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Cornus officinalis Siebold & Zucc. is traditionally used as an edible and medicinal plant in many coun-
tries in East Asia. Previous studies have shown the pharmacological potential of extracts and compo-
nents of C. officinalis, but comparative analysis of the composition of the leaf, stem, and fruit extracts
has been insufficient to date. In the present study, the content of active antioxidant and anti-in-
flammatory ingredients was verified in different C. officinalis parts (under-ripe sansuyu, ripe sansuyu,
seed, leaf, stem, and dried sansuyu). One active component, morroniside, was high in fruit (under-ripe
and ripe sansuyu), while loganin was high in fruit (under-ripe sansuyu) and cornin was high in seeds.
Total polyphenol contents were highest in fruit (ripe sansuyu) and flavonoids were highest in leaves.
DPPH radical scavenging activity was highest in leaves, followed by seeds and then ripe sansuyu
extract. The anti-inflammatory efficacy of leaf extracts of C. officinalis (LCO) was further investigated
by measuring their effects on levels of nitric oxide (NO) and the pro-inflammatory cytokines inter-
leukin (IL)-1B and IL-6 in RAW 264.7 macrophages. Non-cytotoxic concentrations of LCO effectively
decreased the lipopolysaccharide (LPS)-induced expression of inducible NO synthase, resulting in de-
creased NO production. LCO also significantly suppressed LPS-induced production and expression of
IL-1B and IL-6. Taken together, the present findings suggest that C. officinalis leaves have potential
as natural materials for the development of antioxidant and anti-inflammatory agents.
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A ZE AARJIAS nuclear factor-kB (NF-kB)7F 3 W & o] &
ato] &4 315 9] interleukin-18 (IL-1B8), IL-6, tumor necrotic
factor-a (INF-0) 53 2 9354 Aol E7k1S] wa s A4
< £33, €34 vl A nitric oxide (NO)&} prosta-
glandin B, (PGE))& 433} inducible NO synthase (iNOS)
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A A8t 5 AAZ(EYELA FDU-2100, Tokyo Rikakikai Co.
Ltd., Tokyo, Japan)at] A&t o, 44 duj= 92 A
Fol & 2 A Euj(olst AR oFgok 12d A

Fol e 45f Arels AAFHE oRHE A4 AR
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FE7E TEA A £ 3 Tz AR ZﬂZOPﬁ
o A S Aikpfre] &5 AAT o) F FAs Y A
% #4)(Laboratory Mill 120, Perten Instruments, Sweden)
st F9¥ £ 10 g& 70% ethanol 200 ml¢h &g
T 1/ 38 dkEste @F B2 FEskgin. FE8 $9
2 o374 (No. 2, Advantec Co. Ltd, Tokyo, Japan)Z o 2} ¢
& 7+h5 % 7] (EYELA SB-1000, Tokyo Rikakikai Co. Ltd)
&t AAZE F 449 FE&e 2ASAL, 2A2YT

MDF-U53V, Sanyo, Japan)oll H#35tHA A d *}%o}%w.

—_

Morroniside, loganin ¥ cornin && &4

FH9 tE 7% &4 <l morroniside, loganin @ cornin
of ghge s W19, 351 #13t high-performance
liquid chromatography(HPLC, Agilent 1200 series, Agilent
Technologies, Santa Clara, CA, USA)E o] &3] &A #43}
Aok AP EHL 7 A 100 mge 100 ml B &FepaT o
AR Agste] 33 SHRTE et oF 3083t 2539 F2
Atk ¥ % 108 843k} 050 um polytetrafluoroethyl-
ene hydrophilic syringe filter (Advantec Co., Tokyo, Japan)
Z oA %3 F HPLCE ©]&3t Table 100 A A 27 lA
438t EFFF2 Chengdu Biopurify Phytochemicals
Ltd.(Chengdu, China)ol A F943t% 1, &%+ morroniside
¢} loganin®] 77+ 99.35% <+ 98.92% ¢ QA Th. o Tkl Ab-&-3t
41 acetonitile®} phosphoric acide HPLCE S AH8-3F% ).
AGA AL Y3 EFF 210 mga AWs) AEste 10
ml §F &t ¥ 34 /-2 AEeta st 1
mg/ml°] 5% 1FE stock solutions A2 F TAHL
2 343t (0, 39, 7.8, 15.6, 31.3, 625, 125, 250, 500 ng/mle|

