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Therapeutic effect and mechanism of piracetam for the treatment of spinal cord injury in rats through MAPK path-
way
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ABSTRACT Objective To explore mechanism of piracetam for the treatment of spinal cord injury in rats through mitogen-
activated protein kinase (MAPK) pathway. Methods Fifty-four healthy 6-week-old SD female rats with body weight of 80 to
100 g were divided into sham operation group,spinal cord injury group and piracetam group by random number table

method, with 18 rats in each group. Spinal cord injury model was established in spinal cord injury group and piracetam group

S UH < BV TR AR R S T L T (S - 202 1LLRH-08 ) 5 B P4 45 H0CE T A BT 1 BATH R (4 5 :22JPO18) 5
ZEHB X 2022 AERHHRIUE (4745 : QK20225104)

Fund program ; Shaanxi Provincial Key Research and Development Program : Key Project on “Two Chains” Integration (No.2021LLRH-08)
WIEE B 5L E-mail :xijing_h@vip.tom.com

Corresponding author: HE Xi-jing E-mail : xijing_h@vip.tom.com



«+592. A5 2024 4F 6 H 2 37 %55 6 ] China J Orthop Traumatol , Jun.2024, Vol.37,No.6

using percussion apparatus, while sham operation group did not damage spinal cord. Piracetam group was injected with pirac-
etam injection through tail vein according to 5 ml-kg™ standard ,once a day for 3 days ;the other two groups were injected with
normal saline at the same dose,the same frequency and the same duration. The rats were sacrificed at 1,3,and 7 days after
surgery ,and changes of Basso,Beattie and Bresnahan (BBB) locomotor rating scale was observed and compared. Enzyme -
linked immunosorbent assay (ELISA) was used to detect spinal cord inflammatory factors, such as interleukin—6  (IL-6) ,in-
terleukin—10 (IL—-10) ,interleukin—1B (interleukin—18),necrosis factor—a (IL—1B) and tumor necrosis factor-a (TNF-a) ;
HE staining was used to observe morphological changes of rats with spinal cord injury,and immunohistochemistry was used to
observe expression level of aquaporin 4 (AQP4). The activation of MAPK signaling pathway in spinal cord of rats after spinal
cord injury was observed by western blotting (WB). Results BBB scores of sham operation group on 1,3 and 7 day were 21
points. In spinal cord injury group,the scores were (1£1), (4+1) and (7£2) ;piracetam group was (1x1), (5£1), (9+2),re-
spectively ; the difference between spinal cord injury group and sham operation group was statistically significant (P<0.05). HE
staining showed that no abnormality was found in sham operation group. In spinal cord injury group,bleeding and degeneration
of spinal cord tissue appeared at 1 day after operation; flaky necrotic areas were appeared in spinal cord at 3 days after
surgery ,and spinal cord tissue began to slowly repair at 7 days after surgery. In piracetam group ,the bleeding area was less than
that of spinal cord injury group at 1 day after surgery;at 3 days after operation , the necrotic area was reduced and the range of
nuclear disappearance was reduced; and the spinal cord began to recover slowly at 7 days after surgery. AQP4 staining of
spinal cord of rats in sham operation group was weak at 1,3 and 7 days after modeling, AQP4 staining was deepened and area
increased in spinal cord injury group, AQP4 staining of piracetam group was lighter than that of spinal cord injury group,and
the positive cells were slightly increased and the staining was slightly darker than that of sham operation group. At 1,3 and 7
days, the level of IL-6,1L-10,IL—-18 and TNF-a in spinal cord injury group were higher than those in sham operation group
and piracetam group (P<0.05). Compared with spinal cord injury group, the area of spinal cord bleeding and necrosis were de-
creased by HE staining in piracetam group,and AQP4 staining was decreased by immunohistochemistry. WB results showed
that P-ERK,P-JNK and P-P38 levels in spinal cord injury group at 3 days were higher than those in sham operation group
and piracetam group (P<0.05). Conclusion Piracetam not only showed significant effect in promoting motor function recovery
after spinal cord injury,but also showed positive therapeutic potential in reducing lesion area,regulating AQP4 expression to
reduce edema, and reducing inflammatory response by regulating MAPK signaling pathway.
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LLC A7, 45 0482) ; 71 A ¥ (Amresco LLC /A 7],
5 517-28-2) s 2L ([ 25 5 14T ) 5 — W% ([ 25 4%
, b5 100092683 ) ; Hh PE B i (1 2 4 | dit 5
10023418) ;4% % H [ (Solarbio /4] 45 P1110) ;
15 12 £h 2% vp W (phosphate buffered saline, PBS) i 5¥)
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I8 IR WE [N T —a (tumor necrosis factor—o, TNF-a) , fif§
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say , ELISA )i® 7 £ (Invitrogen 23 7 , it 5 KHCO0061 |
KAC1331 KAC1811 KHC3011); fu 3 77 it ([ 24 4&
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1.3.2 #ERHI& R A CHERIYAN 4550 31 i iy
1 ifi &% @ 57 SCI B AU o % SD K PR 5 J5 #% B
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Tab.1 BBB scores of motor function status in each rat

