Journal of Life Science 2022 Vol. 32. No. 7. 501~509

ISSN (Online) 2287-3406
DOl : https://doi.org/10.5352/JLS.2022.32.7.501

Anti-oxidation and Anti-thrombosis Activities of Polyphenol-enriched Fraction

of Acorn Pollen Extract

Yun-dJin Lee1,

Deok-Gyeong Kang1, Su-Jin Pyo1'2

and Ho-Yong Sohn'*

'Department of Food and Nutrition, Andong National University, Andong 760-749, Korea
’Lee’s Biotech Co., 416, C Dong, 17 Techno 4-ro, Yuseong-gu, Deajeon 34013, Korea

Received March 21, 2022 /Revised April 12, 2022 /Accepted May 15, 2022

Pollen corrected from Quercus species is abundant in Korea and has been used to treat anemia and
inflammation of the prostate gland. It is also used for hemostasis in oriental medicine. In this study,
the ethanol extract of the acorn pollen and its subsequent organic solvent fractions using hexane,
ethylacetate, butanol, and water residue were prepared, and their antioxidant, anti-thrombosis, and
hemolysis activities were evaluated. The ethylacetate fraction of acorn pollen (EF-AP) showed the
highest polyphenol content (225.0 mg/g) and strong antioxidant activity among the solvent fractions.
The RCso of EF-AP against DPPH, ABTS, and nitrite radicals was 72.2, 27.7, and 62.6 pg/ml,
respectively. The blood coagulation activities of the all-solvent fractions determined by thrombin time,
prothrombin time, and activated partial thromboplastin time were negligible up to 5 mg/ml. Platelet
aggregation inhibitory activities were observed in the EF-AP, butanol fraction, and water residue,
whereas hexane fraction induced strong platelet aggregation. The EF-AP has no hemolysis activity
against human RBC up to 1 mg/ml. UPLC/MS/MS analysis of the EF-AP revealed that rutin, iso-
quercitrin, and astragalin are major compounds for antioxidant and anti-thrombosis activities. Our
results suggest that EF-AP could be developed as a noble antioxidant and anti-thrombosis agent.
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M B

ZEZ(Acorn)E FUF-Zol &3k UFE dufo] F4
o2 FAHOZ = AU (Quercus acutissima), =3¢
U-T(Quercus variabilis), & T, Quercus mon-
golica), ZZ YT (Quercus aliena), &I 5-(Quercus ser-
rata), =37 (Quercus mongolica var. crispula), B Z -5
(Quercus dentata) 52 ZFUE duj& L3y, o] 3+
Wit 250 o R HE o o8 44H s T3

she] mEe Siole ATHs), e FEL BAo >
FHE ) Fo HEOE, BLHE, AW, HE, o
5o 7714 Fo] BT TR U FFHEo]
Saalta SHARA, 13], A2 ARREAFOR 5
=93 gl

HH EEe HE F8 YYBYOR UTIAE 1

*Corresponding author

Tel : +82-54-820-5491, Fax : +82-54-820-6281

E-mail : hysohn@anu.ac.kr
This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

g =], 9§ al
o1, 7, 16, 17, 22], 2=
2% S As &43(25], =3} A B S, 24],
A qAGA3], F D FF[S, 24, 33] Fol BiE
o Aot 2y FA7MA =& 3t o] g3 {7}
7k Al ejopE LA R NS A

o2& st o] 4R W7 x
EZAZ Zgste] &yA, vY, AAE
4, AAAANA S-S AF s AR
st HlAdE 2ol o3k Haf e} e
A JYuH7). =3 =2y RS x3}
< sporopollenin®| 2t E2]&= ©o& A4
o 719 ¢ & 5o HE9 A

&3l Fggo] Wol A o +
dHA A6, 7]. & AT =T o
9 *@ﬂﬂ“ 7}t Oﬂ?«l E‘ S2 EE

=3h A, AEA

o A5 ZH7F LA
EEY shdol #% &

N

ﬂlﬁ (

2 o F

X o Mo
o

s
NV
ol
=5

o ot (o rlr
o

3o

B eg
__)Ll"

i
rg o
i
o=

(o5
)

>
g oX
H lo o

2

&
Lo

b
o e foox Oh o fr o borfr ol R W

2

rlr o
ga A
>

A2
@ g
>
2

o 2 A 4
lm | N‘E N H—l jg, m'llj

RCAYe)
oML b N Moo b o 2

s}
g
$L

g "
A ©
B &

2
oo

=

m]I.
N

N

o]r

ox

to

.
i

ol

it R

o
=2
A
ot



502 BB UTIX| 2022, Vol. 32. No. 7

™, 7] L otAH ol E
grolE BAS E43te] AL A7)
olo] H &t Hio|th.

