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Effects of Tanshinone IIA from Salvia Miltiorrhiza Bunge on Induction

of Apoptosis and Inhibition of Adipogenesis in 3T3-L1 Cells

Seung Il Jeong, Jong Woo Lee', Seon Il Jang"*

Jeonju Biomaterials Institute, 1: School of Alternative Medicine & Health Science, College of Alternative Medicine, Jeonju University,

2: Jeonju University Atopy & Health Research Institute

Obesity is especially a serious health problem in industrialized countries, because it is considered to be a risk
factor associated with the genesis or development of various metabolic diseases, including cardiovascular disease and
type 2 diabetes mellitus. The purpose of this study was to investigate the effects of tanshinone IIA from Salvia
miltiorrhiza Bunge on induction of apoptossis and inhibition of adipogenesis in in 3T3-L1 preadipocytes and adipocytes.
The results demonstrated that tanshinone IIA decreased cell population growth of 3T3-L1 preadipocytes, assessed with
the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] and LDH (lactate dehydrogenase) assay. Flow
cytometric analysis of 3T3-L1 preadipocytes exposed to tanshinone IIA showed that apoptotic cells increased in a time-
and dose-dependent manner. Treatment with tanshinone IIA decreased the number of normal cells and increased the
number of apoptotic cells in a dose-dependent manner. The induction of apoptosis in 3T3-L1 preadipocytes by
tanshinone IIA was mediated through the activation of caspase-3 and Bax, and then through the cleavage of PARP
and the down-regulation of Bcl-2. Moreover, tanshinone IIA significantly decreased the amount of intracellular
triglycerides and GPDH (glycerol-3-phosphate dehydrogenase) activity in 3T3-L1 adipocytes. Our results suggest that

tanshinone IIA efficiently induces apoptosis and inhibits adipogenesis in 3T3-L1 preadipocytes and adipocytes.
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1. A=

MTT dye [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl

tetrazolium bromide], propidium iodide, ribonuclease, Oil Red
O, 3-isobutyl-1-methylxanthine(IBMX), dexamethasone(DEX),
insulin(INS) -2 SigmaAk(St. Louis, MO, USA))ZFE +138t
ATt Annexin V-FITC, anti-capsase-3, anti-PARP, anti-Bax,
anti-a-actin  antibodies % anti-rabbit
horseradish ~ peroxidase T2
BiotechnologyAH(USA) 2 #H T3t AM&-3l4ith. Caspase-3
activity assay kit= R&D Systems (Minneapolis, MN, USA) 2§
B FY39th Dulbecco’s modified Eagle’s medium (DMEM),

bovine and

anti-Bcl, secondary

antibodies Santa Cruz

calf serum, antibiotic mixture
streptomycin) 52 Gibco BRLAHGrand Island, NY)oll A <43}
RHow, 71E} A2k reagent graded ©|4-S SigmarlZH-E F

o] A&t

(penicillin-

2. Tanshinone 1A %] H&]

Tanshinone AT AZE T4HS. miltiorrhiza) 4] 2 5-F
Jang =09] "W o] wha} B39t} Tanshinone MAS] TZ2&
1H-NMR,13C-NMR$} MS spectra At5E Al Park =00 7
o} vlaste] AP oM, £EE 95% ©]4o| AtkFig. 1).
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Fig. 1. Chemical structure of Tanshinone IIA isolated from Salvia
miltiorrhiza Bunge.

3. Al uf &

ph-2 wlofel A ek 3T3-L1 AlEF=
Culture Collection (ATCC, Rockville, MD, USA)AIZF-H T
sted A3tk AAMAIEA719] 3T3-L19] ¥l %S 10% FBS,
0.15% sodium bicarbonate®} 1% penicillin-streptomycin®] g
© DMEM A& ARE-8te 37Tl A 5% CO, A ] &7
oA kst en, AYHMELIE FEst7] A DA LA
EA719] wgFde] 0.5 mM IBMX, 1 uM DEX % 1 uM INS&
A7ete Wittt 2 F AFTuFe AR R wEstie
™, 48413t vl A2 WA S wEepaA AEe] £3HE Ar
7ol A #Fsta st £ AH&-3H AT

