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Abstract

BACKGROUND: Shujin Jiannao Prescription is an empirical formula for the treatment of cerebral palsy in Dongzhimen Hospital, Beijing University of Chinese
Medicine, with clear clinical efficacy, but the specific mechanism needs to be elucidated.
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OBJECTIVE: To explore the possible mechanism of Shujin Jiannao Prescription in treating cerebral palsy.

METHODS: Sixty-four 7-day-old Sprague-Dawley rats were randomly divided into a normal group (n=12) and a model group (n=52). An animal model was
established by the Rice-Vannucci method. After successful modeling, 52 model rats were randomly divided into control model group (n=12), minocycline group,
and the low-, medium-, and high-dose groups of the Shujin Jiannao Prescription (n=10 per group). Rats in the minocycline group were given 40 mg/kged
minocycline by gavage; rats in the low-, medium, and high-dose groups were given 4, 8, and 16 g/kged Shujin Jiannao Prescription granules by gavage,
respectively; and rats in the normal group and control model group were given an equal dose of normal saline by gavage. Medication in each group was
given once a day for 1 week. The rats in each group were evaluated behaviorally using suspension test, abnormal involuntary movement score, and Bederson
score. The pathological changes of the cerebral cortex were observed by hematoxylin-eosin staining. The levels of tumor necrosis factor a, interleukin 18, and
interleukin 10 in the cerebral cortex were determined using ELISA. The positive expressions of Janus kinase 2 (JAK2), phosphorylated Janus kinase 2 (p-JAK2),
phosphorylated signal transducer and activator of transcription 3 (p-STAT3) in the cerebral cortex were detected using immunohistochemistry. The protein
expression levels of JAK2, p-JAK2, and p-STAT3 were detected using western blot.

RESULTS AND CONCLUSION: Compared with the normal group, the suspension test score and involuntary movement score were decreased in the control
model group (P < 0.01 or P < 0.05). The pathological results showed structural disruption of nerve cells, formation of large numbers of vacuoles, cell swelling,
and increased intercellular space in the control model group. In addition, the expressions of tumor necrosis factor a and interleukin 1B in the cerebral cortex

were significantly increased (P < 0.01), the expression of interleukin 10 was decreased (P < 0.05), and the protein expressions of JAK2, p-JAK2, and p-STAT3

in the cerebral cortex were significantly increased (P < 0.01) in the control model group compared with the normal group. Compared with the model group,
minocycline and Shujin Jiannao Prescription at each dose could improve the behavioral indexes of rats (P < 0.01 or P < 0.05) and ischemic-hypoxic pathological
changes were attenuated, with only a small amount of necrotic nerve cells and a few vacuoles, and reduced intercellular space. Moreover, the expressions

of tumor necrosis factor a and interleukin 1B in the cerebral cortex were decreased in each drug group compared with the control model group (P < 0.05),
while the protein expressions of JAK2, p-JAK2, and p-STAT3 in the cerebral cortex were significantly decreased (P < 0.01). The most obvious improvement was
observed in the high-dose Shujin Jiannao Prescription group. To conclude, Shujin Jiannao Prescription can inhibit inflammation in the cerebral cortex of rats
with hypoxic-ischemic brain injury. The mechanism may be related to the regulation of the JAK2/STAT3 signaling pathway.
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1 ##}F1755% Materials and methods
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& (b5 ) VB R B A7, shPVF ATk 5. SCXK( 3T)
2019-0010. S5 A1 77 T v [ v = B 27 B S At 22 18 BT 7
Frsit sy, BOGKT IRBIRKR H 12 h, 55 22-24 °C,
B FE 40%-60%, HHE/K. BERAT S HIA N7 EE 1R,
DL 7d %% SD KER 64 HONSEIRENY), MAMiE 13-21g. %50
LA R RS AR B TEBAREE R 2 ftiE, £F6 90503
YIMEEEZE ot TR, #LHES y DZMEC-KY-2019-85.
13.2 259 R BT s 9g, Fff6g, 44 68,
mEi-6g HH9g FAj9g HIHE 12g, HHE 12g,
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WA RAF: SRERKER R (IERIZARAFR ) 7
Bt (A — a2 R B AR ) MIERZER T o EI4HH
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IERET, SFHEMBTIR. by E R R BT A
Wi TRk 4, 8, 16 g/(kged) HEE ; IEH 4 KA T 65 &
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PERHERAE
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B, HREEY, CEMHEIRERK, —HREW,
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1.4.8 Western blot il K 52 5 ZH 21 JAK2, p-JAK2, p-STAT3
WAMERE TWLRAE, BUSH KRR A 0 7 44341
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FiF; p-STAT3 4% 1 © 1000 FiFé; GAPDH 4% 1 © 5000 F%% ),
B, 4 ChdRmEE, TBST Y 3 7, XTI —Ht JAK2,
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FiL5, FIH Image J EUZ AL FRERAFHEAT K P A € o
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1.6 %itF a4t KA SPSS 26.0 il /it Kt it 174
THorbT, AR E R xts Fono W R BRI E T %
TSI K S A HEAT BRI R T ZE M, LIRS LR
RILSD 2; W ARIEZS /A LA AT S Ha K. P<0.05
NEFRAREEE L ZEMNS A A R
REAMGE L F b

