DOI:10.16636/j.cnki.jinn.2014.01.009

2014 41 1
100037
(Pyr) . Pyr
Pyr
. Pyr
N N o ATP
Pyr
. ATP Pyr
: : TCA ATP .
Pyr
o N ATP
( pyruvate  Pyr) * o Pyr
’ ! Pyr TCA
> 6 Pyr o 6-—
. . . | 6
N N 1 6- 6-
7 o
1 ATP .
( tricarboxylic acid TCA))
; TCA .
o Pyr
3—
(NADH) Pyr Pyr
(NAD™) ; Pyr TCA NADH
N ATP ;
A CO, A Pyr
TCA ATP, 5, Pyr
1.1
Pyr NADH ? . NADH
: (81100178)
12013 -09 -17; 12014 -01 -12

(1986 -)
o E-mail : jinpingfw@

hotmail. com

¢ 03



H +
Pyr
/ )
1.2
10
11
125 mg/kg Pyr
Pyr
TCA
Pyr
a—
250 mg/kg  Pyr
31.3 mg/kg
Pyr
11
Pyr
250 mg/kg
Pyr
kg ° 1000 mg/kg’
Pyr
Pyr U
250 mg/kg a
Pyr
)

Journal of International Neurology and Neurosurgery 2014 41(1)

e 04

o Pyr U
(NAD " /NADH o
o 500 mg/kg 1000 mg/kg Pyr
7
Pyr
62.5 mg/kg 250 mg/kg
300 ~ 400 N
1.3
Pyr TCA Pyr
" pH
12
o S
Pyr
o Pyr 1
(hypoxia inducible factor—-1 HIF-1)
M HIF -1
H™® . Pyr
4
TCA
TCA
Pyr H*® Pyr
H*
Pyr H* o
Pyr Pyr
Pyr ; H" . Pyr
H*
$ Pyr
Pyr 2
Pyr
1 ( reactive oxygen species
Pyr ROS) H, 0,
H, 0,
62.5 mg/ NADPH
. H,0, " .
Pyr
H, 0,
( ° i
Pyr ROS 0, . OH



2014 41

ONOO ™ . 0,
H, 0, NO & NAD*
ONOO . 0, H,O0, . NAD *
OH . 4 ATP ATP
. NAD " 2.
. Pyr PARP -1
N . o Pyr
7 16 N
o NAD* PARP-I
H, 0, OH  ONOO™ ' o
. Pyr Pyr NAD "
ROS . PARP-1
H,0, . ?
TCA Pyr 3-
N Zn 2,
Pyr 2A
( NADP /NADPH ) Ca®" / CaMK2 B
",
NF —B * . PI3K/Akt
Lo 0B Pyr HIF -1
o HIF -1 o o HIF-1a
HIF-1 8
NF -xB ( erythropoietin ~ EPO)
NF —«B DNA EPO EPO Akt
NF —«B 9 ’ o Pan 7 Pyr
Bax
NO B Bel 2 / Bax PI3K / Akt
3 o
4
ROS Pyr
ROS i
NADPH °
T Pyr
C
(caspase family) " . caspase -3 °
-1 poly ( ADP-ibose ) polymerase-1 PARP-1 * .
1 Nielsen TH Bindslev TT  Pedersen SM et al. Cerebral en—

ergy metabolism during induced mitochondrial dysfunction. Ac—

ta Anaesthesiol Scand

2 Vandresen —Filho S Martins WC  Bertoldo DB

2013 57(2):229-235.

et al. Atorv—

PARP-1 DNA
PARP-I NAD *

NAD *

S NAD* 3-

PARP-1

e 05

astatin prevents cell damage via modulation of oxidative stress

glutamate uptake and glutamine synthetase activity in hipp—



11

12

14

Journal of International Neurology and Neurosurgery 2014 41(1)

ocampal slices subjected to oxygen / glucose deprivation. Neu—
2013 62(7):948-955.
Shetty PK  Sadgrove MP  Galeffi F

rochem Int
et al. Pyruvate incuba—

tion enhances glycogen stores and sustains neuronal function

during subsequent glucose deprivation. Neurobiol Dis 2012
45(1): 177-187.
Zlotnik A Sinelnikov I~ Gruenbaum BF et al. Effect of

glutamate and blood glutamate scavengers oxaloacetate and
pyruvate on neurological outcome and pathohistology of the hip—
pocampus after traumatic brain injury in rats. Anesthesiology
2012 116(1): 73-83.

