"m Check for updates

A 3] A
Kor. J. Pharmacogn. 56(2) : 93 ~ 104 (2025)
https://doi.org/10.22889/KJP.2025.56.2.93

o 3

XLl (Citrus reticulata)2t MFEXFS T2 (Citrus sunki) 2}o|2]

S5 ¥ XEME &2 ol
EO|2" - EAY" - Za0t! - HIXIG? - O[AIS2 - SRYE|S - HpMTI

=
AT SkaL 47§38, ATl oFsiriet oFsta,
OFEIZ

Comparative Study on the Bioactivities and Marker Compound Contents
of Citrus reticulata and Jeju-native Citrus sunki Peels
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Abstract — The peel of Citrus has traditionally been used as a herbal medicine known as Chenpi, with Citrus reticulata offi-
cially listed in the Korean Pharmacopoeia for its antioxidant, anti-inflammatory, and digestive benefits. However, much of the
Chenpi used in Korea is imported from China, and current pharmacopoeial standards include only C. reficulata and C. unshiu,
limiting the use of native Korean citrus varieties. This study aimed to evaluate the potential of Citrus sunki, a native citrus spe-
cies from Jeju Island, for inclusion in the Korean Pharmacopoeia, based on the Swingle and Tanaka classification systems. The
Swingle system, which classifies C. sunki as C. reticulata, was used as a basis to provide scientific evidence for its inclusion
through a comparison of their biological activities. DNA sequencing identified the Jeju-native variety Jingyul as C. sunki, while
commercial Chenpi products and other Jeju citrus peels were identified as C. reticulata. HPLC analysis showed that C. sunki
contained hesperidin levels comparable to or higher than those of C. reficulata. Furthermore, C. sunki demonstrated equivalent
or superior antioxidant, skin-whitening, anti-wrinkle, and anti-inflammatory activities. These findings suggest that C. sunki has
comparable therapeutic potential to Chenpi, supporting its inclusion in the Korean Pharmacopoeia. The study also underscores
the importance of an integrative classification approach considering pharmacological efficacy in evaluating herbal medicines.

Keywords — Citrus sunki, Citrus reticulata, Swingle system, Tanaka system, Hesperidin

BES F de) BUololE WA i FAE  Hol 9% 7R S5 A0 AA4e 9 ades
A AAH 02 AMELE D 55 a1l & A S BEe A FYshA SIRIEhO e, Sl ucellar

&
ol 3= AR ]3] R SollA Aul= L Aok 7+ embryony)el] ©]gt 72 A 2o] dibeiA doju BFe] 5

FF(Citrus)®] 7= v Haehs TFe F50] A o] 2 B A MY B 2pAFQ FF Hort 7
o A ookl ) B ofdt) Aol Frefdt ashe AAE e A AFH wige] gols)

AORE FAHHM o] % ThE A9 o= A wHijel o]
g AXHA AFe] TS o|FAH) S A
710l AA AujEo] gkom ol gt ol AP A
EAW o] (somatic mutation)ZFE] FE°] A== 757t

e

2 4% W ole} Al o] BE P
7HRo) Horeh WES TRl volE Swingle?} Tanaka
7} 22k ARKE I 7B BEAR) B A} om0 5L

i 713 AlEs Gl oleh e Wals Btk

* WA ZHE-mail) : sejinpark@kangwon.ac.kr
(Tel): +82—33-250-6441

93

Swingle system= 19431 1]=2] 2] &80 Swingleoll <]
& Aok AR, Z=EFE Citrus 53 Forumella <5 5 712
402 Wl 167 o7 ER3hs Weloltt” Swingle>


https://crossmark.crossref.org/dialog/?doi=10.22889/KJP.2025.56.2.93&domain=http://journal.ksp.or.kr/&uri_scheme=http:&cm_version=v1.5

AERE ERE o s SR WS dsgon
F IR F8 FOE IS YA HEL o] T W
HE B3l BTk Attt o systemS FE| A A}
o|Hth= X8t Als A AdS Axg sHH 3
< Ao R TR B9 AE olee dl f-8g
A Ao|tE!9 WA Tanaka systemS 19543 U E-0] 2] E-8kx}
©l Tanakaol| 2]3} #A|<kA A=, Swingle system®.c} X
AlE-slete] o] theksh JefZ wolet A 2ol <l
Aot o B o8 EFRSINOH T 16250E e
ch10 ol gl WAl A9 FF 5AS K} 2AF o=
A b {85 5 Wlelth!

