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Abstract - The fermented red ginseng by microorganism is known to increase pharmacological activity in vivo. To evaluate
the bioavailablity of red ginseng fermented by probiotics, we conducted the pharmacokinetic study of ginsenoside Rb1, Rd
and total ginsenosides (TG, ginsenosides Rb1 + Rd + Rgl + F2 + Rg3 + compound K) in BALB/C mice. The AUC value of
ginsenoside Rbl in mice serum administered with 600mg/kg drugs showed 21.93 + 14.68 ng-h/mL (RGw, water extract),
275211+ 110.04 ng-h/mL (RGe, 50% ethanol extract) and 404.91 £ 162.57 ng-h/mL (fRGe, fermented red ginseng extract).
Analysis of ginsenoside Rd also showed a higher ACU value in fRGe than in RGw or RGe. And the AUC value of total
ginsenosides in mice serum treated with 600 mg/kg were observed 42.12 £ 23.44 ng-h/mL (RGw), 321.44 = 133.5 ng-h/mL
(RGe) and 537.33 £229.01 ng-h/mL (fRGe), respectively. Cpax value of ginsenoside Rb1 in mice administered with 600mg/
kg were observed 3.67 + 3.34 ng/mL (RGw), 23.27 + 8.81 ng/mL (RGe) and 25.52 + 7.29 ng/mL (fRGe). These results can
be considered that the fermented red ginseng has more bioavailability than that of unfermented red ginseng. In quantitative
analysis of the inflammation-related cytokines IL-1(3 and TNF, no significant difference was found between the fermented
red ginseng (fRGe) and the red ginseng (RGe).
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Table 1. HPLC gradient elution condition for analysis of gin-
senoside contents

BALB/c TR9-20lA] HHg &4

A} Ginsenoside 2] AJA|o]8-&3} &4 a3}

Table 2. Changes of ginsenoside contents by processing methods

Time (min) A% B% Flow rate (mL/min)

0.0 80 20 1.0
5.0 88 20 1.0
20.0 77 23 1.0
25.0 70 30 1.0
45.0 60 40 1.0
55.0 50 50 1.0
68.0 20 80 1.0
70.0 80 20 1.0
75.0 80 20 1.0

Red Ginseng Extracts (600 mg/kg)

Ginsenosides

) ZAEE L5kt A7) w203 mE ARSI
HPLC gradient elution 72 Table 10f e AT]H
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Al&lo]] AR&3} Balb/c TR (male)= 19-21 g Abo¢l 7}A]
£ EQ ol Ento] @ (Korea) 2 5-E 1915t ARSI AL
QA QL 90997, FEL 50 + 10%7} HEE 9A|51%,
A 12411 7] 2 AbE 24 2 ST FKPC
(Korea) 9] T-5413]-5-2] 9 93] (IACU C) 2] 4018 o} £4=3)5}
HCHSIH 2 P202023), 1572 45717k AR & 547t ﬂ
F 194 Z4f S WATAS s R Fosigith 1
Ao] Fr = LA H(NT), LPS§-=wHLPS 30 mg/ kg), RGw
21011600 mg/kg), RGe 2]0]£(120, 600 mg/kg) 12]1L fRGe
A1o]FH(120, 600 mg/kg) 0= FLAJ5I 1L, 15 120)E]E o] &
ok AR Sake] AA71641% 71 FAS 85t
ol FDAOA AAR WHlS Edjz SHitsto] A4siqitt
(U.S.FDA,, 2005). ZF A&t FolZ2 Table 20] YEFY S
7 o] 5 o5t AAAAS T 5, 04
2A17F 1] 1 24 AJ71] AR HHE-S )
3] 2F 150 ,uL&] thg 511l 10 L (5unit) 2] heparin & 2] %
1,5 mL EE o] Wil 4700]|A] 12,000 rpm O & 257 - E a5}
o P& sk, —70Ce] Ekstalct,
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Aol E7Fl B4

BelE We) Aol 19l HAS Slsto] 115 B TNF
Elisa kit (BD Bioscience, USA)E o|-8-3}o] 4514t =4
Wpe AzA] e Tt 7 AR anii-

