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Anti-adipogenic and Lipid-modulating Effect of Tanshinone IIA-Enriched Salvia
miltiorrhiza Extract in 3T3-L1 Cells and a P-407-induced Dyslipidemic Mouse Model
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ABSTRACT
Received: 2025 June 10 Background: This study aimed to evaluate the anti-adipogenic and lipid-modulating effects of tanshinone
1st ReVl§ed= 2025 June 18 IIA (Tan 1IA)-enriched Salvia miltiorrhiza extract (SM-CPE) prepared using cloud-point extraction
2nd Revised: 2025 July 08 (CPE), an eco-friendly method designed to enhance the yield of hydrophobic bioactive compounds.

3rd Revised: 2025 July 15
Accepted: 2025 July 15
Published: 2025 August 30

Methods and Results: High-performance liquid chromatography confirmed that SM-CPE con-
tained approximately 35 times more Tan IIA than the conventional water extract (SMW). In 3T3-
L1 preadipocytes, Tan ITA showed cytotoxicity at concentrations > 5 uM, while SMW was non-
This is an open access article ~ CYtotoxic up to 200 pg/ml. In contrast, SM-CPE began to show cytotoxicity from 200 g/mQ,
distributed under the terms of the  likely due to the high concentration of Tan IIA. An adipogenesis assay revealed that SM-CPE
Creative Commons Attribution  inhibited lipid accumulation by 17.6% at 100 pg/m{ and by 81.0% inhibition at 200 ng/mQ. In com-
Non-Commercial License (http://  parison, SMW showed relatively weak inhibition (19.9% at 200 ug/m0), while Tan IIA exhibited a
creativecommons.org/licenses/  dose-dependent inhibition, reaching 64.4% at 20 pM. In a P-407-induced dyslipidemic mouse
by-n¢/3.0)) which permits unrestricted  model, 14 days of oral administration of SM-CPE significantly reduced serum triglycerides by
non-commercial use, distribution, 54 204 which was more than double that of SMW (23.9%) and similar to that of Tan IIA (65.6%).
and reproduction in any medium, - g\n1_CPE also lowered total cholesterol and low-density lipoprotein levels, whereas HDL levels
provided the original work is properly . . .. ..
cited. increased slightly, although not statistically mgmﬁcapt. . . o .

Conclusions: SM-CPE demonstrated superior anti-adipogenic and lipid-lowering effects com-

pared with SMW and Tan IIA, supporting its potential as a natural agent for treating obesity-related
@ @ @ metabolic disorders, such as dyslipidemia. CPE offers a practical strategy for enhancing the func-

tional efficacy of herbal extracts by concentrating lipophilic bioactive compounds such as Tan IIA.

Key Words: Salvia miltiorrhiza, Adipogenesis, Cloud Point Extraction, Dyslipidemia, P-407
Mouse Model, Tanshinone IIA, 3T3-L1
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sk, HlelM = Bk B0l A&H 07 At Ful
¥ FFEA FAE FEY (WHO, 2023; KDCA, 2025).
HITRS: Tedt AlF S7HE ol ookt uiabg Aske] g
DASA AdE B39l Astoz WelgHozE AW
Axze] 23 B 7% Wst =8 71He® AR k.

A A E= ] AURE SR (triglyceride, TG) FEIZ
s, A Esle Bal A F4 7S F59T (An e
al., 2023). 123 A Ee] =38 FA] (hyperplasia)Z H]
o (hypertrophyye 218l A3H, A8wA 28, A% W
S THFS oAk o] wgel] 7]

3
g
s st 58] A 22 olA
FH)== adipokine$! leptin, adiponectin, G54 Al 2711
59 B Al Al ks 3t} (Alessi ef al,
2003; Chen et al., 2013). & ogAEIS2 vy &
A3 da=H, €% & ZSEE (total cholesterol, TC),
TG, ™% AW (low density lipoprotein, LDL)?] &7}
A% A (high density lipoprotein, HDL)?] 7+axe AE
Agke] F2 Y AR ZHg-gt) (Addisu ef al., 2023).
AR Aol A= FH|TE e 218 AAA], A
4= AA|, glucagon like peptide-1 (GLP-1) A 52
8 AT AELE FESAT, A7) 58 Al A WA
A7F &Aoo 2 A|71E3 o] (Tak and Lee, 2021; Jung and
Jung, 2022), Ht} FAEIL A47] H-8o] 7Fsd HAE 7wt
FRRE 22 el g ale] Frbstal Stk AdES v
&g S AU F2Rgo] BlaE Hrks FollA A
Aepo g FEA glom, MYt g3t ooE dF 24, A
AN, dF 24 T A 48 35 b 28-S
et A Fok= HrhETh (Ferrari, 2004).
AAl 38 7FsdE =ol7] fleiMe B3
9 AFH gr, 323 ol 3 EF
Aol ol A o] FAdE] SHolA
A 84w A3 53] 71E9] f718H 7Nk 35
4B 54S Ad f718vE o AR e e
A Frafdel EAR A= lon, 3 B
=mebe =th (Chowdhury ef al, 2010). 0|23 ER)S
3171 9%k ke & cloud point extraction (CPE) 7]&<
7180 E Ao AREEHA] RoHAME e og ApA] AlY
P EES FEY 7 e 284 VR FEWL QUth
CPE= Hlo|2A4 AHSIAIE dF T% ol = H7kgh
LS 71dsle] 24 (cloud point) o]gol] =g, AW
LA LA A 2 E) Pl (micelleys F/d3kar, 8-
o] 7 7Me] & (AHEA 7T F7G 4 (surfactantrich phase)
I 48 A} (surfactant-lean phase)| 22 FE|FHE HIE
7uko 2 @tk (Xie ef al, 2010; Kori ef al, 2021). ©] 3
AollA 2743 A 222 v 4254 FAlF] A9
Aoz xIEo] ARSYAZTORE 5, T8 S 4
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ZoiE - mos -
A gelsle] BEHols MY FFo] sPssih. 53] of

