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[ ABSTRACT ] Aim To investigate whether the recombinant adenovirus with short chain acyl CoA dehydrogenase
(SCAD) injected via tail vein can improve the vascular remodeling in spontaneously hypertensive rats (SHR). Meth-
ods The experiment was divided into 6 groups: Wistar+NS group, Wistar+GFP group, Wistar+Ad-SCAD group, SHR+
NS group, SHR+GFP group and SHR+Ad-SCAD group.  After purification of SCAD and GFP packed with adenovirus,
the drug was injected by tail vein for 8 weeks. The cardiac function of rats was detected by echocardiography.  The blood
pressure changes of rats were detected by non-invasive blood pressure meter. HE staining, Sirius red staining, DHE stai-
ning, TUNEL staining, EVG staining, were used to observe the phenomenon of vascular remodeling. ~ The expression of
related proteins was detected by Western blot, and mRNA expression was detected by RT-PCR.  The free fatty acid
(FFA) , nitric oxide (NO) content and ATP content were observed. Results (1) After SCAD recombinant adenovi-
rus was injected via tail vein, the expression of SCAD protein was significantly upregulated in the aorta of rats, meanwhile,

the mRNA level was observably increased, and the activity of SCAD was markedly increased.  (2) In the pathological
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state of rats, the rising of SCAD can lower blood pressure, improve heart function and vascular lumen size, reduce collagen

deposition, result a poor production of vascular ROS, consequently, give lower to apoptosis.

(3) Under pathological con-

ditions, overexpression of SCAD can reduce FFA content of serum and aorta, increase the ATP level in aorta, activate

eNOS phosphorylation, increase NO production in aorta.

Conclusion The upregulation of SCAD in aorta of SHR can

reverse hypertensive vascular remodeling, which may be related to decreasing FFA content of serum, increasing NO levels,

reducing ROS production and eliminating oxidative stress.
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Figure 1. The expression of SCAD was changed with the treatment of Ad-SCAD for 8 weeks(n=5)
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Figure 2. The blood pressure of the rats at different weeks(n=9)
1. SCAD iR Fiafrxt st m
Table 1. Effect of Ad-SCAD treatment on cardic function in rats
sk Wistar+NS 24 Wistar+GFP £ Wistar+Ad- SHR+NS £H SHR+GFP SHR+Ad-
(n=5) (n=5) SCAD #H (n=6) (n=5) (n=5) SCAD 41 (n=6)
TR (g) 357.10+19.27  361.20+21.43  360.10+26.31  296.60+3.00" 304.90+28.44" 273.10+14.34
LVW (mg) 511.90+39.98  614.60+90.13  515.50+73.75 798.70+53.45" 835.20+24.25" 665.90+79.89
LVW/BW (mg/g) 1.434+0.091 1.698+0. 190 1.432+0.173 2.692+0.153"  2.727+0.688"  2.443+0.292
EF (%) 50.44+2.12 50.20+0. 61 50.16+1.68 62.08+7.80" 57.01+8. 60" 53.54+8.46"
FS (%) 26.65+1.35 26.53+0.37 26.48+1.16 34.43+5.24° 31.20+5.90" 26.33+2.42"
CO (ml./min) 62.74+3.65 62.21+6.23 62.97+5.92 50.81+2.49° 47.51£6.77" 52.08+8.23
SV (plL) 162.10+9.37 159.50+15.51  160.70+22.03  122.80+12.66" 122.40+17.86" 141.10+15.86
LVEDD (mm) 7.748+0. 163 7.705+0.384 7.721+0.372  6.292+0.635"  6.605+0.182"  7.045+0.376"
LVESD (mm) 5.684+0.172 5.662+0.308 5.673+0.205 4.157+0.768"  4.643+0.589"  5.028+0.584"
LVEDV (pL) 321.40£15.47  318.10+34.08  319.40+34.74  203.60+47.68" 224.40+14.00" 260.30+30.96"
LVESV (L) 159.30+11.08  158.60+18.61  158.80+13.29  80.79+37.25" 101.90+29.36" 122.20+32.30"
LVAWd (mm) 1.675+0.769 1.534+0.058 1.517+0.154  2.063+0.168"  2.116+0.158"  1.834x0.112"
LVAWs (mm) 2.169+0. 092 2.046+0. 150 2.046+0. 165 2.857+0.252"  2.769+0.251"  2.381x0.161"

a i P<0.05,5 Wistar+NS Z4#H ;b 24 P<0.05,5 SHR+NS 4l L,
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H PR TEALFE 8 JE Y SHR, LA b 1L 4 T M (1 L 42 1
3T BB M SCAD H4H R 7 B S /b T
B ROS &, FRAR T IL45 F1EE B e SR U, ek
AT AR T, BN T A A I B, I P

