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Abstract: Objective To elucidate the characteristics of vascular remodeling in pregnant hypertensive rats. Meth-
ods Pregnant rats were induced by L-nitro-arginine methylester ( L-NAME) to build hypertension models and
normal pregnant rats were used as control. Using a programmable sphygmomanometer, the blood pressure was
recorded with the tail-cuff method to ensure the hypertension model was successfully replicated. The changes of
mean shear stress were determined after the blood viscosity, the average blood flow and the inner diameter in left
common carotid artery were measured. To analyze the degree of arterial remodeling, the protein expression lev-
els of collagen | (Col I) and lll (Col Ill) were detected by Western blotting, and the media thickness, the inner
diameter, the opening angel both in thoracic aorta and carotid artery were determined. Results The mean shear
stress of common carotid artery was reduced by (28.52 + 3.08) % with the blood viscosity increasing and the av-
erage blood flow decreasing in pregnant hypertensive rats. Compared with control groups, the ratio of media
thickness and inner diameter significantly increased in thoracic aorta and carotid artery, while the opening angel
decreased in carotid artery and increased in thoracic aorta. With the expression of Col | decreasing and Col lll in-
creasing, the ratio of Col | and Col Il went an apparent decline. Conclusions The mean shear stress is descend-
ing in pregnant hypertensive rat, with the remodeling of thoracic aorta and carotid artery. These results may pro-
vide new experimental references for further illustrating pathogenesis of pregnant hypertension.
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Fig. 1 The opening angle of carotid artery and thoracic aorta in
pregnant hypertensive rats (a) Microscopic images of the
opening angle in carotid artery, (b) Statistical results of the
opening angle in carotid artery, (c¢) Microscopic images of the
opening angle in thoracic aorta, (d) Statistical results of the

opening angle in thoracic aorta
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Fig. 2 Morphometrical index of carotid artery in pregnant
hypertensive rats (a) Microscopic images of HE staining,
(b) Statistical results of the media thickness, (c) Statistical
results of the inner diameter, (d) Statistical results of media

thickness and inner diameter ratio
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Fig.3 Morphometrical index of thoracic aorta in hypertension rats
(a) Microscopic images of HE staining, (b) Statistical results
of the media thickness, (c¢) Statistical results of the inner diam-
eter, (d) Statistical results of media thickness and inner diame-
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Fig.4 Expressions of Col I and Il in thoracic aorta of pregnant
hypertensive rats (a) Image of Western blotting,

(b) Histogram of statistical results

6
< — —
& N
g 4
82
Q
=
w2

0

Control Hypertension

5 WIREMEKXRBRIAASNKFEHYIEL S (n=4," P<0.05)
Fig.5 The mean shear stress in carotid artery of pregnant

hypertensive rats
3 itig

R v IR & AR ARG R S 3, R AT R
AR = 18. 62 kPa (140 mmHg) F1 () 7 1
H=11.97 kPa (90 mmHg) , E3 3 ik =13. 97 kPa
(105 mmHg) , 222 YA [R) B[R]0 2 A2 S B o] 6920
TR M

FEIE B 2], B O T 3L IR LR 45 I i i
AL AL, B 025 2 3 40% ~ 45% , 1L IR 1% A
TR A5 LA I 700 186 T ) 55 DL 3 B 4 5 i T 8
JE B IE G R KT, S L R AR S i
ARWFFE R L-NAME 410 i) K BT Ok i 193 NO 4 A,
eIz S VAN 8 = (WA U D AE N
ST TP vy L 4 i 28 3 86 o ot 97 AR AR, 22 17 751 A o
AN JE B 738 0, O P ek 2%

VBRS04 ML 599 5 e L
DUREMTR ST, YIRL AR A LR 00— A
FRLIA 32  JE A L5 £ A RS R 7 2 0 T A
P SR RN SR RS 2L X IRALK B
YDA KL ML PR ALK R 93 5 T, s 4
YRS L P A LILAE 30 17 SRS 52 2 T
AR F LRI ORG24 R g )
I R MR T T B0 A7, LA
FRILEEAS SRR RERORAE ™ 5 5 VO
WS TR 7, KT 2 AN PR
SIREMCE B S RO AT R R R s

