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Anti-tumor Activity of Saponin Fraction of Platycodon gradiflourm
through Immunomodulatory Effects associated with
NO production in RAW264.7 cells
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Department of Herbal Medicine Resource, Kangwon National University, Samcheok 245-907, Korea

Abstract - Platycodon grandiflorum (Korean name, Doraji) has been widely used in traditional herbal medicine as an
expectorant for pulmonary disease and a remedy for respiratory disorders in Asia. Here, we investigated the effects of BtOH
extract saponin fraction of P. gradiflourm (PGS) on phagocytosis and anti-tumor activity with related cytokine productions
in RAW264.7 macrophage cells. The results showed that PGS increased phagocytosis, anti-tumor activity, TNF-a and nitric
oxide (NO) production without direct tumor cell cytotoxicity. To further investigate whether NO is involved in anti-tumor
and phagocytic activities of PGS, cells were co-treated with specific iNOS inhibitors, L-NIL (N6-(1-iminoethyl)-L-lysine,
dihydrochloride), to block NO production. PGS decreased anti-tumor activity in L-NIL-treated cells, whereas phagocytic
activity was not inhibited under the same conditions, indicating that the anti-tumor activity by PGS appears to be conducted
by NO. These findings suggest that P. grandiflorum could be used a potential nutrition therapeutic agent for cancer patients.
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|71 gk A3 A vEe Aotk Han er al,
2000; Han ef al, 2001; Ishii ef al, 1981, Ishii ef al,
1984; Noh et al., 2010).
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RAW264.7(murine macrophage cells), B16(murine
melanoma) A+ American Type Culture Collection
(ATCC, Manassas, VA)olA 7431, 10% FBS, 1% penicillin
—streptomycin(10,000 U pen/mL, 10,000 ug strep/ml)
< 78 RPMI 1640(GIBCO BRL, Grand Island, NY)
Hj <ol -2 wjekald o 37°C, 5% COp 212 FA18H
o} AR Al9FES 5 Qdgo] gl K7 Sigma-—

Aldrich Co.(St Louis, MO, USA)dIA F+¢i8k3it).

Ao YEF
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210 pg/mLe] HFsEA F7kISith 18y PGS
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Fig. 1. (a) The effect of PGS (saponin fraction of P.
gradiflourm) on RAW264.7 cell viability. RAW264.7 cells
were treated with PGS for 24 hrs. The cell viability of PGS
was assessed by MTT assay. Cell density was measured at
540 nm. The results are mean + S.E.M of quintuplicates from
a representative experiment (**p<0.01; significantly different
from the control).
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Fig. 2. (a) The effect of PGS on macrophage-mediated
tumoricidal activity. (b) The effect of PGS on macrophage-
mediated tumoricidal activity in the presense of NIL. RAW264.7
cells were pretreated with various doses of RGS and co-
cultured with B16 target cells for 24 hrs. The macrophage-
mediated tumoricidal activity of RGS was assessed by MTT
assay. Cell density was measured at 540 nm. The results are
mean + S EM of quintuplicates from a representative experiment
(*p<0.05, **p<0.01; significantly different from the control.
"P<0.05: significantly different from the PGS-treated group).
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(nitric oxide; NO)&= &2l sl 54 Yehll=
A7 Az Jrk(Hibbs er a/, 1998; Hamsa and Kuttan,
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FATH(Fig. 4). tAAIES] Edstol ofste] eta et
2] sEo] 3 A YehE A1 ofy ARl E4%5 9
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tHAdams et al, 1984; Nathan, 1987; Vishvakarma and
Singh, 2010). PGS+ ti2lA 2] I gafe} B25S
HA(EE 9 7o Aelsike gk 9=t
77} b2 A YeRdt) 53] §24150] S7FHA & 10 ng/
mL PGS Ag]stellA detav= 7P A Yeldth o
2]k A7k= PGS Ap=ol| oJ8) S7e= tiAAEe] skt
zhgo] Bl 7ol ek a3 tE NO 58 ¥33t
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Fig. 3. The effect of PGS on the production of NO by
RAW264.7 cells. Cells were treated with various doses of
PGS for 24 hrs. The 24 hrs-conditioned media were collected
for NO;, assay. The results are mean = S.E.M of quintuplicates
from a representative experiment (**p<0.01; significantly
different from the control).
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Fig. 4. The effect of PGS on the phagocytosis of RAW264.7
cells. Cells were treated with various doses of PGS for 24
hrs. RAW264.7 cells were then incubated with 5x10° particles
of zymosan and 0.6 mg/mL of NBT. Phagocytosis was
measured at O.D. 540 nm. The results are mean + S.EM of
quintuplicates from a representative experiment (*p<0.05;
significantly different from the control).
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NO % TNF—a HAZ2d 93 FAS2HE
NO @ TNF—a¥ F2 LPSoﬂ fﬂsz A= A A 27}
AS FEE o Fujshs EERE 4HA rk(Strieter
et al, 1993). PGS9 ?ﬂ_@]}_@&& <o dATaHN7} 3l
=] golal7] ¢ste] LPS/IFN—yE A gdfo] 219z or
00 o]0y ]—! GS% 711?43}04 NO % TNF—a &A|

