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2019-0010, 15 T3 (2322) C. & ¥ 50%~
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1.2 EEZXFEAS

J8 £ (LEP, it 5 : E-EL-004) . l§BX % (ADPN,
5. E-EL-M0002) ELISARHI &, Ul e
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F: EU2603), RIIERAEDRHEARAR; HA
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Al PuiRS o b & (S QAM-TH17-1),
i (M) BAERHE A BRA F s R R
A& (5. GPP1815) . ECLZE M i Bk it 57
& (4t . GPP1824) . & RNAf2HUKLH & (it
51 GPQ1801). mRNA ¢DNA & RF & (5.
GPQ1803) . qPCRIAF & (5. GPQ1808), db
ST AE YRR IR AT

HLHERAITIL (0.3 mmx30 mm, ETA-04A %),
e EEEREEERARAR; BFRP
(BSA124S#Y), f8[H Sartorius 2 75 4 H 3h4E k5>
Bri (TBA-123FR &), HARZ AW ; Bk
(Nikon Ci-S#Y), HAJEREAF]; HLUK{X (PP-1150
L), b LI AE A A A BR A R s v A A
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Innopsys 23 Al
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ZH/INER A E R ANET I, RF2E 30 min, HLPAVERZH/IVER
T oL AT H 38 30 min, /NEL R BEORT WIREE Y
] ORI “RAX T WA RE I 2 T ) AR 3~5 mm,
XU JE = H ST 1 R 3~5 mm, ]
0.3 mmx30 mm LA, HEEER PG, FER 1K,
4, S (LR E RS 7 HATEROT, 4
A R S b AT S B0 25 1, BT SE F I
B (40£0.5) mA, X AL HER Y 1E 2 R B N
(40+0.5) “C.
1.4 AW IBARA Ty %k
4.1 Jeri R RRBEHRETH)E, 258
NESJK 10 h, IEE/NEUARRTE . R, (R, MR
2 25 BT 58 Lee's 680, Lee's 6 8(= ({5 &%
1000) /A 1
1.4.2 A A3 AL E sk g K-F &
FHhae NEURREREIES, 3% 3Hbis
SRRIE, FEUREERECIR S T AT IR MER 0. R I 25
BT RIS il STURE i F 9 2 SR AE B S RS e WAT,
WEREARDI I 50 mg KN, 050l AVRfEE, BT
-80 CIRfF# o AR FHBENLEC T FRiE L6 H
VAN W11 = o NI )2 £ R ol = ) 2 o o o VT YL e
FBG. TC. TG, HDL-C, LDL-C, AST. ALT, BUN,
Cr/K~F, F MR G Ul P
1.4.3 ELISA sk#| f2 7% LEP, ADPN 7K-F & eWAT
¥ SIPAK-F  BRAREHLE 6 H/NRAMIEHEA, &
W8 ELISA 7 £ U BH 54500 i3 LEP . ADPN 7K,
JF i1t 5 ADPN/LEP {H . 5 21 B AL 3 H /N B
eWATHA S 50 mg, HFATHLISIHK | B0 R,
FZ ELISA R & A B ATt . Ea . Uit . i
PN WS Zk, e HIEEbRACRI G
RARAE M2 e WAT FEA h S1P /K-,
1.4.4 HEZ &%t eWATARBAFAE H4H
REMLIC 1T H/NEY eWAT FEAS 50 mg, BT 4% 2%
RS T 36 h, Bifife dEfT A W3 . U1 & HE
Juft, Wi TSR,
1.4.5 AKX K5 eWAT ¥ E # 20 o & A
FFLABEHLEL 3 H /N BT eWAT BEAS 4% 50 mg, I
i £ BT B B R . BB 2x 1094 2 A R A
B0 S min, FF E3g. A2 wl Fe ZRHKF], =
TR E 10 min. I TR A9 36 Y B HTIRTR G,
FRBECIEE 25 min, VRIS WES , IMA YR T
YR, ZEWFE 10 mine FRUIEVES, [E5E 20 min,
MR 10 min, MMAMIN R GHUARTE AR, =iREDE
I E 30 min, FRURMEAR . WEVE. 0. LG,

