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(HWE] HY 2 m RS PERIE B b SRR RO S i FLsh Y Ein s REEN RS
¥ 1 ( mammalian target of rapamycin, mTOR complex 1,mTORCI1) ) FiE W5, Jii: 120 H SD iR
SRR 2 BB ML A0 i B 2 BRI AT 114, B4 40 o AR ZH 5 1 P 2R 4G A K U Rk s 1 1 A
T AR, 0] IR T U BRER K TR G, T4 TRa i | h BRI S 200K, JE 4L 14 do B9 Tik
FiJ5 6.24 h\3.7 14 d I [a) s EA T AR 5286 o WK BN & 1 17 0 , 10 53 A BB )2 il v T o A i 55
FL B LS S K JZ A 28 7T , Western blot A5 K BT 460 B2 )22 mTORC 4 [ 1 2 35 S H R AL 7 &
(p-mTORCL) , S HATEASI p-mTORCT A ALK RS B2 PRy ik, 85928 O BRZH R WA
B, T TR BT L0 A A E OO 0 (P < 0..05) , KARREBE W] 2 0k (P < 0. 05) 5 iR HL I $2 71
T LR R B M W P U R AR R 2 ] S 9 AR (P < 0. 05 ) 5 FELRE IR TR A R B 22 T8 1 BB T3
B, TR R B 20 A I 25 A4 FEAS TE % 5 Western blot A 4528 75 mTORC1 3 [ 7ERI Y20 h 4%
N T IR AL O R BT 28 35 1 TR BRAL (P < 0. 05) , I ARG 24 h ik B, 76T 74 p-mTORCI
BEMTHEAIL (P <0.05) ; Fpedfb g 4R p-mTORCT 164} BE 20 Fp Ik ik , BRI 4 v 8 28 8 T ) B
4 (P<0.05), TFizirh p-mTORCI B EF(RTHAI (P <0.05) , &5  FESMAEHEIN K B, 28R
A REE S A0 mTORCY BRI 1 A A TR RO
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Antiepileptic effect of curcumin by inhibition of mTORCI1 activity in brain of post-

traumatic epilepsy rats
Lu Bo, Xie Yanfeng, Shi Quanghong, Dan Wei, Zhan Yan, Pang Liangze, Hu Tieyi ( Department of Neurosurgery, the
First Affiliated Hospital of Chongqing Medical University, Chongqing, 400016, China)

[ Abstract | Objective To investigate antiepileptic effect of curcumin and analyze the expression level
of mammalian target of rapamycin complex 1 (mTORC1) in post-traumatic epilepsy rats. Methods SD male
rats (n =120) were randomly divided into 3 groups: a control group (n =40), a model group (n =40), and
an intervention group (n =40). The rat models of epilepsy were established by iron injection to the cortex in
the model group and the intervention group, and the rats in the control group were treated by intracortical
injection of normal saline. The rats in the intervention group received intraperitoneal injection of curcumin at
1 h before modeling, and the curcumin was injected for 14 d. The rats in each group were randomly selected
at different time points (6 and 24 h, and 3, 7 and 14 d) after epileptic seizure. Racine scale was used to
evaluate the behavioral changes, and cortical electroencephalogram ( EEG) monitoring was performed to

record the EEG features. The neurons in the curcumin-injected cortex were observed with transmission electron
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microscope. Western blotting was applied to detect the expression of mTORCI protein and its phosphorylation,
and phospho-mTORC1 ( p-mTORCI ) protein expression in the curcumin-injected cortex was detected by
immunohistochemical assay. Results Typical seizures and epileptic discharge were observed in the model
group and the intervention group. The frequency and degree of epileptic seizures of the rats in the intervention
group were lower than those in the model group (P <0.05), as well as the epileptic discharge and epileptic
wave amplitude at each time point (P <0.05). The cortical neuron degeneration and death appeared in the
The p-

mTORCI protein was more highly expressed in the model group at each time point as compared with the control

model group, while the curcumin-treated epileptic rats exhibited normal subcellular structures.

group (P <0.05), and peaked at 24 h after injection of FeCl,. The p-mTORCI protein expression of the
intervention group was significantly lower than that of the model group (P <0.05). Conclusion Curcumin

excerls certain antiepileptic effect by inhibiting mTORC1 phosphorylation in the iron-induced post-traumatic

epilepsy rats.
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A5 PE R IR ( posttraumatic epilepsy, PTE ) J2& fii fixi
P0G B WLIE BT , 7 4 SR B RN ), %) 1
BAERURIFNAT T BOBETE — B B SR TR E A
IAEIFFE R, WL S i RILER LAY 1
(mammalian target of rapamycin, mTOR complex 1,
mTORCL) 43 ) {5 38 B 52 5 90305 9 A0 PR 30 A
HE AR LEMRSMI L PTE g Rl sh mTORCI #
BRAL BTG , 75 AL mTORCI 38 33 B BR Ak T e 22 il v
G3F AT 7 A 22 T T R T 2 5 O T A
KJg i mTORCT HAT HUM & £ 1A
LEFRE—FHA ZENA RPN 2B RS
Py, %5 PTE B0 Hh — 7 M IA Y7 1 (0 A A it
RBTTERD , HAAEY R AE L5 A S8 2R 2E
e 1 Y mTORCL g A 45U A F 1%
D ILARSARE o AT R T 2 B R AE FeCly B2 R
TE SN IS0 1 3 A 2R v ) A0 2500 A B ke
mTORC1 B AL A5

