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W E: ASTEAERDS M B 5K R F B ) 57 75 KR (Ramipril) 2 7538 52 14 775 il 20 fi ifiL 87 40 0 4% B #2 5 143 (connexin
43, Cx43)H 31k R 15 FL % S AR I sh Bk A FH . Wistar-Kyoto (WKY) R H & M /= 1L K B (spontaneously hypertensive rat,
SHR)BEHL/3 441 WKYZH. WKY + RamiprilZ. SHRZ. SHR + RamiprilZH(n = 8). iz HTo AN 2h kil He Al £ dhg 4 e
R TRAC TR AP G 5 U 52 W B s B0 25 s 2 P 0 JUL PR B A A W 5 2 o sl ok ol 7 0 4 s 2 P i 28 7 S AN G P 2H 41
e F AR W hn BBk Cx43 ()50 #i Je 3815 ; K Freal-time PCRFIWestern blot: A 4y K I i 2 ik I Cx43 mRNA K 85 5%
ke R SR (1) SHREAW A 2% = TWKYZ(P < 0.01, n = 8); SHR + Ramipril ZH Y4 [k B AL T SHRAL(P < 0.01, n =
8). (2) ML TWKY4L, SHRALKZNIKE EEH FEHIE(P < 0.01, n=8), TSHR + RamiprilZLAHEL T-SHRAL, Bhikis5E 5 15 i &
Wb (3) SHRZLN S KIS 4 26 i T-WKY 4(P < 0.05, n = 8); SHR + Ramipril 48/ 5 ik it 45 41K T-SHRZ(P < 0.05, n = 8). ¥
Fi2-APB (Cx4334E47 57 11 BELWT 771 B Gap26 (Cx43'%5 V4 BT Fii7 & /5, SHR + Ramipril 2 5 ki 4s % 52 T FE(P < 0.05, n =
8); 4T Cx43AR4E LA FIAAPIOT & )5, SHR + Ramipril 151k Uk 46 % B35 TH s (P < 0.05, n=18). (4) SHRALKzHIK L
Cx43 mRNA J & H R ik K Fm TWKYZH(P < 0.05, n = 8); SHR + RamiprilZ ik zhifik I Cx43 mRNA K & 4 ik /K F 9] AL T
SHRAL(P < 0.05, n = 8), LA E&ERIRIR, FKIEFIGED T IH SHREK )k ML 41 i 18] Cx43 mRNAFRIEE (A 1KiE, BAKILE,
DS 1 I 75 A 1 i 3 ik 9 DA % I B B R A
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Effects of Ramipril on the expression of connexin 43 in cerebral arteries of

spontaneously hypertensive rats
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Department of Physiology, Shihezi University Medical College/Xinjiang Key Laboratory of Endemic and Ethnic Diseases, Ministry of
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Abstract: The present study was designed to examine whether Ramipril (an inhibitor of angiotensin-converting enzyme) affected
spontaneous hypertension-induced injury of cerebral artery by regulating connexin 43 (Cx43) expression. Wistar-Kyoto (WKY) and
spontaneously hypertensive rats (SHR) were randomly divided into WKY, WKY + Ramipril, SHR, and SHR + Ramipril groups (n =
8). The arterial pressure was monitored by the tail-cuff method, and vascular function in basilar arteries was examined by pressure
myography. Hematoxylin-eosin (HE) staining was used to show vascular remodeling. The expression and distribution of Cx43 was
determined by using immunofluorescence and immunohistochemistry analysis. The protein and mRNA levels of Cx43 were examined
by Western blot and real-time PCR analysis, respectively. The results showed that chronic Ramipril treatment significantly attenuated
blood pressure elevation (P < 0.01, n = 8) and blood vessel wall thickness in SHR (P < 0.01, n = 8). The cerebral artery contraction
rate in the SHR group was higher than that in the WKY group (P < 0.05, n = 8). The cerebral artery contraction rate in the SHR +
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Ramipril group was lower than that in the SHR group (P < 0.05, n = 8). Pretreatment with 2-APB (Cx43 non-specific blocker) or

Gap26 (Cx43 specific blocker) significantly decreased the vasoconstriction rate, while pretreatment with AAP10 (Cx43 non-specific

agonist) significantly increased the vasoconstriction in the SHR + Ramipril group (P < 0.05, n = 8). In addition, the expression of
Cx43 mRNA and protein in cerebral arteries of SHR group was higher than that of WKY group (P < 0.05, n = 8). The mRNA and pro-
tein expression of Cx43 in cerebral arteries of SHR + Ramipril group was significantly lower than that of SHR group (P < 0.05, n = 8).

