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Effect of ethyl acetate layer of Prunellae Spica
on the induction of apoptosis in U937 cells

Eun Ok Lee, Sung Hoon Kim*

Department of Oncology, Graduate School of East-West Medical Science, Kyunghee University

Prunellae Spica is a flower petal of Prunella vulgaris var. lilacina used for treatment of lymphoma, breast cancer,
hepatitis and pathological fluid related diseases in oriental medicine. We tried to evaluate the mechanism of Prunellae
Spica in the treatment of cancer. The ethyl acetate layer of Prunellae Spica showed a good cytotoxicity on U837 cells
with IC50 of 8 ug/ml. It induced apoptosis in U937 dose-dependently by cell cycle analysis following Pl staining. We

also confirmed it induced DNA fragmentation in U937 cells from the concentration of 10 ug/ml.

From western blot

assay we observed the ethyl acetate layer of Prunellae Spica downregulated procaspase-3 and cleaved PARP in a
dose dependent manner, whereas it didn't affect bax and bcl-2. Taken together, these results indicate the ethyl acetate
layer of Prunellae Spica can induce apoptosis in U937 ¢ells suggesting it can be potently applied to cancer.

Key words : Prunellae Spica, U937 cells, DNA fragmentation, procaspase-3, PARP, cell cycle analysis, apoptosis

A

L% E EE(Prunella vulgaris var. lilacina)ol] £35H= o]
HUOIEE BE, SHEE, ABE9 Aot 2ol
IO Z o]8T A A= X2lo] vl HaldA feEluietol
e gk Mol HZ2s, g, TEe AEY Sol g
o) 01851 k. 1 Y9 A7l Ak 4 Ry
THEUS SWA7] WMol LiLE ES 7115 AYols EY
2 RYFOZ AMAMCIIL BI3ICt sl HEY EFE
ZZ2E| human immunodeficiency virus type-1 &40o] A
PHRck BAEY JAAck 8 5lLEY ol 1A, £EES, X
HXgEe B8 v Yo slux Aol FAHOZ
cytochrome P4501A1 FA0 & AoiA)7]L, 2AEAR
DNAY ZEgE AdAIZ et oj)gl free radicalE ~AHBHL
polyamine®] thALE MAHBOEH Q)2 EF E= thAlEol 9
& Yolg & Y= & while ARERICEEL Busiyct. 22U
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1. REFE
SIIRE thgAckld FsHd AZIIFEL SHIEE 2

251510 methanolol] 33) @2 & AER &g

EZNUZE & BUg dRUrt. Methanol2LE Eoj

1:12 §7120& E&31 hexane, methylene chloride, ethyl

acetate, buthanol&0 2 B35 EEAZTE BUE o] 48
oll ALgBIRT
2. Cell

Human leukemia U937 cells& 10% fetal bovine serumo}
Zo}7b RPMI 1640 ufxloilxl visines okRiAzlAlolE
serum freet K| E& AMBBIRICH
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3. Cytotoxicity”

U937 HZFE welld 2 x 10' OF 21 olg SAIREI8H
Frt. 24&17F Y& PMS(sigma P-9625, 1.53 mg/ml) 10 ul®}
XTT(sigma X-4251, 1 mg/ml) ImlE E¢t51c] welled 50 ulE &
7V & 2417} Fo)) 450nmollA] SBEE £HBIAUC

4. Cell cycle analysis”

Cell(2 x 10% 3} QI E EA|XTIGH YS & cell2 22A
5k PBSE &3 & 75% cold ethanol @il -20°CollA] 14]
ol BRIGIGTE AR §F F AEHE AMAHSL PBSE
HASIYCt. PBS 100 ulol celle 2RA1Z1 & RNase A(20
mg/ml) 10 ulE F2|5}L 37 ColA 3027} »XI8IAct PI (50
ug/ml) 400 ulE /IS & 42, Gdoi 30870 YAE
FACSE 435It

5. DNA fragmentations)

Cell(2 x 1097} ARNE SAINZIBI YT B cell@ 4
6t PBSE AXBITE. Lysis buffer(10 mM Tris-Cl(pH7.4), 5
mM EDTA, 150 mM NacCl, 0.5% Triton X-100) 450 ulE @1 Z}
S Egiet & 02EQ icedollA YRIF & HstA E8EIA
tf. 12,000 rpm, 2027} AFE YBAUE TIE REE &V &
proteinase K(20 mg/ml) 12.5 ul(final 0.5 mg/ml), SDS(10%) 50
ul(final 1%)& @1 50°Col|A] 24]7} E= 37CollA] overnightsh
Kot S&9  Phenol/Chloroform/isoamyl  alcohol(v/v/v=
25:24:1) & @ol& & 15X7} vortexgt & 12,000 rpm 10-1587}¢
Qs 4EAG NER FEo B g O 3H FE519
£} 1/10vol. 3M sodium acetate(pH 5.2)& @o|F 1l 2.5vol.9)
cold EtOH 100% & o] DNAE A™ X]7] & -70TollA] 308
014} BFX] HEE 20T oA} overnight3h & 12,000 rpm 4T, 108
938 F ABY AASKL 70% EtOHEZ washing® &2
EtOHE ZTIr}. RNase A(final 4 mg/ml)E At & 37°CollA

