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Development of Novel Therapeutic Strategy for Spinal Cord Injury by New Vitamin E
derivative, ETS-GS
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To investigate whether ETS-GS, a novel antioxidant that is a conjugate compound
of glutathione, taurine, and vitamin E can treat disabilities caused by spinal cord injury and to
determine the mechanism using rat models. After introducing a contusion injury at Thll level into rats,
they were separated into 3-day ETS-GS and saline dose groups. After day 3, the spinal cords were
extracted for biochemical and histological analysis. A significant improvement in the Basso, Beattie, and
Bresnahan (BBB) score was confirmed following ETS-GS dose. In addition, an ETS-GS-mediated reduction in
myeloperoxidase gMPO), malondialdehyde (MDA), caspase-3 was observed along with a decrease in apoptotic
cells as assessed by TUNEL staining. In conclusion, we observed that ETS-GS can treat disabilities caused

by spinal cord injury, through suppressing inflammation, lipid peroxidation and inhibiting nerve cell
apoptosis.
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7 -L-Glutamyl-S-[2-(([3.4-dihydro-2,5.7.8- tetramethyl-2- (4,8,12- trimethyltri-
decyl) -2H-1-benzopyran-6-ylJoxyJcarbonyl]-3-oxo-3-[ (2-sulfoethyl) aminoJpropyl]
-L-cysteinylglycine sodium salt

1. ETS-GS

3.
1)

9~11 Sprague-Dawley

Thi0 12
Thll 109 25mm
3 ETS-GS
10mg/kg ETS-GS
SCI
Sham

(2

Basso, Beattie and Bresnahan (BBB)

1 1
3)
3
myeloperoxidase (MPO)

malondialdehyde (MDA)

caspase-3
(4)

3

Hematoxylin-Eosin(HE)
TdT-mediated dUTP nick end labeling

3



(TUNEL)
)
1
Bio-Plex™
(6)
one-way
ANOVA Kruskal-Wallis One

Way Analysis of Variance on Ranks
Apoptosis index

Chi-square test

p<0.05
4.
)
BBB
3 ETS-GS
1 3
Sham 21.0 21.0 21.0
SCl 0.0 0.2+0.1 0.6+0.2
ETS-GS 0.0 1.4+09 45+14*
1 BBB
(2) MPO
MPO  SCI
Sham
ETS-GS
( 2
(3) MDA
MDA MPO
Sham SCI
ETS-GS

; p<0.05 vs sham k

15 #:p<0.05vsscl |
1.0 #
2 08 7_L
g o1
=
0.4 4
0.2 4
0.0
sham SCl ETS-GS
2 MPO
0.35 1
; p<0.05 vs sham
0.30 4
#; p<0.05 vs SCI
0.25 4 #
=)
% 0.20 4 T
g 0.15 4
=
0.10 4
0.05 4
0.00
sham SCI ETS-GS
3 MDA

(4) Caspase-3

caspase-3
sham SCI
ETS-GS
(p=0.002)
; p<0.05 vs sham *
1.5 4
#,p<0.05vs SCI T

c

S

? 1.0 #

Q

o

x

(]

2

T 051

©

x

0.0
sham SCI ETS-GS

4 Caspase-3



(%)

3 HE 1.0
5 SCI 0.8
3 -~
206
ETS-GS o
(%)
g 0.4 1
&
0.2 %
o
sham SCI ETS-GS
7 apoptosis index
sham ETS-GS
(6)
SCl
HE
Bio-Plex™ Akt
mTOR ETS-GS
TUNEL 6
( 8
scl ETS-GS 151 %k; p<0.05 vs sham

#; p<0.05 vs SCI

\o

p-Akt
relative expression

%
05 |
sham ETS-GS 0.0
sham SCl  ETS-GS
SCI | 20 - #; p< 0.05 vs SCI #
6 TUNEL § 15 %
2]
x 8
221,
5 £o
a2z
apoptosis index  SCI B 05 -
ETS-GS
0.0
P<0.001 sham scl ETS-GS



systemic inflammation in rats.
ETS-GS Inflammation (2012) 35, 545-553.
Koga Hetal. Vitamin E derivative
ETS-GS reduces liver
Akt mTOR ischemia-reperfusion injury in rats.

Journal of Surgical Research (2012)

175, 118-122.

5.
Shingu H et al. A nationwide [ ] 2
epidemiological survey of spinal cord
injuries in Japan from January 1990 ETS-GS
to December 1992. Paraplegia 60
(1995) 33, 183-188. 2013 5 24
Hulsebosch CE. Recent advances in
pathophysiology and treatment of Kida K Uchino T etal. Protective
spinal cord injury. Advances in Effect of New Vitamin E Derivative
Physiology Education (2002) 26, ETS-GS in Rat Spinal Cord Injury
238-255. Models. 2012 6 10
Hall Ed. Antioxidant therapies for Euroanaesthesia 2012, Paris, France
acute spinal cord injury.
Neurothrapeutics (2011) 8, 152-167. 6.
Bracken MB et al. Administration of Q)
methylprednisolone for 24 or 48 hours (Tomoko Uchino)
or tirilazad mesylate for 48 hours in
the treatment of acute spinal cord 90404368
injury. Results of the Third National
Acute Spinal Cord Injury Study. 2
JAMA (1997) 277, 1597-1604. (Satoshi Hagiwara)
Bracken MB. Steroids for acute
spinal cord injury. Cochrane 50527661
Database Systematic Review (2012) 1, 25
CDO001046.

Koga Hetal. The new vitamin E (Yoshimasa Oyama)

derivative, ETS-GS, protects against
cecal ligation and puncture-induced 40468012



25



