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Abstract

BACKGROUND: Acupuncture + rehabilitation therapy is the most effective treatment for cerebral palsy.
Growth associated protein-43 and synaptophysin were characteristic markers for neurodevelopment and
synaptic density, and involved in nerve cell growth, repair, regeneration and synapse remodeling.
OBJECTIVE: To study the effects of acupuncture + rehabilitation therapy on the expression of growth
associated protein-43 and synaptophysin in cerebral palsy rats and to investigate the mechanism of
acupuncture + rehabilitation therapy on cerebral palsy.

METHODS: The 125 rats were randomly divided into five groups: sham group, model group, rehabilitation
group, acupuncture group, and acupuncture + rehabilitation group. Rat models of cerebral palsy were
established in model group, rehabilitation group, acupuncture group, and acupuncture + rehabilitation group.
Rat models in the sham and model groups did not receive treatment. Rat models in the rehabilitation group
underwent rehabilitation training. Rat models in the acupuncture group were subjected to acupuncture. Rat
models in the acupuncture + rehabilitation group underwent rehabilitation training and acupuncture.
RESULTS AND CONCLUSION: (1) Motor function: The motor function scores were better in the
acupuncture + rehabilitation group than in the model, acupuncture, and rehabilitation groups (P < 0.05). (2)
Growth associated protein-43 and synaptophysin expression: immunohistochemical staining revealed that
compared with the model group, growth associated protein-43 expression at 2-4 weeks and synaptophysin
expression at 4 and 5 weeks were higher in the acupuncture and acupuncture + rehabilitation groups (P <
0.05); the increase in above expression was most significant in the acupuncture + rehabilitation group (P <
0.05). (3) Results confirmed that acupuncture combined with rehabilitation promoted growth associated
protein-43 and synaptophysin expression in rats with cerebral palsy and exerted neuroprotective effect.
Subject headings: Tissue Engineering; Growth Associated Protein-43; Models, Animal
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Table 1 Comparison of motor function scores of rats in
each group

BEE BERM BB REEH FHIAH FR R 4
I [HJ

1 JE 18.8£0.13% 5.8+0.22 5.6+0.25 5.7+0.20 5.7+0.27
2 A 19.2#0.10° 5.7+0.15 5.6+0.14 5.5+0.14 5.9+0.23
3A 19.8+0.16° 6.4+0.08 6.2+0.25 6.0£0.25 8.4+0.10*°

4 & 19.0+0.16* 6.0£0.12 8.6:0.24° 8.3+0.24° 11.2+0.13%°
5 & 19.540.23% 6.6+£0.22 12.5+0.09° 12.1+0.09° 15.3+0.16™°

Frk. SRR, *P<0.05; SESHE, °P<0.05; S5
k4, °P<0.05.
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Growth associated protein-43- and synaptophysin-positive cells in the site of lesions at 3 weeks after model establishment

E1 ZEE3EAZBERRR

Figure 1

in each group (immunohistochemical staining, x400)
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Table 2 Expression of growth associated protein-43 at the injury site of rats in each group

Fr e 4

FERMERER
43

(xts, n=5, WRIEJEAY)

SR B () BFRH FLTYH REMH EFRIEH S A
18 0.084£0.021° 0.177+0.014 0.164+0.019 0.173+0.020 0.173+0.011

2 0.085+0.019° 0.234+0.015 0.274+0.014° 0.275+0.012° 0.292+0.017°*°
3 0.084+0.017° 0.361+0.028 0.419£0.013° 0.420£0.023% 0.484+0.016°°
4 5 0.083+0.016° 0.204+0.012 0.257+0.010° 0.256+0.024° 0.282+0.013%°
5 J 0.087+0.023 0.092+0.014 0.089+0.034 0.090+0.29 0.100+0.026
Rk EEAMHE, °P<0.05 SEZAHE, "P<0.05 S4RI4IHE, °P<0.05.