EEd| 2 3 A%

B Agel AHgE EEY S 20199 Fol Y=
Aol A AF § FEs FUsH 20ToNA ¥s B
shaA ARESHAT EEY B2 vk 7] (FoodMix-150W,
Angel Electric Co., Bucheon, Korea)2 183t 13} n)3)3 &
95% ethanol (Daejung Chemicals & Metals Co., Ltd. Korea)
o] AA8}e] F 23 th(Fig. 1). Dimethyl sulfoxide (DMSO)
9} Triton X-100- Sigma Co. (St. Louis, MO, USA)2] A] <k
w ol AFe TSk AHESAH.
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2ol A 8AIZHY 53] FFdt] ZAISHATH FEA 2 filter
paper (Whatsman No. 2, GE healthcare UK limited, UK)=
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Rikakikai Co., Ltd., Tokyo, Japan)dt&] E2 2 Z A3} 2
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Fig. 1. The representative photographies of (A) acorn pollen, (B) grinded acorn pollen, (C) water-treated acorn (x800) and (D)

ethanol treated acorn pollen (x800) used in this study
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Table 1. Conditions of UPLC/MS/MS analysis for acorn pol-
len extract

Parameters Conditions
LC
Injection volume 2 ul
Column temperature 40C
Flow rate 350 pl/min

Mobile phase A:0.1% formic acid in water

B: 0.1% formic acid in

acetonitrile
Time (min) A (%) B (%)
0 95 5
0.5 95 5
2.0 90 10
Gradient program 4.0 80 20
5.0 70 30
7.0 10 90
8.0 10 90
10.0 95 5
MS/MS
Ionization mode Negative ion mode, positive
ion mode
Type Multiple reaction
monitoring (MRM)
Source voltage 2.0 kV

Desolvation temperature 450C
Desolvation gas flow rate 800 l/hr
Cone gas flow rate 1 Vhr
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C18 1.7 ym 24, ZY L% 40C, % 350 p/min, FY =F
2 ul, o5 &vl= 0.1% formic acid7} X3H S/T

0.1% formic acid”} Z &% acetonitrile 7]-&7] §8]& 4
3 TH(Table 1). MS/MS #2412 TSQ Quantum ULTRA
(Thermo Fisher, Waltham, USA)S ©] &3} o 4=z
< multiple reaction monitoring (MRM) 2] ©. 2 negative
ionization modeZ F43}H EA}0]-2((M-H)- )& THE9]
Zt 2488 precursor ions A tune AP T3 HA
9] collision energy % product iong A8} 3} spray voltage
2.0 kV, desolvation gas flow rate 800 I/hr2} cone gas flow
rate 1 I/hr, desolvation temperature 450C 2 £A3}5 0 &
A EEL Aoz FAufsla 9= Sigma Co. (St. Louis,
MO, USA)9]| caffeic acid, cinnamic acid, p-coumaric acid,
m-coumaric acid, ferulic acid, gallic acid, gentisic acid, 4-hy-
droxybenzoic acid, protocatechuic acid, salicylic acid, sinapic
A3} apiin,

isoquercitrin,

acid, syringic acid, vanillic acid®] 13&¢] 3=

astragalin, cosmosiin, fisetin, hyperoside,

kaempferol, luteolin, myricetin, orientin, quercetin, quercitrin,
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Table 2. Contents of total polyphenol, total flavonoid and total
sugar of the ethanol extract of acorn pollen and sub-
sequent organic solvent fractions

Acorn pollen Contents (mg/g)

Extract or Total Total Total
fractions polyphenol  flavonoid olal sugar
Ethanol ex' 21.540.5°  14.0£0.5°  586.5:10.5°
HF-AP? 22.0+0.4°  11.9+0.8°  25.5+1.7°
EF-AP® 225.042.0°  222.1£16.5°  74.8+1.6°
BF-AP* 32.1£1.0°  27.2+1.0°  957.6£26.5°
Water residue 0.1+0.3" 1.440.0°  998.4+85.8°

