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(Abstract] Objective To observe the mechanism by which pressing manipulation of tuina improves neuromuscular

dysfunction and alleviates muscle spasticity in spastic cerebral palsy (CP) rats through C—fiber modulation of the sirtuinl (SIRT1)/
serum and glucocorticoid-regulated kinase 1 (SGK1) molecular network. Methods Fifty SD rats were randomly divided into a normal
group (n=10) and a modeling group (n=40). The spastic CP model was established by ethanol—induced pyramidal tract injury. After
successful modeling, the spastic CP model rats were further randomized into a model group, a pressing manipulation group (PM
group), a pressing manipulation+capsaicin group (PM+Cap group), and a pressing manipulation+saline group (PM+Sal group), with 10
rats per group. The PM+Cap group received 2% capsaicin to ablate C—fibers in the left sciatic nerve, while the PM+Sal group
received saline as a control. The PM, PM+Cap, and PM+Sal groups underwent daily pressing intervention at the tendon organ
junction of the left triceps surae and Achilles tendon for 14 consecutive days starting on day 2 post-modeling. Muscle spasticity
was assessed using the modified Ashworth scale. Neurological deficits were evaluated via the Zea Longa scale. Pyramidal tract
pathology was examined by HE staining. Glycine and gamma—aminobutyric acid (GABA) levels in the pyramidal tract were quantified
by immunohistochemistry. SIRT1 and SGK1 protein expression in the hippocampus was determined by Western blot and ELISA.
Levels of SGK1, SIRTI, extracellular signal-regulated kinase 1 (ERKI), adenylate cyclase 1 (ADCY1), and calcium/calmodulin -
dependent protein kinase II (CaMKII) in rat spinal cord were measured by ELISA. The Dy, value for soft tissue tension in the rat
medial thigh muscles was measured using a soft tissue tensiometer. Results After intervention, compared with the normal group, the
model group showed significantly higher modified Ashworth and Zea Longa scores (P<0.01) and lower Dy, value (P<0.01). Compared
with the model group, the PM, PM+Cap, and PM+Sal groups exhibited reduced Ashworth and Zea Longa scores (P<0.05 or P<0.01)
and significantly increased Dy, values (P<0.01). After intervention, compared with the normal group, the model group exhibited
significantly reduced average optical density (AOD) values of glycine and GABA in the pyramidal tract, along with downregulated
SIRT1 expression (P<0.05 or P<0.01) and markedly upregulated SGK1 expression (P<0.01) in the hippocampus. In the spinal cord,
ERK, CaMKII, and SGK1 levels were significantly higher (P<0.01), while ADCY1 and SIRT1 levels were lower (P<0.05 or P<0.01).
In contrast, when compared with the model group, the PM and PM+Sal groups showed increased AOD value of GABA in the
pyramidal tract, and elevated SIRT1 expression (P<0.05 or P<0.01) while reduced SGK1 expression (P<0.05 or P<001) in the
hippocampus. In the spinal cord, ERK, CaMK I, and SGK1 levels decreased (P<0.05 or P<0.01), whereas ADCY1 and SIRT1 levels
increased (P<0.05 or P<0.01). Conclusion Pressing manipulation of tuina at tendon organs may improve neuromuscular dysfunction

and alleviate muscle spasticity in spastic CP rats through C—fiber-mediated regulation of the SIRT1/SGK1 molecular network.
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HH 18 P S 5 S S 4 sh A R Rl St i el
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JB A A RS\ ) 5 BCA A IR B2 5 12078 & Rabbit
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Bt A YR ey A BR8] ) ;SGK 1 SIRT1T.GAPDH
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Y TRARAF).
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EIRMEERAL ) BER 1 IR,T OO L AR LT
2ANYTRE(14 3K, T IR v i S0 A 53 B, B
1k H I SMOTFTRR B AN R
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FEEFIKA T REB R E S 2 K| R 1AE
B AR A R KB TR RS Ak
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AT A FE 5k B Rk A, ST
14 d,
1.6 MEBIEFRRARN A %
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a3, BRI R R A R AL
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1 G5 — VISR ZE TR pixel VE R bR IEEAAL 43 50 &
Bk U0 e 3 A HLEF BH M Y R BOG % B (Optical
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G S SR TIP Ry 1 DN - = ek o 1 N o N
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IFI IR Image) PG KB , O3 — &8 HEA
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SIRTIHY & 12,