Wang Q van Hoecke M Tang XN et al. Pyruvate protects
against experimental stroke via an anti—inflammatory mecha—

nism. Neurobiol Dis 2009 36(1): 223-231.
. PI3K / Akt-eNOS -NO

2013 40(1):67-70.
Fukushima M Lee SM' Moro N et al. Metabolic and histo—
logic effects of sodium pyruvate treatment in the rat after corti—
cal contusion injury. J Neurotr 2009 26 (7): 1095-
1110.

Zhou FQ. Pyruvate in the correction of intracellular acidosis :
a metabolic basis as a novel superior buffer. Am J Nephrol
2005 25(1):55-63.

Bartnik BL  Hovda DA Lee PW. Glucose metabolism after
traumatic brain injury : estimation of pyruvate carboxylase and
pyruvate dehydrogenase flux by mass isotopomer analysis. J
2007 24(1):181-194.

Han F  Shioda N Moriguchi S

Neurotr
et al. Downregulation of
glutamate transporters is associated with elevation in extracellu—
lar glutamate concentration following rat microsphere embolism.

2008 430(3):275-280.
Boyko M Zlotnik A Gruenbaum BF

Neurosci Lett
et al. Pyruvate “s
blood glutamate scavenging activity contributes to the spectrum
of its neuroprotective mechanisms in a rat model of stroke.
Eur J Neurosci 2011 34(9): 1432-1441.

Boyko M Melamed I Gruenbaum BF et al. The effect of
blood glutamate scavengers oxaloacetate and pyruvate on neuro—
logical outcome in a rat model of subarachnoid hemorrhage .
Neurotherapeutics 2012 9(3) : 649-657.

Yi JS Kim TY Kyu Kim D et al. Systemic pyruvate ad-—
ministration markedly reduces infarcts and motor deficits in rat
models of transient and permanent focal cerebral ischemia.
Neurobiol Dis 2007 26(1): 94-104.

Ralser M Wamelink MM Kowald A et al. Dynamic rerou—
ting of the carbohydrate flux is key to counteracting oxidative

2007 6(4): 10.

stress. J Biol

e 06

15

16

18

20

21

22

23

24

25

26

27

Timofeev I Nortje ] Al-Rawi PG et al. Extracellular brain
pH with or without hypoxia is a marker of profound metabolic
derangement and increased mortality after traumatic brain inju—
ry. J Cereb Blood Flow Metab 2013 33 (3): 422-
427.

Kao KK Fink MP. The biochemical basis for the anti—in—

flammatory and cytoprotective actions of ethyl pyruvate and re—

lated compounds. Biochem Pharmacol 2010 80 (2):
151-159.
Sirtori LR Dutra-Filho CS Fitarelli D et al. Oxidative

stress in patients with phenylketonuria. Biochim Biophys Ac—
ta 2005 1740(1): 68-73.

Wang Q Tang XN Yenari MA. The inflammatory response
in stroke. J Neuroimmunol 2007 184(1-2): 53-68.
Sikdar S Mukherjee A Ghosh S et al. Condurango glyco—
side —rich components stimulate DNA damage —induced cell cy—
cle arrest and ROS-mediated caspase 3 dependent apoptosis
through inhibition of cell —proliferation in lung cancer in vitro
and in vivo. Environ Toxicol Pharmacol 2013 37 (1):
300-314.

Beal MF. Energetics in the pathogenesis of neurodegenerative
2000 23(7):298-304.

diseases. Trends Neurosci

Amaral Al Teixeira AP Sonnewald U et al. Estimation of
intracellular fluxes in cerebellar neurons after hypoglycemia :
importance of the pyruvate recycling pathway and glutamine ox—
idation. J Neurosci Res 2011 89(5): 700-710.

Zeng ] Yang GY Ying W et al. Pyruvate improves recov—
ery after PARP -1 —associated energy failure induced by oxida—
tive stress in neonatal rat cerebrocortical slices. J Cereb Blood
Flow Metab 2007 27(2):304-315.

Lee JY Kim YH Koh JY. Protection by pyruvate against
transient forebrain ischemia in rats. J Neurosci 2001 21
(20): RC171.
Wang X Takata T Bai X et al. Pyruvate prevents the in—
hibition of the long—term potentiation induced by amyloid -beta
through protein phosphatase 2 A inactivation. J Alzheimers
Dis 2012 30(3): 665-673.

. PI3K / Akt

2012 39(6):530-533.
Ryou MG Liu R Ren M et al. Pyruvate protects the brain
against ischemia —reperfusion injury by activating the erythropoi—
etin signaling pathway. Stroke 2012 43 (4): 1101-
1107.

Pan R Rong Z She Y et al. Sodium pyruvate reduces hy—
poxic —ischemic injury to neonatal rat brain. Pediatr Res

2012 72(5): 479-489.