Tex: extract, ’HF-AP: Hexane fraction of the acorn pollen ex-
tract, “EF-AP: Ethylacetate fraction of the acorn pollen extract,
*BF-AP: Butanol fraction of the acorn pollen extract. Data are
presented as the mean + SD of three determinations. Different
superscripts(w) within a column differ significantly (»<0.05).
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Table 3. Anti-oxidation activities of the ethanol extract of acorn pollen and its subsequent organic solvent fractions

Acorn pollen extracts

Radical scavenging activity (%)

Reducing power Abs.

or fractions DPPH ABTS Nitrite 700 nm

Ethanol ex' 49.6+1.9° 69.94+2.5¢ 27.8+3.2¢ 0.306+0.014°
HF-AP? 34.7+1.9° 61.3£0.6° 8.9+0.3° 0.303+0.015°
EF-AP’ 82.4+0.4° 87.3£0.0° 77.242.0° 0.754+0.049*
BF-AP* 49.4+1.6° 57.3+0.8" 18.543.5° 0.192+0.006"

Water residue 0.8+0.0° 6.3+0.5" 6.5+1.3" 0.043+0.005*

'ex: extract, HF-AP: Hexane fraction of the acorn pollen extract, EF-AP: Ethylacetate fraction of the acorn pollen extract,
*BF-AP: Butanol fraction of the acorn pollen extract. The concentrations used for DPPH, ABTS, and reducing power assay
were 0.5 mg/ml, and nitrite scavenging activity assay was 0.2 mg/ml, respectively. Different superscripts within a column differ

significantly (p<0.05).



Table 4. Calculated RCs of the ethanol extract of acormn pollen
and its subsequent organic solvent fractions

Acorn pollen extracts Anti-oxidant activity (RCso: pg/ml)

or fractions DPPH ABTS Nitrite
Ethanol ex' 503.8 267.4 446.8
HF-AP’ 695.9 338.3 2571.2
EF-AP’® 722 27.7 62.6
BF-AP* 505.7 407.9 733.9
Water residue - - -
Vitamin C 8.6 6.2 15.7

'ex: extract, “HF-AP: Hexane fraction of the acorn pollen ex-
tract, *EF-AP: Ethylacetate fraction of the acorn pollen extract,
*BF-AP: Butanol fraction of the acorn pollen extract. Vitamin
C was used as a positive control. - : Not Determined.
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Table 5. In-vitro anticoagulation activity of the ethanol extract of acorn pollen and its subsequent organic solvent fractions

Acorn pollen extracts

Anti-coagulation (x-control)

Conc. (mg/ml)

or fractions TT PT aPTT
DMSO 1.5 1.00+£0.07" 1.00£0.01° 1.00£0.01°
Aspirin 5.0 1.45+0.02° 1.40£0.00° 1.6420.05¢

Ethanol ex' 5.0 1.1240.04™ 1.03+0.08" 1.08+0.03°
HF-AP? 5.0 1.04+0.11° 1.2240.01° 1.16+0.26°
EF-AP® 5.0 1.02+0.06" 1.21+0.00° 1.05+0.28°
BF-AP* 5.0 1.07+0.01% 1.13+0.03" 1.05+0.28°

Water residue 5.0 0.97+0.03" 1.11£0.10° 0.67+0.13*

'ex: extract, HF-AP: Hexane fraction of the acorn pollen extract,

’EF-AP: Ethylacetate fraction of the acorn pollen extract,

*BF-AP: Butanol fraction of the acorn pollen extract. Data are presented as relative clotting time based on solvent control (x
control). The thrombin time (TT), prothrombin time (PT) and activated partial thromboplastin time (aPTT) of solvent control
(dimethylsulfoximide) were 24.0 sec, 18.6 sec and 40.5 sec, respectively. Different letters within a column differ significantly

(»<0.05)
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Table 6. Platelet aggregation activities of the ethanol extract of acorn pollen and its subsequent organic solvent fractions

Acorn pollen extracts Conc. Amplitude Lag time 5 6 o
or fractions (mg/ml) (ohm) Slope (sec) AUC PAA™ (%)

DMSO - 24 5 28 193.2 100.0

Water - 27 7 22 228.4 100.0

Aspirin 0.25 8 1 44 50.5 26.1

P 0.125 13 2 35 87.8 45.4

Ethanol ex' 0.25 20 4 25 157.3 81.4

HF-AP’ 0.25 26 10 4 257.1 142.4

EF-AP’ 0.25 12 2 16 934 48.3

BF-AP* 0.25 13 2 32 98.4 50.9

Water residue 0.25 14 3 32 114.2 59.1

'ex: extract, HF-AP: Hexane fraction of the acorn pollen extract, *EF-AP: Ethylacetate fraction of the acorn pollen extract,