S, DA EZE R ], SCAD 4 IRk 75 AE 8 W i
R R IR I A A (B3 R 2) .
2.4 SCAD EARREN KRIFEEHERATP &
NO &2/ M

5 Wistar+NS 414t , SHR+NS 21 K B9 1 25
NEWiTR 2 & B 3% 2, ATP FI NO & />, SHR
2% SCAD EAMIEEIRIT IS , 0035 F1 3= 2 ok v () i
SRR TR & 1 BB R s, ATP R NO A5 3
fn, WY SCAD HAI MG EEL 24 8 &, AE Wk 3 15
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Figure 3. Phenoena of vascular remodeling with adenovirus treament in SHR(n=3)

% 2. SCAD [mEBrxesmENEEMNZIN(n=3)

Table 2. The effect of Ad-SCAD treatment on vascular remodeling in hypertension(n=3)

ekr Wistar+NS 41 Wistar+GFP 41 Wslétzgg' SHR+NS 4l SHR+GFP 41 Ssléigtg

SRS B 476.6+68. 6 435.1+8.3  278.6+44.6"  863.4x41.6" 936.3x164.7"  487.8x10.0"
HAREE (%) 2.594+0.453  2.602+0.235 2.674+0.723  4.912+0.305" 6.428+1.246"  2.711x0.660"
M5 L4 (%) 8.967+0.652  8.768+1.120  8.639+0.987 4.669+1.008" 5.385+0.868" 9.109+0.825"
T (%) 1.529+0.188  2.016+0.216 1.330+0.38682 3.536+0.692° 3.335x0.114* 1.822+0.518"

LA BE J5E B2 /4 I AR

0.0721£0.0118 0.0724£0.0211 0.0609+0. 0068 0. 1044+0. 0080" 0. 0960+0. 0085* 0.0806+0.0023"

a N P<0.05, Wistar+NS Z{#H Lt ;b i P<0.05,5 SHR+NS ZHA L,

2.5 SCAD EARKEXN KR EZNKMAMA TR
SN HAEXEARIERHNT

K Western blot i Il i - #H 5¢ & 1 Bel-2,
Bax . cleaved Caspase-3 I H R i5, R/ KM, 5
Wistar+ NS ZH 40 kb, SHR 4 K B 3 sh Ik 1 cleaved

Caspase-3 1 Bax £ 1 5 B B 8901, Bel-2 25 FH %
AW A% SHR 4148 SCAD HALIMRH4525 8 A
J&i , cleaved Caspase-3 il Bax £ [ 3 ik B i [ AIG,
Bel-2 5 1A AN, SCAD HAA MK R 2 8
JiJE  REBE T eNOS BYBERR AL K-, AR 32 20 Ik 4R
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SCAD RERSIIAE SHR 3= 30 ik i 4 S8 A WU, Dk
AEGBKPAMIAT G (K 4)

AE RN fHi75 p-eNOS 25 FH ek A X B hn , NOX-
2 RIKFEAL, NOX-4 FiaMahm, LI g5 R FEY,

% 3. SCAD BRFEEAr K RARIER | R 5F0 NO AR (n=3)
Table 3. Effect of Ad-SCAD treatment on fatty acid oxidation and NO production in rats(n=3)

il NGB IR & w  HLUFR IR & & ATP & HHANO &
(pmol/L) (nmol/g) (pmol/g) (pmol/g)
Wistar+NS 2H 313.8+87.5 6.35+1.22 0.0531520. 00998 63.58x4.17
Wistar+GFP 2H 343.8+34.6 6.61x1.72 0.06160+0. 01133 56.70x4. 82
Wistar+Ad-SCAD 21 263.8%25.0 3.270.63" 0.0795620. 00572 73.02+8.25°
SHR+NS 21 388.8+75.0° 9.86+0. 46" 0.03519+0. 00577* 26.41+7.08"
SHR+GFP 21 382.9+17.0° 11.55+0.67" 0.038220. 00540° 29.31£6.40°
SHR+Ad-SCAD 4 251.3£12.5" 4.41%1.35" 0.05679+0. 00655" 46.54+10.59"

a M P<0.05, Wistar+NS ZH#H [t ;b i P<0.05,5 SHR+NS ZHA L,

A B 157
Bax 0
o
% 1.0
Bcl-2 8
z05
Q
cleaved Caspase-3 <3
0.0

$’\‘9
C
£
>
5
ko)
8
(o]
FLPAITLSL =
& F ISP
FEF X oL F
X Q\Q\
N @

B4 SAXRENRAMBATHEXEEREREULHLHBERL(n=3)

