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L-Pyroglutamic acid protects rat cortical neurons
against sodium glutamate-induced injury
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ABSTRACT

AIM: To evaluate the effects of L-pyroglutamic acid
{ L-PGA., L-5-0x0-2-pymrolidinecaroxylic scid ) on
sodium glutamate-indoced neurotoxicity in rat cortical
neurons. METHODS: In primary cortical cultures
from 16-d-old fetal rat, neuronal viability and contents
of nitrite in the bathing medium after transient exposure
1o sodium plutamate § Glu} were measured; with Fura
2-AM as an intracellular calchumn indicator, AR-CM-
MIC cation measurement system was used to examine
cytosolic free calcium ([ Ca®* ], ). RESULTS:
L-PGA 11— 80 pmol-L~', inhibited Glu { 500 gmol-
L™ )-induced neurcnat loss
dependent manner with ICy, value of {41 +9) pmol-
L™ '{95 % confidence limits; 30.3 - 54.7 pmol -
L™'}. L-PGA also attenuated Glu-induced NO
release. L-PGA 1. 3, 10, 30, and 100 pmol - L™!
depressed Glu-caused [ Ca™" |, elevation by 20.5 % .
M %, 47,7 %, 70,0 %, and 80.4 % . respective-
ly. CONCLUSION: L-PGA protects cortical
neurons against Ghu-induced neurotoxity which may be
related to inhibition of NO formation or suppression of
the rise in _Ca®" _

-1

in a <oncentration-

INTRODUCTION

Large amounts of evidence implicate endogenous
excitatory amino acids. especially glutamic acid, in a
number of neurological diseases. Oweractivation of
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gluiamate receptors is involved in the pathopenesis of
either acute neuronal injury such as stroke or chronic

neurodegenerative  disorders including  Alzheimer's
disease, Huntington's disease. and Parkinson’s
disease!'**).  Excitotoxic damage is mediated in large

part by uncontrolled Ca** influx resulting in sustained
elevation of [Ca"* |, leading to the activation of Ca?*-
dependent protease. kinase, and lipase, cell damage,
and eventually cell dealth. Excessive production of
NO has been shown to underlie at least in part
glutamate-mediated neuronal toxicity in cultures of
cortical newrons * .

L-Pyroglutamic { L-PGA,
pymolidinecaroxylic acid ) is 2 cyelic derivative of
glutamic acid and presents in a free form in the
mammalian brain, plasma. and cerebrospinal fluids.
{-PGA is one of the active components in several
traditional Chinese medicines such as Pamax gimeng
and Ophiopogon japonicus'*>'.  L-PGA improved
learning and memory capacity in aged rats'®' . increased
the blood flow and facilitated the uptake and utilization
of glucose by brain tissue'™ . exerted an anxiolytic
antagonized the soxium ghutamate { Glu -
induced seizures in mice *’. It seems that £-PGA has
the ability to block gluamae receptors ”!" .
Furthermore. L-PGA and its derivatives may also be
used as potential drug carriers which facilitate diffusion
of drug across the blood-brain-barrier and enhance the
rate of entry into the central nervous system''.
However. it has not been reported whether £-PGA has
neuroprotective effects and the molecular mechanisnis
involved have been pharmacologically limited by the
possible effects of systemic metabolism or blood flow
that might complicate the studies in vivo,

The present study was to determine whether L-PGA
could protect cortical neuron against Glu insults. The
release of NO and neuronal intracellular calcium levels
were measured to explore its mechanism of action .,

acid L-5-0x0-2-

activiy'® |
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MATERIALS AND METHODS

Cell culture Cortical neuronal cultures were
prepared from fetal Sprague-Dawley ras (16 d after
gestation) neocortices'™™) . After removal of meninges.,
the tissues pooled from I2 fetal rats were minced and
digested by trypsin 0.25 g-L~! at 37 T for 20 min.
The digestion was terminated by adding Dulbecco’s
modified  Eagle’s mediom ( DMEM., Giboo )
supplemented with 10 % heated-~inactivated fetal bovine
serum {FBS}. The dispersed cells were seaded into [5
mim-multiwell plate { NUNC) at the density of [.5 x
10° cells per well. Cultures were incubated at 37 €
containing 5 % CO,. The culture medium was
renewed twice a week. To prevent the proliferation of
nonneuronal cells, cytosine arabinoside [0 pmol-L~!
was added d 7 for 48 h. Cultures were selected for
study I4 — I6 d after seeding.

