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HE . BY #RAELS S BARBIEAAN @8] 8T a8 (hCMNCs) #AE5-E# 42 K R B Bk G35
4 (HIBD ) 5ik4nl5 i A it & RBEIHH . Frik 7 B##ASDILR 330 R, M 1140, 43012, SExt
FALA(A 40 ) HIBD % 320 (B 41) (HIBD BAKR &4 72 h 41 (C 48 ) . HIBD AR 24 h FéafeAb4a2a(D 41) |
HIBD A& 48 h T 2afaA54420(E 20 ) \HIBD EAKIE 72 h A 440 (F4L) . HIBD BAKIE 24 h /G843 dASH T4
A(G48) \HIBD 24 h Fm A M40 (H4L) \HIBD 48 h T @m e A5 M40 (148) \HIBD 72 h T @ e Ab i 4a (J40) |
HIBD 24 h, 48h, 72 hFaafefHia(K4a), SLAAERGFE 10K, %21 RAes 35 Ryt A7k £ ; 83t Morris
KK E EIAM IR T I Feitie e ), R BRI R G LR A 270 B R fRARLE A AL, K
AP (HE ) 3 G LRI SR S TAL, BRIE S 98 R R I SLR 4L 4R S0 B -F A T e o e AR B & 4
F, BIEIRIEAM BT CD24 42 CD29 FAM Ak & | B BMATN FLEERE R/, R AL B. C. D.
E. F. G, H. L. J. KALREKF 10K, F20 RP%H 35 R Eks, RAELMFkteyr 2507, &R
OR R a1 ESLEAREA 27 (F =13.285, P =0.000), &ASLRAE 21 K5 %35 RAKEIE, ZFALTFEL
(P <0.05); @Q&LILARER £7F(F =20.097, P =0.000), BAILAARETEALBAK(P <0.05), C~KAFLAM
FHEBAIFH(P <0.05), G, IHILRAAERB. C. D, E. F. H, J. KAHIHFH(P<0.05), LGALHTHILR
REWE, ZFA5HFEL (P>0.05); @OFMILARETEAIRA £ F(F =28.712, P =0.000) . C~FA3F
BAH(E B RS A AS Rtk A R B A ZLE K (P <0.05) , {24 B4 42(P <0.05); CLL34F
BRI A, D~J2a3E K (P <0.05); G~KZ3FP R R 5 AEs, £FA%t3EL(P >0.05); C~F4
3RS AR G~ KALIEK (P <0.05) . HELELR R+, 5 A4ILE, B~KALKAHIBD A L4 R G FH
3R, BERVRRREY, D RIRIETE, AMKBEBILK FIRL, @AM, SRR, HE; RELETHIE
£, BB, A, miegg, FINERmie, %21 K, B~KAS5AWHA £7F, B~KAMKALILR AL
Hits, L P BATILKAREEREBRN TR R, C~KEAFILARY Xmsaft; BAE C~KAE, Rtz
BEEX, LG, ] KAERG A K EARERC~F, H, 140, B~KARBHRIPRALEK(P <0.05), G,
J. K2R HRR I B~F, HE442(P <0.05), B~KAWMZ LK FR KERALTL(P <0.05), FEKAHN
FHE(P <0.05), mEMAMTERALEFE(P<0.05), C~KALFAZAHEFRKEKRBAEK(P <0.05),
BEARBAER(P<0.05), RAMMEERBAEE(P<0.05), G~JAILIAZAKFRKERD~F, KA%E
(P <005), BEKD~F, KAEFE(P<0.05), RARMIEEKRD~F, KAEH(P<0.05). A, B. C. D,
E. F. G, H. L. J. KASLRAHIBDEREZHRAEF IR, H8R. 512K TNF-a. IL-6. Nestin, TUBB,
MBP R, KB EENFTRH 7 EZo4, 4R ORFELETNF-a, IL-6, Nestin, TUBB., MBP A £ J
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(F =39.451.19.754.36.957 . 16.794 #2 16.958 , 3 P =0.000) ; @&2A$LA TNF—a. IL—6, Nestin, TUBB, MBP
A £ 5+ (F=10.719.10.159.43.271.5.947 #2 11.217, P =0.000.0.000.0.000,0.012 #2 0.000) ; B~K 28 TNF-a, IL—6
AHIBDERZHRIFH IR, F8RMH 12 REALAAEH(P <0.05), C~KATNF-a, L6 BAKK(P <
0.05) . C~K#i Nestin, TUBB # MBP 4 B 207+ % (P <0.05) , @& 05L& TNF—a. IL-6, Nestin, TUBB,
MBP ZALARA £ F (F=22.678, 25.483, 6.597. 20.1594220.154, P =0.000. 0.000. 0.003. 0.000F=0.000),
A~C#LCD24F2 CD29 FAME Rk BB E~KABIK(P <0.05), G, T4 H, J. K4 CD2442CD29 [k ik FH
Z(P <0.05), B~KLERE BT AALBAK(P <0.05), C~KALERBEEALEZBLIFZH(P <0.05), G~]
LR BARE C~FAIE (P <0.05), 4 TIKBILA UCMSCs 4t & HIBD LR A [# 53 Fo it & 238,

xtfRiAh Z AR AR
KR . AR TaafefbAl sk Bifs ; AR ESD ; SLA
FESES . R51291 XEAARIRED . A

Mechanism of mild whole-body hypothermia combined with human
umbilical cord blood-derived mesenchymal stem cell trans-
plantation in ameliorating cognitive impairment and energy
failure after hypoxic-ischemic brain damage in neonatal rats*

Wei Zhu', Li-jun Wang’, Wen-sheng Shen', Si-si Wang’, Ying Li*, Yu-jing Li*, Jing-zhu Wang',
Yan Gao', Cong Fang', Han-yang Zhao', Xiu-hong Sun', Zhi-yong Sun'