I Wistar+NS

= Wistar+GFP

mm Wistar+Ad-SCAD
SHR+NS

M SHR+GFP
SHR+Ad-SCAD

cleaved
Caspase-3

NOX-2  NOX-4

A 3R HARPEENE ;B 9 M T eNOS, H A EE F p-eNOS

(ser1177) ik ; C HAHIXTF S a-tubulin, H IR FARIRIEE, a i P<0.05, Wistar+NS 4 A ;b 2 P<0. 05,5 SHR+NS 4,

Figure 4. Expression of apoptosis-related proteins and oxidative stress in aorta of every group(n=3)

3 4t i

UTARSR , O ML O O R AL TR
THOBE, O A B ISR TS R R, B 40%
(1 F ] NG00 LA B , T 7 I P96 3R AL
JEAR AR RS Ay e i S A , ol
1 L S A S A0, B R I P AT S e e
D) B DR A A

MILAS A 2 LA R TR AL ) e A 22 A B I

EREB PSS A TE DR IS E A N AR
4 DI ARSI [5S ET R T RR L
R AL AL o s iR, 3950 0y p B Ak i
ERESK AR R MR B Angll AAE R iR H
SEN ARG S B A N B I | il 2 R s
o TSR SR E RN SRSz &, 5k
TR L PR AR, T S AL A A A R Eh BE A A
o, G A R TS 7 AR /N IALAEREL T MO LA
{19 SIS AR | L RO PERRAR T



482

ISSN 1007-3949 Chin J Arterioscler, Vol 28 ,No 6,2020

NO J2& 4 H5 1 45 FE A iy 0 3 298 45 75010
AR, LA P R 4R i NO DA IE 1M 45
AIETSKRINRE . JERRAY NO TR 2 5 1ML 37 3h 1 24
AS PR EZEN, &IMERE T, ROS(NO K
TR A I NO B Bl AZ 61, 1 26 gl AR o] 5] 1
TR, A R 2R M AR Il RE AR I
BBy s, M — 2 R v ot R A AR

KARFFEUESE, B 7 R S A AR 25 L L R
i 0 R P 3k B B2 A ROS K 7= A o | R I P B
Dy BERR A5 1 32 B2 5 T v B i AR U IR
RET I 178 1) 1 1 Y- A7, R84 i 7 20 2 ROS 3
2 AU NN BB I P 3 R, DA TG A i 4 B A g
T, LRkt % ROS 177 A= FH I 47, 2E
FHPERY ROS T8 15 Zobi A RS i a7 1, 412 2 20 A 384 7
ROS i R BN REHE A RO BRI, 23 A ML T
Xt ANt ) i R A A AR AT R I, i S A R
TURR 2 T 350k A\ SRR (1315 15 1 107 TR A i B B £
W, BRI RS A AR, R 2R AR 11 A i
B LRATREZEL, ROS S TR |

SCAD Z: 5 ig iR, 7E Lk A v & ¥4 8 24
o AL, 5 Wistar KEEAHH, SHR HIL T 2
FHE IR MU A, 45T SCAD AR IR
7 8 JlJG Y SHR, i < BH & FRAIC , i A8 s B AR K,
A5 PR RS A P 3t s IR R e, o M2 B 0l / S i A5
PPELF A VK B IE H A B OB B e /b, e B
SCAD i ik HA i A SHR L | 250G 1 45 F AL
PIFEH . 5 Wistar K EUAH EE, SHR L3 A1 3= 2 ik
() ATP A B/ s AR iR & it 18 = ROS £
BN, NO A b, A T34 0, 7E45T SCAD
FAMREIAIT 8 )G, SHR T3k ATP & it
i, EES B W R AN ROS % i S s/ (R R TR
Bax ik B i F R, A2 T2 1 Caspase-3 57 VI A HH
BRI HURT-EE Bel-2 FEA 0 WA, 98T 40 A
WD, AR SCAD 1 ik W FEm T eNOS By
FRALAKSF-, (i E Bk NO & s, DL 2453k
B, SCAD HA MUK ERIRY Tl 1L W5 N 72 B A fbik
7,7 R D w3 0 | RS ) PR R U S O T A
L, TS0 ROS (9774 18 NO & %, Bl 48 e
WA TSk 07, D AR g T, R B kE SHR
e L B It EE AR PR

