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Q oF H Ao Bty 2R E E2]3) gallic acid(GA)] 3t EAS H71elith Bdv] 25 GAE ~HER A4
(ESI-MS, 'H-NMR, and "C-NMR)¢l| |3} 725 wglom 3orado npgrol] 249k F2A17] F 815l 31 gallic
acid(GA; 20, 100 mg/kg p.o)< 14Y &< o s 3 A2 7|5 Stk g GAFY $ AFTHs), 9454, 1
Hgo] A wstel ko] Aslstd A g F73Sith AFEA GA AT A9 AT Wt @ 54 54 §lo] &
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Abstract This study examined the anti-cancer activity of gallic acid(GA) isolated from P. suffruticosa. was analyzed
by ESI-MS, 'H-NMR, and “C-NMR. The anti-cancer activity was evaluated by measuring the cancer size in CT-26
cancer-allograft mice treated with GA(100 mg/kg p.o) for 14 days. The change in body weight, acute toxicity, weight
change of the liver and spleen and biomaker of the liver were evaluated in the mice after the GA treatment. As a
result, the cancer size of the CT-26 cancer-allograft mice treated with GA decreased significantly compared to that
of the cancer mice without significant changes in weight loss (p<0.05) and acute toxicity. The weight of the liver
and spleen and ALT, AST and LPO levels increased by cancer were decreased significantly after the GA treatment,
and the GSH levels decreased by cancer were increased significantly with the GA treatment (p<0.05). Therefore, GA
could be an attractive lead for the development of anticancer agents.
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(Ranunculaceae)oll 453}
Andrews)9] 3 & A%
paeonoside, paeonollide, apiopaeonoside, oxypaeoniflorin,

B+ Paeonia suffruticosa
3k 71 © & paeonol, paeoniflorin,
benzoyloxypaeoniflorin, benzoylpaeoniflorin,
paeoniflorigenone, benzoic acid, resacetophenone, 3
—sitosterol, betulinic acid, oleanoic acid, quercetin, [3
—sitosterol, betulinic acid, B-sitosterol-B-D-glucoside,
trans—caffeic acid stearylester, mudanpinoic acid A,
mudanoside B 5] thdt sE-S $Hrata AvHel
o] 23l 3}3HE Fo| A paeonol, paeoniflorin, glycoside,
Fo3 AedAd dRow Ol—g:]
o) () HlE
E3} oeotAlElolE BE=o g Uﬂ%%—‘r
o] gidatad, Abge] WA R H eotaxin #
| Rz}, opdzole wEe] ol SR AAME
gell thgk Al a7t Bawlo] IrH7-12].
A gallic acid(GA)S} 1L FEAE2 b3 Al xE
oA =& S UEMIUTHIS-15] GAE AF A
Y (promyelocytic  leukemia)  HL-60A4] 3ol A
apoptosis®  FE3tn BHuEga, AlY  leukemia
63(HK-63) A1 A A M E5AS YERdTEIL Bised
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AR AL AHEE9T) 5-Fluorouracil(5-FU) <%
]—F(Ildong Pharmaceutical, Seocho-Gu, Seoul, Korea)]
0“7‘1 :TLUH O}'M

22 MESE
AYERE vH9-2 677 94 Bab/e 100 vl 2 5
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341815 E(Central Laboratory Animal, Seoul, Korea)ol|
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2.3 °*1H FE0 -E—El
@] 1 kg 70% oleHE 2 Lol FAske] A

2ol A 3¢ ] 3k M4 23] —iré ato] of 33 5 A4 55
g2 AT} o] AL hexane, ethyl
Tow FYsto] 2} £EE 11g 5 g
9ge ‘iiq o) ofghE FEE 9 o5 & 28
9] gtstedS A A3 butanol =2 1Cy
#rol 13 ug/mL=A 733k DPPH radical 2~ 84-S LE}
e o] butanoli&-¥ &S HIEHE-E [MeOH-water(0:1
—1.0)]S o]Fde skl YMC gel column
chromatography & 2 A8} 870 A& E(Fr. 1- Fr. 8)
S A} Z4zte] AR-Fo tiste] DPPH radical A7
A4S AAs A3} Fr. 2 £8(38 g)ol 50 pg/mLe &
ol A 50%0]4 73 radical 2484 YERI e
, olAE EREEXE-MEE-E [CHCl-MeOH-HO
(70:30:5)] = silicagel column chromatographyate] 5712]
28(Fr. 2-1- Fr. 2-5)& 493, o]F Fr. 2-3(1.9 g)°l
j&te] prep. HPLC [column: YMC-Pack ODS-A(20+250
mm, YMC), mobile phase; CH;CN-TLO(20:80), flow
rate! 3 ml/min, 254 nml& AA|ste] ThA] 27 9] 2 (Fr.
2-3-1 and Fr2-3-2) 0.2 Wolth Fr. 2-3-1008 g)&
o] A 10% oM EUO|EZ(CHCN)ZE prep. HPLC
[column: YMC-Pack ODS-A(20 x 250 mm, YMO),
mobile phase; CH:CN-H.O (10:90), flow rate: 3
mL/min, 254 nm]& AAJske] 2]k A3} tRe] 12423
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71 T 14906 28 Z7)e] SMET} FEH upSAES
Addstel 2t 25 109HY 41 A vk 10
_g_

