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Abstract — We evaluated the anti-arthritic effect of a new diet-supplement product containing red ginseng, glucosamine, shark
cartilage, ascorbic acid and manganese chloride for the relieving arthritic symptoms. Anti-inflammatory activities of the aque-
ous extract of red ginseng (250 and 500 mg/kg), glucosamine (240 mg/kg) and shark cartilage (240 mg/kg) were tested indi-
vidually on vascular permeability and carrageenan-induced paw edema. Glucosamine and shark cartilage showed the inhibition
of vascular permeability by 29.6 and 32.9%, respectively. Red ginseng (500 mg/kg) and shark cartilage showed the inhibition
of carrageenan-induced paw edema at 0.5, 1, 2 and 3 hr. The supplement (red ginseng mixture: RGM) composed of red ginseng
(43.5%), glucosamine (25.0%), shark cartilage (25.0%), ascorbic acid (5.0%) and manganese chloride (1.5%) was prepared and
its inhibitory activities including vascular permeability and carrageenan-induced paw edema were comparable to anti-inflam-
matory drugs such as diclofenac and ibuprofen. It was also tested on adjuvant-induced arthritis in rats as one of chronic arthritic
tests and Randall-Selitto assay as an analgesic test. RGM showed the inhibition against the swelling of rat paws induced by
Mycobacterium tuberculosis at a dose of 1,500 mg/kg. Determination of cytokines of the sera sampled from arthritis-induced
animals indicated that RGM increased the levels of interferon-y and interleukin-6, representing the immunostimulatory effect
by red ginseng. RGM treatment moderately reduced the production of NO in RAW 264.7 cells in a dose-dependent manner.
Taken together, these results support that RGM can be applicable for the improvement of arthritic symptoms as a new diet-sup-

plement.
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Friel A Bl Az Hele ZA g &
4 B BA E(synovial cell)®] F4 02 AlaE ofuf A3}
Z2] QR0 7 Yyl (lymphocyte)d] -ao] A71HEA A4
TA| Z(fibroblast) B th2] M) E(macrophage) E°] &7}8l5L
HIe} Tl (monocyte) & XA HHTHg-o] 7}HA|
ot} Hure} walolr BuEE 2 QRS2 O
38 3357 (polymorphonuclear neutrophil}S 721713 &
Ao HREAZE US B A FI39HeS A
7tk @AskE 2eElt= 9228 (phagocytosis)o] F71E
3 FFHRg-2] ui7iAIel prostaglandin 2] 3. plasminogen
activator, collagenase, lysosomal enzyme - F4|3tod &
AE91e] 278 st AHFE FE8k= cytokines
9 & interleukin-1 (IL-1), tumor necrosis factor o« (TNF-
o), granulocyte/macrophage colony stimulating factor,
interleukin-6 (IL-6) 5°] F2 th4|71} HHEAEAA A
Ao} ARREg-e] Ftol| Fefgict

4}t Panax ginseng C. A. Meyer (Panax schinseng Nees)
2 AT I Araliaceae)dl] S3R= HEIE, o At
S Ay Aol XF BRHoF AMEE )R]
A, A AFoA A AREHOIY FEEE T3 v
3 4% FEA IL-1 betar} IL-62] mRNA #H-& 74
AZIARY B9 28-S 2dske 99 FE ez B
9 vk Juk>® 28t ginsenoside Rool| tHek 9= 9
Tof] W=7 ginsenoside Row= Ak 2|3 AT =
7+e AABIAL compound 48/80°1\} carrageenan® 2 %
H 4 2L TAAFHAR, BEE 29 gEdME
T A2 ) fle Ros ¥y @ 6k ok 3L 6
U T4 A ARAA 78 3 14% ©57) HeE
7Hed o2 AxAG F A whgo] FR1FH Fu
Zhaie] AAS v dakdt FelE 988 fAAIRL A4t
ojth. T4t 7HEARE B3 FEAAE M 23],
=S 0EE 9, Hue} BAE TAANA AA, 26t
o] golsitt. Q14te] hFEA KA ALY FHgyst
FEAT Y THE TR AAA Al R BAE A
AABHA HA3L, AFEY 9 maltol, ginsenoside Rh, 5
FARC) F71E AR 53] T8 3hitst 4
2 29287 7T e AeE B 9 b g, 22
SAH (glucosamine)S FHE G ol A 2 HE 2] &AM
Byl sl 2ad 248 ) A3 53 2F
AR S AE9 F P EL! proteoglycant] & glyco-
saminoglycan®] AT-&Zo|m, 1 9] &3l7], £87] W9
712730, AER9Y] g9, A, A T3 Alx =7
RS o]F= 2ot JojdFe &, vy, g
35, 8, A0, o 5o FAF ). o] AR %
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olu} ibuprofenst 2 HlAH|Rol=Ad AEYH XBA fr
A AR BF5S A7 929 HY S =5 2
H7F BI H{Th AT B AW R A HES
vk A Yok