ZE LTk, SCAD 5 i il 1 55 A A & %)
IE R, SCAD B 41 M3 5 7E TR 7 /5 I F 1L 48 52 4
R ¥R SRR 33X A e I B il A8 A 1Y B
TREEHE T PP vk, B 2 R R T — e
M, BRI, SCAD i 26 1K 03 i i i K i 45 o 4 fY

VEHIBLH A itk — 2 IRARTIE

[ BE k]

[1] Lee RM, Dickhout JG, Sandow SL. Vascular structural and func-
tional changes: their association with causality in hypertension:
models, remodeling and relevance [ J]. Hypertens Res, 2017, 40
(4):311-323.

(2] ZEWeer, LRI 3 i i v s 1 2 i e 1 S FC AL 0F 52 i
JELT]. B2, 2019, 29(3) : 64-68.

[3] Ikeda Y, Okamura-lIkeda K, Tanaka K. Spectroscopic analysis of the
interaction of rat liver short chain, medium chain and long chain acyl-
CoA dehydrogenases with acyl-CoA substrates [ J ]. Biochemistry,
1985, 24(25) : 7192-7199.

[4] Huang J, Xu L, Zhou S, et al. Changes in short-chain acyl-coA de-
hydrogenase during rat cardiac development and stress[ J]. J Cell
Mol Med, 2015, 19(7) . 1672-1688.

[5] Z=bit, SPune, BIOEH), 4. AEmEsEA A A 0 SUR 16 i
Jei BRI L) ], A EREABEAGR, 2018, 34(2) .
251-257.

(6] Wlds, mild, X4, . (hEOIERRE 2018) HEE
[J]. *PEPEHRZE, 2019, 34(3) : 209-220.

[7] Geng J, Zhao Z, Yang L, et al. Protein kinase D was involved in
vascular remodeling in spontaneously hypertensive rats [ J]. Clin
Exp Hypertens, 2019, 41(4) : 299-306.

[8] Kraehling JR, Sessa WC. Contemporary approaches to modulating
the nitric oxide-cGMP pathway in cardiovascular disease[ J]. Circ
Res, 2017, 120(7) : 1174-1182.

[9] Konukoglu D, Uzun H. Endothelial dysfunction and hypertension
[J]. Adv Exp Med Biol, 2017, 956 511-540.

(107 2= Wi, FEWImN, ¥ oK. 10098 P B 40 i T A il 45 AL i i F 52

BEELT]. kAR, 2019, 27(8) : 730-736.

[11] Olsen RK, Cornelius N, Gregersen N. Redox signalling and mito-
chondrial stress responses; lessons from inborn errors of metabolism
[J]. ] Inherit Metab Dis, 2015, 38(4) . 703-719.

[12] Yang G, Chu PL, Rump LC, et al. ACE2 and the homolog collec-
trin in the modulation of nitric oxide and oxidative stress in blood
pressure homeostasis and vascular injury[ J]. Antioxid Redox Sig-
nal, 2017, 26(12) : 645-659.

[13] Mancia G, Hall JE. Introduction to a compendium on the patho-
physiology and treatment of hypertension[ J]. Circ Res, 2019, 124
(7): 967-968.

[14] Santos-Parker JR, Strahler TR, Bassett CJ, et al. Curcumin sup-
plementation improves vascular endothelial function in healthy mid-
dle-aged and older adults by increasing nitric oxide bioavailability
and reducing oxidative stress[ J]. Aging, 2017, 9(1) . 187-208.

[15] Ghosh A, Gao L, Thakur A, et al. Role of free fatty acids in endo-
thelial dysfunction[ J]. J Biomed Sci, 2017, 24(1) . 50.

[16] Schoors S, Bruning U, Missiaen R, et al. Fatty acid carbon is es-
sential for ANTP synthesis in endothelial cells[ J]. Nature, 2015,
520(7546) : 192-197.

[17] Rogers GW, Nadanaciva S, Swiss R, et al. Assessment of fatty
acid beta oxidation in cells and isolated mitochondria[ J]. Curr
Protoc Toxicol, 2014, 60 1-19.

(Mo FEH)



