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Abstract: Objective To study the effects and mechanisms of Tianshan Xuelian (Saussureae Involucratae Herba, SI) on aged mice with
abnormal lipid metabolism (g7 deficiency and blood stasis syndrome) combined in vivo and in vitro experiments. Methods The aged

mice model of abnormal lipid metabolism (g deficiency and blood stasis syndrome) were established by vigorous swimming and high-fat
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diet. The mice were divided into control group, model group, rosiglitazone group and low, medium and high dose (0.3, 0.9, 1.8 g/kg) of SI
groups, and each administrated group was orally given drugs or solvent respectively for consecutive 5 weeks. The parameters of glucose
tolerance and blood lipids of the mice in each group were measured by biochemical method. And adipose tissues morphological changes
were detected by HE staining. The genes expression of uncoupling protein 1 (Ucpl), DNA polymerase y1 (Polgl) in adipose tissue were
detected using quantitative reverse transcriptase polymerase chain reaction (QRT-PCR). The protein expression of Ucpl in adipose tissue
was detected by immunohistochemistry. In vitro, brown adipocytes were divided into five groups, including control group, low, medium
and high dose (0.025, 0.05, 0.1 mg/mL) of SI groups, and rosiglitazone group, further mechanism of action. The genes expression of Ucp 1,
peroxisome proliferator-activated receptor y (Ppary), positive regulatory domain-containing 16 (Prdml6), mitochondrial transcription
factor A (Tfam), glucose transporter 4 (Glut4) were detected by gqRT-PCR. The protein expression of Ucpl expression was detected by
immunofluorescence. Mitochondrial Mito tracker staining was used to detect mitochondrial number changes in brown adipocytes. Results
Compared with the control group, the model mice showed decreased resistance, purple blood stasis and other characteristics of gi deficiency
and blood stasis in the tongue, fasting blood glucose, area under curve (AUC), inguinal white adipose tissue (iWAT) index, total cholesterol
(TC), triglyceride (TG) and low-density lipoprotein cholesterol (LDL-C) content was significantly increased (P < 0.01), and the brown
adipose tissue (BAT) index was significantly decreased (P < 0.01), the white characteristics of BAT and iWAT and the expression of Ucpl
positive cells were significantly decreased (P < 0.01). Compared with model group, the blood lipid index, glucose metabolism index and
iWAT index were significantly improved (P < 0.01), BAT index was significantly increased (P < 0.05), iWAT and BAT morphologic
browning characteristics were obvious, and the expression levels of Polgl and Ucpl genes in BAT were significantly increased (P < 0.05,
0.01), the expression of Ucp1 protein in adipose tissue significantly increased (P < 0.05, 0.01) of mice in SI administration group. In vitro
experiments, compared with the control group, the expression levels of Prdm16, Ppary, Glut4, Tfam genes, mitochondrial number and
Ucpl protein expression in brown adipocytes after SI intervention were significantly increased (P < 0.05, 0.01). Conclusion SI could
improve abnormal lipid metabolism in aged mouse models with gi deficiency and blood stasis by regulating fat plasticity, and ameliorating
mitochondrial dysfunction.

Key words: Saussurea involucrate (Kar. et Kir.) Sch. -Bip.; ¢i deficiency and blood stasis syndrome; abnormal lipid metabolism;

