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Effect of Phytolaccae Radix on the Proliferation of
Transplanted-L1210 cells in Mice

Mi Sook Han, Chan Ho Oh', Jae Soon Eun*

College of Pharmacy, 1:College of Science and Technology, Woosuk University

Cellular death by apoptosis is an active process, depending on gene transcription and protein synthesis. It was
reported that nitric oxide can induce apoptosis in several cancer celllines. We studied effects of Phytolacca
esculentum van Houtt (Phytolaccaceae) Radix water extract (PRE) on the proliferation of transplanted-L1210 cells in
mice. When PRE (500 mg/kg) was administered orally once a day for 7 days after transplantation of L1210 celis to
mice, DNA fragmentation of transplanted-L1210 cells was induced and mitochondrial transmembrane potential of those
cells was reduced. Additionally, DNA fragmentation of L1210 cells was induced by the treatment of PRE in vitro. Also,
DNA fragmentation of L1210 cells was enhanced by co-culture with the peritoneal macrophages obtained from
PRE-administered mice and was partly inhibited by L-NMMA in vitro. PRE enhanced the production of nitric oxide and
tumor necrosis factor- & from peritoneal macrophages. These results suggest that PRE induces apoptosis of transplanted-L1210
cells via directive action on L1210 cells and stimulation of nitric oxide and tumor necrosis factor-a from macrophages.
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45 (Phytolacca esculentum van Houtt)}2 &3
(Phytolaccaceae)ol] 431, HJEOZE quercimetrin, jaligonic
acid, esculenic acid, acinosolic acid, phytolaccoside B,
pentacyclic triperpenoid, phytolaccagenic acid S TR 4£0]
geigon™, orlalgo gt 4gY, W gusiaalg’ §
o] BTt Nitric oxide (NO)= L-arginined) NO
synthetase (NOS)7} Z+&310] =M, Y&B NOE QA EY
FAlg AdHsle ASE Leld Ut MacrophagedliA] A4
NO%= mitochondria function 2 DNA synthesis& &5k T}
2F5} cytostatic ! cytotoxic effectE Uehm®, ws), apoptosis
g £Wsk= AOE BAHUCY. B gRES #x9 FHE
glycyrrhizin 2 glycyrrhetinic acid7} 57} macrophage25E]
NO 4 & FL3IA ojalg ML apoptosisE FXIgHE B
askem™, A2, 22 @ omaf zzEr =27
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apoptosis§ EXgHE olv] B v} Yok A2, 2V 4S
E FEEE 4Fo] R4S W B4 macrophageEFE] NO
Aol EXEE HUIRrh WEii] 2 AfdMe 48 E &
E50] YA R Flof p|RlE G BESIAUAL, WEE A=Z
T L1210 A ZE olAgH MFol 4T E FEEE 17UV
TEA8H £ 0]2)F L1210 A XS] DNA fragmentationg 23}
ot L3 0]9] AE7IHE BRISHIAL macrophageZ2FE] 2
Bl%)+&= nitric oxide W tumor necrosis factor- ¢ 8 &+ &3
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1. 4ESE

Aol A B BALB/cAHl 7 6 FEE UITHIE S
BojlA] FBIA, 2 20+2 °C, §& 50+5%, dark/light 12 A]
19 20l 1 7Y o]4 AP U HEARI F AIEIINS
o, I8AES BE AR2EHA HASIESE sKict

2. AjeF 9 717)
Aflol AKBE A]}2  Dulbecco’s modified Eagle’s
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medium (DME), Dulbecco’s phosphate buffered saline
(DPBS-A), lipopolysaccharide (LPS, O55:B5), 7 -interferon (7
-IFN), N-naphthylethylenediamine - 2HCI, MTT, propidium
iodide, carbamoylcyanide m-chlorophenylhydrazone (mCICCP),
Ng-monomethyl-L-arginine {L-NMMA), ethidium bromide,
agarose, sulfanilamidet= Sigma Co., RPMI 1640, fetal bovine
serum (FBS), trypsin® Gibco Co., 3,3'-dihexyloxacarbocyanine
iodide (DiOCe)= Molecular Probes Co. mouse tumor necrosis
factor-@ (TNF-¢) immunoassay kite= R&D Co. AEE, 7IEt
A|OE2 cell culture® U 13 A% TUBIH ARBSIRTE AL
7171 microplate-reader (Dynatech MR5000), CO, incubator
(Vision scientific Co.), inverted microscope (Nikon Co.), freeze
dry apparatus (Ilsin Co.), flow cytometer (Coulter EPICS-XL)
g Aol

