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[ Abstract] Objective To evaluate the damage of white matter fiber tracts in the center and
periphery of infarcts in the model rats of ischemic stroke. Methods A total of 25 Sprague-Dawley (SD)
rats were randomly divided into control group (N =10) and middle cerebral artery occlusion (MCAQ) group
(N =15). MCAO model was established by occluding with suture. At 3 h, 6 h, 1d,2d,3d,4d and 7d
after model establishment, perform diffusion tensor imaging (DTI) and diffusion tensor tractography (DTT) at
high -field 7.0T MRI, choose cortex, subcortex and corpus callosum of infarct side as regions of interest
(ROIs) and calculate the values of fractional anisotropy (FA), mean diffusion coefficient (MD), radial
diffusivity (N ) and axial diffusivity (N+), choose internal capsule as ROI and calculate number of tracts
(NT). Results At different time points, FA value (P = 0.000, for all), MD value (P = 0.000, for all), N\,
value (P =0.000, for all) and N+ value (P =0.000, for all) in the cortex, subcortex and corpus callosum of
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infarct side had significant difference between 2 groups. As time extended, in MCAO group FA value in
cortex, subcortex and corpus callosum of infarct side was slowly increased in superacute phase (< 6 h; P =
0.000, for all), obviously decreased in acute phase (6 h to 3 d; P =0.000, for all) and kept stable in subacute
phase (3 d to 8 weeks). MD value, N | value and N+ value were obviously increased in acute phase (P =
0.000, for all) and kept stable in subacute phase. FA value in cortex, subcortex and corpus callosum of
infarct side (P =0.003, 0.000, 0.000), MD value in subcortex (P =0.013), A (P =0.012, 0.001) and A+ (P =
0.001, 0.036) values in subcortex and corpus callosum had significant differences between 2 groups. At
different time points, NT value of infarct side had significant difference between 2 groups (P = 0.000). As
time extended, NT value of infarct side in MCAO group was slowly decreased in superacute phase (P =
0.032), obviously decreased in acute phase (P = 0.000, for all) and kept stable in subacute phase.
Compared to control group, NT value of infarct side in MCAO group was significantly lower at each time
point (P =0.000). DTT showed the white matter fiber tracts of infarct side in MCAO group were twisted and
fractured. The damaged fibers tended to be around the edge of the lesion 1 d after MCAO model
establishment. Conclusions At the superacute phase to acute phase after ischemic stroke, nerve damage
persisted until neural remodeling appeared in the subacute phase. DTT observed the damaged fibers

tended to be around the edge of the lesion, suggesting the protective effect of damaged fibers surrounding

the lesion.
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Table 1. Comparison of FA, MD, X\ and N+ values in cortex of infarct side at different time points between 2 groups (x £s)

Group N 3h 6h 1d 2d 3d 4d 7d
FA
Control 5 0.33+0.10 0.32+0.11 0.33+0.09 0.33+0.10 0.33+0.11 0.33+0.09 0.33+0.09
MCAO 10 0.30+0.03 0.36 +0.03 0.19+0.02 0.19+0.02 0.15+0.02 0.14 +0.04 0.14+0.03
MD (x 10°7)
Control 5 0.15+0.04 0.15+0.05 0.15+0.05 0.15+0.04 0.16 +£0.04 0.15+0.04 0.14 £0.05
MCAO 10 0.13+0.03 0.13+0.02 0.15+0.03 0.16 +0.02 0.17+0.02 0.17+0.03 0.17+0.03
N (x107)
Control 5 0.15+0.05 0.15+0.04 0.15+0.04 0.15+0.04 0.16 +0.04 0.15+0.04 0.15+0.05
MCAO 10 0.15+0.02 0.15+0.02 0.15+0.02 0.18 +0.02 0.18 +0.02 0.20+0.03 0.21+0.02
Ao (x107)
Control 5 0.15+0.02 0.14+0.02 0.15+0.01 0.14+0.01 0.15+0.02 0.25+0.02 0.14+0.01
MCAO 10 0.12+0.03 0.12+0.03 0.14+0.02 0.16 +0.02 0.17+0.02 0.16 +0.02 0.16 +0.02