F# 3 HBEXRAMFETEL SPY HIFIEER (xxs, n=5, WLFEH)
Table 3 Expression of synaptophysin in the lesion site of rats from each group

FRASE i B [ BFARA TR REH Al A
17 0.163+0.011 0.134+0.019 0.138+0.012 0.140+0.017 0.139+0.021

2 & 0.162+0.013 0.120+0.012 0.124+0.024 0.125+0.022 0.130+0.015
3 0.163+0.009 0.162+0.016 0.166+0.023 0.167+0.025 0.178+0.019

4 5 0.164+0.016 0.228+0.015 0.254+0.020° 0.256+0.014% 0.286+0.017°*°
5 0.163+0.017 0.244+0.014 0.284+0.015° 0.283+0.018% 0.332+0.019°*°

Tk HSHEAENE, *P<0.05; SEE4ILE, "P<0.05; HEH4IHE, °P<0.05.

b5 584, BIEEHT T F. HEEZ . BT RIZH AR I He 5 4
ERIESE 2, 3, 4JF KR AR 22U KA G
43\ R IER E TR (P < 0.05); 41 fl = 414
B2, 3, 4SRRI AR 2R AR K HE 43
ik m TR ARERIZ(P < 0.05). mizﬁn1
24 BLEKBKBREME R OEG M RAE

BRI FEE 4. ﬁ%ﬂéﬁ%ﬂ%ﬂiﬂ%ﬁzﬁmmmﬁ@ﬂ
LS /LB A (RIS S SR 2 B A, RS AN
Thwr, fEss4, SFN, FERAl. AR 4R R R 4

4002

BRI 95 A8 4 4 S Mo /N I B 1 I R Y o T A 4
(P < 0.05), HAr&fBeE 4L S H 5T R ALAnEr
IZH(P < 0.05). N.F3FE1.

3 iFif Discussion

I P i 2 i 5 P S R 5 LA 1 HH AR AT s AR S 1
A H A R EEBEAT PR (4 AR P B 3 S RS B B RS, 2
JUB I B R 2 — o o B R =Y o P e A
JUB, RN 42%-45%. itk RESELS B L R

P.O. Box 10002, Shenyang 110180



BEE, 5 HRERSTEG WA S AW AR A K ] 43 FIRE 1 2 F1 7 262

@ﬁz WWW.CRTER.org

Fas ok BRI, BRI R IR A AR
R R 1 - BT R A S L LR Gl A e
PR A% . R RERR I R T LR TS T . S VT
FR P 25 4097 o

PRI : OZ5WiGIT: 25t sT R LA
Ky, ARHERRZR AN A KR, SRR, T
EAEER, LAY R, Rk K T
@F Rify7: H T AR A R s 5 4y
VIR BREIET AR, BN 1k 8 2%
B UIAY, @B iGIT: MAT ARG
S PG 0, T LA 3k D A AR R
DRESTIRTT: & ST B RGE 5B VI IR 77 1 e
BB, BT R A WK 2] LU R KIS
IR LB T RS, oD Ra e MY S RE s i
HoRiEshDhRel, 51 SR EE AT LU w A ) LR
KR E %S,

BT DR W AT S E U TR T
HLE Gesell Bl 48 £ prog ", T =
B 28 7 RS 2503 B LIRS i3s3 e 1000, SREFAT fhkr
B bl EoEsh™, SR I T LR Bk KIS
Zhh e, SR IR 70T LR & LR R,
@h2h: AR BRI RS VAT I R R R
SR RO, 2R R VAT R R AR R T LA
5 ADL 15y, wRAEisk hl, OHs. sy
R R I U R ] LA R ks B e, o
S oh e Rl @B . 2RI R R g
BB AT, 328 CMEM V4318, 2 i A A5 ) 3
VAT I T R R T, AT R SR DA SE R
Ji 5% 3% 30 g 2P,

B L5 B AT . RSB BT A R R AT
VEFERE T A 89% Y, b IE T A A AR
7 AR T ME S R 2 48% P2, i 45 4 Me iy
Y ZRmr LU L AR Dh 6P, RE R IRl & rh 24
L %, e 1) T 4 3 5 2 O e b Y,
RESE D RE I ZRIBE A5 mh 25 250 T A LR,
R S I 5 BB P T L 3 9 2 TR i L L
KIEBN TP, P e BRI MR T VR A T I
S R LA T Th RERS RS AR T s s i o7 7 R,
JE S VI 5 B0 T B M FhL SR A R LK 4R
w N E S h P, e WeeFIM &R T ST 4
%[29] .