(1. Deepartment of Neonatology, Jilin Women and Children Health Hospital, Changchun, Jilin 130012,
China; 2. Department of Pediatric Respiratory Medicine, The First Hospital of Jilin University, Changchun,
Jilin 130061, China; 3. College of Translational Medicine, The First Hospital of Jilin University,
Changchun, Jilin 130061, China; 4. Department of Pediatrics, Medical College of Yanbian University,
Yanji, Jilin 133002, China)

Abstract: Objective To explore the mechanism of mild whole-body hypothermia combined with human
umbilical cord blood-derived mesenchymal stem cell transplantation in ameliorating cognitive impairment and
energy failure after hypoxic-ischemic brain damage (HIBD) in neonatal rats. Methods A total of 330 7-day-old
neonatal SD rats were randomly divided into 11 groups, including blank control group (A), HIBD + normal
temperature group (B), HIBD + 72-hour mild hypothermia group (C), HIBD + 24-hour mild hypothermia + stem cell
transplantation group (D), HIBD + 48-hour mild hypothermia + stem cell transplantation group (E), HIBD + 72-hour
mild hypothermia + stem cell transplantation group (F), HIBD + 24-hour mild hypothermia + 3-day stem cell
transplantation group (G), HIBD + 24-hour stem cell transplantation group (H), HIBD + 48-hour stem cell
transplantation group (I), HIBD + 72-hour stem cell transplantation group (J), and HIBD + 24-hour, 48-hour, 72-hour
stem cell transplantation group (K), with 30 animals in each group. The rats were weighed and compared in the 10th,
21st and 35th days of the growth. The learning and memory abilities of rats were detected by Morris water maze test.
The ultrastructural changes of neurons and synapses in rat brain tissues were observed and analyzed by electron
microscopy. The histopathological changes in the rat brain tissues were observed with H&E staining. Serum levels of
inflammatory factors and stem cell differentiation markers were detected by enzyme-linked immunosorbent assay.
The positive expression rates of CD24 and CD29 in the umbilical cord were detected by immunofluorescence. The
mitochondrial membrane potential was detected by a fluorescence microscope. Results The rats in all the groups
were weighed and compared on the 10th, 21st and 35th days of growth. The repeated measures ANOVA showed that
the body weight of rats at different time points was different (/= 13.285, P =0.000), and that the body weight of rats
at 21 d and 35 d in each group was significantly different (P < 0.05). The body weight of rats was also different
among the groups (F = 20.097, P = 0.000), where the body weight of rats in group B was lower than that in group A
(P < 0.05), the body weight of rats in groups C to K was higher than that in group B (P < 0.05), and the body weight
of rats in group G and I was higher than that in groups B to K (P < 0.05). There was no significant difference in body
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weight of rats between group I and group G (P > 0.05). The change trend of body weight of rats in each group was
different (/' = 28.712, P = 0.000). The response time of cliff avoidance reaction, negative geotaxis and gait reflex in
group C, D, E and F was longer than that in group A (P < 0.05), but was shorter than that in group B (P < 0.05). The
response time of cliff avoidance reaction, negative geotaxis and gait reflex in group C was longer than that in group
A, D, E, F, G, H, I and J (P < 0.05), while that was not different among group A and group G, H, I, J and K (P <
0.05). The response time of cliff avoidance reaction, negative geotaxis and gait reflex in group C, D, E and F was
longer than that in group G, H, I, J and K (P < 0.05). The results of H&E staining on the 3rd day after the successful
establishment of HIBD model showed interstitial cerebral edema, dilated perivascular spaces, large areas of necrosis
in the left brain, cytolysis, cytoclasis, cell loss, irregular arrangement of cortical and hippocampal neurons,
karyopyknosis, karyorrhexis, darkly stained cells, and the presence of microglia in rats of group B to K compared
with group A. On the 21st day, the injury in group B to K was different from than in group A, and various degrees of
injury was observed in groups B to K, where large infarcts and cavities due to liquefactive necrosis were observed in
group B while some inflammatory cells were observed in group C to K. The degree of brain damage was greater in
group B than that in group C to K, while the degrees of brain injury and inflammation in G, J and K groups were
lower than those in C to F, H and I groups. The escape latency of rats in group B to K was longer than that in group A
(P <0.05), and the escape latency of groups G, J and K was shorter than that of groups B to F and H (P < 0.05). The
postsynaptic density was shorter and thinner, and the synaptic cleft was wider in rats of groups B to K than those in
group A (P < 0.05). Compared with group B, the postsynaptic density was longer and thicker, and the synaptic cleft
was narrower in groups C to K (P < 0.05). Compared with groups D to F and K, the postsynaptic density was longer
and thicker, and the synaptic cleft was narrower in groups G to J (P < 0.05). The levels of TNF-a, IL-6, Nestin,
TUBB and MBP were compared in groups A to K on the 3rd, 8th and 12th day after modeling, and the results were
analyzed by repeated measures ANOVA. The levels of TNF-a, IL-6, Nestin, TUBB and MBP were significantly
different at different time points (F = 39.451, 19.754, 36.957, 16.794 and 16.958, all P =0.000) and among groups
(F=10.719, 10.159, 43.271, 5.947 and 11.217, P = 0.000, 0.000, 0.000, 0.012 and 0.000). The serum levels of TNF-
a and IL-6 in groups B to K were significantly higher than those in group A, while the serum levels of TNF-a and IL-
6 in groups C to K were significantly lower than those in group B on the 3rd, 8th and 12th day after modeling (P <
0.05). Compared with group B, the serum levels of Nestin, TUBB and MBP in groups C to K were significantly
higher (P < 0.05). The change trends of the serum levels of TNF-a, IL-6, Nestin, TUBB and MBP were also different
among the groups (F = 22.678, 25.483, 6.597, 20.159 and 20.154, P = 0.000, 0.000, 0.003, 0.000 and 0.000). The
positive expression rates of CD24 and CD29 in groups A to C were lower than those in groups E to K (P < 0.05), and
the positive expression rates of CD24 and CD29 in groups G and I were higher than those in groups H, J and K (P <
0.05). The mitochondrial membrane potential of groups B to K was lower than that of group A (P < 0.05), the
mitochondrial membrane potential of groups C to K was higher than that of group B (P < 0.05), and the
mitochondrial membrane potential of groups G to J was higher than that of groups C to F (P < 0.05). Conclusions
Mild hypothermia combined with human umbilical cord blood-derived mesenchymal stem cell transplantation can
improve the cognitive impairment and energy failure of HIBD neonatal rats and exhibits a neuroprotective effect.

