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ABSTRACT

AIM: To investigate neurotoxic effect of L-{ + )-2-
amino-3-phosphonopropionic acid { L-AP;}, a partial ag-
onist/antagonist of metabotropic glutamate receptors
{mGluRs ), and explore the underlying mechanisms.
METHODS: Consciousness and behavior of rats were
evaluated after injection of L-AP;, D-( + )-2-amino-3-
phosphonopropionic acid { D-AP,, an isomer of L-AP;)
or L-{ + )-2-amino-4-phosphonobutyric acid ( L-AP;, an
agonist of mGluRs) into right caudatum. Brain water,
Na*, K*, and Ca** contents as well as the permeability
of blood brain barrier (BBB) were determined 6 h after
treatment of these chemicals. Histological changes at the
same time peint were also observed. RESULTS: Rats
treated with Z-AP; 600 nmol but not 60 nmol became
somnolentia. Injection of L-AP; 600 nmol induced a
great increase of brain water, Na*, and Ca®* contents,
and a decrease of brain K* content { P <0.01). Mean-
while, the permeability of BBB was also increased (P <
0.01). Electron microscopic study revealed remarkable
swelling of astrocytes and degenerative changes of neu-
rons in chemnical-reated caudatm. The nenrotoxic effect
of L-AP, was not mimicked by D-AP; or L-AP,( P <
0.05). DL-2-Amino-5-phosphonovaleric acid, an an-
tagonist of N-methyl- D-aspariate (NMDA )} receptors,
attenuated the changes induced by L-AP;{ P < 0.05),
whereas ( = )-c-methyl-( 4-carboxyphenyl ) glycine, a
non-subtype specific antagonist of mGluRs, failed to
block the effect of L-AP;. CONCLUSION: Intracau-
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datal injection of L-AP; induced neurotoxic effect charac-
terized by vasogenic brain edema, neuronal degeneration,
and high brain Ca®* content. Newrotoxic effect of
L-AP; was stercoselective and might be mediated by
phospholipase C activation and partially involvement of
NMDA receptors.

INTRODUCTION

Metabotropic glutamate receptors ( mGluRs ) are
G-protein coupling receptor family, and eight subtypes
have been cloned. According to their amino acid se-
quence similarity, signal transduction mechanisms, and
agonist selectivity, mGluRs can be divided into three
groups. The first group (group | ) includes mGIR,
and mGluR;, which are positively coupled to phospholi-
pase C (PLC) and lead to an increase in diacylglycerol
and inositol triphosphate (IP,), and an activation of
adenyl cyclases (AC) in some cases. The second and
third groups (group [l and [ ) include all others and
lead to a decrease in forskolin-stimulated AC. During
recent years, the mGluRs have been extensively studied
in experimental animals and accumulative evidence indi-
cates that mGluRs play important roles in regulating the
activity of many synapses in the central nervous system
and are involved in a wide range of physiological and
pathological processes’"®).  L-( + )-2-Amino-phospho-
nopropionic acid ( L-AP;}, a stucture analog of gluta-
mate and the first compound shown to block phospho-
inositide (PI) hydrolysis triggered by mGluRs, was used
as the only antagonist of group I mGluRs before
19935 , and is still being used. However, some studies
showed that L-AP, as a partial agonist could also stimu-
iate PI hydrolysis at high doses®). Moreover, some re-
ports indicated that L-AP; induced neurotoxic effect in the
brain of immature rodents™™ or in cerebellar celi cul-
mre®. In the present work, we intended to examine the
effects of L-AP; by biochemical and histological study af-
ter it was injected into caundata of rats., Some specific
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chemicals were used to analyse the underlying mecha-
nisms .

MATERIALS AND METHODS

Chemicals All chemicals including L-AP;,
D-{ + )-2-amino-3-phosphonopropionic acid { D-AP;),
L-( + )-2-amino-4-phosphonobutyric acid ( L-AP, ),
DiL-2-amino-5-phosphonovaleric acid { DL-AP; ), and
( £ )-a-methyl-(4-carboxyphenyl ) glycine (MCPG)} were
purchased from Sigma {USA).

Animal preparation Male Wistar rats { weighing
250 — 300 g) were provided by Beijing Institute of Exper-
imental Animal Center affiliated to Chinese Academy of
Medical Sciences (Certificate No 01-3008, Grade 11 ).
After anesthetized with 10 % chloral hydrate (40 mg/kg,
ip), each animal received an injection into the right cau-
data only once as previously described”’. The total vol-
ume of each injection was 3 pl., which contained either
normal saline (NS) or one of the following chemicals
dissolved in NS at the giving dose expressed as the
amount of nanogram moles in 3 pL: L-AP; 60 or 600
nmol, D-AP; 600 nmol, L-AP, 600 nmol, DL-APs 500
nmol, MCPG 500 nmol. In two additional groups,
MCPG 500 nmol plus L-AP; 600 nmol, or DL-AP; 500
nmol plus L-AP; 600 nmol was injected with the total
volume being still 3 pL. Each group consisted of 6 to 8
rats,

Measurement of brain water, Na*, K*, and
Ca’* contents Consciousness and behavior of rats
were evaluated after they had recovered from anesthesia.
Six hours after intracaudatal injection, rats were decapi-
tated and bilateral caudata were taken separately to deter-
mine brain water content by the wet weight/dry weight
method. Then Na*, K*, and Ca’* contents of the
samples were measured by Inductive Plasma-9000

(Jarrell-Ash, USA).

