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[Abstract] Objectives: To investigate the temporal ultrastructural changes of microvascular basement mem-
brane(BM) and basement membrane astrocyte contacts(BM—AC) in rat model with chronic cervical cord com-
pression, and to explore their correlation with the expression of matrix metalloproteinase-9(MMP-9). Meth-
ods: 72 SD rats were randomly divided into the control group(n=36) and the experimental group(n=36). In the
control group, C5 left semi—laminectomy was performed in each rat. In the experimental group, a water—ab-
sorbable polyurethane polymer was implanted into C6 left epidural space after CS left semi-laminectomy. The
Basso Beattie Bresnahan(BBB) score was used to evaluate the neurological function. HE staining, immumohis-
tochemical staining and transmission electron microscopy(TEM) were performed at 1 day, 14 days, 21 days, 28
days, 42 days and 70 days after modeling to observe the changes of morphology, MMP-9 expression and ul-
trastructural changes of BM and BM-AC. Results: According to the BBB score, there was no significant dif-
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ference between each time point in the control group and one day after modeling in the experimental group,
neurological function in the experimental group showed an obvious decline from 14 days to 70 days after
modeling(P<0.05). HE staining showed intact spinal cords at each time point in the control group. In the ex-
perimental group, a mild edema in white matter without spinal cord compression was shown at 1 day after
modeling. The compressive deformation of spinal cord, vascular proliferation in grey matter, edema in white

The
damage was aggravated at 21 days and 28 days after modeling. At the 42th day after modeling, decreasing of

and grey matter and the fragmetation of nucleus in neurons were showen at 14 days after modeling.

edema in the spinal cord, intramedullary cavity, reducing number of motor neurons in the front foot of spinal
cord, sparse cytoplasm, shrinking nucleus, reducing number of synapsis, sparse nerve fibers, the thinner layer
of myelin were found. At the 70th day in the experimental group, edema in the white matter, the fragmetation
increasing number of neurons were shown. The im-

of nucleus in neurons, focal hyperplasia of glial cells,

munohistochemical staining displayed that MMP-9 was weakly expressed in the control group, and the same
results were found at 1 day and 70 days after modeling in the experimental group. Strong expression of
MMP-9 was found at 14 days and 28 days after modeling in the experimental group, strongest expression at

The
proportion of BM—AC and electron density of BM in the experimental group decreased significantly at 14-28

21 days after modeling, and moderate expression at 42 days after modeling in the experimental group.
days after modeling, and improved since the 42nd day after modeling(including the 70th day), but were still
significantly lower than those in the control group (P<0.05). There was no significant difference between each
time point in the control group and 1 day after modeling in the experimental group. MMP-9 expression was
negatively correlated with the proportion of BM-astrocyte contacts(r=—0.664, P<0.001) and the BM density(r=—
0.892, P<0.001). Conclusions: The BM and BM-AC are damaged after chronic cervical cord compression and
rehabilitated incompletely at late stage. MMP-9 may affect the integrity of blood—spinal cord barrier by de-
grading the BM and BM-AC after spinal cord compression.
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Figure 1 The diagram of the ultrastructure of the microvascular in spinal cord a Ast, astrocyte endfeet; BM, basement

membrane; En, endothelial cell; E, erythrocyte(Original magnificationx9 700) b Measurement of the basement membrane

and astrocyte endfeet contact. The proportion of the intact contact is calculated as [length of intact BM-astrocyte contact

(red lines)/total circumferential length of the microvascular BM (yellow line) x100%]
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Table 1 Average BBB score of the two groups

R x84 S 4
Time Control group Experimental group
Id 36 19.70+0.67 19.71£0.64
14d 30 19.80+0.78 17.57+0.877
21d 24 19.90+0.87 15.95+0.677
28d 18 19.90+0.67 15.4320.597
42d 12 20.00+0.81 16.100.8372
70d 6 19.90+0.88 16.80+0.67%