A PBS H &S5 LT, i SpectroFlo v3. 1. 0 %X
PR AT B EGT A . MRS AR . M2
R WA 5 . M1/M21A
1.4.6 FAREFHE RGN eWAT P £ F Rk £ 2R
TRF RRHBEPLIS HU/NRAY e WATHEASS 50 mg.
WA ZUREA BT 5 2 I 530 00 2 2 v rh &)
WAL PR 1, MK BRBTAOE B i) S ise B
FHfE, XERAA S IERA ., B a 550
XA X 2 2 ] B 22 S 2 1, O 2 0 e Aar T 1
A E-18 (IL-18) . THZFE-y (IFN-y) . FI4H
Jif%E-6 (IL-6) . HAMMIAFE-12p70 (IL-12p70) .
HAif s %-17 (IL-17) . AN R-5 (IL-5) .
HAIiEN2-23 (1L-23) KF,
1.4.7 Western Blot 3% # M eWAT + HIF-la.
SIPR3 & @ K-+  REAHREHLI3 H/NR AT eWAT #
A4 100 mg, AL (& PMSF. £ H B )
. BERREEIIERI]) PHE, BLORBUER, BCATE
W 5EE W . 22100 CA& W AR 10 min J5, B
25 we B AR, LUK (W4 e HE He 80 V, 24 20 min;
STESETE R 120 'V, HL UK 28 V6 W i A BE I HR )
B o 2R IR 92 (300 mA fH i, HIF-la 2.5 h,
SIPR32h) $EZE PVDF i, BRI T BSA £ 4]
W, EWRBMA1ILE, 535 (HIF-1a 1 : 1000,
SIPR3 1 : 1000, Tubulin 1 : 3000) T 4 °CUK46
B, TBSTHEWG, SHN 5 (PR G
1 :5000) =¥ E 50 min, WA E T ECL {4
W 1 min, TREEPEEEL. BREIFER. &
i K EEAE K FH Quantity One v 4. 6. 2 13225,
1.4.8 qPCR:##4M eWAT F HIF-Io, SIPR3 mRNA
Rk K FABEHLE3 KN eWAT FEA £
50 mg, WAMFES S, (HHE RNA $2EUAGR &
M RNA, i ] mRNA ¢DNA & ik #) & oE 47 F %
Ko LLcDNA i, #E17 qPCRY 3, ¥ HIFE)T
K 95°C30s, (95°C5s, 60 °C30s) x45 415
W, [A B AE 60~95 CHEATHE i 4 93 #7 . Tubulin
FNZHEER, H Y AT KSR 274 A
EREIE .. SIFAIILEEL, hAb s A YR
HARAFE
1.5 %it®rk

fd FH GraphPad Prism 10. 0 X 4F#E4 75011, 11
TR T G IEA A, DA E bR IEZE (es) TR,
Z A A LR R 2R 7 22008, 7 22 57 VR 2L 1]
P ELECR H LSD #5577 22555 1K H Dunnett's T,
g, LLP<<0.05 W2 HAGIEE L,
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R1 eWATH HIF-1a, SIPR3. Tubulin5|¥)F41
Table 1  Primer sequences for HIF-1ae, SIPR3,
and Tubulin in eWAT
EIE RS F1YFs (5-3") K
/NMbp
HIF-la  [if: TGTGGATAGCGATATGGTCAATGTA 273
Tii: GCAGTGGCAGTGATGGTAGG
SIPR3  [lif: TCATCGGCAACTTGGCTCTC 189
FiF: TGGTCAGGTGTCGCTCAATG
Tubulin ~ FJf: AACCTACGGAGACCTGAACCATC 291
TE: AAGACGGCGGCAACTGTGA

W eWAT, MIE2F@IRITAZ; HIF-la, HAEFHSHT-10;
SIPR3, $H%RE-1-BFRZ1K3; Tubulin, WMEERM.

Z£R

B RAEHE £ A Fe AR b

L2, HIEWAH R, BRI /N R E .
R OKH/NEURTR . TER . KA Lee's 4850 LEE

Table 2 Comparison of body weight, waist circumference,

2
2.1

body length, and Lee's index among mice in each group

(iis)
HHl BB R JERl/em & /em  Lee'sT8%L
ERU 6 31.25+0.83 8.43+0.16 8.55+0.19 3.69+0.06
A2 6 39.43+1.95" 9.4310.47" 8.88+0.36 3.83+0. 11"
A 6 34.88+1.05° 8.62+0.26° 8.83+0. 17 3.70+0. 06"

W oa) SIEW4ILE, P<0.01; b) HSIE®WALE, P<
0.05; ¢) S LA, P<0.05; d) SN LA, P<0.01,

®3 A4/ EMEE

JEFE . Lee's f84 E i (P<<0.058¢P<<0.01);
SRR ey, R AAERAL N R R
Lee's T840 .2 F % (P<<0.0585{ P<<0.01)., £
INFIRK Z RS 2R L (P>0.05),
2.2 A RfudE . do g BT R AR 35 AR LA