RGW* RGe” fRGe”
Rbl 1.92 6.24 5.58
Rb2 0.6 2.46 2.4
Rc 1.44 4.8 3.84
Rd 0.42 1.32 2.46
Rg3 1.26 0.6 1.02
F2 0.78 0.24 0.54
Rh2 0.18 0.12 0.12
CK 1.5 0.84 1.8
Rgl 0.12 0.96 0.78
Re 0.12 2.28 2.04
F1 0.18 0.36 0.42
Rhl 0.42 0.24 0.3
Rg2 0.54 0.72 0.96
TG* 9.48 21.18 22.26

RGw; water extract, RGe; 50% ethanol extract and fRGe;
fermented red ginseng extract.
Y*Total amount of ginsenosides.

mouse antibody”} &% 96well plateo] &
93} 5, Biotinylated anti—mouse antibody Y Streptavidin—

AL 1~2A|7F HE

horseradish peroxidase conjugate 2M-2 @11 1A]7FzQF A}
Lof| A W33} T Tetramethylbenzidine (TMB)-&H 1} Hy —
drogen peroxide 2oH2-1:1 H|- &2 &313t QM0 2 3057} 9F
AlofA] ¥EE-51aL IMQ] HaPO, -84 © & Whg-2 H= F 450 nm
o) sk ® SRS Z4stol AN

E7} LC—tandem mass spectrometry (MS/MS) £-4
LO-MS/MSEAS 7|2 571 HFA1S 2.2 u waslo] A}

2519CHKim ef al, 2015). k40 41.9) BAF AE-S-100 ng/ml,
9] IS (digoxin)©] E3He 80 1 L9] acetonitrileT} &3}5}0] T

WAL AT 12 13,200 rpm O & 557 YAE ] 3t
7 45 HE LCE vial 2 o|F83ict. 2 145 A SZnkE

181 (UPLC, ultra—performance liquid chromatography)—
MS/MS A|2~BIL- Agilent 6470 triple—quadrupole mass spect—
rometer (Agilent Technologies, Palo Alto, CA, USA)7} A&+
= Agilent 1290 Infinity HPLC A| AL o] 831t} Ea]o|
XHE-E] HPLCE Z3-& Acquity UPLOR BEH C18 (2,1 X 50 mn,
1.7 um; Waters Technologies Ireland Ltd,) & AME3I9AL, A
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Table 3. HPLC gradient elution condition for analysis of gin-
senoside separation

Time (min) A% B%  Flow rate (mL/min)

0.0 90 10 0.4
0.5 90 10 0.4
1.0 40 60 0.4
2.0 40 60 0.4
2.1 10 90 0.4
3.0 10 90 0.4
3.1 90 10 0.4
5.0 90 10 0.4

§ 2Ug S S 4008 ST, HPIC olS4L
0.1% formic acid 7} 3 85455 gufA=, 0.1% formic
acid’} &= Acetonitrile2 B2 AFE-SIAT Gradient
elution 272 Table 3¢f UEFJ I} 2+ AA| Ao E= ESI
(Electrospray ionization) = ©]-8-5}0] 0]-23}51%3 2™ multiple
reaction monitoring (MRM) modeS ©|-83}o] HE3}IT)
0.4 mL/29] o8 Feu) T2 AMEsIgler, 10
psic] Qteloz stk

A o185

The Phoenix WinNonlin Enterprise program (H{7A 2.1;
Pharsight Inc,, St. Louis, MO, USA)2 AF&5}0] Cpa (B3
11 )& ERI5}% AL, AUCt (Area under the plasma level—
time curve, A|J7HE dFer I5PHA) 5L Linear and

log—linear trapezoidal rule AME5}e] AT

SAEA

e AgAvghe] Hati} ¥F QA= GraphPad Prism8
(GraphPad Software Inc,, San Diego, CA, USA)E o]-&3}o] A|
ALSFEITE A Abo]9] 2F0+= unpaired t—test & AAITH
p<0.052] -]l A] Duncan’s testE A5t} A3
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Fig. 1. Contents of ginsenosides in RGw, RGe and fRGe.