Keywords: mild hypothermia; stem cell transplantation; cerebral ischemia injury; energy failure; neonatal rats
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S5, 220 T 20 B K A s A L T L S 2 AR AR T
R S St LA A L O L A A S A R ) A R B
S5, A SRR S5 KSR . PRI, AN 5 e A
A KRR B A B I P B 452 45 Chypoxic—ischemic brain
damage, HIBD ) B AU, 45858 AR W 356 5 B 0l 1] 72
i+ 40 B (umbilical cord blood mesenchymal stem
cells, UCMSCs ) B #8161 7 il S0 Gk 100 11 i 93 1) T 284 B
TAEHLH]

1 HESH®

1.1

111 Z=shy 7 HEHE SDIEHRFLER 330 1,
HWHET7~9g, WAL TRKAEEYHE RS A R
Fl, LIS A PRV R IE S . SCXK (11) 2020-
0001, SE56 sh ¥ I AT IES © SYXK (75 ) 2019~
0012, ¥ FLRIAFAE(24+2)°C . 12 h B/ IEFF I
B, AHH I S 40% ~ 70% RYFREE T, BEALIRIOK
ey .

112 S H5AAHIBD R Z4 %7 HiBH
AR 330 HLBENL M 1T, B30 K, A E X
MEZH (A 2H) (HIBD & i 2H (B 41) . HIBD P AIG i 47 2
72 h#H (C4H) HIBD WAL 24 h T4 ft B A 4H (D
4 ) \HIBD WK i 48 h T 4M i A 41 (E 41) . HIBD
WA 72 h #AE 2H (F 24H) (HIBD W AR i 24 h )5 47
23 dBAE T4l (G 41) \HIBD 24 h T4l #5441
(H#1) \HIBD 48 h T4l ffi # A 4 (141 ) \HIBD 72 h
TN R A 41 (J 40 ) \HIBD 24 h .48 h .72 h T 41 ity
M2 (K4l) . & i HIBD B8O 2 R 2, ik R i
1 min J& , 5 8 0088 T 59 7 3L B b R Bk L F
ey 43 2L 5 LR 43 38 22 M 39008 Bl ik, FH 6-0 F 222k
25 FL P o O 39 T A8, RS KA 2 he B L BUIRA
37°C % PR AE AR R 2R 0 A 8% A +92% R MIIE
A5, SR 0.5~ 1.0 Limin, Bt 2 h, A4l: R
3 B FE NS00 B K ARUR S5 FL , 5 G Bz IR 5 AS e 4
b, B FL R 4EFFAT IR 36 ~37C . C~G4l7E
HIBD #5% #1458 il j% 20 J5 7 BIVEE T o] #0848 o, 4
FEATIR 32 ~ 33°C, WA UL TG 77 10 1) 20 B N T4 1)
Wit 7 FLIL SR, WAR IR IG YT 72 h 5 b I E B 3, i
BRI, A B H~KAFRYHFAMTE. +
41 M B2 R A AR I B % 41 9 (human cord blood
mononuclear cells, hCMNCs ) ¥ B & 5 N B+, + 24

JiL % A B O« A AR R TR A 2 pl
UCMSCs 2 it 2 0 (1 x 10° N4 ) , 15 18] >5 min, £3
BFS ming 5510 K 5 21 KNGS 35 K45 7L Rtk AT
FRE,

113 = XA WK e IR 59 (enzyme
linked immunosorbent assay, ELISA )57 & (27 F& 4k
IR A BRAS ), 41 CD24 (1:100) BT €D29 (1:
100) (3 [ Abcam 23 ] ) , 4', 6 - bk FE —2— 5% HL 15| W
(4', 6-diamidino—2—phenylindole, DAPI) ( 2 [® Vector
Laboratories Inc A H) ) o

1.1.4 E BN Morris KK H (FF MK —
= Bt A A 5 27 Bt ) , Epon (22 [E] Agar Scientific 24 H] ) ,
7 Bt T R EE (B S . JEM-1400 £ 31 120 kV,
2% [E JEOL A w] ), /K AL (B 5 2 JJ-121) . A 2L
(A5 JB-P5) (IR AW F AR A, k)
A LB S RM2016, EifE kR ALER A IR A A,
6 BB (Y5 . BX=51, H A Olympus 24 &) , fiK &
fH 5 2% (K15 . CM30508-3, 5 [ Leica Microsystems
UNEID

