$530% 517 hEMREFZSE Vol. 30 No.17
2020 49 H China Journal of Modern Medicine Sept. 2020

DOLI: 10.3969/j.issn.1005-8982.2020.17.001

XEHS: 1005-8982 (2020) 17-0001-06
EuifzR - iv&

EB R BRMAN B A ESMEKRE
RR'E FRRARZRIFN *

WAL, FHesh, 385, Fh, 308, TR, BEH, & LH, 4R
(JHEEMAFZE-—WEER HoERKX, "% &7 530021 )

HE . BN PAIAEEIRIBAZT AL RGERERRET LR, FTERSFNZASLETIBANZE
HOHem, Tk 16 R 12 BEed et 2 &5 kX R ALY A X BAv 24 (RDNX 41 ) fefB 5 K4 ( Sham
21), 8 % 12 A¥eg Mt Wistar K RAFH B9 4T B4 (WKY 28 ), RDNX 25K F 3R B iF 4k ik 47 ) & B-3h
PRI REAPZ AR, M Sham A= WKY A#HATHF K, 550 &A K KARTF ARG 2 Ay & (SBP), 4
k& (DBP), F3##hsk/E (MAP), % (HR) hiF£PH LIRE (NE) &%, ARKER. FLi
FoF A NE &%, LRALZNFHEWRE LR Af T LA FHEARALE (TH) FEHFL, &1
RDNX 2842 Sham 2LAF] SBP, DBP. MAP & F WKY £ (P <0.05); RDNX 285 Sham 2L A3 SBP, DBP,
MAP £ F 4t 3 &L (P>0.05);3 28X K SBP, DBP, MAP Rl 5 K5 £ b4k, ZFH A4t FEL (P<
0.05) ; RDNX %1 SBP, DBP. MAP K& 5 K& £/ X T Sham 285+ WKY 21 (P <0.05), 32K A KB K
BE. B EMAe T flE NE A8 iR, ZFA % ENL (P <0.05), Sham ARG Mk, ¥ Eigfe T s NE
425 T RDNX A4 WKY 0, £BEALAFERTF, 3AKRARE TLENEFEMFE LRMK TH &9
RK B, ZFALTFEL (P<0.05), Sham ARG T LG F 4 M0 TH & & &2 %% T RDNX 4=
WKY %1, Sham £0'% LIRM R 4000 TH & & KA &3, WKY 211k, RDNX A&k, it & B3k gab
ZTRY BEAEZAERAT LR, TABREANZ N BEHRIRANZES, B F BRIk )R,

KR Bk KB BAPE ; B LR TEMR

HFESES . R544.1 XERFRIRAD ¢ A

Effects of renal artery denervation on sympathoadrenal system in
spontaneously hypertensive rats*

Yong-fa Dai, Jian-ling Li, Fei Qin, Sen Li, Liu-jing Su, Bin-bin Cai,
Si-ying Wu, Ya-jin Pan, Xiao-ge Zhong
(Department of Hypertension, The First Affiliated Hospital of Guangxi Medical University,
Nanning, Guangxi 530021, China)

