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Effect of Glycyrrhetinic acid on the Cell Death of
Transplanted-L1210 cells in Mice
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Abstract—These experiments were investigated effects of the cell death of glycyrrhetinic acid (GA) on
transplanted-11210 cells in BALB/c mice. The GA suppressed the proliferation of L1210 cells in vivo and
in vitro system. The administration of GA induced apoptosis of transplanted-1.1210 cells via the reduc-
tion of mitochondrial transmembrane potential in mice. The GA enhanced the production of nitric oxi-
de in peritoneal macrophages obtained from L1210 cells-transplanted mice. The apoptosis of L1210 cells
were induced by co-culture of the macrophages obtained from GA administered mice and L1210 cells in
vitro, and was partly inhibited by the treatment of L-NMMA. These results suggest that GA induces the
cytotoxicity and the apoptosis of transplanted-L1210 cells via the production of nitric oxide in per-

itoneal macrophages.
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noma ME 32| AAZE T GHE F24] JA|REo]
Slgo] R OH,

E AR5 AR A glycyrrhizine] 129 L1210
A ¥2] apoptosisE FE311 S-S B33 Ho 3t
GAE glycyrrhizin®] 71553 Ho] A€ 2=z ¢
M X 52 A 2-8-0) glyeyrrhizin B} ZHsicin &
#HA it w2 AFM = GA T 93t o]
® L1210 M} A EAL) ofgt 28 7)d-e sk
2} mouse leukemia cell-line?! 11210 A ¥& BALB/



584 2AE - d A - 939 - 3%
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dod, Ade] AT 9 71K &5 2242°C, §%
50£5%, HAF717F 1287k A olA 118 pel-
let AE2} B-& 22 o] HH A A ARSI

Al%F A J17] - A2k glycyrrhetinic acid, DME,
RPMI 1640, propidium iodide, carbonylcyanide m-
chlorophenylhydrazone(mCICCP), 3,3"-dihexylo-
xacarbocyanine iodide(DiOCq), MTT, lipopolysa-
ccharide(LLPS, 026 : B6), vinterferon(y-IFN, Hur-
IFN), NG-monomethyl-L-arginine(T.-NMMA), N-
naphthylethylenediamine-2HCI, lucigenin, zymo-
san< Sigma Co., FBS, thioglycollate®= Difco Co.
FE AMEEtE e, ZEE Aok AEuidg 2 19 Al
ok2- ALR3L5It). 7171 microplate reader(Dynate-
ch MR5000), laser flow cytometer(Coulter, EP-
ICS-XL), CO, incubator(Vision Co.), luminome-
ter(Berthold 96LP), inverted microscope(Nikon
Co.) & AH3kT).

L1210 HZ9| FAls &3 - o]4€ L1210 A%
Z4lo)| w|x]= glycyrrhetinic acid(GA)9] 943 ¢
ol® 7] 913 Mosmann®o] 7jitated Kotnik”So] ¥
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1x10° cells® transwelldll ¥ol LPS 1 pg/mis}
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IFN 25 units/mi€ d7FbAG H7belA] @& =3
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W o2 DNA fragmentations 2431928, NOS
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(NO)%2 Griess Aleke 2 2431t ? &, x| 100
Wt CGriess reagent(1% sulfanilamide+0.2% N-
Naphthylethylenediamine 2HCl+2.5% H,PO,)
100 wE &3t 9%6well platedl Wi 570 nmoilA
microplate reader® F3=E 43t g AT
NaNO.9] A%l 3] NO 4 FA33ich
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ol21g Aarl L1210 AE dis) GAS AHHQ A
FEMAE FA3ly] 151, In vitroAldA L1210
A Eo i AXEPELEE T 43 L1210 AX
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Table I — Effect of glycyrrhetinic acid on the cell viabi-
lity of transplanted-1.1210 cells in mice

GATJ} O|AjEl L1210M|Z2| mitochondrial transmem-
brane potentialOf] O|X= &2} ~ BA A M FEAL] T
ol AR AR £A47F Y=d respiratory
chaine] A#=le] ATP7t AA= I mitochondrial
transmembrane potential®] Z4® g W54
o] M3}% 7 mitochondria®] swellingo] YojubEA|
AEA} A= Aoz g gk 43 Bl
ol4jg L1210 AlXe mitochondrial transmem-
brane potentiale]l WZol H]s] GA FodZollA 7
2EchE AL, olAE L1210 Al¥7F GA Tl 9
3 279l apoptosis7t FEH I Y& oJnjsh= Ao)
tH(Table II).