T — /T R LA L AL VR
TSR . B2 B BFICHLR L5 A
512 L5 L 9 0 55 21 26 L o 2
il BRSO A P A D B
P L e T 25 9 A 7 T A
MBRS  BFI T LR AL S % AL 1L,
VO LB S L8 0 5 5 1
S B LA B 2 LA 2 B A B
B S B T IR RS 2
B RELLHOL

TS 2 R WL ) 2 ) — S B
AEER TR 2 T I EPREA 2N 51 K,
PRI VI ™ s SRR e 2 A 24
M KT B SR B R 40K, SR
SRAH W, SRS R B 1L PR AL
WK i/, T 2 33K T A K, 22 99, R
RN B — A B LT SR AR K
NS T 3 MR = 3 BT # 25 TB
R Al 1 LA S AL R BT, KBl
BRPAELL S0k PO IBUE S 2 1 40 ~ 70 [ 4L
(R BRPEER AL, AL 2 AT P AL > R T
AR CF S o I TR R e R
SS0H 0 0 e I E KT A B
TP S, 9048 0 P MR, o 1 2 3
H1 10 ~40 JEFRIZHEI A T-HILAELI , 5 5% 3 5 1
T PN 9 A KRS P B AT K
eSS PILSIT Y

L TR LB B 25 T A P
5 R A 02 A TS, 30 DK L )
SRS I AN R DIRE . BERET AR L
WA, B R MRS . Col 11



XU, %. L-NAME 5 S43 RS M E X R ik E R A4
LIU Yan-yan, et al. Characteristics of vascular remodeling in pregnant hypertensive rats induced by L-NAME 71

HATAERR MU 58 B A ME L, Col T 32 253 A 75 1
AN, Col T AE ML A5 58 1) 35 2 FL AR w8 , P 3Rk
AR AE I T e R Pt L R X
ZUR TR, W R e iR R SR E Bk Col 15 Col
I 614y AR S AR, 3 3 A S 187 0 4 S 1 A8 A
5K, SRR

RSB 7R T Y e L A v SR S bk D
DA R i) 320 ok A0 S50 30 Bk L4 98 25y | D o
P SRTF A B9 AS A AR, IE 52 78 S 3R e 1 2o 7
R P BIkA A MU B, I B AR AR TR O A
i g M P ML R A A R A S I, AT I S S Y
o

Sk

(1] EE, 3% MEURS LR G5 B 0089 78 1 I PR 43
Br [J]. AeduiEnBErpisrdit, 2004, 6(4) : 493494

(2] e IEHIEUR R ORI 55 10 He s £ LB A2 472 A 1Yy
W[ J]. BRIar-RE#E R, 2007, 16(9) : 700-702.

[3] SCOTT PA, PROVENCHER M, GUERIN P, et al. Gesta-
tion-induced uterine vascular remodeling [ J]. Methods Mol
Biol, 2009, 550 103-123.

[4] CIPOLLA MJ, SWEET JG, CHAN SLJ. Cerebral vascular
adaptation to pregnancy and its role in the neurological
complications of eclampsia [J]. Appl Physiol, 2011, 110
(2):329-339.

[5] TURGUT NH, TEMIZ TK, BAGCIVAN I, et al. The effect
of silde nafil on the altered thoracic aorta smooth muscle
responses in rat preeclampsia model [ J]. Eur J Pharma-
col, 2008, 589(1-3) . 180-187.

[6] WALSH SK, ENGLISH FA, JOHNS EJ, et al. Plasma me-
diated vascular dysfunction in the reduced uterine perfusion
pressure model of preeclampsia: A microvascular charac-
terization [ J]. Hypertension, 2009, 54(2) ; 345-351.