Abstract: Objective To investigate the effect of renal artery denervation (RAD) on sympathetic nerve activity
of neuroendocrine organs including adrenal glands and hypothalamus in spontaneously hypertensive rats (SHR).
Methods Sixteen 12-week-old male SHR were randomly divided into 2 groups (n = 8): RAD treated group (RDNX)
and Sham operated group (Sham). Eight 12-week-old male Wistar-Kyoto rats were served as a normotensive control
group (WKY). Bilateral RAD was induced by a chemical method with phenol in RDNX group, while Sham and
WKY group underwent sham operation. Systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial
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pressure (MAP), heart rates and the contents of norepinephrine (NE) in serum were measured for each group
before the operation. 2 weeks after the operation, SBP, MBP, MAP, heart rates and the contents of NE in serum
were detected again. In addition, the NE contents in kidney, adrenal glands and hypothalamus was determined
and the extyrosine hydroxylase (TH) stainings in adrenal medullas and hypothalamic paraventricular nucleus
(PVN) were measured. Result The SBP, DBP and MAP of RDNX in RDNX and Sham group were much higher
than WKY group before the operation (all P < 0.05). The differences of SBP, DBP and MAP between RDNX
and Sham group were not significant before the operation (all P > 0.05). The differences of SBP, MBP and MAP
between preoperation and postoperation among the 3 groups were significant (P < 0.05); the differences of SBP,
DBP and MAP between preoperation and postoperation in RDNX group were higher than WKY and Sham
group (P < 0.05). 2 weeks after the operation, the differences of contents of NE in kidney, adrenal glands and
hypothalamus were statistically significant among the 3 groups (P < 0.05); the contents of NE in kidney, adrenal
glands and hypothalamus of Sham group were higher than RDNX and WKY group. As shown on the result of
immunohistochemistry, 2 weeks after the operation, the differences of the expression of TH in adrenal medullas
and PVN were significant among the 3 groups (P < 0.05); the expression of TH in PVN of Sham group were
higher than RDNX and WKY group; the Sham had the highest expression of TH in adrenal medullas, followed
by the WKY, and the RDNX was the lowest. Conclusion RAD can decrease the sympathetic nerve activity

in neuroendocrine organs including adrenal glands and hypothalamus, which is accompanied by a significant

decrease in blood pressure.
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o L i DL 7 o s T AR RR A0 I A
P, HORRILEIE 2%, WREANFRG. Hh, scEHf
Zoa IO S v IR 2 R A SR AT 2 — T AR
F AR IR IR AZ ARG A, T - S
HEMNEME, ISP AERGEEGILR S
MR . XHE FAEZ (Norepinephrine, NE ) J&K
LRI JE A 2 LT YR i I g A A R R )
—MULZS R, "IER OIS REN o 21K
SRR " AR B, AR e iR A
EAEAE 2 NE B T ¥ BRIl 2 R 4
RS A 30T B S KR 1 B S A A AR 2% v
MR = A e R e e YEE . IRIRIFGE R, &
(=R TS T U2 e T N = I =Y (1WA S 2 1 K NN
LR NE 5 it FUILR SR 280G P 1 1 25 BRI, 42
TN 25 B B IS IR 28 T AR T R 3 i PR A R 4
(42 SRR 22 0 P I R HE IR AR T P SR T B 2 S
2% I FE PR AR F A S 36 A RBIF 5T 32 24 v 78 B
AREWVER, W R 2B hlkac B Xt 28 N 70 i 22
G A HGE . B RS URT T e R E E p
ZNSTUAAE  B EIRBEIUR RN NE (Y E ORI,
SYUNEBIAZ BT Pk A RS g A i Y R,
255 Bl kA SR 2 T Tl AR T R 30 3 5 M A 28 P 43T
RS i T B FHUA NE ZKE R, iESsx —FA8,
KIS R FH AR I o ik 52 1) 25 5 20 ik 3 Jaeti 28 K LA

R, TSI RSO (3 - SO (HPLC-FD )
R . S, I LIRATT N NE S, DU
LRI 5 R R B —— M A R AL (tyrosine
hydroxylase, TH ) B EIE N, HE] 25 B shbkag B 20t
LN R GERIRA

1 MRS

1.1 MIRMNHE5HA

SPF 2% 12 JRI % Witk B & M i e R B 16 H,
BEHL 25 2240 RDNX 2H ) A% T AR4H( Sham 41 ),
FH RO [7] J&1 0% A e X6} R Wistar KL (WKY ) 8 Holy
IEE XTI (WKY 41 ). By R Bl B At a2 ia Fi) 4
SRS AR R B ERSR 2 85 T