1.2 FHik

121 FHab2 R 4t HIBD BB Hil S s, 40
S 45 20 2L RS 12 R 1 8 8 T % R 5 | I e b
P LR . OB RS K 584530 em
R A A 7K SR TET 3 25, S Sl 2L B SBUA i
JUE F AN, 8 TF 3L BUR IF iR 3L BUe 3 5%
PR S 5 A B 2 5 90° I BT INF ) . A0 SR> 60 s
FL AR Al 58 AR B, e 5% 50 5 e = (R 60 s .
QB i < 4 1 30 em A AR B T o i L,
A Sk 350 FL B Sk R R T R AR b, B JE
JICE T AR ke 30 55 7 BRUTC By 4 2 B (R O Sk 5
W11 (180°) Fr g Bf ] o AN > 60 s FL R AGAS E I 5%
B R NC SR L5 e i R 60 s QAT ¥ 3
BB F AR 13 em 1 F1 € B 48T e, 1 [5 48
SE TR 10 5% L BRSO I TUIC H 18] 408 341 2% 11
] o Andf> 60 s FLEUAT A GEE H 157 48 %, ) id
SR RN 60 s R 3 R A RT3 UK, R
3WHTFIME, 2 U B PFAR 8] B B ] > S min, DA(E
AL EAF B RS

122 Morrs K% Z 55 4% 21 HIBD #5584 & il il
YyJ5 28 d #E4T Morris /K 28 B S5, DL 39k ke o8 0K 10 By
o I 1) SR PP A 2L B 2% 0 A AZBE 77 o Morris 7K 2
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BHG L BJE K A 5% AL, Kt 5
o — N E BRI ST E AU E . K AR
120 cm, 55 60 cm , i BE R (A K 2 AR b AR
VU FIPE L 4 PR . B R FF 46 5L 56 B, 7 7K i L
7K 30 em IR, [ FETEF- & 6h 3% WA HIL3E 55 4508
BT —-Z2W g, P TR Lem, hyibk
R REERDEG, EKPIMAAGETR LG
WORL, (KRB, KIRAEREAE (22 £5) C LA . K
b VO FH % A AL L A AT B A 4 LA A
FEAE N2 0 S IR Y), H AL B RARFEAZ, &Kk
Ko A FLERIB TR G285 d IRRLE
1d, LR 45 3L R 2 eIz ae f . Bk EsE R
TE BB Y B3 TR AT, K OGBS 55 52 5 % 45
YRR O B ARFEANAS o BT 5 S8 56 AT, k3L
BEA & 6 0K B Bk 2 d, 2OGE 8 5 3
Bio SCBHF & ARG B P e 5V S B E A
A5, AT B RHIE R 2 4 5 2Z P B AR I AR A
KR K LB TE U R R A i A K R s L B
- B ]k kv AR 09T ) o SR ELEL 90 s N R
FFE &, WA I N 90 s, B R AE 2N AK L
HEAT— U, F 2 Uk adk sk v AR 0 1 - B8 8 e A T e i
53T -

1.2.3  FEH B AL A SL R 40 R A 22 5T 2 B R fik
AR s Ay B HIBD AR A i) e 0 JiE 5 8 R FL BRI
AR 22, B 1 mm X 1 mm X 1 mm 7 5 20 21 & 5 7E 4%
2R, B E T 2% WA R . 0.1 mol/L #
1% £ 2% w1 (phosphate buffered saline, PBS) k% , 1£
30% .50% F170% £ BE & BE i /K , 78 95% T TG
IK VRS N ot R RS2 K o B AR S A Epon,
4 80 nm JF [ D) Fr 2 B A A A I 3 S L
W T TSR

1.2.4 ‘71+’_~7]‘%%]‘*4??1(hematoxylin*eosin, HE) 4 & 3L
HELRA AR RIL S AL BUHIBD #5582 i i o
JEEE 3R VA 21 RELE AN AL, 12 A 4°C 4% H i
VS 24 ho M ZUBEK A AE A I b, DD
4 pm B AR DI R o VIR BEEE K4k, 4T HE Je
SR FH R D 6 58 0B AL TR HILS B S 4 B &
4t , 1 200 F1 400 H KA £

1.2.5 ELISA #:7 § 21 e/~ #% 6(Interleukin—6, IL—6) |
B 9% 37 38 B F — o (tumor necrosis factor—a, TNF—a) «
#h 2 b & F e % & (Nestin) \B—ﬁi%§\9 (B-

tubulin, TUBB) . H #& #% %4 4 % & (mannose—binding

protein, MBP) &% Wt £4E 4% 2H HIBD 52 &1 & il i 2
JEHE 3R VB8R A 12 RELR M2, I 4i7E
1 mL 7K % 19 PBS (pH=7.2) v i i # 7 Ak 3 2
k&, 4°C .12 000 r/min & 0> 20 min, YA L1, R
HI ELISA 32551 & 0 o 2 1 & i
126 &R F e 5L R 4 4 T A% AL a9 AR
i fn CD24 Fo CD29 fHME A & HUHIBD B8 &2 i
I A 21 R4 2L, BT 10% 1 [
T o ki 20 ZUTE 20% FERE IS W h R 2 d, B RS F
30% FEMEA W T 2 d, a8 R kiR A OCT &9 &
T-80°C &M T ¥tk . TEMRIE IR &8 N -20C 4T
VS VR 2D A 10 pm JE R YI R o KU R 1Y)
HAE R LT R, PBSTH
YE3 K, 5 ~ 10min/ YK , 0.3% Triton X—100 % 15 % &
15 min., PBS &3 WK, 5 min/IK , 5% 9 IfiL 5 %5 I F
M1 h,fE4°CH5MF N5 —$H1CD24(1:100) .CD29(1:
100) % & & %, PBS YRR S5, =il T 5 ZHL CD24(1:
200) .CD29 (1:200) 5 & 2 h. FH PBS Pk 4 3% A
39K, 10 min/¥K . f% )5 FH DAPLZE 35 , K JH 266 .1
% Leica DMi8 X 2% 3% f i#f 47 Al ¥4k , I3 & Leica
Application Suite X F 4T 734 . W IFAl CD24 (265
I ) M CD29 (LT A4 58 5 ) 4l A 114 H5 & , X 45 20 ik 41
ZU3ANFEY] e rp i A AL BT R A4, DLE 34
FORBTT I Z R B BHE AR 5
127  RAEZMEMNZTEAEARB B HIBD ELRY
S 21 K F FL R AR B, T TE VK2 1Y PBS,
MG ZH 2 Ay B i R AR . R IT 5 JC-1 et
TRWAE 37°C 4% F %8 20 min, ] JC-1 42 (5 2% vl
VeV R ARG IT R IR I . il 2% B U A R
BH A e £ 20 i R . IE B bR = AR 2T 50k, &
W Ak B2 T 1) G A 7 A e 0 5 O . 2R AR I
I SEARCRSTE SR ] 5 a3
1.3 Sit=FiE