e 718018 AL AESH W FE3} FA A7
7 % TRsshthe Mol IRPH SkgaE 24l

50|
FZo) AFsth (Giovanoudis ef al., 2023).
o

5, AAS, A A8 59 XE0] EEER tEAl
Fg2ERZ 1 o] §F= salvianolic acid B, lithospermic

acid, protocatechuic aldehyde 53 72 hydrophilicgt phenolic
3153 tanshinone IIA (Tan IIA), tanshinone I, cryptotan-
shinone, dihydrotanshinone 12} 73-> hydrophobic3} tanshinone
AL o] 55 A8l 71JT (Zhou et al., 2005; Guo
et al., 2020).

o] ¥ Tan AL ] TlxA
A, 73 st dF, Sts), ek
Hou, v S0z <l dutrd
o] Gt} (Shi er al, 2004). 3
243 AHEAA lecithin® 2 F&3+ A3}, 7|1&
H] oF 35wl o]Fe] Tan NA Fge] FuEicks Hirrt 9l
o, o]F B3l ;T 7=l A& 7Fs/ge] A=A (Shin
et al., 2024).

Tan A= A% A4 |
A 71edsl= AL Z, peroxisome proliferator-activated
receptor gamma (PPAR-y)?} 72 X|WA|E 3} o HARI
o] BHS AAstaL, SHAY F2 3 AHUAE 2dee
Roz AdeyA Utk (Jia ef al, 2016; Zhong et al., 2021).
e} 71E AT iR {7180 7Nk FEEolu HAld
N RS e RE FPEACH, CPE 7|
3 T 9 AF ) g el gk d
st
mebs & AFMs AeH &=

2% (SMW)3} CPE WHo=

[e]

el

R

A8 A e2=

2 AE N 23 B

O

2 Fol g 2 Al A8

B FHES o]
P 57l

Sl

vl

=g

=

sl 2@ A A oAl @3 (in vitro)2t poloxamer-407 (P-
407) = o)X AEF v Bdlo] dF A A &3
(in vivoyg H7FslSth. ©1& S3ll SM-CPES] A28 531
7Fs/3d3} CPE 71& 7IMte & 3 gt 7)54 HAE &)
2x9] &8 7Fe S AEsA S

[s]g=]]
og

M=

pl=

1. AM9F

Dulbecco’s Modified Eagle’s Medium (DMEM)< Hyclone
Laboratories (Logan, UT, USA)?IX +Y3IAt}. Bovine calf
serum (BCS)$} phosphate buffer saline (PBS), insulin<
Welgene (Daegu, Korea)oll 4, fetal bovine serum (FBS)}



Tanshinone IIA 787 CH =EZ°| O[AKXIEHE JiM S2t

penicillin/streptomycin (P/S)}2 Z}Z} GenDEPOT (Katy, TX,
USA)# Gibeo (Grand Island, NY, USAPIA F¢ate] A3}
Stk 10% formalin 8942 Tech & Innovation (Chuncheon,
Korea)ol| 4|, tanshinone IIA, dexamethasone, 3-isobutyl-1-
methylxanthine powder, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide (MTT), Oil red O, isopropanol,
dimethylsulfoxide (DMSO), poloxamer-407 (P-407), fenofibrate
2 7]e} Al2FS Sigma-Aldrich (St. Louis, MO, USA)°l|lA

. °]F 2% (w/v) NaClZ H7F8laZ, 1 M citric acid®2
pHE 6.002 A3t 30 #7F ¥y ¥ ¥, 3,500 rpm
oflA 15 #£7F AR sk —r“&‘?'i % (aqueous phase)=S A
AslaL, AAEAIA 7T 28E 4 (surfactant-rich phase)E &
2-g 53t (Fig. 1).