A}& (Phytolaccae Radix)2 A& 74x14}
gl ARBdlCH, 45 100 g2 575
AZE3t & oA HO} rotary evaporatorE
ZHE53 ThS, freeze dryer®Z SZZ61H ¢ 135 g (015}
PREE} 82 o] Afol ALE3IN:

4. DNA fragmentation Z7%

8= 172 5ol R Sk 1olE) o L1210 A EE 2 x 10°
cells X 2zl 0]AIIT AETOE YelAg4Thg, AT
& 27 macrophagesoll4] NO #8g £38 4 A& 88
PRE 500 mg/kgS 19 18|14 747} AFFo3 & UHE 4F
BFAIAH TABKICE T4 F cold-PBS 5 mIE EZol FIGIH
zZr e oig 2108 2elskd fdEe] (1,500 rpm, 5 &, 4
T) It AXR MEE petri dishZ A oF 2 A]7F S vl
ok 3t &, BAR MEE AASHL BABIK] &2 MEE Hot
QA2 (1,500 rpm, 5 &, 4 C) 3l¥ct AFE Ax2ES 2
o} Pl buffer (0.1% Na-Citrate + 0.2% Triton X-100)ol] 31417}
propidium iodide (10 yg/mi) 20 & 20 4 °CollA] 30 £+ &
283} &, flow cytometer DNA fragmentation (sub-G1 peak)&
ZREAQCHY. In vitro ABo)Al= PRE 1,000, 500, 100 2 50 ug
/mlE L1210 A Foll REIGHL 48 AIZH i YD & SYe yEo
Z DNA fragmentationE HF&0IACH

5. Mitochondrial transmembrane potential 57

=% e o T 2el$ L1210 A ZE 1 x 10° cells/well
2 ZA & 3,3-dihexyloxacarbocyanine iodide (DiOCq)E
% BT} 40 nMo) F L E PBSol 34510 BAE}IIL 37 °C
olA] 15 B7r ¥12A]7] t}S flow cytometer (excitation: 488
nm, emission: 525 nm)& £ 313 21, o]u] negative control
2+ uncoupling agentZ carbonylcyanide m-chlorophenyl
-hydrazone (mCICCP) 50 Mg 716k Y¢S YH2Z &
Baliot?”.

6. Co-cultureo]] 9J8} DNA fragmentation 74

B 17 U ZE 8l iR Fol= deliEsureg, 43
T-olli= PRE 500 mg/kgS 18 1514 787 A7FH SIATh 3
& 20} 39 Mol GFT 3% thioglycollate 2 mIE EZol T
3k, 39 Zol HRE FFYIo TiSIFLE B8 &
cold-PBS 10 mlE 270l FUFl BEZAMTE 43511, 4 °Coll
A} 1,300 rpm Q.2 10 23} YAE2IE o2, RPMI 1640 siA 2
28] WA F, AF 120 mm petri disho] EF3 CO,
incubatorofjA] 2417t BiQF & RAEZ] Q32 A& HASL B
AK5t MEZS cell scraper2 T O} macrophage® AHESIGICE
E7)8} macrophageE 24-well plateol] 1 X 10° cells/well2 2
=514, 1 AR ol L1210 MEE welldd 1 X 10° cells®
transwellol] 20 LPS 1 pg/ml$} 7 -IEN 25 units/mlE H718}
& CO; incubatoroi|A] 24 A|7} co-culture 5I¥T) Co-culture ¥
L1210 MEZE FAHoll A% 5Lt YH2E DNA
fragmentation® EH35IFC). Nitric oxide synthetase (NOS)
inhibitor¢] L-NMMAE 0.5 mM/wellg ALE3IFT

7. Nitric oxide®] &4

EY3 g oZ EE]g macrophageE 24-well plated]] 1
X 10° cells/well2 258t &, Z} wello] LPS 1 pg/ml} 7
-IFN 25 units/mIE & 71510 37 °C COprincubatorol|A] 24 A]
7H QS & NOYS Griess AlO.2 SEEIA”. &, vix
100 S} Griess reagent (1% sulfanilamide + 0.2%
N-Naphthylethylene -diamine - 2HCI + 2.5% HsPO,) 100 pt &
Z&5He 96-well platedi] @1l 570 nmojlA4] microplate reader
Z BT E 536K vl AT NaNO9l Aol oja)
NO &g FFsInct