GA7J} O]AIE! 11210 M{ZO| DNA fragmentation0j} 0]
X &8 - A7 B ol4d" L1210 AlF2] DNA
fragmentation2 ZEFo| vlsld GA FoATolA
38 o] Z7189tH(Table IID). ©l& GA7} 17»:} °“ o]
218 L1210 A2} apoptosisE 3L §
3= Ao}, A7kl WhE apoptotic Bl 3§k 2HA
T 714 3 478 dHojr.

GAR R0{8t §2} macrophage?} L1210 M| XS] co-
cultureA| L1210 M|E2| DNA fragmentation0j| O]|X|

Table H— Effect of GA on mitochondrial transmem-
brane potential of transplanted-1.1210 cells
in mice

Samples Mitochondrial transmembrane potential (%)
of transplanted-L1210 cells

Control 949+0.3
GA 70.1+0.6*

Cell viability (%)

Samples

24 h 48 h
Control 100.0£2.2 100.0+£1.8
GA 67.1+3.5" 55.4+3.2*

Glycyrrhetinic acid (GA, 0.1 mg/mouse) was ad-
ministered p.o. for 7 days, and L1210 cells were tran-
splanted ip. at the first day. The cells were cultured
for 24 h. or 48 h. in CO; incubator at 37°C. The data
was represents the mean*SE from 5 experiments.

* Significantly different from control group (p<0.001).
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The cells were stained with DiOCs, and the potential
was determined by a flow cytometry. The data
represents the mean+SE from 5 experiments.

* Significantly different from control group (p<0.01).

Table Il — Effect of glycyrrhetinic acid on DNA frag-
mentation of transplanted-L.1210 cells in

mice
DNA fragmentation (%)
Samples of transplanted-1.1210 cells
Control 10.0+1.4
GA 32.9+3.1*

L1210 (2x10° cells/mouse) cells were transplanted to
BALB/c mice, and GA (0.1 mg/mouse) was ad-
ministered p.o. once a day for 7 days. The cells were
stained with propidium iodide, and DNA content
was determined by a flow cytometry. The data was
represents the mean*SE from 5 experiments.

* Significantly different from control group (p<0.001).
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Table IV—Effect of GA on DNA fragmentation of L
1210 cells in co—culture of peritoneal ma-
crophages obtained from GA-administered
mice and L1210 cells in vitro

DNA fragmentation (%)

Samples Norrtreat- Treatment of Treatment of

ment of LPS  LPS and LPS, yIFN

and YIEN YIFN and L-NMMA
Control 12.8+1.8 23.2+x1.2 16.4+1.5"
GA 25.8+1.4" 40.3+2.2* 31.6+1.7

GA (0.1 mg/mouse) was administered p.o. for 7 days,
and then peritoneal macrophages were collected. The
macrophages were cultured with LPS and YIFN in 24
well plate, and L1210 cells were cultured in trans-
well. Each bar represents the mean+SE from 5 ex-
periments.

* Significantly different from control group (p<0.01).

? Significantly different from LPS and YIFN treated

group (p<0.05). L-NMMA; 0.5 mM/well.

= & - 439 E7 macrophage® transwell&
o]-gsle] 11210 ME$} coculturer] L1210 AEL]
DNA fragmentation2 thZZoiA LPS9} +IFNE
A AE F7IdeH, GAE A% ddAE
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NOS inhibitord] N°%monomethyl-L-arginine(L-
NMMA)E 8§ 72 DNA fragmentationo] &4
HArHTable IV). GAE T3 AF 9 macrop-
hage$} L1210 A XE co—culture 3192 o, macrop-
hagedll LPS% vIFN& X 2lakA] g¢hs = 11210
AIZ 8] apoptosis?t FEHUTHE 7S GAZE AA W)
oA macrophageg A=3t NO A4S 2353 9l
-2 oju)sin, -NMMA &J3] 1.1210 Al ¥} apop-
tosis7} YR QA F Ak A& L1210 M X2} apop-
tosis Fr=ol NO7} et Fdsta e Alrkeke

Roltk, RPN glycyrrhizing FAAloE L-NM-
MAl ¢Jaf <k 78% Hx o]A€ L1210 HI¥E2] apop-
tosis7} AAIEJE=H GA FAA M= ¢ 63% Hx 9
AH A, ol GA Fodl o3& A== NOY] gly-
cyrrhizin Aol A= NOF Hrh 42 A= ¢
o] HAA W, TNF-as} 22 the £3o] L1210 Al
¥9] apoptosisoll ¥zt 9i7] WEolet F=7] w
Fol 2AF 714 thekdl apoptotic biomarkerg ©|
L3l 35 A ojof & Aot} 1y B A
A= NO releasing compound?! NOCel 2]3 do-
se-dependent3}Al apoptosis® G711 ¥ E7} ma-
cropahgeZ%E A€ NO7} FUHES] apoptosis
g #=8pa " ol2i@ 242 L-arginined 5@
T2 7H L-NMMA® o3 AR8che 2us &
Algt Anjet Als g