Table 1. HPLC/DAD operating condition for morroniside, loganin, cornin and extracts from different parts of C. officinalis

Parameter Condition
Instrument Agilent Technologies 1,200 series
Detector Diode array detector
Column Myghtysil RP-18GP (250x4.6 mm, 5 um)
Wavelength 240 nm
Oven temperature 25T
Flow rate 0.6 ml/min
Run time 45 min
Injection volume 5l
Mobile phase Time (min) Acetonitrile (%) 0.1% Phosphoric acid in DDW (%)
0 0 100
23 21 79
. . 30 70 30
Gradient conditions 35 70 30
35.1 0 100
45 0 100
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ZAst7] st 2

num nitrate 20 pl, 1 M potassium acetate 20 ul 2 80% etha-
nol 860 plE A& = 7hete] EFsta ALolA 4087 A3}
A g 415 nmellA FEEE 5F S}ﬁt} Quercetin
(Sigma-Aldrich Chemical Co.)& EFEZE ot FEHF
Ao AAsT AR 29 2 Zg o ]E S quercetin

equivalents (mg QUE/g, dry weight)Z 4t ’3}0% [BR=R0Echu

2,2'-diphenyl-1-picrylhydrazyl (DPPH) radical &7

s &3
A2 52 Blois® ¥l wet DPPH ti3t 54 &<
BHE ZA3Y HAAF 5 (EDA; electron donating ability)

o
22 Yegr] ol st As &9 2 ml 02 mM|
DPPH & 9 (dissolved in 99% ethanol, Sigma-Aldrich Chemi-
cal Co.) 1 ml ¥ w{HE F 37Tl A 3023 BT o
517 nmol| M {F3EE SASAS AAEATE ARSI
A2 FANE Aol FRE 448 AolB WEL(%
2 Yehlo] dagss oz dAs, dAH HxTdoRe
HA, Sigma-Aldrich Chemical Co.)&

~

F

butyl hydroxy anisole (BH
AHgst it

M| ZHH2F

£ Ao A AH8E RAW 2647 M E+= American Type
Culture Collections (Manassas, VA, USA)oll A &oFitoktt,
RAW 264.7 M Z+= 10% fetal bovine serum (WelGENE, Inc.,
Gyeongsan, Korea)E % 7}¢+ Dulbecco’s modified Eagle’s

Journal of Life Science 2021, Vol. 31. No. 3 289

minimum essential medium (WelGENE, Inc.)& AH-§-3}o] 37
C, 5% COz g7l wgatdnt. AR e AEe
80~90% A=< WEZE A5HS uf A w3k, LPSe <
s Z}% APL Yall, AZZ 6-well plate (5x10° cells/well)ol

S 247k W ekak 2 LPS (100 ng/ml, Escherichia coli
055:B5, Sigma-Aldrich Chemical Co.)$t A 85 713} 24
A7 S T kel

M HEE FES 1I“Eéi £
RAW 2647 o ti3t Akt o &h& 229 HESA
5 Brtetr] st 3-[4,5—d1methylthiazol—2—yl]-2,5 di-

phenyl tetrazolium bromide (MTT) assayE 2 &3t th. ©| &

% 3ol RAW 264.7 Al ZZ 6 well plate (5x10° Cells/well) of

T AN THAZE T E YA F 4 FEE
SHE UANT ¢ AT 443t £ 5 mg/ml 5

S & MIT &9 (Sigma-Aldrich Chemical Co.)& A &3} 7t

well T 200 W& Ar}sta 2413 &< 37T, 5% CO; incubator

oA WEEAIZ &, S & A AT MTT el o) B4
¥ formazans dimethyl sulfoxide (Sigma-Aldrich Chemical