adipose plasticity; mitochondria
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Kir.) Sch. -Bip. [t B34« FREUCK 1L S 3% 60.0
g, BIRE, Jin 800 mL /K, 32 1 h, HIZ 30 min,
Jent; ZWEFNEERE 2 K, AIIERL IRGEM
BE, WIHETE, REYRILEFERIY (16.90 9,
133 28.16%. K (HE 245 1) 2020 - f—#rh
R T AR AEIT R 700 E Fa A e A B
RN TR T R ESECN 4.59%, SRR
JRE N 4.78% . A& FIEH (iS5 YOSFIC54480)
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1.2.2 shscis X5 EJHERE (total cholesterol,
TC)H) RA & (Ht5 202101220 . = H
(triacylglycerol, TG) iifl& (#'5 20210122). 1K
%R R & 1 MH [E BE ( low density lipoprotein
cholesterol, LDL-C) {5f|& (#t5 20210122). &
% FE Mg %5 1 H [ BE  Chigh density lipoprotein
cholesterol, HDL-C) i{7l#& (#t5 20210103) &+
MR TR AT = s RNA 24 (ks
G3013). Servicebio® RT First Strand cDNA Synthesis
Kit({t'5 G3330).2X SYBR Green gPCR Master Mix
(none ROX) (5 G3320). ¥R (pH6.0) P&
BEW GItS G1202). DAB &3] (L5 G0002)-.
HARZE (HE) Y (iS5 GO115). FiyE A& A
(bovine serum albumin, BSA, fit5 G5001) M+%&
SKEAEMBH AR AR 1L2EPi% HRP Frid (5
GB23303) T Servicebio A #]; PRI A-1
(uncoupling protein 1, Ucpl) $ifk (3£ Santa Cruz
Biotechnology 7], b5 A2320).

123 difusc i F  PBS &bl (3£
CORNING A%, #it'5 14019011). 11 BLfKg J5ilE (b
R AEMHEAREGR A A, 5 2202404) .
DMEM = Fik: 75 4 (6EH SIGMA A F], fit5
RNBJ7483). fig4+1MJE (fetal bovine serum, FBS,
WL KRBV R R B IR A A, 65 20010506)
JREE (GEE SIGMA A, iS5 19D287). 3,3",5'-
L REER (3,3',5'-triiodo-L-thyronine sodium salt,
T3, %M SIGMA ~ 7], fit's WXBC9483V). 3-F 1
FE -1- 3L 5 S ( 3-isobutyl-1-methylxan-thine ,
IBMX, [ SIGMA Aw], #t'5 # STBF2497V). ]
WSy [BRERAMIRAR (Bl AIRATE, #t5 53-
86-1]\ H & -t H 7B 5 (P/S, 3£ Corning 2~
A, #it5 30002297). PN RAEEREA G
( immunoglobulin G, IgG) -F WM H K % &
(fluorescein isothiocyanate, FITC) (Jb %3 FERHY

HIRAT, 5 20200822) . ProLong® Gold Antifade
Reagent with DAPI (3£[E Cell Signaling Technology
AR, T 1D EEmE bR REFEREA R
AFE, #H5 20191113). 4% R0 & 2 i (b5t
AR AR AR AR, #it'5 20210118); 10%
FBS }77#%, & DMEM =783, 10% FBS.
1% P/S; 15 S04k ki 725, & DMEM mbiks 752
10% FBS- 1% P/S. 20 nmol/L 2% % . 1 nmol/L T3
0.125 mmol/L W|WE3E ¢, 5 mol/L HbZEKFA. 0.5
mmol/L IBMX; 4K/ bii7%, & DMEM &bk
RigeFE . 10%FBS. 1%P/S. 20nmol/L &=, 1
nmol/L T3,
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UXTREAH, ERER, 45T R R R
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R R IS ER A RN 3~6g, AR
B 70 kg THEA H /N R4 2557850518 0.3,
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Ja, A 12h, W EYREEUM, R 2 g/kg T
B ip HARE, A 0 min M VEREEIRE S 30,
60+ 90, 120 min /MR MUBEAE, 21 %) B i & -
(]l 2k B, I R VR T 2R T (area
under curve, AUC).
213 WM SBAEMERE, SR 120, A
2K, R G M IREREM, ## % 2h f5, 3500 r/min
B0 10 min 73 B 1MIE, /B IMIE-80 CLRAE. 3K
N ERIE I E B g 4H4R (inguinal white adipose
tissue, iIWAT) FIER ]I i 4121 (brown adipose tissue,
BAT), FEFRIRE G, 5 EE T 4%4H 2w il
W, AT 80 CUKAR
2.1.4 JEMIHZREIIME RS ERFRIUN B IWAT.
BAT FifE)5, %A\ 0nlitH iWAT. BAT 54,