American Type

L

R

93

RILY
SR

Wl Fstol FastaAn. b
@3] Awahy, 3T3-L1 AA A ZE well T 1X10'70S 96 well
platedll &3} 24413k ] 0-10 uM tanshnone TTA7} &2
WA S 100 WA ¥l 24, 48 B 72417 FF wiFetsich °]“H
tanshinone ITA9] &v <l dimethyl sulfoxide (DMSO)9] F&=+
HETHOZ 001%0]3t2 AAeATh 2 Aztel AFstA w
" AEZE MTT 249 AHE-319 0 MTT €942 5 mg/mle] &
T2 Q4t¢h% & (phosphate-buffered saline, PBS, pH 7.4)]
o] 045 ym FEE o] &3t FHAA T3} aon, 7
wellol] ¥ ol& AAS A A 2¢ vjFAE 90 plE Bl 10 ple)
MTT €405 mg/ml HFTE)S Y3 5AI17 &<t Wi g &
Zte] MTT €945 A A8t Crystal formazane DMSOZ £
313Fe] microplate readers (Molecular devices, USA)E ©]-&-3}
o 570 nmollX] FREE SA AT

5. LDH H#2% 374
Lactate dehydrogenase (LDH) 252 57
£ kit (BioVision, CA, USA)S E&3te] Z438tAtt 3T3-L1 A
A EE MIT XA ¢ 22 21O F tanshinone TAS
ﬂ\ﬂf}"% W FstAth el FEE welldA FFdS &
DH
=

J402 o g

i

Fe5e 2ASAT 24 PHE Sigmarlt A4S Y
1 skl sl
6. PI &4 93 flow cytometry
A FE 2] o} X EA]AE Takada'?9) propidium iodide (PI) ¢
Ao wel 246tk hee] Aishd, 313-L1 HAGAE
= 24, 48, & 72417 Z9F 7}ZF 0-10 uM tanshinone ITAE A=
9tk I F MEZ trypsin-EDTA &4(0.05% trypsinT} 0.02%
EDTA/PBS)S F{ste] £83¢ ths PBSE 2¥ Al#sti 4°C
ol A 3027k 80% oESE ILAsAY. AFH HEs HLolA
1585 40 mg/ml PI &40 Mg F FACScan flow
cytometer (Becton-Dickinson Immunocytometery Systems USA,
San Jose, CA)E& ©|4-3l DNAZS #4319t < 10,0007) 2]
Axe] HAEE o] AE ofXEA L HE&S CELL Quest
softwareZ 413} ).
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it f-2) Tanshinone A7} 3T3-L1 A|E 2] o} X EA]

7. Annexin V-FITC/PI @4 €]t flow cytometry.

Annexin V-FITC/PI 42 Annexin V-FITC kit (Santa
Cruz Biotechnology, USA)& ©]&-3}%th. Tanshinone A9 <]
8 FEE 279} $7] X EA X B AL HIES SA ]
3 Al 3T3-L1 AAFAEZ= (1 X10° cells/ dish) 6 cm dishell 3%
3}1l tanshinone HAQ] HEELTE 0-10 pM7HA thekslAl 2 g
3te] 72412k ¥l ¥ FITC-conjugated Annexin V-FITC/PI &4
< 6}05114 FITC-conjugated Annexin V-FITC/PI &% 5]3}
o A2A 108 ¢ F4¢ thF FACScan flow cytometers
01%6}04 B X314tk Annexin V-FITC and PI ¢ 7]3}4-2 525
9} 575 nm 47]BEE &8&3t9 FACScan flow cytometer?]
FL13% FL2 channelsol A #A3dth b 33 F 10,0007
AMZE oz E438H5h

8. Caspase-3 4 &4

Caspase-3 E49 =742 R&D SystemsAtollA A3 3=
caspase-3 activity assay kitS ©]-83st AR 1t A
3, tanshinone ITA *]#] % 3T3-L1 AX| WA X = PBSE A&
3t lysis buffer (1% Triton X-100, 0.32 M sucrose, 5 mM
EDTA, 10 mM Tris-HCI, pH 8, 2 mM dithiothreitol, 10 ug/mL
pepstatin A, 2 mM phenylmethanesulfonyl fluoride, and 10 u
g/mL leupeptm)E FABIAL 4T A 2087 WA oS 308
7k 10,000 g2 AAsHA 5 A ME SES BT AR
AEZ 83|52 caspase-3 activity assay kitS 83} R&D
SystemsAt7} A Fsh= W £8ted 331929, microplate
readers (Molecular devices, USA)E ©]-&3}4 405 nmol| A &%
=5 FA4sh

