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QlAte] tE Al ekl g 5o = oty WeaZEz =

(ginsenoside) o]t Aol 7]elsl= oz v A 1 E} (Berek et al.,, 2001;
Chang et al., 2003; Lee et al., 2004). QA A2 d& EH 29 o]z Ad &u}
th(dammarane) =2 X5, ofepu| oA AURZ A QA Fo| HF

H AR abo]= o] A wgA o]t} o]E& column chromatographyel 23 =
w2l Ginsenoside Rxzti W™ 3leh, x| <oF 400152 ¢lAAEd AEEo] 79 Eg)
o 3s}abAE Fx Aol whel = A protopanaxadiol (PPD)A €} protopanaxatriol (PPT)
AZ s 4 st}h. PPDA 8 AEUEZ+E Rbl, Rb2, Rb3, Rc, Rd, Rg3, Rh2 3}
aglycone PD%°] 2902 PPTHA F8 AEUEEZ+ Rgl, Rg2, F1, Rh13} aglycone PT
ol ok (¥ 1).




Ginsenoside R; R2 Rs

Protopanaxatriol

Rg1 H —0—glc glc

Rg, H —0—glc(2—1)rha H

Re H —0—glc(2—1)rha gic

Rf H —0—glc(2—1)glc H

Rhy H —0—glc H

F1 H —0OH glc

Protopanaxadiol

Rb gle(2—1) glc H glc(6—1)glc

Rb; glc(2—1)glc H glc(6—1)ara(p)

Rgs glc(2—1)glc H H

Rh, glc H H

Re glc(2—1)glc H glc(6—1)ara(f)

Rd glc(2—1)glc H glc

Ra gle(2—1) glc H glc(6—1)glc

F2 glc H glc

Compound Y H H glc(6—1)ara(p)

Compound K H H glc

Compound O glc H glc(6—1)ara(p)

Compound Mc glc H glc(6—1)ara(f)
27 1. elAAE W (ginsenosides)?] 38t &. glc = glucosyl (CsH11067);
rha = rhamnosyl (C¢H1105 );ara = arabinosyl (CsHy¢Os );p=pyran;f=furan.

(Yu et al., 2007)

d F MR 25
& 4 olth 2% major AREY J Rb1l, Rb2, Rc, Rd, Re % Rgle & Atx42] 90%
o] A& z x|t E3] PPD B} 9 47}A] major AFEW Q] Rbl, Rb2, Rce} Rd7F £ A}
X 50-70%% AA st stk o1& major *Pi”% DEA FAEI AAE
of glol <Al AF F Aol & F57F =A XshAg AR Aol AAlstE &
o3 Thapadl meo] oy s ol ‘H"iﬁ minor AFEY 3 Ejel Rg3,
Rh1l, Rh2 ¢} compound K= A= A F7F "k (Cul et al, 2013). ¥xk o}
et ol# gk minor A major AFE el v]s &bEA, WFTE AN, A
kx| Soll A4 BH3k g & el E Zo] vE X2 gltd (Kang et al., 2012).
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Effects

Innate Immunity

Macrophages

DCs

NK cells

Acquired Immunity
Humoral immunity

Cell-mediated immunity

Cytokine release
Of innate immunity

Of acquired immunity

Enhance Phagocytosis

Stimulate the generation of nitric oxide

Induce inflammatory reactions by IL—183 and TNF—a

Stimulate NK cells and T cells by IL—12

Increase DC maturation markers (MHC class II, CD80, CD83, CD86)
Increase the production of IL—1 and TNF—a

Reduce DC maturation markers (CD40, CD86, CDla, HLA—DR)
Diminish the secretion of TNF—a, IL—12

Improve natural killing activity

Induce responses and production of IgA, IgM, IgG and IgG subunits
Inhibit the OVA—sensitized decrease in IgA level in the small intestine
Enhance antibody—depndent cellular cytotoxicity

Stimulate T cell proliferation

Promote the generation of immunosuppresive regulatory T cells (Tregs)

Produce TNF—a, IL—13, IL—6 and IFN—v by macrophages

Increase IL—2, IFN—v, IL—-1a and GM—CSF production

Decrease TNF—a, IL—18, IL—6, IFN—v, IL—12 and IL—18 by TLR
Inhibit secretion of IL—18, IL—17 and IFN—vy

Reduce nitric oxide synthesis and production of TNF—a and IL—13
Enhance production of IFN—v and IL—2

Increase generation of IL—1, IL—6, IFN—v and IL—12

Increase Th2 cytokine (e.g., IL—4) and repress Thl cytokine (e.g, IFN—v)
Stimulate Thl and Th2 cytokine equally (IFN-v, IL—2, IL—4 and IL—10)