AZxE SMW % SM-CPE Al8= 524427 (TFD5503,
IlsinBioBase, Dongducheon, Korea)2 #@3}et %, —20TCo]
Hsto] Aol A8t

Jste] ARSI
3. HPLC &M A

Tan TAS] A 4L Chen & (2012)9] HES A S
A8t HPLC (Shimadzu LC-20AT system, Shimadzu Co.,

(SMW)2} Tan IIA D8l Shet =

o

4t (S. miltiorrhiza) A= £3HEE 20224 499 & Kyoto, Japan)=2 T3lltt. 7} FE252 10 myml &] TE=
At Zro|Holl A et lﬂ%ﬂﬁ UL E= ek of THIBI oM As B FF5ES 47 10 4 FHAL 75
SAEAZNE AFUolth £8E 98= 60CoHA EF A £ 1.0 l/mineE AT}
Z3 & Bt} FEo ARSI ol 5L 0.8% acetic acidE F¢H3t water (A9} 0.8%

X3l acetonitrile (B)Z 7= 2™ gradient
elution Z71& A3 [gradient =7 : 0 — 40% (A :
B =98 :2) — 405 — 605 (A : B = 54 : 46) — 605 —
708 (A : B =34 :66) — T0% — 715 (A : B = 10 :
90) — 715 — 805 (A : B = 10 : 90)].

Columne ODS-AM (250 mm x 4.6 mm, 5 gm, YMC Co.,
Ltd., Kyoto, JapanyS AFESINL, AE 32 280 nm 2 A
Aot FFEA] A=A 0.5 wg/mlb - 200 g/me H21
A At

2t = FEE SMW)2 & E‘?—i’ 1 gl EFF 200 = acetic acidS

A7kt & 223 Ag]7] (120 V, 60 Hz, UCP-20, JeloTech
Daejeon, Korea)S ©|-8-3l] A0A 30 7+ 2531 A&
PsFATE o] F oA (No. 6, Whatman International Ltd.,
Maidstone, England)® o33t} HAES AAS L e
EEaT =

@i} CPE %% (SM-CPE)S Shin 5 (2024)2] i<
AR A3l AR A BY 1 goll 3% lecithin &
o (wh) 20 ml-S EFaa, Ao 40 B7F 283} A
(120V, 60Hz, UCP-20, JeioTech, Daejeon, Korea)s A5}

é @ NaCI & Citric acid J, _ b

1gof —— I [ .

sample Addition of @ Ultrasonic assisted Removal L

the Extraction 3500 rpm, 15 of
surfactant (40 min, 25 £ 2°C) min aqueous [
© Nonpolar analyte (3% lecithin) [ phase

= Polar analyte @ Water bath
(30 min, 40°C)

Aqueous phase Diluted Molecular self Micellar Phase Surfactant-rich
in analyte aqueous phase assembly aggregation separation phase
with nonpolar
analyte

Fig. 1. Schematic representation of the cloud point extractlon (CPE) process for preparing tanshinone llA-enriched S. miltiorrhiza
extract. The CPE procedure was conducted usin of S. miltiorrhiza powder and 3% (w/v) lecithin solution. The sample
underwent ultrasonic extraction (40 min, 25 * 2° fo lowed by NaCl and citric acid treatment to adjust the ionic strength and
pH (pH 6.0). Upon heating in a water bath (30 min, 40 "C), micellar self-assembly facilitated the selective entrapment of nonpolar
analytes (e.g., tanshinone lIA). After centrlfugatlon (3,500 rpm, 15 min), the surfactant-rich phase containing hydrophobic
components was separated from the aqueous phase.
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4. HIZZ Y MUY =24

3T3-L1 AXWAH|EZF= American Type Culture Collection
(Rockville, MD, USA)S 2 7E Hofiol ARSIt A2
DMEM®| 10% BCS, 100 U/m{ penicillin, 100 zg/mé
streptomycing H7FeF wixlolA 37C, 5% CO, 2742 CO,
v 7] (Forma Direct Heat CO, Incubator, Thermo Fisher
Scientific, Madison, W1, USA)lA siFstSich.
5. MIZ MEZ 58 (MTT assay)

3T3-L1 AAWAHEZS 96-well plated] welld 1 x 10* cells
2 53813, Tan A ¥ 7} 5= (SMW, SM-CPE)S #
gate] 24 AJ7F S visIlTh o] % 5 mg/mee] MTT 8-
S A7¥etd 3 - 4 AIZF REGAIR H, s AlAsaL A4
¥ formazan ZAE DMSO 200 (ol &33teh. &3
+ microplate reader (VICTOR X3, PerkinElmer, Waltham,
MA, USA)Z 540 nm oA SA3Iom, ME &=L iz
+ gy 9EE2 ALY

ALY

M1 oo

6. 3T3-L1 NLHIZ 23t 7=

3T3-L1 MEE 12-well plated] well G 2 x 10° cellsZ
312 confluent AEol]l =& wj7lx] 2 o 7HHo 2 Hix|
S wgsi wigsidltt. £3ke =571 ¢1al DMEMO 10%
FBS, 1% P/S, 1 puM dexamethasone, 0.5 mM 3-isobutyl-1-
methylxanthine (IBMX), 5 xg/mé insuling ¥33F E3}-71 Y
A2 WASIL Tan [IA, SMW, SM-CPEZ 7t} %)2]3l3ith.

