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HE . BH MRREER (RAREE) STRAEEKEEES 1 (AQP1) WA LN, FiE A
RER W& SD MK R AR A, AR, Bk, BFRBAZIRA, BB Z Ik + Bk
20 RS A R IRF A BB A (FRAEA ) + wEA EHRAAAA (Tempol ) + wE4, F4 6 A KK
BRAREFRMNER A E, FiFRATEREGHAR L (QRT-PCR) ME &K R FIE AQP1T mRNA #)
FARTA, REMBMAFEE (IHC) R AQPI £XM XA BT AL A A, R wHEXA KR
AQP1 Bofn R 5 3B E | B EF AL FEL (P<0.05), BFHMKAEMEAQPI A2ME, hEAZF ;
B BAh 2 K KR IE AQPT St BRaL kAR, 2R A %I FESL (P <0.05), AQP1 &k, AL
&, BRBAZIh + vk, EHTIHER + kL, EH Tempol+ B EHA K K KM AQP1L K ik & &
RS KM, ZFALTFEL (P<0.05), BIEAQPL KA Y, /EHEIK, it XBAVZTIH
¥ AQP1 W9k, RUR W il it 4 B R AT 2 Ei AQPL, B5h, AQP1 BZ A BB R E - hF FiKE
FAAE, AQPL JETRME BB F 4G B o B P T fRAL A — R G 1E

KR KRBEFG 1, REEZE ; BRALRK ; BRBATE
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Effect of chronic stress on renal aquaporin-1 expression in rats
and its mechanism*

Ye Zhu, Zhi-xing Wei, Xiao-fan Chen, Guo-xing Zhang
(Department of Physiology, School of Basic Medicine and Biological Sciences, Medical College of
Soochow University, Suzhou, Jiangsu 215123, China)

Abstract: Objective To investigate the effect of chronic stress (induced by foot shock) on renal aquaporin-1
(AQP1) expression in rats and its mechanism. Methods The chronic stress model was established in male Sprague-
Dawley (SD) rats by foot shock. The rats were divided into control group, foot shock group, renal sympathetic nerve
denervation group, renal sympathetic nerve denervation plus foot shock group, Captopril plus foot shock group and
Tempol plus foot shock group (6 in each group). Tail-cuff method was applied to measure blood pressure of the
rats. RT-PCR was applied to detect the AQP1 mRNA level in the kidney tissues. Immunohistochemistry was used
to observe the expression and distribution of AQP1 in rat kidneys. Results Compared to the control group, the
expression of AQP1 and the blood pressure markedly increased in the foot shock group (P < 0.05), the expression
of AQP1 in the kidney tissues was decreased in the renal sympathetic nerve denervation group (P < 0.05) without
significant increase of blood pressure. Compared to the foot shock group, the expression of AQP1 was decreased in
the renal sympathetic nerve denervation plus foot shock group, the Captopril plus foot shock group and the Tempol
plus foot shock group accompanied by reduction of blood pressure (P < 0.05). Conclusions Renal AQP1 expression

in rats is regulated by sympathetic nerves. Foot shock causes the increase of AQP1 expression, which is due to the
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increased renal sympatheic activity. In addition, oxidative stress and renin-agiontensin system regulate the expression

of AQP1. AQP1 may play a certain role in the regulation of hypertension induced by chronic stress.

Keywords: AQP1; stress-induced hypertension; oxidative stress; renal sympathetic nerve system

ey ML 2 ™ A N S O I B 1) 1 A
W ZE, Hii@EROC AT 10 NTFELBRZ, Bi
I ORZR, At 2318 P N R 3R E 20T
SRy N2 v I & s i SR M AR R BRI
B, B E R KGE A H K% ( Aquaporins, AQPs )
IR S TR = U A b it T BB M 6,
KB E & A 1 (Aquaporin—1, AQP1) BTN &M
B L TR B S B OE Y, AQPL FEERIRTE
' U S ity N OISR SR IR, DA B AR R S 2
BORME/INMAE RS, 76 B /N TR 20 10045 P9 B 200 M P e
A AQP1 BHMEZR IR, NI AERE K W 1E 5 iz DL LA
Mg "™, Bk AQP1 Fak i it 55 = IfiL i 1
PR YIA G, ABAE A A iR DA KR BORH 6 [ TR 45 it
J& . BREH AQP1 FIRAF LAY B DL KL A i
A CHHGE o PR IR A S 560 A B o 5 o P P IS
HL 7 S R L R B L RAR Y B I rh AQPT 33K 1Y
A BIL RS iR DG &R

1 RS

1.1 zh#h
B IEYE SD KR 36 2, KT 200 ~ 250 ¢,
PINAI PN 7SE IR ven] k7L RN /e 3 /PO S I )