*BF-AP: Butanol fraction of the acorn pollen extract. *AUC: Area Under the Curve ‘PAA: Platelet Aggregation Activity. Data
are presented as representative result relative of independent three determinations. Amplitude was expressed as ohms by the
maximum extent of platelet aggregation and slope (rate of reaction) was determined by drawing a tangent through the steepest
part of the curve. AUC was calculated from the platelet aggregation curve.
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Fig. 2. Diagram of impedance changes during platelet aggregation after addition of aspirin and samples of acorn pollen in whole
blood aggregometer. Symbols: (A) DMSO, (B) aspirin (0.25 mg/ml), (C) aspirin (0.125 mg/ml), (D) ethanol extract,
(E) HF-AP, (F) EF-AP, (G) BF-AP and (H) water residue. The sample concentrations used were 0.25 mg/ml. Platelet
aggregation was induced by addition of 2.5 pl of collagen (1 mg/ml) into cuvette containing 50 pl of washed PRP and

measured the impedance change for 12 min.

Table 7. Hemolytic activities of the ethanol extract of acorn
pollen and its subsequent organic solvent fractions
against human red blood cells

Chemicals/Samples N
(mg/ml) Conc. (mg/ml)  Hemolysis (%)
DMSO 0 0.0£2.5°

Triton X 100 1.0 100.0+0.0°
Ethanol ex' 1.0 -9.4+1.0°
HF-AP? 1.0 89.9+1.4°
EF-AP’ 1.0 -1.3+0.8°
BF-AP* 1.0 -3.2+41.0°
Water residue 1.0 -1.6+3.4°

'ex: extract, "HF-AP: Hexane fraction of the acorn pollen ex-
tract, *EF-AP:; Ethylacetate fraction of the acorn pollen extract,
*BF-AP: Butanol fraction of the acorn pollen extract. Data are
presented as the mean + SD of three determinations. The con-
centration of triton X-100 used was 0.1%. Hemolytic activity
was evaluated using 4% human red blood cell. Different letters
within a column differ significantly (p<0.05)

N oY
[o
Lo
ol
3R
i
bl
rlo i
i)
M
=] 4
e
i
g
B
2
Mo
ot
il

L
I
‘gdﬁoLﬂ
o
—Cr—{m
X C
m{n

o

A 240 Fasisre, 5
1 F=A 53.5%2] AP
A 7hsAds Felskat

O.

o
o
W
3

£ ot 1o ox o >
5 P e

ox o 1B

i

EE2| 312 |ZOIMIHIOIE 282

nolic acids 24
kst A g A A &0l 5% REE
3o deolAHolE B ES S Z flavonoid ¥
< BT 2 A 7] ol otA

phenolic acids &2 &4
Ho]E &8 &l A rutin, isoquercitrin, astragalin, luteolin,

9| flavonoid ¥ phe-

hyperoside2] flavonoid®} 4-hydroxybenzoic acid, p-couma-
ric acid, vanillic acid, caffeic acid, ferulic acid & syringic
acid2] phenolic acids”} &<1%] 1 TH(Table 8). 714 =2



Journal of Life Science 2022, Vol. 32. No.7 507

Table 8. Flavonoids and phenolic acids identified in the ethylacetate fraction of arcorn pollen

Flavonoids Concentration (ug/g) Phenolic acid Concentration (ug/g)
Apigenin - 4-Hydroxybenzoic acid 0.024
Astragalin 15914 Cafteic acid 0.022
Hyperoside 0.839 Ferulic acid 0.003
Isoquercitrin 73.652 p-Coumaric acid 0.076
Kaempferol - Protocatechuic acid -
Luteolin 1.662 Syringic acid 0.001
Orientin - Vanillic acid 0.169
Quercetin 0.234
Qurercitrin -
Rutin 1,192.70
Vitexin -

2 e A RS rutin (1192.7 pg/g)©) 2.1, isoquerci-

trin (73.652 ug/g) astragalin (15914 pg/e)= 33 F &A=
S\’iq-. }7] 3% rutin, isoquercitrin, astragalm«] - o]m]
Fotsh, dEF, GAE ASAA 2 FEA Fdo] B

= nt 9%@[9, 12, 14, 21]. o]’¢9] A& =EE &9
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