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[ Abstract)

Objective A rat model of cerebral small vessel disease (CSVD) was established by unilateral

injection of a single dose of sodium laurate into the internal carotid artery. The effectiveness of the model was assessed

by behavior scoring and analysis of serum-related indicators, cerebral infarction volume, cerebral microvascular

density, hemodynamics, brain histopathology and the expression of blood-brain barrier ( BBB)-related proteins.

Methods SPF-grade male SD rats were divided randomly into a control group and a model group ( n = 6 per

group). The model group received a single injection of 100 wL of sodium laurate (2 g/I.) via the internal carotid

artery, while the control group underwent the same surgical procedure but received an equal volume of saline.

Neurobehavioral assessments were conducted using the Longa score and postural reflex test. Serum homocysteine

(HCY) levels were measured by enzyme-linked immunosorbent assay. Cerebral infarction volume was detected by

magnetic resonance imaging and changes in cerebral vascular density were observed by cerebrovascular imaging. The

resistance index ( RI) and perfusion index (PI) were measured by ultrasonography. Histopathological changes in

brain tissue were evaluated by hematoxylin and eosin (HE) staining. Expression of the cerebral microvascular marker

CD31 and tight junction proteins ZO-1 and Occludin in brain cortex tissue were detected by immunohistochemical

staining. Results

The Longa score, postural reflex score (P < 0.05),

and cerebral infarction volume were

significantly increased (P < 0.05) while the cerebral vascular density was decreased in the model group compared

with the control group. Serum HCY levels, carotid RI, and PI values were all significantly increased in the model

group (P < 0.05). HE staining revealed solidified neuronal nuclei and enlarged perivascular spaces in the brain

cortex in the model group. Immunohistochemical staining revealed that CD31, ZO-1, and Occludin expression were

significantly reduced in the brain cortex in the model group compared with the control group (P < 0.05).

Conclusions A rat model of CSVD can be established rapidly and effectively by a single unilateral injection of high-

concentration sodium laurate via the internal carotid artery. This model is characterized by neurobehavioral

abnormalities, cerebral infarction, insufficient cerebral blood supply, reduced vascular density, and disruption of the

BBB, suggesting that it may serve as an effective rat model for the study of CSVD.
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1.1 SERshy

20 HUARR & M (260 + 20) g B SPF 2% I %
SD KE,7 ~ 8 Jai, W H ik e se gt sh A
BRIFAFA I [ SCXK (51)2019-0008 ] , T4 g i |2
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R ITR) B S FIBR TR i, R R o AR I
T ZIAH R AL, 37 C B 30 min, B A
B, e 5 WK, I A B FRPUAAR, 37 °C I 30 min,
R bR AR, EAR 5 U, A AT A (B, 37 °C ki
St 65 10 min, JIAZE WL AR N, FH B AR A
SE LI FE A, MR8 An v it 2t 38K Bt v
HHCY &4,
1.2.4 /NEYIRZREIR TS IR A ST A4 AR

i 7. 0 T /N WG IR MU AL ( magnetic
resonance imaging, MRD) #E4744 . & 56, H 59
ot R A B, R A A e R e ) I R i S
B A A ARAE KB LAIR EMOZ [ 2 | I F K98 36
ISR, BE I A, AT AL 4T F0 T2
PO A, BRI SE80T . T2W1 24
B PUHR 4R (RARE) F7 31 52 &2 I 1] ( repetition
time , TR) = 2500 m  [PI{% i [E] ( echo time,TE) =
33 ms J2JE 0.8 mm JZE]FH O mm  FMLEF (field of
view ,FOV) = 30 mm X 30 mm, 7 [4 256 x 256 . &
FEFABE (angle of flip, FA) 180 ©, #944Hf1A] 24 5 min
23 s, BIACAEAARR = £ 2 mAE AL X 8 A 2 A/
£ 2 K AR Z F % 100%
1.2.5 &R

KH 7.0 T/N8h#) MRI F1#5#E47 3D-TOF #%
REAEHR I AE AR . 1 5, FH 57 JRUBE JRR B R B, 7
A I AR A D e RO B S A A AR
R B AR R 36 5, 5 FH K A B4 A 24 5 44 0
REAASI . HARE S5 T . TR = 15 ms, TE
= 2.7 ms,FOV = 30 mm X 30 mm X 24 mm, R4
UE = 1,250 = 1,)2)8 = 24 mm, AN
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1.2.6  /INghnE Fs A Ok B 3l ik ifi 3t 3h
R