These results suggest that Ramipril can down-regulate the expression of Cx43 mRNA and protein in cerebral arterial cells of SHR,

lower blood pressure, promote vasodilation, and improve arterial damage and vascular dysfunction caused by hypertension.

Key words: Ramipril; spontaneous hypertension; rennin-angiotensin-aldosterone system; cerebral artery; connexin 43
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MRS ZREL IR A FREFE 3G A, 20 3 B &
BENG R, e Mo I E X AT 22 ol G I A 0
W S Bk AL TR Rk kR v AT S SO AR T
FRRG HH i, A A AN AT (R R 22— B 5%
BRZEREEE 1 43 (connexin 43, Cx43) 1 Ay I & 4 it 7]
GERRIER N EEE S, R RE B =
YRR I IE W AT RE T R EEEA B
WTAER Cx43 LR M U AE FH C AR 212 AT,
FEXRT B 22 ARG 1 v I s /)N BRABE AR | 580 k43 4 /) R,
R B FE AL /N RS B R v I R R
(spontaneously hypertensive rats, SHR) 1574 5 (1] fiff 5%
R, RERLZH ) K 38 A B Cx43 RKIE KT
T AR E N R, T B Cx43 Bl i Cx43
FIK S5 T AN F) R P R A s ik ot 0 B, kA,
1E N BN ER K LA A B AR B Fe b 7R, Cx43 3
FEIR AR RN B w5 BTV LA B X S BE AT A%, 3T
FR MR, IR Cx43 RIEK VLRSS
MEEBRRIRESKE.

B - M Rk & - BE[E AR & 4t (rennin-angio-
tensin-aldosterone system, RAAS) idf J& Wi A2 iy L
HR ML — . I 55K 1T (angiotensin II, Angl)
VEJIIEFA I Jay 8 2 EE )RS5 5, AE ve MLH R0s H
RAFE o EERER U i ik R i
1l 75 H oK 3 ) (Ramipril) 7] B IS #4 A AnglT 7K S~
) o A i G 7 A4 SV LR B AR L A 27 B
M B S8 M G 48 g B2 s Rt 1,
WL, 7ERBIKERBES A b, FROKE W]
T Cx43 mRNA MU F #9218 A 5% G
Bk i EEE Y, (R E KRN Cx43 FIA A
A ey ML 15 5 P i L A B 9 b PR PR AN B . A
AFF 5 d s W %2 7 K T RT J Wistar-Kyoto (WKY)

KA SHR fiizh ik Cx43 mRNA J% 5K (115K EAS
b BBk AR FE B DA R I S 4 R AR A, R
KA F X Cx43 Ak (1R 7576 SHR i sl Bk AR 37 o 1
VEFRNE S, S e R B a7 s & 51 & i 3)
ik 2 SR SR AR 1) ST AN v