S0, S40] S8 FHAOIE Rbl, Re, Rd, ReollH 55
o] 1sto] nE A AO] S FEpASHE el Ra,
CK®] 739 {RGeF-583 Rie & 1 HF Mol & 1}
ehfsict

EZ AN eAo|E E48F(AUC, Area under the plasma
level—time curve)

uh9-2:0 RGw, RGe, fRGe Fo4811L, ZA|leAto] =0 &
2% 5 LC-tandem mass spectrometry (MS/MS)E £5}¢]
Z7g5I%IrHFig. 2). HR-20] B XA Aol & S5 7
AlieAte] E8] A& F%= B AIZRS: 318{sto] Trapezoidal Rule
= &0l AUCE AFsISIAL, 7t 2 iAo & AUCE ALRRE &
kste] 3 2AeAto] TG 8 AAlA1o] = Rol, Ra2] 2
o5l tHFig, 8, Table 4), A =Ao] = Rb12] RGw 600
mg/kg, RGe 120mg/kg, 600 mg/kg, ~12] 1 fRGe 120mg/kg, 600
mg/kg®] ST 717) 21,93 + 14,68 ng - h/mL, 87.10 +
9881 ng - h/mL, 275.21 + 110,04 ng - h/ml, 105.78 + 30,22
ng - h/mL, 718]37 404,91 + 162,57 ng - h/mLH O, ZA| =
Alo]E RS ke 717 8,86 + 5.4 ng - h/mL, 13,93 +
9.95 ng - h/mL, 56,86 *+ 7.25 ng - h/mL, 2558 + 11,72
ng - h/mL, 718]37 121,89 + 33.55 ng - h/mL& Q1= i)
RGw 600 mg/kg, RGe 120 mg/kg, 600 mg/kg, ~12] 1L fRGe 120
mg/kg, 600 mg/kg®] & TA|E=ALR|E TG Fp= 27} 42,12
+9.57 ng - h/mL, 108,28 + 10.88 ng - h/ml, 321.45 + 54.5
ng - h/mL, 139.01 + 10,62 ng - h/ml, —12]il 537.39 +
93.49 ng - h/mL= Z1E Tt B&0] fRGe®} RGe AUCS] W
Sk o4 Aol5 YL 9125 Slskalth ZAlieAte]
=o] FAof|l A HETL fRGe600 mg/kgS A0]gH 790l A 7}
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Fig. 2. (A) Representative chromatogram of the TG ginsenoside, (B) The LC-MS/MS spectra of ginsenoside in RGw, RGe (120 mg/kg
and 600 mg/kg) and fRGe (120 mg/kg and 600 mg/kg). TG ginsenoside means Rb1 + Rd + Rgl + F2 + Rg3 + CK.
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Fig. 3. (A) The AUC (Area under the plasma level-time curve) value of ginsenosides TG and (B) ginsenosides Rb1 and Rd in mice
after oral administration of RGw, RGe and fRGe. The ethanol-extracted of red ginseng (RGe and fRGe) showed a higher amount of
ginsenosides absorbed into the plasma per dose of the extract than the water-extracts (RGw) and fRGe showed higher than RGe.
Statistical analyses were processed by unpaired Student’s t-test. Data are represented as mean + standard error of means (SEM). p <
0.05., “p <0.01 compared to RGw (600 mg/kg).

Table 4. Area under the plasma level-time curve (AUC) of ginsenoside Rb1 and Rd contents in serum of mice after RGw, RGe and
fRGe was administered orally 120 mg and 600 mg/kg

Ginsenosides RGW RGe” fRGe”
(ng-h/mL) 600 mg/kg 120 mg/kg 600 mg/kg 120 mg/kg 600 mg/kg
Rbl 21.93 + 14.68 87.10 + 28.81 27521 £ 110.04 105.78 £ 30.22 40491 £+ 162.57
Rd 8.86 £ 54 13.93 + 9.95 56.86 + 7.25 25.58 £ 11.72 121.89 + 33.55

RGw, water extract of red ginseng; RGe, 50% ethanol extract of red ginseng; fRGe, fermented red ginseng extract.
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Ginsenosides TG
Concentration (ng/mL)

RGw (600mg/kg)
RGe (120mg/kg)
RGe (600mg/kg)
fRGe (120mg/kg)
fRGe (600mg/kg)

LR Rl

0-— T T
0 1 4 12 24
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Fig. 4. Mean plasma concentration-time profile of ginsenosides TG in mice after the oral administration of red ginseng (RG) water
extract (RGw), ethanol-extracted RG (RGe) and fermentated RG extract (fRGe). The fermented red ginseng (fRGe) showed a higher
concentration absorbed into the plasma dose than ethanol-extracted or water extracted red ginseng (RGe and RGw). Statistical
analyses were processed by unpaired Student’s t-test. Data are represented as mean + standard error of means (SEM). p<0.05., “p<