C. reticulate= 7r25 5 Z59| 7|27 He 4 Fo
2, o 2k F59 71do] HANE o] w3 ¥
o|2 ol3f 77} oJHt}. Scora (1975)= As}sts A=
7o B I 5 C reticulata, C. medica, C. grandis A
e FkE S5-I To =2 AHFIA

AR HHE 2 e E ARSshe X19)= FollA
THEHE 78 e F SR, = T8 vIEE 5
ofAJo} A|Fef|A] HEH o= Ast X, 717 &3}, A1)
A2 WA= R AREE o] STk W)= 1953
=274 (Chinese Pharmacopoeia, CP)°ll $55°] =loH
C. chachi, C. dahongpao, C. wenzhou migan, C. unshiu, C.
tangerinas X33 FE-S FF WIS AL AUk
HhH | o gkeld (Korean Pharmacopoeia, KP)YIE C. unshiu
Markovich®} C. reticulata Blanco (232} Rutaceae)?t S|
o] o HAojF oz Al FF HE L A
ot HA, X1 (Citrus sunkiy> A5 X ol A A= 7
FEA AR S8 AR BUE T G 9 SO olellA
7198188 C. reticulata®} Ao E L HHo|
A9 Swingle systemol| M= C. reficulata®) 1502,
Tanaka systemol| A= B xe] Fo 2 BRECH!?

AFEe W ] Fa AR, 20234 71 42
Ak F 607HES] GTh® 2} SjoA] AMEEE
o)) e FE-2 8] F=olx Y=L et 2Ee
oRZObAA] (A ok L 2018 Hsh vl wkEH $-glukele)
9] FAFE oF 150201001 202400= oF 26022
178 Sk Ao = yepth ol& ek B A77)s
21 A7e] 237l wet e o A& 02 Frtslal
Ueg HAFE 22y o] gk 8 Tl Eshal =
W s 285 X139 a2 Algha oy o]d| me} =
2F K5)of tigt o]E=Tt HolA AL At ol F&#E, 7t

A%, 54 A 5ol BAE A 5 o] ) A5le]

k

YA Y FEo] s,

Qe thaepe] SAHC] YA BA AFHOE T
SJgol F05 P B Hlolgeh 53] @] vk
a3l 243 713 98} 59 o] nasle] om

Kor. J. Pharmacogn.

2 Ao P52 99 B YFEGD wp
Sfel A s PEF, 53 W8S FEITH FF
Aol ) LS Fol 3 FAF Aok A1) 4 9IS
S 2 ke Zlolek. ool 2 Aol AN ek
AR(C sunki®) 5 H7 RS BHeL, o2 A3
P TFAFEY, FFA0, ATAY 142 291(C. reticulata)
st laste] T5A ZHAM BE AL BoSHA o
k. tobrl, 129] o 54l /P54 AL 34 4
oF A1e] B4 W91 FHT 2AZ visaA sk,

al died
X oH

N

Fu

HEME -3 FopA FAF2 20243 29 Z3pAoF
A, Ak E=1hels skt AlFAY 2]
FlE 20239 99 AFSEAA R MAZA] AfE B 5t
BF, 20249 19 AFSEARE AFA] of 5 ofaElol
A Z2E AR E BE AP EE SE4 el B
o] et

Ascorbic acid, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2'-
azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS),
dimethyl sulfoxide (DMSO), lipo-polysaccharide (LPS), 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT), griess reagent, sodium nitritex= Sigma-Aldrich Co.
(St. Louis, MO, USA)NA 434t Dulbeco's modified
Eagle's medium (DMEM), penicillin-streptomycin (P/S),
DEPC water= welgene (Gyeongsan, Korea)?l| 4], fetal bovine
serum (FBS)= Atlas Biologicals (Fort Collins, CO, USA)°l|A]
2}z 913139 tE. RNAiso Pluss Takara Bio Inc. (Kusatsu,
Japan)©ll A, chloroform Daejung (Seongnam, Korea)ol|A],
2-propanol> Wako (Tokyo, Japan)°llX] +435193.2H, tumor
necrosis factor-o. (TNF-a), interleukin-6 (IL-6), interleukin-
1B (IL-1B), iNOS, B-actin Integrated DNA Technologies
(Coralville, 1A, USA)oA] 13T}, TranScript® All-in-One
Firest-Strand cDNA synthesis SuperMix for qPCR (One-Step
DNA Removal), TransGen Biotech Co. (Beijing, China), Power
SYBR® Green PCR Master Mix:= Thermo Fisher Scientific
(Rockford, IL, USA)SIA 43k T). o] 9] Aleke A5
A T g e HAdEE ARSI