Bz, B e R A R, e R

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

FEZ R SR TR0, R IR
(KR & PP B RUR A T B . RIS R
ST 77 iR T BE) VAT I M e B4 £ 45 IS S5 T
FRUGBE AL &, FEE VAT I BT RE 25, 4 T
SRR R S AT IO AL, FEIRIR P RAE T B
TFIVAIT 2R, ARG R I S FIE B hRERERg, 1
BRE AT . IR R REARE (R
R A, SRR MR, MRS AS B, R
ProRs & g oY, wT LU i G g L R B 2 4
(KA, R (20 G 0 P R P A 24
W5, FEG R IT P R B B RET LAk
LRt izshhee e, S ot
wohre kRt s re R s, A KX E A 43
FS /N R 1 R AR AL LU 2 M SRR E A,
S 5B T ERRRS. EKAERED 43 FTAE
M TCRN RO s 23k, AR K AH TR 1 43 FE8 Sl 5%
K, FERRESHRUUEI K, EREANDRIELL
BAERY, BREHmaatk. B2, BEDRESR
i IR AR R R R . R LR, A KA
HE 1 43 mRNA FRIEHN, {2k 20 To K 2 RUR 5 5
IO SN e 7R LT R R R
RGP Sl /N R (1, A S A T SR I B R A
Y, BefsER M2 R R, SR e s B B
BT, SEfit /N R 8 B R R 22 A A Th B
S HMAMBNE K. BE. FE LR mER,
E I 0 0 M e I B, 2R T AR A AR, R
fih /L2 A iR RS,

S 3 3 S L 0 A TR K L S 0 B
W7k, TR K, 0 B LT B
SIGTT EPRATT . ATREIRYT . WEAENGIT ARG
TYRUR . KIS R R, BHRIREE AN KR T AR
BT, DI A B I T AU B, RER IR
DU R 2 A R K, MR AR, ik
5 BTN, KALS3h a0 AL S i g 2 T
W, Ko fitnas B /b, A2 2 2T 8 ) ] i S i 2
JRE 52 I 30 T LA S 498 5 fih /N Y 25 11 S S P2 1 S R
JiE, B0 B TR A /N R IRk, RIS E
T V2 5 ORI A 2L R S s NV B sk g T R
e R o % IO Ky B P A 40 PRLATL AR T 6 Ay 348 o e 8 5
KR, PR AN TSR ZE, 3 0 S AR e 2 T [ B
R, % PWME SN REE K. BE UGS E R )G
KR KAN KR () 43 [FRIER N, RFERE

4003



BEE, 5 HRERSTEG WA S AW AR A K ] 43 FIRE 1 2 F1 7 262

@]Mﬁz www.CRTER.org

PREM R KARSGEE T 43 K, (e sE
2, TR, (R R AT, S N R
fizshZhhe.

SR LPIR, BERIBK A HERT VAR IR RIS A S n]
DA R K B Mis sh Zhge, AR BRI AT 8E 0 &1 RIBc &
RS ITT RENS (UL AR AL LV E KAHSCE (1 43 55 - i)
MWEARRIE,

B AT R AZ AR KRB AR AR A FI A
Bh g A Fr AL AT A

EZFZRH: %4 kit sk, # =, =%
R R AR I IS
FUBHIZE: PR AR 3 FIATT SUF A AR B % F)

BAFR,

EEEE 8. e ilAR f At S a4 B 44 2009
{Ethical issues in animal experimentation) #8% 541632
FAAENGFY), FHRFETAH XSMERCETH T E
FIRF M B E RS0 RS e T J AR,

XELZEF LFHRATCLiE CNKI R 2| 5 kb
F%itiT3 kB E.

XEHNF: LFZEN DTG ERRFINT, 4
SRFIEFEF E.

TEZEHT: % —AVEH xR AR e L B ILay R
AT AR, L F R REE R . SIE(LIEHE
AR R )L R BRAER OB AT 2 FA4E %,
TEZEE.

KB LFERALRE SR EBALE
T AR £ WX

4 BE3x#Ek References

[11 Holtzman DM, Sheld RA, Jaffe W, et al. Nerve growth
factor protects the neonatal brain again hypoxic-
ischemic injury. Ann Neurol. 1996;39:114.

[2] HEXCFR TR ARG R KRR AT B AT I[J]. S
Y5 P K,1991,1:1,

B8] 3=z /D)UY AR L K2 ih e RE[J]. R I 2,
2011,32(6):859-862.

[4] PR E N LSRR R I o PG B VAT R[] AL R
L B 2£.2012.03(1):47-48.

(6] JEFME,PhFE. B S E VI SRS & R ITVEXS /N LI Ve
T Re A AR ] RS T 56T, 2013,
24(10):2385-2389.

