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[(HZE]  BEY 00D PEAS AT I IR R (CUMS ) BEA K BT Fe il 5 R A% (ARC) 98 3 32 146 (ob-R ) -Ji% 2 2 I i Janus2
(JAK2) /% 5 3800E R 3(STAT3 ) 3 % 748 Ak St 3 # i I8 W5 /R . F5 3% 160 1 SD MEME K BRBE ML 43 o 1E % 241 B 21 |3 38
VG VT A G RIS LR IR A A RV VT2 R B S R R IR AR 3 T = R a0 B R B AR [
st VEE M AR 25 90, 3 B 1R 19.27 g-kg ' - d, G PETT 2 mg- kg - d (3% BN - YR 1 60 kg FH 25 3 57 ), 1E & 20 RIASE AR 40 A R
JIR (R 44 B A B R K, 5056 6 J8 . WS A5 ALK BRI & i MK THAE R A7 R 22 AR Ak S 9 e 1 B A5 T X 2 0 (Real-
time PCR) Fl 25 (4 %% E1 30 7% (Western blot) K I K BUF F il 5 k4% ob-R , JAK2, STAT3 mRNA FIEE 1 £k, R 5EWALL
A RER A K R R B I B R R (P<0.05,P<0.01) /K T AE " 37 5286 47 4 2 B 6 A AR e e I R O I A D
T Fe i 5 AR ob-R, JAK2, STAT3 i 1 K mRNA 335 Tt i W] i (P<0.05, P<0.01) ; 55458 10 4 LU ¢, 38 3 W20 R BRUMR BT 1 T 52
%7,14,21,28 KB T+ (P<0.05, P<0.01) , K BUAE & T 505055 21,35 KA T+ 55 (P<0.05) , B /K THAE 047 S 36 17 Sk 2 1
KRR I g X f"Eﬁﬁﬂﬂﬂﬁﬁiﬂt%%;iﬁi&éﬁﬂﬂiﬂﬁﬁ‘Fﬁﬂm%%&ob-R JAK?2,STAT3 % [ J% mRNA & ik 45 A8 17 9 98 45 75
(P<0.05,P<0.01) . Z&i% 3 38 WO 1918 PR A 30000 AR AR BROMR BT 4 | £ ARORITRE S ARIEPE T, W B 5 R B 5 R X ob-R-
JAK2/STAT3 i J& M 6 .
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Effect of Xiaoyaosan on Changes of JAK/STAT Pathway in Hypothalamic Arcuate Nuclei of
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[ Abstract] Objective: To observe the changes of leptin receptor-tyrosine kinase Janus2 (JAK2)/signal
transducer and activator of transcription 3 (STAT3) pathway and the regulatory effect of Xiaoyaosan on the
hypothalamic arcuate nuclei of rats with chronic mild unpredictable stress model (CUMS). Method: Sixty male
sprague-dawley rats were randomly divided into normal group, model group, Xiaoyaosan group, and fluoxetine

group. After one-week adaptive feeding, the rats in model group, Xiaoyaosan group and fluoxetine group were

[FEBEH] 20200525(029)

[E€TH] EXKHAPR Y HESTH (81673881, 81202644) ;1 b 4 A 4R B4 55 4 W1 H (H2016423049) 5 ¥ Ik 4 =5 )2 A A i H
(A201901038) ; il b 25 27 Bg 2019 45 BF 53 4= G137 37 01 101 1 (XCXZZSS2019004) ; ] b v 155 27 B A1 75 2 = Bl BF BE g 42 71 150
H(YXZ2019011)

[E—EHE] T8, 7501, o 22 3E A5 B AR 3)RE Rl BF 9T, E-mail : wpp340398738@163. com

[EEEE] - EO0 W, 282, AR B4 3 4 32 5L 6l F 5%, E-mail : muhudie@163. com

. 21 .