A Furiel2d EF] AEE, I JF2GA
(NSAIDs 5)5 ¥Ad o= Aesia, w3t e AAls
gol WAA] gRrbEl A AV HE A (cyclophospa-
mide, azathioprine, 6-mercaptopurine, chlorambucil,
methotrexate)E AFR-SHE Y B ARoxs T4 B 225
I3 FFIAN L JoAFRT 27 tiste] dapH oz
FdF A FRAEE 492 AT F IAFAY
ascorbic acid®} FUIE]2 BEE aFUAR! MnCLE 5%
stod AAE A2 o AR FHAE, HaAst ¢ 7
5 2% A TE A Hexor RlsiaL A
Zg4ol oiMe] thFd FEBo] VdiEE /1A A
[ep7] fske] FEE e TEY A Wl EAlske IL-
69} interferon-y (INF-y)] =E(level)3} NOS| A AA &
Hg FFgHoz BT

>

¢

Tz e

Al 2 7P} - 33k SRFUS 2B Qe RN H
Aol & &2 & 54 AXg 2L ARSI, 2
F3AR], Al AFE L2 ol -G o 2RE] AFEUTE
A8 A] F4H250, 500 mg/ke), FFZAN(240 mg/kg),
AAFE (240 mg/kg) ZH7te] FHF EHE A F, ¥
A, FFRIAN, AojAZa @7 aitElAQl ascorbic acid
o} Fule]2 BHYE E5AARI MnCLE £33t 2HE A
A)(Red Ginseng Mixture: RGM)E AHSSIATH (34 & F
EE 43.5%, FFIA] 250%, FALZ 25.0%, ascorbic
acid 5%, MnCl, 1.5%).

I 9)o] A|SFS E carrageenan, complete Freund's
adjuvant, diclofenac, zymosan, Evans blue, indomethacin,
ibuprofen, lipopolysaccharide (LPSy= Sigma Chem.®] A&
©]1 3L, gum arabic (Duksan Chemical), carboxymethyl
cellulose (CMC, Junsei Chemical)S AHE-3I5.0H, AAE=
2G5 dgsle] AR Fodekint. Cytokine &4l Af
23 Aok 2 A S-S Endogen (USA)LZHE U3

o6 7]g} Alke TR ARESKIT

AHE-SE 717]12% plethysmometer?) analgesymeters Ugo
Basile (Italy)3JA}2] #|E0)5L, UV spectrophotometer (Jasco,
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Japan), thickness gauge (Mitutoyo Co., Japan)= AME-3I$IT}.

