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MIELE, M., P. ENRICO, 0. ESPOSITO, L. FRESU, R. MIGHELI, G. DE NATALE AND M. S. DESOLE. Cor- 
tical ablation and drug-induced changes in striatal ascorbic acid oxidation and behavior in the rat. PHARMACOL BIO- 
CHEM BEHAV 50(l) 1-7, 1995.--a& whose frontoparietal cortex had been bilaterally ablated were allowed 21 days for 
recovery and then treated with apomorphine (APO), 1 mg/kg SC or scopolamine (SCOP), 0.6 mg/kg SC. Soon after a 
behavioral test, dopamine (DA), 3,4-dihydroxyphenylacetic acid (DOPAC), ascorbic acid (AA), and dehydroascorbic acid 
(DHAA) levels were determined by HPLC/EC in striatal synaptosomes (left side) and whole striatum (right side). SCOP 
behavioural effects were attenuated by cortical ablation, while those of APO were affected to a lesser extent. In the striatum 
of unoperated and sham-operated rats DHAA contents and DHAA/AA ratio resulted increased after drugs administration. 
No change in AA oxidation was observed in the striatum of ablated rats. In the synaptosomes of unoperated and sham- 
operated rats both drugs led to a decrease in DHAA contents and DHAA/AA ratio. In unoperated and sham-operated rats 
APO and SCOP caused a decrease of the DOPAC/DA ratio in the whole striatum and striatal synaptosmes. In ablated rats 
APO caused a decrease of DOPAC/DA ratio in the whole striatum and synaptosomes, while SCOP effects on DA turnover 
resulted attenuated in the whole striatum and abolished in synaptosomes. We conclude that drug-induced AA oxidation is 
likely to occur in the extracellular space and requires intact corticostriatal glutamatergic pathways. The latter may play an 
enabling role in SCOP behavioral effects. 

Corticostriatal glutamatergic pathways Striatal dopamine turnover Ascorbic acid oxidation Behavior 
Apomorphine Scopolamine Rat 

ASCORBIC ACID (AA) is present in high concentrations in 
the mammalian brain (2,24). The concentrations vary between 
regions, and in the range between 1 .l-3.4 pmol/g tissue (24) 
equivalent to an intracellular concentration between l-3 mM. 
The extracellular concentrations is in the range of 200-400 PM 
(1) and is under homeostatic control (31). 

It has been suggested that changes in AA lead to modula- 
tion of the dopaminergic system, because systemic (4,29), in- 
tracerebroventricular (31), or intrastriatally injected AA (34) 
antagonizes d-amphetamine behavioral effects, which are pri- 
marily mediated by DA (28). Moreover, changes in regional 
brain AA levels are correlated with motor activity (25). 

When given systemically, a number of drugs, including 
apomorphine (APO) (37), scopolamine (SCOP) (20), d- 
amphetamine (1,21,35), and L-glutamate (26), raise extracellu- 

lar AA concentrations in the rat striatum. When given intra- 
striatally, APO (37) and d-amphetamine (35) do not increase 
extracellular AA, but L-glutamate causes a great increase in 
AA extracellular concentrations (26). Neuronally released L- 
glutamate also increases extracellular levels of AA (26). More- 
over, L-glutamate releases AA from the striatal synaptosomal 
fraction (11). These findings suggest that the rise in extracellu- 
lar striatal AA levels is related to excitatory amino acid release 
(26), which may mediate the AA releasing effect of systemic 
APO and d-amphetamine. Indeed, the striatum receives a 
large glutamate projection from the cerebral cortex. An esti- 
mated 43% of striatal glutamate is derived from crossed corti- 
costriatal fibers (8,9,12,32); unilateral cortical ablation de- 
creases L-glutamate levels in striata both ipsilateral (14) and 
contralateral to the lesion (6,32). Moreover, bilateral cerebral 
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cortex lesions reduce both the concentration of striatal AA 
(1,7,27) and the amount of AA released by systemic d- 
amphetamine (1). Therefore, it appears to be well established 
that corticostriatal glutamatergic pathways play a major role 
in regulating striatal extracellular levels of AA (1,26); in turn, 
endogenous AA is claimed to protect from NMDA-receptor 
mediated neurotoxicity (17). 

On the other hand, striatal dopaminergic system activity is 
also modulated by glutamatergic pathways. Brain microdia- 
lysis studies showed that low concentrations of L-glutamate 
either activate striatal release of DA and efflux of DOPAC 
(16) or have no effect (19), while high concentrations either 
decrease (16) or increase (19) dopamine (DA) release. These 
findings are consistent with the alleged dual excitatory- 
inhibitory function of glutamatergic neurotransmission on 
striatal dopaminergic system activity (3,14,16). 

Cortical ablation also affects the behavioral response to 
drugs. Haloperidol-induced catalepsy (32) and d-amphet- 
amine-induced motor hyperactivity of the rat (7) are greatly 
attenuated or potentiated, respectively, by bilateral cortical 
ablation. 