§526 B 21 hESREHFFFERE Vol. 26,No. 21
20204F 11 H Chinese Journal of Experimental Traditional Medical Formulae Nov. ,2020

uesd to replicate the chronic psychological stress rat model through mild unpredictable stimulation. Meanwhile ,
they were simultaneously administered the corresponding drugs, Xiaoyaosan 19.27 g-kg'-d"', Fluoxetine
2 mg-kg'-d"' (based on the average adult body weight of 60 kg), the rats in the normal group and the model
group were given the same volume of normal saline for 6 weeks. The body weight, food intake, sucrose
consumption ratios, and the experimental behavior in the open field test (OFT) of the groups were observed.
Real-time fluorescence quantitative polymerase chain reaction (Real-time PCR) and Western blot were used to
detect the expressions of ob-R, JAK2, and STAT3 in the arcuate nucleus of rat hypothalamus. Result:
Compared with the normal group, the body weight and food intake of the model group were significantly
decreased (P<0.05, P<0.01), the sucrose consumption ratios , the total behavioral distance of the experimental
field and the total distance of the central area were significantly reduced, the protein and mRNA expressions of
ob-R, JAK2, STAT3 in the arcuate nucleus of hypothalamus in rats increased significantly (P<0.05, P<0.01).
Compared with the model group, the body weight of Xiaoyaosan group increased significantly on the 7", 14",
21* and 28" days (P<0.05, P<0.01), the food intake of rats increased significantly on the 21* and 35" days of
the experiment (P<0.05), and the sucrose consumption ratios, the total distance of the experimental behavior in
the open field test (OFT) and the total distance of the central area were significantly improved. Xiaoyaosan had a
corresponding regulatory effect on the protein and mRNA expressions of ob-R, JAK2, STAT3 in the arcuate
nucleus of hypothalamus in model rats (P<0.05, P<0.01). Conclusion: Xiaoyaosan regulates the body weight,
appetite, and energy metabolism of chronically mild and unpredictable stress rats, which may be related to the
0b-R-JAK2/STAT3 pathway in the hypothalamic arcuate nucleus.

[Key words] chronic mild unpredictable stress; arcuate nucleus; leptin receptor; tyrosine kinase

Janus2/transcriptional activator 3; Xiaoyaosan
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5 SCXK (5%)2016-0006, 7 5% 28 ) Jb w5 2% g
HLZE 5L S UE 6 B 50T B8 2 5256 3l W 1 A %
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50% , 't I8 Bsf 8] B 15 4% 12 h, 6: 00~18: 00 g B 1,
18:00~6:00 M5 .
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20180610) ; & [ L Z 44 (At 5t fb == 0 A | L it 5
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FH L A8 9k 60 (PMISF ) (b 3 R 3 RH A BR A W) L it
243 W2 20190621,20181119,20190618) ; RIPA %L
fift W ( 3% [ Thermo 23 A , #it 5 TH271222) ; Super
Total RNA Extraction Kit,

Transcription System , GoTag 5% B} 2¢ Y6 i€ 1 B & B 4%
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o558 W LS1040, A5001, A6002) ;5 4t
STAT3,JAK2, B-NL3h & 1 ( B-actin) £ g B P4 (€
[E Affinity 24 7 , 52 5 7> 5l 4 AF6294, AF6022,
AF7018) ; %Pt LEPR £ 72 [% B 4K ( 35 [H Proteintech
AL B 20966-1-AP) 5 BUR i 4 1k 9 i (HRP) 4
I E PR R B 1 (1g) G(H+L) (B Abways
2L BS ABO101) .

1.3 {X4%  T10 B g &) ML (75 E IKA A A )
3K 15 AR R &0 HL (18 E Sigma 24 7] ) ; CFX96 %l
Real-time PCR % %t , Mini-PROTEAN Tetra /s % 3
H HL YK F , Mini Trans Blot Cell % /[N 5 4% E[1 8 ( 55 5]
Bio-Rad /A A ) ; plus384 7 i x A ( 3& [ MD A ) ;
Fusion FX5 Spectra % 2 1) G8 i 1% & 4t (1% [ Vilber
NEIDE