RDNX 21 K BRI 225 3k [5], T LA 2% S L
T (40 mg/kg ) S TR S BRI I A7 25 AU Y 22 SRl
2R, VT 95% ZFEHY 10% (VIV ) ZEBRE R 515
RIS 3h 5K 8 ] 2 mino, Sham 1 WKY 20 K BRagEFT
AR R AN FA S5 R, R A R AR OR B
TEWORAR S SRR, 45 20K BRI AR 5 R FH Tail-
Cuff S E.0% (HR ), I, ARAT 3 d R AIRER S
Jk BB, AR5 2 8T LKA & EE (3 mlkg)
OGP TR S IR, 280 E Sl R 11124 8 ml, I3 351 BB JE
B EARATT G2, — o HEU AR AR E, T
— TR HL 10% vk FP I VAV 161 2 5 B e A
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1.2 HPLC-FD #&ilMiE &AL NE £

ERORAH AL (LC=20A) Mg [ B A B HEAF
A EFE . Waters C18(250.0 mm x 4.6 mm,5 pm ); ¥
5 2R 15000 kPa 5 i shAH « HEE -0.1 mol/L
KH,PO, ; i : 0.8 ml/min ; #{ & WK : 254 nm 5 &
S 2 338 nmo SRAMRIZE AT E 4T, NE R
e e B 321 Sigma A Al O3S HTET, MLIEFEAR
400 w1 AITA 200 w1 =58 BR( 0.1 mol/L )i iierE iR~ ,
4°CHHE 15 min, HCEIFBEHEATREN . HEUEAR 1 mg
JIA 20 w1 E&ER (0.1 mol/L) MEATLHLISNE, 4°CHK
JRESC (12000 r/min, 10 min ), B EIE, FH 0.22 wm
AL UE RIS, B 20 w L BE S HERERI
1.3 SRALNFEERN TH HFRIE

M H 2 D 0T e A AR A
WA A A AT g, YIR R 3 pme TH Uik
(BA1454) W A RS LEAY TRARAF, TIE
WSE 1+ 50 5 BB 209 A i 20 234k 2 4 D 3k )
& (PV-9000) W A LI PAZ B AE M H AR A BRA A
Y] B . KA, TR 3% i AL S B A,
RELUT AR S S AL B , SRS ARG S R = 1B A
T TH PLAR B & . K H BE R £h 2% bl (PBS)
YRS I AE Y R ARIC YRR E , 20 min J5 PBS #f
VEFFIAHE 2R BAR A S ALY E . fJ5 DAB
W, ARG, PR SR B DL
MR — Pt e ta . 2550 AW « = BEE T
B L BR AR O A LR o 0 R 55 A% P 2 A B AR 3
TR R BAYER L, XTI TS A 4 i
T, TR BH PRI 4 L.
1.4 SFUHEFE

Bi R F SPSS 17.0 Geit 8k %R L
BB = prife2E (xxs) o, AR R I 257

R1 BHAKRKRMESHE HR BILLE

Mr, E—EPIP A LSD— K, #5255 24
6] Fe A 5 22 0 Fr il Weleh 35K, 9 — PP EE
5 Games—Howell ¥, #H &40 #1 % i Pearson 7%,
P <0.05 BESAGIHFE L

2 #HR

2.1 S Eh Bk AL AR EZEXT I ES R HR HIS0E
34 R RRET 4R e (SBP), #F 5K & (DBP),
SEEI K E (MAP) FilHR Wi, ZRASIHE
X (P <0.05), RDNX #H Al Sham ZH & if SBP. DBP,
MAP I HR 375 F WKY 41 (P <0.05), 1fii RDNX 415
Sham # [L#%, ZRTLGEITFE L (P>0.05), 34K
FUARJG SBP. DBP. MAP fil HR tb4:, =A%t
E X (P<0.05), RDNX 41 #1 WKY #1{ R 5 SBP. DBP
H1 MAP ¥ fi£ T Sham 44 (P <0.05), ifiif RDNX 2 5
WKY 4 b8, 25 Tegeit 5 L (P >0.05); RDNX
411 Sham 4R J5 HR ¥ T WKY 41 (P <0.05), 1M
RDNX 20 55 Sham 41 lb#4¢, 25 7 e 11272 (P >0.05 ),
AR J5 2 J&, RDNX 41 SBP. DBP. MAP 8 & T~ %,
341K SBP, DBP, MAP RIS ARG 2E(E LI, 2
SAEGIFE X (P<0.05), 13 KR HR RET5R
JEZEE N, ZR GRS (P>0.05) ; LW
%, RDNX 41 KF SBP. DBP 1 MAP RH(HIA G 21
PIRKTF Sham 411 WKY 41 (P <0.05), i Sham 20 KR
SBP. DBP. MAP KR S5 ARG 2(E5 WKY 4 Ibie, 2
SIGHEE X (P>0.05), WK1, 2,
22 EEmhkZBREEIKRIME NE S2/%0
3YLKEBURATINGG NE &8 i, ZRA5I1#
B (P <0.05), Hrp RDNX 2H 1 Sham 41 A i il 7
NE & & ¥ & F WKY 41 (P <0.05), 1if RDNX 415
Sham 4 [L#E, ZRTILIFE L (P >0.05), 34K