GAJ} L1210 M| X3 OfAE M &2} macrophage
2EE NO 440f| 0jxl= &3} - GA T 28 &
7& macrophage2 58 JA44=E NOd| <3 L1210
Aol apoptosis7t FEHEAE 18] 2o
NO%¥E &33ltt. GA 5o ®£& L1210 MEE 0}
29 0)AFHHE W NO Aol F1gRer, L
1210 MZE o]4g nl¢-2o GAE F939E &=
NO AAo] GA =& L1210 A¥ @5 AgA 2o} &
A3 F7HEAL, LPSS vIFNE H3ue de
NO AAe] v 7= ol 4" NOE L-
NMMA®] &J3) 2= AtHTable V). ©]21$ Hal=
glycyrrhizin ® GA7} human T-lymphocytell A
YIFN9 A4¢& £18tH= Bu”9 yIFNS mu-
rine macrophage®# NO A& &gt By
<} v)wEtHE o, GA 94 NO Aol £3¢8 Ax
o|¢} v]&=3t 71 o8 2 =l «ddr) &

Table V— Effect of GA on the production of nitric oxide from peritoneal macrophages in mice

Nitric oxide (uM)

Samples Non-treatment of Treatment of Treatment of LPS,
LPS and YIFN LPS and YIFN YIFN and L-NMMA

Control 1.5+0.1 11.2+0.6 1.8+0.1

L1210 15.5£1.8* 25.7+2.6" 55104

GA 20.3+1.6™ 31.2+1.9" 4.3£0.6

L1210+ GA 43.2+3.2 52.4+3.9° 8.7+1.2

GA (0.1 mg/mouse) was administered p.0. once a day for 7 days, and L1210 cells were transplanted ip. at the first

day. Each bar represents the mean+8E from 5 experiments.

* Significantly different from control group (*; p<0.01, **: p€0.001). * Significantly different from L1210 cells-tran-

splanted group (p<0.01).
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cetic acid”’} macrophageZ%¥E NO A& 243
o PIAE-S Epdch: Ay Ao ¥<d A5
o]t} Hibbs 57¢ 479 BCGE ¥<I8}i ma-
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A& 2A% AR A5 AT 7= A, &
Aol Buel viwd w NO7t 4% #staL &
& ANABRE A3 8 4 gtk GA7F o]41€ L1210
Aol 8] cytotoxicity % apoptosis F=2-8-0] 3l
L& gQlaty7idl, 3% Pl 2 Annexin VZ double
stainingd}d & t} AAg 714 & AFE Aol

3 B2
L1210 MEE o33+ AF ol GAE Foj3hd ojag
11210 A= 2] cytotoxicity ¥ apoptosis7t FEHA
on o}¢} g+ 27} macrophageZHE AAE
nitric oxide’} Y #AAst oty Al EL}

2 s

=R 19989 A gte shedT2Au
o Ao ool ZA=FIT

lriﬂ:

IS
o

8

211

1) A. H. Willie, J. F. R. kerr, A. R. Currie : Cell
death: The significance of apoptosis. Int. Rev. Optal.,
68, 251 (1980).

2) S. H. Kaufmann : Induction of endonucleolytic
DNA clevage in human acute myelogenous
leukemia cells by etoposide, camptothecin, and
other cytotoxic anticancer drugs: a causionally

Vol. 42. No. 6. 1998

note. Cancer Res.. 49, 5870 (1989).

3) R. Bertand, M. Sarang and J. Jenkin ® Dif-
ferential induction of secondary DNA frag-
mentation by topoisomerasell inhibitors in hu-
man tumor cell lines with amplified c-myc ex-
pression. Cancer Res., 51, 6280 (1991).

4) H. Nishino, 8. Shibata, K. Hirabayashi : Anti-
tumor promoting activity of glycyrrhetinic acid-
related compounds. J. Kyoto Pref. Univ. Med ., 95,
1563 (1986).