2 Fik

2.1 Yoyl GER S A2 60 H K FUE N M SR
L R F BE LB 3R L B AL 7 R 1E 8 4 B R4
A RPTT AL A g 1S R, B3
KEVEHFATRESE. BRI &S5 3Ck7-8), R H
6 P S AT TR IR L 8 (CUMSS) Jr ik il 4% 2l 49 45
RSN 6 . AL HE R4 2 h, J¢ B 5 min, VKK
WUk 5 min, #OKWEVK 5 min, W15 35S 24 h, B K W
f8] 24 h, 2545 7K 24 h, {54} 24 h, B35 3 h7E P 9 Rl
Wk, B H 28 48 h N AN F & it , XA B2 | 3
WAL VG TT A 3 A AT RE R I TR H O N B
ORI AT 30 min E H 45 2, 18 WAL R R4 T
ORI 19.27 g-kg' - d" (3% B 24 1K i B 60 kg
M2y B A 28 FREM & W, 5
MR B, 1.927 g-mL". ) ; PG TT 4L K BL4A T %04
VTR 2 mg-kg' = d" (4 i F 2744 7 1 60 kg
YR IT , BB T KA ) 1E W LRI 20 R R
IR Tvi) 45 A LA A BRER K, 92 6 )

2.2 FEbRAE I

221 KRR MRS SCEHET 1 d(day0) FSE g
TR 545 7,14,21,28,35,42 K (iC4E day7, day14,
day21,day28,day35, day42) il & &F H K BRAR R & K&
B R R 24 hiE i B4 SRR, AR B R R K
ROFH A E R A G .

222 WSLK MK SCHER[9-10], 43 51 F dayo,
day7,dayl4,day21,day28,day35,day42 #1708 3517
HEESE . WA K/ 1 mx1 mx0.4 m, £ IE ¥ 4
R 25 AN IE 7 I ANA L IE 9 AN /AR B B Ry R e X
1E NS B IE AR RSk BT E S IE
I7 o L0 A BB A B B Version 2.0 17

Ry 2R S AT AR SR IE A AT KBS min W 3517 R
2R R Kb e X R . SR IR K RUBCE T
Hge XN, 2 min J5 R BR IE S, L HOR RUSE R R K
5 min, & H K R #E1T 5250 58 56 )5 il 2 BEAR BR 4
R IEAT B, T QAR 2 S5 AT T 1 A 45
RAFA B 10 LA G T =8 KR A ST
2.2.3  BEKW GRS S IR ET 3 KIS R
HEAT R K A GF 52 38 I 25,0 2 0 1% REME /K 7 W T
FUZE bR BVIKOK AL 24 h, S2B6G AT 2 JOR o L
7K T WA o 3 25 BT UK, L A 0 R A e R
KEEBEFKAKMALE. T X% dayo, day7,
dayl4, day21, day28, day35, day42 M 20 00 3 17 4
KA BF S5, 30 5% 1 h AR 8 K RO TE B KR 2 T
KB EROK S TSR B A K BRURE K T R A/ (OB
K T FE Al K Y AE ) x100% , BEH 1S 5] 5 4 KR
W 7K T B 2R
224 WM T 43 K 2% K E HZ R
(2 mL-kg") , BRI, Wk , AR vk & b 347 3 i
AR R IS R A%, B TRAFE S, -80 °CUKAE TR-A7
#H .
2.2.5 4 H Y BT (Western blot) K il K BT
% 55 R A% ob-R, JAK2, STAT3 & 1 %35 K3
B N R R R E B, R T A, i A RIPA
10 pL,PMSF 0.1 pL, IS AR 500K, DL 0242
12 ¢cm, 12 000 r-min™, 4 °C & .0> 15 min, B 35 ¥ ,
2 B8 BCA i A I 551 6 10 I 5 30 A L 2R A
Fi 10 WL AL ERE R AT, 30 pg B L EAT R
ALK, %% % 0.45 mm PVDF i |-, U PVDF JiE , fi
FH TBST # B¢ & 5% 078 #E47 EHH ,37 °CL2 h; 5
A1 A TBST # BE 19— 41 (1: 500 ob-R, 1:300
JAK2, 1: 300 STAT3, 1: 5 000 B-actin) , 4 °C % &
16 h; 3 — P TBSTIH VLS A 1:1J7 HRP brid th
it 1gG b, Z M H 1.5 h; TBST 35 Uk )5 1 A
ECL PLUS &G H /4 547, i FH £ U e g
RGP ROt . DL B-actin NS, K ] Image
Pro Plus 6.0 47 25715 43 B K A -
2.2.6 Real-time PCR & il K B F i = MR #
ob-R,JAK2, STAT3 mRNA £ ik K ARC % &
NGRS & JC P JC RNA il 55045, FR o g T , in
A RNA-Solv Reagent 10 pL, 23, #i7) & UL
B AE D TR IO RNA 5 M5 Sz 7 5% a2t 70 & vl W a7
20 pL R R Z , T PCRAY I 42 °C 50 min, 95 °C
5 min, 3% # 5 & W cDNA; DL cDNA #5418
Real-time PCR i | & 16 W] 45 £ 17 PCR ¥ 3 , & 37
. 23 .
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50 pL PCR JZ B f& & , PCR J i R I 45 i | % 45
AE FR (95 °C T ZAE ¥ 10 min, 95 °CAE 1 15 s, 60 °C
BT min), BAIEAE R KB B iEAT (5 5 kel 4R
P RQ=22 R Hr, LIERH 15 KB RQE K &
1, H I 3-8 R B A W (GAPDH) b N 2, i 5
mRNA X R B &= FIWH LA TAY TERA
FRA RS, 51T 5 L3R 1.