B 43T R JH SPSS 20.0 48 -84k . 1 9ok
DAIEL = AR 22 (x 2 s) Fon, ORISR R Oy 2257
Bl E 2 W s Bt i O 22500, - 2R R
FLSD-1 K56 . P<0.05 W EFAGITHE X,

2 #HR

21 FBAHAIIBRMITHFEWL

LR AT AT RAT N RE T IE R, B A S RAEAT
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2 AWV B JOk 5 W e S i B B Bl R B, 4k
RS B 25 R, vE DBl A S D RO IR 4
B E S kR, A HIBD #5771 RAE Gk
£ (RO e ek E L TR U 7 N QN Y -2 BN I
Bish &G Bhsh s RN RR ORBERE B ATER A R
B3 e R ATHE , B AT 1 h A [ A2 1) 22 0 i
iadh,
22 HBHIREETL
A.B.C.D.E.F.G.H.T.J . K#F RHEKH
10 K 55 21 KNGS 35 RARE AL, >Rk T H 00 5 %
T O 225001, 45 3 - OAS RN 8] 5 70 BUAR B AT 2
5t (F=13.285, P=0.000) , &4 L EUEE 21 R5535 K
RE L, 2R A S #E X (P<0.05); Q%415
R E A 2% 5 (F =20.097, P =0.000) , B 41 %, Bl 4 &
ARG (P <0.05),C ~ KA FLBUA R B4 T
(P<0.05),GC I4FLRMAFERB.C.D.E.F.H.J.K
AT (P<0.05), H GAH S 1AL BIAE i, 2
SLGH2EE L (P>0.05) ; @4 7L RAAEA L #
P 225 (F=28.712,P=0.000), WF1,

F1 BAARTEMESESERE (n=30, g, xz5s)
25 10K ERIDN #35K
A4l 24.47 +3.28 70.53 +3.52 134.62 + 6.49
B4 2271 +2.38 27.38 +2.39 55.29 + 5.24
(o | 24.15+3.33 31.56 +3.28 63.17 £3.61
D4l 23.09 £ 3.12 36.38 +2.66 69.29 + 4.15
E4 24.62 +2.12 4525+2.18 83.25 +3.26
F4 24.46 + 4.05 40.62 +2.44 75.24 +3.14
Gl 25.39 +3.22 64.54 £3.11 121.54 +5.33
H4L 23.17 +2.26 5421+3.18 96.24 +3.18
144 25.52 +3.13 65.51 =377 125.48 £3.29
T41 22.68 +2.21 59.31 +3.50 102.47 £5.33
K4 2347322 4846 +2.17 89.36 + 4.22

23 HAEIRPBHITARIILE

A.B.C.D.E.F.G.H.I.J. K% HIBD %I &
BT 12 K7L BB 2 R T B R b P
BREWE, &I 200, ZR A% E X (P<
0.05). iF—L WM AL C ~ F 4 3 F S S i) [
BAHIER (P<0.05), (H5 B4 4% (P <0.05);C 4l
3Fh BT AR A D ~ TAHEK (P <0.05) 56 ~ K41

3P BRI S A LI, Z R G E X (P>
0.05);C~F4 3RS AIE G~ KAHEK(P<
0.05), W2,

*®2 FBAIRBHITHRHMILE (n=30,s,xx5)

41531 SRS Bt EZoVE)
A4l 23.17 £4.48 20.52+3.17 30.54 +3.22
B4 52.26 +5.26 54.51 +4.39 51.38 +4.72
c4 46.37 +4.18 48.32+£3.15 46.25 £5.38
D41 3426+3.11 33.38 +4.30 37.49 +3.86
E4l 37.00 +4.05 35.14 +5.38 3522 +3.16
F 39.00 +3.26 36.27 +4.12 37.37+4.26
G4l 26.49 +3.44 2251 +4.26 32.86 +3.25
H4 2524 +4.18 2471 +3.23 34.56 +3.77
) 2736 +3.11 25.67 +4.29 36.41 +4.32
JA 24.35+5.25 26.33 +6.20 36.51 +6.74
K4 27.51 +3.86 28.52+6.33 36.21 +5.44
FAE 23.044 19.586 31.321
PAE 0.001 0.001 0.001

24 BHIARMARREZTN

HE Q25 BB R, 5 A4, B~ KAFL R
HIBD #5528 5 il 15 31 I 565 3 5%, i el ot A Jie , /N i 4%
Vi) B 35 5, A2 0 K Akt B K R R AT, 40 A i Ao L
I A 5 Bz i By pf 22 S HES ZE L, A% B 4 L
A gy, IO/ AN, 5521 R, B~K4l5A
HA 5B ~ K441 20 0L A R #2440 , o
B 20 A LR A A 2 e RO Ak 23 R T B, 36 38 4 41
SERBR , RORE 20 LG 22, W 2R OTIRAE , i 245 A0 it 2k
YR 25 9, 40 M IR e, A0 AR [ 4 L e 0 R EE 4B
o, F 5 40 M & A R R . C ~ KARI A
RAEAMM s B S C ~ KA L&, w453 45 5 B A k.
Hri G I KAt M RIEFREHRC~F . H. 14
ANe WL,
25 HHFREEEAELEE

