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Regulation of Mingsang lipid-lowering tea on lipidmetabolism of LO2 cells
based on steatosis cell model

XUE Guo-Zhen', LIU Jia-Ning®, ZHANG Min-Ai’, YAN Xiao-Rui', YANG Xiao-Xia',
LIU Xin', DU Chen-Hui', ZHANG Xi-Chun', LIU Ji-Quan'"

(1. School of Chinese Medicine and Food Engineering, Shanxi University of Chinese Medicine, Jinzhong 030619, China;
2. Institute of Medicine, Peking Union Medical College, Bejing 100500, China; 3. Customs Technical
Center of Taiyuan, Taiyuan 030021, China)

ABSTRACT: Objective
of its lipid-lowering effect. Methods

To clarify the lipid-lowering effect of Mingsang lipid-lowering tea and the material basis
The blank serum of rats, the medicine-containing serum of the whole
prescription and reduced Folium mori of Mingsang lipid-lowering tea were prepared. Steatosis cell model of LO2
cells was established by oleic acid induction. The cells were divided into control group (containing blank serum),
model group (containing blank serum), medicine-containing serum treatment group of the whole prescription and
medicine-containing serum treatment group of reduced Folium mori. After culture for 4 hours, the fat accumulation of
each group was observed under the microscope. The intracellular lipid content was measured by enzyme marker. The
levels of triglyceride (TG), total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), low density
lipoprotein cholesterol (LDL-C), and the expression of peroxisome proliferator-activated receptor-alpha (PPAR o)
and sterol regulatory element binding protein-1c (SREBP-1c) were determined according to the instructions of the
kits. High performance liquid chromatography (HPLC) was used to study the differences of the fingerprint, and the
contents of chlorogenic acid and citrulline in each group. Results Compared with the model group, the numbers of
lipid droplets, the content of lipid, TG, TC, LDL-C, and the expression of SREBP-1c were significantly decreased, the
content of HDL-C and the expression of PPARa were significantly increased in medicine-containing serum treatment
groups of the whole prescription and reduced Folium mori. The lipid-lowering effect of the whole prescription serum
group was better than that of reduced Folium mori serum group. There were 53, 35 and 23 peaks in the whole
prescription serum, the reduced Folium mori serum and the blank serum respectively, and there were 18 common
peaks among them. After eliminating the common peaks, there were 22 different peaks in the whole prescription
serum group compared with the reduced Folium mori serum group, and 4 different peaks in the reduced Folium mori
serum group compared with the whole prescription serum group. The content of chlorogenic acid and citrullinum in
the whole prescription serum group were higher than those in the reduced Folium mori serum group, and the
difference of chlorogenic acid content between them was significant. Conclusion Mingsang lipid-lowering tea has
obvious lipid-lowering effect, in which Folium mori has played an important role in lipid-lowering.

KEY WORDS: Mingsang lipid-lowering tea; medicine-containing serum; high performance liquid chromatography;
LO2 cells; lipid metabolism
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HEWi ARG EE N B mRNA ik, gesh, eilFrh sy
AR B DB R AR AR 5 P I KB TG TC #1 LDL-C
KPR i £ AR K R A RO ST B
R, DR R LA, Bl R I E . &
Tt Rl SRS C 2 TR RERIE S

T 24 [ R LY 25 BRI 5 1 I AR R A 2 R, LA
2 I HEAT AN S AT HERR T 2552 05 SR o) | HL A
PERE . BB PRIUESF R RN, SRk
FEZG IR RO ) LSS R BT, AT MR | S
e i 24 () A FH BB ZE LR U, G IE Al ik LO2
J2 T (0 0F 5 1A S A1 A0 S R LT e RS L i F
TR, W E AW AW )R 81 Z K o (peroxisome
proliferator-activated receptor alpha, PPARa)ZE T 184Xt
TR SRR TS BRI TR A B - 1o (sterol
regulatory element binding protein 1c, SREBP-1c)/& i #:iH
WBIEE ., JRITRRA TG &R et K+, HEj PPARa,
SREBP-lc T #ii MR MR AE . AR SE AU 5o
AP A R 25 B R IR SUR B WS I, A5
W] S0 25 B IR (97697 A IR R, SRyt — 25 B
B SR AR A5 MR AR 1 FH LA B R FERE NG A FH I P BT ki, A%
BIF 5[] IF % Y 5% i g 2% R A7 38 i s ok b B, R P il R
(oleic acid, OAVEHL I AG IR 5175 5 LO2 40 7 g iy