T8 (D45 7 ] 18] 8700 B4 H A P<0.05 55 Al £ 28 i HL 4% P<
0.05

Note: (DCompared with control group at the same time, P<0.05;
(@compared with the 28th day of the same group, P<0.05
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Figure 2 HE staining of chronic spinal cord compres-

sion at each time point a The nomal spinal cord with

clear structure in the control group b At the Ist day af-
ter modeling in the experimental group, mild edema was observed in white matter ¢ At the 14th day after modeling in
the experimental group, compression and edema of spinal cord were observed d At the 21st day after modeling in the
experimental group, disorder of structure were observed in the spinal cord e At the 28th day after modeling in the ex-
perimental group, degeneration of some neuron and decrease in the number of synapse and neuron were observed f At
the 42nd day after modeling in the experimental group, pycnosis of nucleus in neurons, intramedullary vacuolation in
spinal cord, and decrease in the number of nomal neuron were observed g At the 70th day after modeling in the exper-

imental group, more nomal neurons were observed than the 42nd day after modeling
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3 MMP-9 %l fbget a xFIRATEBE A B b s ik b SIS ALIE B 14d, M B 3k A A1 3k 5 v R R
ik e LIRS 21d, MUK AN AN L BT MMP-9 238 3k A B A d SIS 28d T A 40 b A o
MMP-9 ¥4 Fe ik LUANMIAM L0 £ e SCUn 215 885 42d, 40 i SR 5 vh MMP-9 b Ji 8 3k ) 40 o o vh 55 R 5k £ 5
B L IE RIS 70d, AL A0 TP s 3k (x200)

Figure 3 Immunohistochemical staining of MMP-9 a In the control group, weak cytoplasmic expression of MMP-9 was
observed in the spinal cord b At the 14th day after modeling in the experimental group, high cytoplasmic expression of
MMP-9 was observed in the spinal cord. Note that the moderate expression of MMP-9 was observed in the extracellular
matrix ¢ At the 21st day after modeling in the experimental group, strong expression of MMP-9 was observed both in
the cytoplasm and the extracellular matrix d At the 28th day after modeling in the experimental group, stong expression
of MMP-9 was observed both in the cytoplasm and the extracellular matrix, predominantly in the extracellular matrix e
At the 42nd day after modeling of the experimental group, moderate expression of MMP-9 was observed in the spinal
cord, mainly in the extracellular matrix f At the 70th day after modeling in the experimental group, weak cytoplasmic

expression of MMP-9 was observed in the spinal cord(magnification x200)
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*2 WRASIHAARERMES BM OD {&#.BM-ACR X MMP-9 OD & (x%s ,n=6)
Table 2 BM OD, BM—ACR and MMP-9 OD in the two groups at each time point
BM OD BM-ACR MMP-9
XI R84 S X 20 S X R 20 FH L
Control group Experimental group Control group Experimental group Control group Experimental group
1d 0.625+0.015 0.625+0.015 0.955+0.024 0.958+0.020 0.016+0.005 0.0160.003
14d 0.630£0.014 0.456+0.0137 0.939+0.052 0.814+0.076" 0.017+0.003 0.114+0.007"
21d 0.638+0.021 0.378+0.0097 0.915+0.045 0.392+0.0997 0.018+0.004 0.157+0,006"
28d 0.64120.029 0.484+0.0137 0.960+0.038 0.41120.096" 0.017+0.004 0.131£0.0137
42d 0.622+0.020 0.581+0.010™2 0.963+0.024 0.705+0.0847% 0.016+0.004 0.0400.0127%
70d 0.622+0.014 0.586+0.015"% 0.940+0.018 0.717+0.067"2 0.015+0.003 0.014+0.003%

1 (D5 [ 1 8] 5% BR 41 b %% P<0.05 ;5 [ 20 28d I+ [ %8¢ P<0.05

(DCompared with control group at the same time, P<0.05; @Compared with the 28th day of the same group, P<0.05
p group
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Figure 4 Representative electron microscopic photographs a In the control group, normal BM, almost all surface areas
of the microvessel are covered by astrocyte endfeet b At the 14th day after modeling in the experimental group, de-
creasing of BM electron density and focal detachment of the astrocyte endfeet from the basement membrane (BM) were
observed ¢ At the 21Ist day after modeling in the experimental group, a significant decreasing of BM electron density, a
marked astrocyte swelling and a further decrease in the intact portion of the contacts were demonstrated d At the 28th
day after modeling in the experimental group, excessive accumulation of water around the microvessels, further degrada-
tion of the BM and ruptured astrocytes were observed e At the 42nd day after modeling in the experimental group, the
electron density of BM and the proportion of the intact BM-astrocyte contacts was markedly increased f At the 70th day
after modeling, capillary integrity, double layers of endothelial cells and basement membranes could be seen. Arrowheads
in the inset (magnified view) indicate the BM. Original magnification is 9 700 Figure 5 The temporal pattern of the
BM-astrocyte contacts, BM electron density, and MMP-9 expression
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