HESE - AL A BYRES AZ 170-180 g9
Sprague-Dawleyl -84 &F 4 A|F 25-28 g2] ICRA| %
A S A& gk AL} AL A /\1615 /\]"ﬂr@
oM 25 ol Akt A H Aol ARl o,
AR Sl E | -40}04 x4 AI7he ok 8AIRE A
9 A7l 12AZFe R 2o n 2hf £k 2442°C
2 fFAs A

_Jtoﬂ AL

A |4 I-)gxl EA."%JJ_F J'I_I.Ac-l Al® — Whittle %9/] H
A1) whEb] AA7F whld 2134 A< Evans blue®)
RAEH FAdel v A= FFL HESIIT AF 32-
34 9] 37 AF =g AT S, 30 Foll 1%
Evans blue £ 0.3 ml/mouse®S ZLe]H Hof F=A}3190 T}
205 5ol 0.6% PEAFAN &G AE 0.1 ml/10 gy &
& 714\}8}0% 28 F3s AlZ13L, 204 & 87t
WF-E 10mie] A A D5 Tk A # 8hod
3,000rpm°ﬂ}\1 1057+ A1) nm 2] &5
2 EY sfolla] i T Al BTk b=
oHE 2+ ibuprofen 200 mg/kgs 7A-5olsle] vl HA s
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Carrageenan S M3 5= A# — Winter5e] 2y
o wpebx ABF o) carrageenandl] &) FE HE A
& AAsIITh 32-34 ¢ 3 AFHE F FOZ Slo] 3
whbetol] 1% carrageenan 0.03 mlS ¥ 3lFAlste] g
FHEAI7)AL, AAE carrageenan FAF 305 ol Ao
5 . Carrageenan 52} 328 A7 7HHo 7 H=

ﬁg
3R
d

o] &4 thickness gauge= A S th, FAF 29 &4
2 7IF0E 8 BT SUREE § ST 84T A
of S &2 FTH((F i & JT £A-fL 1 R
gAY ] s d‘lﬁxlOO)—— Aet FF oA
AEE A3t Uiz += ibuprofen 200 mg/kgS 73
77 ated w7 } ‘:‘r

staIEol AlS

Adjuvant e 813 2R A - AF 180-220g
2 A7 grlElE ¢ o= sl Claude o] W e
2} adjuvant 2 #EYE AFL AAE T 0.1 mlrate]
complete Freund's adjuvants 59| &% 3 W] 1
AL B191, 5, 8, 12, 15 2 18U A He ¢ sk 44
< plethysmometerS ©] &3} &3 315
adjuvants Foig EHE 1047L FoIEIth. tlaopER
20 mg/kg®] diclofenacs AHE-3}50

on, AAe
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Randall-Selitto assay ~ 152 ¥2 A|ZF 180-220 g9
4 A gl E @ 2O 519 Randall ¥ Selitto™<]
Weol ko] AAIEIAT o] RS AEF-H4 FE
S AA 1 FoE o] FA ¢

A= e Aol 7128 Zolth. &, AHE R A2
A7) F, analgesymeterS ©]8-3}¢] 300 g9 YFHollx HH-g-
1A e 3FHE WA AYAZ F, 1 T 20% brewer's
yeast- A 2] A G ekl 0.1 m-& 3F <] Lyl ws)
FAF &l ASS T AT, A7 ol HAAE Fog
ohS-, AAA)7E Foll analgesymeter® %% | (threshold, g
o7 ¥ANE S FEAAE AHe) dutEe 16 g/
seco] HiEg A 1‘3] WES Tlsld, EF7E S Wil 8t
AL ol 28 FHE BE SENCE sth 153}
2zt %o QAo hE %S FFoZH HERRATH