2 458 Results

2.1 FshpIEFom SEREAFA KR 64 X, 64,
LIRS, 64 HORRBEN T 45 R0 M.

22 BWRBATAHF RS WF 1. TWLEESIERHAM
bb, REAYZH KRR i SIS o B35 K (P < 0.01). AHEF)
VER3 7 Tt (P < 0.05); SAAIAARLY, KA 5 4L R &7 i fik
i 7 % 5511 4K BB 1 S B8 45 4 T i (P < 0.05), & i (e i 77
AR K RN H B ES 0 W PG (P < 0.01); S 4H KR
Bederson V¥ 73 Jo . 35 % 5

®1 | FHXRITAFTNER

Table 1 | Behavioral scores in rats

(xxs)

2| n o EMSERASy AHFINMERSS Bederson iF4);
IEHH 12 2.89+0.78 0.00£0.00 0.00+0.00
TR 12 1.67#0.71° 0.88+0.35° 1.88+0.84
P ik 10 2.56%0.73° 0.50%0.53" 1.63+0.70
P ICAELL 10 2.22:0.44° 0.50+0.53° 1.38+0.52
P ALl 10 2.56£0.73° 0.38+0.52 1.25+0.46
PYEIK T A4l 10 2.56+0.53¢ 0.3340.50° 1.5640.53

FyE: SIEHALLE, °P<0.05, "P<0.01; SR LLE, P<0.05

23 BKRAKBWAMERALHESFOE LEL W
ISR IES, MRS %, A5 7, MR e,
B, ZEEW, ZOESIER, RO A, A m
SRR, KRESWIER, KEMESHMIAYE, 0/
J G, A RIBRIE R, AHPAR [E 4, AR, RS A
KV PR 2 A S R A A i 77 - 771 i 2EL s R SRk SO R, A
HLTRIBRIR /)N, /b 5 h 22 Q0 B IR B0 S /b B T R, 5040 4t
AR E

2.4 B4R KR K AN BT 2843 K JEA8 & B T Elisa Am) 4 R
W3k 2,

F2 | BEKRKBRAMAME RMBEIFEEF oo BN R 18 FIALH
BN E 10 MR (xts, pg/mL)

Table 2 | Levels of tumor necrosis factor a, interleukin 1B and interleukin 10
in the rat left cerebral cortex tissue

45 n o MORRAEIN T o A4IRAE 1B AN E 10
W 4 43.63+14.46 819.32+4127.30  87.0049.11
A 4 89.36+12.48" 1439.34+112.74" 55.78+25.15°
KRR A 3 63.52+9.59% 1145.07475.52° 68.23+15.03°
AP TACREAL 3 77.04£2.40™ 1128.03+158.57° 62.07+10.10°
BT AL 3 70.5449.75™ 1060.19+77.70% 77.49+24.74°
YN T R 3 723941152 953.50+107.01°  73.9045.47°