#3R, HIEWHALLE, BRA/NLFBG, TC,
TG, HDL-C. LDL-C. AST. ALT/KV-¥ 83T+
(P<<0.053% P<<0.01); SR, BREA
/NELFBG. TC. TG. LDL-C. AST. ALT/KF %
T (P<0.053% P<0.01). £ 41/N Cr. BUN
KRB TG L (P>0.05),
2.3 AR ik LEP. ADPN K -F & eWAT ¥
SIP 7K-F 1kt

K4, HIEWHLE, KA LEP, SIP/K
SE | JF, ADPN JKF . ADPN/LEP {f T % (P<
0.01); SHEIAIAL A, HIERL LEP, SIP/KF
TR, ADPN/KF-. ADPN/LEP{HTIE (P<<0.01).
2.4 B R eWAT IR 45 R ki

B 1 (HEY ) 7~, IEWAAs I H8UE A4S
FIEH, BRI /N X 5] L HEBI 3 R %
MRSk, R, R, SI1EE
b, MRS S S NIR, BEianiE
B, IR RN, g B gE,
ARG, PR RIENMRE . SHARA A, |

« AR BT P D BESE b LA

Table 3 Comparison of blood glucose, blood lipids, and liver and kidney function indices among the groups of mice

(x+s)

2H 3] B FBG/mmol - 1.”" TC/mmol - 1! TG/mmol -1.”" HDL-C/mmol - L' LDL-C/mmol - 1"
EH A 6 4.98+0. 53 2.28+0. 12 0. 44+0. 03 1.76+0. 12 0. 22+0. 06
EAIZH 6 9.03=1. 40" 5.15+0. 55" 0. 81x0. 44" 3. 74+0. 40" 0. 340. 06"
LR EH 6 5.160. 93 3. 86+0. 32° 0. 4320. 06" 3.330. 26 0. 20+0. 04°

20 531 R AST/U-L™ ALT/U-L™ BUN/mmol - L™ Cr/pmol - L'

EH 4 6 96. 67+6. 98 41.83+3. 13 6. 8520. 97 14. 67+1. 51
REAIZH 6 149. 00£25. 19 132. 70+28. 96" 7.78=1. 90 15.33+3.27
HL A2 6 102. 2+9. 507 41.83+11.07” 7. 42+0. 98 14. 17+2. 56

e FBG, ZSMEIAY; TC, MAHEEE; TG, Hii=P; HDL-C, m#&HEMREAMER; LDL-C, (K% EISEHMFEEE; AST, I'AARA

ARG ALT, WRARZILEHE; BUN, MREA; Cr, .

a) SIEWAIRE, P<0.01; b) HIEW4IHAE, P<0.05; ¢) SHEMAHE, P<0.01; d) SHELHE, P<0.05,

F4 B/ LEP, ADPN, ADPN/LEP{EH K eWAT H S1P /K- He 45
Table 4 Comparison of serum LEP and ADPN levels, ADPN/LEP ratio, and eWAT S1P levels among different groups of mice (x+s)
4159 LEP/ng-ml™! ADPN/pg-ml™ ADPN/LEP{f S1P/ng-mg”!
EE U 0. 85+0. 05 (6) 3.40+0.36 (6) 4.0320.57 (6) 17.75+2.92 (3)
FORIZ 3.07+0. 23" (6) 1. 46+0. 22" (6) 0. 48+0. 10" (6) 59. 17+14. 65" (3)
g 2H 1.20+0. 10" (6) 2.90+0. 09" (6) 2. 44+0.25" (6) 23.98+5.46" (3)

. LEP, 2, ADPN, JEBEZ; SIP, ¥H&E-1-BER2; () W MRS
a) HIEW4IE, P<0.01; b) HEMYE, P<0.01.
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Figure 1 Pathological evaluation of white adipose tissue across groups by HE staining

ET LR D A0 MOS0 R B G v b, Rk
i I ks, e SUE S AL EH 4 .
2.5 &R eWAT P E v 2m i A b4k
RK5R, HSIEFEHE, HAHA/NL eWATH
M1 RN 7 b . MIU/M2 (T, M2 R g4
Jif 7 HEREAIE (P<<0.05); SACARIAL i, H#iEf
ZH/NER e WAT Ff M1 Y S WGE400 i /7 b . MI/M2 {1 i
F TR (P<0.05); #524/NR eWAT H I i L
di b2 SIS E L (P>0.05).
2.6 B4R eWAT P £ 573 %3k K B -F KT i
Ko, SIEFMLE, BN eWAT