Co)2 §3AA Foltistn AAZAA4 A4ALAAE

enzyme-linked immunosorbent assay (ELISA) reader (Dyna-

tech Laboratories, Chantilly, VA, USA)E ©] &34 540 nm°
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LPSE =9 RAW 2647 A EZHE YA 5= NOY 42
N ZaFY Fo EA3HE NO-H & Griess reagent9} HH-
ANA ZA3A ol 3t 6 well plated] 53 RAW
264.7 M Z(5x10° cells/well)oll LPS (100 ng/ml)S T50.2
24747 A8 AY 20 ng/mle] AF FEFES 1A AA
g et F LPSE A efste] 243 W Fatith. W & Al
% 459 100 plt Griess A 2F(1% sulfanilamide, 0.1% naph-
thylethylendiamine in 25% phosphoric acid, Sigma-Aldrich
Chemical Co.) 100 pl& €33t 96 well platesoll A ¥4 21

% ELISA readerg ©|-&3te] 540 nmel A F3FEE S48
o NO A 9 As) =& H7kst7] 93k sodium nitrite
(NaNO,)9 5= F& F4E o] &3] Wdd e NO

Cytokine MAMZ =3

Azujked o] 4FA Al EFFRI(IL-1E B IL-6)9] &<
Z43l7] 91'¢ Quantikine ELISA kit= R&D systems (Min-
neapolis, MN, USA)ell A T4 st ¢ith. o] & #f3k] NO 44
Al Bt T 20A vikE Mz F5de
o] &3t A 2AY protocolel wet IL-18 B IL-69] =5
S48
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CHEl HIS] M2 2|st Western blot analysis
A7NDEE A dd A5 FE2E& 93 HH°*°] R
NZE F3 34 phosphate-buffered saline® A &3 &, ly-

sis buffer (0.5% Triton, 50 mM B-glycerophosphate (pH 7.2),
01 mM sodium vanadate, 2 mM MgCl,, 1 mM ethyl-
enediaminetetraacetic acid, 1 mM dithiothreitol, 2 ng/ml
leupeptin, 0.1 mM phenylmethylsulfonylurea % 4 pg/ml
aprotinin, all from Sigma-Aldrich Chemical Co.)& #7}3}¢
4Tl A 3083t WhgA A AIEE &3 A7) 2 14,000 rpmll A
203 dAdEEstlth dAEest 42 45 did
Bradford protein assay kit (Bio-Rad Lab., Hercules, CA,
USA)E AH838te] 595 nmoll A 3 =& o &sta] 4 Fstai
o 5% @9 4d$ Laemmli sample buffer (Bio-Rad Lab.)}
E§3ke sodium dodecyl sulfate-polyacrylamide gel= 7]
%% %, polyvinylidene difluoride membrane (Schleicher
& Schuell, Keene, NH, USA)ell 7 o] A7t} 34| ¢ vl 5o 3
A%S Adatr] flstel Ao]A 2l membranes 5% skim
milk® blockings}t i, £A413t 12} ot @il Aol = 1
#+ 3+ (BD Biosciences, San Jose, CA, USA ¥ Santa Cruz
Biotechnology, Inc. Santa Cruz, CA, USA, Table 2)& 7}3}¢]
4CollA overnight HE-EAZT. ol& &2oA 22 A
(Amersham Corp., Arlington Heights, IL, USA)Z 147t 1H-&-
T enhanced chemiluminescence (ECL) detection kit (Amer-
sham Corp.)E A& ¥ @il d dq w3} o 75 7HA 35}
sk