MCAO, middle cerebral artery occlusion, ki B ik 4] 2E 3 F A fractional anisotropy, 4345 1) T s MD , mean diffusion coefficient, *F 344 H %
N1 ,axial diffusivity, Hhm Y H R E N, radial diffusivity, Brmy R

Fz2 WALK BRI B ] SRR SE AU 2 5T FA A MDAE (N fF RN A9 25 55 000 4 3 T 2540 i 3
Table 2. ANOVA of repeated measurement design of FA, MD, N | and N+ values in cortex of infarct side at different time
points between 2 groups

Source of variation SS df MS F value P value||Source of variation SS df MS F value P value
FA A
Treatment 0.328 1.000  0.328 12.740  0.003 Treatment 0.012 1.000  0.012 1.808 0.202
Time 0.137 3.672 0.037 263.228 0.000 Time 0.014 3.217  0.004 43.951 0.000
Treatment X time 0.156 3.672  0.043 301.185 0.000 Treatment X time 0.014 3.217  0.004  42.575 0.000
Error between groups 0.335  13.000  0.026 Error between groups  0.085  13.000  0.007
Error within group 0.007 47.742  0.000 Error within group 0.008 38.484  0.000
MD Ao
Treatment 0.000 1.000  0.000 0.052  0.823 Treatment 0.000 1.000  0.000 0.006  0.940
Time 0.007 3.571  0.002 11.372  0.000 Time 0.008 2960 0.003 12.694 0.000
Treatment X time 0.006 3.571  0.002 8.830 0.000 Treatment X time 0.007 2.960 0.002 11.550 0.000
Error between groups 0.087  13.000  0.007 Error between groups  0.026  13.000  0.002
Error within group 0.008 78.000  0.000 Error within group 0.008 38.484  0.000

FA, fractional anisotropy, B34 18] T s MD , mean diffusion coefficient, “F3 47 83 ;N |, axial diffusivity, 1 PR B N, radial diffusivity,
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Table 3. Comparison of FA, MD, N} and N+ values in subcortex of infarct side at different time points between 2 groups (x £3s)
Group N 3h 6h 1d 2d 3d 4d 7d
FA
Control 5 0.39+0.08 0.38 +0.08 0.38 +0.07 0.38 +0.06 0.38 +0.08 0.38 +0.07 0.39+0.08
MCAO 10 0.33+0.03 0.35+0.03 0.18 +0.03 0.17+0.02 0.17+0.03 0.19+0.02 0.27 +0.04
MD (x 107
Control 5 0.17 £0.04 0.17+£0.03 0.16 £0.03 0.17 £0.04 0.17 £0.04 0.18+0.04 0.18 £0.04
MCAO 10 0.11+0.02 0.11+0.02 0.13+0.02 0.13+0.02 0.14+0.02 0.15+0.03 0.16+0.03
N (x107)
Control 5 0.21+0.04 0.21 +£0.05 0.20 +0.05 0.21+0.05 0.21+0.03 0.22 +0.04 0.21 +0.04
MCAO 10 0.12+0.04 0.12+0.03 0.14 £0.05 0.16+0.03 0.17+0.03 0.18+0.03 0.21+0.02
A (x 107)
Control 5 0.17+0.03 0.16 +0.02 0.16 +£0.03 0.17+0.04 0.16 +0.04 0.17+0.02 0.17+0.03
MCAO 10 0.09 +0.02 0.11+0.02 0.12+0.02 0.12+0.02 0.14+0.01 0.14+0.01 0.15+0.01

MCAO, middle cerebral artery occlusion, i Hh B K A 2 ; FA fractional anisotropy, FBAr 45 1) S s MD , mean diffusion coefficient, 34 ##% ;
N1 ,axial diffusivity, i R B N, radial diffusivity, 18 [ 4 1 R 5

R4 WILLREUAS [ B[] S A5 5000 2 5 FA (L  MD (B N AR RN | (B A T 52 000 o 15 0110 O 22 A b
Table 4. ANOVA of repeated measurement design of FA, MD, N and A+ values in subcortex of infarct side at different time
points between 2 groups

