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BB T EZN S8 JAK2/STAT3 18 B& %7 BB B4 = M0 E X B S B B4 221

&FRm, £AL 2 R "
LR B CE RIS BE, R SrR 250014
2. WARHE SRR IR, AR B 250011

HOE. BEY WO 0 A S 5 JAK2/STAT3 A 650 0 Rk v 1 s K BB S RO L. 5% s IRk
B A K RARI, BEHL ARV IRAL (8 W, 3.4 mgkg), MIPEFLL (8 L, 17.2 mgkg), BRI (8 K,
AHERK 2 mL/d), R EATREIR 10 JORRUNST AL CEBEIK 2 mL/d), L4525 12 A, WG SR o B i
AR, S0 25 AR UK SR IR 7K, ELISA 2RI K B M i 1fn 37 9K 3% 11 (Ang 1D B, EREE A (B,-MG) FIHEZE (Lep)
17K, HE Qe MR RS NE LRI A LU & FAR b, G 40000 4 4K BB IE AT T LepR 7/K°F*; qRT-PCR V£
Western blotting 240K BB IE JAK. STAT ) mRNA FIS F/KFRISAE. &R ST 12 )5, SAMREME IR
KIS TEIA Angll. B,-MG Fl Lep /KT B2 R (P<<0.05), HEALER, SHEAIALE, RIBEEELENE LepR1 & 4>
A% % W (P<0.05). RT-PCR K Western blotting 7, SHAIAI RS, HIBEZEAIEIEIY JAK. STAT ) mRNA fl
FIRIEPEC (P<0.05). 45i6 M@ W R4 10 JAK2/STAT3 M, o #HKht, ¥aI7 e m L.
RERIA: R EMMEEE; . JAK2/STAT3 dlRs: MAERKHE 1
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Pharmacodynamic and pharmacological effect of Tribulus terrestris on kidney of
rats with obesity-related hypertension through leptin mediated JAK2/STAT3
pathway
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Abstract: Objective To observe the effect and explore the mechanism of Tribulus terrestris (TT) on kidney of rats with
obesity-related hypertension through leptin mediated JAK2/STAT3 pathway. Methods To establish the model of rats with
obesity-related hypertension by high-fat diet. The model rats were randomly divided into three groups: TT group (eight rats, 17.2 g/kg),
Telmisartan group (eight rats, 3.4 mg/kg), and model group (eight rats, normal saline 2 mL/d). Rats were ig given drugs or saline for 12
weeks. The body weights and blood pressure were measured regularly. At the end of the study, the rats were sacrificed and the levels of
serum lipid and angiotensinll (AnglI) and B,-microglobulin (8,-MG) were determined by ELISA. Morphological changes of adipose
tissue and kidney were observed by HE staining. The density of LepR in kidney was observed by immunohistochemical staining.
Levels of mRNA and protein expression of JAK2 and STAT3 in kidney were determined by quantitive real-time PCR (qRT-PCR) and
Western blotting. Results Both body weights and blood pressure of TT group were decreased (P < 0.05). The levels of serum TG, TC,
and LDL-C of TT group were decreased significantly (P <0.05). Kidney morphology of TT group was improved obviously and the size
of lipocyte decreased. The levels of serum Ang II, Lep, and ,-MG of TT group decreased significantly (P <0.05). The density of LepR
in kidney of TT group decreased significantly (P <0.05). The mRNA and protein expression of JAK2 and STAT3 in kidney of TT group
was decreased significantly (P < 0.05). Conclusion TT improves the leptin resistance of the obesity-related hypertensive rats mainly
through JAK2/STAT3 pathway.
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N i, REJEFEAH DG S il s Cobesity-
related hypertension) J&4if HHALFE IR 25 F 8 22 3 35011
mli s . IARIFR B BHAARNR T & R SR R E
e, fRFTEFE . (BMD 890 3 kg/m?, 4 4EN
KA e L R U I 0 50%~57%M o AEJRE (K A 5t
SEREE/RERERAT, MR dL23 3 W% 2% (leptin)
FENE R i 0 e P R 3 R . AR BE DL T,
J8 LA AR & N AE RS RE S FHIAE T A AR
(e HERR DG A3 A A 5 IERERSS, 10358 25K SF T
B8 28 (1) 4 B SRR ™ A2 TR, 1ix
F AT S T o A AT SR OR B, BV IRk
ZHKPT (leptin resistance), 1% &8 2 Ty il (1) 7
TR B A, SRR S, A
7 MBS e 0 Y B T R s 2 — o HATEAREE
RITERA IR, hEZRIT A Z RS
W BEHE Tribul sterrestris L. JPEEERI R B Y,
HRSh Ry, HAHEOA. BH. AT,
N BRE 2 T, BARZGERI A R IR B R A
B AR ST, DR, ASHIT T DU T S
JAK2/STAT3 Mg HE »Sd s, WEFURIBEEETR T ML
ra LA PRI B LA, Ok B PR e il R e B 2
TBTT B RIBEREIR R “ b2 N, SR pbEni i
4% R 18 SEZ [ S 6 B0 S 4
1
1.1 ZAm5ilH

