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[ Abstract] Objective To explore the mechanisms for repairing spinal cord injury (SCI) with tetramethylpy-
razine-loaded electroconductive hydrogel (hereinafter referred to as “TGTP”). Mehtods A total of 72 female Sprague-
Dawley rats were randomly divided into 4 groups: sham operation group (group A), SCI group (group B),
SCI+electroconductive hydrogel group (group C), and SCI+TGTP group (group D). Only the vertebral plate was removed
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in group A, while the remaining groups were subjected to a whole transection model of spinal cord with a 2 mm gap in the
lesions. The recovery of hindlimb motor function was evaluated by Basso, Beattie, Bresnahan (BBB) score and modified
Rivlin-Tator inclined plate test before operation and at 1, 3, 7, 14, and 28 days after operation, respectively. Animals were
sacrificed at 7 days and 28 days after modeling. Neovascularisation was observed by immunofluorescence staining of
CD31 and the expression levels of angiopoietin 1 (Ang-1) and Tie-2 were assessed by Western blot assay. At 28 days
postoperatively, the expression levels of pro-angiogenic related proteins, including platelet-derived growth factor B
(PDGE-B), PDGEF receptor p (PDGFR-p), vascular endothelial growth factor A (VEGF-A), and VEGF receptor 2 (VEGFR-
2), were also assessed by Western blot. The fibrous scar in the injured area was assessed using Masson staining, while
neuronal survival was observed through Nissl staining. Furthermore, LFB staining was utilized to detect myelin
distribution and regeneration. Immunofluorescence and Western blot assay were employed to evaluate the expression of
neurofilament 200 (NF200). Results  The hindlimb motor function of rats in each group gradually recovered from the
3rd day after operation. The BBB score and climbing angle in group D were significantly higher than those in group B
from 3 to 28 days after operation, and significantly higher than those in group C at 14 days and 28 days after operation
(P<0.05). Masson staining showed that the collagen volume fraction in groups B-D were significantly higher than that in
group A, and that in group D was significantly lower than that in groups B and C (P<0.05); a small amount of black
conductive particles were scattered at the broken end in group D, and the surrounding collagen fibers were less than those
in group C. Nissl and LFB staining showed that the structure of neurons and myelin sheath in the injured area of spinal
cord in group D was relatively complete and continuous, and the number of Nissl bodies and the positive area of myelin
sheath in group D were significantly better than those in groups B and C (P<0.05). NF200 immunofluorescence staining
and Western blot assay results showed that the relative expression of NF200 protein in group D was significantly higher
than that in groups B and C (P<0.05). CD31 immunofluorescence staining showed that the fluorescence intensity of group
D was better than that of groups B and C at 28 days after operation, and tubular or linear neovascularization could be seen.
The relative expressions of Ang-1 and Tie-2 proteins in group D were significantly higher than those in groups B and C at
7 and 28 days after operation (P<0.05). The relative expressions of PDGF-B and PDGFR- proteins in group D were
significantly higher than those in groups B and C, and group B was significantly higher than group C at 28 days after
operation (P<0.05). The relative expressions of VEGF-A and VEGFR2 proteins in group D were higher than those in
groups B and C, showing significant difference when compared with group B (P<0.05), but only the expression of VEGF-A
protein was significantly higher than that in group C (P<0.05). There was significant difference only in VEGFR-2 protein
between groups B and C (P<0.05). Conclusion TGTP may enhance the revascularization of the injured area and protect
the neurons, thus alleviating the injury of spinal cord tissue structure and promoting the recovery of neurological function

after SCI in rats.
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Fig.1 Variations of hind limb motor function at different time points in each group a. BBB score; b. Climbing angle of modified Rivlin-

Tator inclined plate test
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Fig.2 Histological staining of spinal cord in each group at 28 days postoperatively (x20) Arrow showed conductive particles; from left to

right for groups A, B, C, and D, respectively a. Masson staining; b. Nissl staining; c. LFB staining (Black dotted line showed the boundary

between the area of injury and the adjacent normal spinal cord tissue)
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F1 REEEERNIBIRILE (n=6, X+s)

Tab.1 Comparison of each indicator between groups after operation (n=6, X+5)

AR = o ... NF200 &M CD31 [P IR0 B VEGFR-2 25 1]
(%) JE TS R PR, FEX A Fluorescence intensity of C1D31 XA
415 (/MR ) R (%) g Y o
- Collagen . i Relative expre- Relative expre-
Group Number of Nissl- Positive area 5 .
volume bodies (/field ¢ mvelin (% ssion levels of 7d 28d ssion levels of
fraction (%) odies (/field)  of myelin (%) \pyg9 VEGFR-2
A 3.8+0.9"* 51.3+10.3** 69.5+8.5"" 1.5+0.2%4 1.00 (1.00, 1.00)  1.00(1.00, 1.00)**  0.3+0.0"*
B 45.6+3.8"" 9.745.0" 20.6+5.0" 0.6+0.1" 0.30 (0.29, 0.46)  0.62(0.56, 0.68) " 0.7+0.0"
C 40.8+2.9" 11.7+5.8" 28.6+2.8 0.8+0.1" 0.40 (0.38, 0.45)  0.64(0.58, 0.65) " 0.9+0.1""
D 37.742.8" 15.845.7"" 35.544.5" 1.1£0.17%4 0.52(0.48, 0.57) 0.76(0.76, 0.81)"*  1.0+0.1""
Giit  F=274.064 F=47.101 F=88.986 F=21.792 H=7.775 H=9.492 F=48.013
P{H <0.001 <0.001 <0.001 <0.001 0.051 0.023 <0.001
Ang-1 & AR AL Tie-2 EHAMXI#KAE ~ PDGF-B #HH PDGFR-B %1  VEGEF-A %[
5 Relative expression Relative expression AHXS A AR R A B AAXT A
- level of Ang-1 level of Tie-2 Relative expre- Relative expre- Relative expre-
Group ssion level of ssion level of ssion level of
7d 28d 7d 28d PDGE-B PDGFR-B VEGF-A
A 0.5£0.1"*  0.2+0.0"" 0.4£0.1"*  0.3+0.0"" 0.420.0 0.4+0.0 0.240.0"*
B 0.7+0.2" 0.6+0.1" 0.740.1" 0.7+0.1" 0.7+0.1% 0.8+0.1% 0.5+0.0"
C 0.6+0.0" 0.5+0.2" 0.7+0.0" 0.5+0.1" 0.4+0.0" 0.4+0.1" 0.6+0.1"
D 1.140.3™4  0.9+0.174 1.0+0.2"4  1.3+0.474 1.0+0.1*4 1.2+0.1%4 2040274
Giita F=5.528 F=18.192 F=11.546  F=13.360 F=82.388 F=82.763 F=183.798
Pl 0.024 <0.001 0.003 0.002 <0.001 <0.001 <0.001

"5 A 41 R P<0.05, P15 B 41 H#E P<0.05, 45 C 4% P<0.05

“Compared with group A, P<0.05; "compared with group B, P<0.05; A compared with group C, P<0.05

B3 ARJg28d &4 NF200 RERLLEEME (x40)

Fig.3 Immunofluorescence staining for NF200 in each group at 28 days postoperatively (x40)
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Fig.4 Immunofluorescence staining for CD31 in each group at 7 and 28 days postoperatively (Laser confocal microscopex60) Arrow
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