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Noda epileptic rat

Research for the mechanism of vagus nerve stimulation therapy using Noda
epileptic rat
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We performed vagus nerve stimulation to genetic epileptic model rat "NER".
Acute stimulation of 2 hours showed anti-epileptic effect to generalized tonic-clonic seizure.
Chronic stimulation of 4 weeks showed anti-epileptic effect to the absence like seizure and reduced
duration of the absence seizures. We also studied neuronal activity changes among the rat brains
after acute and chronic stimulation using immunofluorescence staining of c-Fos and delta-FosB. In
the VNS group, we observed hyper neuronal activations in the nuclei corresponding with ascending
reticular activating system. Furthermore, there were specific hyper neuronal activation in the locus
caeruleus after acute stimulation and in the laterodorsal tegmental nucleus after chronic

stimulation. Time dependent anti-epileptic effect of VNS may be derived from the difference of these
activated cites.
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one burst of 30Hz, 500u s pulse width,
0.5mA output current for 30s every 5min

Cyberonics Rat Lead
Specifications, Cyberonics, TX, USA
NS-G103, Cyberonics, TX, USA
VNS-P201 , Cyberonics,
TX, USA
BMSI 5000 (Nicolet, WI, USA)
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(50mg/kg) (4%PFA)
40u m
Bregma level 3
c-fos (SC-52;
1:5000; Santa Cruz Biotechnology, Santa
Cruz, CA, USA) ( ), A fosB(SC-48,
1:5000; Santa Cruz Biotechnology, Santa
Cruz, CA, USA)
c-Fos
Alexa Fluor 488(A-21206, 1:1000;
Thermo Fisher Scientific, Waltham, MA,
USA) AFosB
Alexa Fluor 594 (A11058, 1:1000; Thermo
Fisher Scientific, Waltham, MA, USA)

Bregma level

Bregma -13.30mm
NTS:nucleus of solitary tract
LRt:lateral reticular
nucleus
Bregma -10.04mm
LC:locus caeruleus
PDTg:posterodorsal tegmental nucleus
Bregma -8.72mm
LDTg: laterodorsal tegmental
nucleus
Bregma -7.80mm
DRN:dorsal raphe nucleus
Bregma -3.80mm
BLP:basolateral
amygdala nucleus
Bregma -3.14mm
CM:central medial nucleus
MDM:mediodorsal thalamic
nucleus
Bregma -1.80mm
B:nucleus basalis of
Meynert
Bregma -0.40mm
BST:bed nucleus of stria
terminalis
Bregma 1.20mm
LSV: lateral septal nu. venral
part MS:medial septal
nucleus
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Abs VNS
F(1,20)=0.006, P=0.741
F(1,20)=0.228, P=0.045

F(1,8)=1.196,P=0.0148
F(1,8)=1.368,P=0.011

Acute sti
c-Fos AFosB
VNS Control VNS Control
Gl positive cell n positive cell n Pvalue  positive cell positive cell n .
B 2714058  0.83x063 0.126 1.00£0.61 0.77+0.66 0247
BLP 2834157 2174157 0.700 0174213 3.75¢2.13 0.200
BST 1.81£067  0.50£0.58 0.400 0.25£0.23 0.29£0.20 0.857
(1] 4784116  0.13+1.27 *0.009 0.78+0.31 0.27+0.34 0329
DRN 525140  3.15£153 0.537 1.42£0.43 0.1740.47 0.126
LC 7384167  0.22+237 *0.024 0.56+0.18 0.00+0.25 0.167
LDTg 4.08£1.37  0.90+1.50 0.126 0.72+0.29 0.05+0.32 0329
LRt 7.3041.36 0.78+1.75 *0.036 5.87+1.49 0.06+1.92 0.143
Lsv 3.77¢1.22  0.82¢1.14 0.151 1.47£0.51 0.53£0.51 0.310
MDM 2.39+0.83  0.23+0.90 0.052 0.94+0.52 0.07+0.56 0177
Msv 3.37+0.77 1.5340.0.77 0.222 0.50+0.37 0.47+0.37 0.690
NTS 5.15¢1.41  0.1121.82 *0.036 0.75£0.37 0.06£0.10 0.143
PDTg 6314173  0.36+245 *0.048 2.08+1.60 0.28+2.26 0.905
PnC 3.40£0.76  0.42+1.08 *0.048 2.14£0.86 0.9241.21 0.548
I the mean .+ Sign fromcontrols, where P<0.05 (Mann-Whiney Urtest)
B, nucle P, bed nucls inals; CM, RN, dorsal
LC, LDTg. LR, nucleus; LSV, M.
i i SV, number; TS, ract, PO
PnC, pontine reticular nucleus caudal
2
Chronic sti
c-Fos AFosB
VNS Control VNS Control
Structure ) P value ’ " P value
positive celln  positive cell n positive celln positive cell n
B 6.74£1.05 4.00£1.05 0.096 11.54£2.04 6.92£2.04 0.140
BLP 12.1+1865 6.64+1.65 *0.043 2431437 13224437 0.103
BST 9.61+1.69 4.47+1.69 0.057 19.33+4.18  9.03+4.18 0112
CM 8.11£1.75 4.56£1.75 0.182 23.724¢4.32  6.72+4.32 *0.019
DRN 8.75+1.28 475+1.28 0.051 13174264  6.06+2.64 0.088
Lc 7.47£0.86 4.39£0.86 *0.030 10.00£2.05 6.224£2.05 0.222
LDTg 4691049 3114049 *0.046 8.25+1.17 414117 *0.033
LRt 5.84+1.00 3.39+1.00 *0.114 9.19+1.75 6.22+1.75 0.259
Lsv 7.67+1.18 444+1.18 0.082 18444263  8.69+263 *0.025
MDM 6.95+0.90 2.56+0.90 *0.008 20861255  7.50+2.55 *0.004
Msv 5.48+1.06 4.11£1.06 0.383 16.58£1.97  6.04£1.97 *0.004
NTS 13.8342.81 5.67+2.81 0.067 21941378 9444378 *0.042
PDTg 5.03+0.36 3.64+0.36 *0.020 7.11£0.99 4.78+0.99 0.128
PnC 3.33+0.35 2.25+0.35 0.054 5.03+0.32 3394032 *0.0045
A vak 3 , wheraP <0.05 (Mann-Whitney U tast)
B, BST inas; CM DRN, dorsal
Lc :LDTg, LR Lsv. VDM,
MV, n, number; NTS, ract; PDTg
PnC, pontine reticular nucleus caudal
c-Fos CM

LC LRt
PDTg NTS PnC
AFosB VNS A control B
1
c-Fos BLP LC
LDTg LRt
MDM PDTg
AFosB CM LDTg LSV
MDM MSV  NTS PnC
p<0.05
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