Determination of blood brain barrier ( BBB)
permeability In order to examine the change of BBB
permeability induced by L-AP;, some rats were adminis-
tered with Evan’s blue (EB, 50 mg/kg, iv) immediately
after intracaudatal injection. The brain EB content was
determined by formamide method'” .

Histology Six hours after injection of chemicals,
some rats were killed by heart perfusion with 4 %
paraformaldehyde. Samples from bilateral caudata were
prepared for HE stain or uranyl acetate and lead citrate
stain. Histological studies were performed under a Leitz
light microscope and a Philips EM208S electron micro-
scope .

Data Analysis All data were presented as x + 5.
Student’s #-test was performed with a SYSTAT software

package.

RESULTS

Effects of chemicals on consciousness and be-
havior of rats Rats treated with 7.-AP; 600 nmol but
not 60 nmol presented somnolent and inactive after recov-
ery from anesthesia, but this phencmencn did not occur
in rats receiving NS, D-AP,, or L-AP;.

Effect of L-AP; on brain water, Na*, K*,
and Ca’* contents As shown in Tab 1, 6 h after
treatments, L-AP; at 60 nmol did not change brain wa-
ter, Na*, K*, and Ca®* contents in injected caudatum
compared ipsilaterally with NS group or contralaterally in
the same group. However, L-AP; at 600 nmol did
canse great increase of brain water, Na*, and Ca®* con-
tents ( P < 0.01) and a decrease of brain K* content
{(P<0.01).

Effect of L-AP; on permeability of BEB In

Tab1. Brain water, Na*, K*, and Ca’* contents in right (R) or left (L) caudatum 6 h after NS or L-AP; injection into
the right caudatum of rats. n=6. Xzxs. *P>0.05, “P<0.01 vs NS group.

Injected

Cation content/pmol*g ™! dry weight

aul Candatum Water content/ % Na* K+ c
NS R 78.0£0.7 195+ 7 439121 7.7+2.2
L 7.7+0.6 186 18 242+ 13 6.9:1.8
L-AP, R 78.2+0.7 209 x 31* 427 + 107 8.1x2.8
{60 nmol) L 77.3+0.8 1817 425+ 17" 6.4x1.5"
L-AP, R 82.2+2.5 443 + 146° 207 + 64° 19+ 7
(600 nmol) L 77.6+1.0° 203 + 34* 402 + 61" 7.1+1.4°
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by receiving G0 mmol L-AP;, there were blue siain in
injected ciankatum 6 hoand 24 b bol nol | boalier injec-
tion.  Six hours after reatment, BB contenr i ingeciel
caudatum was (12,6 6 1,00 pefs wet weighl, compared
with (3.2 1.7) pgd g wet welght in Nb group | <
0000 and (3.9 3,00 ngse wer weight £ # <0000 1n
contelatens] Caudatum .

Morphological changes after L-AP; treatment
In e redied with L-AP; 600 nmol, there wis conspicu
ous swelling in injected coudamem & b oafier injection.
Rennukable astrocyle swelling with loss of orsanellae s
cvioplasmic protem was ohserverd with - elecion e
scope (g 1AL, Capillares were sumound by edema-
s astrocylic endteel which were hitled wath swélling
fluid (Fig 1B,  Some neurons underwent degenertive

chances and nuclear membrines Decima folded,  There
were also some shrunk neurons present {Fig 1C), Large

arpount ol astiocylc processes wound peurons,  axons,
aml dendiites were swelling. Myelin sheathes also
swelled .

Eftects of other agents on brain water, Na©,
K', and Ca’' comtents As shown in Tab 2, al-
though increases of brain water, Ma', and Ca'' contents
were induced ( P < 001 with no change of brain K~
congent.  D-AP, caused changes less than those aoduced
by L-AP (P <0.05 ) Talike T-APy. [-APy, an ag-
onist of group 1l mGluBs, only mduced increases of
brain water and Ma® contents (P <0, 01 ] with no change
of brun K* mnd Co®* contents, but these changes were
much less than those induced by L-AP,( P <0.03),