AR PR MR, X B SRR 2 B PR AR VR AL 2 T 1T 05T

) FH iR AR AH €233 2 (high performance liquid chromatography,
HPLC)WF5¢ W S& R R A5 A A5 K N VE T P S ki, LAIBI R
AN IE— 2L TF R A R B2 Al

1 MR5R%

1.1 =54k

MM SD KR 30 R, {AH(200+20) g, T A HIRHr3E
TGRS YA R A W SER SV ATIE Sy SCKK
H2021-0007, S4B HE S AWE202209092;
LO2(ANIEH JIFAHNT), W A %38k AP A R .
1.2 #R5ERF

HHSXPEARAS th AL =45 o IOl . P F, My ie
1b 5 S, 190 B, O N YRR, WA 2 AR A
LG, Nt ik A, RELLIE, WRARZIRASUR
AW, T2, WMRR 5 S0, 50 LY S350 L
YL, O B, WRAETRL . WRAETRIL, YRAHIRL, T, RIS,

ML 0 Yetrid £:(0310A23, JbntE R A
H R W), 2K 3k Y 40 e 1R £ (methylthiazolyldiphenyl-
tetrazolium bromide, MTT)i{F £(M1020) ., &% JF X% I,
(4l = 98%) . 4 IML¥E A & A (bovine serum albumin,
BSA)(A8020), —HIZETF#(dimethyl sulfoxide, DMSO)(D8371)
AR ZEFEERHA R A H); TC i#371£:(20221110), TG iR

7 £5(20221110), HDL-C 77 £5(20221109) . LDL-C 35
£1(20221109)(Fg 5% 2 AR W TARDFSE IT); PPARG [ 0%
W Fff (enzyme-linked immunosorbent assay, ELISA)X 7|4
(F0584-A) ., SREBP-1c ELISA &5 & (F111553)(1h Py ERHE
B A= R ECR BR 2N v ); 4% B e B R % B NS (4l = 98%,
S HEEAE MR AR IR A D)

1.3 UFE58%

SpectraMax 13x 713 (32 [E Molecular Devices A F2
o), EZ4 {58 B AU (BT TL 9 TR 2= AR AT BR A D),
TDA4Z-WS &= A V- 25 0L L RS A R
Hl); QP FR AN AEARBRIE FRAE (B DL PU AR W B R A BR A
Fl); MX-S ITETR ST 85 [ 24 L3 A s (AL ) e 23w T
Waters 2695 =5 %50BHE (4113 (35 [ Waters 23 #]); Alltima™-
Ci3 (250 mm»4.6 mm, 5 um, 3&[# Grace 23 A)).

14 /7 &%
1.4.1 &2 fiF B g ik ) &
(1)K B B i 4

HRAELH T E B4 ARk . PeBF . Rent 1l
e RAMGE R, B, Wk, TR, RIS EH SRSk
Hr o B R NS — IR R R 30 g(— H =k, —k 10 g),
KRR (60 k)R 6.3 fEE 42, HIRR
881 mL/(100 g-d)iFFTHE B 4520, FRELS g BHRFRIRAR,
JILA 90°CZEiB7K 400 mL, #hifd 2 IR, &K 10 min, JEid,
BIFUETR, Wedn, W& BT, 4°CRAFR . eI 3ERt
R, e HR AR T A B R BN A R U
HEAT ZE DB R R B TR i 4% -

() 2 L5 1 45

SD KL 30 H, i@ N HEMESR— 8, HRERENL A 3
HEEAH . HREIES T4 RIS R MRk ),
B 10 R, #% 1 mL/100 g-d)iE B 2425, SaAEE S
AEBRERK, BB 1R, Fgisd, RREE 2h N, B
JikR I, #+E 2 h, 3000 r/min B.L> 15 min, BEZ M, [
ZHIRA], 56°C/AK I K% 30 min, ~80°CIR-TE&H

(3)FHAhVE R il %5

MTT K F: FREL MTT & &, A 85 iR £k 2% vh il
(phosphate buffered saline, PBS)F/34Afi#, 0.22 um JEARER
7, IS FRREE 5 mg/mL MTT i, #OGIRIE4E .