1 HR5RHE

1.1 SLIEEMMIESE 9 JAIAI SHR 1 WKY K,
A 160~200 g, W H Ik 4L 8 R4 S50 3h V) A R
TAEA T (W AES S« SCXK 5T 2007-0001), &
F23°C, B/RWEZE. BHEUOKMESHIZLET
IR, £ T dRNEN G, L3 d &% 4K R
EEhkE, 1% > 150 mmHg [¥) SHR 75/ {H . %
KERBEVL N 4 4H - WKY 20, WKY + Ramipril 4.
SHR #H. SHR + Ramipril 21 (n = 8). SHR + Ramipril
L5 mg/kg T KR (I8 A AE A B ER K )
KA [a)#E H 8 . SHR A1 WKY 26 DUAH [F] 4 FH
(4= B Eh 7K, WKY + Ramipril 44 DL [ 255700 & 5 k1
A RAE [F — I () S 8 JH . &Zinkyr s, B8R
720 2. ik o 0 By A W i s Y A A T
BN SIS IR A R IR A e s 4 RN A
TRSAHE, FEIRSHME (No. A2046-047-02),
1.2 FERFSMNE  FKEH (EE Sigma 2
i], R0404-250MG) ; /il Cx43 F o ik (£
Abcam /A 7], ab79010) ; /N i §it GAPDH #.47i (b
WS ENEARER AT, TA309157) ; iR
i E A I bR LA BTN R 1eG (bR A2 S AR
MEARGIRAF], 7“5 ZB-2301) ; 2-APB (3£
Sigma 2 @, 047K1192) ; Gap26 ( 3 [E APEX-
BIO A, 197250-15-0) ; AAP10 ( FisH kA 4b A
FRZAHE], 5202977249) ; RNeasy Mini Kit 177 &5 (&
Qiagen 4 7] ) ; CFX96Touch %%t %€ & PCR £l
#4t (% Bio-Rad ~ 7] ) ; LSM510 BOGIL R LR
s (18 [E Carl Zeiss A+ ) 5 78 /Nah ikl &4
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AT, YIS um AR F . B
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HAHAARE - s ek, BiKa e+
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1.4 EANEKRNREKEFREFR Yo
KSR Bl Bk 4 BT PSS ¥ b ) 3 Bh ik
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R R 2B B B 6 L, E80RILKs)
Bk AE . IREAEE T 37 °C. WG FHT I B AR 55
AN Py St 7725 20 mmHg, P, ¥/ /724 5 mmHg,
FREEI A 3 min, DARGE M NREY, 25 P
P, ¥ #2312 10 mmHg, PL 10 mmHg N — /N6 2,
18 165 N /33Z 8 12 60 mmHg 5, L4 B AE PSS
BN EEE 1 he DURE L AR SIS0 ik Bk 48 1,
PR U 4 W8 P AH 22 /N T 10%, T 2.6 REL B &7 5K i)
IR RT 80% INAW . BaIUER T4,
W R ) PSS WA HITE 5 mL. B SR TE PSS
BT IEE T 6 B 9F il 3%, 2-APB % & 20 min,
Gap26 & 15 min, AAP10 % & 20 min, RSN
60 mmol/L KCI ¥ B e i 8 b (R R o A5 1L 35 UAC
FHMEBERENFEME, WEIFHLRME BER
(4246 B, B Myo VIEW 3£ ic 5% 55 56 4 P2,
M BARGEE AT« IR (%)= (Dpgs —
Dy)/Dpss X 100%. Dy 24 1ML % 7 PSS ¥4 ¥ 1 4 5
JE I E A%, Dyo NIMLE7E 60 mmol/L KC1 ¥A 7K F1 54
ER I ER,
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RS, ARG A UK R, 4T A s A
LW IE, FHZY A R s, SRS 1R
A ZEERW T KA. PBS ¥EYE 3 Yk, 0.3% Triton
X-100 i€ 30 min, PBS ¥k 3 ¥k, BSA =i 4
1h®, fERENNE P4 °Cili. KH PBSE
e 3K, WA Pt (FITC kRid P/ R =9t
e SEMAEMHEAREIR AR, 125106) = i i
H 1 he PBS P 3 I, ¥ M4k 5 BE (propidium
iodide, PI), ¥ P = i8I 6 44 5,30 s PBS IR 3 X,
HiE . BotIRERMENE.

Wi 20 3] v A2 — H 2R AR B, SRS AE 7 S L
W KA. PBS R 3 4k, i R M A AL
Tt BEL 7 751 %5 US % & 10 min. PBS ¥k 3 ¥k, 0.3%
Triton X-100 %% 5 30 min, PBS % 3 X, BSA =
IEP 1 he FERENEE —Pt4°C I, KH=E
B 1 he PBSIEWE 3K, W9 (HRILH
B FR I L EPT/N R 1gG) P H 1 ho PBS 5
e 3 %, N DAB A7), =iRY 30s. PBS
e 3 R NP AR R E i Y 60 s. PBS 3235 3 1K,
R IE e et BB M S .