P BEREE R CH L AR o B 24 K 27 B g = ot o
SIS S A ), B YD ([ P ARk B 2l
AR AE AP, #it'S H20090416); SYBR Green I
Master PCR it & (10559520), T H B KA
Hl; PCR ¥ ¥iki&r. A&, WK%
Takara ‘W) TFEHRA A, —HUMRM . i fRIZ
(AP). B EAEZE M B H R (RIPA). ECL
2R IGRA & (P0018), T L2827 KA,
ARAEBEH; PVDF B, 14T-3%H Millipore 2 ;
I %5k & 11 CAng 11D ELISA il ik 771 &
(A25364-09). ¥4 2% (Lep) ELISA 3R 5 &
(L36247-09) B Mk (B-MG) K7 &
(B52136-09), gtz R ARAR; )k
HAG R (SP-0023), MyT b Rl B AR AN 7]
1.2 zs¥5ER

SPF 2 8 W HENE: Wistar K, 70 B, &
(180+15) g, Fr T EPUEEMIFRML, FWAHEAIE sexk
(52013-0001; B4 b5 G IR TA] 12 h, W@ EAE 20~

24 C, % 60%.

FERBRIAC s 2K 30%. 7 31%. TH
20.8%- FEk 10%- K} 6% BERERY 1% 4 1%.
ih0.02%. Z4EE 0.02%. AT 0.01%. HfEE
EIRGRIEC T - B R 60%- S8 12%- HERE 5%
WKy 5% ALK 5% XS 10% BRI 1% B
2%, FAWIEAEL BT G HaE I THlED,
1.3 {4&§

H &) i 7K L C TP1020 D « A7 i 40 BE KL
(EG1150H). # e P1 L (LEICARM2016), 4
[E LEICA A7) ; 4% H sh BEAL LU {3 (PHY-TID,
N R AR A R A R s H AGIE IR T R AR
(GZX-DH, 400-S-11), _biFpRIEEITAXAS) 5 ST8
RUEIE B B P72 080, 92 Thermo Scientific 22
Fl; 5424R R EEA R EOHL, E[E Eppendorf 2
"l MEBWAS, 92 Thermo Scientific A 7;
BFM-YT 6B VIR L, 5 B UURPR AR TR R
YNGR
2 FHiE
2.1 EHMRERSIE. HES5%H

Wistar KIEMNEMRETE 1 G, seaeyLE R
TRAHED A4 (n=10) FIFE TR (n=
60, Xif FEZH ML LLUH LRI RL, SRR 45 T
mECEE 25 F, ARERCA R, il R
HRZH S IME 25% 0 R BUAE DA I JRE e v i s R B A
B, EEvRIRRSE 24 HAINSZE . AR
K S BRI AL A . AR SRBENL S 4 3 4 Y
2H. RBERA R KV, i 8 oK. A 26
JIIF ISR ig 46 TAHN 29T 12 8. 11
Jride ARYE LS AT PORET, PR ORI
WAERIR N 172 gkg, BEHZAZ 1R, RAHF
IYEAE WG BERE G T MBI s i R L], A
WA BB B AR AL, DL RV AR b B0 R
). KA K, 4578 TSR K )
FoKUbIH . 6 B SRR 20 2 T S5 AR EE R K
B 1R 3 BRI ka4 1 m )i
s A IRZOK RS T ik