5) H. Nishino, K. Yoshioka, A. Iwashima, H. Tak-
izawa, S. Kunishi, H.Okamoto, H. Okabe, S. Shi-
bata, H. Fujiki and T. Sagimura : Glycyrrhetinic
acid inhibits tumor promoting activity of teleo-
cidin and 12-o-tetradecanoylphorbol-13-acetate
in two stage muose skin carcinogenesis. Japanese.
J. Cancer Res.(GANN), 77, 33 (1986).

6) H. Abe, N. Ohya, K. F. Yamamoto, T. Shibata,
S. Arichi and S. Odashima : Effects of gly-
cyrrhizin and glycyrrhetinic acid on growth and
melanogenesis in cultured B16 melanoma cells.
Eur. ]. cancer Clin. Oncol ., 23, 1549 (1987).

7) J. S. Eun, J. Kwon and C. H. Oh : Effect of gly-
cyrrhizin on apoptosis of transplanted-1.1210
cells in mice. Yakhak Hoeji, 42(3), 324 (1998).

8) T. Mosmann : Rapid colorimetric assay for cel-
lular growth and survival application to prol-
iferation and cytotoxic assays. J. Immunol.
methods, 65, 55 (1983).

9 V. Kotnic and W. R. Jr. Fleischmann : A simple
and rapid method to determine hematopoietic
growth factor activity. J. Immunol. methods, 129, 23
(1990).

10) N. Zamzami, P. X. Petit and G. Kroemer :
Reduction in mitochondrial potential constitutes
an early irreversible step of programmed lym-
phocyte death in vivo. J. Exp. Med., 181, 1661
1995,

11) I. Nicoletti, G. Migliorati, M. C. Pagliacci, F.
Grignani and C. A. Riccardi : Rapid and simple
method for measuring thymocyte apoptosis by
propidium iodide staining and flow cytometry. J.
Immunol. Methods, 139, 271 (1991).

12) K. A. Rocket, M. M. Awburn, W. B. Cowden,
and 1. A. Clark : Killing of Plasmodium falciparum



588 <A

i

H R -JHE 3%

in vitro by nitric oxide derivatives. Infect. Immunity,
59(9), 3280 (1991).

13) S. Motomu, 1. Tetsuya, O. Akitoshi, T. Nobuyuki,
M. Takashi, H. Takashi, and Y. Ikuto : NOC, A
nitric oxidereleasing compound, induces dose de-
pendent apoptosis in macrophage. Biochem. and
Bigphys. Res. Commun., 209(2), 519 (1995).

14) J. E. Albina, S. Cui, R. B. Mateo and J. S, Re-
ichner : Nitric oxide-mediated apoptosis in mu-
rine peritoneal macrophages. J. Immunol,,
150(11), 5080 (1993).

15) C. Shijun, S. R. Jonathan, B. M. Romeo and E.
A. Jroge  Activated Murine Macrophages In-
duce apoptosis in tumor cells through Nitric ox—
ide-dependent or independent machanisms.
Cancer Res. 54, 2462 (1994).

16) T. R. Billiar, R. D. Curran, B. G. Harbrecht, D.
dJ. Stuehr, A. J. Demetris, and R. L. Simmons :
N%Monomethyl L-arginine inhibits endotoxin-
induced Nitrite/Nitrate biosynthesis while pro-
moting hepatic damage. J. Leu. Bio., 48, 565
(1990).

17) M. Shinada, M. Azuma, H. Kawai, K. Sazaki, I.
Yoshida, T. Yoshida, T. Suzutani and T. Saku-
ma : Enhencement of y-interferon production
in glycyrrhizin—treated human peripheral lym-
phocytes in response to concanavalin A and to
surface antigen of hepatitis B virus. Proc. Soc.
Exp. Biol. Med., 181, 205 (1986).

18) Y. Kondo, and F. Takano : Nitric oxide pro-
duction in mouse peritoneal macrophage enhanc-
ed with Glycyrrhizin, Biol. Pharm. Bull., 17(5), 759
(1994).

19) L. L. Thomsen, L. M. Ching and B. C. Baguley :
Evidence for the production of nitric oxide by ac-
tivated macrophages treated with the antitumor
agents flavone-8-acetic acid and xantherone-4-a-
cetic acid. Cancer Res., 51, 6073 (1991).

20) J. B. Hibbs, R. R. Tainter and Z. Vavrin : Ma-
crophage cytotoxicity role for L-arginine deam-
inase and imino nitrogen oxidation to nitrite.
Science, 235, 473 (1987).

21) C. Nathan : Nitric oxide as a secretory product
of mammalian cells. FASEB. ], 6, 3051 (1992).

J. Pharm. Soc. Korea



