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(lithium-pilocarpine , Li-pilo ) 5 A BRI & A 5 me B LG R 4P 4 AL . F73% 96 Mg g SD KR, B
3 X R R LA 4 AT T (IR UL B + O 2, A0 2 S 4 AW IR S T b B + SRR 201 ( 398 4E 5 d THP 31
AEFRSE 1,3,7 14 HEES) BRE i R S S AL B DT R i TR RS RS AT 240 min B RAEAT R, 42
B R AR B 53 Mo AR A O dd i K K S R BUARITIRE . #2345 A TUNEL A3 10 G0 28 B 38 J5 125
BEAT R B S 2 o8 T MAH G B 1 ( BCL-2 , Bax £ cleaved-caspase-3) BRI, Z55R S b#E-ILE R S5 50
~150 min Z [8], 55 A A B9 R Racine P20 38 B (R, 0] WIS T4 B S 3 H 95 00 4K RO ek B
Racine 1753 W AR TH A2 20 42 5 P AV R I01 8 43 Lo 55 000 LA LE 22 S OR A e 7 (P <0.05)
AR PTG 2RI 3 A4 [ AR A T4 38 + 00 2 B, ) AR R T A 385 3 8 R 2 K Lk s v £R 3 ( escape
latency ) B, M 2 TR T3 HECEAR , 1 H ARG BRAS B B 18] 77 43 LU (P < 0.05) o RIS Bl Ab LS 3 H 5 K
SR 7K A B LA R TR S8 5 6 IR AR LA W22 R (P >0.05) , 4518 [HP TAL B E S 3 5 3 PR T
R U 2 ek, JF A IR R 7
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Preliminary study on the role of hypoxia preconditioning in
decreasing the susceptibility to epilepsy and brain protection in rats
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(1. AnNing Branch Hospital, Lanzhou General Hospital of Lanzhou Military Region, Lanzhou 730070, China.
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[ Abstract] Objective To preliminarily explore the effects and brain protective mechanism of intermittent hypoxia
preconditioning (THP) on rats with seizures induced by lithium-pilocarpine (Li-pilo). Methods A total of 96 8-week old
male Sprague Dawley rats ( clean grade) were randomly divided into control group, seizure group and four THP-seizure
groups. The animal model of epilepsy was established by intraperitoneal injection of Li-pilo in the seizure group and four
THP-seizure groups (Li-pilo was injected at 1, 3, 7, or 14 days after a 5-day regimen of THP). Subsequent seizure
behavior, the latency period and percentage of generalized seizures were quantitatively evaluated for 240 min and the
cognitive function was tested by Morris water maze task, and followed by the detection of hippocampus neuron apoptosis and

related protein (BCL-2, Bax, and cleaved-caspase-3) by TUNEL labeling and Western blot, respectively. Results The
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induced seizure peaked on an average between 50 — 150 min after Li-pilo administration, scored using a modified Racine

scale. The average scores of modified Racine scale in the IHP-3d seizure group was significantly lower than that in the other

groups. The latency period and percentage of generalized seizures in the IHP-3d seizure group rats were significantly

different from the parameters in the seizure group rats (P <0.05). THP-3d seizure rats showed lower escape latency,

neuronal apoptosis counts and higher percentage of time in the probe quadrant compare with the seizure group and the other

three THP-seizure groups (P < 0.05). Compared with the control group, the parameters of water maze and apoptosis

detection in the THP-3d seizure group showed no significant changes (P >0.05). Conclusions The resulis indicate that

IHP treatment may help to decrease the susceptibility to epilepsy by reducing abnormal apoptosis, and has a brain protective

effect on the seizure rats.
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1.1 WM R EERF

T8 JIEIENE SD R 96 H, 22N K~ =
ALY b HRAE[ SCXK (H) 2014 - 0016 ], 14
H 200 ~250 g, W R ERSR . S SRER 4 N A
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JWEH ( seizure ; il VF Li-pilo AL EY ) F1 4 A4~ [8] Wik
SETIACTE + R 4H ( THP-seizure , 53 5| 76 THP T &b
M5 1,3,7,14 HEIE Li-pilo BRI