) Z2FE2E ibuprofen 200 mg/kgs AHE-SHAT

Cytokines 41 — Ad]uvant b BEE A 3R
ol g A Fste] A2elM §AF]5L 4°ColM overnight
g F 2,000xgellA 158 B AalReste] e el
Ak 4 AR AAE Fot 80°CollM masislen A
g AR sfEatel @Y e IL-69F INFy9] & 84
o (Enzyme-Linked Immunosorbant Assay)S-=2 % %3}
ek AAE IL-6 (or INF4y) 28 FAS 4 pg/mle] 57}
Y= PBS (pH 7.4 38193, 7] 96-well micro-
platel] 100 ury H7FIATE 96-wells A-=2(20-25°C)ellA
overnight W FaF535L, Z12te] welldl Sl =W RS
3] A% 3 - SN(49 BSA in PBS, pH 742 200
uiwell F7Fetar, 1A17F Bt Aol A wjesiaict. A3
£-o8(50 mM Tris, 0.2% Tween-20, pH 8)2. 2 wellS 3%
A3t E715 ¢33 ] AAZ F F=5 o] IL-6(or INF-
5 Z} 50 uliwell A A 7FskA Tt 1A17F
SRt Aol A v ? 0.6 ug/ml 2 #2480 525
vlol 9 ¥lo] A%E ZZ 3lA (biotin-labelled detection
antibody)E Z+z} 50 ul & A71slar, A-ollA] thA] HhSA]
ATt AZE 3 A ffog 3 AFska, 3] &7
Z AAT & 24 Ao 1:80002.2 843 HRP-conju-
gated streptoavidine 100 ul/welld 3 7}3F At 96-well<
305 Bt A Lo wjekaly, AlH gaow 3N A2
T E715 &A43] AAsATE TMB 7142 &L 100 ul/
well ¥ H7ieiar, A2olx] 308 F<F ¥k AR F 100 wy
well ¢ Wk H=]H(0.18 M H,S0,)S ZH7F A7kt £ 450
nmell A FEEE F7gstel D3 W) I-69 INF-2] &
A5 AT

NO MMojl OjXl= A& - RGME] A4

tlo
1o

glo15}7]
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28l NO A4 A Addg Y3k Aol AMeHE
AEXZ2= AFFE WA E RAW 264.7 N EF(ATCOYE
AL-&-81% 2m, DMEM WiRAE AME-3ted 2x10° Al E<5/ml
TEE 249 FHo|Ed 27t 53 37°C, 5% CO, Hi
F71o0A wieFEt. B B9t MZE Wit F RGMS
1,10 2 50ug/ml =2 X3 3 24|17+ Fof] LPSE
1pg/ml =2 X2]ste] 2247k <t viFslsinh. Akakd
4 A4 A 49l indomethacing (30 M) FE2 A
st} FY R o 2 AMSSINA, LPSTE Mg AL &
3 N0 E ARSI AF R thaHE RAW 2647
AE2HE BHE NO2| & Griess A1 o]&a}od A
I ujgl Foll EAlsh=s NO, 9 Fel=A S33dch +
Aoz, wiFst AEe 5N 100 ploll Griess A2H1%
(w/v) sulfanilamide, 0.1%(w/v) naphtylethylenediamine-
HC, 5%(v/v) phosphoric acid]100 g &E3§t5te] 96 9 =
golEd] B3g & 108 B TH3AIA 540 nm ol A
FHEE gk

Carbon clearance test — 2A9] HAF 7slod B S 8
?18}7] 9130 carbon clearance 28-S Wagner 59 why'®
< FEHo g TiRiste] sasith 32-36 g2 AR
107 & & FOo2 3l AAlE 3U7F 3kl 3 A, Ay
30 Aol Fosta HHS AT AF carbon sus-
pension (1% gelatin® ¥3-3F PBSOl rotring inkE 84) 3
A1) 10 ul/gb.w.)?] §F20 2 W] HWE E3) FASIATH
B FALF 3,6, 9, 12%0] HE wol] ¢tepyulo 2 RE
AEste], @A 20ulZ 0.1% sodium carbonate 1.5 mlol] 3
1%k th3 UV spectrophotometer 660 nmellA] optical density
£ AT T35 log E & TF3lo, A T2
(RC)®] tZ=ERCe)ol th & regression coefficient ratio
(RCR=RCtr/ RCc)E T3IAth H2IFEZE 50 mg/kgd)
zymosarrs: AH8-31 T}

SAME| - RE A¥d3= HF+tEF 23 MeantS.E.)
2 ARBIAT. 2 2 7k §94 AL Student's -testS
ARSI, pRte] 5% RRrd o) fojAde] stk B st
Art.

