 dO
glucuronide Quercetin Kaempferol Isorhamnetin
Fruiting 27.096+0.138" 25.168+0.293 1.768+0.077 5.309+0.042
Vitis Coloring 11.713+0.359 10.575+0.088 1.001+0.008 1.772+0.013
labruscana B.
Maturity 17.246+1.291 16.142+0.054 1.218+0.010 2.075+0.041
Fruiting 29.056+3.681 17.612+0.275 1.134+0.007 1.051+0.004
Vitis coignetiae Coloring 15.755+0.825 13.190+0.067 1.018+0.003 1.177+0.006
Maturity 24.744+1.940 19.399+0.121 1.070+0.007 0.967+0.005

DAll values are expressed as mean+S.D. of triplicate determinations.

JFavonol glycoside calculating the content, a conversion factor was applied

Isorhamnetin; 2.437).

A7), 27 A AL e E R 2228 747 3, 10, & gt 4zt &FES 3, 10, 30uM,
30, 0.1, 03, 1 & 3mg/mL4 TEE g9 A7 vk SHHL mMe] == Gy Aste] E3 A=
2 AHsiden, 7t v A & 284 #Eete] dae] 1% 03 2288 100%2 7FYE & AP ER
T HsE S8 T3 A EAER] quercetin-3-O-glucuronide < . AF d¥e e dEe
(Q30G), quercetin, isorhamnetin 2 kaempferol F=E2] o]&a 3} Z% 9 GraphPad Prism 5& ©]&-3}%]
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Fig. 1. HPLC chromatograms of quercetin-3-O-glucuronide (A), favonol glycoside (B) form grapevine leaves extracts of Vitis labruscana
B. and Vitis coignetiae. STD, standard; VLF, Vitis labruscana B Fruiting; VLC, Vitis labruscana B Coloring; VLM, Vitis labruscana B
Maturity; VCEF, Vitis coignetiae Fruiting; VCC, Vitis coignetiae Coloring; VCM, Vitis coignetiae Maturity.



Students t-test 2 EC 50 3} p-value’} 0.05 ©]&k<l
g 2ozt e AR FAHAKS

A5
o1 F WKU20-28).

24 _Tl_l.

247} 9l &
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ZT Qo FEE0| 8

dé dEje} HF 7] FF0] ASEAE Xx I FEE
&2 AddE= 24 7] (Fruiting), Z<1]'/5.47](Colormg) 2 s

(Matunty) Z}z} 2526, 26.19, 2822%°C1H, W= FAA7], 27|

94:7] 242t 2846, 26.15, 30.13%US AR ]%E]-(Table 1.

% t& AEA 710wt g2 AR 2= 98 77 vwd

AR A7 =255 K FF BF FE0] AA SEe

AT F Ao, o= AE Yo| Agshes A s

ol S71E7] wielgke Ve £dEd A=

ASE AH
2 g #7o] e Ao® AIEEHKim %, 2005; Kim %,
2012).
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Quercetin-3-O-glucuronide (Q30G) &4
Aadeet mF 27 FF Xx Y AxI 2 gig A5

Al7] 8 Q30G e HA4 AFE Table 29 2th Q30GE 24.6
2ol 93 E ﬂ(ﬂe T AR H(Fig. 1), Q30GE 4.375-175 pg/

mL WA AR FBAFER)0.99995 LERHO] E A
e dErd S I S %ITKFg 2). 27K FF] Xk 9

(A) Quercetin-3-O-glucuronide
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d<571 27 7, 26, 30% el =on, Zgns WA F
quercetine ZAA7]e] AW FFo] HF FFo vl 2% =
okot, 2H7leL A&7ldle W FEHET 20% e FFE
At 2x9] HlEA stE gl 29 FF, AMEE
o, B, 7% 5 22 oy e wet dolgk He

Hlegte oleldt FE7H] ©

Z27} /\%iﬂ =] OXJ;G
Aol o3k Aer wf FF 5402 A7ZFETH(Nishikawa
2011).
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AW A2 (Vitis labruscana B} WF(Vitis coignetiae) 271X &
Fo X% ¢ Axdze gk A7 ¥ ZERE wgA

=}

(flavonol glycoside: quercetin, kaempferol, isorhamnetin) & i

A A= Table 29 At} ZElRs WA= quercetin 6.4 min,
kaempferol 10.0 min, isorhamnetin 10.7 min®l|A4] 325 A 4
AN H(Fig. 1), ZetRE WA 5 quercetin 2.41-96.67 pg/
mL HeolA A A RH=0.9999, kaempferol> 5.21-
83.33 ug/mL oA A 4BAG(R?)=0.9983, isorhamnetin
< 5.10-81.67 pg/mL ASAA AT AFBAFR)=0.99842 =
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Fig. 2. Calibration curve of quercetin-3-O-glucuronide (A), quercetin (B), kaempferol (C), and isorhamnetin (D).
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A) Vitis labruscana B.
-20

N
(=]
T

[=2]
(=]
T

-O— Fruiting

Relative Relaxation (%)

©
o

i —A— Coloring I
—D— Maturity

100 L 1 1 'l 1 1 L

3108 3405 3704 3107
(g/ml)
© O Vitis labruscana B.
B Vitis coignetiae
20

o
T

N
o
T

—O— Fruiting
EAY Coloring
—D— Maturity
.-.- Fruiting
—‘— Coloring
—- Maturity

(=]
o

Relative Relaxation (%)

ccc

100 1 1 1 1 1 1
0%  310°% 340¢ 307

(g/ml)