Frk: HIE#H4ILE, *P<0.05, °P<0.01; SR, P<0.05

HIEH AL, SRR T o A4 3R 1B it
IR R E TR (P<0.01), H4A R 10 i &K E T

(P<0.05); SHAYLAHLL, Kl 4 K &7 i (i 5 5 7 &=
HIMIEIRFEA T o JiT EIRFEFEAIC (P < 0.05); T i g ki 77 v
fa 7l B A VA A R 1B BB B RIS (P < 0.05); SKiFIR &
R EF AN T S R AN R 10 RBIRE ER LR
EVERL, (HIE e TR .
25 ZA KR K AMERALE fB e WE 2-4,
= 3. [EHH JIAK2, p-JAK2, p-STAT3 FE /b EFIL, Jefohy
FRE B EERAE , A0HAR AR R T Rk SRR A
AH LG, HETZH b JAK2. p-JAK2. p-STAT3 2% (13204 & Z 1
(P<0.01); SHAIAMEL, KR M T EF W EM 5 %57 &
#H JAK2. p-JAK2. p-STAT3 % [k W &K (P<0.01), H
B 2R BRI, AR BT A
3 | BERRAMAKE RELREALESSER

(xts, n=4, HXFFRIEE)

Table 3 | immunohistochemical quantitative analysis of the rat left
cerebral cortex tissue

2H 531 JAK2 p-JAK2 p-STAT3
ERAH 0.059+0.005 0.054+0.003 0.054+0.004
AL 0.141+0.004° 0.099+0.003° 0.108+0.003°
Kt A 0.067+0.003 0.083+0.003"° 0.052+0.004"
FF MG IR 4L 0.105£0.003% 0.076+0.002° 0.081+0.005%°
NG T 4L 0.09240.003% 0.076+0.003* 0.073+0.003%
YN T R4 0.073£0.003% 0.071+0.003* 0.065+0.004°

Fr: SIEWALLE, P<0.05; SHEHALE, °P<0.05

2.6 &R K BRI A M STLA 4 JAK2. p-JAK2. p-STAT3 & &)
PSR WEk 4, B 5. HIEFWAML, BRI JAK2,

p-JAK2, p-STAT3 X ik & W3t (P<0.01); SHEEAYZHAH
Lo, KUEFR A &7 N 7 % 71 5 4H JAK2, p-JAK2, p-STAT3
FHXT R IE B FEAK (P < 0.05).

F4 | FEKRRAMKE FRBAEBENEEE DR

(xts, n=4, Xk )
Table 4 | Western blot quantitative analysis of the rat left cerebral cortex
tissue

vl n  JAK2/GAPDH p-JAK2/GAPDH  p-STAT3/GAPDH
IEH A 4 0.38+0.05 0.47+0.06 0.60£0.14
FERIZH 4 0.93#0.15° 1.220.13° 1.13+0.08°
PN 3 0.710.18* 0.81+0.19" 0.7240.13°
ARG 3 0.71#0.46% 0.76%0.13° 0.68+0.18°
PRI T R 3 0.6740.11% 0.7940.13" 0.71%0.16
SRR R EZE 3 0.65%0.14% 0.83+0.06° 0.910.06°

T SIEWHELLE, P<0.05, °P<0.01; SHIMAHE, P<0.05

3 i}if Discussion

Ao & TR R OB U BYERE, /N LJE KR LT i,
JERAMAE, BT N, S, e
Kt MAEKKEBRE. PIRER. KWENAFR #HI
FEARFHUNMEE AL RS, 0% a5 R KRGl
2% U R IT RN B RS AME RN AL . ANVSTRRE, ARREDN
AT, ThRI1%: smBEEANE S BRIRER, N EZS.
FEAPRNITE . SR ZLIAFRMZERT, A, 45
TG MAEIR . BEANIT B BRI, HENE 2. ARATANRFE ISy,
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Figure 1 | Morphology of the rat left cerebral cortex tissue (hematoxylin-
eosin staining, x200)
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Figure 2 | Immunohistochemical staining (JAK2) of the rat left cerebral
cortex tissue (x400)
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Figure 3 | Immunohistochemical staining (p-JAK2) of the rat left cerebral
cortex tissue (x400)
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Figure 4 | Immunohistochemical staining (p-STAT3) of the rat left cerebral
cortex tissue (x400)
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Figure 5 | Western blot detection of the rat left cerebral cortex tissue
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