(n=8, xxs)

- SBP/mmHg DBP/mmHg MAP/mmHg HR/ (X /min )

o ARHI NG Nl NG ARHI VNG ARHI NG
RDNX 41 165+7" 11877 123+7" 85+67 137+6" 96+7° 443 +37" 409 + 34
Sham 21 162+5" 157+ 11 116 £9” 118+ 10 130+ 7" 131+ 10 412+ 427 414+43
WKY # 118+6 109+1% 92+ 13 81+6" 97+6 89+8° 348 + 32 332+18%
F{4 152.040 42413 55216 38.125 86.906 36.423 13.634 15.220
PiE 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

. D5 WKY A%, P<0.05; @5 Sham 4L, P <0.05; @5 RDNX 4L, P<0.05,



T EBREE 2 Ak

530 %

F2 FHAKXRMER HR EZERR

(n=8, x+s)

5 SBP 25{ / DBP 2%{f/ MAP 25{8 / HR %fH / (X
25 .

mmHg mmHg mmHg /min )
RDNX#H 47+11"7 37+7% 41 +8" 43 £39"%
Sham 41 9+9 -1+10 2+9 173
WKY 41 9+9 6+9 8+8 15+32
FiE 40.829 43.401 46.463 1.343
P8 0.000 0.000 0.000 0.283

. D5 Sham A H#, P<0.05; @5 WKY 4HIH#, P<0.05,

FRARJS IML7E NE & i i 22 S A G222 (P <0.05 ),
H o Sham 2H A J5 1L 3% NE & £ 3 5 T RDNX 44 I
WKY 4 (P <0.05), ifif RDNX 205 WKY 4 bk, 22
S X (P>0.05), 34 KRIME NE & &
ARERAREZE R, ZRAGIH5E L (P<0.05),
RDNX 20 K B NE & 5 A §i FoR 5 22 E 3 KT
Sham ZHH1 WKY 40 (P <0.05), i Sham 41134 NE &
BEARAMARZMES WKY 4, 25181
X (P>0.05), W3 FE 1.
2.3 MAP 51ii& NE K FRIHE X

MAP 5 Il ¥ NE /KF 2 IEAH O (r =0.615, P =
0.000 ). LI 2.
24 AREZEHXRERE. TEMES LRAR
NE & =MIEEE

A2 JH3HRRE MM NE SR, 25
G it L (P <0.05), Sham 20 A J5 '8 lE NE &
15 T RDNX 41 Fil WKY 41 (P <0.05), Tfii RDNX
5 WKY i, 2552 E X (P>0.05);
3HKREARET M NE &5 i, 2R A5 e X
(P <0.05), ZWMHE, Sham 4HKRAS T EM NE
& % T RDNX 40 M WKY 4 ( #4 P <0.05), ifij

*3 JHEKXRMENE EEHER
(n=8, ng/mg, x*s)

g3 AR ML AR5 M3 FARAJG NE &2
NE & NE & FH

RDNX 4]  2232+9.09"  14.02+237% 9.42 £9.02

Sham £ 21.07 £6.79" 23.04 £ 8.77 1.47 £7.897

WKY 21 14.03 £ 4.21 13.41 £3.95% -0.24 +4.14"

F'/F{g 5.636 17.885 3.895

PE 0.016 0.000 0.036

H. D5 WKY 44, P<0.05; @5 Sham 4 LA, P <0.05,
(35 RDNX 41IL#, P <0.05,

- @ R
£ 25 s R
20

E 20

oy 15

&

o 10

z.

