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(mNSS) ; TUNEL 3% (o6 I i 22 40 MO8 75 ROS 35 GG ROS % 5 Westerrn blot J7 32 I 22 4L fk 1z
WAHSCIRF (HO-1, NQO1, Nrf2) FIAMEAHICHT (LC3-T | Beclin-1) HAMFRL, R 5 TBI
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Neuroprotective effect of glutamine supplementation by inhibiting oxidative stress and promoting auto-
phagy responses after traumatic brain injury in rats Wu Shukai, Chen Xiangrong, Li Yasong, Luo Lian-
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[ Abstract] Objective To investigate the effects and mechanisms of glutamine ( Gln) supplementation
on oxidative stress, autophagy response and neurobehavioral outcome after traumatic brain injury (TBI) in rats.
Methods TBI animal models were established using Feeney’s method. Eighty SD rats were randomly divided
into 4 groups: sham operation group ( group Sham), Sham + glutamine supplementation group ( group Sham+
GLN), traumatic brain injury group ( group TBI), and TBI + glutamine supplementation group ( group TBI+
GLN). We measured rat behavioral outcomes by modified neurologic severity score (mNSS) tests at day 1, 3,
7 and 14 after TBI. The apoptosis neurons in TBI cerebral cortex were determined by TUNEL staining. The ex-
pression of reactive oxygen species (ROS) was tested by ROS kits. Oxidative stress and autophagy related cyto-
kines (HO-1, NQO1, Nrf2, LC3- 1 and Beclin-1) were tested with Western blotting. Results Compared with
the TBI group, the neurological function was improved [ (9.79+0.43) vs. (8.43+0.30), F=6.775, P=
0.010] and the apoptosis rate decreased (19.88% =1.60% vs. 15.35% +1.28%, P=0.013) in the TBI+
GLN group after 7-day treatment. Compared with the Sham group, the protein expression of ROS increased (P =
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0.000) , and the expression of anti-oxidative stress factors (HO-1, NQO1) and Nrf2 pathway significantly de-

creased in the TBI group. After glutamine supplementation was given, the expression of ROS decreased and the

expressions of HO-1 and NQO1 increased. The Nrf2 pathway and autophagy response also were activated with

the expressions of Nrf2, LC3-1l and Beclin-1 increasing. Conclusion

Glutamine supplementation can

markedly reduce neuron apoptosis and improve neurological outcomes after TBI, thus has the protective effect on

nerves by inhibiting TBI-induced oxidative stress response, activating Nrf2 pathway and autophagy response.

[ Key words] Traumatic brain injury; Glutamine; Oxidative stress; Nrf2 pathway; Autophagy
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JED . 0.5 o PEOTEERE K BOCA 3 ml 19 Tri-HC1 2%
M [ 10 mmol/L Tri-HCl, 0.8% (m/v) NaCl,
0.1 mmol/L. EDTA-Na2, 10 mmol/L sucrose, pH 7.4]
T, ZEVK EAI3E 1 min, 3 000xg ¥ 7R &5 0
15 minliC4E B3, I OBU4E IR 75 I 5 1 35 8 ik
B PR VE R, BT & B R AT AR,
ROS M A0 XF & & B 2. 2806 3R & (FI) /mg
HA,
1.7 Western blot ¥ M8& [ 33k

BB %2 2 mm B B2 100 mg,
FIK L, WHEERLAIN, ISR G Wi T2
SEAER, BORBEFHR, -20 CHRAEH.
MEREE A E N 25 wg, JE1T SDS-PAGE, HLJE
125 'V, HLbk B A TR 2008 0 3 IR O 4
0.5 cm; RJGHE A BB R MR AR L, T
10% W g 5 0 i B P P = R B AT 2 he A
LC3-TT—%HT (1 :200) . Beclin-1 —#¢ (1 :200) .
HO-1 —#i (1:5000), NQO1 —#¢ (1 :1000),
4 Cam, MMAFEXS R A EHT R TG sl E4T R
Pife 1gG (1 :3000) FRMFE 1 h, ECL &)k
FUXT A TR £F 2 2 Bk 47 @ ) i, 4R, lamge

Quant Las 4000 mini AR, 20 B 4571 K
B DLHMHER & KB S GAPDH 2571 K 1Y
LU S e H 0 2 R A 28 7K
1.8 Zit2#rik

SEEEE A SPSS 18. 0 #ET 4o, i
TRER BB bR ifE 2 (x2s) T, PRI 2
7M1 (one-way ANOVA) 47 Bb %88 4% 4 [6] 45 %%,
SNK LA THIECZ RIPIPT L s, LA P<0.05 25 5
At X,

2 #R
2.1 A5 H R BRI i i 482 4 5 45 B A mNSS 3
SRR

Sham #], Sham+GLN 41 K J5 mNSS PF43 %A
R Asfk, 1,3, 7. 1443 £2 R 0~2%; 5
Sham £l . Sham+GLN £ b4, TBI 41450 iz )
REMAOIPF B B Tk (P $9=0.000) , Horp TBI 4
KETEMG P45 J5 56 1 Rl & D et 3% e b ™ &,
mNSS P43, LY REZ#IKE ; TBI+GLN 41
7. 14 K, KEMHZII6eME 2T TBI 41
(P=0.010) (1),