% 5IF o2 UFAtHTable 1).

GA9} 5-FU= 87l 13] Azl Alztol] Fofshdal,

A2 14 FF A=Y= ek A 713 Hek 2o 14
I ko] 8H& A4S Y §HL

Alessandria G. 5©] ©]&3F Wl Cahper§ A3

Z4sgom, the B4 met ARLHIHIS]
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kel €4 (mm’) = o] x Unl* x 05

[Table 1] Group of mice treated with gallic acid

Group Administration
I Normal control
o Negative control
il 5-fluorouracil(20 mg/kg i.p.)
I\ Gallic acid(20 mg/kg p.o.)
A% Gallic acid(100 mg/kg p.o.)

+ Aravind SR. &
PBSY| &3l¥ GAE
500 me/ke, 2000 mg/kg S 5u-2) Bh§-2ol) ol F npS
o) A% W D TG oa B 102, 0%, 602,
1203, 4713, 6213, 24413k 27 0.2 gakste] 7Skl
oh A% FR F upeso] AYES V15eg o, LDy

o o1 k2ol 3 A

07 994 4 B2 F b

2.7 Msistd X|g gt

GA Fool g mpg-2 ko] As)ehH
alanine aminotransferase(ALT), aspartate aminotrans—
ferase(AST), lipid peroxidation(LPO), glutathione(GSH)
= AFFTE Fol HrtEAR

LPO+= Ohkawa2] ¥ el w2} thoobarbituric acid ®F
ol 98] 2A4389tH20]. 7+ homogenate:= thoobarbituric
acid 8 [SDS(81%, 0.2 mL), thiobarbituric acid(0.67%,

A %2

1.5 mL), acetic acid(pH 3.5, 1.5 mL), water(0.6 mL)]°]
W T 05°CoAlA] 1413 HHSAIZ] o Aol A st
=2 WL} o]o1A n-buthanol 5 mL& %7}k
2 =01 4000 revolutions per minute(rpm)ol] A 94
23}, organic layer?] &4%=% 532 nmollAl 438}
t} ¥FEA R TetracthoxypropaneS AH&319%)
el GSHe f4 Aled WH(enzymatic recycling
method)oll &13] H7stGtH21]. 5, 72 HCIO«(1 mol,
8 mL include 2 mmol EDTA)| A polytrondl] 2]&f 2|
3}l 21 homogenate= 5,000 revolutions per minute
(rpm)ol| A 53 ¢ dAlie] ¢ & 1 A5 HE st
Sth. 183, Semi-microcuvetteo] phosphate buffer
(phosphate 0.125 mmol, EDTA 6.3 mmol, pH 7.5),
NADPH (03 mmol, 07 mL), 55 -dithio-bis-
(2-nitrobenzoic acid)(6 mmol, 0.1 mL)& ¥ £33 5
Ao 4% W3] glutathione reductase (50
units/mL)& 7k $ 412 nmollAl S48

3 AST9 ALTE Reitman®} Frankel (1957)2] =
Hell o3 SAdstari22l @A 714 wkeds Hrtst
o] 37°CellM 1413 WEE-A1Z1 ¥ 24-DNPHE 3 7}ste]
Ao A 204 §HEAIZ T NaOH &9 o] 302

AAANZ % 50 nmel A FHEE AT

;E",HES_EL

3.1 CT-26 M= ¢ R ORANAM & 85

of ChEt 2

Fig. 12 vpg-2ef] 2494 5471
GA(20, 100 mg’kg p.o) S

Ae S48 Adolt), ALY GAE AEsHA] %2 o

TR (N ET) vk Aldo] Aol whEk qhe] &4 o]

A S718kE AoE YT ARl 5-FUE A e
3 259 Ae- 2 o] A7) kol wls) Alzte] A
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ol we} 7rAstg o, 229 o]F {FoAQ Aol
EStHp<0.05). GA 20 mg/ke Aelel 7
oF7ke] o] A9 ApolE YERAAINE kAl 1
Ste] A7 & Ao R vEtom tixat
2ol & YERA] eFskth GA 100 mg/kg &9
FUA AT vzaA o] &4 o] Folue
& Ao, 229 o] F izt Hls) oAl
15 e ATHP<0.05).