F1 3WEF
Table 1 Primer sequences
519 JPal(5'-3") KB /bp

ob-R i GCCATCAATTCCATCGGTGC 131
it GTCCAGGAAAGGATGACGCA

JAK2 it GTGTGGAGATGTGCCGCTAT 175
T it GCACTGTAGCACACTCCCTT

STAT3 I GTAGTGCTGCCCCTTACCTG 77
Fiif CGGCAGGTCAATGGTATTGC

GAPDH [-if CCTCCTGAACTTGAGGCAGTTT 235

N TGTATTGTAACCAGTCATCAGCA

R2 HEEHIM CUMSKREREHZM (T+s,n=15)
Table 2 Effect of Xiaoyaosan on weight of CUMS rats (x+s,n=15)

2.3 Giil ik R SPSS 21.0 4 b AT 4811 4%
B B Dl xes Fon . X RRAE & R VY
SEEGAT R A K G R OR T — M R AR AR (Y A
It 2ok 2 S R B Oy 25 e i L BE SR T 2 IR Ry 22
3 AT 3k R X A B ) A b R R R /D
FHME2E Sk (LSD) I oA B 1 2 1 25 43 A1 R ]
% J7 22 4> HF (One-way ANOVA) , J7 2% 5% % H
LSD, J5 22 A 5% % Jfl Tamhane's 72 (M ) &% ; 54 A
JREIES N RHES B L, P<0.05 KR 2Z R A5

RS
3 &R

3.1 X CUMS KRR & M m S0 50 mr 45 41K
B AR T o 401 I 22 53 G 48 3 2 0 3 I TR 2K it
Joi 5 IEH A R BRI AR R R R TR T,
14,21,28,35,42 K Ik FH AR (P<0.01) ; S RIAIL 1L
BV IT AL T K BUA T R T 7, 14
K, 1 AL B T R B T T SRR A 7, 14,
21,28 K (P<0.05,P<0.01), W32,

AR Fla/g kgt day0 day7 day14 day21 day28 day35 day42
EH - 228.2+8.90 284.6+12.53 334.0+£20.21 371.0+24.58 398.1+£32.98 420.6+37.83 438.6+35.46
F A - 228.0+£6.62 256.9+13.67" 284.8+17.71" 305.1+13.91" 328.4+15.41Y 345.0+16.11" 357.6+14.56"
FPEIT 0.2 232.2+5.49 267.8+11.04% 300.1+16.82% 318.3+22.44 338.9+25.33 356.5+£26.75 370.2+£28.50
1 3 1 19.27 230.5£7.91 272.5+£7.56% 307.749.32% 327.8+12.03% 352.3+15.06? 363.7+15.81 377.6£14.89

TE: 5 IE R L DP<0.01; S8 A 2 P<0.05,2P<0.01(£ 617 ) o

3.2 X CUMS KB R MM SR AT 4K
Bl 5% it 2 ) 22 5 T 4 1 o S5 LI B AR e A
JA L SR AR BRA KRR TR 7,14,21,

£3 HEBEXNCUMSAREBEEZN (Gxs,n=5)

Table 3 Effect of Xiaoyaosan on food intake of CUMS rats (x+s,n=5)

28,35,42 R4 & & W] W B I (P<0.05, P<0.01); 5
AL g, 45 A 2 LI B i R R T S 56 56 21,
35 KRB (P<0.05)., WLFE3.