DNA 4 —DNA F&< 98l A& °F 0.01 g& FHst
3., CTAB buffers AHE-319] DNAS F&350tt2) Al &9
CTAB buffer 900 pLe} B-mercaptoethanol 5 pLE 3713
H, 65°CoNA 3087 WA AT ©] %, CIA (chloroform :
isoamyl alcohol, 24:1)Z 23] xj2]slal YAEE|5te] F4to]
xohe AEde SRS o] 4E5AE silica magnetic
beadZ A|3I3L 70% EtOH 500 pLZ beadE 23] A4 3}aL
23 5, 50 uLe] TE buffercll AHEste] kS 8-&3)
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Table 1. Primer sequences for ITS and rpl32-trnL E-regions

DNA Primer sequence
p— R 5-TCC TCC GCT TAT TGA TAT GC-3'
F 5-TCC GTA GGT GAA CCT GCG G-3'
R 5-CAG TTC CAA AAA AAC GTA CTT C-3'
rpl32-trnL

F 5-CTG CTT CCT AAG AGC AGC GT-3'

%t} DNA polymerase chain reaction (PCR)S- 2J3] ¥H-3-E-2]
Z/dS 58 DNA <F 5 ng, 1 unit®] hot-start Taq polymerase,
2 uLe] 10X PCR buffer, 2 mM MgCl,, 0.2 mM dNTP, 7} 5
pM®] primer "/‘]’EE F/d3laL, distilled water (D.W)E 7}
slod F WkS By E 20 pLE 2o, B0 ARg-E
primer 037]/\1 H-L Table 13} 2t} ProFlex PCR A|2HS
AFE3I] 94°ColA 10%7}F pre-denaturations 18§ s &
94°Col| 4] 205, 55°CellA 202, 72°CoIA] 189] 2o R
30 cycles HH3-2 Fa3IATE HFH O E 72°CHA] 10E7F
final extensions AAISIATE ¥HE- AHE 1% o =2 A
7‘47]@‘ S &3l PCR 5% o5& SRt G714 &l
=2 3730xI DNA analyzer (ThermoFisher scientific, USA)
3 %"%0}04 A eH Al A7195 mE-2 POP-
™ polymerE AH&-31o] 36 cm BA|#O 2 F23514T}. &)
5’*% A7IMEL forward W) reverse W A7IMES
viEto 2 Mg de] contiguous H7INES Ve &
National Center for Biotechnology Information (NCBI) Blast
AMo =R oln] HAEY Qe FTEI G7IMES v|ast
B39}

HPLC &= &4 —High Performance Liquid Chromatography
(HPLC)YE AME-3I C. reficulata$}t C. sunki®] 7382 #4
shom A AR-E Y= Agilent 1260 Infinity 11 37
SR 3 Z2rhE T el 737 Z 7] (Variable Wavelength
Detector)2iT}. B-410] ALEE AL INNO CI8 A (4.6 *
250 mm, 5 ym)°.2 A AABIP A, AH Q8 25 35°CE
FA AT ZF AR 60 mgS- 70% MeOHel| -&-3f51o 30
mg/mL =& A XA, o] IFolM 2E X"7E A

Table II. Chromatographic conditions for HPLC analysis
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B3t AMES 28] = T 5,000 rpmollA 1027+ 94
EZ3I39 . ©]% 0.22 um PVDF membrane filter®. 4351
Z z