FH 5 300 BRI K BU 25 BR S | i 3 L I
TREK RIS 235 )/ 5l ) 7 12 B OUL 5
240 KRS kAR A R 1%, Vevo Lab

(3. 1.0) FAF R B E #4723 B, I 53 A 200 35
Bk A L 3l i 151 3 i 18] B3 (velocity time
integral, VTT ) , LA A #H W W& 48 7R W U 3 ( peak
systolic velocity, PSV ) | 7 7K K # I B ( end
diastolic velocity , EDV ) 55 | Jf-38 b [ IR K, {0 &%
H 2118 251 3 ik L FH 7 48 %0 ( resistance index,
RI) Kz I 378 E 1 48 % ( perfusion index, PI) , &4
Febnll i 5 K, O A,
1.2.7  HE e @35 MU sk i O ki Bz 5 X B
Ak

2% [N LY 22 B I T S R AT BRI, R N
0.2 mL/100 g, /0> I 34 7 A BRER /K RN 49 2 R
T AR R BRI 3 Al i ok BN 45 i 2H 21 e T
4% Z R PR 2 2 h, BEE B Y 3 %4,
AL E 24 h R Y& 75% L s Bt s 8 2R
P2 A S K HLIEAT 6 BE T K 5 766 J3E i 7K
SERUE AT AR B A DD A AL
B WU US N 4 pm VIR G S20K , 45
T HEAT HE e o MR IRE TR
1.2.8 Aoz 2 Ak i A I % 2H K Bl dofe o 000 i J2 Jo
[X. CD31,Z0-1 f Occludin YA

4 pm AR RS SOK R TR B S
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Fz1 PIHKR Longa TEAXTLH (% +5,n = 6)

Table 1 Comparison of Longa scores between two

groups of rats(x £ s,n = 6)

gl H1R 3K ERPS
Groups Day 1 Day 3 Day 5
apileEs
FHRA 0. 00 0.00 0.00
Control group
L 4]
i 2.33£0.52" 1.8+£0.45" 1.75+0.50"

Model group

T S R AL, P < 005, (FEl/#[R)
Note. Compared with control group, *P < 0.05. (The same in the
following figures and tables)

x2 MHARREAIHFIX (% £ 5,0 = 6)
Table 2 Comparison of postural reflex scores between

two groups of rats(x £ s,n = 6)

gl H1R H3R CRN
Groups Day 1 Day 3 Day 5
apilcEs
FHRAL 0.00 0.00 0. 00
Control group
CRiNEe
Bl 2.50 £ 0.55° 2.00+0.71" 1.75+0.50"

Model group

2.2 CSVD KRIFH HCY SEMETK

HCY b AE bt S A A sk S Ak P i, n )
M5 P9 R B4, 9 5 B0 48 7 I LBk 4, X2
CSVD % & it 7 b S B A BAL A L SR

A

oyl FE 4,
Model group

Control group

ELISA 7A I P41 K B i - HCY /) & &, DI
b A0S L4 N B RS2, 45 2R s . S X
RZEAH LE SR 2H 135 TP HOY B TR (P <
0.05), % 3,
*£3 FHARIMHET HCY S X (% £ s,n = 6)
Table 3 Comparison of the content of serum HCY

between two groups of rats(x = s,n = 6)

i
2151 HCY/ ( pmol/L)
Groups
ot
Xt AR AL 10. 60 = 0.62
Control group
596
BRI 13.31 + 1. 15°

Model group

2.3 CSVD K REFEEFRRH T

i — 2L FH MRI &z CSVD K BR i 458 2E {4
BLEAE R R 50 BRAT A L, AL 2 Al oh o 22
JEAE R A FE AL B AE AR RN 25 e (12,52 =
9.07)%, P <0.05), WK 1,
2.4 CSVD KRMHMmEZENTH

TEGEASE 24 h A7 i I 7 B f5 A I s A5 X6 K
e ki W L4 285 BEE A S, 0 L2 AR L AR 2
i i A %2 B A B R R, LR 2, b4k, R g
ZH ARSI A 1055 %% BE B RS ) CD31 YR 36, 45
R XA SER ALY CD31 Rk & 5 5k
(7.05 +0.36)%.(2.19 + 0.47) %, 5%} B 20 AH
Lt BRI ZH iR Kz 5 X CD31 Ay 265K b (P
< 0.05), 25 S Uk W T 455 AU 20 7 Ml ot 45 9 B B
i, WKl 3,

IR ST AR A%
Cerebral infarct volume /%

4}5
‘e
%
%
Gy e
/&69
173

Q,
’Zg;,o 4%
3

AR R MR SRR IR ZHE . A AT 5 B . AL R BRI SEARFR BE 1,
Bl1 PR HEAY MRI SR S AEFEARFR A%

Note. A. Representative MRI images of the two groups of rat. Red box. Cerebral infarction. B. Statistical of cerebral infarction

volume of the two groups of rats.