iWAT 581 =1WAT 5 B/{E 5 &

BAT $8%(=BAT/{&/F &
2.1.5 I EAHSCHE ARSI 42 R & U BA 1
SEMEH TC. TG, LDL-C. HDL-C [ & &
2.1.6 HE QMg aies  H 4% 2 R
il & iWAT. BAT, HUHKIREREEK, Al a i,
Ulr, HE Jeta, hPERICE B, Bflssiss, it
Image Pro Plus 6.0 3K iE47 30 % FE 43 #7 o
2.1.7  ARBAL G IR 4148 UCP (15
FIRIE AR AT AU, o iWAT . BAT )
RIBAEPURAE T2 vpR P IEATIEE, 75 iWAT . BAT
DI B0 3% /KIS, L EIRIFE 25 min,
PBS ¥ 3 %, fEVI i £ Mg & A 1 he 7EY)
A BN RELF () UCPT HUARIE W (1 2 500), #4517
RGN 4 CRR . MR LT —4t, 37 C
% H 20 min, DAB f.ff, FHAZREY 3 min, FHH
oK, AR R . @IS Image-ProPlus 6.0 F 1
Ab B HHE -
2.2 RShSELE
221 PEEJEMTAERAEE IR KA il R R
T AR IURR (i 7 AL 2R 1L 5L 53 40 (stromal
vascular fraction, SVF), #f—1% S35 E
i o 20

(1) gffulEsE: B8 H 2 HidMEr: C57BL/6)
/NERTE 75% CBEFVE 55 T F AR B/ BUA I
H AU SVF, PBS ZZifilefvt, BIRE, WAL
WG, IMASELREERTEEERE, ’BE,
BLs BOEWSE B3, IO 10% FBS DMEM
eI, @i 100 pm 40P 5F, JEW 1200 r/min

B0 5 ming HOERFE B, MAE 10% FBS
DMEM 584k 774k, HE, M 60 mm? £5 7% 1L
i, BT 37 C. 5% CO B #TH 7%, 8h
JE AT HR, A AR NGEEAN M . 2 SRR 1 d R
Btk AR AN K& 90% A b, #EAT IS Ak .
# 2 10% FBS ) DMEM 5¢ 4= 8% 97 3 & Mo kR (4
NEM M s 335755, 53 48 h )G, KAsElali
Y B 5 TS O AR KR TR, S TR
B 1 d¥e 1 R, T 37 C. 5% COy KiFRfa 8%
7% 6 d J5 UM

(2) 43 WAE AR M o Xt B, Rl
FIE. . &7E (0.025. 0.050. 0.100 mg/mL)
HANE & HIE (1 pmol/L) 41, 2525448 /b K
BEFRRIC A AE LR BE B 235 55, DU IAC . XT
M 25 T SRR ER (PBS W80 -
222 PRk AR CUIR T A Uepl IR E R
ik KRR IR 1X 105 AN/mL R E S 41 e
1) 24 FLERCF, FHEoMIRREHNES Y &
ZibPRfS, PBS LRI, 4%2H 234 M [ e
& E 400 ; 0.1% Triton X-100 i&4k, #¥k: 10%1L
EMEH G, 5 UCPL (1:200) Hitk4 CHE
R A FITC L =Edi R = Hibric 4,
% J5 H & DAPL [ H i b BobHR#iILRER
Fe BB AEN, FiEid Image Pro Plus 6.0 ¥ 411
2.2.3 Mito Tracker et ydefar A€o fg 1 40 it 2 Hir
HCE YRR 12X 1054y /mL BaRP7E 206 40
€ F i) 24 LA, 15 S R IR S AR R 45 24,
AEE 8 RUKEEYN M - E 4T 2R Rifk Mito Tracker 4%
. AT IMERBamE K REELmEsE
100 nmol/L, F PBS 225 34t ffd, N Mito Tracker
Jukl, 37 CWEH 15 min, 4%2ZH 2340 M0 [ 52 W &
Y0, =3 T 0.1% Triton X-100 &4k 10 min, &
DAPI FyH s fr, @ Eos R E 7O B
BRI L b A Qi L, JFidid Image Pro Plus 6.0
BRI .
2.3 qRT-PCR £ A RR4ALRA04Z & BS R 4HRa+E
KERERIE