FALHE(Q2084) ALK fh (P6503 ) Il H 5L [H]
Sigma 2\ F), TUNEL §8 T4 55 & (QIA33) 14 H
2% E Merck Millipore 72 7], Cleaved-caspase-3 HL4¢
(#9664 ) , Bax Z 31 (#2772) 1 a-tubulin (#2144 ) It
H3E[E Cell Signaling Technology 7~ 7, Bel-2 (N-
19) Z¥Hi(sc492) W H Santa Cruz BN H], B
R 3 % 1k B ( horseradish peroxidase, HRP) — 4
(ab136817) 4 F 32 Abcam 24 Fl
1.2 KR IHP T4

KRB 73 2H 8 T 9% A A 4 34T ML B & 1
(70 x40 x20) em® 1, &R EHERRTE 22 ~25°C,
AR ENFEARAREUR9% 0, + 91%

Hypoxia preconditioning; Epilepsy; Brain protection; Rat

N,) , i 4 L/min, & H 90 min, #2E 5 d, X4
TR 2H K R AL ) W7 B T - P i 5 (RO 5 A
iz J,
1.3 X Li-pilo Eim 8 £

KR SEAT I s 7 S AL (125 mg/kg) , 18 ~
24 h J5 PR E ST UCE R 5 (20 mg/kg) o TEDE
2 T STRT 30 min, A1 mg/kg 78 0 5 AR
BT DL R L IR A R I A, X AL R BRI
JETE ST S 18 ~ 24 h Ji IS5 2 AR B KA R
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H R4 8 HK BT Morris KA HIE, DA
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2 FHIFNC K5, GI7E 1 min R R E]F
£, kb R 0 B Ry T 487 5 SE PR ], 40 1 min
WHRAEE & |, e R I E o 60 s, THHEAH 2
W8 A G BRI -5k ke Ve AR, kAT 5 d
S

DL [ R S 30 3 K BRI iE 12 RE T . fE e
PAATSERR 4SS 1 HAIEE S B RS #4723 MR R
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W, R 5 54 K BT & T 72 X0 I 52 BR v
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A FEHLIERR 8 H K FRAEK G S BE BRI T 280
WEVETRALBE , WSk B . 4% Z2 T W [E1 5 24 h, %
Wi PB VB BE B K 48 h, AL JE % LR VKR Y A
(JEJE6 pm),

1.7 Rikinfi E%EBREBRBNSEMRRIC
B Bt PR M A% B = B R Bk O 2K 3w 4R iC ( TUNEL )
BTN ( Beik)

TR BEALIE 8 3K BRI -, U iR hn 4 1 i K
TAEW (90 min) ,3% H,0, W EEEW (5 min) , TdT
T2 PR (30 min) A EFE . 60 wL TAT
PRGN G W) ,37°C #OGIR & NBEF 90 min, i
INZ LW IR IBEE 5 ming BES U R 0 3 14 2% o
W (10 min) ,fHECH (30 min) LA M 3, 3- 4 FLIEAE
iz (DAB) TAEM (10 ~ 15 min) , ¥ IREF , 3L
LRI Y% 3 min, OB A 3 2% 1 N WA TR 4R IR
Images J CIF R 50 #r, B 240 U0 BEHLIE #5155
CAL X 10 AN [ A9 i A5 HLEEF (% 200) 314 BH 4 40
JRLES, PS4 1EL
1.8 fEYZENE ( Western blot) AT HEXEFRE
=Ll

A5 L A K BUTE 7K SR JRR B T L 4 7 K Ak
BE, WUl S A 510K ) R SR LS, BCA &
W e B B VN s T e 45 5 HL UK ( Sodiium dodecyl
sulfate polyacrylamide gel electrophoresis,SDS-PAGE)
FEFL L REEE RN 20 pg, BFE] 120 min, 350 mA
PR R FE I (120 min) ,5% 4~ ML7E H & H %=
D 1 h, 5% B 058 A R IS o i m A — 47t
(BCL-2, Bax, cleaved-caspase-3, 1 : 1000), Pl «-
tubulin(1: 1000) £ A N2, 4°C W HF L%, 1:5000
FiBER HRP —Hi7E SRR MR E 2 h, AL

oI AEE IS BUAR R e H AT IR Image J FRPF KB
s T, A 3 RSO AE .,
L9 HitFEFHE

AHI T EHE TR SPSS 13. 0 it it
F1000T o THREBERER IR £ FRiE2E (v £5) IR,
AN [ ZE A AR 240 550 T) 1 79 TR b 85 R FH S PR 2R 7 25 47
BT (One-way ANOVA) . #4441 Bk 7 255 A 5
7, %+ Bonferroni ¥:8Y, Tamhane’ s T2 B IES5 5,
PA P <0.05 HERAGI R,