6. Western blotting
Cell2 x 102 LAE FA] Heldkd BYSt & cellS S

glod PBSE A|ASIACE 100 ul lysis buffer(50 mM Tris-HC],
pH 74, 150 mM NaCl, 10% Triton X-100, 0.1% SDS, 1mM
EDTA, protease inhibitor cocktail)& @1l S04 30827 vt
A2t & 12,000 rpm, 4ToflA] 2027 AY LIS YEHI
M S Bio-Rad DC protein assay kit IE 0| 3fe] At &
20 ug 9] TRBAZ 4x SDS sample buffer®} E¢51 5837 #
Rt Aol 523 Al JFsld 412%
SDS-polyacrylamide  gelsollA}  F719 E51%iTHgel
buffer : 25 mM Tris, 250 mM glycine, 0.1% SDS). 0]& 300 mA
oll4] 2A17F&91 nitrocellulose membrane(Amersham pharmacia
biotech, UK)oll transfer&}%dCH(transfer buffer : 25 mM Tris, 250
mM glycine, 20% MeOH). Transfer¥ membranes2 0.1%

3 am

running

Tween 20 2} 5% skim milk7} Z3FE TBS buffer 2 4 20j4]
9087t blockingAlZl & mouse anti-human bcl-2(Santa Cruz,
CA, USA, 1:2000 dilution), mouse anti-human bax(Santa Cruz,
CA, USA, 1:2000 dilution), mouse anti-human caspase-3(Santa
Cruz, CA, USA, 1 : 2000 dilution), mouse anti-human PARP
(Pharmingen, San Diego, CA, 1:1000 dilution), B-actin (A5316,
Sigma chemical CO., USA, 1 : 10,000 dilution) primary
antibodiesE€ 0.1% Tween 20 & 3% skim milk7} E&¥e TBS
bufferoll 3]4d5ka] 4TolA] overnight @ F YFSAIZTE 0.1%
Tween 200] % 8HE TBS buffer2 1027} 33 A% 1: 2000 3)
4%l goat anti-mouse IgG Hoseradish peroxidase (HRP)
conjugated secondary antibody(Zymed)E 41 20ijA] 9087} B138A)
ZiCt 0.1% Tween 200] E3HE TBS bufferZ 1027} 33 HAE
ECL western blotting detection kit (Amercham Pharmacia biotech,
UK)Z 2HiR|71E Agfa X ray filmsol =E3R]7A HASIHCL.

23 % a1

1. 5l1ZE MeOHZEE @ 77i18u] 839 +¢&

BHILE 22 100 goll4} MeOHAZE 22 g(4-8L 22%)2
LATH MeOHZZEE 212} R7180lE 285t Z1} hexane,
methylene chloride, ethyl acetate, buthanol, residue&9] £&2

45.98, 13.76, 11.69, 8.74, 20.98% & TH 2B hexaneoll S BT
O|ACKFig 1.).

Pruneflae Spica
MeOH, 3times

MeOH extract(58 g)
Hexane : H,0=1:1

v v

Hexane layer Water layer
BI CH,Cl,

(45.98%)
Water layer
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v I
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Fig. 1. Schematic diagram of Prunellae Spica fractions

2 glalx /7180 229 ME=Y

8oj2el9 5T & 5 10, 20, 40, 80 ug/mIZ X2)513 2
residueZoAls E4S LJEMHA] €Qich Buthanol, hexane,
methylene chlorided «CE2 =4E& UERICH EF] ethyl
acetate52 1C50 8 ug/ml(Fig 2)E Z¢ E4 & VEMY LA
§QFO 2 apoptotic bodyE 80! & 4= UolA] 2 dTolilE
ILE ethyl acetateZ & AIEZ lod U7 MZ A olxle ¥
e LISt

Ol
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Fig. 2. Effects of the Prunellae Spica fraction on cell viability in
U937. Cell were treated with different concentrations of fraction for 24 h as
determined by the XTT assay. All data was mean +SD.