Hiving ne effects on bram water, Na™ . K™, aml
O ' contents, MU, o non-subiyvpe specibic antagonst
of mGluRs, did not block the changes induced by L AP,
but balanced the K™ decrease | P < U ) when co-
injected with L AP, DLAP, an antagonist of
N-methyl- D-aspartate | NMDA which
shightly Increased beain Na*® and Ca't
(P <000, vould silenuated the changes of bron water
and K° conient induced by L-AF O P e ih 000 when oo-
injected with £ - APy Tah 21

receplons,
contents by igsell

DISCUSSION

Ihe present study has clearly shown that gh dose
of L-AP TG00 amol injected intracoudarally caused in
creascs of brain water, Na' . and Ca®' contents, and de-
orsase of brain K content accompanied by breakdown of
BER, wugpesting that L AP, induced vasogenic brin
cdema,  Given (o the neuronal degencration revealed by
elactron micrscope and somnolent stats of s after
£.-AP, reatment, all these daw indicaied that high dose
of L-AP produced neurotorse ochiens i adull rots,

In our previous work, L-AP, could anenuate asiro-
cytic swelling induced by pruns- -aminocyclopentance | |
S-dhincarbonylic acid (ACPDY in coltue™ | bat i the pie-
sl wawk F-ARy pwr se indieed astrooytic swelling and
neunonal degeneratiom in vive . Reasons {or the disore-
paney may e m the diflerence of the ammal age " the
concentration of L AP ™ | and the cell rypes imvolved™!

Fig 1. Flaot o isicroseopy showing remarkable swelling of astrocyvtes and degenerative changes of nenrons in rar cauda-

tum injected with L-AP, for6 h, A]

a1 swelling astrocyte with loss of organellae and cytoplamic protein, = 3150; B) a

copillary {cap) surrounded by swelling endfeer of asmocyies (ea), x f300; €) u shrunk peuron surrounded by swelling

processes of astrocytes (pal, 6300,
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Tab2. Effects of L-AP;, D-AP;, L-AP,, DL-AP;, and MCPG on brain water, Na*, K*, and Ca?* contents in right
caudatum 6 h after intracaudatal injection in rats. T x 5. P>»0.05, P <0.01 vs NS group. P> 0.05, P <0.05 vs

L-AP; group.
Cation confent/pmol-g~! dry weij
Group " Water content/ % Na* m[g) dry weight o
NS 6 78.0£0.7 19547 439+ 21 7.7£2.2
L-APy 6 82.21£2.3° 443 + 146° 207 + 64° 197
D-AP, 6 79.610,7" 297 + 22¢ 43+12° 17.6£2,0°
L-AP, 8 79.3+£0.4% 248 + 24 42 + 28° 8.7£2.%
MCPG 8 78.310.6° 206 + 220 EL 7S 106
MCPG + L-AP, 6 81.3£1.5¢ 36 7T 390 +48° 1459
DL-AF; 8 78.60.7 278 + 4° 4321 18° 12,427
DL-AP; + L-AP; 6 98+1.0° 306 + 76" 403 £31° 15+ 6°

Although this stady has demonstrated L-AP; can elicit a
neurotoxic effect, it is unclear whether this is mediated
via an agonist action at mGluRs. D-AP; is an isomer of
L-AP, but has no stimulative effect on PLC®). In our
present study, I)-AP; induced less changes of brain water
contents than L-AP; and different electrolyte changes
from L-AP;, indicating the neurotoxic effect of L-AP,
was stereoslective and might be mediated by PLC activa-
tion. Furthermore, since D-AP; is a selective inhibitor
of phosphoserine phosphatase, more pontent than
L-AP,!") | the possibility that neurotoxicity of L-AP,
may be due to its inhibition of phosphoserine phosphatase
appears not to be sound. In addition, the fact that an
agonist of group [l mGluRs L-AP,"2) induced less brain
edema than L-AP; after injected intracaudatally may ex-
clude the involvement of group [ mGluRs in the
neurotoxic effects of L-AP;. The data that a non-sub-
type specific antagonist of mGluRs MCPG did not block
brain edema induced by L-AP; made it difficult to distinct
which subtypes of mGluRs were involved in the neuro-
toxic effect of L-AP;. The possible explain may be that
the receptor subtype mediating effects of L-AP, is differ-
ent from MCPG-sensitive recepiors™ .

According to our data, neurotoxicity of L-AP; was
characterized by the presence of remarkable increase of
brain Ca’* content and neuron degeneration, which was
similar to the effects of NMDA receptor activation. In
addition, DL-AP; attenuated brain edema induced by
L-AP; in the present study. Thus these results suggest
that NMDA receptors might be involved in the neurotoxic
effect of L-AP;. An involvement of NMDA receptors in
L- AP, neurotoxicity is also reported in cultured cerebellar
neurons'® .

In conclusion, our results demonstrated that L-AP;
injected into rat caudatum at a high dose induced neuro-
toxic effects characterized by vasogenic brain edema,
neuronal degeneration, and high Ca®* content. These ef-
fects of L-AP; were stereo-selective and might be
mediated by PLC activation and partially involvement of
NMDA receptors.
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