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[Abstract]  Objective To evaluate the protective effects of endoplasmic reticulum stress
preconditioning induced by 2-deoxyglucose (2-DG) on hippocampal neurons of rats with status epilepticus
(SE) and the possible mechanism. Methods Ninety Sprague-Dawley (SD) rats were randomly enrolled into
preconditioning group (N =30), SE group (N =30) and control group (N =30). Each group was divided into
6 subsets (N =5) according to six time points (before seizure, 6 h, 12 h, 1 d, 2 d and 7 d after seizure). The
preconditioning group was administered 2-DG intraperitoneally with a dose of 150 mg/kg for 7 days, and the
lithium - pilocarpine induced SE rat model was established on both preconditioning group and SE group.
The rats were sacrificed at the above six time points, and the brains were removed to make paraffin
sections. Nissl staining was performed by toluidine blue to evaluate the hippocampal neuronal damage after
seizure, and the number of survival neurons in hippocampal CA1 and CA3 regions of the rats were counted.
Immunohistochemical staining was performed to detect the expressions of glucose regulated protein 78
(GRP78) and X-box binding protein 1 (XBP-1) in hippocampal CA3 region of the rats. Results The

number of survival neurons in preconditioning group was much more than that in SE group at 7 d after
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seizure (1 =5.353, P =0.000), and was more obvious in CAl region. There was no significant hippocampal
neuronal damage in control group. The expressions of GRP78 and XBP-1 in CA3 region of hippocampus in
SE group at 6 h after seizure were significantly higher than that in control group (P =0.000), and then kept
increasing until reaching the peak at 2 d (P =0.000, for all). The expressions of GRP78 and XBP-1 in
hippocampal CA3 region in preconditioning group were significantly higher than that in control group before
seizure (P =0.000, for all). The level of GRP78 maintained the highest at 24 h and 2 d after seizure (P =
0.000, for all), while the XBP-1 level reached the peak at 24 h after seizure (P =0.000). The expressions of
GRP78 and XBP-1 in hippocampal CA3 region in preconditioning group were significantly higher than that
in SE group at before seizure, 6, 12, 24 h after seizure (P = 0.000, for all), while there was no significant
difference at 2, 7 d after seizure (P > 0.05). Conclusions Endoplasmic reticulum stress preconditioning
could protect hippocampal neurons from damage in rats with status epilepticus, in which the XBP-1-GRP78

signal pathway may be an important mechanism.
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Table 1.
hippocampus among 3 groups at 7 d after seizure (v % s,

number/HP)

Comparison of number of surviving neurons in

Group N CAl CA3
Control (a) 5 103.43+ 7.89 47.38+5.73
SE (b) 5 51.00+10.81 26.18 +4.32
Preconditioning (c) 5 79.03+ 5.15 38.00£6.43
F value 3.707 1.473
P value 0.001 0.009

SE, status epilepticus , WiAigHE 2R A

B1 LB MBI NisslJef  x400 la XfHE
21K BB T CA3 XA S HES 3 57 TR A 8 4 8 B R W
BEA 1b SEA KRS CA3 KWL i S A K, 7
WL ITCE B 1e  BIE N 4K B D CA3 X4t
TE AR SE R QA IE #4080 H 2 F SE 4

Figure 1

Optical microscopy findings. Nissl staining X

400 Neuronal cells in hippocampal CA3 region in control
group were densely arranged with complete pattern and there
was no significant neuron loss (Panel la). Neuronal cells in
hippocampal CA3 region in SE group were of incomplete
pattern and the number of surviving neurons was reduced
(Panel 1b). The change of cells in hippocampal CA3 region
in preconditioning group were similar as that in SE group,
while the neuron loss was less than SE group (Panel 1c).

T2 PRRHRFLLRAS R 7 R AN R Ak B2 R RV B A3 A
2R H 1 P L

Table 2. Paired comparison of the number of surviving
neruons in hippocampus among 3 groups at 7 d after
seizure

P value
Paired comparison
CA1l CA3
(a) : (b) 0.000 0.000
(a) : (c) 0.001 0.021
(b) * (c) 0.000 0.006
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Figure 2 Optical microscopy findings 2 d after SE. Immunohistochemical staining (SP) x 400 GRP78-positive cells could be seen
in hippocampal CA3 region in SE group (Panel 2a). The number of GRP78 - positive cells in preconditioning group was obviously

higher than that in SE group (Panel 2b).

B3 AR 2 R b BB WA T W G AUk e 6 (SP 2B 1k)  x400 3a SEAL KK D CA3 XA I
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Figure 3  Optical microscopy findings 2 d after SE. Immunohistochemical staining (SP) x 400 XBP-1-positive cells could be seen
in hippocampal CA3 region in SE group (Panel 3a). The number of XBP-1-positive cells in preconditioning group was obviously higher

than that in SE group (Panel 3b).
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R3 A A BRI R A WL N 1] 57 55 CA3 X GRP78 PR IA KA LA (3 +5, %)
Table 3. Comparison of GRP78 positive rate in hippocampal CA3 region among 3 groups at different time points (x s, %)

Group N  BeforeSE Aller 58 Fvalue P value
1) 6h(2) 12h (3) 24 h (4) 24d(5) 74d(6)

Control (a) S 28324179 31.45+2.04 3061125 29.82+2.70 30.68+3.13 28.97+1.44  1.466 0.238

SE (b) 5 29.88+374  40.13£297 50.70=1.81 55.87+1.46 66.03+238 33.03+248 147.552 0.000

Preconditioning (¢) 5 40.53£2.69 50.77+0.87 57.83%1.72 66.93+1.46 65.03=1.11 30.77+2.73 278.875 0.000