1 #REFE

1.1 ##

131 : 100 mmol/L FeCly#¥# ( Sigma 22 7]) , 4t
fil mTORCI ,p-mTORCI** B yg BEHT{A (CST 24 |l , G
YUkl GAPDH #og [ i (A (b 5t 1 B AR A= W HoR A IR
W), FEHER (L[E Sigma 2 F]) o
1.2 Zhh Ao

HEPE f BE AR SD KR 120 L, A i i 200 ~

250 g, HEKBERIREIL S Y b4 . el
BEAL A R X B B RU R T P2, A4 40 H, A
2H ST P AR K R 2 T 43 FeClLy T B85 P i
B, T2 TR AT 1 h I A 22 B R [ 200 mg/
(kg -+ d), —HI LT O (DMSO) i B i fi 1, i ¢
14 d, % B ZH B B 7R 20 73 3 4 [ FL DMSO, % 41 F
WS 6.24 h 3.7 14 d WA 50 mil e 8 HOK B
EX S
1.3 SPMGHEFRIR AL A A 5
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P Je TS AAE A T, TR A PR S A 3 A
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SRS 2 K R AE e 32 3l K 2 (R AREE 5% 2 mm
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HEGELS 1052 R . 4 I o e [ER] F) ER 22  TFL
SRR, A O [ N o
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FERIC 4 43 BN S A B 2y , 2% 2 P A5 1T 4 B M5
B RAEL S 73 RAE RS\ TIE 6 43) =3 41
PRI TEASL ) | Xof AR W R AT 1 R BRI ) S 3 - 4 b
5o LUGTEHEZOEL 6 h, il sl LRI
1.5 ZERuREITE

T4 BF T] 5 AR HE K BRI W K R JZ2 i FE 1 h, DA
IUE MR B FE S 2 A5 MDA EJF HOB A S s A
Sy ik HE, PET JB AR, T v 45 2L K B P, 38 R S
PR Wi v TR AR S 880 W IS % 35 Hz, R
0.8 wV, I #E 30 mm/s, P IE 5 mm/50 WV, B [E] %
$0.3 s
1.6 A7 KR4 & Western blot, %, 9% 2H1L & & 4 ¥ 4%

il

B KRBT 40 S A 3. 5% KA & IR
(1 mL/100 g) 8 75 BRI , S BCH 4 R ek
SKIUN , U 5L R J2 I AL 4L 4 °C PBS B il
100 mL M 3 W5 B A - 80 C kA NARAE, T
Western blot G, 8 3 A B AE B K S 4% Z 5
P 28 /00 B S, BB S AL AT 18] B 2= I 2L 40 43y
PER A, 7390 T 4% 22 5 W B 4% 13 T W IR i
J& T e U7 S S i am sl

Western blot 5l : 2 B8 (1 5 A BCA Ll
BRI PR L, ] GAPDH Sh NS, M
HINAZEPEG: M5 TR 7K HOR%F S min, 10 000 r/min 5
05 min J5 B4R, SDS-PAGE Hi YK J5 5% 2 MR T 4E N,
T 5% g4 4 CEHAIR; 73 AIHIADL p-mTORCI
ik (1:1 000) 4 mTORCI FHfA&(1: 1 000) # GAPDH
P (1:2 000)4 CHER R, A ZFi (1:4 000) T
37 CIH#E 1 h,DAB % i 4, Quantity One [543 41 K
XT38 A5 AT K BEAELE e A IE 4e it .