2 #R

2.1 BRERXBRIRITAZRABREL S

20 8 FLAAT W IR K R 48 A ] a5 e B
Racine "EAM 4 EITLIK M 1 s, 2 & EiE
(HAEDE & 5SS 50 — 150 min 2206, THP-1d 5
W2, THP-3d #5541 Fl THP-7d i 2H - ¥ o B
Racine TEr B FRUR AL (P <0.05) , 1fi THP-3d ¥
SR 20 B A T AR A4 (P <0.05) . THP-14d 45
2 R AER ISR A AAARL(P >0.05) .

SRR A Bk AR IR sk 1 B,
IHP-3d Wi ZH VR I B A 76. 88 +20. 90 min, 5
HARHAHBX (P <0.05) i 2H 1A 1
B0 21. 64 £2.22 min, 5 THP-3d i 41 F1 [HP-
7d FENE 2 (36.73 +4.50 min) A B B X 5 (P <
0.05) ,5 IHP-1d %% 41 (25. 64 +4.10 min) 2 K&
THP-14d #iA4H (24. 65 +3. 89 min) L 22 5% L4
B X (P >0.05),

SRR EGMWRET S, ME 2 Frn,
SR B o 41.94 +16.34% , 5 IHP-1d i % 41
(31.79 + 9.17% ), IHP-3d i % 41 (11.13 =
4.72% ) ,IHP-7d FANFLH (29. 77 £7.76% ) Z [f] 2 57
HAG %7 X (P <0.05), THP-3d i 20 B B
THAAKH(P <0.05), IHP-14d 4 (38.56 +
13.53% ) SR A B E 25 (P >0.05)

R AR R R A B R AR (57 min,n =8)

Tab.1 Latency of generalized seizure in epileptic rats from all groups (Unit; min, n =8 per group)

I I I v A Vi VI Vit xEs
Seizure# 20.3 18.1 25.2 23.5 21.9 22.2 19.8 22.1 21.64 £2.22
[HP-1d seizure# 20.5 19.1 24.6 27.4 25.2 30.0 29.7 28.6 25.64 £4.10
THP-3d seizure * - 60. 4 45.7 80.6 95.1 78.3 - 101.2 76. 88 +£20.90
IHP-7d seizure *# 43.2 37.9 40.2 35.5 37.8 29.9 - 32.6 36.73 £4.50
IHP-14d seizure® 23.5 20.4 19.9 26.5 22.5 30.8 28.9 24.7 24.65 +3.89

2" P <0.05 AL LA, * P <0. 05 15 THP-3d S04 b, L 305 220 B R fif Tamhane” s T2 B IEMH
Note. * P <0.05 versus the seizure group, *P <0. 05 versus the THP 3d seizure group, ANOVA with post hoc Tamhane’s T2 correction.
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R2 ALK B B VR AP0 I 18] s 20 b (B2 % ,n =8)

Tab.2 Percentage of generalized seizure time points in epileptic rats from all groups (Unit: % , n =8 per group)

I 11 111 v \Y VI VII VIII
e 21 18/48(37.5) 23/48(47.9) 19/48(39.6) 32/48(66.7) 30/48(62.5) 16/48(33.3) 14/48(29.2) 9/48(18.8)
THP-1d #f e **  15/48(31.3) 16/48(33.3) 7/48(14.6) 15/48(31.3) 20/40(41.7) 12/48(25.0) 21,/48(43.8) 16/48(33.3)
IHP-3d Hifm 4l * - 4/48(8.3) 4/48(8.3) 3/48(6.3)  9/48(18.8) 5/48(10.4) 7/48(14.7)

IHP-7d s **
THP-14d #if 4l **

16/48(33.3) 14/48(29.2)
20/48(41.7) 24/48(50.0)

8/48(16.7) 19/48(39.6)
14/48(29.2) 16/48(33.3)

11/48(22.9)
15/48(31.3)

17/48(35.4)
30/48(62.5)

15/48(31.3) -
20/48(41.7)  9/48(18.8)

.7 P <0.05 SR LA, * P <0. 05 5 THP-3d B4 L, 5 IR 2 5 220 M7 KA Tamhane” s T2 fE1EMH
Note. * P <0.05, versus the seizure group; * P <0.05, versus the IHP 3d seizure group. ANOVA with post hoc Tamhane’s T2 correction.