8. Cytokines 53

EY8 YHOZ 22i3 27 macrophagesE 1 x 107
cells/mlE FAGH, 9%6-well platedl] 200 ¥ EF3 £, 72 A]
7+ B¢t CO, incubatoroll 4] wiFSICE wiglE AdEe]
(2500 rpm, 5 ¥, 4 Ot Uh3, 4SAUE Fol =Z
macrophagesoll 4} 8] El= tumor necrosis factor- 2 (TNF- 2 )9]
2F2 mouse immunoassay kitE ¢ 83l SHEIHCE F HE
o 50 plo] assay diluent 50 12 Elalo] A20iM 2 A1 &
oF IS & 437 AIAESIPCE AA Z anti-mouse TNF-g
conjugate concentrate 100 x15 718lo] A 2o|A 2 A17F v st
&, 53] MJX 8L substrate solution 100 y1E EFS5I 30 B &
¢t 42014 BIFEIATT. Stop solution 100 x1Z 71615 450 nm
o)Al microplate reader2 HJZTE EHT F, vl IS A7
Aol 93} TNF-¢ 9] &2 SRISIRAC

9. BANE]

E JHANEL mean+SEZ VBT EAAEE
student's t-testS HAIGI] p<O.0SE 71ELE RAY oJ2E &
HoKct
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4F0] 8o} o]AlE L1210 AIEQ) HAlo] mlXE Fek

ch ks

1. L1210 Al3#9] DNA fragmentationol] ©X]1&= &3

Az 2ziol o)Al L1210 M| EQ] DNA fragmentation th
ZaolAl 254 = 28% 0l 2LY, PRE FoFolAlE 353 +
25%2 E7}8)9ct (Fig. 1). In vitro A&olA] tHZEFY DNA
fragmentation2 10.6 £ 1.2% o}l &L}, PRE 1,000, 500, 100 %
50 pg/mlS 2z} Agjgh 2 283 + 21, 176 + 18, 127 *
15 % 113 + 1.7%E 500 gg/ml 0]} STolA] xR0 v
&l E715IAct (Table 1).
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Fig. 1. Effect of Phytolacca esculentum van Houtt Radix water
extract (PRE) on DNA fragmentation of transplanted-L1210 cells.
PRE (500 mg/kg} was administered p.o. once a day for 7 days after the
transplantation of L1210 cells (2 x 10° celis/mouse, ip) to mice, The coliected
L1210 cells were lysed in a hypotonic solution containing propidium iodide. DNA
contents of the nuclel were determined by a laser flow cytometry and % of
hypoploidy fragmented DNA were calculated. The data represents the mean + SE
from 5 mice. * Significantly different from control group (p<0.05).

Table 1. Effect of PRE on DNA fragmentation of L1210 cells in vitro

Samples Dose (wg/ml) DNA fragmentation (%)
Control - 106 + 12

PRE 1,000 83 + 21

PRE 500 176 £+ 18

PRE 100 127 £ 15

PRE 50 13 + 17

L1210 cells were treated with PRE (1,000, 500, 100 and 50 we/mi} for 48 h mn wiro. The
cofiected L1210 cells were lysed in a hypotonic soluton containing prop:dium iodide. DN
A contents of the nucle: were determined by a laser flow cytometry and % of hypoploid
y fragmented DNA were calculated. The data represents the mean + SE from 3 expen
ments. * Significantly different from control group (% p<0.05, * p(0.01).

2. L1210 A Z2} mitochondrial transmembrane potentialol] 2]X]
= 54

qyx  Ezol olAl® L1210 MZS  mitochondrial
transmembrane potential 2 TR o)A 824 £ 27% ol 2L,
PRE SE@FolA)E 703 + 24%8 Z48I%ct (Table 2).

3. 27} macrophage®} L1210 A3 9] co-cultureA] L1210 AH|3E9)
DNA fragmentationo] ©]X]= &3
A829] E7} macrophage®} L1210 M| £& co-culture SRS

m L1210 MZO] DNA fragmentation® THETONA 217 *
21% 0| 2m, PRE S0 ollA) = 384 + 25%F S7151194),
NOS inhibitor9] L-NMMAE X Z}Aloll= DNA fragmentationO}
318 = 18%= ¥ AAEUC} (Table 3).