A Fik/g-kg! day0 day7 day14 day21 day28 day35 day42
EH - 25.84+1.03 26.45+1.60 26.11+2.58 28.47+2.61 29.70+2.10 28.71+1.79 27.80+2.60
AR - 26.25+0.94 22.84+0.49% 21.99+1.27? 23.12+2.68? 24.85+1.47% 24.05+2.10" 24.64+1.55"
FAPGTT 0.2 24.79+2.28 22.41+0.95 23.34+0.78 26.33+1.07% 25.51£2.26 26.98+1.40% 26.25+1.87
38 7 ik 19.27 25.26+0.78 23.86+1.16 24.58+0.42 26.89+1.36 26.23+1.23 26.90+0.919 26.62+1.70

5 IE R 4L VP<0.05,2P<0.01; S5 AL L5 Y P<0.05(FK 4 ) .

3.3 X CUMS K BRI 37 92 5 47 0 = B s A Al ey e
DR AR RS2 S 6 A A5 41K AT o2 B R

IO 42 FAR TR 20 v g X8 B AR B S R AR (P<0.01) 5
SRR H R, 45 2 25 2K W 35 4T Oy 2 A R

A g X R AR B LR E R LG T B X W

N5, 5 15 % 4 Hb A MR 4 F S0 e 26 7, 21,

42 RAT J 2 6 1% R B B FEAIK (P<0.05, P<0.01) , 3£
. 24 .

o e X Bl GBS RE YA B B  (H A LA 7
KU 47 M2 B R B A et 22 3 L (P<0.05) . UL
%45,
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F4 BHEBNCUMSARITAZEBENZM (x+5,n=10)

Table 4 Effect of Xiaoyaosan on total behavioral distance of CUMS rats (x+s,n=10) m
A HliE/gkg! day0 day7 dayl4 day21 day28 day35 day42

EH - 31.01+4.74 25.0+4.75 20.92+4.78 32.18+5.89 21.64+7.78 22.48+8.68 22.32+5.88

FL - 28.73+4.38 15.84+4.85% 16.83+£9.02 19.10+4.50% 17.08+8.29 16.28+5.12 17.17+5.41Y

FGIT 0.2 29.61£4.91 23.29+10.57% 18.73£9.01 21.01+£6.47 18.64+4.05 20.89+8.29 19.27+4.29

IER G 19.27 32.57£3.78 23.61+5.40% 18.89+9.75 24.06+7.85 19.27+8.26 22.16+8.05 21.34£5.63

x5 BEEHWMCUMSKRITHAFHRRZABEBNZM (X+s5,n=10)

Table 5 Effect of Xiaoyaosan on total behavioral distance of central area of CUMS rats (x+s,72=10) m
21 5 Fl /g kg! day0 day7 dayl4 day21 day28 day35s day42

EH - 6.14+£2.02 2.92+1.24 3.87+1.58 5.78+2.54 4.73+1.65 4.94+1.55 5.25+1.44

A - 4.83+2.23 2.38+1.09 3.20+1.97 3.3942.08 3.10+2.77 3.03+2.28 2.23+1.09Y

WETT 0.2 6.12+2.51 2.83+1.36 3.44+3.21 4.02+2.53 4.12+1.05 4.06+2.77 3.89+2.90

JH & 19.27 5.9242.51 2.76+2.10 3.88+2.71 3.82+1.86 3.64+2.85 3.41£2.55 3.85+2.42

W SR 4L VP<0.01,

3.4 X CUMS KRBI/KEERNEN SIEW4H
Hogs MR RO F o855 0,7,14,21,28,35,42 K
BEKIHFEZR 0 3% T FE(P<0.01) ; 5RERIA LK, i &
F6 EEHI CUMS X RABKEEREM (+5,n=5)