O ok
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(Kang and Min, 2012)



259t (Kenarova et al.,, 1990; Lee and Han, 2006). &3] minor QJAAIEY AR
?l Rg37F FEE& w1 sledl 5 5 45 F7tel = oln] w3} A EA o Al
kg o® 2 wbg st 4F5EH Aol dgaet @ ko HeolE A s
I galled HA3 "y F7, @A At ol a3t el de Al sith 1
HelAe] % 0.02% 7ol FawRt EAsh, 18 &34 Afeles % dHE &
AHgketar e Ao gick ShAIRE @etay D Wy FAte| ek FAIFQ AHETA
2 d# A 9 A ¢}l (Chang et al.,, 2003). T3 2 A minor AFEY AE<l Rh2E o
A Z o] FA A ZHGo] 7Fsta FEE DA NK celld] 845 F7HA1Z T sdseo]l B
=5 9ith (Nakata et al.,, 1998).
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(Lanier, 2005; Long 2013). E=3 NK A *x &

L I
F(cytokine) A< F3l 95 2 WSS £2 stedl #HA AR AL ot

ol x o

ol &3l AE E miolul A k] AE A AR ol ul ZFolAl, Hole] FA W A
Az dE5Ag Ariwd A3 5 4% ALY WHos 8% g3s 3ol
FHE 2 gt (Vivier et al, 2008). NK Al Z&= #Z g9t HARABA /i SHoA F
& w3 ol ol NK Al27F ehAl2e] A, 54, Aol& A Eat olzg} bl )
Hhol| F 93t &7 | EE AATE 4 5ol 719l sk} (Castriconi et al., 2009).

A 7bx] Qlake] thA|L) FEEo 93 NKA X9 &4 X Hy= wWo] giglon}) EX
ginsenoside®l] 2|gF AAH A £A AF+= vl H53F AAolth. Major ginsenoside?
Rgl3®} minor ginsenoside®! Rh27} FEXE®ol|A NK cell® A4S F7H1Z2 F+ 9

o] H31%¥l AHXo|t} (Kenarova et al., 1990; Nakata et al., 1998). 81} o]E A+
3
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Lo] 7Fs Ao ® 7=l £3] ginsenosides TS Al Eo| A WAEE= Atz

Hgoz Folshgle F ol S8FYo] WA A o} kAol 2 Aol

iy

riol
)
il
=
olo



7]