E:}OJ—OE

%Jr LPS/IFN—voﬂ PGSE
< o, PGSolA NO #H]7}
SAAYA %4*& UAl Fasl o TNF—a2] AL
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t
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s . B B .
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21| - - I I [
0 T T T
0.1 1 10 PGS (pg/ml)
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(b)
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TETEEEa— | < B-actin

Fig. 5. (a) The effect of PGS on the production of NO by
RAW264.7 cells in the presense of LPS/IFN-y. Cells were
treated with various doses of PGS in the presense of LPS
(4 ug/mL) and IFN-y (40 unit/mL) for 24 hrs. The 24 hrs-
conditioned media were collected for NO, assay. (b) The
effect of PGS on the production of TNF-a by RAW264.7
cells in the presense of LPS. RAW264.7 cells were treated
with PGS in the presence of LPS (10 ug/mL) for 24 hrs.
Total protein was extracted and subjected to Western blot
anaysis for TNF-a production in protein level (*p<0.05;
significantly different from the LPS/IFN-y-treated group.
"P<0.05: significantly different from the untreated group).



i ZEHEE Korean J. Plant Res. 24(5) : 557~563(2011)
AAE A L3tk PGS &) ol A NOo| En]d A7} 3
3] EREA] e¥9kar, @A) TNF-a] 242 g9
a4 ure] FHer) Ao 7 oY= i S FQ
29 aEd) 2|, PGSe] AT A= 2 Ak
29 == el Yepdtla AzkEc

A

ko

N

o
>~

]_

a3te] g)2lA)

O E]—}\l X]—.Q. 6(}%1—3}—%,

o vz

to

Z1NO #H]e i?ﬁ sk o, PGSOﬂ AoH NOA A
S7FHE gkt &gk PGS7F NO A4 AAIA
% Ftasprf e 9 B
Ao M, PGS 10 pg/mLolA UeRd o2 A9
gt av= A5 NO A4 2 Fajol] <3t 28 71AdY9S
qu‘zr E} PGSJ UqOﬂzﬁzHl = z‘s}oﬂz‘ﬁjﬂr Nﬁdoﬂ/ﬂ
= PGS7} 580l A #atA ¥ NOE tha oAl
= AEgS HSlon, ﬂ?ﬁ ’éé@oﬂﬁ Ed 4= &
#% TNF—a Z4do=

Z3H7 0l 4 <] TNF—a%*xﬂiéoﬂ
U TNF—a&= dUEAZE deA] Qo= 5 PGS
ot g o] thek Aol TNF—a2] Aol #3k At
NOE wiZliete &t &3 ool th2 7|dS sl ¢
As Fow HAY) o]yd AR5 PGS7F &8
H2A 2 HAR A =N 8o L 7540l

AL HojFr}

A9 A4 Gsto

et

Adams, D.O. and T.A. Hamilton. 1984. The cell biology of
macrophage activation. Annu. Rew. Immunol. 2:283-318.