EAAzZ

a7 =2 3N e 8 AT T HdE
HAZ YRR L1, SPSS Statistics (ver. 22, IBM, NY, USA
£ A&stod 7 Al 1Y) F9 A4S one-way analysis of
variance (ANOVA) test® A3 ¥ Duncan’s multiple
sttt MzAY A 33 dAY 593
FUAE Yeglen,
Graph Pad Prism (Graph Pad Software Inc., San Diego, CA,
USA)& ©] 83} one-way analysis of variance (ANOVA)
test A3 - Tukey testZ ALF HFoto] 92 oS &
skt

o
HN

N

range test® A%
A YRS T ¥ #e Ho:H

4 g o

Morroniside, loganin % cornin &2
T U BHE FEEY VAR T F
?]3+] morroniside, loganin % corning A %4 &
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099 o|Ato 7 o3l AMAHS ES’E\E}. o] nlglo B AlFH
o A (akar, ik 8 ), Ao, o, €719
AZEA FFS £43 23 morronisides €1 oA A
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°‘T+ Aol =7 545 A th(Table 3). F A2k 24
fro] AREH $FE 474 375 mg/g D 228 mg/go
VL FoH, Gl AxIodM Axd FiFo] dadte
A & 5 AT A9 A Ax=ZE FFol 188 mg/gS
2 Ak frol vle) wekon, loganin 94 ¢l Ao 7} {1
S} morroniside®} cornin®| #FE FH 0w HolHT
ol HA7], §FHx ToE A H 2ot 9l 2 H, loganin
Ao g dof 43 Aow Addn. o AP A7 4
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Table 2. List of antibodies used for western blot analysis in the present study

Antibody Dilution Product no. Species of origin Supplier
iNOS 1:1,000 610328 Rabbit polyclonal BD Biosciences
IL-18 1:1,000 sc-7884 Rabbit polyclonal Santa Cruz Biotechnology, Inc.
IL-6 1:1,000 sc-53865 Mouse monoclonal Santa Cruz Biotechnology, Inc.,
Actin 1:1,000 sc-1615 Goat polyclonal Santa Cruz Biotechnology, Inc.
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Table 3. Active ingredients of morroniside, loganin and cornin of extracts from different parts of C. officinalis
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Active ingredients (mg/g)

Sample Yield rate (%)

Morroniside Loganin Cornin Total
Underripe sansuyu 64 20.76+2.07° 12.28+1.16" 4.43+0.45° 37.5
Ripeness sansuyu 73 13.23+1.20° 6.41%0.55° 3.12+0.48" 228
Seed 23 ND® 10.99+1.18" ND® 11.0
Leaf 40 26740319 6.6310.86° 6.83+1.53° 16.1
Stem 12 3.04+0.32¢ 0.57+0.15° 0.46+0.11¢ 41
Sansuyu 72 10.63+0.70° 6.30£0.41° 1.88+0.43¢ 18.8

F-value 4034217 208.956 106.897"

Value are mean + SD (n=8). Different letters within a column (a-f) indicate significant differences at p<0.05 by Duncan’s multiple

range test. h

"p<0.0001.

ND, Not Detected.
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& W g g AR E}E Aol 9lou, *EM%L 7&»}
[24, 25, 31]ell &td, A Edl, £, & FFHFFY 9%
ethanol & 37T ol Al 1~48A17F X & 323 Ao A 3 A

dol 444G 23 £l TAFG, 8 2 d

acks 23 o), % % i e

o %% Fgo) Bt 4

g A% 22 8919 2%, In

9 Lee [19]% Kim ¥ Son [ 19} 100% % 80% methanol F%

£9 234747 31.56 mg CAE/g
FEIAT. AT

2 267 mg TAE/g)$} Hl %
Ui Bopd & FetH o= e

30
20
&
o
i
=}
=2 10
E
0

Underripe Ripeness
sansuyu

sansuyu

Seed Leaf

Sansuyu

Fig. 2. Total flavonoid contents of extract from different parts
of C. officinalis. Value are mean = SD (n=3). Different let-
ters (a-d) above the bars are significant differences at

p<0.05 by Duncan’s multiple range test.