Figure 1 Comparison of MRI imaging and infarct volume between two groups of rats
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2.5 CSVD KRMmizzh hFEmTK PR A 2 T S A R R A
PP ATV V& CSVD B9 4% 0 9 BRATL RS 2RI R 6 RE 2 /Y #0 sh Jik i A BH 1 F8 4 RT 551
GnlEl 4 3 i R R I R R B Bk 9 RT AT PTL 4] TBEETEEL PL 394 0.65 + 0.02 1. 10 + 0. 06;

payicHi:h R
Control group Model group

B2 PZH KRR As 2 1 A X kb

Figure 2 Comparison of cerebral microvessel density between two groups of rats

A X HE L B ¢
Control group Model group
g 8
o . 52°7
” b . i
. N L bl 8
. . +#H ©
£ 24 = § 4
L . = &
, ' ‘ =2 —
8% ,
2 S~
Jw ( ”
bt ¢ 50 pm P LA 50 pm 0 -
o AL LT - —_— T
SN
Q?%ng *‘?\3/ @\&
DS R q}%
&
& ~

TE: A PIRRUR B BTIX CD31 Rk A AR LA HT Sk BHEC I B PIZH R RUI B2 BT X CD31 B BHIE X IR EE -,

B3 WK RIS h CD31 Sk X L
Note. A. Representative images of CD31 expression in the cerebral cortex of the two groups of rats. Red arrow. Positive area. B.
Statistical of positive area of CD31 in the cerebral cortex of the two groups of rats.

Figure 3 Comparison of CD31 expression in the cortical regions of the brain between two groups of rats

pagiicei:l FLRIZH
Control group Model group

B4 PAKRRIISIAK RLF PLAYXT EE

Figure 4 Comparison of carotid artery RI and PI between two groups of rats
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FERIZH /) RI 5 PIL 2350k 0.77 +
0. 06; 5% FEAIAH HE A AIZH RT K P1 ¥ & T
(P<0.05),
2.6 CSVD KRR RRBEFHTL

Wk HE Qe3P0 CSVD R BRI /I I 45 445 #4
Ko 2 JO R AR 45 T 8 R - X6 R ALK B B2 o

Yo 2H
Control group

0.03,1.33 =

X P2 TCHES HE 5, IS A8 I e 8, AR R
i Jz J3 DX Py A 8 0 A7 A [ 48 S i 45 ] Bl ) B A
Ky G, WK 5,
2.7 CSVD KR MmixFEEMNTH

CSVD &b F v 25 & A AS TR A8 2 14 i fii Jo7:

BEREIR T i 6,18 7,k T KRS CSVD
TR
Model group

T R AR Sk MR TSR 20 EOFT Sk  AE Rl [a] L
B 5 WI4IR R E X HE B

Note. Green arrow. Neuronal shrinkage. Red arrow. Enlarged perivascular spaces.

Figure 5 HE staining of the cortical area of the brain between two groups of rats

R} 4 rat| B 254
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. 204
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gg 15| .
<
28 10 ——
Ep
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3k
. 8 8
B S B S
NG Cl
4\6 H
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TE A P U BT X 20-1 Feak it pRFR I, 20635 Sk - BRI 35 B - W K BRUIG B2 51X O~ 1 A R XS 1141

56 MR RN ZUL BTIX 20-1 ikt BT 1
Note. A. Representative images of ZO-1 expression in the cerebral cortex of the two groups of rats. Red arrow. Positive area.
B. Statistical of the positive area of ZO-1 in the cerebral cortex of the two groups of rats.

Figure 6 Comparison of ZO-1 expression in the cortical regions of the brain between two groups of rats

A B
pogicti MR S 104
Control group Model group X E
HE 84
x 3
#HO 6
g‘s
E % 44
=
=82
S % 24
o g *
0~ o)
4?2%626’ \gzy@oéz
R
& >

A PH R BUR B BTIX Occludin Rk m AR E, O EF Kk FHEX G B K BN X Occludin B BH: X 85851,

B 7 WAREIKNHLFRIX Occludin 2K I
Note. A. Representative images of Occludin expression in the cerebral cortex of the two groups of rats. Red arrow. Positive area.
B. Statistical of the positive area of Occludin in the cerebral cortex of the two groups of rats.

Figure 7 Comparison of Occludin expression in the cortical regions of the brain between two groups of rats
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CSVD J& )™ 5 1@ % 3% B N R fg FR 1Y & UL 5
5, BT A BB, B I s R A I
PRI, B2 W F B 36 32 BR , 1M JC 5 4 14 3
WA A I R R L A 2T 2 BRES [ A
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