Alggol o 7 ARE-EII TS Hesperidin®] € ¥=2
WA (V) =X, ug/10 pb) 7] HEgA(y=13.817x +
3.0173, R”?=1)g 7|Hke.2 AbEEglen 7+ Als& 53] JF
B =Hslo] Het + A=K (means + deviation, S.D.)Z
ERJIT} HPLC ¥4 %71 Table 1] A1A138151

EFZ8HL hesperidin 1.8 mgS AEEA A Eks}oq 70%
MeOH (10% DMSO)l| &all3t & 251 X872 2hd3]
9] T2 0.22 pum PVDF membrane filter2 o] 2}slo] AL
SISt} Hesperidin®] g2 Alg-g-9l9] Fxo} A1Z2 x|
S 71502 ARt A= mg/gl 2 YERIIL
™ AP oo} it

: ’\]@%0 <9 421-4 5= (mg/mL)
g8t

,4 3l Ek(mL)

FEE Iﬂ_’F_ FAFEZES AxE 7 3199 AFAAY
22 70% EOH 1:10 (wiv) ¥ &2 £33t
T x5 —’_F% (sonicator)= ARE-3Fe] 70°CoA] 241 7HE
¢ FEsloh = & Oﬂﬂrx]e ARgste] offstal a1y
= . FZAL 50°CA A=
A EFE FEALS %@ Zate] EUFHE SRt

T 20°Col| A B3I
A FEE=2 71z 119} ﬂ—rﬂ"ﬁ Z %«] H A ES

D.We} 1:10 (wh) BIE&E &3 & 233} F=7] (somcator)
£ MR8t 95°CollA 2A17FERE 53 }9?\5} T2 &
& AgE § 70°CA S EF3IATE o] % @74-712

sto] EHFE R g1 -20°CA Haate] Ao A
£33

DPPH X157 2IC|Z 271 8 £X g S5t siitsts Tot -
DPPH (1,1-diphenyl-1-picrylhydrazyl) 2}t 27% #41&

Item Condition
Instrument Agilent 1260 Infinity IT Quat Pump, Variable Wavelength (VW) Detector, CA, USA
Column INNO C18 column (4.6 x 250 mm, 5 pm)

Column Temperature
Injection Volume
Mobile Phase
Flow Rate
Detection Wavelength

35C
10 uL

Gradient condition [A: Water (0.1% TFA): B: Acetonitrile]

1.0 mL/min
UV 280 nm
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8 AW BT kg A g0 R BAEE B4S 7
H, o2 B3 AR FHiE 27 FHE 23
2 AgojME A5 0.2 mM DPPH §9& 7

Sotste] A2ollA 30 Rt HESAIFT RES &, FHEE
517 nmel| 4] SpectraMax 190 Microplate Reader (Molecular
Devices, San Jose, CA, USA)S AFE-3te] =431t}
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4
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S
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DPPH radical scavenging activity (%) = (1-B/A) x 100
A ANE FR7E e FE e
B: A& 7} 2] 33

ABTS A EICIE &7 g £HE S8t etlsts Tot
— ABTS (2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
227 B4 B8 potassium persulfate®} ABTS7} ¥H-3-5}o]
AT A BoE A S-S SHske eIt 35
A ABTS &2 3hbst &5 Ad =23 vh& A] ABTS
gir)zo] glxo] F3zItt. ABTS stock solutions 7
mM2] ABTSS} 245 mM2] potassium persulfateS 5 mL D.W
of] -RaAIZ] I 4°Coll ] 124]7F incubation 3 3 AR&-3ATH
ABTS £ stock solution®l|A] 34 5le] ARE-5}9 .01 A
B 50 uLZ ABTS 150 uLE &35 5 A-20fA] 3057t vt
SAIZl & SpectraMax 190 Microplate readerg AM8-3}]
37°CoIA 734 nm= F-3%=E 5513t ABTS 2|z 427
24 (%) ot Aol wet AlLtsto] ¥lasigitt.