2.2 BREBEKFIAMAICIZENTHER
W 2A B, e ALATAT S v 0 2H 308 3k v
ARIIIA K T X B2 THP-1d #5020 THP-3d %5 J
ZH A1 THP-7d A4 (P <0.05) , 5 THP-14d i 20
T B 2R (P>0.05) . THP-3d Fiji 41 0] 5 %F iR 41
T RZER(P>0.05), WK 2B fFis, 25 MR R
5 485 SRR WU 21 K BRUTE H A 52 BR 457 B8 Ik [] Y 42
T HARUL(P <0.05) , 1 THP-3d i 41 5 X} B8
HIHE2ZR(P>0.05),
2.3 REED CAl RMZTATER
FAREIED CAl XM 1Ho, anE 3
Fis o Rl —f5 BB R 0 41K BRI B i 400
AT B 8 69.3 £ 12.8 cells/HP, 5 % IR 41
(15.5 6.8 cells/HP) , IHP-1d | £H (26.3 £7.2
cells/HP) ,IHP-3d S 41 (18.7 9.6 cells/HP) J
THP-7d i 26 (30. 8 +10. 6 cells/HP) ¥4 0 g 22
S (P <0.05), THP-14d WM 2H (61.0 8.4 cells/
HP) 5900 41 JTCHH & 25 5% (P > 0.05) , #H %, THP-
3d U 2 R TR S X R 2 K THP-1d 0 2 A0 L
BEHEZER(P>0.05), HEMTFHAKH(P <
0.05) .
2.4 REEZALATHXEFRESRNER
B B8 BN ARSI AN P 4 BT, o BR 4 K R 5
2141 BCL-2,Bax } cleaved-caspase-3 ¥4 /> & 1E
WAk W 41 K Bl Bax M cleaved-caspase-3 #&
KB T, BCL-2 B A, 5 THP-14d e 41
DM R4 H A 22 % (P <0.05) , IHP-
3d WAL Eibde bR S X A LG i 2E 27 (P
>0.05) SHASKAZ MBI AEWN R 2R (P <
0.05),
g LTk, THP 74k B 5 K BURUIE 2 2Pk B
%, BAEJG N FNCAZ 8 T 3 3 % . 76 40 B %
43 T K Bl 28 50 08 T K I R R THP 34 2 () £
PHERITES 3 Rk BN AERCR 14 d 5 R 1EH]
FEARWR

5 #-+ Seizure
si-a [HP-1d seizure

# - [HP-3d seizure

b

*k#-+ |[HP-7d seizure

i ,é+ "_f;' #—= [HP-14d seizure

Modified Racine scale

0 5:{] 1 {I}U 150 200 250
Time (min)

TE: " P <0.05 SHURA LLE, *P <0. 05 5 IHP-3d
TR 2 L #R, K 38 22 537 R A% Bonferroni f&IE{EH ,n =8,
1 i K BTSSR Racine W2 00
Note. * P <0.05 versus the seizure group, * P <0. 05
versus IHP 3d seizure group, ANOVA with post hoc
Bonferroni correction, n =8 per group.

Fig.1 The scoring results rated with modified Racine

Scale of epileptic rat models in all groups

3 it

TR T E I N AR B, 3T A R ATLAA PN A
ZARAPHIL I B PO B 5T 0 DG TR R BESR
FEW 25 2 B B A 2 P 1) A1 T 4 A5 R 1 1 4
PR T 0T 52 00 B # R v A
SEME ARG UE S A SR S8 S R I =
[ A7 < A8 ST 32 ™ THP 9 Ak 2o 1K 552 3 K BRI
Gy SN 1 [R] B 2% A R B e AC D e 7 . U
SHEONFN D BERE 1 46 VR 2 A VR b AR b e il ik
AR S A oTii . S S INRYIREE U
AASET TR b g ) g B S BT AN Ok B4 41 i 43 T
Ay b W) o e BIL A DA G, R AR
WS — 2551 AT T pf 2 40 08 T A D L) 2
PRI ki 453 03 Ko THP 51 40 385 i R P AL 40 P
JHTAEN Z R E B N Bel2 Ml Bax LN H
BORrE BT, i FWAE S T Bel-2/Bax
T U BEOS R UE caspase 25 4805 A8 A =X
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A B 70
23 % - Control # o Control
30 - #-+ Seizure #-+ Seizure
*# - [HP-1d seizure 60 4 ## = [HP-1d seizure
g 70 4 * =+ [HP-3d seizure 3 % - [HP-3d seizure
g ¥# -+ [HP-7d seizure =3 %# -+ [HP-7d seizure
& 9 # - IHP-14d seizwre ' = 30 #-=- HP-14d scizure
= =]
2 501 ZE
= S E 40 1
o o
g 407 -3
2 304 £% 4.
=30 g g
20 1 <
20 4
10 4
T 10
1 2 3 4 5 1 5
Training days Training days