0.01 compared to RGw (600 mg/kg).
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Fig. 5. The plasma cytokine level of TNF and IL-17 after oral administration of RG, RGw, RGe and fRGe. Statistical analyses were
processed by unpaired Student’s t-test. Data are represented as mean = standard error of means (SEM). p <0.05., compared to LPS

group.
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RGw, RGe, fRGe A]0] 1&0| A XA }o| & FFEA
ZZub Ul Wb 0 Hoj| w2 SARS: Alo|8t npS-Ao] FHoll

oA F4E FAteAfo| =90] ApolE BRIs}] f18le] LC-MS/MS
AR E Bl vk A MEEAS Adsioint, 2442k 8%
AE-L2- W5 Acetonitriles §oFo] Tl 248 et o
o FUT B B4 AJA o] B g ARSIt
RGe % fRGeE 410|391 ] RGw 40|t tiH] SUA It B35

ZAEALE st =4 SAEGOH, RGedlold Hrt
fRGe Alo] g7} A 5
ME}—(Flg. 4).

TNF, IL-18 %l-alﬂﬂ A—l

Sk AAlteAto| 2ol o3t 5 S HeRkg e
Ho|E7}el0] 3h4 H3l= #¢] 3 A3l fRGe= RGe, RGwol
H]3]] Tumor necrosis factor (TNF), Interleukin 1 beta (IL—13)
o] o] AH O Y ekdS SISO folH)
Holie Lhehbx) 92 salsteln, @2 ol Lpsel vl
WAofl= fRGe, RGe, RGw RFollA] £-9]2] Q1 ZJo|7} EA ot
= Felst3itk(Fig. 5).

83 {1 FE(Co) Ml
RGw 5 RGe, fRGeS AJo|gt nk$20] 84 i Ajo] =5
WS 2421) 8% AT S (C) B MBS Fig,

6, Table 5). ThFE FA:AfO| =t BLE RGwiith RGe %
fRGee AFI5H= W Crax 7*01 = lﬁ?]] 5]04:;1] =3
Rbl, Rd A Ao B 5 o

-438 -



BALB/c HRp-20f4] 8 F4f Ginsenosided] Aol 883 Ay}

® 3 RGw (600mg/kg)
- 11 B RGe (120mg/kg)
é . E RGe (600mg/kg)
Eﬂ OJ fRGe (120mg/kg)
P BB fRGe (600mg/kg)
E
O 101

Rbl Rgl Rd F2 Rg3 CK

Fig. 6. Cpux values of ginsenosides of serum in mice after the oral administration of red ginseng (RG) water extract (RGw),
ethanol-extracted RG (RGe) and fermentated RG extract (fRGe). Statistical analyses were processed by unpaired Student’s t-test.
Data are represented as mean + standard error of means (SEM). p<0.05., “p <0.01 compared to RGw (600 mg/kg) Rb1 ginsenoside
and "p < 0.05., p < 0.01 compared to RGw (600 mg/kg) Rd ginsenoside.

Table 5. Cinax values of ginsenosides of serum in mice after RGw, RGe and fRGe was administered orally 120 mg and 600 mg/kg

Ginsenosides RGw RG RGe’
600 mg/kg 120 mgkg 600 mg/kg 120 mg/kg 600 mg/kg
Rbl 3.67 £ 3.34 6.79 £ 2.08 23.27 + 8.81 8.61 + 1.89 25.51 = 7.29
Rgl 0.1 £0.15 0.07 £ 0.03 0.68 £ 0.56 0.06 £ 0.02 0.8 £ 0.28
Rd 1.16 = 0.36 1.61 = 1.08 4.67 + 1.24 2.88 + 1.14 8.61 + 4.11
F2 0.22 + 0.08 0.03 £ 0.02 03 £ 0.12 0.03 + 0.01 0.19 £ 0.12
Rg3 0.24 £ 0.09 0.15 £ 0.07 0.25 £ 0.11 0.28 £ 0.19 0.44 £ 0.19
CK 1.05 £ 0.35 0.74 + 0.59 1.04 £ 027 0.63 + 0.29 1.01 = 0.14

RGw, water extract of red ginseng; RGe, 50% ethanol extract of red ginseng; fRGe, fermented red ginseng extract.