Table 2. Effect of PRE on mitochondrial transmembrane potential of
transplanted-L1210 cells

Mitochondrial transmembrane

Samples potential (%)
Control 824 = 21
PRE 703 £ 24*

PRE (500 mg/kg) was administered p.o. once a day for 7 days after the transplantation
of L1210 cells (2 x 10° cells/mouse, /p) 1o mice. The collected cells were stained with
DIOCs and the potential was determined by a laser flow cytometry. The data represents
the mean + SE from 5 mice. % Significantly different from control group (p<0.05).

Table 3. Effect of PRE on DNA fragmentation in co-culture of L1210
cells and peritoneal macrophages obtained from PRE-administered
mice in vitro

Samples DNA fragmentation (%)
Control A7 x 21
PRE 384 £+ 25
PRE + L-NMMA 318 + 18"

PRE (500 mg/kg) was administered p.0. once a day for 7 days and peritoneal macroph
ages were collected. The co-culture of L1210 celis and macrophages were conducted in
the presence of LPS and 7 -IFN. The data represents the mean + SE from 5 mice. *

Significantly different from control group (p¢001). *: Significantly different from PRE-treat
ed group (p<0.05). L-NMMA: 0.5 mM/well

4. L1210 A Z 0}A)A] EZ} macrophageZ 5 E] nitric oxide 48
ol mX)e= &3

PRE Sojol} 9jall 52 macrophageZRE] WgEE NOYS
E80l7] ol LPS ¥y -IFNE A2icld NOYE SEoIrCt o
ZEFOIA] AATE NOZS 118 + 1.2 gM (in 1 X 10° cells) 0]
ou, L1210 HEE 0]AlISH F2 292 * 25 pME, PRE 57
2187 + 24 yME EIRBIFOH, L1210 AEE olAlIGH Lol
PREE 2043t 712 488 * 32 xMZE Z7I5IT} (Table 4).

Table 4. Effect of PRE on the production of nitric oxide from murine
peritoneal macrophages.

Samples Nitric oxide (# M/1x10° cells)
Control 18 £ 12
|1210-Transplantation 202 + 25*
PRE 187 + 24

L1210-Transplantation + PRE 84 + 32*

PRE (500 mg/kg) was administered p.o. once a day for 7 days after the transplantation
of L1210 cells to mice. The collected peritoneal macrophages were cultured for 24 hin
the presence of LPS and 7 -IFN. The production of nitric oxide was determined with a
Griess reagent. The data represents the mean + SE from 5 mice. * Significantly differe
nt from control group (% p{00B, * p¢001). % Signficantly different from L1210-ranspla
ntation group (p¢0.001).

5. L1210 A% 0]A]A] 27 macrophagesZ5E TNF-a 440
u|xlE &3

PRE Eojo] 9}8] 27 macrophagesol4] YAHE tumor
necrosis factor-¢ 9] &2 &3S AW, HETIA BHHE
TNF- o 22 352.8+124 pg/ml 0]}, L1210 A ZS 0)Al8
T2 568.7+138 pg/miZ tHETol vid| E7F5IR AL, L1210 Al
ZE OAl3t Tol PREE 5o T 6845125 pg/miZ
L1210 NIZE olAlghatoll HIdl F7F8Ic} (Table 5).
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Table 5. Effect of PRE on the production of tumor necrosis factor- a
from murine peritoneal macrophages.

Samples Tumor necrosis factor-a (pg/mi)
Control 3528 + 124
L1210-Transp antation 5687 + 138
L1210-Transplantation + PRE 6845 + 125