ABTS radical scavenging activity (%)= (1-B/A) x 100

A AR AP FRE

B: AR H7h 7o) FY%
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Tyrosinase 2K xS St 0|1Y JHM &5 It -]
IR 8B5S B7Fel] f1al Yagi 58 AEWHS WIS}
o] tyrosinase ¢4 &/3-& ERIHTE* 50 mM potassium
phosphate buffer (pH 6.8) 90 pL} 0.2 kU/mL tyrosinase
from mushroom 10 pL3} A& 50 plLg &§ste] 37°ColA
907} oY SIAZI ). ©] % 2.5 mM tyrosine 100 uL= H7}
st 37°C, 30i7F 2Fgste] HEgAIZl o] SpectraMax
190 Microplate readers AM8-314] 490 nmollX| 4 =E =
X8I tyrosinase GA| B4 (%)= okl Aol we} Al4tsle]
H| w8kt

Tyrosinase inhibition activity (%) = (1-B/A) x 100
A AR RAT O Y
B: AR 7} 7o FE

Elastase 24X M2 S8t T8 70 &5 It -
MM 25 =437 A8 Cannell 52 WHHS WIS

elastase 24| 4 AE-S- F3Y3FATH 0.2 M Tris-HCl buffer

Kor. J. Pharmacogn.

90 pLe} A1E 20 uLE 25°CellA] 1027 33Tt ©] 4 U
elastase from porcine pancreasE 5 uL 7Fsted 10353t A
T3kt ©] ¢ N-Succinyl-(Ala);-p-nitroanilide elastaseE
20 puL H7Fsted WESA1Z1 A% SpectraMax 190 Microplate
reader® AFE-5F0] 37°ColA 410 nmZ SE =5 =435I
t}. Elastase &A1 4 (%) AlAH]S o33 22,

Elastase inhibition activity (%)= (1-B/A) x 100
A AE FR7E ] FEE
B: A8 37t o] FE=

M= BjQF — w192 32l i M EQ) RAW 264.7 Al 29}
A7+ f2 7 P4 AlEQ] HaCaT Al EE ShA 2521
(Korean Cell Line Bank, KCLB)oA] 48t Al 32 vl
2= DMEM®| 100 unitmLe] P/S¥} 10% FBSE o] A
319tk Al 37°C, 5% CO, 2712] Qsfulo]EjollA] ul
st om, 3dof gk HA Al wlj st

MEMES T} - RAW 264.7 A28} HaCaT M EE 2 x
10° cells/wellZ 96 well cell culture plated]] F+3}3L, 37°C,
5% CO, Z719] AFu|olElol|A] 24417} vl Fat Tt o] %
HjJAS FBS7} S1E medium® 2 wA|Slo] 24417k F<F
7} vl mediums: A AL FEES H7HF 100 plo
mediums Z} wellol] F71610th 5590 241 7Fs< =&
A7l F 5 mgmL MTT A2k serum free medium3} 1:9%
EoFstal 4x7FE}t visislth. 4% mediume AA F
99.5% DMSOS} iso-propanol=- 1:1 H]-&Z &35t 7} well
o 100 pLA A7tste] AEE 833kt SpectraMax 190
Microplate readerS AH8-3t] 540 nmolA &3=5 43}
Atk

Nitric oxide (NO) 4§M2F TWI} — RAW 264.7 M| 322} HaCaT
HEE 2x10° cells/wellZ 6 well cell culture plate]] &3}
3L, 37°C, 5% CO, 2719] QIFFH|o]EfellA] 24417k vl a3l
T} F 3 FBS7} Sl WA 2 s ated ThA] 24417 vl
FataL wjgelel] FEES Hrlste] ATt 1417
Z LPS (1 pg/mL)E tZS 493 ZE wellol] 7131
24X7FEE AFFEIATE o] Al wiSF ATAS griess
reagent®} 1:12 E§3to] HH-EA1Z]1 £ 96 well plated]] 200
LA E=313L microplate readers AME-SF] 540 nmollA]
FHEE 24381k NO 5+ sodium nitric oxide (NaNO,)
3 FAE A ste] HFsislt

AMO|EFIo] WEiZk #9l — RT-qPCR (Real time quantitative
polymerase chain reaction)= 53l IL-6, IL-1pB, iNOS, COX-
2, TNF-o & B-actin®] LA ZFS FAAh® 2 A58 %
123 Al Eof] RNAiso plus (Takara Bio, Otsu, Japan)= A}
&3t g2l & RNAE F=3Iith 53 RNAS pure
waterll €3l15}3 2L TransGen Biotech (Beijing, China)2] All-
in-One First-Strand cDNA Synthesis SuperMixE A8-5}]

f o
g
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Table III. Primer sequences for RT-qPCR analysis of target genes