1.6.6 ELISA #{-K FL##6H SGK1 SIRT1 ERK
CaMKII ADCY1 i AR 10 H KRR L1-12
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3 000 r/min 242 10 em, BO S EEWR, #i R
ELISA 3 5 & Ui W] 20 B8 & W SGK1 SIRT1 ERK |
CaMKIl ADCY1 & &,
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i1 SPSS 25.0 #EAT4ETT2E AT, THREBORIL
“xas" RN AT IR 5 22 MR il R RS
M, ZHE HLBER One-Way ANOVA AT
Fds, 7 55 IR LSD ¥E, i 2 AR SFIEE S Dun-
nett T3 1 AN 2 IEASPERTH “M (P25, P75) " Hiids
VERERERIG T . L P<0.05 NESA G405 X,

2 &R

2.1 BHRRBIEEERELR

THUET, HIER AL AL k] F
PR A 3R K R MR Ashworth 1 %143
B EW S (P<0.01), TS, 5iEH HAH M B
ZHR Rt R Ashworth 1 1743 i 318 5 (P<0.01)
SRR L, A Fe B R ] Ak ok 4l
MR Ashworth Ft P73 B FE I (P<0.055% P<0.01)
STURTAH L, 1% 2% 4 A 1k R K 2R BT Fis
i K Ashworth FEFRIEHIF#AIK(P<0.05) , TEWLZE 1,

1 BAKXRMUR Ashworth ERIFSHELB[M(P25,P75),
n:lo,ﬁj}’]
Table 1 Comparison of scores of modified Ashworth scale

among different groups of rats [M(P25,P75),n=10, points]

41 T THE
IEHH 0(0,0) 0(0,0)
HRIZ 4(3,4)** 3(3,4)**
Fei 3.5(2.75,4)** 0(0,1)A4
kR A 4(2.75,4)** 1(0,1)4
Ferkdhok4l 4(3,4)** 0(0,1)A44

L SIERWAMLL, **P<0.01; 5HEARIZHM L, 4P<0.05,44P<0.01 ;; 5T
A, *P<0.05,

22 BAKXBHZINEERIRIEELLR
TR, 5 IEH AR BERYZE Fivd ] Pk

R

MU A AR KA KB Zea Longa R 1PF3 44 i
FETHE (P<0.01), THUS, 51EH 416 b, BRI 4] K
R Zea Longa £ & PF4r i3 T (P<0.01) ; S5
ZHAH LG, #5020 595 PR 2 A s 3h K R R
Zea Longa i K IFIHHIFEMR (P<0.05 3 P<0.01), 5
TTRTAH LU, #5752 AR B K A KR TS Zea
Longa R4 HIBEIR(P<0.05) . TEILER 2,

K2 BHKR Zea Longa ERTFD LR
[M(P25,P75),n=10,%}]
Table 2 Comparison of scores of Zea Longa scale among

different groups of rats [M(P25,P75), n=10, points]

4157 TR T
EHH 0(0,0) 0(0,0)
T2 3(2,3)** 2(1,2)**
kA 2.5(2,3)** 0(0,1)44

ek E A 3(1.9,3)** 1(0,1)4
FeikEhk el 3(2,3)** 0(0,1)44

ek
B 1 SHKXBRKMHEER HE LBERE TRUERER (n=3, x200)

Fig.1 Microscopic observation results of HE staining in the rat pyramidal tract across

groups (n=3, x200)

L SIEWAA L, **P<0.01; SEAIAH H, 4P<0.05,44P<0.01; 5
FHHIAH H, #P<0.05,,

23 FBHABRKMEFRFEFNELER

26 HE Ye s B2 T T ULIE 21 R B 4 A
NP2 2 IIHES R, AU AZ A 3850 S IE R 4L
ST 2 A FRURE (A SRR b 26 200 L S AR U R
A REAZIARTRGR /N Y TR s SRR AR LG, $14
PR A kK A v | AN i KRS AT
W BT /NI T 1, A Y 25 G AN 1
UL 1,
24 FHEKXRBRAREARRBPHSER.GABA B AOD
ELLE

SIEHAAM M AR BUH 2R .GABA JAOD
{EFEAIK (P<0.05 X P<0.01) ; SHIRIZIAH EL , gk
SUHER AOD {5 EIIN(P<0.01) , #ie i 4 vk
KL KB GABA 4 AOD {EI38 i1 (P<0.05) , £
Kl 2—3,

LB AL ELRV
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2 BHEXBKEEGRPHEE . CABA RIXHER (L, n=3,%x400)

Fig.2 Expression levels of glycine and GABA in the rat pyramidal tract across groups (immunohistochemistry, n=3, x400)
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L &
B3 HEXBAMHEARPEHIER.CABA I AOD &
bR (n=3)

Fig.3 Comparison of AOD values of glycine and GABA
in the pyramidal tract among different groups of rats (n=3)
FE S ERAE, *P<0.05, **P<0.01; SHIEILIA L, 4P<0.05, 4
P<0.01,