=3} = 2 o AHEl= DMEMO 10% FBS, 1% PSS,
5 pg/ml insuling X3 FAEIXE WAt 2 A (HHo=

13

F 6 U7 visr,

7. Oil red O S

B3P} 48% AEE PBSE A3 H, 10% formalin &Y
1 M2 ALolA 25 E7F 1SR 224 & isopropanolel]
2313 0.5% Oil red O 4 1 Ml FH7ste] 35 B &
ST, G F BRSE AN A% 7 dnhow B2
stor, A% Oil red O isopropanol@ &= 3},
microplate reader (VICTOR X3, PerkinElmer, Waltham, MA,

USAYE ©]83) 510 mels §3ws Zgsisict

778 el 7 ICR vR-AS @2l EnRLe] 9 A} (Orient Co.,
Seongnam, Korea)ollXl +Qste] 1 7+ At AlRE Fo3}
A 7 A-SAIX & Aol ARSIt AR 2712 2% 23
+ 2T, A= 50 + 4%, 3571 12 AlIZF (09:00 — 21:00)2
2 FAEL BE A dddidty sEAERES

A3]o] FRIS who} FBIATH (FHE : KW-211029-1).

9. O EHES 7

P-407-& Johnston (2004) 2! JohnstonZ} Palmer (1993)9]
Wiel we ARSIl P-407S A2 A5l gallste] 300
mg/kg FEE A 5, 4T overnight BH3IIT). )4
AAEF fee A T8 24 A Aol 93] 5 FAb

(intraperitoneal injection)2 G~ 3FAT}.

= (
Atk £ it AL E I3 AdET (vehicle only), P-
407 Tl st oA HES F=at, P-407 + SMW (200
mg/kg, p.o.) FoI, P-407 + SM-CPE (200 mg/kg p.o.) &
o], P-407 + Tan IIA (10 mgkg, ip.) Folt, P-407 +
fenofibrate (3.3 mg/kg, p.o.) FHx-. SMW, SM-CPE ¥ <
Az o 2 AFESE fenofibrates= 14 A7+ A58,
Tan A= &Y 717F &9t 574 Tt P407 A3 &
T 24 N7 Ao 300 mgkge &3] 7 TSIt (Fig. 2).

1. JE H U 24 53

Aee MAA S (BT 224S, Sartorius, FRA)Z 1|5 =4
st ¥ T8 § vhe2E AsiaL v ARt
0.9% B+ AHAEFE AHT 7 AHAZ S AAS)
AL FAE Sl v A AT (el tigk it
(% of body weight)>-2 AXHISI T

F 22 AN F Al
oF 1| NS % o} e 4T 8,000 rpmS
2 15 B2 94848 (1730R, BMS, Seoul, Korea)dle] E3S

‘ Stabilization | .I
Day (D)7 D14 D1 examination
. ] & sacrifice

|
SMW, SM-CPE, Tan IIA, Feno

P-407

Fig. 2. Mice experimental protocol schedule. Mice received administration of SMW and SM-CPE (200 mg/kg, p.o.) or fenofibrate (3.3
mg/kg, p.o.) or Tan lIA (3.3 mg/kg, i.p.) for 14 days. P-407 (300 mg/kg, i.p.) was administeresd 24 hours before killing mice.
SMW; S. miltiorrhizae water extract, SM-CPE; S. miltiorrhiza cloud point extract, Tan lIA; tanshinone lIA, P-407; poloxamer-407.
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Tanshinone 1A 0&F7 Cf

EZ3tAth FZF8 2~HE (total cholesterol)> cholesterol
reagent (Bayer, Whippany, NJ, USA), SdXW (triglyceride)
2 triglycerides reagent (Bayer, Whippany, NJ, USA), HDLZ
direct HDL cholesterol kit (Bayer, Whippany, NJ, USA),
LDL direct LDL cholesterol kit (Bayer, Whippany, NI,
USA)E ol&ste 43It EH Wl $Ee mgdl T9=

O -1
EAET S

13. SAH=M

A A= 4 3] ol eSS Wi £ FFWAF (mean
+ SD)E ZAISFATE BAIEA-2 SPSS 26.0 (Statistical
Package for Social Sciences, SPSS Inc., Chicago, IL, USA)
S AFEEIH 2™ one-way analysis of variance (ANOVA) $
Tukey HSD Tha-A1H 9 rtests AME-3te] 7+ Aol f9
S FASATE (p < 0.05).

o
T

Zdu ¢ o

p =

1. Bt 25 FZE29| tanshinone 1A gzt

Tan HAS] g% 42 flsl HPLCE °l&3d &4

=

A,

200000 ¢
178000 Standard
150000
125000
2 100000
75000
50000
25000
o2
5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0 75.0 80.0

(A)

280 nm

o
o
[ 1D
2N "0

CHy

N

Tanshinone IIA ——>
HsC CHg

200000
( B) 175000
150000
125000
100000

SMw 280 nm

AU

75000:

50000

25000
oLl ]

50 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0 75.0 80.0

200000

175000 SM-CRE

150000

( C ) 280 nm
125000
100000
75000
50000
25000
0

AU

5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0 75.0 80.0
minutes

Fig. 3. Comparative HPLC chromatograms of S. miltiorrhiza
water extract (SMW) and cloud point extract (SM-CPE)
showing the quantification of tanshinone IIA. (A);
Chromatogram of tanshinone IIA standards chemical (100
ug/md), (B); chromatogram of the SMW, (O); chromatogram
of the SM-CPE. SMW: Salvia miltiorrhiza water extract, SM-
CPE; Salvia miltiorrhiza cloud point extract, HPLC; high-

performance liquid chromatography.
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Table 1. Comparison of tanshinone IIA content between S.
miltiorrhiza water extract (SMW) and cloud point
extract (SM-CPE).

Contents (ug,/mg-EX)
SMwW? SM-CPE?
0.220+0.005" 7.710+0.268

USMW; Salvia miltiorrhiza water extract, ?SM-CPE; Salvia miltiorrhiza
cloud point extract. Data are mean = SD (n = 3). P values were
calculated by t-test (p < 0.01).

Compound

Tanshinone IIA

EFE2 A J3E oF 76.7752] retention timeollA] T+
A peak® FCIEJT} (Fig. 3A). AFAL y = 149538x —
627592 AAEN0H, AGAS RS 0.9995% w9 oat
2443 A AEEE UERNo], & AR A4
Q3T

FZ25 U Tan TIA

S vlwsk A3, I
AzE i B FE2E (SMW)RIAE 0220 £ 0.005 mg/ge]
Tan A7} -5-5o] o™, CPE W02 AxHE Wi +
Z5 (SM-CPERIAE 7.710 £ 0.268 mg/ge] AZHA}. o]

£ SM-CPE®] Tan IIAS] &&Fe] SMW tiH] ¢F 3505 Hj

=22 onsly, CPE 7o) Wit Wl X84 FaAdEe] &

o~

o o
T+ 0] 0 O

555 dAs FHNE Nee
Table 1).
ol8gt A= CPE 7o) 244 Aulgd =29 494

o)
T 2 F2o] a3Folgls 71¥ XA (Shin e al, 2024)

Ho3FEh (Fig 3 and

st AXspe), 1A FE2WS Bel J15H AR RE
R GHS FA FAND F P S ARk

2. Tanshinone 11A2] MIEZSsA EJ}

3T3-L1 AAAEZA Tan ALl AEE5AS F7187] 9
3lo] MTT assays AAISIIT) Tan HA ©5 A2]9} Tan DA
2} MDI HiA] (3-isobutyl-methylxanthine, dexamethasone, insulin)
B8 A 24 oA 25 pM olst sEoX = Fo3 Al
FxAo] YeRFA] et Z2uh Tan A 5 uM o3 A g
Al 23 A3, BRAA ME AEEe] ZhE 78.35%%)

70.61%= frolatAl aste] AE=4S JeriATh (Fig
3A-B).
Tan NAS] 54 F=2 3RIE 5uM (& 147 pgml)e] &

TE 786-0 Q17F A1k MEF)A Tan IAE HNXE BEE
o] 50% A= H F= (ICs) Fol 2 ugmlb (6.8 uM)Z
ByE A3 (Wei et al, 2012)2F A3 2H ©]E= Tan
A9 A2 HAo] & &4 ds ST FA]
TollA AAE =4 HLA7E 71E o F3olA AAE B
] kel A= ol B S ER1E = AT
Sk, MDI HiA| 9 T A2 gh 739 M AEEel= WSt
7} 91132, MDI ®jA] + Tan HA HE& 2]l = Tan

24
=
s
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Fig. 3. Effect of Tan IIA and two extracts of SM on the lipid accumulation of 3T3-L1 adipocytes. (A); Cell viability following Tan 1A
treatment was assessed by MTT assay. (B); After treatment with MDI medium and Tan IIA for 24 hours, cell viability was assessed
by MTT assay. (C-D); Cell viability following SMW or SM-CPE treatment was assessed by MTT assay.

A &= A2} fAkeE 54 vhgo] e
WA st 2 AdeMe

= 25 uM °Jske] s=E
3Tt (Fig. 3B).

- olell wt, A
A2 AEE0] 90% oY A

Tan [IA2] A g vz A

3. SMW % SM-CPEQ] MIZ=A T}

MTT assay 23, SMWE 200 pg/ml 7= Al E AYZEEo)
90% oo R 54 VFERNA] %S, 400 g/ml o]/l
A )8k AT YERY 1,000 pg/ml olME 47.88%71A] Al
E AESo] A3 (Fig. 30).