T P <0.05 SRR, 7P <0. 05 5 IHP-3d Ui 240 L, 5L R 7 2253 WK A% Tamhane” s T2 B 1E {8, n =38,
2 HAKREIAFFICIZBE ST ITAS
Note. * P <0.05, versus the seizure group, * P <0.05, versus the IHP 3d seizure group.
ANOVA with post hoc Tamhane’s T2 correction, n =8 per group.

Fig.2 Evaluation of the cognition and memory ability in rats from all groups
i

P7dseinire ™ [ ome R4
3 KHKEED CAl X TUNEL 03 Y A 1500 ( x200)
Fig.3 The TUNEL labeling of hippocampal CAl region in the rats from all groups (Bar =50 pm)

A . B s R . — (' o
Bal-2 (26 KD) BAX (20 KD) cleaved-caspase-3 (17 KD) | -. i '
a-tubulin (52 KD) -wbulin (52 KD) a-tubulin (52 KD) L —————
1.0 129 = 121
=
08 1.01 £ 101 z 4
= -]
= E08 208
£ 06 E 2
& 2 0.6 2 0.61
0.4 £ 2
2 g4 é 04
0.24 0.2 E 0.24 |-.|
(=]
0.0 0.0 0.0
B T B e R R I B R R
o oo 5 o0 0 o g é\% é“”fb é‘“’fb 0 o %y‘; o gy‘:b G
. k a8 N . : a8 A AT @ @ o
W R W e W W W T G

.7 P <0.05 SHUHLHLLE, " P <0. 05 5 THP-3d B4 LU , 5L [N 3J5 220 M7 R AR Tamhane’ s T2 fE1E{H ,n =8,
4 ASEAREIE IR T AR T MR R
Note. * P <0.05 versus the seizure group, *P <0.05 versus the IHP 3d seizure group, ANOVA with post hoc Tamhane’s T2 correction, n =8 per group.
Fig.4 Detection of apoptosis-related factors and proteins in the rat hippocampus from all groups
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N Rl caspase-3 PEAE AN IH TS, 5 E AETH
THATI B, A S GBS F A AU, i DM 42 0T
4 PR D DL A 22 2T AR T i e 28 il 5
ZEFNSEfE I8 G T SR S H Y AT AL R
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FRZETTIE B AR B I B A 52 BARHSE T e o 40 e
SRR AR R S BRI 4 - 2 T AL
2 2F #2 ( astrocyte-neuron lactate shuttle hypothesis,
ANLSH) #ig 12 B T & fe m 0l DBk R 2L
P BRZE AT PR R A A 55 DR 7 2 A P B
BT AR G, 150 AE 52 A D 600 A1) P 72 ol ik 4R
AR B ZLIR KA Y, 38 4ok 52 2% 56 R e R AR

My PR S, 2% RO S A 5 i fE A Y

RS AR S | L R e A 2 R e i 4
Hf B R B AR L AT AR P R
— R AR 5 Bk R — A R Bl i e R
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5 B T 52 1 2 3 5 A i S 4 i % i 28 T
ReL AR A 4E 4P A5 DASE B, THP TR B S 3d
Nt AR, B DR A RCR B W saR | 7% i R T
Sb PGS B P A PR DR AP R 28 5 LR AR 2 52 ¥ T
KIEL,

ANLSH #H#8i F 5582 2 %% 32 1K ( monocarboxylate
transporters, MCTs ) S LR E P! . MCT4 BRIR4 1A
SR F Taf hypoxia-inducible factor 1o, HIF-1ax) O
B2 1T A A s 0 5 PR i o e 4 R
022 AR N ST A et/ B A S 0 =2
(1] A2 SR 52 F 22 i AT A8 S 28 2% A R0 43+ 3
[T S5 2R o BE R Ix 22 R 97 PR 3R 1Y IR A BIE 50K
I RFSYT T-Be A i B 2 B S
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