G2 L AASI - UM A0 38 ) Ay il Bl A7 bR )
RO RTES wm,S-P Yefa, PBS B —HUfEFH M XS R,
Pt p-mTORC1 —HLy Ry 1: 100, 400 £G4 ET T
WA A G 45 3R, R ] Tmage-Pro Plus6. 0 K15 J3 #r
RGFE AT s PR P Y R

5 5 FAR LR < DI S LR L 2 I 4140, s
KA1 mm®, F 4% % 1% b [ 58 5 Fi R b A T
FRAS i %, 7 S L BE T LB 2 LA T 4
1.7 %it2 o

TR DL x + 5 R, 2R SPSS 18.0 &iit
A TR A 3, 22 2 ) R LU A R BRI R T 243
Bt LSD-¢ ¥ 56 F WA T 2 [B] 4 22 57

2 HR

2.1 FAHFAEK

X BRZH R R TCH0 & A o RS2 S T T2 34 m] Dl
TR RN, TERL LT3 3 0 AR 21 85. 1% (40/47) ,
T2 81.6% (40/49) . R THRIGZY 1.5 h R
T, AR B I, A7 S8 T %%, i F v ] L
AR BE B A, IR Ak CEERD TR R Bl Y
HIBCE Sl AT R Bl Rt a3k Ll 57 OBU R A
Bigh kA A B B MR R A, RAESE T ILRERR,
FAETIAR R 57 B Bl Se g b ook R s At
Too M A AEARARE S AF RIYTERERS 6 h Wik, F
76 ~30 min FEAVE 1 R, ¥r42 1 ~3 min,3 d NEUH
RN, 7 d g AR B b B AT AT W
TR Ao T I K BRI A A R B R 20t 25 0k
(P <0.05) , RAEFEREE B Bk (P <0.05,3% 1),
2.2 REmRBHELZR

XL R B A i L DL B oo R 32, BREE 0 U, DR
BIE/INT 200 WV, R WG o & I 1) R B 20 J
o YT DA 18z , 9 B BRI OBURRIRE IR i R
WS 2P 2, PR T = 3k 300 WV, K AR S T A 0 il
o WIE 58 TR S R U 1Y) AR R B ™ E R B
FEA S, BRI FEAE 1.3 FHOWE S %, 18
AU 4 i AR 8, A L O T 12 9 i ik 3 v Tk
HEAL (P <0.05), THIAAE 1.3 ST DLW I,
D4 i 5 R R 6, A P, I8 1 157 908 W b T 1B & A
PRI ] 13 Wi IR (P < 0. 05,181 1,36 2)

®1 FHABRAEREERAEZERBEITAFITES (n=40, xxs)

6h 24 h 3d 7d 14 d
2H 5
e Wy e PEA WE P53 WEL P53 WEL 5y
X B 0 1.03 +0.47 0 1.02 +0.47 0 1.17 £0.25 0 1.22 £0.25 0 1.18 £0.21
BRI 8.8 +1.7° 4.11£0.20° 14.9+2.0° 4.10£0.22° 19.9+2.8" 4.00+0.22° 24.5+3.4° 3.93+0.14° 31.5+4.2* 3.81£0.11°
THiH 5.2+1.4> 3.82x0.13> 7.4x1.5" 3.73+0.10> 8.5x1.2" 3.67+0.11> 9.4+1.3"> 3.62+0.13" 10.3+1.8" 3.61+0.15"

a:P<0.05, 5 BLLE ;b P <0.05, 5 AR 20 b4k
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F2 FBHARAE R EERR B BRI IEEE B (n=40,x %)
6h 24 h 34d 74d 14 d
WAL P (V) WHK P (V) WHK P (V) i PR (V) EL PR (V)
X B ZH 0 71.97 +11.23 0 67.97 +14.65 0 72.70 £12.80 0 71.88 +12.59 0 69.24 +7.76
FERIZE 11,1 £2.2% 211.43 £19.93% 7.3 £1.8* 223.92 +24.42* 7.5 £2.2* 226.38 £20.06* 5.8 £2.1* 207.26 +16.63* 5.4 £2.0" 208.75 £17.93*
FHiH 5.1+1.8" 147.29 +20.75" 3.1 +1.5> 141.32 +21.36" 2.6 +1.4> 139.97 +16.91" 1.8 +1.2> 127.26 +23.02" 1.1 +1.0> 114.99 +13.32"

a: P<0.05, 5 p2a k45 ;b P<0.05, 5840 20 )b 45

ikl

A3t pE4R B A4 C. T4
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LAP v 3, Tl L e (B) g
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2.3 FHEENELER

Xof B2 v R 3 S 2 J2 e 28 5 U 4 A e 4
T o AR K RRTE 2 A5 00, 350 0 b 28 A4 i L o 7K
Ji A% P 20 B g i R D, L IS 2. A
TR, MBS ZE AL, Y B R, AT R A T
SPYER 14 K, AT DA 2 2 L RS 45 Ay ) S A AR IR B
BRI i R R A | 2 9 S S AR, 22 o Iy
TE AR, 5 Y o BTEER A IEAET . T4l R
MO T L Z [R], A DL K o 40 A SE T4
MU PR TC I S AR IR, D R A R T