YRR S SO IRED, ek R
SRR o K UKD G RS2 ok 3.4
mg/kg. 2 P2 sAvs Tl AR B SR K . X R 45
DIAH R AR A B AR K, AR 2 mL/H
22 WRAWESERNE

ML R e, IR R AT
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SEG R, 3% L2 (30 mg/kg) ip BRIEK B,
S RSERKELL, Ay B, AT R Qi
S8 ZHE I R T R 25 K4 I I B B ks e B D, Y.
FHBGIE S g%k (ELISA) Kl K fRULyE + Leps Ang
I & Bo-MG 7K Vo BUZEBALZR. BRI, A7 T
A% % R, TR IR EE, RN
—70 “CUKHARAT AT 920 96 )6 %2 F: PCR(QRT-PCR)
F1 Western blotting £zl .

23 BHRAFHIFREET

SR, KEALKIEAL, T 4% 2 KT
MR e, AT, VIR R 4 pm, JRARE-
e (HE) 4eth, K, &8, s, %
TG T NS IEH 2R T A7 U
24 GRBLNFEENE Lep ZiK (LepR) HIFRIX

eI, PR R 4 pm, H RO,
3%¥1) H,0, 353 10 min i 4 P V5P e 4804k A g
5% BSA =i 4 30 min, i e di kBl ATLR Al
—Hr (1:200 Mk, &N 4 CRELR,
PBS ¥t 5 minX5 &, WNFEdPie 196 —Hi, =i
555 60 min, PBS ¥E5 minX5 %, ¥4 ln SABC,
i 30 min, PBS YL, DAB 4, B F¥EHIE
B, RARFEEG, IBAKE B A e A
PBS AR —HufE Ry XS B, DUAR d ok AR
e KB -

2.5 gRT-PCR &

#3720 pL PCR [ NAK R : 2 X Master Mix 10.0
uL. 7K 6.0 uL+ 514 2.0 pL. cDNA 2.0 uL. qRT-PCR
KN A 95 CHiAs T 5s; 95 CA8% 10s, 60 °C
Bk 10s, 72 ‘CHEAH 10s, ¥4 45 MEIR; 95 C
APk 5's, 65 CHESH 60s, 97 CHEMFIAKiE: 40 C
A0 s. R 270k, it 270
P AR 2] 5 6] 21 i) 0 1 35 TR ) ik 25 5
I HINE 1.

2.6 Western blotting &

AE L PIPA R IA L E A . 12%
SDS-PAGE HiikK, #f i FAEE 50 pg, FFLEN 4 PVDF
JI55, B%Mi W) PBS-T Ei6E 4 1 ho FEEHHIR,
AN, N R BE AR NPT (BRPTA L ATL,
S P KR TGF-BL, 1 : 300 #k), LA B-actin N
Z, 4 CWELRH. KH LXPBS-T ¥ 5 minX5
U IIANIZEPTH 19G 4T (1:20000) =i H
1h, 1XPBS-T ki 5 minX5 X. ECL &, Fluor
Chem Q NG, ZcHriiAT e T

541
x1 319F35)
Table 1 Sequences of primer
ARk b5 I 1=K/ NMop
AT1 IE I 5’-CAGCCGTCATCTACCGAAAC-3’ 134
Jx I 5’-GAACACGAAGCCCAGAATGT-3’
Jak2  1EIW: 5’-GTATGCTCCCGAATCCTTGA-3' 158
%I 5’-TCTGCCCTTGTTTATCATTGC-3’
Stat3  IFJ: 5’-CGCCACTCTGGTGTTTCATA-3’ 115
X Ii; 5’-CAGGAACTGCTTGATTCTTCG-3’
LepR  IEIH:5-GCCTCGCTCTACTCCACAGA-3’ 122
Jx I 5’-AACCTCAGCATTCAGGGCTA-3’
B-actin  IF[: 5-CGTTGACATCCGTAAAGA-3’ 150

[ If: 5-AGCCACCAATCCACACAG-3'

