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Abstract: Objective To investigate the effect of vitamin B ( VB, ) on vascular endothelial injury of atherosclerosis
(AS) mice and its mechanism. Methods Thirty-six ApoE ™"~ mice were randomly divided into control group,AS group, VB,
group, AS + LiCl group,AS + VB group and AS + VB, + LiCl group, with 6 mice in each group. The mice in the AS group,
AS + LiCl group, AS + VB¢ group and AS + VB, + LiCl group were fed with high-fat diet for 12 weeks to establish the AS
model ; the mice in the control group and VB4 group were given regular diet and normal drinking water for 12 weeks. After
12 weeks, the mice in the control group were given conventional diet and the same volume of physiological saline as the VB,
group daily by gavage;the mice in the VB, group were given routine diet and VB, (50 mg « kg™') by gavage daily;the mice in
the AS + LiCl group were given high-fat diet continuously and LiCl (1 mg « kg ™' )by gavage daily;the mice in the AS + VB
group were given high-fat diet continuously and VB, (50 mg + kg™') by gavage daily;the mice in the AS + VB, + LiCl group
were given high-fat diet continuously and VB¢ (50 mg - kg™') ,LiCl (1 mg - kg™") by gavage daily;all mice were intervened
for 4 weeks. After intervention,the serum nitric oxide(NO) ,malondialdehyde (MDA) levels and superoxide dismutase ( SOD)
activity of mice in each group were measured by enzyme linked immunosorbent assay. Hematoxylin-eosin staining was used to
observe the morphology of thoracic aortic tissue of mice in each group and the percentage of AS plaque area to total vascular
area was calculated. The vasodilatation rate of thoracic aorta was detected by isolated vascular ring experiment. The expression
of sodium/hydrogen exchanger 1 (NHE1 ) protein in thoracic aorta was detected by immunohistochemistry. Results Compared
with the control group,the NO level and SOD activity in the serum of mice in the AS group decreased, while the MDA level
increased (P <0.05) ; there was no significant difference in the NO, MDA levels and SOD activity in the serum of mice
between the VB group and the control group( P >0.05). Compared with the AS group,the serum NO level and SOD activity of
mice in the AS + VB, group increased , while the MDA level decreased (P <0.05) ;there was no significant difference in serum
NO,MDA levels and SOD activity of mice between the AS + LiCl group, AS + VB¢ + LiCl group and AS group (P >0.05).
Compared with the AS + VB¢ group, the serum NO level and SOD activity of mice in the AS + VB, + LiCl group decreased,
while the MDA level increased (P <0.05). The percentage of AS plaque area to total vascular area of mice in the AS group
was significantly higher than that in the control group (P <0.05) ;there was no significant difference in the percentage of AS
plaque area to total vascular area of mice among the VB group and the control group( P <0.05). The percentage of AS plaque
area to total vascular area of mice in the AS + VB¢ group was significantly lower than that in the AS group (P <0.05) ;there
was no significant difference in the percentage of AS plaque area to total vascular area of mice between the AS + LiCl group,
AS + VB, + LiCl group and AS group (P <0.05). The percentage of AS plaque area to total vascular area of mice in the AS +
VB, + LiCl group was significantly higher than that in the AS + VBg group (P <0.05). In the control group, the vascular
endothelium of mice was smooth with orderly arrangement of cells;in the AS group, AS + LiCl group and AS + VB, + LiCl
group , the tissue structure of vascular of mice was disordered and the vascular endothelium was rough;in the VB, group and AS +
VB group,the vascular wall structure of mice was normal, the vascular endothelium was smooth, and the cells were arranged
orderly. The vasodilatation rate of thoracic aorta of mice induced by acetylcholine ( Ach) in the AS group was significantly
lower than that in the control group (P <0.05) ;there was no significant difference in the vasodilatation rate of thoracic aorta of
mice induced by Ach between the VB, group and the control group (P >0.05). The vasodilatation rate of thoracic aorta of
mice induced by Ach in the AS + VB, group was significantly lower than that in the AS group (P <0.05) jthere was no significant
difference in the vasodilatation rate of thoracic aorta of mice induced by Ach between AS + LiCl group,AS + VB, + LiCl group and
AS group (P >0.05). The vasodilatation rate of thoracic aorta of mice induced by Ach in the AS + VB, + LiCl group was
significantly higher than that in the AS + VB group (P <0.05). There was no significant difference in the vasodilatation rate
of thoracic aorta of mice induced by sodium nitroprusside among the six groups (P >0.05). The percentage of NHEI expression in
the thoracic aorta of mice in the AS group was significantly higher than that in the control group (P <0.05) ;there was no
significant difference in the percentage of NHE1 expression in the thoracic aorta of mice between the VB group and the control
group (P >0.05). The percentage of NHEI expression in the thoracic aorta of mice in the AS + VB group was significantly
lower than that in the AS group (P <0.05) jthere was no significant difference in the percentage of NHEI expression in the
thoracic aorta of mice among the AS + LiCl group, AS + VB, + LiCl group and the AS group (P >0.05). The percentage of
NHEL1 expression in the thoracic aorta of mice in the AS + VB, + LiCl group was significantly higher than that in the AS + VB
group (P <0.05). Conclusion VB, can improve vascular endothelial injury in AS mice via inhibiting the expression of
NHE1 protein.
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1.1 SLIzh#