A% AdE Fig 29 2ok AAE AFAHY o]

mg QEU/g= 7Hd w3toH, Erle A4 (3.20 mg
QEU/g)§ AN Feoll A Ao ZAHA &4t §4, Jeon
etal 2012 F ZH 0|7} 567 mg QEU/gE ¥ ]9
& 3422 mg/g - hesperidin FFET} Sy Bk vp 9l

8 o
m e

100 4
a
g0 4 b
c
d
o 60
<
e
o |
o 40
E
20 | f
0 -+ v
Underripe Ripeness  Seed Leaf Stem Sansuyu
sansuyu  sansuyu

Fig. 1. Total polyphenol contents of extract from different parts
of C. officinalis. Value are mean + SD (n=3). Different let-
ters (a-f) above the bars are significant differences at
p<0.05 by Duncan’s multiple range test.

DPPH radical 2715
fr U9] %918 DPPH radical *74 gHoz Fitst
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=
]
£ 40 d :
<
§
E 20
~
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o
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BHA  Underripe Ripeness  Seed Leaf Stem  Sansuyu
sansuyu  sansuyu
10 ppm 100 ppm

Fig. 3. DPPH free radical scavenging ability of extracts from
different parts of C. fructus. Value are mean + SD (n=3).
Different letters (a-f) above the bars are significant dif-
ferences at p<0.05 by Duncan’s multiple range test.



292 8B UEP|X| 2021, Vol. 31. No. 3

T BHA Eth @4tstso] & Ao g Yehg oy, 10 ppm
F5oA BHAE 91.83%°] 2% S Bgow, g3 #oto
ZY7y 7952%, 79.01% 2 7} & radical 274 & BAT
A= Hief, JAEF £o02 47 6251, 35.22% 9] radi-
cal &7 &4< EAth A9 £7]= 100 ppm &=l A
Z+7y 7891, 25.48%9) radical £7% < Kol AEf G
A5 A9 R AR st Ao E2 JoE FIHA
ok AR A E) AT 2 A, Park et al. [31]2 100 ppm &=l
A At e det skt 27 50.96%, 47.92% 9] radical

T
AA EA40] AN, Im E Lee [19]& A5+ 23] meth-

anol &0 2075 mg/mlE £ A4FAA} o }& w50
A radical 2% & 2ATh o} Lee et al. [25] &+
01% % 1% L-ascorbate®] 91.13%9} 9221% KT} 4k 73]

o] mlo]m2YolH 25 30,60 @ 90% &g 225 2
EFE BT BAM-9720%Y = 2A50 ANSE B
vk otk 24 249 Aol oy s HE RE F2
BEEL 2T AHY FGaglsS /AT 9SS B9 4 9]
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il 7] 212kl NO+= NOSell 934l L-arginine o 2 %
2 g4 7H A EAEA, $=F NO9
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HA e Qo el ZASH9 T Fig 40] ER uleh o],
LPS (100 ng/ml) ©5 A2]o] o3 NO A4 L vz nla)
of of 14n) %A ERRTL A5 6 R A2 29 me

Green pericarp (fresh fruit)
Red pericarp (fresh fruit)
Seed

Leaf

Red pericarp (dried)

1

+ + LPS (100 ng/ml)
250 500 Chemicals (pg/ml)
== T,
B Green pericarp {fresh fruit)
Il Red pericarp (fresh fruit)
B Seed
Leaf
Red pericarp (dried)
=

- LPS (100 ng/ml)

250 500 Chemicals (pg/ml)

Fig. 4. Effects of the extracts from different parts of C. officinalis on NO production and cell viability in LPS-stimulated RAW 264.7
cells. The cells were pre-incubated with or without the indicated extracts from different parts of C. officinalis for 1 hr, and
then treated with or without LPS (100 ng/ml) for 24 hr. (A) The nitrite concentration in culture media was evaluated by
Greiss reaction. (B) Cell viability was determined by an MTT assay. Results are expressed as the percentage of surviving
cells over control cells. Each data point represents mean + SD of three independent experiments.
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