27 HitEHE

R SPSS 19.0 B AFEATGivt 43 #r, THiE 4 R LA
X s Kin. MUK t Kk Z41HECR
[K 2 7 22341 (One-way ANOVA) L & LSD i S-N-K
%, MEITZEATE, WH Games-Howell 7347
3 #£R
31 FEFEFMRARMLERKREL L
311 HAKEASTENARN B2 Hid Rk
M HAhs , oof ALK Bl A4 i e E i 5] 650~700 g
JEERRRRE . AT, SRR, PRk
A RRBERA RN, AR MR, UL
ZiHT 2 N R RZE (P<<0.05); %5 12 JHKR, 5
KV LA, RSB AL AR T B ok B3
(P<<0.05). RNk 2.
312 HAKRIMEARIL 4525 T 5% 410K R
MR WA 30 XA, BRIl s
POk — H4ERFAE R A K (P<<0.05); BoKv)
A 0~4 M EERE R, 4~6 R 23~

*2 BHEABRUEREZEML (Xxs)
Table2 Changes of body weight of rats in each group (X £ s)

5l L Sl TG
(gkg?) H Y 212 A
X i — 10 675.28+21.89 688.68+21.24
i) — 8 8435146259 925.85+45.71
R 17.2 8 84456150.61" 781.43+34.32°*

BkybiH 00034 8 8426315825 825.66+44.58

SRR P<0.05; SHUMAILLE: “P<0.05; SEKD
HALHE: *P<0.05, T
“P < 0.05 vs control group; “P < 0.05 vs model group; *P < 0.05 vs

Telmisartan group, same as below
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B, 6~8 PR T EE, 25 10 W R EWite e,
MEE 4 JTTUR, Wi e 5 &7 ik R B AR L 4
TR (P<0.05); MZ)a, RIpEEEA KRR s
RN, RIRFLLOE RS, B 6 T
4, SRR KRR, ik #FRE TRAS%
TR (P<<0.05); RFBEZEA 5KV IHA K
PSR R RRIR L /N, SEIG S5y, 2 Aoy 2
5 (P<<0.05). BKybHA Hxi A i, Kk

ik SRS %2R (P>0.05).
3.2 FEZFMEMASKTEET K

SR, AR KRS TC. TG. LDL %%
AP E TR, HDL AP LM EZES; 2991
Jo . SRR R LR, R 5K AR
FUMLTE TC. TG. LDL YA REFEEE L (P<
0.05), H AL 40 b oK vb 40 241 K R I i P4 A B
W (P<<0.05). W3 4.

*3 BEXRWHEEFEFKETK (X+5)

Table 3 Changes of blood pressure of rats in each group (x +5)

Ly

4 He/mmHg

#7k & /mmHg

HAl FIEA(gke ™ 5

R YUY %12 A LR %Ei12 J
of FE, — 10 135.13+12.69 136.85+11.96 100.86+ 9.62 104.47+12.69
Y — 8 171.82+11.42° 180.75+12.55" 133.47+12.54" 133.64+11.26"
L 17.2 8 173.56+15.43" 158.64=11.45™¢ 133.56+12.34" 116.75+12.71°¢
Pk 0.0034 8 170.59+12.18" 143.28+12.45° 134.54+13.28" 104.39+11.64"

1 mmHg=0.133 kPa
1 mmHg =0.133 kPa

F4 BEARMEETHE (X£s5)
Table 4 Changes of blood pressure of rats in each group (x =)

2H 5 i/ (gkg ") L7/ Ia TC/(mmol-L™") TG/(mmol'L™")  HDL-C/(mmol-L™")  LDL-C/(mmol-L™")
of HE — 10 1.51+0.23 0.8840.19 0.5140.08 0.2610.02
5 — 8 2.1240.20" 1.2140.23" 0.4240.05 0.4840.05"
il pERE 172 8 1.76+£0.19* 0.98+0.15"* 0.48+0.07 0.37+0.04"*
(=¥ SIS 0.003 4 8 1.89+0.28™ 1.13+0.17" 0.44+0.05 0.42+0.04™

33 FTHRARMEFHERTK

SRR, S0 A LR, R A K BTV Ang 11
Lep % Bo-MG ¥JT1 (P<<0.05); SRR LA,
FIBEREA 5KV KR Ang 11, Lep K&
B-MG K (P<<0.05); B KK Angll
PRACHE 2 (P<<0.05). W% 5.
34 FHRARSHEMLERSFTK
340 KRR EARL B A RS S 4