Source of variation SS df MS  F value P value [|Source of variation SS df MS F value P value
FA N
Treatment 0.493 1.000 0.493  29.861 0.000 Treatment 0.071 1.000  0.071 8.463 0.012
Time 0.125 3.286  0.038 120.966 0.000 Time 0.025 2.795 0.009 29.018 0.000
Treatment X time 0.118 3.286 0.036 114.151 0.000 Treatment X time 0.019 2.795 0.007 22.078 0.000
Error between groups 0.215  13.000 0.017 Error between groups  0.109  13.000  0.008
Error within group 0.130 42.713  0.000 Error within group 0.011  36.336  0.000
MD Ao
Treatment 0.038 1.000  0.038 8.287 0.013 Treatment 0.039 1.000  0.039  16.996 0.001
Time 0.010 2.792  0.004  16.365 0.000 Time 0.010 3.572  0.003  23.722 0.000
Treatment X time 0.005 2.792  0.002 8.042  0.000 Treatment X time 0.007 3.572  0.002 17.646 0.000
Error between groups  0.059  13.000  0.005 Error between groups  0.030  13.000  0.002
Error within group 0.008 36.301  0.000 Error within group 0.005 46.434  0.000

FA, fractional anisotropy, HB 4% 18] T s MD, mean diffusion coefficient, “F-3 P 8% ;N |, axial diffusivity, ) BB Z B N, radial diffusivity,
(LRI %
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Table 5. Comparison of FA, MD, N\ and N+ values in the corpus callosum of infarct side at different time points between
2 groups (x +5)

Group N 3h 6 h 1d 2d 3d 4d 7d
FA
Control 5 0.65+0.09 0.64£0.10 0.64 £0.09 0.65+0.09 0.67+0.10 0.66+0.10 0.66 £0.09
MCAO 10 0.53+0.03 0.58+0.03 0.44 +£0.03 0.38 +0.02 0.33+0.03 0.36 £0.02 0.39+£0.03
MD (x 107
Control 5 0.17+0.04 0.16 +0.04 0.16 +0.04 0.17+0.05 0.17+0.04 0.17 £0.04 0.17+0.04
MCAO 10 0.10+0.02 0.12+0.02 0.17+0.03 0.22+0.04 0.25+0.04 0.22 +0.05 0.20+0.03
N (x107)
Control 5 0.27 +0.03 0.28 £0.03 0.27 £0.02 0.27 £0.02 0.27 £0.04 0.28 £0.03 0.27 +0.03
MCAO 10 0.16 +0.02 0.16 £0.02 0.22+0.03 0.27 +0.03 0.29+0.03 0.26 +0.02 0.25+0.02
e (x107)
Control 5 0.12+0.03 0.12+0.03 0.13+0.02 0.13+0.03 0.13+0.04 0.13+0.04 0.12+0.03
MCAO 10 0.07 £0.02 0.08 £0.03 0.16 £0.04 0.21 £0.04 0.23 +0.04 0.20+0.04 0.20+0.04

MCAO, middle cerebral artery occlusion, i R B UK A 2E ; FA fractional anisotropy, W44 11 S PE s MD , mean diffusion coefficient, “F-3 3 %
N1 ,axial diffusivity, 5 [0 37 50 Z 0 e, radial diffusivity, 42 0] 750 R %0

F6 LTI FRAS [ B [ o5 AT BT M0 P AR AR FA MDD (B N (B FIN AR 1 B2 I 3 19 75 22 40 i 3k
Table 6. ANOVA of repeated measurement design of FA, MD, N | and N+ values in corpous callosum of infarct side at
different time points between 2 groups

Source of variation SS df MS F value P value ||Source of variation SS df MS F value P value
FA N
Treatment 1.192  1.000 1.192  52.153  0.000 Treatment 0.046 1.000  0.046 16.177  0.001
Time 0.149  3.560 0.042 219.321  0.000 Time 0.050 1.401  0.036 18.605  0.000
Treatment X time 0.206  3.560 0.058 302.609  0.000 Treatment X time 0.055 1.401 0.039  20.600 0.000
Error between groups 0.297 13.000  0.023 Error between groups 0.037  13.000 0.003
Error within group 0.009 46.279  0.000 Error within group 0.035 18.216 0.002
MD Ao
Treatment 0.005 1.000  0.005 0.629  0.442 Treatment 0.037 1.000  0.037 5.497 0.036
Time 0.071 2.434 0.029 91.153  0.000 Time 0.087 3.213  0.027 137.145 0.000
Treatment X time 0.051 2.434 0.021 65.275  0.000 Treatment X time 0.076 3.213  0.024 119.873  0.000
Error between groups 0.104  13.000  0.008 Error between groups 0.087  13.000 0.007
Error within group 0.010 31.640 0.000 Error within group 0.008 41.769 0.000

