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ABSTRACT Objective: To investigate the mechanism of hyperhomocysteinemia (HHcy) induced vascular injury and to prove the
protective effect of 4-phenylbutyric acid (4-PBA). Methods: Twenty-four SD rats were randomly divided into 3 groups (8 rats in each
group): control group (control group), HHcy model group and 4-PBA treated HHcy group. Blood pressure, heart rate and serum homo-
cysteine concentration were detected. Vascular morphology was observed by HE staining. The expressions of endoplasmic reticulum
stress molecules GRP78 and GRP94 were observed by Western blot and immunohistochemistry. The expressions of apoptotic-related
factors CHOP and caspase 12 were detected by Western blot. The apoptosis of aortic vessels was observed by TUNEL staining. Results:
There was no significant difference in blood pressure and heart rate among the three groups (P>0.05). Compared with the control group,
serum homocysteine concentration was significantly increased in the HHcy group (P<0.05), while serum homocysteine concentration in
4-PBA treatment group was lower than that in HHcy group, but there was no statistical difference (P>0.05). Compared with the control
group, aortic smooth muscle cells in the HHey group were hypertrophic, disordered and partially broken. The expressions of endoplasmic
reticulum stress molecules GRP78 and GRP94 and apoptotic-related factors CHOP and caspase 12 were significantly increased (P<0.05),
and TUNEL staining positive cells were also significantly increased. 4-PBA treatment group could significantly improve these changes in
HHcy group (P<0.05). Conclusion: Hyperhomocysteinemia could induce aortic vascular remodeling, and 4-PBA could alleviate hyperho-
mocysteinemia-induced vascular remodeling by inhibiting endoplasmic reticulum stress and apoptosis.
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20 JaJE X A R BRI AT LTE Hey PRI , 45 R i, IR
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1 FHKROZE SBP ZU(n=8, xt s)
Table | The heart rate and SBP in each group(n=8, xt s)

Control HHcy 4-PBA

HR(bpm) 366+ 37 370+ 41 372+ 38

SBP(mmHg) 90+ 9 95+ 10 99+ 11
Hey( pumol/L) 8.36% 2.89 46.12% 8.44%* 41.69% 4.79**

Note: *P<<0.05 vs. Control, **P<0.01 vs. Control.
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Fig.1 HE staining of vascular morphology in rats (X 40)
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F HHcy 41 (P <<0.05), Caspase 12 1E % 1 &t F L H 5 &
pro-Caspase 12 FIJERAEAE , 2400 5 W0 , P RR S A S
I 738 | EE 4B MU Y T, 55 Control ZHAH ., HHey £H K LI 4%
S WL 246 1Y Caspase 12 FikFH 1 (P<0.05), 5 HHey 41 It
55 ,4-PBA 2 K FUMAE P 245 1) Caspase 12 F 3k (P<0.05)
(WL 4).
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B2 %% zaﬂﬁlmu%ﬂkmﬁuﬁm 21 GRP78 K GRP94 Fik(x 20)
Fig.2 Immunohistochemical staining of GRP78 and GRP94 in vascular smooth muscle of rats (X 20)
A
Control  HHcy 4-PBA Control ~ HHcy  4-PBA
GRP78 W W — GRP94 WL S —
ACTIN S S S  ACTIN A —
C 39 * D 4+
*
3-
2 2 # 2 #
B B 5]
4 =
C &}
o —=
) Cor:trol HHcy 4-PBA : Con'trol HHcy 4-PBA

[ 3 Western blot #&ill %48 KX R E hBk & # GRP78 1 GRPY4 FEH KX
Fig.3 The protein levels of GRP78 and GRP94 detecting by western blot in aorta of rats
AR C: HFHAKXREZRKMEH GRP78 BHFKIL;B M D: FHEKREZEKME H GRPI4 EHFKIL, 5 Control HLLE,*P<0.05; 5 HHcy 4tk
#,'P<0.05,
A and C: Representative immunoblots of GRP78 and results of densitometric analyses of GRP78; B and D: Representative immunoblots of GRP94 and
results of densitometric analyses of GRP94. *P<C0.05 vs. Control; “P<<0.05 vs. HHcy.

A Control HHcy 4-PBA B Control HHcy  4-PBA
cHor R B R caspase-12 D R
acTY R ACT [

C 2.0 % D 2.5- %
2.04
1.5 o
& S 1.5 &
: 1.0 g.
Q 2 1.0 I
Q
03 0.5+
0.0 T 0.0 T
Control HHcy 4-PBA Control HHcy 4-PBA

4 Western blot # & 20 X R £ Rk I & & CHOP #1 Caspase-12 E AR R IE
Fig. 4 The protein levels of CHOP and Caspase-12 detecting by western blot in aorta of rats
A Fl C: %48 SD KR EZNEk M E H CHOP ZHAIFKIL;B # D: £4H SD KR EZBK M E o ZfFH) Caspase-12 EAFKIL; iE: 5 Control ALLE,
*p<0.05; 5 HHey 28 Eb%, 'P<<0.05,
A and C: Representative immunoblots of CHOP and results of densitometric analyses of CHOP; B and D: Representative immunoblots of Caspase-12 and
results of densitometric analyses of Caspase-12. * P<<0.05 vs. Control; “P<<0.05 vs. HHcy.
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Fig.5 TUNEL staining of vascular smooth muscle of rats (x 40)
TUNEL [RE4MZE 4 &, X RMATF T, DAPI L EMMZEEE,

TUNEL-positive nucleus showing apoptosis was green and DAPI staining was blue.
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