IL-18. IFN-y, IL-6, IL-12p70/KFE¥FHE (P<0. 05
B P<0.01). £7/x, SERIAEK, B4/
FleWAT H IL-17, IL-5. IL-6, IL-23 7K A%
(P<<0.058¢ P<<0.01),
2.7 % K eWAT # HIF-la. SIPR3 & & &
mRNA K- b3

FK8/R, HIEFHILE, HAH/N eWAT
HIF-la, SIPR3ZEH M H: mRNAKF-RBE FiF (P<
0.01); SEAIA AL, PG/ NR e WAT H1HIF- 1o,
SIPR3 % 1 M H mRNA K- 53 F I (P<<0.01),
/N eWAT H HIF-1ae, SIPR3 HLJK IR WLIE 2,

RS AU/ G AZU B v R A

Table 5 Comparison of macrophage subtypes in white adipose tissue among different groups of mice (x+s)
Eibl] UK 2RI B L/ % M1V BEAAE b L% M2 A WA 5 /% M1/M21i
EFA 3 19. 15+3. 40 3.64x1.72 84.26+6. 68 4.44+2.40
REFIZH 3 22.29+7.01 12. 67+3. 83" 55.07+11. 21" 24.35£10. 51"
AL A2 3 11.42+1.72 6.37+1.55" 70. 822. 44 8. 99:2. 09"

e oa) HIEWHIE, P<0.05; b) SR, P<0.05,

&6 HA/NMAGHRNALFIL-18. IFN-y, 1L-6. IL-12p70 K- o4
Table 6 Comparison of IL-18, IFN-y, IL-6, and IL-12p70 levels in white adipose tissue of mice among different groups (pg/ml, x+s)

ZH AL IL-1B IFN-y 1L-6 IL-12p70
IEHH 5 31.12+4.73 427.50+69. 70 12.17+3. 42 36. 1423.72
HERIZH 5 44.89+12. 72¢ 515. 60+26. 29" 24. 48+6. 59" 47.40+5. 84"

T IL-1B, F4IMAZ-18; IFN-y, TH4EZ-y; IL-6, [4IEAZ5-6; IL-12p70, HAIAZ-12p70,
a) HIEWHILE, P<0.05; b) SIEFHILE, P<0.01,

RT SANRAGHRNALUT L7, L5, 10-6, IL-23 /K 4%
Table 7 Comparison of IL-17, IL-5, IL-6, and IL-23 levels in the white adipose tissue of mice among different groups (pg/ml, x+s)

215 B IL-17 IL-5 IL-6 1L-23
IR 5 19.33+4. 18 107. 50+54. 04 24. 48+6. 59 317.70+ 113. 60
B BT 2 5 9.72+3. 09" 48.40+11. 28" 15.37+5.91” 141. 10£63. 90”

e IL-17, HAENF-17; 1L-5, HARAE-5; 1L-6, HAINE-6; 1L-23, HAMENZE-23,
a) SERIALE, P<0.01; b) SEAIAH LA, P<0.05.
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£ KUUNMLeWAT I HIF-1a, SIPR3E
Je mRNA ZKF- HE A8
Table 8 Comparison of HIF-1a and SIPR3 protein and
mRNA levels in the eWAT of mice among different groups

HIF-la SIPR3
el mRNA e mRNA
EW4L 3 0.6420.03 1.06+0.07 0.39+0.08 1.010.04
T ZH 3 1.0620. 017 3.22+0. 04" 1.02+0. 02" 2. 16x0. 10"
BAGTFZE 3 0.88+0. 02" 2. 13+0. 08" 0.72+0. 02 1.23=0. 05"
Fe HIF-la, BUEIESHT-1a; SIPR3, B 1-HRSZ K3,
a) HIE®WALE, P<0.01; b) SHAIALE, P<0.01,

ST

SIPR3 T S S ) Da

4 A

Tt A T
HL A2

TE: HIF-la, SUAIASHET-1a; SIPR3, #HEIE-1-H502 57
35 Tubulin, HAFEA.