®) Vitis coignetiae
-20
—_
e 0F
X
~
=
.9 20 |
o
<
A
= a} #
P
f #i#4
R
-
=
[=5) 30 —.—Fruiting #itt
m Coloring
—.— Maturity
100 1 1 1 1 1 1 1
3110 3405 304 3107
(g/ml)
)
-20
~ o}
e
=
~
= 20 |
2
-
S af
=
—
]
¢ 6ol
S
- -
80 |-
= -@- asc
—
) (O~ Quercetin
m 100 - :z: Isorhamnetin
Kaem pferol
Y1) A TR TR TR TR T T T |

3*10°% 340% 304 30107
(M)

Fig. 3. Response curves of the vascular relaxant activities of Vitis labruscana B (A), Vitis coignetiae (B), interspecies comparison (C), and
marker compounds (D) in endothelium-intact aortic ring. The values represent the means+SE (#=9 for each group). Q30G, quercetin-3-O-
glucuronide; marker compounds, quercetin, kaempferol, and isorhamnetin. *p<0.05, **p<0.01, ***p<0.001 vs. fruiting of Vitis labruscana B,
*p<0.05, and **p<0.001 vs. fruiting of Vitis coignetiae; “p<0.05, **p<0.001 vs. fruiting of each variety; °»<0.05 vs. coloring of each variety;

“p<0.001 vs. maturity of each variety.

A43s JepIUchFig. 2). 27K 52 EF s )
A Aol AAV =25 & F ASer, St v
% quercetin A7 AL FFo] T FL H3] 42%
9}3 , ZHA719F Herldde wE EZED} 20% 22 ke

Ath. Kaempferole AL F5o] A57], 247144 #F

FLET 14-16% =S4AIRE 227 wol = uie 2wk o 2%
= @S & 4 AU} Isorhamnetin®] 735 L] FFo|
F EZ s A7), #ZA7), 457 —l—l:r 50% o’ =4

UHERR

1H' ofN oft rlo

I oleks

WALeis MT h) BFe| Ex Q Axolse] g T4
WYL Folsh) Astel WA FRUBUL ol&F ex vivo
e Bl FE 9EHQ o|REAE HAUTH 1Mo

3}

R A =
phenylephrine® 2 %8 =3t & AAL2e} 1T F5S A
SEAE 247, A7) 9 ASTE e & o FEES
A FAAoR Bosiglon 7t EHE 287 o|¢hadE &
AR 2 Ax, AEdde] FEE 739 27](63.62+5.18%)°0

AHE Al vlste] AA71(76.45+2. 78%) 2 A1427)(81.99+3.47%)
3

o HJHE FEEel

00 pg/mLe] &

EoMPE Fo4]l Al

woln F oLENT AU 5 ARTHFie 24). EF, o

FAEEE 7 A 2471(29.68+5.93%)°0 ANFH = 7i°ﬂ
A 7)(63.88+6.70%) Z A<
olgkg 7t Fold A= XME Hol=
(Fig. 3B). w&hA], Hdde] 9 HPEE
H FEEA o F2 oldadEs %E}k‘iottl

AMde]7 ZE ASEANA o U2 &35 E"]

A 4= A TKFig. 30). B Aol &% JEIA -ZL
$18Fe] Q30G quercetin, isorhamnetin, kaempferol®] ¥ o]
a3E =390 43 A3} Q30G, quercetin, isorhamnetinS
# ol THE RYPoY Fis a3 oY SUthFig 3D).
3t A= B3 JESo] d ol Fgo IS = F
A X% Qo FEE9 858 Uxse

e ey 7h ARl Fheko] Hojx| Uﬂ“* oj¢t a3
o= o= Hol AFHTOE &8 F

71(49.50+5. 76%)011 A F
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Row A7,



Z A A2 (Vitis labruscana B.)2} W5-(Vitis coignetiae) =21 2] ASTAE 2] &4 A

o (e]3
i =

B AT BHe Adde] 53 vF 50 Xk IS A
SHAER AQFHS ] Q306G ¥ ZHEE 8l FA|(quercetin,
kaempferol, isorhamnetin)®] &% Wt} 3 oj¢k aFE HUt
ste] 7158 A2 &8s 918 43 71 AS5E AT
sh= Aot 2=e] ASHAlE AQ71, /s, 247], 27
2 AE7R FREEY, AHoR xx o 948 FHrt 4
A7), A7) 8 As7] 2 IS e s EAY A 4
I F ELS ET ASWAER Q306G ¥ R wigA oF
9] zpol7t AR, A7 >AE7|>2A7] £o0 7 JRES] T
o] F& ZloF IRt ASHAE & ol¢ EH= F F
BF % ol 835 BYom g X% o] HE X
YHT O L& ZoR YEE ol 2EY FEEI T
Al B8 7FsEE BT B8, JEMAE Q30G B
ZEtHE AA o] & o FE Yude E5HES
obd ZAo=m AgEA| ek 7] 2 Qo nlste] AA7Ie} A
&70e ol ¥ Q30G ¥ ZEtHE wigAVE A EPROR
Aol 7= ok AgEnh ek 22 98 71548 98E
&8 A Q30G ¥ ZHHEE WGAE ABECE &8ala, 7+
ASEAE x5 o 955 44 &= st AREsHH 4
A3k e AFPE FHS AYste ol Heet At

ox H1 of

aAe =

w AAEe sEFETY] Ader wHAE Ve 719
7] FAREAIA7IS/NEAR (118041-3)] A& wo} A
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