SM-CPE®] 79 100 pg/ml 7H]E =40l g1glort, 200
pgml A A E BEE0] 54.62%% F73FAAL, 1,000 g/ml
oAM= 19.03%= ¢ 2 AEES YEMIITH (Fig. 3D).
59 F%ol4 SM-CPE7} SMWX.tH 2wl o]t 733k A X
A& YERAT

Tan A 221 (2943 g/mol)S 71Z0 & Shalsld =4
o] BlE 5 uME o 147 pg/ml ol FEL SMWSF SM-
CPE ol 23% Tan A $HFS sk, SMW 400
pg/ml o= 2F 0.044 pg/ml, SM-CPE 200 pg/ml o= °F 1.78

gkl Tan A7} E3FE o] lo], SM-CPEQ] M|EZAJo] F
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2 I3 Tan HA] 71082 AlALgHL

SM-CPE W =3he AR A2 lecithin®] 54 71s
AL Ykt Kosmerl 5 (2021)2] Hwol] w=m, 3T3-L1
M EZANA hF-F 520 lecithin Zt 0.5 mg/ml 714 80%
o1, 1.5 mgml ANME 55% - 72%2] AEES AL
BsIon, B Ao AFEE lecithin T5E ©]Hct} u
AT},

SMW$¢} SM-CPE®| A|HbA|E 3}
B 200 g/l o]eke] FEE HIEA w5 HeE A8sic)

o 1-=

4. Tanshinone 1IAQ} Thet FEF9| 3T3-L1 MIEZ X222}
oMl St
Oil Red O ¥4 A3}, MDI HIA S A3+ FA xte

TR oy A S27Fe] ¢F 3.95 B 7kl Tan
HAE 0.1puMFH FolstA AMAE 235 JASAL,

25uMelAE <F 50.73%, 20 uMollA HTh 64.36%2] E3}
A &3E vEPATH (Fig. 4A-B).
SM-CPE®} SMWe| H|w A3 Ad}, F FE2E 25 AW

Al E3HE fFelst Aoy Al &3] Hrole
g3l 2oz} VRN (Fig. 4C-D). SM-CPEE 50, 100,
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Fig. 4. Inhibitory effects of Tan I1A and Salvia miltiorrhiza extracts on lipid accumulation during 3T3-L1 adipocyte differentiation.

(A); Representative Oil Red O staining images showin

lipid

roplet accumulation in 3T3-L1 cells treated with varyin%

concentrations of Tan A (0 - 20 uM) during MDI-induced differentiation. (B); Quantification of Oil Red O retention in pane
(A). (O); Representative Oil Red O staining images of 3T3-L1 cells treated with either S. miltiorrhiza water extract (SMW) or cloud
point extract (SM-CPE) at indicated concentrations (50 ug/mQ - 200 pg/m{). (D); Quantitative analysis of panel (C). Data are
presented as the mean + SD (n = 5). Statistical significance was analyzed by one-way ANOVA followed by Tukey’s HSD test.
Bars with different letters indicate significant differences ((p < 0.05). Tan lIA; tanshinone 1A, CON; untreated control, MDI;

differentiation cocktail (500 uM IBMX, 1 pM dexamethasone, 5 pg/mQ insulin)

200 pg/ml FE=oNA 212t 8.17%, 17.57%, 81.02%2] AHA|3E
23l o4 S B3, SMWe 59U FZolA zZzt
10.50%, 12.22%, 19.90%2] £5rst A a5 Yeplidck
(Fig. 4C-D). SM-CPE®] 200 zg/ml o LeRd 7383 x|
a3= MTT assayolld] MESAo] et 55YS I3}
RS W (Fig. 3D), IF MESAF FFo] TFHAS 7154
o] ok, FHF Tan 1A oJ§F 2H% a3te Avia
ezl=4
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ol2fgt A= Tan IAS] T oEZQ 54l 711g 2
& 71K Bdo] s Ao® AZErt Tan IAE Al
2 94 fdsle A8A EZ R, parathyroid hormone-related
protein (PTHrP) €/J3}2} mitogen-activated protein kinases
(MAPK) A2 Z=4& F3l (Chan et al, 2011), XA E £}
o] al4) HAIAIC] peroxisome proliferator-activated receptor-y
(PPAR-y)2} CCAAT/enhancer binding protein alpha (C/EBP-o)
o IS Ao EN AMAE S Adleke Zloew o
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H Ak (Wu er al., 2012). 53] 3% Tan A= MAPK
ARE A4 elAlslel AR e U Ak,
A 23kE FslekA A" = AUtk (Park er al., 2017).
SMW+= sa1v1anohc acid B (Sal B), salvianolic acid A

(Sal A) 59 484 #lE s9HE AR s Aezdle
U A Hl oA G35 vEpd Z0R ERIEE ul, o
23t A= Sal BE 3T3-L1 AlZeA 100uM FZolA] oF
20%2] B3} JA a3E R3S (Kwon and Jang, 2022),
Sal A TE3F JAPY 2o] mh mdloa 2k 24 Asf Bl
7+ B3 @32 Yepdoy 2313 23 (Ding et al., 2016)
NE el e} o]2]3t 84 RS 5 =l