'3

2 9

WKY 41 RDNX 2]  Sham 4

D5 WKY A AR L, P<0.05; Q5FARSE LE, P<
0.05, @45 Sham HAARJF HEL, P<0.05,

1 Bk BHENESEKARME NE 22
(x+s)
a //
140 ) ///
120 // ]

MAP/mmHg

100 ’ /

10.00  15.00 20.00  25.00

80

1% NE/ (ng/ml )
2 [iE NE 5 MAP Byt X 1%

RDNX A T i NE 55 WKY 4 i, 22570
Giitem L (P >0.05). 3 4L KBAE E _EIR48)
NE &t bbis, 2504500155 X (P <0.05), Sham 41
ARJG B AR 2N NE & &34 5 F RDNX 41F1 WKY
4 (P <0.05), i RONX A5 5 ERRAY NE & &5
WKY 2 H#, 27 T8it22E L (P>0.05), W3k 4,
25 XEKEZBMHENTEMEE FIRELR TH
FRIEHIF N

TH 24U 25 1 ok, ARJ5 2 J& RDNX
ZH . Sham ZH A1 WKY 21K BT Fe ik 55 4% 40 i TH
B PHPERIA E 3 LU 5 (16.22+2.51) %,
(30.35+4.33) % F1 (1416 £2.73) %,3 L, 5

x4 BHRKRARE2REEHE. TEMESE LRAR
NE EEHLLE

ZH 5 BHENE 58 FEWMNE &8 % EIR4ESNE S5

(n=8, ng/mg, X*s)

RDNX4 091021 1.52+£0.43' 271.80 + 50.10'
Sham 2] 1.34£0.18 2.95 +0.67 371.48 +76.62
WKY £ 1.00 + 0.24' 1.34 £0.37" 288.36 + 20.90'
FIF {4 18.229 17.235 4.806
PIE 0.000 0.000 0.029

H#: t 5 Sham 4ELE, P <0.05.
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Gt X (F =35.87, P=0.000), 2Pz,
Sham 20 T F I 90 55 42 400 il TH 8 1 BH PR R 38 43 L
¥IK T RDNX 41 fil WKY 4 (P <0.05), ifif RDNX 41
5 WKY 4 H#, 2573 4 75 X(P>0.05 ), WK 3,

AR5 2 5] RNDX 41, Sham 20 F1 WKY 415 | g
T T 240 B TH 2R 1 BH % 3R 55 E 43 Lo i 348 00

P

A AN, -"A..

Sham 2

RDNX 4

(2131 +2.52)% (47.56 +5.17 )% F( 27.11 +2.15 )%.
3YItbE, ZRA G FE L (F'=47.931, P =0.000),
2P EL#E, Sham 415 I AR B S 40 AL TH 2 1 FHAE
F35 T 48 He 3 K T RDNX 20 il WKY 4H (P <0.05),
M RDNX 41 5 WKY 4l lb &, ZR L& it% 2 X
(P>0.05). UKl 4,

2 3500
= _ 3000
X T 2500
3k #2000 T +
= & 15.00
= = 10.00
H 5500
f- 0.00

4 4 /KY 4
WKY 41 RDNX 4 Sham#4 WKY 41

% B L UR A PR IR, FEMER =20 wm; T 45 Sham 41HEK, P <0.05.