2.2 SR EON M I B 405 )5 45 of a5 A B R T %
) 55

il B2 9] i TUNEL Y@ 25 3 iR . Sham 4l
Sham+GLN HIHT-H RN 1% ~3%, HAer2 HK
G e AR I AR T B B 2 HAEGi)E 14 d
AR B8 K V-, 5 TBL 41 He 4, TBI+GLN
MG 7 Kk, AT 50T G TR (15.35%+
1.28%1t 19. 88%+1. 60%, P=0.013), H 14 d
TR NI R (7. 92%+0. 92% L 12. 32%
+1.08%, P=0.000) (#2),

1 HHAKRBEMGERBI G mNSS WTE I LR (xxs, )

Table 1 Comparison of modified neurologic severity scores in the four groups after traumatic brain injury (x+s, point)

- mNSS #£53

1d 3d 7d 14d
Sham £ (n=5) 1.25+0.22 1.1720.25 1.2220.24 1.18%0.29
Sham+GLN £ (n=5) 1.21+0. 19 1.30+0. 25 1. 16+0. 20 1.27+0.24
TBI4] (n=5) 12. 5420. 57 11. 87+0. 50 9.790. 43 8.24x0. 31
TBI+GLN 41 (n=5) 12.37+0. 44 11.02+0. 31 8. 43£0. 30" 7.45+0.25"
F1H 11. 894 8.564 6.775 4.312
Pl 0. 000 0.001 0. 005 0.010

. 15 Sham 41, Sham+GLN 4 H#, HA 2 HAN S P #4=0.000; 5 TBI A%,

ap=0.010, "P=0.010
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L5 Sham 41 #1 Sham+GLN 41 #H kb, TBI 41K
BB K BT 7E 3 ) 45 BsF (] 8 ROS % 1 ¥ BT i
= (P=0.000), 5 TBI 4 %, TBI+GLN 41
MEE 3 KL, ROS & & W IR (78.79x4.24

b 87.93£4.90, P=0.045) (% 3)., [[#f
Western blot £l 2% 5 i 7k . 5 Sham ZH A1 Sham+
GLN ZH AH I, TBI 4H ¥t & fk h 3 K+ (HO-1,
NQO1) FI Nrf2 if % 3= i B 2 3 />, HO-1 FI
NQO1 2 ik 2 F&, [F i ¥ 1§ Nef2 38 B (F =
9.885, P=0.000) (K1),

R 2 AARKOIE SRS )5 8 T A0 A R (x+s,%)

Table 2 Comparison of apoptotic cell percentage in the four groups after traumatic brain injury (x+s, %)

TN 2 (%)

21531
1d 3d 7d 14 d
Sham #l (n=5) 2.34+0. 56 2.52+0.43 2.82=0.48 2.19+0. 42
Sham+GLN 4 (n=5) 1.9820. 46 2.63+0. 55 2.39+0. 52 2.50+0. 58
TBI 4 (n=5) 30.35+2.32 25.79+2.21 19.88=1. 60 12.32+1.08
TBI+GLN 44 (n=5) 29.92+2. 40 22.67+2.06 15.35+1. 28" 7.92+0. 92"
FAH 13.341 10. 894 8. 764 5.894
Pa 0. 000 0. 000 0. 001 0. 008

. 5 Sham 41, Sham+GLN 4 H#%, HA 2 405, P#9=0.000; 5 TBI4E, *P=0.013, "P=0.000

F 3 SARBRAMGHESRH )G ROS L (xxs,%)

Table 3 Comparison of active oxygen contentin the four groupsafter traumaticbrain injury (xts, %)

ROS (FI/mg)

il
1d 3d 7d 14 d
Sham #H (n=5) 34.07+1.72 34.08+1. 66 33.65+1.82 34.20+1. 68
Sham+GLN 4 (n=5) 35.24+1.67 32.08+1.53 33.07+1.71 32.25+1.55
TBI4 (n=5) 115.87+5.29 87.93+4.90 67.33+3.50 54.81+3.00
TBI+GLN i (n=5) 106. 27+4. 96 78.79+4. 24" 58.52+3.81" 47.69+2. 24¢
F{A 8. 141 6. 880 4.253 2.997
P{E 0. 002 0. 007 0. 025 0.038

. 5 Sham 41, Sham+GLN Alb#, Hox2 A&, P ¥7=0.000;

‘F=4.012, P=0.014

ku
HO-1 a2
NQOI1 29
Nrf2 68
GAPDH 36
Sham#] Sham+GLN#l TBI#i  TBI+GLN#
A

5 TBI 44, “F=1.532, P=0.045, "F=2.641, P=0.029,

151 b d OSham#H
] E B Sham+GLN#
k- OTBIA
® R 10f B TBI+GLN4A
33
e f
28 05 — a
U [
i (1 AN Ts I

1. A. Western blot #1277 [ ; B. Western blot fZAHIX & . 5 Sham AL *P=0.032, P=0.045, °P=0.010; 5 TBI 4}t

bpP=0.000, ‘P=0.000, ‘P=0.015
B 1 GLN i K BB 483 475 )5 S o7 8% s

Fig 1 Glutamine suppressed the activation of endoplasmic reticulum stress response after traumatic brain injury in rats
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Western blot relative
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. A. Western blot M %I 2577 [®; B. Western blot £ il 2 ;5 AH X &, 5 Sham ZHAH L. *P=0.024, P =0.016; 5 TBI 414 L.

bp=0.001, ‘P=0.000
2 GLN il oK BBk #5493 J 1 Wk Js2 It

Fig 2 Glutamine increases the expression of autophagy relative cytokines after traumatic brain injury
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