E Al aFte] ol A &7] wiwel, LEolxe] &

g

3} zpel= F2 Tan HAS] g zjolo]l 7]Igithar s €},
. P-407 7% OIS 01920l AE H vz 72 vist

e ea AF Sl Fau oL, T
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bc ab
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N

;(]1:/_]-\3 (LDL)—C4 ;]_\:a} 2_7],1_—; o=k
Z1olain], BFENRE 9 HEF) P

WAshd 2Tk @730l
Lo A8 FHH=)

\__

9§18 =olt} (Fuster, 2016; Carr ef al., 2019).
S A djAle] wgke Al FFS vXE ZloE &
HA Qlo], Ak FHlzElE X0 F4T ST v

=9 oms) 2= o)

(spleen)} -2 997134¢] 715 Wiskel Bt 55 U < ¢
o, FYZEIE FR9 deS A 7% Askeke Aol Q)
= A°& RIFT St} (Scarpioni et al., 2012; Provenzano
et al., 2019).

Poloxamer-407 (P407)2 =9 o X2 8F nle-2 2do
A 14 ¥7+e] SMW, SM-CPE ¥ Tan IIA Fo] & A5 ws}

T8 W A7l vge] FAE 5788 A (Table 2), &
A Iz fenofibrate 2]l AFo] FoJ&A a3k
A, SMW, SM-CPE % Tan IIA FooX = AT 4 &
It BARHCE felet o R AHER] el (p < 0.05).

oyt Axh= AFYZHELT 9 o IRNETZFL XEA




SH

Tanshinone A 1787 E
3l LIPIDILMS AFe] &7
745101 o] fenofibrate’} PPAR-a
& sl A el A 258 JAshe
487182 M3 7] Wl wush fABIEOL
(Carmona et al., 2005), A" 2]9] _‘?_Eij‘ﬂ]/ﬂ Tan IIA7}
PPAR-yol| gt Zakzhe-g B3l AW £48&

el

pZe

2 fenofibrates FAAEO=Z

FoIgh A3} A|Fol

Zs]
AH TS HIA 7R FAZN| th—_,_ B
(Gong et al., 2008)}

@ ohysel AF i

2022)°k= Zdol 33l

i n:

7] SMW, SM-CPE ¥ Tan [IA Foistolld frolat
e A a37F B k2 A1 A o] B} p-

407 = =9 7he] thaby Zjolellx] 7Ijlske AR ket
Johnston (2004)°] A=l W= P-407 = 292 LPL

(hpoproteln lipase)?} hepatic lipaseE JAsle] @77k 2
Z]?Q OHLL}_‘; Ez}o] Sii= J—/_;qm Mo] rdo 273

A 54 :% "H tiatell FEFE mIXAT P-407 Fe &
g2 )31l A F5 2 lipase JAS F=3k= F
A BY= X]HJ 2y 4 ¥slite g% Ad 5

gk ggko] =7] —1%01] Tan AY T4 FE55°] AS &
2o HX= G¥= ATERNE 7Fedol At

HP A S-S AT (gl et Hizie s AlLtet 43
A& SMW, SM-CPE, Tan IIA $oi 7He] spleen/BW
& APF 7 ok AelE BoY, T 24 A9 BE
I F SAXHCE FoJg Aol AAEA ATt (p <
0.05, Table 2). & A AFelr= P-407S £ FAS

o]

=

&i

v FA 7 BAEA S (Goncharova e al,
2015), & AelMe FLE A FEdol= EFstal E7

Moz folg g EE %S selEx Wit
407011 o el gl Y 2 (Foi S, Wik
Syl w2} AolsAl e 4 e

o]l:_

P-
7
o}

o)

<
/\DE aF

s O T

o:l7<

7. SM-CPEQ} SMW ¥ Tan 11A9] & Z2ui o}
AWM EZ 3} (adipogenesis)E A= AeEAdL AW
A FHES e B ool HAlH AAAL (lipid
metabolism)ell 584 FEFE WA FFYZEIE (TC), THA
W (TG), AY%: A (LDL)9] 4 9 wdx zchy

IXI

(HDL)?] Z7}& o]oJ& 4= St} (Jia ef al, 2016).
P-407 F= oA EEE TE 2do SM-CPES} SMW

9 Tan [JAS] &
500 AAIsA T
P-4078 TS AA Uiz B EF TGE 97.33%,
LDLE 97.64%, TCE 60.05% 715132, HDLS 48.82%
o] FFog 7L/\5].oq =4 o]AP;(];ﬂt‘sﬂi Uté]ol )ﬂ:'_x%gi
IS Felssin). 14 U7k SMW, SM-CPE, Tan IIA
2 zi7t Bodd A3 TG 9 thx2¢ fenofibrate®] 73
$-, P-407 Fr=t ] 69.43%2] A @3S B oMW, Tan
IIA (65.61%), SM-CPE (54.22%), SMW (23.86%) <O 2
AT (Fig. 5A). Fenofibrate®} Tan 1IAS] TG A3l &
= FARE $50]%03, SM-CPE 9A] Tan LIAS} BA& 0
2 AR 94 235 Yol SM-CPE #{2]9] °l*6‘H frie
He TG 39 Z47t Tan HAS 371 HF9E IS 8l