B o=
= M B T =
=TT PH =P T
Wd{ﬂ% wgwﬁm_xiﬂ
T G oy N OR EX o] ui o
B o R =0 o Sl o 1
- = o= oo = o N 2o o) K K o — N WW M To g
= ® N s azﬂ@%ﬂqlw cEW L
= R Ko < mo Oh EO = ° — m ol o —
=T wop P F T g o T o K Y WA e N
ur.@%oﬂm%ii_zﬂ% S i 4wl
—_— D 0 . . _ 0 TI —
= T . — e A} - . ° KE — xH bo - T ‘B
mMufi_rriﬂo,% o AT ﬁ%@.%ﬂﬂ_/x g - 2 F
o = W o S o o — — Ko o m g -
ol = o = w o 2 T o dr N Kr B H < = o
G o nT S HE s TE oLz
oW T o olo oA LR K T - - plo o O K
oy K B w=s oF 5.0 X D 0 En_ N — S Y o
;OE H.L L ;01_ - :.;H [en} —_ T ™ < L — Lo} (D) TAE il
Oy o i oo Y g + W o &~ o o 2 S @ o X
) — Ko X o° o o 3 = ol B E ) e ~ <° o K ofo
— > Mo mm o o oy EX | ®° &= o, X = <
A Ko g o W oz R o = = ~ ) o0 o
- B T LS mxﬂy.mﬂmK w2
™ L.m_zoﬂoc_fmhlaoya s X ® ST | N i
oW N g o ofn o o oz K s o O
O_ m_x w UL =r »AO —_ ) ~X o0 EL \)Al - O N [aN] — :,;H \._Odl ]
I < olv.%%z_om =T B S O E
(S [S) o 0 K \ﬂl gl Of - T ] ﬁ,._ o — ho) UL - 1)
l&l M_.Ao ﬂﬂ 1__,._ Jjo =y Ho_ﬂ A_I ° /K\ g% ‘I_ﬁl 8 JmuL B0 P m ) K m
_ ) " . f ) _ A — " . ) —) =
%iao\xaﬂmn7wr_nﬁﬁaLo,dr uﬂﬂwmaowumo%b LMO%M%
@@%%wwqyﬁaﬁmﬁ swTHE S BE ey B
O_E )A]o X _]H_A.Hl iy n ﬂ,o_,l 3" ﬁﬂ oy ml_ MAI W ml :.L BT E._ ] Py % < — H.__v __oL ~
go ° T 1 7o o <A K o % E ap o o Gl
— . —_ - p— ~ T
%ﬂﬂaxlaargg%@wo_ewi gxn@loﬂﬂo@ ﬁb_kfﬂ%
L el R of =T oo ° o M Ko o o 2 X o o T o ™
Gl , uﬂ_ﬂ&%ﬂuwﬂgem - %ariﬁﬂ(m L;__@]Erqmé
ﬁ#lig}ga e Ko 5 R
8 o P T T o o = 3) ﬂl%m K o S
- g o of e B RS S BR I =5 K 2 o o o) o B <m o RV
4 o o= B —_ EW To o7 NG .EI = o U._A :.i 3 <R T @ K
itﬂa.__oxoﬂ g 5 © FeE < 88 e A
° x_o HT —J B E._ = = o) — — Nrn ) o K = W . BT —_ to BV
2 wo M A o,lanlka&ﬂr X
OC -— © K o o T O~ o K= ~ 0?._ o = o M o g = BO—= il WL
Kl » =r 1_M “_w.om._ X R JTJAI X oy In ™ m el 1) o o ° ol o T
Iﬁm L R ny a3 KE oV ) wr e g <M T ny N o
W o= = ~ Ko T o W = LI S ~ X
TR T NE o 5 ~ & 3 L.l]ﬂﬁ%l l%o]ar%
[ o X n- 0 gH Ek N R o
a%%ﬂ?lﬁ@uJWR NI o oW = E W
- —_ K ! R f )
alhf T TR o 3 o] T F o 7! < 8 &Y S =y % R B g —
o — o mAPPsbto ﬂﬁrilolslu_zaisﬂuo
o o W R T TR 8 Mg e 2 T 2 >
Sl N ) == w L ET T S ey
K E._ EE ﬂrx_,l —_ ° ot C‘# % K 7_ o) — m M_.A ™ E._ B ~ ~H > S5 M 5
VR CTRE R TR S ol go BOBEX .n_le1.wgo
3 7E Y . — _ o . e X ﬁ_l m.b OL XU ISS) —_
- S ni 10_,| = ) - - o o <Y
H R KT B wjr oy & L
< 3 B Jo & o]
Ay = On#

2 2F5E N gi
ginsenoside®] iz &
S =



) QL AN ESA Y AAHES E§ A
E3] /¥ ginsenosidee] 2]gF tiekdl HAME (NKA
75l AAALR FHEchd FHFH

FaEd

1. Berek, L., Szabo, D., Petri, [.B., Shoyama, Y., Lin, Y.H., Molnar, J. Effects of
naturally occuring glucosides, solasodine glucosides, ginsenosides and parishin derivatives
on multidrug resistance of lymphoma cells and leucocyte functions. In Vivo. 2001, 15,
151—156.

2. Biron CA, Byron KS, Sullivan JL. Severe herpesvirus infections in an adolescent
without natural killer cells. N Engl J Med. 1989, 320, 1731—1735.

3. Bryceson, Y.T., March, M.E., Ljunggren, H.—G., and Long, E.O. Activation,
coactivation, and costimulation of resting human natural killer cells, Immunol. Rev., 2006,
214, 73-91.

4. Bryceson, Y.T. and Long, E.O. Line of attack: NK cell specificity and integration of
signals, Curr. Opin. Immunol., 2008, 20, 344—352.

5. Castriconi, R., Daga, A., Dondero, A., Zona, G., Poliani, P.L., Melotti, A., Griffero, F.,
Marubbi, D., Spaziante, R., Bellora, F., Moretta, L., Moretta, A., Corte, G., Bottino, C. NK

cells recognize and kill human glioblastoma cells with stem cell—like properties. J
Immunol. 2009, 182, 3530—3539.

6. Chang, Y.S., Seo, E.K., Gyllenhaal, C., Block, K.I. Panax ginseng: A role in cancer
therapy? Integr Cancer Ther. 2003, 2, 13—33.