PRE (500 mg/kg) was administered p.o. once a day for 7 days after the transplantation
of L1210 celis to mice. The collected pentoneal macrophages were cultured for 72 hours
in COpincubator. The level of TNF-e@ was delermined with ELISA kit. The data represen
1s the mean + SE from 5 mice. % Significantly different from control group (p¢0.01). *;
Sgnificantly different from L1210-ransplantation group (p¢0.05).
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Apoptosise M| ZZ3} & chromatin®] HEEHA] DNAYL
180~200719] ®71E At (DNA fragmentation) &&= oo,
Apoptosise programmed cell deathol] EHI5l0] F&tT = cell
death®] HEjOI AT SO EE WA B3 2 9¥9 Q9
ol AT SEEE AOE Yeid YTF*™. PREE S0i5i)
€ w 0l41R) L1210 M Z9) DNA fragmentationo] E71=Q)1,
PREE L1210 A} ¥o)| in vitrooll4] Z2JA] DNA fragmentation]
S7HERJThE A2 PREZE L1210 Ao AFzREsK
apoptosisE {6 JSE 9ulshk= Rolth. 4AollA) AlEA}
9 gl g HAIEQ! 4171 Qe respiratory chaino]
Ad=Elo] ATP7} AAX 1, mitochondrial transmembrane
potentialo] ZI4® Ch2 WEIHo] WIEo] mitochondrial
swellingd] JojLpHA] AZAZ} == ASE Sl Ut
. PRE Eojoll 9 olAl® L1210 MlEY mitochondrial
aLEJTE AHE,  PREVL
mitochondrial transmembrane potential& ZtANA|A L1210 M| E
9] apoptosisE RET5HL ASS AlAkck= AoIt PRE Tl
9Jal FEEE L1210 ME9) apoptosisoll thet EAE S 7Y
SlaZAL PREE 4Fo Foidli Eelgt 5Z macrophagess}
L1210 MEZE in vitroollA] coculture BIRTE WFQ =27
macrophageZ transwellE 0]85}0] L1210 M| E2} cocultureA]
L1210 A £} DNA fragmentation® PRE £0iFol|A] thZ 7ol
B8l ZE715K9ct. E£38h, NOS inhibitorg] L-NMMAo] 9)3)
L1210 M Z9] apoptosis7} 2t 17% AR QT 01= PREZ} A
o4 o]alEl L1210 M EY]  apoptosisE  |FEdh=wl,
macrophageZ2XE| 4] NO #47} ohjgl tIE factorgo}
T %ol BB RS2 AlABRE ZHolt). Exogenous NOE =
TOEROF ZUMEY apoptosisE TP, =2z
macropahgeZ22E] WAE NOT ZHM| LY apoptosisE ST
3k Rog Leid o™, wekx PRE Solo) I3l 27
macrophage 2 2E] NO7} #$4EEXY ARE &6 Hdl)
LPS @ y-IFNZ Azlsled NOYS &8¢ 23}, L1210 MEE
o]413h ot Y PRE S0 tZTol Hld NO 4340] Z7I5Kd
o, L1210 M ZE o]Al3t Ftoll PREE FoIt 72 NO 40|
02 £715K49ck. ol21st A= PRE Sojol] 9ol A4E NO7t
o]AlEl L1210 A 329 apoptosisoll YE BAFIL ASS EI5H
o F&= 2zt g 4 Ut ol Zik= antitumor agentsOl
flavone-8-acetic acid®} xantherone-4-acetic acid”} macrophage

transmembrane  potentialO|
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ERE NO 44 & 35l JUAEE Vet 48 2
® m W7ol BCGE FI5HLL macrophageS 2a)510d, LPSE
H7Yel1 il SYA T F4lo] AAET, L-NMMAE 7}
S SIUERg0] floldicks ARAN YT uisd Aake 8
+ Ut QAo QA EL] apoptosisE FTdh=s AE NO #
g} oh iz}, tumor necrosis factor-a (INF- )} ZH2 cytokines
ET BOsLL Q7] WEI* macrophageoiA] 2H|E)E TNF- ¢
9] %2 Z8%t AW, PRE £0joll 93] macrophageoiAl 2u]g)
& TNF-¢ 9] o] 571513t} Macrophageoi| 4] 4§4 =)= TNF-
e BEQEE NO 44& FXG6IK @oLl, r-[FNol 9
NO 842 X5k, LML) apoptosisE FXok= A2 &
2A AT, PRE ool 93] TNF-a 9 o) E7kKick= A
€ PRE7} macrophageZRE] TNF-¢ 9] 4 & £X1510 ojalgl
L1210 Al Z9] apoptosisE X 5= ASE Avldhk= Aolet &
4 Ut o] 4¥ ZIK= PREZ} macrophageZ2HE] NO U
TNF-¢ 9] B4 E FX35l0] 0]4]¥ L1210 M9 apoptosisE &
Tk YEE AlAtshe Aolct

4 &

L1210 M ZE o]A$ 4ol 45 E £2E (PRES 59
B1E L1210 M) Zo) thgh PREY) Z1HAIE 1} 27 macrophageZ
FE| NO ¥ TNF-¢ 9] 44& FZ8K] olAlg L1210 #Z9
apoptosis& FE8HL ATIL AFEELCL
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