Target gene Primer sequence
R 5-AAG TGC ATC ATC GTT GTT CAT ACA-3’
1L-6 F 5-GAG GAT ACC ACT CCC AAC AGA CC-3'
R 5-TCG TTG CTT GGT TCT CCT TG-3'
IL-1p F 5-ACC TGC TGG TGT GTG ACG TT-3'
) R 5-CAT TGA TCT CCG TGA CAG CC-3'
INOS F 5-CAT GCT ACT GGA GGT GGG TG-3'
TNF-o R 5-CTG ATG AGA GGG AGG CCA TT-3'
F 5-AGC ACA GAA AGC ATG ATC CG-3'
. R 5-TCA GCA ATG CCT GGG TAC AT-3'
P-actin £ S_ATC ACT ATT GGC AAC GAG CG-3'

1 pg/mLe] RNAS xAlste] ¢cDNAS $sISith RT-
gPCR 412 Applied Biosystems (Foster City, CA, USA)<]
QuantStudio 3 A]2=%]3} Thermo Fisher Scientific (Rockford,
IL, USA)2] PowerSYBR® Green PCR Master Mix & -4 2}
E©]4 primer (Table IS ARE-31] F5A1 7T 2t 2242
WL Bacting 7|FOZ 28T WS Bl Attt
AXFEFE2 1 PCR cycle 95°ColA] 152, 57°ColA] 20%,
72°CONA 4025 403] WHEehs 2o g A H I

EAIXR| - 2B A A + HF 2 XN (means + Standard
Error of the Mean, SEM.)Z YERN oW, 3} A8+
7ve] BA1A 24 7158 GraphPad Prism (GraphPad Software
Inc.)S 283193 one way analysis of variance (ANOVA)<}
two-way ANOVAE ERR1IsIAT} AR 735~ GraphPad Prism
(GraphPad Software Inc.) Student-Newman-Keuls testE &
3 S shdom, folAl Aol P<0.05 oA &
G =

97

2 T
M, EFA DS MF A ZERS KUK 24
S8 F T Al - A5 SR FAE 285G, B

s

1 AT 7] A9 3F (M FAEA] o2l E(Yerae-dong),
} 55 (Hahyo-dong), AIFA] N¥a o]-S2] (Eoeum-ri)ol|A]
F2E A5)el tigk DNA 32 G714 E 248 S8l &
HS Agsisint.

7t A 5o Tk DNA #4253l 9714 ES Al
o|& vl =2 forward *F reverse WEFe] 7]
EUZ shte] $4% contiguous G714 EE THERITE 9]
T AE T2 A 23 (National Center for Biotechnology
Information; NCBI) blast 721 RIS 2 o|n] BT H A=
T3 A714E IR AEE v A st Akt 119
TAEZFEA, T4h s 2 stasolx ARe =
#39]¢] ITS DNA 971482 §317F 234 2] ON479693.13%F
99% o1 LR35l C. reficulata= BAEATE WA, oS
oA x(F g 7 #AF] ¢, ITS DNA F71492
2} 2302 ON479690.13} 100% LX|517] Wl C. sunki
E AAANIL(Table V), B0 A722E & A9z
E718F3 T

C. reticulata®}l C. sunki®| hesperidin 2 H|1 — %3]
GFAE, F=4h, e, staE)d] B, 1F #3)9
hesperidin -2 Bl 45199 tHTable V). Hesperidine
ksl 2l S g50] 2 43 flavonoid F SPUE, X
o] F4 9 8% W7 4 ARE SEET I FF
EoME 4 23] 9] hesperidin®] $Ho] 11.41 +0.06 mg/g
o2 7P =4 JEr e F=4F 21971 10.99+0.07 mg/g
o7 Jvgo = A Vet 78 FEES A AE #
Y7} 13.17£0.01 mg/ge2 7F¢ =4 Vel oy o= +f
AER &AL AR 2 hesperidin 9 S

ol Y

N

k)

”
X o
e o
o T

Table IV. Genetic identification and morphological comparison of C. reficulata (Yerae-dong, Hahyo-dong, Korea, China) and C.