Experiments with Glu and L-PGA The
attached cells were washed twice with PBS. After the
cells were incubated with Lock’s solution without Mg *
(NaCl 54, KCi 5.6, CaCl; 2.3, NaHCO; 3.6, and
HEPES 5.0 mmoi-L~!. pH 7.4) for 30 min, then Glu
500 pmol - L™! was added. Thirty min later. the
reaction was terminated by washing the monclayer cells
twice with the Lock's solution and then culmres were
kept at 37 1C for 24 h. For preincubation with L-PGA
{ donated by Kunming Institme of Botany, Chinese
Academy of Sciences}, the medium was removed and
after washing, different concentrations of L-PGA were
added and incubated at 37 C for 20 min before Glu was
added.

Trypanblau staining, MIT colorimetric
assay and NQ efflux assay The dead cells were
stained by [.5 % trypanblau, and viability rate was the
percentage of unstained cells to total cells. Active
mitochondria of Jiving ceils can cleave 3-{4, 5-dime-
thylthiazoyl-2-yl )-2, 5-diphenyltetrazolium bromide
{MTT, Fluka) and produce formazam. the amount of
which is directly proportichal to the cell number.
MTT was added to all wells ( final concentration 0.5 g+
L~1) and the cultures were incubated at 37 C for4 h.
Then acid-isopropanol was added to the wells and
mixed thoroughly to dissolve dark blue crystals.
Enzyme-linked immunosorbent assay was read at 570
nm 1. Nitrite production by the neurons was
measured by CGriess assay.  Brefly, an equal volume

of Griess reagent { sulfanilamde [ % . naphthylethylene
diamine 0.0I 9% . H;POy; 3 % ) was added to the
conditioned media ( withowt phenclsulfonphthalein ),
and the reaction was allowed to proceed at 22 C for 10
min before the absorbance at 54) nm was measured.
The concentration of nitrite { [ NO, ™ ]} was calculated
by sodium nitrite as a standard'13)

Measurement of neuronal intracellular
calcium Rat cortical cells were dissociated and
prepared ', Cells were suspended in HEPES-Hanks
{NaCl 137, CaCl, .3, MgSO, 0.4, Mg(l, 0.5, KCi
5.0, KH:PO, 0.4, Na,HPO, 0.6, NaHCOy; 3.0,
glucose 5.6, HEPES 20.0 mmot-L~', pH 7.4} and
loaded with Fura 2-AM { Signma) at 37 C for 45 min
and collected by centrifugation at [000 x g for 5 min.
The loaded cells were washed twice and suspended in
Mg'* -free KRH solution. The _Ca®* ] was deter-
mined from the ratio of fluorescence emission using two
excitation wavelengths (350 nm and 380 nm) with AR-
CM-MIC cation measurement system { Spex Industries
Inc, USA). The system was calibrated according to.
[Ca?* ], = Ky[{ R — Ruma)/{ Ry — R){ Fp/Fg).
The R, and R, were determined by calcimycin and
egtazic acid, respectively.

Statistics  All data were presented as ¥ + 5 and
compared by #-test.

RESULTS

Effects of L-PGA on Glu-induced neuro-
toxicity and NO release Twenty-four hours after
cultures were exposed to Ghu. the nevronal viability rate
by trypanblau staining and the absorbance at 570 nm
{ Asmy ) by MTT assay were markedly decreased.
indicating the apparent loss of living cells. In con-
trast, neurons in cultures exposed to the same amount
of Glu in the presence of L-PGA appeared remarkably
preserved and cleaved MTT. L-PGA 10 - 80 pmotl-
L' inhibited Glu-induced neuronal in a
concentration-dependent manper with ICyy (41 + 9)
gmol- L™ (95 % confidence limits: 30.3 — 54.7
pmol-L~1 (Tab I},

Cortical cell cultures exposure to Gha 500 umol -
L~! increased the formation of nitrite 2 times that of
control group. When the cultures were pretreated with
LPGA, Glu-induced increment of
attenuated {Fig I}.