A.B.C.D.E.F.G . H.I.J.K 23 5 kB R
SPRN(16.36 +4.27)5.(102.56 + 18.44)s.(73.29 + 8.27)s.,
(68.34£6.59) s, (6331£5.02) s, (69.44+5.68) s.
(39.62£5.18) s. (74.51+6.37) s. (6629 +£5.15) s.
(42.55 + 6.43)s Fl1(45.64 + 5.18)s , L FALIH 2 )5 254007,
%9 K G 5 X (F=10.772, P=0.003) , #f—
P AR S5 2 B ~ K A ks s IR A A HIE K (P <
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H32

0.05) , G.J. K 21 i % AR W 4% B~ F . H 4 4 &
(P<0.05),
2.6 FHEAFRMEALHMATHMEERMBRLEN
=

AR B MR LS S R, A B .C.D .E.F.G . H,
1.J. K 2 HIBD #5571 & il B 0y 55 8 R FL BRUAf £ o0 30
DB B0 X R 5 fish [ P 9 38 LR, e L R
T2, ZRHA G E X (P<0.05), #f—%
PG LA 25 31 B ~ KA M & on 8% X K4 A 4178
JE(P<0.05), JE R A 21725 (P <0.05) , 11 2 ik 1] it
iR A AR (P <0.05), C~KAFLRMZITE
FXKEHBHEK(P<0.05), EEEBHZIE(P<
0.05) , 2 fih [ Bt 9 & 45 B 4 A8 (P <0.05) . G ~J 4l
FLEMATTHEXKERD~F . KAZK(P<
0.05),JEEAD ~ F KA AZJE (P <0.05) , 5 firh [|] B 5
JERD ~ F KA (P <0.05), WEIHE2,
2.7 FHZ FRANAERKEREFNTHES LIRS
EA=1Ad:n

A.B.C.D.E.F.G.H.I.J. K% HIBD # %I &
IR A 3 K V5B 8 KA 12 KL RN 4141 TNF-a,
IL-6 , Nestin , TUBB \MBP FL#% , SR F 25 &2 I & 15 11 1)
T 225001, 45 5% : O [R] B [] 25 TNF-ac . IL-6 , Nestin |
TUBB .MBP A 25 5% (F =39.451 ,19.754 ,36.957 . 16.794

*®3 HRAIRMETHEMNRABMEMILR

(n=30, nm, x+s)

A4l 532.47 £ 43.26 39.35 +£5.39 18.31£3.72
B4 288.10 + 14.95 22.69 +4.30 2520+2.14
CH 301.34 + 18.43 29.63 +5.78 2329 +2.88
D 336.30 £22.42 31.40 +5.81 22.62 +3.96
E4H 353.62+21.53 3320 +4.64 21.95+2.22
F2 34745 £23.74 3273 +4.25 2220 +2.56
GH 420.20 +26.76 37.69 +6.35 20.97 +2.28
H4H 398.35 +29.54 34.11+6.33 21.04+1.25
I4H 449.32 +29.44 38.20 +5.77 20.04 +2.30
JAH 407.54 +28.55 36.35+5.41 20.62+1.93
K 387.30 +25.44 33.63 £4.54 2243 +1.98
FAE 11.645 9.006 13.732

PH 0.013 0.021 0.009

1'16.958, 3 P =0.000) ; @ % 241 7|, Fl TNF- o, IL-6
Nestin, TUBB, MBP A 2 & (F =10.719. 10.159 .
43.271.,5.947 1 11.217, P =0.000 , 0.000 , 0.000 , 0.012
F10.000) ; B ~ K 41 TNF-«, IL-6 7£ HIBD 155 % & i 1%,
DIEE 3 K V5 8 RAIHE 12 K# A 4T+ (P <0.05) ,
C~K4 TNF-a, TL-6 % B H MK (P<0.05), C~K
2 Nestin . TUBB 1 MBP #% B £ J} & (P <0.05) . ®%

B2 HEIRHETHE GEHHTRHEE
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20 F| Bl TNF- . I1.-6 , Nestin . TUBB . MBP 28 b 4 34 0.000.0.000.0.003 .0.000 F10.000) . WLFE 4.
2 5 (F =22.678 .25.483 .6.597 . 20.159 F120.154, P =

x4 BAIANRAFFETE S TNF-o.lL-6,Nestin,TUBB.MBP Lt % (n =30, pg/mL, x +s)

TNF-a 1L-6 Nestin
HIK E RPN F12K £ RPN E RPN 12K IR EXPN 12K
A4l 3.15+026 339:029 398+051 356044 3.72+052  3.92+055 035+0.06 039+0.08 040008