Hamsa, T.P. and G. Kuttan. 2011. Evaluation of the anti-
inflammatory and anti-tumor effect of ipomoea obscura
(L) and its mode of action through the inhibition of pro
inflammatory cytokines, nitric oxide and COX-2. Inflam-
mation 34(3):171-183.

Han, LK., B.J. Xu, Y. Kimura, Y. Zheng and H. Okuda.
2000. Platycodi radix affects lipid metabolism in mice with

high fat diet-induced obesity. J. Nutr. 130:2760-2764.

Han, S.B., S.H. Park, K.H. Lee, C.W. Lee, S.H. Lee, H.C.
Kim, Y.S. Kim, H.S. Lee and HM. Kim. 2001. Polysaccharide
isolated from the radix of Platycodon grandiflorum selectively
activates B cells and macrophages but not T cells. Int.
Immunopharmacol. 1:1969-1978.

Hibbs, J.B., R.R. Taintor, I. Vavrin and E.M. Rachlin. 1998.
Nitric oxide: A cytotoxic activated macrophage effector
molecule. Biochem. Biophys. Res. commun. 157:87-92.

Ishii, H., K. Tori, T. Tozyo and Y. Yoshimura. 1984. Saponins
from roots of Platycodon grandiflorum. Part 2. Isolation
and structure of new triterpene glycosides. J. Chem. Soc.
Perkin. Trans. I 661-668.

Ishii H., K. Tori and Y. Yoshimura, 1981. Saponins from
roots of Platycodon grandiflorum. Part 1. Structure of
prosapogenins. J. Chem. Soc. Perkin. Trans. I 1928-1933.

Jofre-Monseny, L., S. de Pascual-Teresa, E. Plonka, P. Huebbe,
C. Boesch-Saadatmandi, A.M. Minihane and G. Rimbach.
2007. Differential effects of apolipoprotein E3 and E4 on
markers of oxidative status in macrophages. Br. J. Nutr.
97:864-871.

Kang, N.S. and E.H. Sohn. 2010. Immunomodulatory Effects
of fructus and semen from Rosa rugosa on macrophages.
J. Korean Plant Res. 23(5):399-405 (in Korean).

Nathan, C.F. 1987. Secretory products of macrophages. J.
Clin. Invest. 79:319-326.

Noh, J.R., Y.H. Kim, G.T. Gang, K.J. Yang, S.K. Kim, S.Y.
Ryu, Y.S. Kim, C.H. Lee and H.S. Lee. 2010. Preventative
effects of Platycodon grandiflorum treatment on hepatic
steatosis in high fat diet-fed C57BL/6 mice. Biol. Pharm.
Bull. 33:450-454.

Ouyang, K., L. Chen, H. Sun, J. Du and M. Shi. 2011.
Screening and appraisal for immunological adjuvant-active
fractions from Platycodon grandiflorum total saponins. in
press.

Shen, B., M. Hagiwara, Y.Y. Yao, L. Chao and J. Chao.
2008. Salutary effect of kallistatin in saltinduced renal
injury, inflammation, and fibrosis via antioxidative stress.
Hypertension 51:1358-1365.

Strieter, R., S. Kunkel and R. Bone, 1993. Role of tumor
necrosis factor-alpha in disease states and inflammation.
Critical. Care. Medicine 21:S447-S463.

Tada, A., Y. Kaneiwa, J. Shoji, S. Shibata, 1975. Studies on
the saponins of the root of Platycodon grandiflorum A.
De Candolle. I. Isolation and the structure of platycodin-D.

-562 -



Chem. Pharm. Bull. 23:2965-2972.

Vishvakarma, N.K. and S.M. Singh. 2010. Immunopotentiating
effect of proton pump inhibitor pantoprazole in a lymphoma-
bearing murine host: Implication in antitumor activation
of tumor-associated macrophages. Immunol. Lett. 134:83-92.

Zhang, L., H. Zhu, Y. Lun, D. Yan, L. Yu, B. Du and X.

-563 -

Zhu. 2007. Proteomic analysis of macrophages: a potential
way to identify novel proteins associated with activation
of macrophages for tumor cell killing. Cell. Mol. Immunol.
4(5):359-367.

(A5 2011.7.4; 7489 2011.8.24; A& 2011.9.14)