1.6 Real-time PCR #& M Cx43 mRNA FRiE 7K F

K H RNeasy Mini Kit i 7] & (74104, Qiagen) 2
HY 8 RNA, Jx # 5% 5 cDNA (K1622, Thermo), %
N AN 70 °C FiAEME 5 min, 42 °C 3Bk 60 min,
B 4 °C 1A 5 min #4555 B cDNA. L cDNA J4f%
M, BEAT RT-PCR M (201054, Qiagen), ™ Hi4EKE
Cx43 Fl § & B-actin. Primer Premier 5.0 % ¥
ey, SIMFESILE L, b EEETAMTES
PR A 7] & . RT-PCR S AR 2 K 264 LA i 75 B
W (Qiagen) Ak ¥, N ZAER : 90 °C FiALH: 2
min ; 94 °C A5 30 s, 55°C iB°k 30s, fHH 40 K.
I 52 % R XA A3 M i, SR 27 1 ik
HATHT, HHEARN AAC, = C, (SEI4H H 3R —
LIGH NS IR ) — C (XFIBLL H LR — xHEA
WZHER ), BHEHE 3K

EMSE KBS RBRMSIIKE EE 10% £ 1.7 Western blot # Cx43 BERIAKFE  HHl
FESWEIE V-2 1F S
Table 1. Primer sequences
GenBank accession No. Gene Primer sequences (5°-3”) Product (bp)
NM 012567.2 Cx43 F: GCTCCACTCTCGCCTATGTC 113
R: TAGTTCGCCCAGTTTTGCTC
NM _031144.3 B-actin F: CGTAAAGACCTCTATGCCAACA 163

R: AGCCACCAATCCACACAGAG
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PRIk EEE, KA BCA N EEAKRE S,
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WP, HkEREERR ENEAREE
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1.8 I ZEHFERBIRLIE  SLisi RIYH Excel
sk, ZHZAPIHECSRHMHE R T 2550, WM
2 8] B bk %8 F Bonferroni v, % F SPSS19.0 % 4
TG4, LLP<0.05 HERESITYE X,
JEF ] Graphpad Prism il /E AR .

2 H#R
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B S0 46 TE S T2 22 5 5 SHR 4 I 8 3% = T
WKY 4 (P < 0.01, n = 8) ; SHR + Ramipril ZH I 4
J& B EA% T SHR 4 (P < 0.01, n = 8) ; SHR + Rami-
pril ZHUS4E 5 5.3 5T WKY + Ramipril £ (P < 0.05,
n=2_8).
2.2 FREFIx KRR PRI FE N E R
TIARE - A ta g B & 24 Fros, WKY 4
Mzl ik N B A M HE S B2 S, RIS T B |,
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Saline

Ramipril

B 2. B 4K BRUIN BN kR B 2 Al

HE P EEHR Acta Physiologica Sinica, June 25, 2019, 71(3): 395-404

= 200-
I *
E —— #
o 1504 &
:
3 s s
& 1004 -
8
o
Ne)
° 50
S
2
w 0 T T T T
N RS
a ’b(Q
K &
NS 23

B 1L A AR R A4 s 1) R

Fig. 1. Comparison of systolic blood pressure detected by the
tail-cuff method in each group. Mean + SD, n = 8. "P < 0.01
vs WKY group; “P < 0.01 vs SHR group; “P < 0.05 vs WKY +
Ramipril group.
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Fig. 2. The histomorphology of cerebral arteries in each group. 4: The morphology of cerebral arteries under the stereo microscope

detected by HE staining. Scale bar, 50 um. B: Comparison of the ratio of cerebral artery medium area to lumen area in each group.
Mean = SD, n=8. P <0.01 vs WKY group; “P < 0.01 vs SHR group; “P < 0.05 vs WKY + Ramipril group.
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Fig. 3. Changes of the cerebral basilar artery contraction rate induced by 60 mmol/L KCI in each group recorded by pressure
myograph system. Vascular function in basilar arteries was examined by pressure myography. 4: WKY group. B: WKY + Ramipril
group. C: SHR group. D: SHR + Ramipril group. £: SHR + Ramipril + 2-APB group. F: SHR + Ramipril + Gap26 group. G: SHR +
Ramipril + AAP10 group. H: Comparison of cerebral artery contraction rates in each group. /: Comparison of cerebral arterial con-
traction rates in SHR + Ramipril group before and after different treatments. Mean = SD, n = 8. "P < 0.05 vs WKY group; “P < 0.05 vs
SHR group; P < 0.05 vs WKY + Ramipril group. "P < 0.05 vs non-treatment.
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T WKY 4, SHR B /& ARt e B3
#hn (P <0.01, n=8) ; SHR + Ramipril 455 BE[HFH /
B s T AR LA W BT SHR 41 (P < 0.01, n = 8) ;
FIEL T WKY + Ramipril 41, SHR + Ramipril £H% 5
AR /8 s T AR PO A B2 389 (P < 0.05, n=8).