FA, fractional anisotropy, FB 4% 18] F 4k s MD, mean diffusion coefficient, “F 347 813 ;N |, axial diffusivity, b1 P ZR B0 N e, radial diffusivity,
4 H R
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Table 7. Comparison of NT value of infarct side at
different time points between 2 groups (x +s, number)

Group N 3h 6h 1d 2d
Control 5 112.80+27.40 111.80+12.61 113.80+26.22 112.00+27.37
MCAO 10 58.00+12.60 57.00+12.90 49.60+11.35 42.40+ 9.92
Group N 3d 44d 7d

Control 5 113.60+27.83 114.60+27.09 113.20+27.15

MCAO 10 31.50+13.29 38.20+11.38 46.90+11.03
MCAO, middle cerebral artery occlusion , K Jifj i 1 ik 4] %

2T 4 T R S k1 2%

lesion 1 d after MCAO model establishment.

B1 KEDTTHAMITN la XIARROTLLEFRETHR AT 1b MCAO LK RAAM M1 5T 4 5 E1T B

SR IEAS SE 8 MAEM 11 R 27 4 fOEATIE M, 3 or 2 B2 Sk DTT 4 %, MCAO 4 K SRR 4% 1 d )5 A A8 M) 2

Figure 1 Brain DTT findings The white matter fiber tracts in control group were normal and intact (Panel la). In MCAO
group, the white matter fiber tracts in the affected side were twisted and disconnected, but the contralateral white matter fiber
tracts were normal and intact (Panel 1b). Figure 2 Brain DTT showed the damaged fibers tended to be around the edge of

RS PR B[R] IA] s B ZE AN N'T i A6 325 00 ik 13
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Table 8. ANOVA of repeated measurement design of NT

value of infarct side at different time points in 2 groups

Source of variation SS] df MS F value P value

104386.305 1.000 104386.305 47.099 0.000
Time 1692.790  2.490 679.948 48.987  0.000
Treatment X time 2096.829  2.490 842.239 60.679 0.000
Error between groups 28 812.171 13.000  2216.321
Error within group 449.229 32.365 13.880

Treatment
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Hr 3% 3z ot BR & 1Al 3R (%)

R 5 adeno-associated virus(AAV)
Ras HH5G C3 N #E R 1

Ras-related C3 botulinum toxin substrate 1(Racl)
/NFPERNA  small interference RNA(siRNA)
D EPEREZE cardioembolism(CE)
{5 signal-to-noise ratio(SNR)
AT Ay S5 TR i R

behavioral variant frontotemporal dementia(bvFTD)
PLERIX region of interest(ROI)

L8 N B A 7
vascular endothelial growth factor(VEGF)

4 F BB perivascular space(PVS)

[ Virchow-Robin [A] i Virchow-Robin space( VRS) ]
IMIHFFEMFEEH A serum amyloid A(SAA)
Toll FE3Z 4Kk 4 Toll-like receptor 4(TLR4)
JE & ZEEA K A -1 insulin-like growth factor-1(IGF-1)
Beck fIfiH %  Beck Depression Inventory(BDI)

YNCE

U A W e Mk i B T R S E
infantile convulsions and paroxysmal choreoathetosis(1ICCA )

PRI ZRET4NM  induced pluripotent stem cells(iPSCs)
Dt PR B 28 2R ek

primary central nervous system lymphoma(PCNSL)
i B P B AEHL A7 motor unit action potential(MUAP)
FEZX1 presenilin-1(PS-1)
WEIMT40M  hematopoietic stem cells(HSCs)
Vi MK Chair Rising Test(CRT)
B 15 17 5 5+ 4
adipose tissue-derived stem cells(ADSCs)
Barthel #8%% Barthel Index(BI)
F ] i 2 S5 ks P 2 = 1 )
Chinese Glioma Genome Atlas(CGGA)
fifrged BE R4 27 3% 31 %] The Cancer Genome Atlas(TCGA)
EHLABME  Tandem Gait Test(TGT)