F-Ol% Crax 440] RGe¥F ohuf 2} fRGeol| A = -2 2181 Aol = 2019). 4t FHRBEL Sl 8 ZAieAto] E4= Rbl, Rb2,
et o =A Yebd= E1sHitH(p €0.05 or 0.01), RGw Re 9 Rgl G- LA} oA F/d0] =& ZIAteAto| 2ol
600 mg/kg, RGe & fRGe 120 mg/kg, 600 mg/kg Q= A]0|5}%S o] ZNteAto] EE2 71 AMA| AR O &2 AYA o] 8o Wt 11
o HA|teAFo]E Rb19] Crax #2 Z12F 3.67 + 3,34 ng/ml, 2fu}, ashae] AAlske Auin| e ol AetE= BS54
6.79 + 2.08 ng/mL, 23.27 + 8,81 ng/mL, 8.61 + 1,89 ng/mL, A AP | E52 Ao 8-&0] =t 1ejug, 34k A
T12J31 25,51 + 7,29 ng/mL %W, RAQ] Crax 5 2124 1,16 DAL A Aol S Akt A 01885 =of 5=
+ 0,36 ng/mL, 1,61 = 1,08 ng/mL, 4,67 + 1,24 ng/mL, 2.88 u| Y& ZAfjof 2]&3IT} (Shim et al, 2014), 7]& ATLof| 9
+ 1,14 ng/mL, 12|31 8,61 + 4,11 ng/mL3ITY, &1 Rb1> 9ol S7F e 2] 93l CKO| FE| = thAbE o]
SoeElrhal B %3 QItHAkao et al,, 1998). Kim et al. (2018)
5] ko] oJshH, ZIAALO] = Rbl, Re 52 AR v

O] BT ol|M ZAE=AR = Rd, CK 55 HE3T ©] 22

]

o
]

SRS Y, AT, I, FUHA| a5 okt 7 AT+AIE FRelEH, Protopanaxadiol (PPD)AE 2] ZIA|
/go] Yral A 11 QI thKim et al,, 2018), |19 W AF1E At E= AfaAEol 2J3) Rbl, Re -2 XA k=AtO] = Rd,
3l S4ke] theFst aso] thaEAQl AJEel KA ALe| =0 7] F2, CK 5-& AHgHHT}, o] 2 Afju|Eo gt 7N mAfo]
Qo] BF| A a1 QIth(Ko et al, 2003). ©|2gt 1-83 AIHE T o] Azt AU ES ok Ui S5t
Zh= XM ieAfo| E0) AA| 0| 8-8-2 Bifidobacterium, Lacto— of whe} At 2ol & Ko, o] AfugE -2 A A
bacillus®t -2 FUn| &S] Ao 2Estal lrh(Park, A, A5, ey Foll whet 2to) 7t Qltk(Akao et al., 1998;
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Shim et al., 2014),
oleiat glE FRakae e 4ol £ 1L
Rol=8 o] vhe Ax

o] TS €5 SIck, B8 TR I

o, SR L ALBELT AT A 2 UMIES 5
o AR 7|48 BelspEEe wnck Pl gk, 34
o] =2 XAieALO| EE fANto] Haste] F4do] W2 XA
At ER Aokt S wY W ofe} fakte] 2=
oot aukE FAlol 71t 4= itk Holv), R friktl
= ke daskyle ol AAlkAbe| = S =Y o Atk
Folct, 53] & ﬁ of AF&E fRGe2 7] Aol A ZIA]
L AJO)E Rd, F2 % Compound K 5 PPDA|E ZA||leAto] =9

S50 avbA ?J,T% gol= vl QIth(Kim et al, 2018; Kim et
al,, 2019), webA 2 Atoaf= 7]E d7E FAleAe| =
Rd, F2, Rg3 X Compound K2} 7}= Rbl, RglS EZ3}slo] 6
9 @5 F AN Ao E TG F0&-2 SHA o2 B3]
ek,