aotell et Ao AFeA GAx HL-60(human
promyelocytic leukemia cells) ¥ s 300 ymol 2]
ICy #& YER 3L, HeLathuman epitheloid carcinoma
cervix cells) A1l sl 358 pmol @] ICx 7S UERISL
tH23-25]. H8k A549(carcinomic human alveolar basal
epithelial) Al oA+ 100-200 pmol?] ICs S UER
ATH26].
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[Fig. 1] Anti-cancer activity of gallic acid in cancer
bearing Balb/C mice. CT-26 cells were
inoculated in Balb/C mice and then after 2
weeks the mice orally administered with 20
and 100 mg/kg of gallic acid once daily for 14
days. Cancer size was determined once per 2
days during tested period(a). Morphology of
mice after ending of test(b). 5-FU, 20 mg/kg
5-fluorouracil; 20 mgkg; GA 20, 20 mgkg
gallic acid; GA 100, 100 mg/kg gallic acid.
*Significantly different from cancer group
(p<0.05).

(a) Cancer size (b) Morphology of mice after
ending of test
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w ATl k2ol ARk FEAIZL 5 skl
g GA(20, 100 mg/kg po)s 149 S 7o & 5 ¢
A D718 54 A3} FUA S GAS AehA] &2
oF ()9 vk Al o] Aol whe ko] 2
717} A& 7k ov GA 100 mg/kg A 2ol -
A A vzl kel A77E EolEs Ae
& AT T3 GA 100 mg/kg AT o 271E
ol ¥l 159 §F 7)ol Hlgte] 229 o] F 14
Al Aole wERE A 2428k eHp<0.05).
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[Fig. 2] Body weight in Balb/C mice applied gallic acid
orally. 5-FU, 20 mg/kg 5-fluorouracil, GA20, 20
mg/kg gallic acid; GA100, 100 mg/kg gallic acid.

3.3 0RA9 24 =4 Et

uk-2of] GA 500 mg/kg? 2,000 mg/kge] Fol= s
o] Wzt 5] Wt glo] BAS dovA ¥ Ao
2 Uepskon, webd LDy #h APgE vhg-271 8171
wi-oll AR 4= AAAcHEig. 3.
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[Fig. 3] Effect of gallic acid on survival in mice. CT
26 cells were inoculated in Balb/C mice and
then after 2 weeks the mice orally
administered with 20 and 100 mg/kg of gallic
acid once daily for 14 days. Survival of the
mice was observed. 5-FU, 20 mgkg
S-fluorouracil; GA20, 20 mg/kg gallic acid,;
GA100, 100 mg/kg gallic acid.

3.4 GAQ| OtRAQ| Ztu} HIE 27|
o] Fd whe-2o] GAS 149 9k Foista
o] FRF Fol n}$-29] 7hy} wge] FA WIS
9 tHTable 21 7 A7 A upo-2o] 7he] A

ﬂ
r-III

AN

Mrooxl oo

095 golglon] o] FEd plei 105 go@ ok
Z7ksk ot ¥ e fo04 Aol itk 5-FU

FolA] 7re] A= 097 gol Bt GA 20 mg/kegd} 100 mg
/kg oI kel A= 096 g& YERITE &3 5-FU
1 GA FoIA] 2ke] FA| ®ighe o 1Fol w8l fo4d
Zpol= gtk

[Table 2] Effect of gallic acid on liver and spleen
weight in mice

Group Liver(g) Spleen(g)

Normal 09 * 006 0.09 = 0.01
Cancer 1.05 £ 0.01 0.33 + 0.01=
5-FU 097 + 0.02 0.30 + 0.02
GA20 096 + 0.01 0.29 + 0.06
GA100 096 + 0.04 0.11 + 0.02#

Each value represents the mean * S.DD.(n=10). *Significantly
different from normal group(p<0.05). #**Significantly different
from cancer group(p<0.05). 5-FU, 20 mg/kg 5-fluorouracil; GAZ20,
20 mg/kg gallic acid; GA100, 100 mg/kg gallic acid.

A2 mhg-2=o] v A= g
-2 033 g2 oA AolE e
(p<0.05). &A1 5-FU FoJA] vl7ge] FA7} 030 gol
AL, GA 20 me/keg FoIA v17ge] FAZE 025 g& UE

009 golaL, o] fat

igioy oF 1Fel vlE) fel Al Aol figith GA
100 mg/kg FAAA] Bl FAZE 011 g& 2 9 gl
v oA o2 7hastlcH Table 2).