[6] (WM, 245 F0, T BH, 55 . Halliwickd A ot 275 1 i 14
T )L B ST AR K I2 sh D) se 2 maJ]. of g s e 7
7, 2013,32(10):875-880.

4004

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

XU e, 7 48 A DR e PRI GR3 I P E e B8 ) LI K2
B[] 78PN K554, 2013,20(5):70-71.

BRI MO T BN, S 5 | 2N T e ) L
RER B MR WA HT[J]. 16 PR = 52 TF%,2013,20(4):
434-435.

it SRR, R, 55 Sk Bk Mo P RS ) L DA 60 o e A T
Wt 5 R LA 1 R TR [J]. R o S 2 R %41, 2013,
29(6):532-534.

TR G, AP B T T, S5 L BRI EC & Dh AR VI 2Rt /N ) L
PERE RS A2 3 T Be I AW A2 [J]. = ) LR K, 2018,
9(5):40-43.

fa] &4, 5 A%, T A5, 5 AT UL & SRR T S S g BT A
Sof A1 B 282 f P W8 £ )L Ik T R ) 2 i [J). [ R A P
227k 7%,2013,28(9):864-866.

KIWE AR b, 2 o 8 /R MR 2 YA T AN B 7 1 3 2R P e
BEALTAT X B 5T [J]. 35 A s A R 2 75,2013,27(6):
113-115.
BRI, S SR B RET IW HE 7kt 200151 i 7
e ) LB AT B I PR RO SR [J]. e ) LR GE,
2013,9(1):62-64.

BRI% A0 R 2 S 3 P RS 2 1 o B R B ke TR
[J]. % 3£ %%,2012,36(2):160-161.

Bl 5 B, FENTAR, SRR 23 86 i3 45 1 ¥R 7 e 28 B i M JREE40
BilE R &[] AL E=,2012,34(1):21-23.

A7z, ik iR 2, T P, S EUIE AR S BNy 2R A i e
SR K2 2 T e & R B F AR ARy B2 A [J). R AR
% 7k7%,2013,28(10):952-954.

XUBHNE, SR B8N, 08 RIT R T7 P45 e 22 2 o P e
RAT D RERRT IR AR S [J]. 7 B A (7, 2013,19(3):
176-178.

T HIE NMESE: 532 ly7 v00) o M e 8 ) Lig sl Th g I
M[J]. 4B 2EA 5T, 2013,11(33):165.

M JR . 2 P AR AR R S VA T B T B 28 LT 43 A
[J]. *F [ B #54579,2013,11(23):213.

KUPREE TR AL, 8% 55 TLAT A SR o 2 2 T80 i 1 o i
JULER T (g i [J]. o [ B R 38 55 521, 2013,19(8):
771-774.

SKAT TN, 7 5, B B I8 BT VAL A BT R AT I Tk s
A IRITT BOW B2 [J]. 0 [ 15 5% B2 52,2013,21(5):25-26.
FEPIE, 5 e B A A b BT T /N L
i 7 e 52 88151 [J]. Bk 7t 1 22,2012, 33(7):799-780.
PR3z, L3R EF RIS A A DI R TR T B P R 2 ) L AR AT
Ty he S8 il R 73 [J]. 51 RIAH 57T, 2013,38(5):403-410.
JE AR R, T, S5 AT B R VR YT AN B I8 B 2 i P g
FEHLPAT 3 IR BFA[J].3L 7 B 4% 7%, 2013,40(6):
1063-1064.

REHRER, 4%, T MK, 5. P 2 80 OR L & TR VI 2R 0R )T 7%
2 f P B 59 I R WL B [J). TP B2 25 541k, 2013,19(1):
36-38.

Tk, £ @I HER T g G A VIR T 681152 22 T
THEREST SO B2 [J]. H N B2 45,2013,32(11):838-840.

P.O. Box 10002, Shenyang 110180



BEE, 5 HRERSTEG WA S AW AR A K ] 43 FIRE 1 2 F1 7 262

Gtinese Jomal of
s Ercneetng
Reasorih

@mz www.CRTER.org

[27]

(28]

[29]

(30]

[31]

(32]

(33]

(34]

[39]

[36]

[37]

[38]

[39]

[40]

AR, AN B 5 P R A A AN Vg )L B
W B A R B T BOUL 52 [J]. o [ e B B 5 92k, 2013,
19(4):375-377.

B, R, IS OIS R I e B R ek A Y
U TR g 1 e £ LT a2 3l 2 RE AT Ao R [J]. P
FERES/K,2013,28(12):1126-1130.