2.3 BAREFIXTKCIFESHIK B AR Bk SR & B9
LAl

#5F 60 mmol/L KCI 57 5| & 5% 41 fixi 5 ik Wi 4
W WKY + Ramipril 415 WKY 2H 2 ] fixi 50 ik ke
PWRILG I HER . 5 WKY 400k, SHR 4Lz
Fik ST 47 % B 55 T (P < 0.05, n=8); 5 SHR 4L,
SHR + Ramipril 28 Jixi 2 ik {5 4 2% 35 2 P4 (P < 0.05,
n =18) ; SHR + Ramipril ZH Jii &) fik i 45 2 W9 B 75
WKY + Ramipril 4. (P < 0.05, n = 8) ( ¥ 34~D, K
3H).
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5| ) SHR + Ramipril 21 5 2 ik Wi 4 % B (37.70 +
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1.92)% FR#EZ (24.66 £ 2.10)% (P < 0.05, n=8) (A
3F, Bl 3D); 457 Cx43 JERs Rt ish 7] AAP10 (100
umol/L) 5% & 20 min f5, SHR + Ramipril 2 fixi 5))
kU4 28 B (36.10 £ 1.62)% 3804 (43.36 + 1.72) %
(P<0.05,n=8)( &l 3G, ¥ 3I).
2.4 BEAREFIXT KB ERIBKCx43 2 T FITRIZHF M

G 5 9 6 N 95 2H 44K 2 e . 5 L R,
WKY 205 WKY + Ramipril 414 L i ) ik Cx43 %
KB ZS ;. 5 WKY 4/, SHR 4 Cx43 {F
G 2 Jok b 5202 B R A 4 T ORI R T TS,
SHR + Ramipril 41 Cx43 ik & #{L T SHR 41 (K 4,
5).
2.5 EAKREFIXKRBBIPKCx43 mRNARERFRIE
7K B9 R

25 WA 6 it 7, WKY + Ramipril 41 5 WKY
“H 2 [A] Cx43 mRNA K ARIE LG22 s SHR
H Cx43 mRNA J 8 [ RIAKFI R & T WKY 4
(P<0.05,n=28); SHR + Ramipril 2H Cx43 mRNA }%
FEHFRIEKTFEEZEMT SHR 4 (P<0.05,n=28);
5 WKY + Ramipril ZH#HEtt, SHR + Ramipril 24, Cx43
mRNA J & FIRIE KR EH & (P <0.05,n=28),
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Fig. 4. Comparison of Cx43 expression and distribution in
cerebral arteries in each group detected by immunofluores-
cence method. 4: WKY group. B: WKY + Ramipril group. C:
SHR group. D: SHR + Ramipril group. £: Negative control
group. F: The fluorescence intensity of Cx43 in each groups.
Positive cells were indicated by arrows. Mean + SD, n = 8.
P <0.05 vs WKY group; “P < 0.05 vs SHR group; “P < 0.05
vs WKY + Ramipril group. Green: Cx43; Red: Nucleus.
Scale bar, 25 um.
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Fig. 5. Comparison of Cx43 distribution and expression in cerebral arteries in each group detected by immunohistochemistry. 4:

Representative Cx43 staining performed on cros-s-sections from cerebral arteries. B: Quantitative assessments of positive staining.
Positive cells were indicated by arrows. Mean + SD, n = 8. P < 0.05 vs WKY group; “P < 0.05 vs SHR group; “P < 0.05 vs WKY +

Ramipril group. Brown: Cx43; Purple: Nucleus. Scale bar, 50 pm.
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Fig. 6. Comparison of Cx43 mRNA and protein expression in cerebral arteries in each group. 4: The Cx43 mRNA expression in
cerebral arteries detected by real-time PCR. B: The CX43 expression in cerebral arteries detected by Western blot. Mean + SD, n = §.
P <0.05 vs WKY group; “P < 0.05 vs SHR group; “P < 0.05 vs WKY + Ramipril group.
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