BUCH W] T T 923056 7,21, 28,35, 42 KK I 48
#(P<0.05,P<0.01) , JR V4T 41 W] 5 T 85 FL 76 5290 56
28,35,42 K (P<0.05,P<0.01)., W36,

Table 6 Effect of Xiaoyaosan on sucrose consumption ratios in CUMS rats (X+s,n=5)

A5 /g kg! day0 day7 day14 day21 day28 day35 day42
i % - 74.81£7.04  76.68+2.29 73.03+5.91 75.89+3.34 80.71+2.10 82.56+2.01 81.71+2.99
H - 71.05£2.29  64.01+3.67"  58.71+8.64)  53.95+7.77" 54.68+3.421 53.49+6.19" 50.21+11.59"
FAPGTT 0.2 74.03£2.13  68.49+4.89 64.14+6.33 58.76+7.54 67.09+12.97% 70.31+4.029 75.05+4.65%
I8 3 1 19.27 74.89+4.70  70.38+3.912  64.78+6.77 63.41+6.39? 69.53+3.37? 73.92+6.389 72.88+4.749

3.5 XF CUMS K BT B = R # ob-R, JAK2,
STAT3 mRNA FKIKAZM 5 IEH 4 i AR
KBRSk #% ob-R, JAK2, STAT3 mRNA 3% ik
YW1t m (P<0.05) ; SRIAIZ LR, 5 A 2 LW g
[ Ik A B ob-R, JAK2, STAT3 mRNA % ik (P<0.05,
P<0.01), W37,

x7 BEHI CUMS KR T EMRS®K#%Z ob-R,JAK2 & STAT3
mRNA RiZ#M (X+s,n=6)

Table 7
JAK2 and STAT3 in hypothalamic arcuate nucleus of CUMS rats

Effect of Xiaoyaosan on mRNA expression of ob-R,

3.6 X CUMS K BT B = R # ob-R, JAK2,
STAT3 I RIAMH M 5 IEH ALK, BERIA K
BUF il 7 R % ob-R, JAK2, STAT3 & 1 £ ik B &
Fh i (P<0.01) ; SR A LA, 45 FH 25 41 8 & R IR K
N e 5ok 4% ob-R, JAK2, STAT3 %K [ ik (P<
0.01). WLEl1,5&8,
4 iTig

Hp B TG0 BN U — 1), DA EE K s TR s L T
F L0 T B A B0 N o R B T R
JERNECE 3 et n i A N N s IR I NS LN A A

e B A e A LT T 2 B S

TN AWk R N2 STATS LA B B0 A T £ B0 A e B
Ew - 1.00£0.18 1.00£0.14 1.0420.19 BT R B L I (T A
F 7 - 1.52+0.320)  1.42+0.39")  1.37+0.36" R R 7)) o Ve T G e 22 oy 26 ELAT RT3
FETT 0.2 1.18+0.252  1.05£0.30  1.06£0.20" I = o, 32 T AR I PSS I . 7 s
HIEH 19.27 1.14£0.14)  1.03+0.2? 1.05£0.20? PR AR, M IF s m A, (A F=m L, A AR R

W5 IE R A A DP<0.05 5 54 L P P<0.05,YP<0.01,

e CHR R A, WA B AR B T, B L

.25.
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STAT S SR e S

A B C D

ALTEHR 4B A T2 CO9RPETT 415 D JH & B4
E1 SAKXRTERSIK#% ob-R,JAK2,STAT3 E A RXH ik
Fig. 1 Electrophoresis of ob-R, JAK2, STAT3 protein expression

in hypothalamic arcuate nucleus
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Table 8 Effect of Xiaoyaosan on expression of ob-R, JAK2 and
STAT3 proteins in hypothalamus arcuate nucleus of CUMS rats

(x+5,n=6)

% FlE/g-kg' ob-R/B-actin JAK2/B-actin STAT3/B-actin

EH - 0.11940.007  0.140+0.014  0.055+0.009
LAY - 1.082+0.031Y  0.369+0.010"  0.191+0.006"
SRPETT 0.2 0.769+0.001? 0.253+0.001%  0.108+0.005?
3 19.27 0.212+0.005? 0.232+0.015?  0.098+0.0082
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