ApoE " /NEL 36 H,6 ~8 JE#A, Iy A b 5T Hua-
fukang Zf P25 L (HERESS 5 50% ) o /) BRUAH 37
T S BEAA e JO S R AR s ) b, TR (23 +
1) C,I8E 40% ~60% ,12 h YoHEHEIF, /NR AT A
HIAR BRI AR o
1.2 EE#Y GAHSXEE

NHE1 #1455 LiCl, VB, Z I IH 5 ( acetylcho-
line, Ach) | fif§ 3% 4/ ( sodium nitroprusside , SNP) g H
ZE[E Sigma Chemical Co /3] ; NHE1 —$p ) H 3£ [
Santa Cruz A &), # 48 1k ¥ 1 fk i ( superoxide dis-
mutase , SOD) . [ ( malondialdehyde , MDA ) ,—4%,
LA (nitric oxide,NO ) I 7 1250 &5 W B 7 5 2 AR
Y CARWTSE BT s K3 B AR (X F 36 [E Thermo 23
], SMZ-800N {4 X i i 55 W B H 4% Nikon 23 7], 20
ZU AL RM-2125-RTS 8 ik 3 U] 7 HLIE 3 7 ]
Leica A H) o
1.3 XWHZE
1.3.1 zh¥IH A EEES KR ZETHEE

36 FUNBUE I MR TR 1 RS BEAL > k) R4
AS 20 VB4 21 \AS + LiCl 2 \AS + VB, 210 AS + VB, +
LiCl 4,520 6 H., AS 41 AS + LiCl 4 \AS + VB, 41
FIAS + VB, + LiCl 21 /) Bl 25 T 8 IR AR £ (o 70 4K
0.15% NHEREF 21. 00% T ) 12 Ji EE7. AS FEARY; X}
HREHFN VB, 2H/) U AR G H ok 12 J. 12 4
J& RN VR R, 5 H 4875 VB, 2HAE A
AR K HE 5 5 VB /N IR, B HUE B 45
F VB, (50 mg « kg™ ') ;AS + LiCl /)N ARS8 T 15
Pt 4 H 457 LiCI(1 mg - kg™') ;AS + VB,
MMk TR Rk E, & HH#EH S T VB,
(50 mg - kg™') ;AS + VB, + LiCl ZH/NERARLE A T 5

Nk, 43 HHEE 45T VB, (50 mg - kg™") Al LiCl
(1 mg -« kg™") ;6 /NI T4 A,
1.3.2 [miEr MDA NO 7k FF1 SOD & %46