Zhe theket o F- st sk oiAkE fg 8

@ 179 sptols] MEel 54 29 A
Ao] BLH27], & AFIA ol SJ31A] gbe] FoA= o
7 F7hER oY GAE TS o okt dashe As
& AT R WS R o Ftol oI 59
Ho= F7ksIN ey GA 100 mg/kg% Fogs uf £
S0z Ptk AL %+ AU TH T4 54
7t A GAS) 15%2] 2000 mg/kgs FAYS o =t
§2:9] @0} AF Wk flo] ARE e o
Sttt 1R E GAE v 548 UERA] oA <
o) $risl vh2se) sk wlge) A skl 244
e e Aow Az,

3.5 OrRA9| ZHollM Mslet™ X|# HI}

olo] =y m —?"‘ off GA 20 mg/ke, 100 mg/keS 14

Sol| plg-2~ 7ro R RE A3}
ol ALT, AST, LPO, GSHE =43 Zi=
Table 3o YERNSAT A w29 LPOE 464
nmol/golF ot o] fFiH w2z LPOE &5
nmol/gS SVt en, T gk fFoAQl AolE
YERAATHp<0.05). 5-FU 2 GA 20 mg/ke} 100 mg/kg
oAl LOPE 4} 66.2, 554, 50.3 nmol/g 0.2 7+4314
o ot 2FF A FoH FaE YERAE A
A} mhe-29] GSH, ALT, AST+= 2+ 6.1 umol/g, 206.2
Unit/mL, 161.3 Unit/mL& Yehidch & nlg-2~9] 7
% GSH, ALT, AST+ ZH7}F 3.1 umol/g, 404.4 Unit/mL,
379.1 Unit/mLo2 WERal, GSHE A4 vhg-20f 4
A frolHo g Fhastgon ALTS ASTE A4k nf
G20 HlEjA fro)d o 78 tHp<0.05). 5-FUsk
GA 20 mg/kg FolA GSHE °F7F kst ot ¢F vl
229} H)WA] oAl Zfol= YERYA] 2Fkar, GA 100
mg/kg FoIAl oF whg-2=ofl HI|A] fo)H QA Apol & vE}
WHA GHSE =9thp<0.05). 5-FUSH GA 20 mg/ke,
100 mg/kg FolA] ALTS} ASTS ¢F vh$-20]] HlaiA]
oy oz A ATHp<0.05).

A Abo] F7h ks ol AlaEle] ThAae
54 ~Ef 22 g, oye itsy ~EH A
B2 A3ke] dlle] = Aoz A 28] LPO

o[

6219



FEAS71E8 8] =2 A Alsd A0E, 2014

2 ufEE 24

on GSHi= %2 ©z1184
ol diaiA AEE B3s)
HalAl = oA 9l[29]. whebd GSHE
= A E s e nhA R de] ARE
X]JOIE} 3 ASTS} ALTE 7H5A 9] As}st
A=A AREE I YTH30L 2 ATelA ke fr
718 LPOE= GA 20 mg/kg?} 100 mg/kg o
of oJaf froj & o= 7HA3k9] 0 (p<0.05), ¢l izl
of3fl 7ha¥ GSHE GA 100 mg/kg Foioll <Js) f-21%
0% F7FAtHp<0.05). ®3k Sl 93] F7ke ALT
o} AST+= GA 20 mg/kg 2 100 mg/kg ool <3l -2
Ao 7AsUTHp<0.05). ZHEE GAE ol 93
FEHE o] Astet ARES AGAR] FEOE &

wol dee a Aow Azkd.
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[Table 3] Effect of gallic acid on LPO, GSH, ALT and
AST levels in liver of mice

Group LPO GSH ALT AST
(nmol/g) (mol/g) (Unit/mL) (Unit/mL)
Normal | 464 + 14 | 61 £ 03 2062 = 45 161.3 + 51
Cancer | 825 + 24%| 31 + 0.7+ | 4044 + 6.7* 379.1 + 4.2x
5-FU |652 = 68+« 38 £ 04 | 3143 + 37+x |2704 + 57*x
GA20 | 554 + 9« | 39 + 09 2076 £ 79%x |201.1 + 5.7

GAI00 |50.3 £ 424+ | 59 + 14w« | 2159 £ 54w+ 1963 £ 2.1

Each value represents the mean * S.D(n=10). *Significantly
different from normal group(p<0.05). #**Significantly different
from cancer group(p<0.05). 5-FU, 20 mg/kg 5-fluorouracil; GAZ20,
20 mg/kg gallic acid; GA100, 100 mg/kg gallic acid.
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