B2 SA/NRAEIEDHS T HIF-1a, SIPR3 HLJK

Figure 2 Electrophoretograms of HIF-1a and S1PR3

in white adipose tissue of mice in each group

3 itig
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Effects of Electrothermal Acupuncture on the HIF-1a/S1P/S1PR3 Pathway and Macrophage Polarization in
Epididymal White Adipose Tissue of Obese Model Mice

GE Xiaobo'?, LI Yuanyuan’, WEI Jiangyan®, NIE Limin"*, YANG Xin’, MIAO Quan’, WANG Mina’,
Xl Yawei’, ZHAO Luopeng®, SONG Yine’, SUN Xinru’, LIU Lu*, LI Bin®

1. Graduate School, Beijing University of Chinese Medicine, Beijing, 100029; 2. Beijing Hospital of Traditional Chinese Medicine,
Capital Medical University

ABSTRACT Objective To investigate the mechanism underlying the weight loss effect of electrothermal acupuncture
(ETA) in diet-induced obese (DIO) model mice based on the hypoxia-inducible factor-lac (HIF-1a)/sphingosine-1-
phosphate (S1P) sphingosine-1-phosphate receptor 3 (SIPR3) signaling pathway-mediated macrophage polarization.
Methods An obesity mouse model was established by continuously feeding at a high-fat diet (HFD) for 8 weeks.
Twenty successfully modeled obese mice were randomly divided into a model group and an electrothermal acupuncture
(ETA) group with 10 mice per group, both of which continued to receive the HFD till week 12. Another 10 mice were
assigned to the normal group and fed a standard chow diet continuously for 12 weeks. Starting from week 9 of the
experiment, mice in the ETA group received electrothermal acupuncture stimulation at Zhongwan (CV12) , bilateral
Tianshu (ST25), and bilateral Zusanli (ST36) for 30 minutes per session, with the instrument current set at (40+
0.5)mA and a constant temperature of (40+0. 5)°C. Mice in the normal group and the model group were restrained in
the same manner for 30 minutes without acupuncture. All interventions were performed once every other day for a total
of 4 weeks. Ten hours after the final intervention, the body weight, waist circumference, and body length of mice in
each group were measured, and Lee's index was calculated. Serum biochemical analysis was performed to assess fast-
ing blood glucose (FBG), total cholesterol (TC), triglycerides (TG ), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), alanine aminotransferase (ALT) , aspartate aminotransferase (AST) ,

blood urea nitrogen (BUN) , and creatinine (Cr). Serum leptin (LEP) and adiponectin (ADPN) levels, as well as
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sphingosine-1-phosphate (SI1P) levels in epididymal white adipose tissue (eWAT) , were detected by ELISA.
Histomorphological changes in eWAT were monitored via HE staining. Flow cytometry was used to analyze macro-
phage subtype-related indexes in eWAT, including the total proportion of macrophages, the proportion of M1 macro-
phages, the proportion of M2 macrophages, and the M1/M2 ratio. Antibody array technology was used to determine
the levels of differentially expressed inflammatory factors in eWAT between the model and blank groups, as well as
between the ETA and model groups. Western blot and qPCR were used to detect the protein and mRNA expression
levels of HIF-1aw and SIPR3 in the eWAT, respectively. Results Compared to the normal group, the model group
showed significantly increased body weight, Lee’s index, waist circumference, and FBG, TC, TG, HDL-C, LDL-C,
AST, and ALT levels, upgraded LEP and S1P levels, decreased ADPN level and ADPN/LEP ratio, elevated propor-
tion of M1 macrophages and the M1/M2 ratio, reduced proportion of M2 macrophages, and upregulated protein
and mRNA expression levels of HIF-1a and SIPR3 (P<<0. 05 or P<<0.01). With the exception of HDL-C, all the
abovementioned indicators in the ETA group were significantly improved compared to the model group (P<<0. 05 or
P<<0.01). Analysis of differentially expressed inflammatory cytokines revealed that, compared to the normal group,
the levels of interleukin-18 (IL-1B) , interferon-y (IFN-vy), interleukin-6 (IL-6), and interleukin-12p70 (IL-12p70)
in the eWAT of the model group were elevated; conversely, the levels of interleukin-17 (IL-17), interleukin-5 (IL-5),
IL-6, and interleukin-23 (IL-23) in the eWAT of the ETA group decreased compared to the model group (P<<0. 05 or
P<<0.01). Conclusion ETA exerts a weight-reducing effect in obese model mice, and the mechanism may involve
inhibition of the HIF-1a/S1P/S1PR3 signaling pathway activation, which shifts macrophage polarization from the M1
to M2 phenotype, thereby alleviating chronic inflammation.

Keywords obesity; electrothermal acupuncture; epididymal white adipose tissue; macrophage; inflammatory
cytokines; hypoxia-inducible factor; sphingosine-1-phosphate
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