By aE e NREE A K 12 h B IR e
FLZ49 (30 mg - kg ™) BRIEE K Bl RRARER, SR 1M
1 mL FHEEE T, IR L 4 000 ¢+ min ™' B0
10 min, BT , R FH ARG G 2 W o 3t i ) 6 0
I3 o NO MDA 7KF-F1 SOD 3% 4, Hor i 3% 7 NO
TP SR FHAMON 7 , LY H MDA 7K S-S SR A it
B 2R, 1M 3 Hr SOD 37 M Al R FH 7K i 4
FUME-8 3, A% 4 HR ) S UL A5 TR AE
1.3.3 MFshBkARREFIE
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TR B TR A I A A A WY, DR ARORS - B
£].( hematoxylin and eosin, HE ) 4t {f, Ji5 , fiff F i% £
QImaging Retiga CCD ALY B 1w M5 i) == s ik 4
ZUE &I M. R A Image J 2 1y THC
Profiler' " 48 {14 4b IR Fr, 35454 AS BBk i B4 1
BT AR A T 43 b R A I BB T e R o A
MEFR x 100% ) o
1.3.4 BEKmEFLIEE MM EFHEKIF Ach 5
SNP BYEF 3 ;2 Kz

M 3= Sk V) AAR (4 3 ~4 mm) | BoH: I [#]
FELEHET: pH {H 7.4 Krebs ZME M EE . &%
WGE AR 95% 0, F15% CO,, A LA E
FARZE (1 wmol « L™1) 5 & M 3= Bl ik (4 We 45 S5 o o
e A, 25 Mg 3 s Bk R i 2. 0 ~ 6.0 g 5K f
90 min, 7E I B 4], 15 min ¥t 1 X Krebs 2% p
W, 353 U B M S Kk ER BT 60 mmol + L' KCI
VR 30 min, SRJG A 1 wmol + LT LA EIRE
WA LA A, AR e RN SR LIS, PR A
A Ach (0. 003.0.030.0.300,3.000 wmol - L") 5§
SNP(0.003.0.030.0.300 wmol - L") , A% Ifi 55 ¥F
sk ARk, LAZG S Kk LGS & 5K R R S B K I e
I 3 1) PO o I A A e

1.3.5 SEARANLFZERNMESKH NHE1 &
HEIRIE

51 = S A U B L 0. 1 mol + LAY
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30 min) , R FR 7> B 3% i AL A = WIBEF S5 ~
10 min , AT 3% 24 13K 18 F 3] 20 min, fil
NHET —HU(fi§ N 12 100) 4 CHRPEF . 54 2
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T NHEL 35 4 2635 177 2 o, NHEL 26 (4 #55 H
T4y b = NHEL 85 1925 3 FH 2 400 i 10 5F 249 K 3
(Yefasi i) /PR m AR (Y @mf) x 100% .
1.4 Sritzarm

I3 F SPSS 22. 0 B PFHEAT G200 . TR
BHABIE £ bRifE2E (x £5) FoR, AL HLECR A9
BRI 2250 M, AL P LR Tukey's ¢ K556,
P <0.05 NEFAGI#E L.

2 #R

2.1 6 A/NREIMmiEH NO MDA 7k FF1 SOD iF
253

50 BRZHAH LG, AS 2/ BRUIALYE H NO 7K F-Fil
SOD i i 3 TR, MDA /K- B & T, 2R AT
(P <0.05) ; VB, 41 5% AL /MRl 37 H NO
MDA 7K F-Fi1 SOD &Pt 22 R G ih 24 8 L (P >
0.05), 5 AS 41HL, AS + VB, 41/NR LIS H NO 7k
SEFTSOD JE M % b, MDA /K- B TR, 254
itk X (P <0.05) ;AS + LiCl 41 . AS + VB, + LiCl
5 AS 4/ H NO MDA 7KF-#i1 SOD 5% He
BERTGIFEL(P>0.05), 5 AS + VB, 4
FIEL, AS + VB, + LiCl 41 /) BRI i H NO 7K 5F- 1
SOD 5 PE 2 F FE, MDA K- B ETH e, Z5H S

