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[Abstract] Objective To investigate the neuroprotective effect of bone marrow mesenchymal stem
cell (BMMSC) transplantation on collagenase-induced intracerebral hemorrhage (ICH) adult sprague-Dawley
(SD) rat model. Methods The collagenase - induced ICH models were constructed by injection of
collagenase type VIl into the striatum on the right side stereotaxically. Forty-five healthy male SD rats were
selected and then randomly divided into 3 groups of fifteen each, control group, ICH rat model group (model
group), BMMSC transplanted ICH group (transplantation group). In transplantation group, BMMSC were
transplanted into the perilesional sites 2 h after ICH injury. Modified Neurological Severity Score (mNSS),
brain-derived neurotrophic factor (BDNF) immunohistochemical expression, and TUNEL test (cell apoptosis)
were assessed at the 1, 3, 7, 14 and 28 d after model - made/transplanted treatment of BMMSC. Results
The mNSS score (P =0.000) and apoptotic cell number (P =0.000) of rats in different treatment groups at
each observation time point showed statistically significant differences. Compared with the control group
and the model group, the mNSS score of the transplantation group was lower 28 d after treatment (P < 0.05),

showing a decreasing timeliness. The mNSS scores 7, 14 and 28 d after treatment was lower than that 1
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and 3 d after treatment (P < 0.05). On 1, 3, 7, 14 and 28 d after transplantation, the number of apoptotic
cells in the model group and the transplantation group increased (P < 0.05) and reached the peak on 7 d
after treatment (all P < 0.05). The number of apoptotic cells on 14 and 28 d was reduced but still higher
than that on 1 and 3 d (all P <0.05). In the transplantation group the expression of BDNF protein was
significantly increased, and very few GFP + GFAP and GFP + NeuN positive cells were found in the brain
tissue. These results indicated that the transplanted BMMSC had survived in the host brain tissue and with

neuronal and glial differentiation. Conclusions Rat ICH model induced by collagenase type VI is stable

for experimental study. The transplanted BMMSC can significantly provide better neuroprotection by

increasing BDNF expression and reduce apoptosis.
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Figure 1 Fluorescence microscope showed green
fluorescence in vitro cultured rat BMMSC. x40

Table 1. Comparison of mNSS scores at observation time points of rats in different treatment groups (x +s, score)
45 1% HI7)5 1 d(a) 6iJ7 )5 3 d(b) 1HIF)E7d(e) 1HIFJG 14 d(d) 1hI7 )5 28 d(e)
XFHRZ (1) 15 15.33+£1.03 14.93 +1.63 11.00£1.79 9.83+£1.47 7.83+£1.47
BRI (2) 15 15.17 £ 1.47 14.97 +1.47 11.17+2.14 9.67+1.63 8.00 £ 1.41
ML (3) 15 15.50+1.51 14.03 + 1.63 10.00 + 1.41 7.50+1.09 5.50+0.55

R2 AL PR K A U5 I [] £ mNSS $F 53 ) &L
Wk BT Ay 5 22 43 B 3
Table 2. Anova table of repeated measurement design of
mNSS scores at different observation time points of rats in
different treatment groups

A 5 IR SS df MS FH  PE
PusISES 16.488 2 8.244 74.318 0.000
) 5 B[] 455.446 4 113.860 17.737 0.000
IEHRER x Mk E 9.640 8 1.205 10.863 0.000
2 )15 22 64.193 10 6.419
A NiRE 2219 20 0.111

MIIE YT 5 14 dIRMEF 7 d(B P <0.05, % 4) .

2% B B 8 R, X B ZH K B BDNF & 5
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%, T A X s S 5R BH A ek, N AR B S &
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T, o UL B i 2 ke u e HDIR 2800, & = A8 M T A
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PHPE M40 M, E 2 M &0 ; 2IGYT A 14 F128 d BT,
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53097 )5 3 d IS BDNF FH M40 M s 2 (H = 4 BT
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AH B L 4t i 5 /0 it 7 A Sy ol 26 0 R A 8 I 240 i«
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EZRAGIHE (¥ P=0.000,%£5). BHEIAIT
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A KRR T E > TREBAP<
0.05,% 6) ; B & L HE 10 97 I [A] (9 #E 4% | A 70 20 Fl S
FEZH U8 T AN LA H 3 TR YT R 7 d IR (R, = T
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Table 3. Pairwise comparison of mNSS scores of rats in different treatment groups at the same observation time

o ] HIThE 1d I3 d IR 7d fIrJA 14 d HI7 A 28 d

PP i P fi P i P i P T
(1) 2) 0.145  0.890 -0.031 0.976 -0.115 0912 0.139  0.894 -0.171  0.870
(1) 3) -0.154 0.883 0.698 0.511 0.678 0.523 2.017 0.090 2.343  0.058
(2) (3) -0.298  0.775 0.729 0.493 0.794  0.457 1.878  0.109 2514 0.046

Fda [l Ak B BUA [ WL ZE I 8] 5 mNSS $FJ5 B9 91 9 L %5

Table 4. Pairwise comparison of mNSS scores of rats in the same treatment group at different observation time points