[7] FUKAMIZU A, SUGIMURA K, TAKIMOTO E, et al. Chim-
eric renin-angiotensin system demonstrates sustained
increase in blood pressure of transgenic mice carrying both
human renin and human angiotensinogen genes [ J].
J Biol Chem, 1993, 268(16) ; 11617-11621.

[8] SALA-MERCADO JA, ICHINOSE M, HAMMOND RL,
et al. Spontaneous baroreflex control of heart rate versus
cardiac output: Altered coupling in heart failure [J]. Am J
Physiol Heart Circ Physiol, 2008, 294 (3) : H1304-1309.

[9] ABDIS, HERNDON DN, TRABER LD, et al. Lung edema
formation following inhalation injury: Role of the bronchial
blood flow [J]. J Appl Physiol, 1991, 71(2) : 727-734.

[10] LIU SQ, FUNG YC. Zero-stress state of arteries [J]. J
Biomech Eng, 1998, 110(1) . 82-84.

[11]

[15]

[16]

[17]

[18]

[19]

[21]

[22]

(23]

[24]

ZHANG XY, SHEN BR, ZHANG YC, et al. Induction of
thoracic aortic remodeling by endothelial specific deletion of
MicroRNA-21 [J]. PloS One, 2013, 8
(3): €59002.

FUNG YC. What are the residual stresses doing in our
blood vessels [ J]. Ann Biomed Eng, 1991, 19(3) : 237-249.
HAN HC, MARITA S, KU DN. Changes of opening angle
in hypertensive and hypotensive arteries in 3-day organ cul-
ture [J]. J Biomech, 2006, 39(13) ; 2410-2418.

Report of the national high blood pressure education pro-

in  mice

gram working group on high blood in pregnancy [J]. Am J
Obstet Gynecol, 2000, 183(1) . S1-S22.

Diagnosis and management of preeclampsia and eclampsia
[J]. Int J Gynecol Obstet, 2002, 77(1) : 67-75.
LINDHEIMER MD, TALER SJ, CUNNINGHAM FG. ASH
position paper. Hypertension in pregnancy [J]. J Clin Hy-
pertens, 2009, 11(4) . 214-225.

BOLLINI A, HERNANDEZ G, BRAVO LUNA M. Study of
intrinsic flow properties at the normal pregnancy second
trimester [ J]. Clin Hemorheol Microcircul, 2005, 33(2):
155-161.

LI'YS, HAGA JH, CHIEN S. Molecular basis of the effects
of shear stress on vascular endothelial cells [ J]. J Bio-
mech, 2005, 38(10) : 1949-1971.

CUNNINGHAM KS, GOTLIEB Al. The role of shear stress
in the pathogenesis of atherosclerosis [ J].
2005, 85(1) : 9-23.

W, EBE, EN, . WEALEGES C 24k 1 ZEYIRN i m
BT URME P (] ERIAEY Ji5, 2014, 29
(6):491-497.

SHEN Y, WANG L, HAN Y, et al. Shear stress modulates
the proliferation of vascular smooth muscle cells via recep-
tor for activated C kinase 1 [J]. J Med Biomech, 2014, 29
(6):491-497.

FHEHE, BEPCY, H3dk, 4. microRNA-34a 7EARYIN 115
T AR P RE LI ] BB 1%, 2015,
30(4) : 339-345.

WANG CC, YAO QP, MA YY, et al. The role of micro
RNA-34a in low shear stress- induced proliferation of vascu-
J Med Biomech, 2015, 30

Lab Invest,

lar smooth muscle cells [ J].
(4):339-345.

FZook, WHLE, BildE, 5. B A IR K BU S Sk
R TR B2 R ()] AP TR, 2000, 17
(1) 77-81.

R mE I B BT R(J]. AR A Ak 2%
a5, 2003, 11(2): 171-174.
FUNG YC. Biomechanics:
growth [ M]. New York: Spring-Verlag, 1990 1499-1537.

motion, flow, stress, and