FIH TRIzol iXFIFE LA RNA, %R 5 Hr
A A FE RN AL EE . K Prime Script TMRT it
FK RNA 5555 cDNA. M\ SYBR Green.
5% % cDNA #itRk, #1T qRT-PCR M. 54
JFH R 1.
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Table 1 Primers sequence

H r £ SIYIFEH] (5°-37) H %L SIS (5°-37)
Ucpl 1IEl]  CTCTACGACTCAGTCCAAGAG Nifl 1E ) TGTTTGGCGCAGCACCTTT
&M CATTAAGCCGGCTGAGATCTTG J= W CGCAGACTCCAGGTCTTCCA
Prdml6 1IE  CAGCACGGTGAAGCCATTC Glut 4 1EA ATAGGGAGCAGAAACCCAAGG
Al GCGTGCATCCGCTTGTG J= W AGGGTGAGTGAGGCATTTTCT
Pge-la IEfl  CCCTGCCATTGTTAAGACC Polgl 1E ) CGCTTCTGCATCAGCATCCA
i TGCTGCTGTTCCTGTTTTC S [7] ACTGCACTGAAAAAGGCGAC
Ppary IEfl  TTTCAAGGGTGCCAGTTT B-actin 1E ) ACTCCTATGTGGGTGACGAGG
R GAGGCCAGCATCGTGTAG J= W CACACGCAGCTCATTGTAGAAG
Tfam 1IE  GAAGAACGCATGGAGGAGAG
i TTCTGGGGAGAGTTGCAGTT
24 ZitFAIE FE 20 H IR
il A HORA SAS 82 MIFIEAT, UL xbs % 32 RWEENEERRAY RS RAEER
INSEEGHAR, WTIERS AR, ZAHBLLECRH 28

BRI ZHTE (ANOVA), W LR ] LSD

%, LA P<0.05 NZESREB SR L.

3 #R

31 EZERRAEERE (REMRE) NRIERET
SRR LR, M m BRI T S i vk

(245N B DR B I 22 L PRt gg . K e e

KATBEIG NN 3y e bk i) (R 8 06 S5 3R A0E & Rk

A BE R STIG, SXTRRZAE L, BRI/
BRI 2 BEIMME & AUC 23 T+ (P<<0.01). H15E%Y
ML, RKINFE 0.3, 0.9, 1.8 g/kg H/N RIS
Mg, HEHES S 60, 90 120 min MUFHE &3
FEf% (P<<0.05. 0.01): RILTE 0.3, 1.8 g/kg /)
L AUC 2 FEIK (P<<0.05. 0.01), #HRILEE
Al 2 AR R AR D R =, LA 1.

- o AT
40 i 507
-« RINEE 0.3 gkg™ AA
+RIIEE 0.9 g'kg! 404
~ 304 RUTHE 18gkg' o )
T TG 10mgkeg! g T
—
= E 30_ ok
=] — s, * ok
E 204 S - -':53 2
= £ 204 o
£ 0 S S
= < 104 _'_H_
0 T T T T T T T
0 30 60 90 120 X B 03 09 18 I
t/min KIS (gkg™) 10 mg-kg™!

"P<0.01, E2~5. 7
**P < 0.01 vs model group, same as fig. 2—35, 7

Hxt4Lbss: AP<0.05 24P<0.01; SEAELLE: "P<0.05
AP<0.05 2P <0.01 vs control group; "P < 0.05

E1 RUEEMZFERREREDREBENER AUC BN (Xts,n=12)

Fig. 1 Effects of Saussureae Involucratae Herba on glucose tolerance and AUC of aged mice with abnormal lipid metabolism

(X%s,n=12)

33 RUBEMNZBERRRHFE /R IMASIEFRR
20

S5xtiEAHMEL, WAAH/NRIME TC. TG
LDL-C SR EE & (P<0.01). S5HEAMAMEL,
RIEE 0.3, 1.8 ghkg Z/NR MG TC & B B FEIK
(P<0.01); KIIFE%E 09, 1.8 g/kg H/NRIMLIE TG
SEPERL (P<0.01), WK 2.