9. Triglyceride &% 74

3T3-L1 AAlZ= E3tol§ 8Uzt Mg F st Al
X+ tanshinone ITA (0-10 uM)& A g 3te] 7243 F<F v &
% PBSE M H3tal lysis buffer (1% Triton X-100 /PBS)E %
o AZoXN F triglyceride FFE BTFHLZ o]&yH
triglyceride assay kit (Sigma, (St. Louis, MO, USA). T4 <]
EXZT Bio-Rad DC protein assay kit (Bio-Rad Laboratories,
Hercules, CA)E ©]&3}o] =434

JN

0r 32 o

10. Oil Red O G4
Oil Red O ¥4-2 Ramirez-Zacarias 5] #ol uhe} vt

S0 3T3 AAEE £3F AP o2 HE U wj

= Aﬂﬁb tanshinone IIA (0-10 uM)<- =] &) 8}od

Qb Wikt & PBSE Al A3t A2oA 2027 10% T4 X2

A& (pH 72) 5 FIst] 2*6}%} o —?— FwAgd

A A3kl 100% propylene glycols 3%

Al 60% propylene glycolS 2o A Z 9 *_‘,4 =g

Red O &5 Fste] 1/3H53t G448 ‘E\"/}. a5 AE

o] Oil Red 0L AAS}7] YA BA 3] A

=S well B 1 ml9] isopropyl alcohol

o
o, =
Jale
2,
il
o H
ofo
e
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o
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o
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o

Atk &9 A AL microplate readers (Molecular devices,
USA)E ol 83te] 510 ol FH=8 2934t

11. Glycerol-3-Phosphate Dehydrogenase &4 &4
3T3 AAE= 23 AFo2RE 8U3t Mg § el
. | & tanshinone [TA (0-10 uM)& A 2] 5}e] 72417t F<F HY
k3t & Fo] ZA Wzt PBSE 2W A3}l 25 mM Tris/1 mM

EDTA (pH 75  FHdstd  A=xE &35
glycerol-3-phosphate dehydrogenase (GPDH)Y #4& £33}
%t} GPDHe] &4-2 Wise and Green'2] H#M¥ o] uje} A3}

o, a284de g unit/mgE T HFAh

12. Western blot

3T3-L1 AAWAZE tanshinone A (0-10 pM)S 28t
129 24A175¢k wjFatgch. B Ael} Y ATE Y7}
lysis buffer [20 mM Tris-HCl (pH 7.4), 2 mM EDTA, 500 yM
sodium orthovanadate, 1% Triton X-100, 0.1% SDS, 10 mM
NaF, 10 ug/mL leupeptin, and 1 mM PMSF]E F)3l9 &3
stack AE&eEe] Tde AZFe Bio-Rad DC protein
assay kit (Bio-Rad Laboratories, Hercules, CA, USA)E ©]8-3}
o ZAsAh 24 AP dilAS 30 pgo 2 AL 12%
polyacrylamide gel [sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)]9] 7} wellol F¢3to #2385t
Ao AE @A PVDF membraned] &7 & PBSY| 5%
skim milk (0.05% v/v Tween-20, pH 72)Z 1A% &
blocking3t1th. Membrane2 7} 13+ A (1: 2000) F93
4TCol A F 12A17F WA & 22} &A|(1:5000) 5 F Y3 14]
e HABHA Y. 7t @A ut PBST (PBS/Trlton X-100)2 39
A AHs R gl dEdo] g AE= Amersham ECL
system (Amersham-Pharmacia Biotech, Arlington Heights, IL)
o2 Zpgstel S48t

2

S

EE AY #e JH+EF A (mean+SD)E HA PO H, &

ANOVA9Jr Student’s t-test® 2] om, FoA 3HA

. 3T3-L1 AAWANE A A "X+ tanshinone TAY]

oF

Tanshinone ITA7} 3T3-L1 AAWA EZ ] A A| o v
FEFE gotr 7] AaA o8 kA $E9 tanshinone 1A (0-
UM)S 2472 h7hA) A3k MTT 243} LDH $8l%5< =
stk 1 Z3 Fig. 2A9 #o] 3M-LIAEY A%
tanshinone [IAS] FE9} A|7tel] EH o2 Ao, 724
b W FA] IC50 2.5 pMolSiek B wi AW R fr2]¥ = LDH
9] &S5 ZAMS 21} Fig. 2B Zo] tanshinone [TAS] M X 5=

o2 =

fo o B
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Fig. 2. Effect of tanshinone IIA on the inhibition of cell growth (A)
and cytotoxicity (B) in 3T3-L1 preadipocytes. Cells were treated with 0-10
uM tanshinone IIA for 24, 48, and 72 h. The data are presented as the means *
S.D. of three independent experiments.*=p<0.05 vs. control.