T xR 2H FLRI ] A4l

i P i PiH fE P1H
(a) {b) 0.327 0.751 0.149 0.885 1.388 0.195
(a) {c) 3.536 0.005 2.976 0.014 5.192 0.000
(a) {d) 4.490 0.001 4.092 0.002 7.552 0.000
(a) {e) 6.125 0.000 5.335 0.000 9.440 0.000
(h) 1c) 3.210 0.009 2.828 0.018 3.804 0.003
(b) {d) 4.165 0.002 3.944 0.003 6.165 0.000
(b) {e) 5.799 0.000 5.186 0.000 8.053 0.000
(¢) {d) 0.956 0.362 1.116 0.290 2.360 0.040
(e) {e) 2.589 0.027 2.359 0.040 4.248 0.020
(d) {e) 1.634 0.133 1.243 0.242 1.888 0.088

B2 BMAARL¥ BMBENE REASUE% R G (EnVision — %) 2a B XA B #h 2 70 /K 5 46 i BDNF 5 P
PE %200 2b  BCFET B BN # 2 I0 BDNF S BHTE - x 100

Figure 2 Optical microscopy findings in rats of transplantation group Immunohistochemical staining (EnVision) Transplanted rats
microglial cells and neurons around the graft site were positive for BDNF (Panel 2a). x 200 Scattered cortical neuron cells were
positive for BDNF (Panel 2b). x 100
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Table 5. Comparison of apoptotic cells in different treatment groups at different observation time points (¥ s, number)
20511 % WEIF)E 1 dGa) BITIE 3 d(h) BT 7d(e)  RITIE 14d(d)  IRITIE 28 d(e) F (& PAii
X HRA1(1) 3 0.00 + 0.00 0.00 +0.00 0.00 +0.00 0.00 +0.00 0.00 +0.00 = —
R (2) 3 4.08+0.78 8.68 +1.26 15.36 +1.56 15.28 +4.03 14.44 +1.92 15.395 0.000
FEAHLH(3) 3 3.72+0.86 5.81+1.15 12.82+1.36 11.60 = 2.90 11.02+2.27 13.579 0.000
F1H 34.066 60.480 142.440 23.164 57.977
PAA 0.001 0.000 0.000 0.002 0.000
R6  N[R AL BEAL A FIR] — W0 2= At 0] A5 08 T 40 i K B % PR EL

Table 6. Pairwise comparison of the number of apoptotic cells in different treatment groups at the same observation time

41 il fTJE 1 d A3 d TR 7 d 75 14 d ifiJ7 5 28 d

PP i P it P i Pl ol Pt i1 Pt
(1) {2)  -7.455  0.000 -10.794  0.000 -15.744  0.000 -6.521  0.001 -10.303  0.000
(1) {3)  -6.797  0.001 -7.225  0.000 -13.145  0.000 -4.950  0.003 -7.863  0.000
(2) {3) 0.658  0.535 3569  0.012 2.604  0.040 1570 0.167 2.440  0.051

F7 [ ih A K EUAS (] X052 BT ] O T2 40 550 E 09 T
R
Table 7.

different observation time points of the same treatment group

Pairwise comparison of apoptotic cell number at

4k 4 Bl |l gl B4

BRI pe o PEIPPRE o Pl o PR
(a) {b)-2.542 0.029 -1.367 0.202 () {d) -3.647 0.005 -3.787 0.004
(a) {c) -6.234 0.000 -5.952 0.000 () {e) -3.183 0.010 -3.408 0.007
(a) {d)-6.190 0.000 -5.154 0.000( (c) (d) 0.044 0.966  0.798 0.443
(a) {e) -5.725 0.000 -4.775 0.001 (c¢) {e) 0.508 0.622 1.177 0.266
(b) €c)-3.692 0.004 -4.585 0.001(d) (e) 0.464 0.652 0.379 0.712

i Ja 8 JE T U iR T A AR A A T LASR AME S
D5 R YT IR B A AN AR
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W AR A &l Y. SRR R
BMMSC #H A 7] 43 4k hy #ft 28 0 B 4 L 3R 38
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A O SR A i o A4S R 5 3 AR I o
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[Fi) Ak B 20 K B mNSS PF 43 5 B I 1 3 s, R T
J5 714 #1128 K mNSS V4K TiRIT R 1 FI3 K, 3%
B BMMSC 41 is A M R Th g, — i TG
ISP I 7 R BVAT R A S AR, el R BRAT M BB ) L T
SIS i R o 1 s R 0 £ -l I R | R |
R A i B AE ML S TR A O, X — IR S I
PRFESCIRAHAF , B M 0l 2 v 28 38 0 &2 ) 1 B
i P A, Uk, B AT DUR RIT R A
Al B 2 11 25, ol G 5 s e 03 Jeg PR P i 2% 4 1% 4
RS e O - i 1 S S S B T N
BMMSC 21 Jitd B A T6 7 10 H 00 ) Bsf i) 7 4, Bt &

flce T AT T o i XL 3 A D A AR AT Y
240 L L s 28 0 R A0 6 A, I S B T A ) R AR
PEF IS JE DL 25 s 2 Th e, B min s i 1)
BMMSC 4 fifd 2 3 o 1 i ph 4878 g2 R P i ik
Bl SR 2 B 0 U R R TR R A AR
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CFOE AT A “F-fluoro-2-deoxy-D-glucose ("F-FDG)
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Minimally-Invasive Surgery plus rt-PA for Intracerebral
Hemorrhage Evacuation (MISTIE) study

TFHATFFE  event-free survival (EFS)
RBEMELLERIE  systemic lupus erythematosus(SLE)
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extracellular signal-regulated kinase(ERK)
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M5 NIRYT  endovascular treatment(EVT)
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