A B C

HFEX(P<0.05), ZRILE L,
F1 64HNRMniEHR NO MDA KFER SOD iF 1 LLE
Tab.1 Comparison of serum NO,MDA levels and

SOD activity of mice among the six groups (x *s)

405 n MDA/(pmol - L=")  NO/(pmol - L=1)  SOD/(kU-L~7)
KR4 6 3.24 £0.44 38.71£2.43 148.90 +6.48
ASH 6 13.44 £0.98° 10.06 0. 76 41.53£3.83°
VB, 4 6 4.15+0.38 39.76 +2.62 145.20 £5.50
AS +LiCI 4] 6 13.79.£0.79 10.92 £0.80 37.05£2.31
AS+ VB, 41 6 8.15£0.72" 2.76+1.32" 111.70 £3.36"
AS+VBg+LiCI4L 6 14.39 £0.68° 10.59 £0.60°¢ 42.89 £2.48°

BB P <0.055 5 AS 4l P < 0.05; 5 AS +
VBg 4l Ib4°P <0.05,
2.2 6 ZH/MER AS PEUERR S MBS ERM B S LR

6 ZH/INEL AS BEHLEOLULIE 1, XFHEZH (AS 41 |

VB, 41 .AS + LiCl £ .AS + VB, 411l AS + VB, + LiCl
ZH/INERL AS BEHRTEAR A BT AR B A 4 e
(1.70 £0.60)% . (37.55 +4.25)% . (1.55 =
0.39)% (37.71 £5.32)% . (15.41 +5.32)% .
(35.45 £4.63)% ., AS 41/NEL AS BEHe i L 5 A
MR E RS TR, 2R A5 %E
(P <0.05);VBg 2 5%F BEL] /N AS BB i 2
M SR E TR 2ZER TG E XL (P <
0.05), AS + VB, 4/)N BB AR o 0l 48 S T AR 1Y
AR EMRT ASH, ZERARITFEL(P<
0.05) ;AS + LiCl 4H . AS + VB, + LiCl 41 5 AS /)
L AS BTN 7 A R AR A b He R 2E S T
Biit2EE X (P <0.05), AS + VB, + LiCl /N AS
B T AR o O R B E A L R T OAS +
VB, 4, Z 5 A4 E L (P <0.05),

—y .‘/
. 1! y
K y 1 \ﬂz
o

\‘ f f

A XHRZ ;B:AS 4;C: VB, £1;D: AS + LiCl 41;E:AS + VB, 41;F:AS + VB, + LiCL 41,
1 6 /MR AS BEHR(iH4 O 6, x20)
Fig.1 AS plaque of mice in the six groups ( oil red O staining, x20)

2.3 VB, 3t 6 /N EZHBKARRSHF N
X REAL/NRURLE P BOGH-F 48 IR ST A T 5
AS 41 (AS + LiCl 4171 AS + VB, + LiCl £/ BUAY Ifl

G BLERIZEAL, 1N P HORLRS ; VB, 411 AS + VB,
217N BRI IS BE S AR A0, A7 PN R i, A e HES)
H WK 2,
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A XFHRZH ;B AS 21 ;C. VBg 4 ;D:AS + LiCl 21 ; E: AS + VB 41 ;F: AS + VB, + LiCl 41,
2 6 HINREEFRARARSFNE (HE L, x200)
Fig.2 Pathological changes of the thoracic aorta of mice in the six groups( HE staining, x200)