AN , v T UL Y BT R 8 SR A T PN J5 1)
(E2),
2.4 Western blot #&-m] 25 &

mTORC1 7E 4 I 5] 53 235 T i 41 1] 22 5% (P >
0.05) ,4&75 mTORCI 7ErH X ik TH8 € Rk, A 32
TR 25 T PRS2 . p-mTORCT WU 7E X B 4H P AR
Fak, TE R vh 3R Gk Fr 2k B . LA p-mTORC1/
mTORCI ) FUEACFE mTORC1 fiGALAEE . p-mTORCL/
mTORC1 7£ 4% B4 26 v 2% I 8] 5 45 W 25 i T 0 R
(P <0.05) I+ FARSG 24 h ;AF(AE,3 d NIRFFEGS
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B ¥R FSMAER

0.05, 5 #E A 40 rb 4%

3 Western blot 1] p-mTORC1 .mTORC1 & [ #E &
HKXREEHRHFRIL

2.5 SEfafeim 4R

£ p-mTORCI 3k = W By [1] 45 (24 h) |, B 5 A
S AR R e 22 T e g i Ak ik, i — 20 e R A
M35, 455 B8 p-mTORCI FE 335K T #i & o iy
JEE, A2 R Rz J2 P 28 o0 b 52 55 PH A 3Rk, 7R
ZouH i #R Gk (0.33 £0.08), k& KA R4
(0.09 £0.02) B ZRAn(P <0.05) , i T4l HEE
17 (0. 11 0. 03 ) A AU 2 B 29/ (P <0. 05,4 4)

1AM 2n 2, A 20,3, F R
a:P<0.05, 55 BAbE ;b P <

LY

3 it

T
i &M o A S L, 2T A MO 2 Bk T DR AR
A P AR T ol R I 2 S 3 in -5 BRI 1 &
A IR AT T FeCly J 2 7 5 ok i 5 K R A 8
TS AR R BATTAE K UL E Bl B )2 T 4
FeCl, J5 g HAT 22284k 6 h, K BB R4 J2 1 Pl
A B S AR A I A R R RO, 5
AN PTE KAEABARL AT 2 5 1 10 2 2 A ol ) 2343 3|
7 85. 1% Fi1 81. 6% , F- YR E B HOZ —Fh R e (T 1Y
AMGPE R S PR
mTOR J& — B AH XS R <7 19 ML 22/ 95 2 1R B 1
VA, FERE A A 1 A Ty T R AR, 44
B ARFH ST G mTORCT Al mTORC2 Bifh i 414,
Hr mTORC1 5 8 [ & 5. 40 43 10 558 45 3 20K
#,mTORC1 74252 L5 5 )5 8 L B R AL 47 S6 .
4EBP1 M Z T iifsrF 25 2R A R B 72, 3
TEfE5- 0 g A FEZEN A E . EPIRIE RS
i, mTORCT S 22 1R R A, 6 2130 45 M 2800 2E K4y
b e HE AR o RSB : mTORC 76 H K N
WEA P K* Ca’" %58 73838 LA & NMDA #4324
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() PTE 55 BE 0028t B sk 0 ASHIFSE % B, %) BE 4

. . b e & o $1 A s - 44 - [¥) '. 2
™ \ Al - * .; W e i A ’ . ‘0‘"‘ Qﬁ - ; LR v"t
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KB mTORCY AYBERR AL AR FEARAR, Mk MY 20 mTORCI
A TR AR D) S 5 34, 48 1) A -5 SR 1)
VEUCK R I — B, A5 BRI, 3
A BN, mTORCY S B R AL BT 2 I sh A3
PERGUR A A2 | A R E 2L AR, S AU I /7 1O 2
Mo HAT, —7 mTORC 1 5775 37 B4 (4 T A 2
EFEA NG PRS2 5 (VY745 R ALAE , P XES P )
BrEe

LHFR L WY Z BRI T, 5
25 5 IR e, FLAT TR BT T BR R
IHEVE L BFSE K BT IR SE L 4 AR S
S PR 2R BAT —ERRI T . AW
B, W R A E AR PTE K BRI A /R R A
S AN B ST W R D D AR B SR A 2T
ARPE SET AT R i PR 4 s 4 3 )2
UEW] 8RR PTE K R BL—E R T 1A
SMIFFEIE 52, % 8 3R B A 0| mTORCL {5538 3 1
AU TR I Ay 3 — B4 2 B 3 R AR O 800 1 L
i, FA TR R B 42 mTORCL 7+ U i
FRALNG DL o AR TR, T4 K BB i mTORCI #
M A A J3E Ak T AR K -, 42 78 22 B0 AT 3 410 A
mTORCT BRI 10 A 45 HURUR AL o

LR bR, FATA , mTORCY 2 A I WERR AL 3
5 PTE WA FEEAR . LR PTE KFF
FBL Y B A OO 11 1, OB ML ) AT B 4 o
mTORCI VLA 56, B2, mTORCL 1E 55 PRI &
Az R BRI TLE LA R 22 8 R AE i 2 PR AP 3K
O P - BRI T B — BT
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