groups after spinal cord injury (x+s)

A oy
2151 &L 1R 3K EINIPS
T AL 18 21 21 21
HHiH 4 18 1+1 41 7422
MR PEIHA] 18 11 5] 94212
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BEITF U RS IR, 3 22 1 FELIZ 9 46 /0N , 40 45 g 3% ¥
A, KR X SRR R 2, WK 1,
2.4 AQP4 I [ RBAKT AL
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x2 BHXRAERNELAEERKRERFKFEEE (1)
Tab.2 Inflammatory factors among different groups at different time points (x+s)
LA :pgeml™
B AJE 1d AJE3d AJE7d
20511 U
1L-6 1L-10 IL-1B  TNF-a 1L-6 1L-10 IL-18  TNF-« 1L-6 1L-10 IL-1B  TNF-a
BEAL 18 23.81+  21.15+  22.63+ 1452+ 2431+ 2377+ 21.13% 16.76+ 2331+ 2421+ 20.35+ 18.29+
i - 0.61 1.37 1.53 1.42 0.53 1.15 1.42 1.65 0.76 1.52 1.65 1.31
6527+  56.13x  78.62+ 33.61x 55.63x 42.63x 7436+ 4241+ 4533+ 3846+ 58.53+ 36.88+
T 18
1.65¢ 1.82¢ 2.38% 1.53¢ 2.13% 1.42% 1.52% 1.61% 1.31 2.07? 1.97% 1.34¢
36.24+ 3023z 4361+ 28.62+ 40.09+ 3544+ 39.88+ 2481+ 34.08x 30.11x 3247+ 20.52%
mppIEE gl 18
0.78" 1.7% 1.45° 0.88" 1.13¢ 1.372 1.21# 0.42¢ 0.72" 1.74"2 2.09" 0.49"
F 1y 1100 359.4 712.4 171.9 362.14 15633 113295 282.05 388.02 4795 31223 247.17
Py <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

e HERFRYAM L, =42.11,P<0.001 ;%=34.46,P<0.001 ;“4=56.18 , P<0.001 ;“4=19.09, P<0.001 ;"¢=31.3,P<0.001 ; *t=19.86 , P<0.001 ; %=53.23,
P<0.001;%=25.65,P<0.001 ;"t=22.02,P<0.001 ;“#=14.25,P<0.001 ;¢=38.18 , P<0.001 ;*“4=18.59 , P<0.001 , 5 &fi 461 103 41 bt 4% ,"t=29.03,P<0.001 ;
%=25.90,P<0.001;%=35.01,P<0.001 ;*=5.48,P<0.001 ;*t=15.54 ,P<0.001 ;*1=7.19,P<0.001 ;¥ 1=34.48 ,P<0.001 ;*7=17.60, P<0.001 ;"t=11.25 ,P<

0.001;"%=8.35,P<0.001 ;"1=26.06, P<0.001 ;"=16.36, P<0.001
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55 SCT AL LR, 25 5 A Ge i 2 8 X (P<0.05) . WLIA]

WHoEas R BN, hivEIH 4 5 SCIHAES 3.7 K
BBB P43 B A7 A5 i 35 75 57 (P<0.05) , 4% 5 3 W i 47
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SRETT, AR P AE A AL,
L A 28 0 FL R 2R 3 T I R
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Fig.1 Changes in HE staining of spinal cord in each rat groups at different time points after mod-
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