2.4 6 H/NRHEIEBIBKXT Ach SNP B &5 5K K Kz
253

AS A/ Ach 1755 09 i 32 20 Bk AT 5K % 5 IR
TR, 2 A Gei# L (P <0.05); VB, 415
XA /N Ach 755 1Y I 3 Bl B ET 5K 3 L 828
TG FE (P >0.05), AS + VB, 41/N Ach 5
SR ES K EF KR B E S T AS A, ERA ST
27 Y (P <0.05) ;AS + LiCl 4 ,AS + VB, + LiCl 4
5 AS 41/ Ach 5 £ S kAT sk R L 2: =
TGt X (P>0.05), AS + VB, + LiCl 4 /Nl
Ach 75 U S k&7 5K R 8% 5 T AS + VB, 4,
ZRAGIFEX(P<0.05) , &4/ SNP 755
(R E Sl K ET sk R T8 22 e e ge it (P >
0.05), Z5RFE2,
2.5 6H/NRKIEZH NHEl EERIEZERTSH
Eb b8

6 ZH/NEUI F= Bk rf NHEL 28 1 35045 R LK 3,
WFHEZH (AS 2H VB, 2 . AS + LiCl 41  AS + VB, 4 FI
AS + VB, + LiCl 40/N§Ui £ sh ik NHE1 B35
HE B R (9. 011 £ 2. 244)% . (85.870 +
2.706)% (9.133 +1.824)% . (69. 180 +4.701)% .
(30.330 £3.312) % .(85.280 +2.284) % , AS 41/\

U Sk NHEL 2 20K 5 1 70 He W35 i Tk
IR, ZE A G F B L (P <0.05) ; VB, 41 5% 1R
ZH/NEUM =B kb NHEL 25 Gk A 4 e e
RG2S E L (P >0.05) , AS + VBg 4/ iU
Sk NHEL 5 [R50 | 4 b i E LT AS 41,
ZREGITFE X (P<0.05);AS + LiCl 4. AS +
VB, + LiCl 405 AS 41/ =3 kA NHEL & H
FRIRFA T E R G E L (P>0.05),
AS + VB, + LiCl 41/NE g F 3 ik o NHE1 25 3 3238
HEOHEEST AS + VB, 4, ZSH 5% X
(P<0.05),
x2 6 H/NREDBREFRELLR
Tab.2 Comparison of the vasodilatation rate of

thoracic aorta of mice among the six groups (x +s)

13 . M5 ET 7K/ %
Ach SNP

X HREH 6  91.00=+5.83 93.00 +8.27
AS 41 6 43.17 £7.49° 93.00 +3.52
VB 41 6  89.33£4.59 95.17 £2.04
AS + LiCl 41 6  46.00 £8.74 94.67 £4.18
AS + VB 41 6 70.33£5.99" 95.83 £2.48
AS + VB + LiCl 41 6 60.20 £5.46° 95.17 £2.53

T AR A P <0.05; 15 AS 41 LH P <0.05; 5 AS +
VB¢ 4HE#°P <0.05,



+6 - P = leawii http : //www. xxyxyxb. com 2024 4F HF 41 &
T S e L=
B . -~
o b - Ny iy
TS T e S e S - .
- =3 ~ L7 St SR VA jr o
P s LA R R e e S TR TR e Y,
b o2 o s M. W TS R PN s
— . . Ay e e * Sl o ~
= : 3 P ¥ ) ~ - o =
P DAyt e S y i
. - - ) \"‘ - -
- - -
o G ,-_..&& G 3 -
.l
LROT N
\ e LSS
o N G
b - T
A B . oy  C
\.}. —
| T s - S et «
o e, N B o a
P S . . e = o 2 g T T e tiinr”
pa e & - © - . il pelrv = - N o P R N e
T e, < S, 4 et P P R e P W Tt P e
2 R S - e i S . | = = B G
- o - % _ - - . TS ) - o
R T+ 0 e N o S X oAt
8 Rasg s ok o’ BT s NS gl A T
3 . . 5 Ly T
D E F

A:SHIRZ1;B:AS 41;C. VB 415D :AS + LiCl 41 E: AS + VB 41;F:AS + VB + LiCl 41,
3 6 A/MRMERNfKH NHEl EERIE(RBRAAUFRE, x200)

Fig.3 Expression of NHE1 protein in thoracic aorta of mice in the six groups( immunohistochemistry staining, x200)
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