OA IR 45+ B+ OA A 0.1 mmol/L NaOH %57, fHl
FAGRI(RIRTD), 7€ PBS LA BSA W, SR EE 10%
BSA IR AR, &I, 10, 0.22 pm JEREERE, H75
WS 10 mmol/L OA ¥, —20°CH-AF#5
1.42 HRERAR

(1) 25 24 I35 oA 0 R e P o2

Z2CHR[201077%, #E#E 0.5 mmol/L OA AbF LO2 41
i 24 h S LO2 JHHAS N AS YA AL . K LO2 i
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P T 96 FLARIFATHEARE . MEEHEFD, A HIMA 141 BUF &
HHREE 5%, 10%. 15%KEUME, dkeeksss 24 h, AR
3ANEAL, DAARR e BERR A- T VR R %o B, AL 20 uL
MTT W, KSR 4 h, WFF BRI, A 150 uL DMSO %
W, KRBT 570 nm A0S OD {8, THAAHMIAFTE .

(2) LO2 4l fig Jot & =t iyl 2

1 LO2 ANfusefh+ 6 FLARIEA TrE i I E e, 4331
JA 1.4.1 TR AR S A v A R BT, fdik 3
ANEFL, FEFR 24 hE bR RIEFREE, 4 O L {4 30 min, 60%
SN, 4L O Yefm 20 min, 7Kk, Mayer 77 K 2842 4L
2 min, /K¥E, JMLLOYLE 1 min, MNZE/K BEANESELE %,
TR N WS N IR G A L . BFLINA 60% 5T
BRI, SR FHBEPRILT 485 nm ZbI%E OD fH.

(3) LO2 4 TG, TC. HDL-C. LDL-C &t #ill g

1 LO2 ANt + 6 FLAREA TrE 8  FE e, 4331
TA 1.4.1 TR A A v A R B T, ik 3
ANSEAL, KR 24 h, WCEEANMEERIR, i RO R E U B
LO2 4l TG, TC. HDL-C. LDL-C &4,

(4) LO2 41t PPARa, SREBP-1c & kMM &

1 LO2 ANfusefh T+ 6 FLARIEA TrE 8  IEE e, 4331
JA 1.4.1 TR rAS A v A R BRUm T, ik 3
AL, KiFR 24 h, WA, $ B8 PPARG iU &
SREBP-1¢ 37 &G Ui A4 AE
1.43 HPLC &

(O &1t

3 FE: Alltima™-Cjg (250 mmx4.6 mm, 5 pm); W3l
AL OAEIR . BERERE . VR BEEEVRI SRS BEOCER[21]; K
9 280 nm.,

()X BV T

KRR R . Al R IS, R
it 43 SR MR R 0.4164 mg/mL | 3.8622 mg/mL X
BB AS T 43 DK 2 B OB ARG BE A IR 1.0, 2.0, 3.0,
4.0, 5.0 mL, & 50 mL &, DIHEREZEZIE, il
13 RINRA X BRI, 4°ClE R4 o

) i v T

ZMCHR[221 8 s, B 1.4.1 T 4% 4 R R s 4%
0.1 mL, MIAFEE 5.25 mL, iR BEIRS] 10 min, 10000 r/min
B0 10 min, BCRIFRASKT, REMA 160 pL FEE,
TAHERS) 5 min, 0.22 pm ML IE, 8RN 4541 & 2
TH R RIA T

(4) HPLC 458035 57

3B 10 HERERAS FITE 4 0T R 5 gk A 1
WHGAS, % B3R HPLC (i &b bei e, #i550i
0 35 BUBCHE 5 A TP 2 0 3 48 80 RS A LR T R 4
(2012.130723 WAk 4 2075 48 B0 R s A A = Ay 2 57 A
KARBUEIG A LA o A L, 2 R 2 B A% 4 2 25 L3
PRI ZR | SRR MR A IR S T, TR R T vkt

FEWRE FE A T4 SRR Y LA -

(S)ZR IR . A8 P R il

3 SRS B WA 5 I3« S usiuR i | TRA R e
VA5 10 uL, % b3k HPLC (3% 2 PRERRIN A2, 10 s i
BOMTE SRR . BERIIR &, PATIE 31K,
1.5 HIEAIE

SEEHE LT B hr i R 22 %R, A SPSS 25.0
G2 IEAT 43 B, 22 21 IA) 55 R B R 2 T 40 #r,
WIZE 1] LR P ¢ T, P<0.05 g4 IR R L 25 5 B3, (i
Origin 2021 7474