4151

B4 1279+236 13.52+241 13.62+3.01 21.84+3.53 23.001+3.82 23.65+426 0.24+0.03 0.27 £0.05 0.29 + 0.06
c4 8.48 £0.77 8.55+0.98 9.12+1.02 13.86+1.32 1415+1.63 1562+231 0.41=+0.10 0.50+0.16 0.59+0.15
D 6.64 +0.47 6.88 +0.63 732+0.69 1376 +1.24 1452+1.71 16.01+237 0.42+0.09 0.49+0.11 0.63 +0.12
E4A 5.40+1.02 596+1.13 599+1.35 1031 +1.06 11.12+1.06 1298+1.57 0.44+0.10 0.52+0.13 0.64 +0.16
FZ 743 +1.16 7.59+1.25 868125 11.78+1.24 1255+1.63 13.15+2.20 0.37+0.07 0.41 +0.10 0.45 +0.09
GH 1151194 11.81+2.03 1255220 9.54+1.00 9.87+1.21 10.89+1.52  0.45+0.10 0.49+0.11 0.51+0.11
H4 948 +£1.22 9.62+1.35 10.12+1.59 1070+ 1.15 1132+131 11.66+1.71 0.44+0.09 0.53+0.12 0.54+0.12
14 6.63 +0.58 6.71 +0.75 7.71 £0.87 7.05 +£0.95 7.95+1.02 8.68 +1.16 0.37 +0.08 0.39 +0.09 0.42 +0.09
JAH 9.99+125 1021+139 1036+1.58 9.38+1.01 9.95+1.19 9.96 + 1.27 0.35+0.08 0.38 +0.07 0.46 + 0.09

K# 1403 +251 1510+298 1551287 12.71+147 1332+1.78 14.05+226 041+0.12 0.46 +0.15 0.49 +0.17

TUBB MBP
2035

E RPN E RPN H12K IR ERDN 12K
A4 0.32 +0.04 0.38 £ 0.06 0.36 £ 0.05 0.57+0.13 0.60 +0.21 0.63 £0.14
B4l 0.23 +0.02 0.27 +0.05 0.29 + 0.03 0.38 + 0.08 0.40 = 0.09 0.428 +0.10
okl 0.29 +0.02 0.31 +0.04 0.36 + 0.06 0.46 + 0.08 0.51+0.10 0.49+0.10
D 0.27 +0.02 0.30 +0.03 0.38 +0.05 0.47 +0.08 0.49 = 0.09 0.52+0.11
E4 0.25 +0.01 0.26 + 0.03 0.29 +0.02 0.48 + 0.08 0.53+0.11 0.53+0.15
Fe 0.27 +0.02 0.30 + 0.04 0.31+0.03 0.44 +0.05 0.47 +0.06 0.54 +0.09
G4 0.39 = 0.05 0.42 +0.06 0.42 +0.06 0.54 = 0.09 0.57 £0.12 0.57 +0.11
HZ 0.31 £0.07 0.35+0.08 0.36 £ 0.09 0.51 £0.10 0.53+0.11 0.58 +0.16
14 0.47 +0.09 0.48 +0.10 0.49 +0.12 0.65+0.10 0.66 +0.12 0.76 £ 0.19
E| 0.36 + 0.06 0.38 + 0.07 0.39 + 0.07 0.55 +0.09 0.59 +0.10 0.63+0.11
K21 0.36 + 0.05 0.42 + 0.04 0.38 + 0.06 0.43 +0.04 0.45 +0.06 0.51 £0.09

2.8 KAIRMMAL CD24 F1CD29 AR IEZE WA B 7 4351 R (1.96 + 0.28 ) AU . (0.75 £ 0.04) AU .
22 (0.85+0.03)AU. (1.10+0.11) AU . (127 £0.13) AU .

AB.C.D.E.F.G.H.1.J.K 4 ZL & fixi 21 2 (131+0.15) AU . (1.64+023)AU. (1.52+0.18) AU .
CD24 F1CD29 FHE IR F i, BRI R 7 225007,

LBG G L (P<0.05) . 3E—4 W W sk
A~ C41CD24 F1CD29 PHME R IA R EE ~ K 41
K (P<0.05),G . 14H%: H.J . K 4l CD24 1 CD29 FH 4

(171 £0.20)AU . (1.43 £0.16) AU Fi1(1.48 + 0.18) AU,
RN E T 200, ZRA G2 E L (F=13.527,
P=0.0014) . #F—4 WP b gh 8 B ~ K 4 £ i1k

FERRTE (P<0.05), WESHAES, REHE A 58 A ZH B AIG (P<0.05) , C ~ K 2H 26 b {42 s el o7
29 RAEIRMAELNLNIKERGLLE BBATHE (P <0.05),G ~ J A b (AR B 38 C ~

AB.C.D.E.F.G.H.1.J . K R Mxd % FAHTFE (P <0.05),
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EBREAE 932 %

x5 EAIRNAL CD24 %01 CD29 PR ILE L4

(n=30, %, x+s)

215 CD24 [APERIR A CD29 PHH:FRIR 4
A4l 1.03 £0.36 0.71 £0.18
B4l 1.77 £ 0.41 0.58 £0.17
c4l 1.53+0.24 0.36 £0.21
D4l 5.26+1.33 1.21 £0.55
Dz 19.35 +3.55 341+1.26
F4 8.61 +1.47 2.15+0.44
G4l 40.27 +5.33 5.73 £2.44
H4] 30.57 £3.26 451+2.49
141 4425 + 6.33 5.89 1.77
Kl 35.47 £ 4.22 4.97+1.05
K41 23.51 +3.56 4.41+1.36
FAE 13.775 11.203
Py 0.003 0.026