=

= A& Az N 235 #RIgk 234 Fig

AF

DE

& 5 giglem o2idt adE SMW (23.86%)°1 HIsH °F 2
v ol 7k a2 VepdS Felsdtt (p<0.05),

LDL <#x] E3F SMW, SM-CPE, Tan IIA =E5olA P-407
o OH] freleHl Aaglom, Al 1w 7 SAIA el
umwr AMA o2 4 73] di=A #FEA (Fig.
5B). TC 7% 9A] SMWLS 24.94%, SM-CPE®] 739 21.63%,
Tan AL 18.83% A=, AglatollA A FA] 7} Qb
AH o g JNHES ERIIIT} (Fig. 50).
A, P-4070] <3l <F 48.82% 7HAdH HDL Tan
MAS A2]3F 739 50.63%7FA] 3]E= o] fenofibrate BT} 95
g HDL S7} 895 Yepidley (p < 005) SMWQ‘r SM-

=
2=

=
o -1

71& 9 ] WL B 2SH $A4o) Bade ekl CPE FololME HDL #47} SuE: RS nylou
ol sk AXOZE Folg F5E oAUt (Fig. SD). o] = Tan A7}
Table 2. Effects Tanshinone 1IA, SMW, and SM-CPE on body weight change and relative spleen weight in P-407-induced dyslipidemic mice.
Group Body weight (BW) BW gain Spleen index
Initial BW (g) Final BW (g) g/14 days % of BW
CON" 33.5+£0.9 38.5+0.2 5.0+1.2% 0.16=0.007
P-407% 34.1x0.2 40.1+2.6 6.0+2.4° 0.12%0.051
SMW? (200 mg/kg) 33.8+0.3 39.1+2.8 5.2+2.7% 0.13+0.016
SM-CPE* (200 mg/kg) 341+1.0 37.5%1.3 3.4x1.2% 0.21+0.134
Tan 1A% (10 mg/kg) 35.9+x2.7 37.7x1.4 1.8+0.3% 0.12%0.019
Fenofibrate (3.3 mg/kg) 40.7+0.5 40.9%+0.6 0.2+0.1° 0.10%0.022

CON; untreated control, ?P-407; poloxamer-407, ¥*SMW; Salvia miltiorrhiza water extract,

YSM-CPE; Salvia miltiorrhiza cloud point extract,

Tan lIA; tanshinone IIA. Different superscript letters within a column indicate significant differences (‘p < 0.05) based on one-way ANOVA

followed by Tukey’s HSD test.

252



LOE - Aas| - JEEH - 20X - 20E - 28 - Q-
A B)
() 3500 a 160 a
140
3000
S 120 ab
£ 2500 1 2
g S 100 b
€ T 2000 < s ¢
o
] £ 1500 1 2 0
= 1000 40 b pe
500 201 .
0 - 0
CON — SMW SM.CPETaIIA Feno CON — SMW SM.CPE TanIIA Feno
P-407 (300 mg/kg) P-407 (300 mg/kg)
D .
©) a0 (D) 120
a
400
_ 100 -
S 350 ~ = ab &b
5 ~ 300 1 § 80 1 bc b
2 2 250 | £ .
= = < 60 1
S Ea0{ . =2 <
=< | a .
E 150 = 40
100 1 20
50
0 - - 0
CON — SVMIW SM.CPE TanIIA Feno CON — SMW SMICPETanIIA Feno

P-407 (300 mg/kg)

P-407 (300 mg/kg)

Fig. 5. Effects of tanshinone 1A, SMW, and SM-CPE on serum lipid profiles in P-407-induced dyslipidemic mice. (A); Triglycerides
levels, (B); low-density lipoprotein (LDL) levels, (C); total cholesterol levels, (D): high-density lipoprotein (HDL) levels. Data
represent serum lipid levels after 14 days of oral administration of SMW (200 mg/kg), SM-CPE (200 mg/kg), or tanshinone 1IA
(10 mg/kg) in mice with dyslipidemia induced by intraperitoneal injection of P-407 (300 mg/kg). Fenofibrate (3.3 mg/kg, p.o.)
was used as a positive control. Results are expressed as mean =+ SD (n = 5). Statistical significance was determined using one-
way ANOVA followed by Tukey’s HSD test. Columns with different superscript letters (a—d) are significantly different (p < 0.05).
CON; untreated control, Veh; vehicle control (P-407 only), SMW; S. miltiorrhiza water extract, SM-CPE; S. miltiorrhiza cloud
Eoint extract, Tan IIA; Tanshinone IIA, Feno; fenofibrate; P-407; Poloxamer-407, TG; triglyceride, TC; total cholesterol, HDL;

igh-density lipoprotein, LDL; low-density lipoprotein.
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A7, 2 U AR alEe S8k AR Yehgor
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