2 HREDM

2.1 PERE{ERSREEER
211 AREBIESL LFREFRAREN TG

B L AL Y IEERWRE R 10%., 15%0, 51
DO % BE B 2 M0 A P A, 24 M E LY LO2 AARAETE
FHE, 25 TS LO2 AMIEAFEIS RIAL; 2413 1
WREH S5%I, SRR S R, 25 IS . 207 g
SIS I T A T 20 AR ORI RAF, X A A7
WAL /INP<0.05). BEIL, ARBFFRER 5% & 25 i 1E R
FEVERIMR R, #2636 1 TP Rk — 25

ik (IR
7S [ LS4
200 1 =g i}
LTI 55 -y I 33 £
a
b =
bc
150 | be b =
S [y = -
‘@- a a 4@ ; %
& 100 a 8 7 — E
g = 5
50 b % =
0 - =
5 10 15
I HREE /Y%

T AR FREFRIR A MR 22 5 B %, P<0.05, FIAl,
BT R[] 3 I 7 o LO2 4 AT 76 2R A 52 475 1
Fig.l Effects of different concentrations of serum on LO2 cell viability
F1 LO2 MAASLIESM4E
Table 1 Experimental grouping of LO2 cells
il HigRak RG]

X HEZH RPMI 1640 #4355 5% K B2 ML
RPMI 1640 15355
EiE 5% RS [ I3
s (% 0.5 mmol/L OA) RBE R
RPMI 1640 3% 373k
\ DS 5904 v
I (%5 0.5 mmol/L OA) oS LR
) . RPMI 1640 % - .
St Bk IR ok

(% 0.5 mmol/L OA)
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AL 2 BT, S REAL LO2 404 3 %, 40P L
KL, 5% R b, AR 20 20 A P9 21 (6 iR T X
R L, SR H A, WAL 24 I E A A e 21 i
B B /b, 5 ATy s 4 LA, SRk i v 2 2
ML g s R B 2 . 3k 2 AA, &4 LO2 4
EEEERDE. S A, BRI AN MRS R A
WETE, SR A, WS ZY I AN e S e td
WD, Ho &0y i v 2 A0 AR B KT SRR
WR MR . 22 HH 42T I T 4 R S I Ul A T 5 2L 2 R Vi Bk 4
JRORE SRR, Horp 40 Il 3 2E 35 R P i, 9 SE A
REAR A PR 1 R B EAE A

Ta. XTHEAL b BIRYZL (IR IMAT O YLl . AW 25 M7,
A AL & R B EAREAL); ¢ & &2 ImiE4l;
d. SRR 25 MG 4 .
P2 LO2 4l A Ui R SR A BL(400%)
Fig.2 Intracellular fat accumulation in LO2 (400x)

2 LO2 fHREAE R & 2 (n=3)
Table 2 LO2 cell lipid content (N=3)

I3 Ji& B & k(0D {H)

Xof B2 0.065+0.004¢
TR L 0.1960.009°
A5 LT 0.071+0.002°
FE Y OR ML T 0.156+0.005°
T AR TR SRR R ) e 22 5 2, P<0.05,
A3 CXER4

O #EAIZH a
[ =K L
O Sy

£ H/(mmol/gprot)
=) —_
EE
o
-
-
o,

TG TC
ECEzR

213 WAEMASE 4T ik LO2 492 TG, TC, HDL-C,
LDL-C &8 %A

HE 3A A%, SRR g, BRI TG, TC
TR E AT, SR R, WA 2G4 AN
TG. TC FR¥EEREL, Kby miEd4E TG, TC
EE B ERT R I E 4, 269 407 L 41 35 B g TR
VIRVE ISR, FHIEI 3B AT A1, SXTHRAL bhds:, BEAIZA 4N A
HDL-C & B &ML, LDL-C &8 BT, SRR
2y, PREH S 24 IS 44 HDL-C & &9 B3 Fh& . LDL-C
T B E R, b iEHAgME HDL-C &g
TR MR M 2H . LDL-C 75 it 2 28 (1% T F sl ok 1fn 375
20, R BH 4T I 4 R sl i T 2 24 e B 2 B AIK LO2
YRS BRUTAR, e Ay Il v 2RV BRAE A, 4N S0t
TEREARAR BT ARy T R $ EE AR A
2.1.4 A EFERE 5425 fo ik 2F LO2 48 i PPARa, SREBP-1c
B EKNKTFHH