. B IR YIERA . F A B A UIRR +
(B AR VIR T 20 ) TS A SR oK R 4 i
HR CRAGEF] ) + ldid] (RS RAEE AR E] ).
FESHUEALTR —4- B3k -2, 2, 6, 6- DU SLIRIE —1-
HOH KR (superoxide dismutase mimetic, Tempol) +
M2 (A Tempol HLdi2H ), fE2H 6 HRR. Ak
BT RETRINREE SR S PP A I 22 S 2t s
iR
12 (LR

XHI101 B B ML L3 AL CAE BB 52
HBRR.YF ), Tempol ( 32H Sigma—Aldrich 23] ), DEPC
K I MR = RAYIHARBIZEIT ), RNAiso Plus ( H
A TaKaRa A ] ), Wik 55675 & (Roche HEZH] ),
KB GAPDH 51 #) ( RiZEF//EY TRAF ) EH
5'-GGAGATTACTGCCCTGGCTCCTA-3', JZ[i] 5'-GAC
TCATCGTACTCCTGCTTGCTG-3', KL AQP1 5[4 ( H
A% TaKaRa A #] gene bank W5 NM_012778.1 H B

K 20 bp ): IE[A] 5'-GACCTGATGCTGTGGCTTCT-3',
JZ ] 5'-GAATGTGGCTCTCGGTTCAC-3', 4t K
AQP1 T4k (Abcam HE A E] ), #4121 k21l 7
& (HEMBHAT ), FEE ABL 7500 BISEH 5 E 1
RABEE N ( quantitative real—time polymerase chain
reaction, qRT-PCR ) £&%t.

1.3 ZWHE

130 BEAE A R HL T s I R AR < H
dr R BRI R 14 do R B FFEMINGT—
UORJEHNA, Bk 2 h, HUGSREE N 2 ~ 4mA, HUE
oM 75V, BRebERE S ~ 30s, P58 50 ~ 100 ms.
UM s O SR 5 1 20 mmHg (KT IE# ILE 3 4
FrifE22 ), H T 115 mmHg 250 52 0 R 540 I A
Xof FEZH R B K 1A [T s ) AR ) %) B, (RS
TR B RS IR 2 I BR AR A R SD KRR
JBREE (R IETEST 1 ml/100 g /KA SR ) T 40
T, VIR IS A R 2 B . B koRn
B phLs, THEIEHE FBhKA B 3l KRB K A
e sl e, P ARITUIW 4GS, A MlF
LM, ZJEwR 18, P KU se B 2 BRI
132 gk A Bk R R mE &R R e
A ARG RIS A R IR R, AR AR
100 mg/kg BEIETESHZ L), WEEH 10%, TESTIE
HL A SCHRRET Lh, 19K /d, 3514 do HTEALF] Tempol -
Tempol J&—Fj A ALY B AL BB BLAR, S5k =h 4-
BRI -2, 2, 6, 6= PUFFILIREE —1- S A M3, 7EHES
Tempol A KR, BRI KA 100 mg/kg I8
JETESZ 2, WREE R 10%, TSR] RS H Bk
S8R 1 h, 1R /d, 14 d.

133 ROk ENE LR IFRER3I R 1A
JET, Rk O A e R i AR B T
38 ~ 40°CIRZE 10 ~ 20 min, fHEHBEIKY KK E
e TG EES L, fEshYiE N R | 17 ke s,
FEEHLHIE, 200 3 Yk, BOLE, B & 7E
RS 0.5 h #H17,

134 #ARE BHEAKRMELI14 45 MR,
W XU B I, A 80 CUKFRIRAT o

135 qRT-PCR # ] Trizol 7 $2 B 4140
BURNA 5 5L RNA #EF7 3 BEAG I 5 4% B8 qRT-PCR Kit
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R, A R RO R DK GEIE SR 1 AR R ALY

VR 5, RO AT 2 29°C, 10 min 48<C,
60 min 85°C, 5 min 4°C Z450 ; ¥ 14 H ) cDNA A
Wr, RRAPEIR 2 95°C, 2 min FUAEME 5 95°C, 15 s,
60 °C, 1 min, 407F ¥ ;95°C, 15s, 60 °C, 1 min,
95°C, 30 s, 60°C, 15 s FEfd,
1.3.6 H422 AQP1 L ALnFEE ¥4 H
M [ 72 48 h B ELH Lk AT Bk . B RS
AL RSB, AR B ST i T AQPT Y S s 4
AUp2Egeta, TR FWEEARBENIL. SR
Fromowitz J5 ¥ 3¢ RS el it VR 72 2 | 40T« BEPL
210 MR LEF (< 400 ), THECAS LR b B 40 i
B34 A 538 iz ) e i BRPE 4B M 3 ek AT
Oy HOBRE : 0% ~ 5%, 04% 5 6% ~ 25%, 14) 3
26% ~ 50%, 243 5 51% ~ 75%, 3 5% ; >75% M 4 5%
ooy o B D) Z2 50 0H 14 4 A 2 B G A RR AR S bRt
Gy HMIARE R 0 4 IRE G 157 BRE 6k 2 47,
MR 3 4o e DABH ALY & 43 LU R G £ 58 B
T Z A S AT A5 R 0 ~ 1 5 MBI,
2 ~ T A, $EIAMR (%) = FAE4eHa%/ (FH
PEANEL + BAPEAN AL ) x 100% 23315 AQP1 iy
FkfELL s
1.4 Hit=ZEFH*E