FENERE LYK, B NERBANMAE YK, BRIE (R B
BETE, A ANERAVEIRFEZE 4, B P NE YK
SRS BRI . BORFEA R A, T RE
HEAMW GEAER. SRR, #XK
YDA 2 R 2 K B U /N ER AR W e
M P B A A . LI 1

342 KERUEUHRHAZL  SXTRAMLE, B4R
SRRV A L ) S AR K, R 2RI BT m] A 28 4

£R5 HEKXRIME Ang I, Lep & p,-MG Tk (x+5)
Table S Changes of Ang 11, Lep, and $,-MG in serum of rats in each group (x £+ s)

4151 &/ (gke) ILY/T5 Ang I/(ng'L™") Lep/(ng'mL™") B,-MG/(ng-L™")
X He — 10 1542241713 2.7440.28 23.68+1.59
Y — 8 192.44+15.27 436+0.31" 30.43+2.94"
| pERE 17.2 8 163.44+12.12"* 3.12+0.35™ 25.73+2.16™
[ Ul 0.003 4 8 158.48+15.36" 2.98+0.34" 24.57+1.65™
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B, RIS PRy IR ALK SR R 40 A S AR 4
R AR /N, HRBEREAR U R 2 WL 2,
35 GIZHLNEZNE S AT1. LepR EE D%

STRRZH R BRI AT B8 (1 A 8 HH A 1l 7
[, SO0 RALR R LG, BERYZK R AT R R
WEEIN (P<0.05); RFEZEAH S5 KVPIHA KK
BFHE AT AR [ RIE R AL F R (P<<0.05). KR

LepR A/ A {E B A i fia b s 5ouf AR A
EE, BRI A1 K B LepR £t AR IA IS I i 2% (P<<0.05);
RBEHE ARV K BUEIE LepR t HARISEL
BRI RE (P<<0.05). W3 6.
3.6 KRB AT1. JAK2. STAT3 #1 LepR HJ
mRNA By

LR LR, BORATK RUEFIE AT, JAK2,

1 ZAKXRBE HE RESER
Fig. 1 HE staining results of kidney of rats in each group

- P * = 'd T e ¥ o W T 1 ¥ g 1 1
. BT A A b o D o, e ReWPQ e
2 d ~ 1 ¢ r Y P e S K F 3 T (P
Yo A AN TS ¥ | ’ 8 ! ) % Sl
S e S N, );\s. ,( | d " > N pod 'r‘_; - e, W S
4.0 VYE g 2 A Pl W W ) <t LT e ¥
el A R e f A \ v ; i “ . - 'S N X7 | £ -
PEva'" - 1 ale¥ ! { o | - ~ =10
7 Pl R ¢ F AL ~ =~ 2 - = v a 7
3, g X N7
> o AL A 13 4 4 : d }‘ 4 L3
e R ' 7 Nat - - { 2 > s
/ ¥ R , Y 3' ,vm € I‘. ol . N\ M
X ey BokbiH A

El2 HAKXRAEN HE RELR
Fig. 2 HE staining results of lipid of rats in each group

%6 THARSH ATI. LepR EAEE (X+5)
Table 6 AT1 and LepR protein in kidney of rats in each
group (x=+s)

M FEAgke?) B AT1 LepR
POpic — 10 0214001 0224004
5 — 8 036004 0342001
il RE 17.2 8  0.3140.02" 0.2840.03™

STAT3. LepR [¥] mRNA FikH (P<0.05), 5
BRI A LR, HIPEREZ] AT1. JAK2. STAT3 & LepR
) mRNA Kk (P<0.05). W% 7,
3.7 KRB JAK2. SATAT3 BIERKRIX

Eixf Al b, BIRZ KRBT JAK2 FIER
FARM, SRR, RlEEEEA K BRUE I JAK2

RS 00034 8 0254002 03 £0.02° FE A FRIERRAC, WA 3.
#7 BHEXREHE ATI. LepR. JAK2 K STAT3 EFEKIE (X+£s5)
Table 7 Gene expression of AT1, LepR, JAK2, and STAT3 in kidney of rats in each group (x+s)
#51 FliE/(gkg") B A AT1 LepR JAK2 STAT3