F value 27.128 102.289 385.052 472.020 363.633 3.967

P value 0.000 0.000 0.000 0.000 0.000 0.048

SE, status epilepticus, WUMHFER S o The same as tables below

Fd R — ALK RS (] 450 5 CA3 X GRP78 BH M 35 15 28 1) 19 5 Bb 458

Table 4. Paired comparison of GRP78 positive rate in hippocampal CA3 region among different time points in each group

Paired P value Paired P value Paired P value
comparison SE Preconditioning | comparison SE Preconditioning || Comparison SE Preconditioning

1) 0.000 0.000 @) :(3) 0.000 0.000 3) : (5) 0.000 0.000

(1) : (3) 0.000 0.000 @) @) 0.000 0.000 3) : (6) 0.000 0.000

(1) 1 (4) 0.000 0.000 @) (5 0.000 0.000 @) : (5) 0.000 0.129

1) : (5) 0.000 0.000 @) :(6) 0.000 0.000 ) : (6) 0.000 0.000

(1) : (6) 0.066 0.000 3): (4 0.004 0.000 () : (6) 0.000 0.000

F=5  AIAAL PR A B IR] — R [] 508 5 CA3 X GRP78 BH 1 35 15 2R 1) 7 4 Eb 4%

Table 5. Paired comparison of GRP78 positive rate in hippocampal CA3 region among different groups at each time point

P value
Paired comparison
Before SE 6 h after SE 12 h after SE 24 h after SE 2 d after SE 7 d after SE
(a) * (b) 0.404 0.000 0.000 0.000 0.000 0.016
(a) * (c) 0.000 0.000 0.000 0.000 0.000 0.236
(b) : (c) 0.000 0.000 0.000 0.000 0.519 0.144
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R6 AN Ab BRZH K LA WLEE I ) 36 5 CA3 X XBP-1 FAPER XA A (£, %)
Table 6. Comparison of XBP-1 positive rate in hippocampal CA3 region among 3 groups at different time points (x s, %)
Group N tfozea Sl Alter SE F value P value
1 6h(2) 12 h 3) 24 h (4) 2d(5) 7.d(6)
Control (a) 5 17.39 +2.87 16.95+3.27 19.26 £2.48 19.71+1.32 18.16+1.93 20.08+2.12 1.411 0.256
SE (b) 5 18.40 +£3.08 25.40+1.51 37.63+1.40 4587+1.40 51.33+1.51 17.60+1.76 293.353 0.000
Preconditioning (c) 5 32.17+1.89 39.40+1.14 47.50+1.81 54.07+3.45 50.43+2.27 20.17+2.40 158.156 0.000
F value 47.901 135.121 270.884 309.563 480.184 2.392
P value 0.000 0.000 0.000 0.000 0.000 0.134

R7T AR FRYLK RS R[] 0 1 CA3 X XBP-1 B 3 18 2R (1) 5 R HL 4%

Table 7.

Paired comparison of XBP-1 positive rate in hippocampal CA3 region at different time points

in each group

Paired P value Pairgd P value Pairgd P value
comparison SE Preconditioning || ¢omparison SE Preconditioning || cOmparnson SE Preconditioning

(1) = (2) 0.000 0.000 (2) : (3) 0.000 0.000 (3) (5 0.000 0.053

(1) = (3) 0.000 0.000 (2) (4 0.000 0.000 (3) : (6) 0.000 0.018

(1) = (4) 0.000 0.000 (2) +(5) 0.000 0.000 4) :(5) 0.000 0.000

(1) = (5) 0.000 0.000 (2) = (6) 0.000 0.000 (4) : (6) 0.000 0.000

(1) = (6) 0.505 0.000 (3):4) 0.000 0.000 (5) = (6) 0.000 0.000
R AP K LR — WL 5% i 1] £V TS CA3 X XBP-1 B 20k 4 14 T 70 LL 62

Table 8.

Paired comparison of XBP-1 positive rate in hippocampal CA3 region among 3 groups at each time point

P value

Paired comparison

Before SE 6 h after SE 12 h after SE 24 h after SE 2 d after SE 7 d after SE
(a) : (b) 0.559 0.000 0.000 0.000 0.000 0.088
(a) : (c) 0.000 0.000 0.000 0.000 0.000 0.947
(b) * (c) 0.000 0.000 0.000 0.000 0.475 0.078
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3% 3zt BR & 3Al 3R (F)

NS5, 10- 3. T 2 I 20 - T8 3 Dt i
N5, 10-methylene tetrahydrofolate reductase( MTHFR)
LB ethosuximide(ESM)
S FE MM abnormal uterine bleeding(AUB)
SEFPERMLAN 1 isocitrate dehydrogenase 1(IDH1)
B [E Rivermead FE & H 0B TH AT 842 0 56 55 2 It
Rivermead Behavioural Memory Test Second Edition

(RBMT-1I)
B LIY™ o UL RS 25 A g

severe myoclonic epilepsy in infancy(SMET)
PEEIEALZ4AE fluorescence in situ hybridization( FISH)
B AN R L R -

early-onset benign childhood occipital seizure(EBOS)

ST

China Association Against Epilepsy(CAAE)

<IN S -

Hh ] R AR A O T
China National Knowledge Infrastructure( CNKI)

) A AR A SR ) 1 )
cyclin-dependent kinase inhibitor( CDKT)

JA] JU3 A R ATA: J H
periodic lateralized epileptiform discharges(PLEDs)

AL AR F  transforming growth factor( TGF)
HERE IS Sy Ik 5K S 1R

vertebrobasilar dolichoectasia( VBD)
HEAHILFLFEN  histone methyliransferase(HMT)
HE A LB W histone acetyltransferase(HAT)
JELHIPEI levetiracetam (LVT)
W JE VP IE  zonisamide(ZNS)