7. Cui, C.H., Liuy, Q.M., Kim, J.K., Sung, B.H., Kim, S.G., Kim, S.C., Im, W.T.
Identification and Characterization of Mucilaginibacter sp. QM49 B—Glucosidase and its
use in Producing the Pharmaceutically Active Minor Ginsenosides, Rh1(S) and Rg2(S).
Appl Environ Microbiol. 2013, [Epub ahead of print]

8. Hasegawa, H., Suzuki, R., Nagaoka, T., Tezuka, Y., Kadota, S., Saiki, I. Prevention of
growth and metastasis of murine melanoma through enhanced natural—killer cytotoxicity
by fatty acid—conjugate of protopanaxatriol. Biol Pharm Bull. 2002, 25, 861—866.



9. Holmes, T.D., El=Sherbiny, Y.M., Davison, A., Clough, S.L., Blair, G.E., and Cook,
G.P. A human NK cell activation/inhibition threshold allows small changes in the target
cell surface phenotype to dramatically alter susceptibility to NK cells. J. Immunol., 2011,
186, 1538—1545.

10. Kang, K.A, Kang, J.H., Yang, M.P. Ginseng total saponin enhances the phagocytic
capacity of canine peripheral blood phagocytes in vitro. Am J Chin Med. 2008, 36,
329—-341.

11. Kang, S., Min, H. Ginseng, the 'Tmmune boost’: the effects of panax ginseng on
immune system. J Ginseng Res. 2012. 36, 354—368.

12. Kiarre, K., Ljunggren, H.G., Piontek, G., and Kiessling, R. Selective rejection of
H—2—deficient lymphoma variants suggests alternative immune defence strategy. Nature,
1986, 319, 675—678.

13. Kenarova, B., Neychev, H., Hadjiivanova, C., Petkov, V.D. Immunomodulating activity

of ginsenoside Rgl from Panax ginseng. Jpn J Pharmacol. 1990, 54, 447—454.

14. Kim, H.S., Das, A., Gross, C.C., Bryceson, Y.T., and Long, E.O. Synergistic signals
for natural cytotoxicity are required to overcome inhibition by c¢—Cbl ubiquitin ligase,
Immunity, 2010, 32, 175—186.

15. Kim HS, Long EO. Complementary phosphorylation sites in the adaptor protein
SLP—76 promote synergistic activation of natural killer cells. Sci Signal. 2012, 5, ra49.

16. Lanier, L.L. NK cell recognition, Annu. Rev. Immunol., 2005, 23, 225—274.

17. Lanier, L.L. Up on the tightrope: natural killer cell activation and inhibition. Nat.
Immunol., 2008, 9, 495—502.

18. Lee, E.J., Ko, E., Lee, J., Rho, S., Ko, S., Shin, M.K., Min, B.I., Hong, M.C., Kim,
S.Y., Bae, H. Ginsenoside Rgl enhances CD4(+) T—cell activities and modulates Th1/Th2
differentiation. Int Immunopharmacol. 2004, 4, 235—244.

19. Lee, J.H., Han, Y. Ginsenoside Rgl helps mice resist to disseminated candidiasis by
Thl type differentiation of CD4+ T cell. Int Immunopharmacol. 2006, 6, 1424—1430.

20. Long EO, Kim HS, Liu D, Peterson ME, Rajagopalan S. Controlling natural killer cell
responses: integration of signals for activation and inhibition. Annu Rev Immunol. 2013,
31, 227—258.

21. Nakata, H., Kikuchi, Y., Tode, T., Hirata, J., Kita, T., Ishii, K., Kudoh, K., Nagata,



I., Shinomiya, N. Inhibitory effects of ginsenoside RhZ2 on tumor growth in nude mice

bearing human ovarian cancer cells. Jpn J Cancer Res. 1998, 89, 733—740.

22. Sung, H., Kang, S.M., Lee, M.S., Kim, T.G., Cho, Y.K. Korean red ginseng slows
depletion of CD4 T cells in human immunodeficiency virus typel—infected patients. Clin
Diagn Lab Immunol. 2005, 12, 497—501.

23. Terme, M., Ullrich, E., Delahaye, N.F., Chaput, N., and Zitvogel., L. Natural killer
cell—directed therapies: moving from unexpected results to successful strategies, Nat.
Immunol., 2008, 9, 486—494.

24. Vivier, E., Tomasello, E., Baratin, M., Walzer, T., and Ugolini, S. Functions of
natural killer cells, Nat. Immunol., 2008, 9, 503—510.

25. Vivier, E., Raulet, D.H., Moretta, A., Caligiuri, M.A., Zitvogel, L., Lanier, L.L.,
Yokoyama, W.M., and Ugolini, S. Innate or adaptive immunity? The example of natural
killer cells. Science 2011, 331, 44—49.