2 o

U 7Y 43 DMEZ SoM gt §3 - 34
(250, 500 mg/kg), FF ZAFT (240 mg/kg), Ao]AZE T
(240 mg/kg), ZH2Fe] 24 AF BAE R £ o)
3 FE A3 29E Fig 19 JERIITE mAER &
el thale zh Al frodA e 9A 2e-2 vehl
A& RO} tF- 84.5 pg/mouse S VERA Zol] w3}
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Red Ginseng (250 mg/kg)
Red Ginseng (500 mg/kg)
E==1 Giucosamine (240 mg/kg)
[SXX) Shark Cartilage (240 mg/kg)
[CID tbuprofen (260 mg/kg)
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Fig. 1. Effect of red ginseng, glucosamine, and shark cartilage
on vascular permeability in mice (n=5).
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Fig. 2. Effect of red ginseng mixture on vascular permeability
in mice (n=8).

FFEIA G o] AZTEY 240 mg/kge] &4 2zt
59.53} 56.7 ug/mouse & e 29.6 H 32.9%2] 3|
BHE vehfiglon ) z29E<2] ibuprofen o2 58.8 ug/
mouse= 304%2] A3l EFE VERAIT AA RGM 500,
1000 mg/kgs T8 A3 217} 49.3 pg/mouse, 60.6 pg/
mouse®] FEL B 44.6%, 32.0% ATILES KA
FAH(Fg. 2).

Carrageenan &t MF £350) ohst 2 - 3434250,
500 mg/kg), SFIAM (240 mg/kg), A1 9 ZE (240 my/
kg), Z¥7}9] carrageenan & AF FEA ] tig Jeke
A AAE Fg. 39 JerIAS £4F 500 mgkg S
Al 308, 1, 2, 3A7k) iz vlwsle] 7242} 19.5, 29.1,
13.0, 20.3%2] X|&H<] FEAA EFE VeI Ao
AFEYE 308, 1, 28174 122, 4.5, 6.8% 2] A 2H&
< Yehliglen, 3x7klE 30.8%2) AAEZASE YeRiS
o} tix2FE2] Ibuprofens 3A17HAC] 37.9%2] A &7=
UeRARITE AA RGM 500, 1000 mg/kes £t 43 &
T 3AZe] AAETHEA FFo] 2T v[sle] Folme
AL A ¢ YAt 3217 gl oA RGM 500 mg/
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~@— Control j
~h— Red ginseng (250 mg/kg)
=}~ Red ginseny (500 mg’kg)
e Giucosamine (240 mglkg)
== Shark Cartitage (240 mglkg)
-~y Ibuprofen (200 mg/kg)

Increased Paw Thickness (mm)

¥ T 4 -

0 0.5 1 2 3
Time (hr)

Fig. 3. Effect of red ginseng, glucosamine, and shark cartilage
on carrageenan-induced paw edema in mice (n=5). *p<0.05;
significantly different from the control group.
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o4 =~ Ibuprofen (200 mg/kg)
T 1 T 1 1
0 1 2 3 5
Time (hr)

Fig. 4. Effect of red ginseng mixture on carrageenan-induced
paw edema in mice (n=0). *p<0.05, **p<0.01; significantly
different from the control group,
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Fig. 5. Effect of red ginseng mixture on adjuvant-induced
arthritis in rats (n=8).
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=O= [buprofen (200 mg/kg)
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K
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Fig. 6. Effect of red ginseng mixture on Randall-Selitto assay
in rats (n=7). *p<0.05, **p<0.01; significantly different from
the control group. The percentage increase in pain threshhold
was calculated by substracting the applied force of saline from
the applied force of the sample group which was divided by
the applied force of saline.

kg 52% RGM 1,000 mg/kgS 45% Z7181] thzate] vl
# AlA RGMo| g4 A3t + S Fedstant
(Fig. 4).