sunki (Eoeum-ri)

Jeju native

Standardized products

Catego
gory Yerae-dong

Hahyo-dong

Eoeum-ri Korea China

Image

Identified Species Citrus reticulata  Citrus reticulata Citrus sunki Citrus reticulata  Citrus reticulata
) . TS ON479693.1 ON479693.1 ON479690.1 ON479693.1 ON479693.1
Genetic ai)cess“’n (99.71%) (100%) (100%) (99.71%) (99.71%)
number
(Genetic marker)  gmL-rpi32 ONO087693.1 ONO087693.1 ONB87694.1 ONO087693.1 ONO087693.1
(100%) (100%) (100%) (100%) (100%)
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Table V. Hesperidin content comparison in C. reticulata (Yerae-dong, Hahyo-dong, Korea, China) and C. sunki (Eoeum-ri)

Jeju native

Standardized products

Classification C. reticulata C. sunki C. reticulata
Yerae-dong Hahyo-dong Eoeum-ri Korea China
Hesperidin Water extraction 5.95+0.02 10.03 £ 0.04 9.05 + 0.05 11.41 + 0.06 10.99 £ 0.07
Content (mg/g) Ethanol extraction 7.21 £ 0.01 8.89 = 0.01 13.17 £ 0.01 8.27 £ 0.00 8.95 £ 0.00
x 10% L.
12 Hesperidin
11 oH
1.0 oH oL
Sl 0.9 HO... O, o. ©/ l
‘é 08 H0’©° \@Q
: 07 ?/ OH O
(7] Ho. o
c 0.6
8_ 05 HO%\
& s |
o 0.3
0.2 /ﬁN J
ol I e i
i 2 4 6 8 10 12 14 16 18 20 24 26 28 30 32 34 36 38 40 42 44 46

Retention time [min]

Fig. 1. Representative HPLC chromatogram of the ethanol extract of Citrus sunki from Eoeum-ri.

I A= Ao 2 YERITHFig. 1).

C. reticulata®t C. sunkie| &tel &= Hlm — <=7/
F]oll= 60 o3 ©]32] flavonoid’} &) Slo] kst
g5 Ao ¢HEA Aot JF A7t 9] 9 el
F, o3laE) 9] ksl a5 fFAREA] vlasth] 9@l
DPPH % ABTS assayS S35t dtsl 248

2hr]Zk 2o T3 (scavenging effects)’} 50% 74k ©l] &
83+ ME9] F=(scavenging concentration 50, SCy))O=
718} tH(Table VI). DPPH assayE 3l atst &84S
B7¥et A%, 2 EdE) Aue] @ 9 8 FEEL
SCy,= 1840.74 % 132,49, 1828474 24.53 pg/mLE. 714 =&
e Bof 3t @ado] 7 wisket. whA 1 (etEE)

Table VI. SC,, values for DPPH radical scavenging activity (A) and ABTS radical scavenging activity (B) of C. reticulata (Yerae-

dong, Hahyo-dong, Korea, China) and C. sunki (Eoeum-ri)
(A)

DPPH radical scavenging activity

Water extraction (ng/mL)

Ethanol extraction (ug/mL)

Yerae-dong 1840.74 + 132.49 1828.47 £ 24.53
) Hahyo-dong 709.21 £ 9.18 522.39 +£20.52
C. reticulata
Korea 1083.89 + 85.19 1340.60 + 20.28
China 945.45 + 28.41 1436.09 + 35.85
C. sunki Eoeum-ri 1109.85 £ 27.75 1230.45 + 59.47
Ascorbic acid 8.99 £ 0.11 7.62 +£0.41
(B)

ABTS radical scavenging activity

Water extraction (pg/mL)

Ethanol extraction (pug/mL)

Yerae-dong 1362.34 + 25.79 986.27 + 28.09
Hahyo-dong 936.00 + 31.40 378.22 £ 9.77
C. reticulata
Korea 801.63 + 16.35 811.05 + 19.67
China 829.90 + 15.96 39546 + 6.18
C. sunki Eoeum-ri 966.22 + 86.68 899.95 + 26.09
Ascorbic acid 15.15 £ 0.38 14.71 £ 0.46
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Table VII. Tyrosinase (A) and elastase (B) inhibition activities of C. reticulata (Yerae-dong, Hahyo-dong, Korea, China) and C.