A% /N FL R0 i P e ) L B A AR T RBOEAN
[J1. 7 E B 2548 ,2013,7(20):48-49.

T 22 0 NI ST R AL BRI SR IR AT /) LIl
PR (17 AOW 2], A R 25%:71,2013,31(5):1191.
K 2 Sk 7NN 25 -G R B N ZR 2 R IR A8 K BR pe 48 ]
SRS (T [D]. 0 /R SR VT B 25K %, 2004.
KW Sk 7N 5 e S BRSNS PR i R A8 R8I IR
BMBIL-6. TGF-P1& S0 8T 5 [D].0a /R i BB R+
B= 25K %,2008.

JFER, A, B, S5 Sk ONRNE I R R AE S5 R
P T 240 0 K 5 XA A ) S S ATF A [J]. o R AR B
7:,2009,24(8):676-679.

2 SR AT, IS HAT , S5 TS0 fi A o 5 2 2R RS 1 R i
[J]. 5 E R iR 5 50 8, 2011,17(4):325-327.

XU, e, FLIE. S/ OAR B & B VI ZRiB T i 58 A0 /2
BEN T RERE RS IR I [J]. 51 4 I R 2 5,2009,25(10):
32-34.

Tk B R OR. AT BT I A g s Itk R B A T 9 I
RMLZE[J]. T E 24 k,2011,52(10):855-858.

TRHEI, A7 e, 5K 5L, 55 Sk FONRI 5 & REEL VAT 7 0 I REAE /6
F P D AR R W R S [J]. H o B 24718, 2010,2(30):
126-127.

A, TR, AR, 5 SR ONRI S B FR VI R0 I R AT 6
U T AR RS AS 5 [ J]. o R A B0 5 528k, 201,17
(4):316-318.

Mcllvain VA, Robertson DR, Maimone MM, et al.
Abnormal thalamocortical pathfinding and terminal
arbors lead to enlarged barrels in neonatal GAP-43
heterozygous mice. J Comp Neurol. 2003;462(2):
252-264.

Chen B, Wang JF, Sun X. Regulation of GAP-43
expression by chronic desipramine treatment in rat
cultured hippocampal cells. Biol Psychiatry. 2003;
53(6):530-537.

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

[41]

[42]

[43]

[44]

[49]

[46]

[47]

[48]

[49]

[50]

Levy HI, Hanscom B, boden SD. Three-question
depression screener used for lumbar disc herniation
and spinal stenosis. Spine. 2002;27(11):1232-1237.
Thiel G, Synapsin I. Synapsin Il and Synaptophysin:
marker proteins of synaptic vesicles. Brain Pathol.
1993;3(1):87-95.

FRAESE 7T, B 735, S5 R R 5 I SR PR A AT R B
FEFELE ) Rl K SR 2 1 e S 3R 3 B R i [J]. o [ 4
#HE4%,2010,13(5):501-505.

Rumajogee P, Bregman T, Miller SP, et al. Rodent
Hypoxia-Ischemia Models for Cerebral Palsy Research:
A Systematic Review. Front Neurol. 2016.

Kang B, Kim DH, Hong YJ, et al. Complete occlusion
of the right middle cerebral artery associated with
Mycoplasma pneumoniae pneumonia. Korean J
Pediatr. 2016;59(3):149-152.

Placha K, Luptakova D, Baciak L, et al. Neonatal brain
injury as a consequence of insufficient cerebral
oxygenation. Neuro Endocrinol Lett. 2016;37(2):79-96.
Balakrishnan N, Ericson M, Maggi R, et al. Vasculitis,
cerebral infarction and persistent Bartonella henselae
infection in a child. Parasit Vectors. 2016;9(1):254.
Wang JH, Zhao M, Bao YC, et al. Effect of
Scalp-acupuncture Treatment on Levels of Serum
High-sensitivity C-reactive Protein, and
Pro-inflammatory Cytokines in Patients with Acute
Cerebral Infarction. Zhen Ci Yan Jiu. 2016;41(1):80-84.
Zhang CH, Bian JL, Meng ZH, et al. Tongguan Ligiao
acupuncture therapy improves dysphagia after
brainstem stroke. Neural Regen Res. 2016;11(2):
285-291.

Sands KA, Shahripour RB, Kumar G, et al. Acute
Isolated Central Facial Palsy as Manifestation of
Middle Cerebral Artery Ischemia. J Neuroimaging.
2016.

4005