HI P 4 W0, S0t R b A, BERIZH 40 i PPARG 25 11
FiK W TR SREBP-1c S HF B BE T, SHEALH
B, WIS 25103 PPARe 2R 11 3R36 i 3 T+ (SREBP-1c¢
EARKYEE TR, a4 PPARe E1RE R
2 T ZM R I 41, SREBP-1c %5 13534 B L T &0t
VBRI T 4 . 2% B4 Ty 037 20 RN S ek 1L 35 2 A e B 3
JI& PPARa. F&{% SREBP-1c &5, Hrb 4 7 migd
X EE Ik R A AR, IS0 e LO2 41
PPARa. SREBP-lc KA A HEE/EM.
22 HPLC {8QENRE M 57 #
22.1 HPLC 8 B#AARX LS

WE S piw, K10 REES Mg 1.4.3 T30 F @i
PRI, F75 300 i B 5 A 25 (5 SO R AR
UETFN R 50(2012.130723 WA, K1~K10 2k 10 AR
A MEREE, LIRS A IS K1 S EE, 72t
FH G B ShVCEC A R Es P13 % R SR RK, K 10 HoK
B2 (1 37 ELAT AT P BR 15 ) FLOR B B TR0 5 RS A0 A 1Y
FHEIERRE g, 53 23 NMEAK, [FE, 207 mER
TSR R L A BIA 8 53 35 MNMEEIE(E 6~7).
B 15 - x4yl

ORI
R | =Eyigl a
3 O ik 1
& 10 | b
3
g c
win B
JHEOE
HDL-C LDL-C

E2zn

WA K LO2 41l TG. TC &7k E; B 7 LO2 #4fiffi HDL-C. LDL-C & /K E,
F3 £ LO24ifi TG, TC. HDL-C. LDL-C {5 /K3
Fig.3 Levels of TG, TC, HDL-C, and LDL-C content in LO2 cells of each group
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Fig.4 Protein expression levels of PPAR a and SREBP-1c¢ in LO2 cells of each group
& RKO 3 FHZ W2 R e, A 25 @it ds s R EA L
K1 . e
K9 FEPE I & 58(2012.130723 RRAS ) BF A7 4 He, A A
) s Venny2.1.0 B BOL AT 16308, 4550 8 Fisk. 4
kS L SR T 5% L 3 % 2 AT 18 AT, 3
K3 BTSN 21 . 34, 34, 5407, R
K1 BRALHIEL, 25 (L4 ST 19 30405 4 HEA I, 3
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

{5 B3 Bsf 1] /min

I REE T eR S e d i

Fig.5 Common pattern fingerprint map in blank serum
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Fig.6. Common pattern fingerprint of Mingsang lipid-lowering tea
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Fig.7 Common pattern fingerprint of mulberry leaf reduced serum
222 HPLC &4 B #69 3F b o 7
(DA77 ML | SR ML 5523 LT 15 SRS Y HLAR
T Rt R AT LT |« SRR L S S L

HR AT TS HZS (LTS 2 34 A 25 IR PE A (i 655y
Bk 6. 7. 17, 18, 22, 23, 24, 25, 26. 27. 29, 30,
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49, 50, 51. 52, 53, 54, 58, 59, 60), Z&MHJ Mk L 7F
B AmiE 2 16 AR (G50S4 510h 17,
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SJ7 A . MR MR 31 N EEE, SRS
F1 I3 R ] € e, 4 I3 55 5 Pt el A i i 8 20 B A
13 M EE W (EISIES5000R 17, 18, 22, 23, 24, 25,
26. 29, 30, 34. 35, 40, 42), #E—ENLT7 M 53R
WO I 13 AN IR TR LA A B, 427 LT 40,
42 U TR 2 T SR I v, T S SR ML 17
18, 22, 23, 24, 29, 30, 34 SR E S T4 MiE
(F 3 FOR), X AT B & e FEARAR T ORI i
A 22 F R

(2)& 7 I 5 5 el v 1 775 i S PR3 5 D R R T

WE 9 Fos, KB R | SRR SR A X I 5
S5 M« SRR 2 I HR SR RS B B A 2 iR
SrEITEAI L EETEM B 45(2012.130723  RRAS ) BEEA 7 X6 L,
45 B GORTEAR B I ] 6.347 min [, S8R MG 40 1M
THSSIEIR | IRA X IR B A AR R B 2 B (e kg,
P I SRR I . 42 I S B g a SRR R
O[] 8A a3kl 22); FECR B IE] 43.153 min B, Sy
DRIMYG . 405 M 50 B 28 | VR G X BE St IR e AR TR
8 B, i e Rk M . 20 s
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Fig.8 Fingerprint of whole serum, mulberry leaf serum and blank serum (A) and Venny diagram of chromatographic peaks (B)
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Table 3 Comparison of total peaks and peaks (n=10)
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