sunki (Eoeum-ri)

(A)
Tyrosinase inhibition activity (%) Water extraction Ethanol extraction
Yerae-dong 200 pg/mL 18.18 £ 6.00 27.61 £0.17
) Hahyo-dong 200 pg/mL 46.84 + 6.64 4191 +1.92
C. reticulata
Korea 200 pg/mL 31.41 £ 3.89 18.45 +2.83
China 200 pg/mL 46.95 + 4.08 29.08 + 4.61
C. sunki Eoeum-ri 200 pg/mL 11.35+1.26 55.01 £3.34
Ascorbic acid 100 pg/mL 8357+ 1.73
(B)
Elastase inhibition activity (%) Water extraction Ethanol extraction
Yerae-dong 200 pg/mL No efficacy 27.48 £ 2.56
) Hahyo-dong 200 pg/mL 41.39+2.13 34.08 + 5.37
C. reticulata
Korea 200 pg/mL 20.01 + 3.63 29.93 +5.28
China 200 pg/mL 14.63 + 8.65 38.75+2.72
C. sunki Eoeum-ri 200 pg/mL 21.11 £2.32 33.01 £3.43
Ursolic acid 500 pg/mL 60.92 +2.71




100 Kor. J. Pharmacogn.

(A) '] = pw
= 70% EtOH
2 1.0
= # 4 1 #
o]
S TR T T BT BT IR O TR T TR (T
> 0.5+
o
(&)
0.0~ (mg/mL)
0 LPS 100 200 500 100 200 500 100 200 500 100 200 500 100 200 500
Yerae-dong Hahyo-dong Korea China Eoeum-ri
C. reticulata C. sunki
(B) 1.57 = D.W
= 70% EtOH
2
o)
>
o
(&
(ng/mL)

0 LPS 100 200 500 100 200 500 100 200 500 100 200 500 100 200 500
Yerae-dong Hahyo-dong  Korea China Eoeum-ri

C. reticulata C. sunki

Fig. 2. Effects of Citrus extracts on cell viability in RAW 264.7 and HaCaT cells. (A) RAW 264.7 cells and (B) HaCaT cells were
treated with D.W and 70% EtOH extracts of Citrus reticulata (Yerae-dong, Hahyo-dong, Korea, China) and Citrus sunki (Eoeum-
ri) at concentrations of 100, 200, and 500 pg/mL for 24 h. Data are presented as mean + S.E.M. *p < 0.001 vs. the control group

(0 ng/mL). LPS, lipopolysaccharide.
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Fig. 3. Effects of Citrus extracts on LPS-induced nitric oxide (NO) production in RAW 264.7 and HaCaT cells. (A) RAW 264.7
cells and (B) HaCaT cells were pre-treated with D.W and 70% EtOH extracts of Citrus reticulata (Yerae-dong, Hahyo-dong,
Korea, China) and Citrus sunki (Eoeum-ri) at 200 pg/mL for 1 h, followed by stimulation with LPS (1 pg/mL) for 24 h. Data are
presented as mean + S.E.M. *p <0.05, ***p <0.001 vs. the LPS-stimulated group. LPS, lipopolysaccharide.
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Fig. 4. Effects of Citrus extracts on LPS-induced NO production and pro-inflammatory gene expression in HaCaT cells. (A)
HaCaT cells were pre-treated with 70% EtOH extracts of Citrus reticulata (Korea, China) and Citrus sunki (Eoeum-ri) at concen-
trations of 200, 500, and 1000 ug/mL for 1 h, followed by stimulation with LPS (1 pg/mL) for 24 h. (B-E) Cells were pre-treated
with 200 pg/mL of each extract for 1 h, followed by stimulation with LPS (1 pg/mL) for 24 h. mRNA expression levels of (B)
iNOS, (C) TNF-a, (D) IL-6, and (E) IL-1p were then determined by RT-qPCR. Results are expressed as fold change relative to the
control group (CON). Data are presented as mean + S.EM. #p <0.001 vs. CON, *p <0.05, **p <0.01, ***p <0.001 vs. LPS-
stimulated group. CON, control; LPS, lipopolysaccharide.
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