2.5 VAKREDH SGKISIRTI EHMEXRIE
733

55 IR R A L R K B SCGK 1 ik i 3
5 (P<0.01) ,SIRT1 ik ik & F A (P<0.01) ; 575
AUAH G, 4 HR K AR Ak
SGK1 ik W EFER(P<0.01) , LA #ikEh
2H SIRT1 Fik I THE (P<0.05 5% P<0.01), £
4—5,

®&
¥ %&@‘&ng&/ "5’
SGKI [ we = == | 57 kDa
SIRTI | - - _.|115 kDa

GAPDH | #» s s s w= | 36 kDa

B4 &/AKXREDH SCGK1,SIRT1 HIEEEKE
Fig.4 Protein electrophoresis images of SGK1 and

SIRT1 in the rat hippocampus across groups
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Fig.5 Comparison of relative expression levels of SGK1
and SIRT1 in the hippocampus among different groups
of rats (n=7)

T SIEF AL, *P<0.01; SHRAM L, 4P<0.05, 44P<0.01,

2.6 FHHEKXREDH SGK1,SIRTI S=LLEE
HIEF A, BIRIZH KR SCGK1 & 2 i E Tt
75 (P<0.01),SIRT1 & it B PR K (P<0.01) ; 55
AL, FEPE A Pk Fh K A vk O R 4K R
SGK1 & H[%MIE (P<0.05 8% P<0.01) , #iik4l  Fie:
Eh/K4 SIRT1 & @375 (P<0.05) , TEULIE6,

1.0

0.8- * %
_, 0.6+ T
et
3 0.4

0.2-

0.0- T

B ‘& ‘& \ig
’@

6 HHEKXRIBEDH SCGKISIRTI R (n=7)
Fig.6 Comparison of SGK1 and SIRT1 content in the
hippocampus among different groups of rats (n=7)

W SIEH ML, **P<0.01; SR A LE , 4P<0.05, 44P<0.01 ,
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7 BAKREDES ERK,CaMK I ,ADCY1,SGK1,SIRT1 &ELLE (n=10)
Fig.7 Comparison of ERK, CaMK-1II, ADCY1, SGK1, and SIRT1 content in the spinal cord among

different groups of rats (n=10)
TE: SIEWHAMIL, *P<0.05, **P<0.01; SR, 4P<0.05,44P<0.01,

27 FBEKXREFEH ERK.CaMK Il ,ADCY1,SGK1,
SIRT1 &b

SHIEH A I, BRI K B #EH ERK CaMK
II \SGK1 7t & % F+ 5 (P<0.01) ,ADCY1 SIRTI 7%
AR (P<0.05 5 P<0.01), SEIBIZHAHLL, $ik 40
KEFEBEF ERK,CaMK I SGK1 54+ i FH &K (P<
0.01),ADCY1 SIRT1 5 & FH5 (P<0.05 5% P<0.01);
FRPHER 4 ERK F 8 FEIR(P<0.05) 5 ik hk 4
ERK . CaMK Il 5 F#{%(P<0.05) ;ADCY1 SIRTI ()55
BT E (P<0.05 8% P<0.01), FEULE 7,
28 BHEKXBRKBEAMAMMBKALRKS Dy, ML
b

THUET, HIER AL AL k] Fe
PR 2H AR R K 2 R B 5K T Do o ¥ B3
FEA(P<0.01), THUG, 51EH 41AH b, BRI el
UK ) Doy BT (P<0.01) ; SHIBIAH L, 1%
A FE MR A AR K A 215K T Doa
WEFE(P<0.01), 5 TTHT 3, #ek dd fiierkdh
IKH ALK T Do, o TSI TR (P<0.05) 5 5 1E
WA RS A LY, Fie vk gl e vk R K 20 0 ek
KR LUK FT Do o T PR IS 22083 25 T 55
(P0.01), W3,

x3 BHERBRXEEAMMBALRKS Dy, \, LT
b8 (x5 ,n=10,mm)

Table 3 Comparison of Dy, values for soft tissue

tension in the medial thigh muscles among different

groups of rats (xxs, n=10, mm)

20 5] maiii) il 218
EH A 3.02+0.17 3.07+0.15 0.0420.10
PRI 2.07+021**  2.17£0.17** 0.10£0.09
ekl 2.17+0.17** 2.93+0.1144¢ 0.7620.13**44
Fe kB A 2.11£0.16**  2.94:0.2144 0.82+0.17**A4
HekEhk Al 2.09£0.12** 2.92+0.1544%  (0.83+0.12**44