3 BAXRTEMAZZMAME TH ZEMAMRIE

R ALY
k. i;c i ?}_‘ ] L 1’—.’:\“,’_‘;-

RDNX 4H Sham 24

(SP x 400 )

60.00
50.00
40.00
3000+
20.00
10.00

B R
4l TH ik

RDNX 4] Sham 41 WKY 41

M3 PR B UBUR N P 3k, FEMERN =20 wm; T 15 Sham 41H#, P <0.05,

4 FAKXRE LRBERYME TH ZE8MRAMRE

3 iTig

Bl N AR A IERE A e, e O i
ERIY IR BB AR . ARYE b LG I
52018 ), FRESE MR ARFCIA 24512, BT
il R S REAAH L AR A B B R, K 37.5%, {H I
FER B R TAEASRAR ™R, U R [ M 5 1R 76
7, E AT DRI I DA A a0 [ 47 v I P 2
bl H RIS, o2 ERSE, Hrpsg
JEHR 2R 3 TR R AR . AT iR
N, BIRHERE . BERE . BT RE AN A B 2
BTN B S T B TR 2T 2 AN B B 2 Fh 2l
VIR IR YT R

AHEFE R F 0 A & I K B — s
PERIME R, 2 H AT E MM A s T AR
KU IMER SRR, AT Wistar KR EAHE
P I L SRR HR RIS g 004 1 3 LS I e e
X5 Fh e T 24 W AR R AL FRARRR , STk R i
TREMZIRIT RSB Y, 2B R Ak
B I N 7 o e 7 Ny W 9 L s 1

('SP x 400 )

PSR AR BRI AIGTT o Herp il b 2SI A2
TE AR 28 21 2 B0 3T 3 S0 P2 ol 790 (45 o 22 2 A P IR
B, LR E 2RI H A 5 el R A LB
Kl HehiEWaE . A A B 20 AEAOT IRt B
FIFE—Rh iR 20 R, W >5% BRI R ] 5 8
FBUEYE I ZIRAE, R LIPS B R H X 2H 2 B
PPER/N Y AROFTER T 95% LBER) 10% 2 1)
TEWRATE B SIS ZE, RJE A P LR UL
FEHI® TR, I NE & & B &R,

NE J& RZEELEAT Gt AR n b i, 5
#E NE & RWOZ A B S R G RTETE. BE5E
HHTRESDIKKWES NE, 51 MAP f72LT1 5,
BT o B LIREREZARE R —m 2R AT A
MRIRIZIE ™ ABFFE B, RDNX 2K B 5 i
JETRE, R ZNE 2 545 Sham 458 EFRAIC,
PR 25 Bl KSR 22 T LRREARG 1 S5 P e e R B

TERRR A E L, B RS B A A S 22
AR ACIEAR ], XA IR v % A A
JRAR MRS SO M AR e L R
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4 o B FARRAESZARBOE IS [ ACPE S K B T
R B OLRER B RS R 2 — . TH &) LASE e
WA I RR R, FTLA TH 5 HE R Al I el 458
JERPERIEE . AR A AES IR B AR TH
TP mRNA KA 2 S HEENLAR K, 8@
TP TH SO ER HRRIGYT IS, H &M R
SR A S A, S5 e ] s B R LR B 5
K TH G AR ek it i 25 TR AR R,
RDNX 2 K B B sk sg ph 28 2 il HEE LR
NE 7t A _E B 6 BT 40 M TH 82 (238 HE 4K Sham 41
K EFEAR, R 55 Sk asciBpp 2 nT Rk A &tk
fR I K FRAC IR T IR RGeS A 1 81

IR e Y N A R R A B/ I NS R
PRI IRAR, IR RIS e i B 2R L
MRRAEE LA BT B, Bea r= A AR e A5
PET B EREA SN 25 B S B 06 . A2 T
SR IR B AL ARG IR BT Fe i &= S5 400
BT, B sk sg i e ] (220 R BT Bl
0 L EAS TRl A = S/ % i EZNY il N
AR R, KBS LG B KPR K B
T EfiH NE &5t il TH AR IR, SRS A
N R BT B fili 38 B 28 TR PRI, $R 251
)il SR A BriR N A T S R BN Gm
2 e IR R B R T B

gr Bk, KB sk Bpt AU [ At e i
FER BB S a0 v N R, RIS B &
MR BRSBTS B ik S5 28 PN 43 W A B 1 3 Iep
ZEWEIE, (RS IR RGN AR E I rh AR A IR
TGS, TR AT B B H R e IR K BRAE
B S KA IR A 2 IR R SRR IZ R R
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