Adjuvant Rt 213 Ao st 52 — A5 RGM
] adjuvant 52 813 BAY) I &3 AL AAE
AE Fig. 59 YERIQTE AJA] RGM 1,500 mg/kg &%
o7 1097 T A%, 59AI) 14.3%, 1294 15.1%,
1594 17.5% 2 18489l 13.3%2] A& Lfepdo
W hzzel wale] &8z wAayd A4 345 Ut
YA, e tj29kE diclofenac Fo9w-2 184 Aol
16.7% AAE&S eI

ZSAEol st &3 - AA RGMe] XE83 9 &
o B2 3elsly] £13}ed Randall-Selitto assayS 2A|E 2

rE o

j—

7= Fig. 6] VERHSITH 22 yeast AL 5 308,
2, M7 kA B GR7F T8 dAside i 4%
7re) Aol Ve 949k e ™ RGM 500 mg/kg o1 A
304, 1, 2, 377kl Z2F 33.3, 63.6, 45.2 2 70.5%] X%
FAE, 1,000 mgkg F9 A 1, 2, 3x7H0 ZHE 61.3, 47.1
4 61.1%°] AFEHE JERASITH 53] RGM 500 mg/kg
L N 7F " oA Zbe)| thE 9FE<] ibuprofen 200 mg/kgit
A FARE 25 &35 BIth

o

=

Cytokines 24 — Aj#] RGM2] 2871738 7H3P7] 9
&) cytokines?l IL-69F INF-yo] #41-2 AASt AHAE Fig.
79 VEFHRATE RGM Fod#e] -9 & 241 IL-6

|F

ol INF-y A o] 718 HoFRI5, 53] RGM 1,000 %
1,500 mg/kgS Fo31S wf FEY tiFRTe] Ao v
YR

EASA T go)A AolE
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Concentration of Cytokines
in Rat Sera (pg / ml)

Fig. 7. Production of IL-6 and INF-y in sera sampled from rat
(n=5). *p<0.05, **p<0.01; significantly different from the
control group.
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Fig. 8. Production of nitric oxide in RAW264.7 cells (n=3).
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Fig. 9. Effect of red ginseng mixture (RGM) on carbon
clearance in mice (n=8). Regression coefficient ratio (RCtr/

RCc): RGM 500 mg/kg, 1.13, active; RGM 1,000 mg/kg, 1.04,
active; zymosan 50 mg/kg, 1.15, active.
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NO A& — RAW 264.7 A|xol| LPS @522 A 4
S ABA1E NO2| ¥o] 440nM BEZ o} W go] A
H v A thE7<¢l indomethacin (30 uM) 2 RGM (1,
10, 50 ug/mlye A3 745 BAE sk ae] o] fe
A A ZAEA =3, T FEEY 2 Sl
e} Aslade] AlAdo] AAHATHFg. 8). T=gk A2 Al &
2] FojolA] Al E EAdo] YEREA] ettt

Carbon clearance test — A|#] RGM$] HY 7328
S goIs}l7] Y&t carbon clearance testE A8 A3E
Fig. 9o JeRriSltt. A RGM 500 2 1,000 mg/kg
A(RCtr) HETHRCe) D3 regression coefficient’t 1.13
2 1.042 JepgozH HeY F7ago] Eelgnt. tx
oF2-9] zymosan®] regression coefficient= 1.15%T}.

R
ek

B FE2ES SFRIAN, doldE el tist
T, TAFEE, s

AJQl ascorbic acide} FulElE HHY EF5UAR] MnCle
A7rele] AR AAE AT & AA] FAEA, B
G733t 9 2% G50 AUeA sEAEH HelxseR 8
Qstar, A=Al SloAe] thket FEEA o) ZdiHE
71748 A9317] Y43k cytokines & in vitro A& AA]
5}tk 9% (inflammation) A= 2258 A %}5}o]
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