2. 3T3-L1 AA WA Z
o 9%
Tanshinone ITA7} 3T3-L1 AR A EQ o}LEA| L FE0
) x= &S ol 7] $13|A tanshinone A (5 uM3 10 uM)
S 24-72 h7HA] A 2] 3}al PI9 Annexin V-FITCE @A 3}aL flow
cytometer2 A 3lo] ol X EA 2~ B4 S ZA3 ) PL G4
9% sub-GlAl7]9] DNAHS ®A3 Ax Fig. 3A9 2o
3T3-L1 AR HEQ 27| o} XBAX FEE

O} XEA 2 o) U X E tanshinone IIA

tanshinone IIA

9] =% 9} A7k g&.;ﬂo]o%]:]. T3 Annexin V-FITCZ 43}
of olXEAL AZE BEMT 2 PI BMZAAS FAbeHA

tanshinone 11A <] 3'1‘:9}
5 A t}(Fig. 3B) ©]& 3 2
A Ee] ol XTEA2E & JJH

1{ o gJEHOE O}EEAAT} &
+ tanshinone IIA7} 3T3-L1 A%
2 fEde S AAE FAo

(p<0.05).
A B
010 owm : 51(0 oum .
) 5uM : B suM
31| @ 10um : 14 |H 0 .

G cells (%)

Early poptot
*
.

Fig. 3. Flow cytometric analysis of tanshinone IIA-mediated cell
apoptosis in 3T3-L1 preadipocytes. Cells were treated with 0-10 pM
tanshinone 1IA for 24, 48, and 72 h. The percentage of apoptotic cells was
calculated by CELL Quest software. (A) PI data. (B) Annexin V-FITC data. The
data are presented as the means + S.D. of three independent
experiments.*=p<0.05 vs. control.
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tanshinone IIA (5 uM3} 10 uM)-S 12A17F =& 24417 A28l
il g o] Ay} 18]S ELISAQF Western blotH o 2 HEA3}
Aot X EA 2V} fEE W T8 IS J= caspase-39
A4S =43 27 Fig. 4A9} 29] tanshinone [TAY] FE9} A
Zroll JEH O Z caspase-39] o] FEHUL HEC 5 1M
Z 10 uM 9] tanshinone [AE 24A17F 5F % 2] 3} 3L caspase-39]
S ZANG A9 ol g A4 FAEH 5 E=TF
%7}8lth(Fig. 4B). ©|& ¥t A= tanshinone MTA7} 3T3-L1 A A
HAZ 9] ofTEAA FEI caspase-37} To"HgE AAS A
Atk X3 tanshinone A7} FE3E oFXEA| 2]

E ]_}.—_oz\i

zal 7

oAA T O #H FAEY #H HX e JTFS gotry] 9
A FEEAZ F= FoEAR] PARPY ES ZASIGTH
Fig. 4B¢} o] tix+< PARP 2&ol HI3|A tanshinone 1A
AYE HEANME ol oz 1 H¥o] FE Wiy,
A PARP+= PARP &3} dlt) 2 tanshinone IIA Fxo] &
Aoz Z7k3lth =3 Baxd ZA$E tanshinone IIAS 5uM #]

JdPS FAFEY 10 pMS A Ps of 1 Ldo] St Ak
I3 Bl-29] 7+ dlZ&7o) Hl3) tanshinone A5 uM# 10
uM)E HE S AZeA 1 Hdo] AAHAY. o]y A=

tanshinone TTA7} O} ZEA| A B 42 @8 & oA Az
O 2 3T3-L1 AALHEL] ol XEAAE FEIT= A

Aol

A B

Tanshinone ITA 0 5

0910 on - Pro-caspase-3

e 12h Caspase 3
2P0 (B 2 NN ]
5 Cleaved PARP
S 200 4
< Bax [owee owm g
o
3

0

10
Concentration (uM)

Fig. 4. Effect of tanshinone IIA on caspase-3 activity (A) and
apoptotic protein levels (B) in 3T3-L1 preadipocytes. Cells were treated
with 0-10 uM tanshinone IIA for 12 and 24 h. Caspase-3 activity levels were
measured by ELISA. Protein levels were analyzed by Western blot analysis. The
data are presented as the means * S.D. of three independent
experiments.*=p<0.05 vs. control.