K HI SPSS19.0 B A AT Ge it o B, AR S5
A BB R HIE £ bR (xxs) Fom. 24
Z IR BRI 2R 220001, 7 220 A 2 L 2k
fili_ L PZH A AT LSD—t k%, P <0.05 h2&EF A G112

2 #HE

2.1 BEHEHESAKX RIS ELR

ARSI =AM AR, AR 7 RITIR 25 14
K, BHARRILE S RA R, ZRA%IT¥E
X (P<0.05), B m XA, 2R 2R i
J R S IS TR Bl L S I A 5 TS 7 R
THR RS 14 K, B2V TESTRE
W e A . T ST Tempol H 5 20 1M 5 B T 40 HR A,
ZRAGHFE L (P<0.05), 3% 3 AT didl, 12
NYIBR B 2B 28 . 3 3R AEE F 5 Tempol 7T LA
A A . WL 1.
22 FHKXRBAE AQP1 mRNA FRikLLE

3 3% 25 LR B E T AQPT 1 qRT-PCR Kl
R 2 R S E M A IR KB AQPL ik

XRRA R, ZRA G AR (P <0.05), Rk
B AQPL KA, B A Z UIBR 4K B AQP1
PRI, X R U] L R S 22 mT DL
S AQPT AYFRIBTE BRI R BT A 22 1k . i
(SR EZY ]S RN Tt NG 2y S oy LN T R 2
Tempol HL 41 K BB HEH AQP1 Rk w5 EH 4t
B, ZRAGUHFESL (P<0.05), 3 A¥mEb, 1R
B SR VIR . TESSRAEE A . HES Tempol HYF
FEAIL ) n] e 2 1 i el DR BB I P AQPT Ak ok 5K
Wy, ek, B SR
F - M RRER ARG M WE REk ] 7 =2 ER] .
DL 2,
2.3 FBAKXREH AQP1 PRMERIE LUK BHIE L
RILE

A S ES S nTHL, AQPT BRI 5 2 i Tkt
(NS ol S S 20 RN % oy N S NI LS DN
U E AQPL R IAFE AR (WL 3), i i ) &2
R EUE M P R AR A T8, RT R4S 2H R B UE AQPT

-\ R4
=
&= A AR YR A

s, T HACH DI e
LA BRI AL
140] S~ Tempol 541 o,

Wi mmHg
3

Fsf ] /d
1) SxBEA s, P<0.05; 2) SHE4bs, P<0.05
1 HBEHHESAKRIGEELLE

2.0

1)

,_.
n
r

1)
2)

AQPI mRNA 3k
=

o
n

o
=)

1: XPHRAL; 2. diilidl; 3. BFsci@h e blbRal; 4. BFack
waYIBRRELL; 5. R ARG 6: HH Tempol ML
H, 1) SRHBALE, P<0.05; 2) SHdiHILE, P<0.05

B2 HAEAKXRERE AQP1 mRNA &Rk
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MY FIR BT >, FVE S bR e ] B Rk 1 S R
PR, TR A B - F s 2R B S B 2 U R 20 KRRV
WE AQP1 FA R 5X M4l I, ZRASRIT*E
X (P <0.05), HTTHAKEBENE AQP1 FIkFREEH 5,
B A AR 2 IR AL AR 5 B B 2 DD Bl 4
WG RFCE A H 4. 9 Tempol H i 41 K BUEF

IE AQP1 FIAFEE S bl by, R AFITFHEX
(P <0.05), 3R (WK 4), X5 qRT-PCR %}
2B I AQPT mRNA A6 25 5y s it s 4
PE—2E U T A 2 A i IR LA B R EURH 56 o e 1 it I
KEEIE AQP1 iy Z ikl L & A4 T 484k, i B
FEIRAF O w5 I BT 3 VA G

A XPHEE; B: Wi C: BAEBRAUIRA; D WA BRI LT B ESRICE RIS Fo R Tempol 4

3 FHHEKXREH AQP1 PEIERIA LR

1)

I
3

o
o
L

=]
N
1

AQP1 [

e
o
2

o
=)

L: XPHRZL; 2. Wiidl; 3. BaQih IRl 4. BaC
P IbRBdd; 5. W RIGEFHR G ; 6: HI Tempol Hi;
H, 1) SRR LLE, P<0.05; 2) SHididbEs, P<0.05
4 FHAKRSHE AQP1 FHMERLLE:

3 itig

R R AR S A B UG, B/NE Y
65% ~ 70% [A7KAEIT v/ INE D FE RS, T RERERE 2 240
BOC K 3 B A v, DAL 2 0 1 B I 3 o/
B BERERE S ANBIY AQPT AT LIS SR E M 1
WA, 78 & R AT G A8 i i 1 S 2 A £

(2% x 400 )

W RLXF SRR AT, FTENEE AQPT A TE L
R R REY]

XA L, BB 2 YT BR dUR L o AR
Bl AQP1 MR INASAANIR], 76 F 38 B 2 DIBR 1R B
BAE AQPL kil , MEREML, ZRA501Em L,
R [ SMHSCSEITER] ", B A B e IR B IR
AQP1 FIRFR B SBEAR, sCIRPR 27 B IE AQPL (3R
SR E] TRRRRE T ER . I s i 2 DI B
MR, BFE> T E B MER, REEDE
VTN | BERERAE ST A0 BE AQP1 AU/, W KRYTE
W ATt AR B0, PRI I i/, ot Rt R 7
RS ozl s 4l R RUSIE AQPT Rk fin, [RIRF,
KEUM R TR, H2ERAG2EE . KT aerL
il PR Clds ) SR PRI, SCER e 4Ty,
MG 2 AT E R P A A 28 AQPT RIKHI KR, &
SRR 2 (24 ET TS AQPT 7RI Ui /INEF LA S B o S 4
BraRBm, K EUICE N, SO RN A R,
IMEF R

oG, BBk a ., A
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SR, A A RTIHON R BB IR K SEE AR 1T 1 R0 R LR S

RACE A A4 S Tempol ML Z4H R R HIL T
AQPT kil , R R B e, H2E A geit
RN FEX 34, AQPT AR AL [FIRE 55 1 A8 B
ELIWSER AR ST I e .S EL )| SRR RS DN
Bl AQP1T ikl b AL T B Hy TR B2 1 A Jep
ZUIBRALTE, BHIT 1A 22 R R E R, A e
IEDAT B AT EE, B SSIER EN AQPT IR YA
PR ICIE S, SRR IE AQPT FRIAAHXT L
AT, B B XS K I T REREAIG, 1A 5
TR, TR AR, XD T A 2
e M O R R T AR TR RAEE A
AR, HIETE RAS 248, S8 M EikE
(angiotensin Il , Ang Il ) BOEZ2, EANCA CER
", Ang IZHURRIATERALH], Ang [T IfE{H4R
AR & A, T A BT DU SR A I 22 R ¢
TP TR B K 2R T el 410 11 59 6 M RE A AR
TR SR 22 BT R, BELIE Ang TTAY™E ™, [
B BERE I ACEL, FHIE Ang I %A Ang 11, MM
Wb Ang 1175 R A S AL IHO B A2 I 22 A
WCAEAIR L, IS B K R S AR 7)< 4
FHAE, PUANTESEAR] Ang TT B9 0B, 25
B ZHITIRE 25 AQPL RIKEILILR, I
P AQP1 kgD, B /INVE XK Y BRI L, I
Wb, MR R #E S Tempol B 2R U, AH
KM RN o T LA R B8 kR T e, vk
HXFIZNE RAS 164k, BEBU E IR, PR K
BT, T RO s " s P AEAR ) Tempol
2, HAER—REE iR SA ALY R, AT
PRSP A AR, AT AR A S 2 Y M AR
R, 7638 Tempol B 52 FH T Tempol J&5 5% T % H
Hi L, SRR ST T TR, RIS & sCph 22AN
AQP1 RIKMISER T, U AQPT fy 35 AH N i
AT N I ST AT 1255 A 193 5

gi bPnA, ARSEERAER] T OEAE R R AQPT Kk
AT FEUN AT X — i R AR, B
PRGT T, AT ARA A OGSO E . 3 i
I AQPT Fik AT il T i i AR 32 3 1 AR
WL RAS RGEMIETT , X W ARSI A B, I
THORI R Al 28 TT LA B2 5 R AQPT RS g i,
SEUAR VR U 38 Ao 22 ) SR A R S 225 [k
AQP1 FKIRHYHGNN 5 [FI) RAS BUE T2 Ang [1ROY

INFEIRERT 51 AQP1 FeIk N, 3 sty /N RIS RE R 2
B EZ AQPT ES MK I F WS fin, A5 [
MR TFE . Xt AQP1 HYFISCHIFST B A 1 WA 1 3k
PR I ) R AL SR BB i SR, b R Bl I
MRS AL TR e, R, AQP1 A 7 B Ak 7 St v
MRS — 4B A

2 % X Wk
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