34 RUEENZFEERKHEE NRAERLLE
=ppA1

xR AH L, BIALAL /N R BAT $5%0E 35 b
(P<<0.01), iWAT $BEUHET R (P<0.01). S5
RIS, RILETE 0.9 g/kg 41/ BAT F5509 &
Fm (P<0.05), RiILEFE 1.8 g/kg /N iWAT 5
B R (P<<0.01), WA 3.
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-
R
&
= 21
04 e
X B 03 09 1.8 ZHEHIER
KiE%E/(gkg?) 10mgkg!
-
:
3
—_
a
—

T MM 03 00 18 B
RILEE/ (gkg!) 10 mgkg!

2.5 1

TG/(mmol-L ")
=

Tl B 03 09 1.8 DI
RIIEE/ (gkg") 10 mgkg!

HDL-C/(mmol-L )

04
YR BR 03 09 1.8 D FIER
FiEE/ (gkg") 10 mgke!

2 RUEEMZFRRRHRE NEMASERORME (Xts,n=12)

Fig. 2 Effect of Saussureae Involucratae Herba on blood lipid indexes of aged mice with abnormal lipid metabolism (Xt s,

n=12)

0.005 7
0.004

0.003 1

BAT 153

0.002 4

0.0014

AT MR 03 09 18 BHSIW

KILFE#E/ (g'kg") 10mgkg™

0.020+

0.0154

0.0104

iWAT 53

0.0054

THE B 0300 18 DI
KiEE/ (gkg’) 10 mgkg™

B3 XWUEEMNZBERRRHSE/NF BAT 15508 iWAT 355 (X£s,n=12)

Fig. 3 Effects of Saussureae Involucratae Herba on BAT index and iWAT index of aged mice with abnormal lipid metabolism

(Xts,n=12)

35 RUEENEZEERERRHEE/NEREMRAER
HRENEREFREFT

qRT-PCR fr il 45 SR L W], 7£ BAT Hr, 54
FIEEL, RIDETE 0.3, 0.9, 1.8 ghkg 4 Ucpl FEHF
KRN (P<<0.05. 0.01), A ALYIEE A5
WO 2 Ry BB BOEE BT -la ( peroxisome
proliferator activated receptor y coacti-vator-lo, Pgc-
lo) FERFBE TR ENZER (P>0.05), WK 4. £
iWAT 1, SR, RiLFELZY UCPI.
Pgc-1la H: R 3Rk B AT 8GN %540 6 & 3% 1 % =
(P>0.05), WK 4.
3.6 RULUEEMNEFERKHERE/NRERALR
SRR E S R EERIERFMN

SERRE, £ BAT 1, SEAHAMLL, RILE

¥E 0.3+ 1.8 g/kg 4 DNA 41 y1 (DNA polymerase
y1, Polgl) FEFIFRIEIAEIE I (P<0.05), LeRifkit
KT A (mitochondrial transcription factor A, Tfam)
FHNRETLEZNEZR (P>0.05), WHE 5. £ iWAT
H, SEHMLE, RINTELS A Polgl. Tiam %
HFEETLRENEZE R (P>0.05), WK S.
37 RUEENZERERRSRENRAIRSHIRAN

HE Qe85 RBIR, SXTHRZE LU, HBEAYZH /NG
BN iWAT BORFABL, MEITAMEARECR, 4t
PeBT 20— IR, R D7 4 PR B
HEMANREE, RIDFEE 03, 0.9, 1.8gkg 4
N T AGIRDI AR N, FEREE,
T A KR B

XA e, AL/ R BAT 41 AR
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Fig. 4 Effects of Saussureae Involucratae Herba on mRNA expression of Ucpl and Pgc-1a in BAT and iWAT of aged mice with

abnormal lipid metabolism (Xt S, n=12)
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Fig. 6 Effect of Saussureae Involucratae Herba on morphology of adipose tissue in aged mice with abnormal lipid metabolism

(HE staining, x 400)
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Fig. 7 Effect of Saussureae Involucratae Herba on expression of Ucpl protein in aged mice with abnormal lipid metabolism
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Fig. 9 Immunofluorescence staining (x 400) and mean optical density of Ucp1 protein in brown adipocytes (Xt S,n=3)
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