H HIEFAAME, **P<0.01; SERIZAH L, 44P<0.01 ; 5 T T T
AL, #P<0.05,,

3 i

3.1 HEFIRIRRENS B E I E IR K R A
LM IhEE

AR AR 14 A o e st R AR B L T
H B 2 TR TR TR ARG ik B
RN R, DK TR = Rk T LA i 4= B 22 K
PR, A B FHLAWE 7, (RIF)- 258D
PB4 2 Wl SCHE, WO 2 00 1R < FE K T AT
K FEZ MR B IR R W T
HEEHAE AR HE 5 MR BOFE R, SR iy
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LA , FAE AL AT BB 90 Piezol A 21 Y
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TR ERUR AR, ELXE EL 33405 A A B A 2T 25 7
—E MR AP, AROFFEER R | ek T
T RE A% YA 42 400 1 e R, F i AU H R
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AR AV P 128 SR T A LA e BE 2 5 B
32 HMEER CHALGHEREINTARAE
R

INEARRE A A A A 2R N 2 S B [R] 28 L B ) 2
REE PN, M A2 gk RO ik BE P3[R LA ST ALY
18 Bl R, e 2 B LY PR 2R e e 1
IR R B oA T LA -5 LB 4 Ak g
TRz A REMS WS M v a2 T, Sl i R 2
S REGLIA A AR Y2 sk B2 4K i sl i
W AM AT HERTA o iz B ATT, P
S 23 3 VR D R LA RS ST UL~ iz 3™
W, ASAITFE AR R BB RS B, LWL O IR
T P LR ZE MK 8 v O R AR

C EFH 0 F RS2 A T LR e 52 7 AR RO A UL
SR HAHUER ™ A2 (8 P2 0 S A B R, e e R
PR AT LA C 274 1 BB USRIt 10 3 ez
e B IIREAL™ S BTFE ] E i R Al B
(9 C 274, AT LUE R R R R IZ M 2otic % 2
Hi C 2R 4875 A B R IFFE R, AU XX
C LML FA VIR N I AT 2%
FHUZ X KRB AL B2 C R4t AT R ThRefLab 3T,
WERHE R Tl C 2 4L 5 BB A L

IO, SR G R SRR AR . ARWESEAE R s 1
X eram i (1T N Wt R ) e ey =N A
ALK )T R P2 RS W2 | i $ 7 1
AL R R A R IRRE R BB r R Al BE S C 27
HEA T RITF BN K

33 #EEETHE-NR-RENhEELE—F

LTP J2—Ff e 22 49 25 fi ] SR B , 7e 5 K
- I LTP 2 5990155 ML FI o fil i 2 1y st A
BEsRIEERE, A ATITR I, LTP (75 S FI4ERr S
M AR ML A 5 (e B35, LTP n] BE
ZHMz BB AL A B TR 2 D RERI IR E P,
ABEFE R, SRS i & B B LBROR] 8 n] 3 o
{5 PP ) P T S 1 ) e 28088 B H SR AN GA-
BA FESt R PO EAL O A 0., GABA 72K & M4
SRLTT AL o8, X A I 24 AT 1 N B 9 A 2 S A
YEHT, GABA REZfith ) m] 28 1 SR 30t Ao 22 T 1% sl A
FRIG T , E A 22 T Bl 1 i 5 2 s 440 Y
JRLPY CaMK 1T GG P4 R4 LSS | G208 - F6 s ARG
gy, UL M N SR TS 7 AR LIP3 A
TRESSE Il b S 4Rk I S A E i, 5
Hh A 22 T LS il 1 B2, BRI GABA 1EHIT
o 1 Bl 205 i Je A A2 A E i H =R BE
() 22 T FOSUEE A ] o 245 | A e AR S,

WFFE 4B, ADCY 1 S 45 AT 1] Bz Jot b 2 fik
]IV SCBEE S A1, B A RETS A LTP Ja4%
WP SRV E R, ADCY 1 38 4 7= A PRI i
(eyclic adenosine monophosphate, cAMP) i £ H
W A T X CaMK IL#EAT B2 16 , CaMK I 3R]
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Hi ADCY1 8835 TR CaMK I & 3% [Ft, CaMK
11 BT P RS BN 5 fiph B2 R 28 T 24 A e
ALY CaMK 11 #l ERK 5| A 2 MR B 32 R w1k,
P, CaMK I B 98806 761 2215 51 3k T 5 fish ] 22
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MY PR AR OIER  ERK FERBE M C SF4EA %
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ADCY! F &R BT,
3.4 HEZET SGK1,SIRT1 43 F M 4% 2 & K R
Z AR ThBEREFS
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