RGw, RGe % fRGe Xd*ﬂi’\}olE dFE S5,
RGe % fRGeol|A] ZIA|l=Ato] = Rbl 9 RA9] gHFo] RGwhith
715k 2 Selslolont 58] Rao) 7 G0l Bo)
Z717h el 2 28 Selsleich, F2ATOIN Row 600 ng/ke
0= RGe2120 mg/kg 2 600 mg/kgS &2, fRGe-> 120 mg/kg X
600 mg/kg 0= Aol om, 247k A Fshe MAAfo] =5
L RGw 600 mg/kgatol|A1= 9. 84mg/kg, RGe 120 mg/kg Z 600
mg/kg ol A= 212} 4,33 mg/kg R 21,66 mg/kg ©]SITt, fRGe
A58k 2 ieAbo] E5E2 120 mg/kg H 600 mg/kgwtol Al 212t
4,57 mg/kg U 22.86 mg/kg ©| ME} w2hA] =Ust =21 600
mg/kgt 7hol| ke -8 9 AR whbA Al Fshe 1A
Afo|EFRE EREoH| fRGe FoIoh= 97 RGw thH] of
o] A= Afo| =2 B9l BEES BB, et
120 mg/kg ©. = RGe U fRGe2 Al0]5}53-S w, RGwTlH] <F 5H]|
A& FS] Tk A S HARE ZA| Ao = FhEE 28
= Ao]7} v A% 2hlzt 4 it

Coax (8% 22 AE 52) 4k 18IS 1) 600 mg/kg &
ol Zholli= RAI=Abe] = Rbl B Rd of|A] fRGeZ A F5HAS
] ZF2} 95 51 + 7.99 ng/ml, 12|31 8.69 + 4.11 ng/mlL 7}&
EQIHRGWS 242} 3,67 + 3,34 ng/mlL, 12]11.16 + 0,36
ng/mL, RGe & 717} 23,27 + 8 81 ng/mL 12|11 4,67 + 1,24
ng/mLo|3{th).

o Ag]of A 24 F A=A = TGE RGw 600 mg/kg

ﬂ m{o
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Eo]0] 42,12 + 9,57 mg/kg, RGe 120 mg/kg 2
ojgto] 7+z} 108,28 + 10,88 mg/kg W
fRGe 120 mg/kg 2 600 mg/kg Alo]to] 2+ 139,01 + 10,62 mg/
kg W 537,34 + 93,49 ng/kgS Solat A 0w B, T4
600mg/kg 013t w7t H]alof A= RGw Fof<- Hr} RGeoll Al
T =2 Yol FES SRI6k o1, RGe 120 mg/kg &2 &
ofgh o2 W a-f-oll WA §lo] 600 mg/kg®] RGw oottt
2~31f 9] ZJ*ﬂi/\PO]E HETE IIstglen, fRGes F

112w Eol A=l o E30th fRGew SAPIAE 54l
AN eAfo] ERd Y CKA gafo] =& SAto 2 AEA ot
(Kim et al,, 2018). 7] 91tol| SJ5hd it AR o] A=
H 5F5E7 SelAE 7l FEie] S0l W ZAI=AR
ol= thrtz HghEojof 47} v AEtkal Hiska gt
(Klm et al,, 2018). ] T oA WA ZAS AHZ31A HH o]
Solu} fakto] Al Aol 22] T8 o] W A

02 F4Rsste] A §471 GolsiA ke Bt ofel
Aol ol A 23 AL Atol = 9 9%, 0 W
Zjulo] Q ElAE 0] 5488 BFAFA|ZITk K 11 %9 THZhang
et al,, 2020), WEbA] o]HRt AL AME Fol WAZAE A5
1S o) gRbaos Wash] oS4k RIS Rt
Aol 8-&(AUCEh 0] T7Foh= 2 s3I o] RGw
Ht} RGe?| & 7| ieAlo] = TGE| AAo]-8-80] a2 89l
8F313L, fRGe> RGe HTt & 2N ieAto] = TGO| AJA|0]-§-50]
o B A& sk 3] AAleAte| B et o
TE= B3l A7, @Ateh 5o vheftt AV vehia gle
H(Kim et al., 2017; Saba et al., 2018), |5 E|&2 a3t
A AP EQ] Q453 B4 j_]'q-“:_ A U SAk] 7|k
ALAT R BeE 2 9le How

600 mg/kg &
321,45 + 54.5 mg/kg,

A A7-23ollA RGeS oIS W, RGwe A7t
AR Bt Rd B CKS AAkeAR=7F QAW S-80] w2
2L SR8k THKim ef al,, 2019), 0¥ A1E B3 RGeS
Ao|gt 12| A ZA| AL Rd W CKE 2318 3 2w}
o= TGY| Fo] 2 A AT ZH AA|oA E3F 5

g3k a7t e Ao R o SH)
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