4. 3T3-L1 AgAEe] A =k GPDH A4l
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HH 7‘] o] 0.5 mM IBMX, 1 uM DEX ¥ 1 uM INSE #7}ske] Hj
Oil Red O {47} triglyceride &% 2 GPDHe| €4S
‘6‘}%\5} Oil Red O ¥4 3ti DMSOE &&3te] Awhe]
ZA st A3} Fig. 5A9 29| tanshinone [IAS AP S
5 uM#} 10 uME A g FE AT F0]E(p<0.05) HHH

o,

U A

4@

- 1412 -



2
o
o
=
—
jor)
=3
®
2.
=3
=}
=3
o
>
N
N
w
@
[an
[N
3
e
lo
o
o,
B
f
>
>
o
Il
o
N
oL
Oﬂ;
ox,
12
2
o
=)
2
rr
of
ogk

AEY  triglyceride §#& 54 ZI Fig. 5B 2o
tanshinone IIA®] &%=7} £&F5 I o] FA3] FAEAT
(p<0.05). BJ%-°] GPDH &4¢] 9% tanshinone IAE %] 3]
S A% triglyceride®] #F3 FAMEHAl F=7F &5 GPDH
o] &Ao] #A3] AAFH AT o] ¥ g A= 3T3-L1 A A £
%7] ¥3toll YoJA tanshinone A7} 31 JAZAT} AS&

A &3 5 et

Oil r ed content (%o controly

0 23 5 10
Concentration (nM)

B C

Triglyceride
(mg/meg protein)

(mg/img protein control)

0 13 5 10 0 13 H 10
Concentration (uM) Concentration (uM)

Fig. 5. Effect of tanshinone IIA on the inhibition of intracellular
triglyceride production and GPDH activity in 3T3-L1 adipocytes. Cells
were treated with 0-10 uM tanshinone IIA for 72 h. (A) Oil Red O contents. (B)
Triglyceride contents. (C) GPDH activity. The data are presented as the means *
S.D. of three independent experiments.»=p<0.05 vs. control.
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[¢]
H3A, 41 3T3-L1 AATAESY ZZel v X+ tanshinone
ASl 9%< MITS LDH #¥5& ZARIATS 2 A3t
3T3-L1 AA WA E AL tanshinone 1A T/} 7184
£ frojatA dAETE AMS AT F ANTHFig. 2). =3
tanshinone A7} 3T3-L1 AX| WA E Q] o}fXEA A FX0] 1]
= G ol 7] YA PI A4S 34 flow cytometerE

23t A3 Fig. 3A9} 2] T EHOE I XTEAX2E &
st AMEE #ERIE 4 Utk Annexin | V-FITCE

P

phosphatidylserine®} Z§3l=H|, o]2jg #d2 ot XL EA|
7)o wA"Eg s D). ©elA] tanshinone NIA X &7}
3T3-L1 AALAHEY 7)ol o} XEA2E FET F AT %z
A a37F A=A ZAEYG T 2 23 tanshinone A Y] 5% 7}
% 7H2 4= phosphatidylserineZ} Annexin V-FITC] A3}to] &
78S AT = UATHFig. 3B). o€} Zo| tanshinone A7}
3T3-L1 HAFAE 374 AAste WEFe 2719 XL EA]
25 FEFOEHN S RFHE Uedte AHS & 5 AT

Tanshinone A7} 3T3-L1 A X WA E ] o} X EA]| 2
sted Fodte B2 V1S gotEy] A SEe olXE
A2 el HEE guide] 84 9 IS AT 1 E
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o2 1 &Ao] FosA F71E A th(Fig. 4A). T E] caspase-3,
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9] slitolt®. PARPS} A PARP WS 2AF A
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2371 dAT. o]¢} & tanshinone A9l Ex 7]dL&
capsaicin®] #H-&8h= B 7| A7 fAES B = A9

3t 9-2]= 3T3-L1 AAWAEZE IBMX, DEX 2 INSE A

8t AWA L2 F =3 & tanshinone IIAS %] 2] 8}aL 2] 4&

3}
=]
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