AdH B4

D4 E4

F 4

GH H41

14

il il

3 &AL RMNAL CD24 F1CD29 BRIk
(BepEDeEYeft x 100)

it

A LR R S R I P AR 12 ~ 24 h N BT

o P 28 T BE BB (LR MR & A R e K
SEHLM R IR WU R AR )", B
T AT R 8 6 T A1 B RS A 1 Ay L Aol 26 400
FET R 4R AIE 0 1 23R A7 1 s R &= 1 i . T
20 L ELAT 43 S0 434k Sk B 28 T Bl 48 T A4
WL 8 T ARAE K R BLEA R TR R 22 R e R AN A
FEU i B A S AT B B 8405 X R, I 7R RS A
Bl AU PR IS 5 14 ~ 21 KRR IKBIZETThREW IE
AH A ki 5% 1 3 26 441 it LA 375 5 ik 4898 40 k. UCMSCs
JE— R TR AR LR AT 41 8UH Y 2 D BE ) AR T
M (2 2o el 2 i R e di i), BoA T4 i
FEA 1 2 ) oAb T AR o AT ST UIE S, UCMSCs 7 4
ST AT AR IR I B BCR R O L K
G2 A ZUAH I, OF BB S e W R AT T
Z P AR 5 S i L 23R B 0 1B 2 R A 4R
M, 76 5 JH IR ) #f 2 e B 3 /0, T e AT 5% B
MR A fE B 200 . e, BE A S AN A O 22
e PR 17 %) 7 B ) 8, T4 >90% AT i 7 A% A 1) 2
FETE B H B AT 5% ~ 10% A0 7E MG AETE o 55—
T A B, B A S 2 JAL N, <50% % 48 1 25 1 4 Jifd
Uk S AE /N UG AL 2R A7 G o 2 v B AR A TS R
P25 A0 M R I R AN B SE A SR W o A A I R
w20 i A7 8 dele ARSI P AR A o R R I R e i R
G ) B A B AT LA AR T B A T A0 1 0 Ak R 4R S A
TG %, DT 2l 58 ke 4 Bl ot P 452405 /N B A Tk
S ARR L T LA /b e A B I S A 45 A 4 /)N T SR AL
PRSI )RR ZE R, IR IR A A R ) R R
PRI B 22 30 ~ 35°C (R ) (28 ~ 32°C () 1 20 ~
28°C (TR B ) Y0 Bl IR o % B IR IR SRR ARG
S RS AR 2O R, BT 2 07 IR R A
ER, I Bvh R EARE AR LA R EH . &
NIAGRITSTEUEA L EIN b2 i N R Y O 2k (S )
5 B AICAR I 23 el 2D 4 SR R 0 /D T 1 SR B
J 7 L i 5 B A, LA B 3 8 R AR T IR T
S I (RS Sl | S A R | R N R iR e
BEFNR AT M4 N ¥ 26 B, AR R Bz
SEuG v S E LE S ) S B R K A% vKoBE SRt H 24
Yok S WA TR o VAR AT 8 3 ARG R R A 1)
P e A PR AL I g WS o A BESE R BT, AR
T  AE AN E IR T2 3R 4%, I D7 1k il 21 217
i e S K AR gk B R, AR BT A R R

e 2D
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W, S AIG IR K 5 UCMSCs B AR T7 LU B — 3597 A
%o HIBD AR BRI AT B i A3, (K 4
KM, i R T4 M4 5 , HIBD A5 7 ZL iR
()P 28 SR AT R A B Tt s AR EEHS n. HIBD A
UL R 4 2 25 LA [ 2 B A 46245 , 20 o — IR
BT A MRS AR T S U A 2 oo B AR, 0T G
P28 0 240 M S 5 il BB IR 2 K o PR ORI R N SR R
BRI & B 56 B B AR T DR 2% L o R ot
P45 1 00 Uk R E B T Bk B M T i . ik
S I 2 YR /0 S T 4, BRI R A v ) A2 2
FEL, T i g B, 5 BOO0 R A MR DA —
ALV 98 RE FRG A 47314 . AR 5T v, AR T4
JHL e A SR B IR T AR 2 B AR T HIBD 455 7Y 3L BRUG
ZHLVIGE N TNF—o I IL-6 7K, I & SRR R 3
AEAE UE T 40 0 434k . HIBD J5 K& 1k R i = Ak 4
T AR B, SRR BT TN ok
AT 0 5 000 P9 AR E 2 B P S B G o K JC-1 9B R
AW R R R A R AN o A %N 0 N VA o
B, JC-1 23 7E Zobn A 56 ot rh AR O & th 20 58
T 25 B4 5 H A5 B AR B R B P, JC-1 A REAR 2T
KOG, AR, A DT R o Kk AT
90, AR WL F) S (8,521 5 SR 1T HIBD FL B i
22 ICLLAA 5 5 B R R AR, & (5 6 W] i 1 5 .
HIBD F|, BU7E 28 5 WA IR 503 T 4 i va 97 Ja Zeobi ik
I L A7 483 2 Ik A2, 3 1 B S A 9 AN A0 B 3 T 3
7 HIBD FL R B it vl . A AR IR EE G T 40
FE A X HIBD & 45 T R4 /EH , (AR 24 h 5 +F
223 d T 4 A R RO B b, TR R 9 v Jk BT AIR
b X (32 i e A i o A 1 (DR O (N PR E S
T ML R 2 U B3 . AR,
fICIR 48 h AL AH T 200 Jf A5 SR R B4 48 b RS A T 4t I &K
Rk Z o HR 24 h S 5E M & W, SAE S FE T 41
JHiL 5 48 b H&AE Fe o I, SRR T A AR A3 WA B AR AN IAAR
FE 10404k 72 h I 45 45 91, P b 22 oAb A L, T A i
RAETHFE™ S Toie WAR IR0 T 40 B 7% AR ik 2 a1
2 S AR AR 0 T B Al AR IR R YT

ZE L IraR B O T 40 i B R IR T R4
Dy, X TC 05, T AR A o fh e D B R L G
eI AR SR 2005 . AR & UCMSCs RE X
6 HIBD L B oA 0 B 15 1 A 2 0 oy , X i it 285 I
PE . AN, 52 R ek WA IR T 40 B HE IR 7 1Y

FLAE R S R 20 25 U Al b R B 4

%

4
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