loss

nitrite  was
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Tab 1. Protective effects of L-PGA on glutamate 500 350
pmol- L' [ Glu ) -induced neurotoxicity in primary rat
cortical neurons. n =4 culture wells per condition. 300t
x+s. P>0.05 "P<0.05, P<0.01 vs Glu group. = b
[
Concentration,’ Inhibi Viabili | g
‘oncentration. ilory iability Z =
A; : N
CGiroups amol-1,7! e rae” % rate/ % hf N i
i £ 200 e ]
Kxl c
Control 2 13£0.13 89.5 S HY Fay .
Glu 1.48x0.29 28.3 150 Ny RN N -]
: - - & Hy LAY owy -
Glu+ L-PGA 8 |o7s006 .1 711 \ 2y b+ REY =7
WooLEs=011 5.2 5.0 100 YRR R8Y Rey |4
2 1.63£0.12° 2.4 11.8 0 20 40 80 100 pmols’
I 51 +0.20° .5 29.3 —
- IL-NNA
Glu+ Ketamine 100 [,70 £ 0. 46" 32.8 5.5 L-PGA
Glutamate
Fig1. Eifects of L-PGA on NO release in primary

Effects of L-PGA on Glu-induced [ Ca’* ],
elevation The resting _Ca”* |, of rat cortical cells
was (102 £ 22) nmol - L™! in Mg™* -free KRH
containing calciam 2.0 mmol - ™!, Glutamate 100
pmol * L™! increased [ Ca®* |, about 110 % . The
incubation with L-PGA attenuated [ Ca** ], elevation
caused by Glu { Tab 2).

DISCUSSION

“Sheng Mai San” has been extensively used in
ischemic/hypoxic cardiovascular or  cerebrovascular
The content of £-PGA in “Sheng Mai San”
injection is about 300 mg - L~'.  We suspected that
£-PGA was one of bioactive constituents of “Sheng
Mai San”. The present study confirmed and extended

the fundamental observations that L-PGA antagonized

diseases,

cortical neurons with Glu 500 pmol - L~! only or
pretreated with different concentrations (pmol-T.7!)
of L-PGA or NC.nitro-L-arginine { L-NNA).

n = 4 colture wells per condition.
P <{1.05, P <0.01 vs Glu group.

X &S,

system for quantitatively characterizing phammacology of
neuronal injury, our results demonstrated that 21 h after
transient exposure of cortical cultures to Glu. most
neurons progressively degenerated and were replaced by
debris with significant loss of neurites { under phase-
contrast microscopy} and reduction of neuronal number
that failed to cleave MTT. Pretreatment with £-PGA
improved neuronal survival, indicating its protection
against Glu insult. The measurement of resting
[Ca"* ], in cortical neurons was consistent with the
2] Glutamate triggered  a

previous  observation

Glu receptors' '™~ . With the cell culture as a model — marked elevation of [Ca2* ], and NO release. which
Tab 2. Effects of L-PGA on Glu {100 pmol-L™!)-induced [ Ca* ], elevation in rat cortical neurans.
n=6 experiments. ¥+ 5. P<0.05, ‘P<0.01 vs control.
Groups Conoentraticin/ ' _Ca™* }, ‘nmol- L7} . Inhibrory
yemol - L. Resting Glutamate AlCat ], rate- %
Control 102 + 22 218+ 20 115+ 26
L-PGA 105+ 2f 196 + 29 0] +20° 0.5
3 102+ L1 78 £ 12 ESE S FA 3
IH] 120+ 18 [74 + 20 B £ 12 477
30 02+ (5 136+ 1 214+ IF 0.6
100 93+ 18 115+ 18 22+ J(OF 8.4
Ketamine ()] [12 + [3 T 29 05 + 16+ 5.9
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were largely attenuated by preincubation with L-PGA.
Therefore, we speculated that the suppression of
intracellular calcium accumulation and blockade of NO
efflux might be related to the neuroprotection of
L-PGA.

Taken together, our studies supported the
hypothesis that by blocking Glu receptor-mediated
intracellular calcium overload and the following
cascade, especially overproduction of NO, L-PGA
substantially reduced the vulnerability of cortical
reurons to (Glu insult.
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