Xof e — 10 1.01£0.24 1.42£0.35 1.35£0.53 1.45+0.74
A — 8 3.03+£0.317 4.11£0.56" 6.87+£0.44 3.01£0.85"
) 17.2 8 1.5640.35™ 2414028 3394045 1.66+0.23"
By 0.003 4 8 1.234+0.10" 3.01£0.34™ 5.68+0.59™ 2234038
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vl NI St— » JAK2
| — — < — e |11
— — o e ST

—— —————— |

X B Fokubi R

B3 KAXREHE JAK2 1 STAT3 EARIE
Fig.3 Protein expression of JAK?2 and STAT3 in kidney of

rats in each group

4 g

Y8 2% PR A2 v A S ML v B AR A
98 32 FRIERE S N G A ) 2R 1 0T, R el TR
2 M s R A, g SR T B A, BRI,
RMEKEE, 5%/ RAE RN Z A
RN 98 2R A R 22 /b S B e D A AR R
IR/, R A0 PR /I, 98 35 (1) BRI 43
WIRAT . LepR A2, EEFHE, O
EEFH A RIE, MR S RZARE GG k4
WG i FHLHIHER E 2%, Hh JAK/STAT i % /2
FERR, A6 KU AR TR AN e g

NEJHE R R PN R 2K, R R
AR, (BRI EEAR, AR 28 HL,
(LT 55 RV (1= N = N 2 A S = A O B VR S AV
REE, RUERREE 24P, IS RIS i 1)
FENH M B SR, B EKES Angll A
A RERNE. BTSSRI T 91 4wk
R 67 IR IE R #F M 2K BRI
(PRA) [ Angll, RILaEM k4 &5 MEERYS
BMI. PRA. Angll FIW#i s 2 IEATG. BHIEER
A LB S RAAS RGTH eI .

DRI Ay B JRE A2 v I s 52 0% (1) 93 ML ) R AR 24
YR IT B e, B A IR T AR 2 9F T
“YRE 7 AE. TP rh g e LURE S N 2R
MVaIT ILA, JHESAT AR, BRERTEEMN
28, e BT T R E L R AR I ALZ
Toll #5243 15 KA 97 NI 5 . K B

WAk e AR = THE I IR IR . BHFZ
5o, AR IEREE SR VR TT, S R R

HMERIL, ARG A DRI 32, 5 R 2SR o A A

SR R RLA T, ORISR AT Ay IR T A 1

B2, IR BT RAFROR . RIBEAEE — AL gth

2y, WL, EXBIH . CRREHNH) H:

PRk, HMEEIE, FUFE. RS A

EOCHR, BT DU BRI R B A S L Ak

By TEIASEAE ] . DU BTSRRI, Al

FAARE . MK, Pra s SRR,
SEIGA, LS TR A, AR AR S LR

A AR KT i LT O B I 7 A K

M3 Lep Angll AKFHIEF S (P<0.05); HiE

LepR. AT1. JAK2 1 STAT3 ] mRNA Fl# [k

W s ] R AR B 15 3 AR I AR AR K B

FAAEIE PR AP I RAAS I FEWOE, #F6 IEHE

eI s RO B AS I FEAL A . AT 2o, R

A s K S TH P Lep 5 ' ETH 1 LepR 454

J 1L JAK2/STAT3 i, 51 3 A0 1A AT 58

(7 I 35 Y AR A A v o K B RAAS ARSI s

55 R RAS Bod A 6.

KBS B-MG T+, Bo-MG s A AT 1% 4

W A N T ERER R SO RS eI

DBeA I I R AP FE RS, IR LR SR AT e

A1 K B L A A
RIBEET IS, KBRS, PR,

MAEKEBRAK, MyEH Leps Angll M B2-MG #IG

(P<0.05); KEU'EWER LepR. AT1.JAK2 1 STAT3

K] mRNA Jz 8 ARIEFFAR (P<<0.05), BEHIRIZEE

ALY/ B LepR (1%, 4] JAK2/STAT3 it

B BN, BRI JE I P8 3R O BBURR Y, et %

PERE RS, BRI, DRIV, [N, AHES

S RN BB IX IR 227 19 2y BB

R RIS S0 T B T3kt [k

Sk
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