3. Cell cycle analysis

AUEEO] cell cycle® DNAQ gkl w2l G, S, G2, M
phaseZ LPHXQ OL} apoptosis7t YoJLPA sub-G1 peak”} L}
ERIA BoP?. LA ethyl acetateS€ 0, 5, 10, 15 ug/mlE A
2]5kd PIZ staining®t % FACSE510] DNABUELE B
BIACt. L& ethyl acetateZS WA Q2 MZolA9] sub-Gl
peak7} 2.37% ¥ Aol vk SLILE ethyl acetate 59 L7}
EIVE 212} 274, 1019, 17858 BT YEFHOE sub-Gl
peak7t E718101 apoptosis7t REElE AE BaE &+ UCt
(Fig 3.).

g &+
g 2]
g8 e
32 84
3 93
o]
0 200 400 600 800 1000
FL2-A

g g

2 g 1795% D
=8 283
3= 883
g 23
O Py O.

[+] 200 400 600 800 1000
FL2-A

Fig. 3. Cell cycle analysis of U937 cells by flow cytometry. Cells were

treated with O(A), 5(B), 10(C), 15(D) ug/m! of Pruneftae Spica ethyl acetate layer

for 24 h and evaluated for DNA content after propidium iodide staining. *The

position of the cells with sub-G1 DNA content is ndicative of apoptosis.

4. DNA fragmentation
DNA fragmentation® 2] 7}X| protease®] #HOZ

DNAZ} Z7RA A VEhAE B4 O F apoptosis LAMHI 53
& 58722 necrosis®} PRECH U B Gh1E9 ethyl
acetateZoll Al ZE7F 57184E DNAY fragmentationd &40]
B71ok= A Qg & AR AL ethyl acetateE 103} 15 ug/ml
ol 4]& positive control® AFBE camptothecin 1 p M3} 2+
ALY fragmentationddS AT 4 Yo BIIEY ethyl
acetateZ0] U937 M Zol| thall apoptosisE R L& E0I5I9iCt
(Fig 4.).

EA layer (ug/ml)

M C 1 3 10

15 CAM(] pM)

Fig. 4. DNA fragmentation assay of U937 cells after treated with
ethyl acetate fayer of Prunellae Spica for 24h. Fragmented DNA was
analyzed on 18% agarose gel. M, Marker 100 bp: C, Control: CAM, 1 uM

5. Western blotting

UHIHOFZ apoptosis= OB AlSol s HEXOE
caspase 37} 242}5]0] DNA repair§4¢] PARPE Z7/|E 7|
Ao g UER=T] caspase 371 843} F71984E nEEE
2]olollA] bel-2 familySo] Boish= RO 2 Yead ™. 5hL
Z ethyl acetateZoll M BT 7 E71848 proBElQ) caspase
37} Ol ZAsle EAE B S AU PARPY 5T7t 5, 10,
15 ug/mlZ B71845 116 kDollA) 85kDOZ 27X Bdg B
5 UKATE ol bel-29} baxoll= oMY &0l ARACHFig ).

c s 10 15 (ug/ml
Bcl-2 | +— 26kD
Bax <« 23kD

Pro-cas; 3 )
To-caspase § — 3w

«— 116kD
<« 85kD

PARP

Fig. 5. Western blot analysis of apoptosis regulatory proteins
expression in U937 cells. Cells were treated with 0, 5, 10, 15 ug/m! of

Prunellae Spica ethyl acetate fayer for 24 h . The 10 g of proteins were separated
on 4-12% NuPAGE Bis-Tris gels, transferred to nitrocellulose and probed with

specific antibodies. The proteins were detected by ECL.
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ShilE BEOF U937 Mo thSh apoptosis T G ol ol
I AESICE SlE BEE ethyl acetateFollA] 71 Z$t &
SE VENARUIL cell cycleS 243 A7} aoptosisTI@ Foll LIE}

L= sub-Gl peakZt sTol QEX QR Frloh= AE EIBIA
C}. =S} apoptosisEA © 2 LIELH= DNA fragmentationdd 212
BEE 4 AYJYTE ApoptosisF. IHEF n|EZEE|ole) HEE
ThAZIOl bax$} bel-2= O FEol RAROLL caspase 37t &
315]o] pro-form9] caspase 37} ZAEUIL PARP7} Z/NA)=
32}E western blotOF 2RIGIHACE Oloﬂ ug} BtE ethyl
acetateZ-2 U937A oA} apoptosisE e EIsKHa &
A sk AR EA /\}9'51017(]\313} gt 4o
apoptosisit . TP 9] 7|2t 818! E Q71 I ethyl acetateZoll
A9 7ESH EFE Beldle 2k Zgskeleia 2ot

ol

A 2
o] =82

=E2 BUEAIR 20014 EEISETFAY dFe
AR(01-PJ9-PG1-01CO05-0004)9] X oll Aal £AEI7I0l 2
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