In a previous article (6), we showed that APO and SCOP, 
which both increase the extracellular level of striatal AA 
(20,37), actually increased AA oxidation in the rat striatum. 
The increase was correlated with a decrease in DA turnover. 

In the research described below, we investigated in the rat 
the effect of bilateral cortical ablation on APO- and SCOP- 
induced behavioral changes; moreover, we determined post- 
mortem levels of AA, DHAA, DA, and DOPAC in striatal 
synaptosomes (taken as a model of neuronal terminals) and 
whole striatum, to get more informations on the role of corti- 
costriatal glutamatergic pathways in the APO- and SCOP- 
induced increase in striatal AA oxidation and its relationship 
to dopaminergic system activity and behavior. 

METHOD 

All experiments were conducted on male Wistar rats (290- 
330 g b.wt.), maintained under standard animal care condi- 
tions, on a 12 L : 12 D cycle, and given food and water ad lib. 
APO (HCI) and SCOP (sulphate) (Sigma) were dissolved in 
distilled water and injected at a volume of 2 ml/kg SC. Con- 
trols were given 2 ml/kg of saline SC. L-Glutamate (500 mg/ 
kg, Sigma) was dissolved in distilled water and injected in a 
volume of 2 ml/kg IP. 

Under ketamine anaesthesia the head was fixed in a stereo- 
taxic instrument, the calvarium removed, and the dura re- 
flected. A 2-mm strip of bone was left in place along the 
midline. Cortical tissue dorsal to the corpus callosum and 
lying between coordinates bregma and A 4.0, P 3.0, L 0.5, 
and 3.0 (28) was then removed on both sides (32), using gentle 
suction applied through a glass cannula connected to a vac- 
uum pump. The cavity was filled with sterile gelfoam and the 
wound sutured. Figure 1 shows the extent of the lesion. The 
animals received 30.000 UI Penicillin G IM and were allowed 
21 days to recover prior to drug injection. 

Controls were age matched, sham-operated animals whose 
skull bone had been removed and replaced with gelfoam on 
both sides using the above coordinates. 

Immediately after drug injection, the animals were placed 
for 45 min in single Warner cages without barrier; the crossing 
from one side to the other of the cage lowered the grid floor 
and the crossing was automatically monitored. Independent 
observers, unaware of the type of treatment, also recorded 
behavioral items for 3-min periods at regular 3-min intervals 
starting 3 min after drug injection. 

FIG. 1. Schematic drawing of dorsal and lateral views of rat brain. 
Hatchings indicates area of frontoparietal cortex removed by suction. 
Coordinates: bregma and A 4.0, P 3.0, L 0.5, and 3.0 (26). F, frontal; 
P, parietal; 0, occipital; T, temporal. 

Stereotypy items (rearing + sniffing, licking + biting) 
were measured according to the criteria of White et al. (30), 
modified as follow: a) intensity: 0 = not present; 1 = mild ; 
2 = moderate; 3 = intense; 4 = extreme; b) duration: 1 = 
discontinuous; 2 = continuous. These ratings were multiplied 
(32) to yield a single value (e.g., the maximum score at each 
observation period is 2 x 4 for each items pair). The sum of 
scores for each animal was then computed. Total scores for 
animals within each group were averaged to generate a group 
mean score. 

DA, 3,4-dihydroxyphenylacetic acid (DOPAC), AA, and 
dehydroascorbic acid (DHAA) determinations in striata on 
the right side were done by high-performance liquid chroma- 
tography with electrochemical detection (HPLC/EC), as pre- 
viously described (6), using a high-pressure pump (Varian 
9001 with a Rheodyne injector), column (15 cm x 46 mm i.d. 
TSK-ODS-80 TM), electrochemical detector (BAS LC4B) and 
integrator (Spectra-Physics SP 4290). The mobile phase was 
composed of citric acid (0.1 M) and sodium acetate 0.1 M 
(pH = 3.0), methanol (4%), EDTA 1 mM, and sodium octyl- 
sulfate 55 mg/l; the flow was 1.2 ml/min, the sample injected, 
20 PI. 



GLUTAMATERGIC INPUT AND STRIATAL AA OXIDATION 

TABLE 1 

EFFECTS OF BILATERAL CORTICAL ABLATION ON APO-INDUCED CHANGES IN LEVELS OF DA, DOPAC, AA, DHAA, 
AND IN THE DOPAC/DA AND DHAA/AA RATIOS IN THE RAT STRIATUM 

Unoperated Sham-Operated Ablated Kruskal-Wallis 

Saline APO Saline APO Saline APO TS P 

DA 466.3 * 56.65 506.4 -+ 56.98 475.9 ? 54.31 504.7 f 65.36 469.8 t 36.07 528.5 * 70.63 3.35 >0.6 
DOPAC 74.06 * 15.37 49.91 f 10.83’ 85.76 + 17.20 56.81 f 17.52* 73.07 k 9.96 47.91 + 10.28t 19.62 <o.OO 
DOPAUDA 0.153 k 0.024 0.100 f 0.025t 0.174 * 0.030 0.113 f 0.03lt 0.156 + 0.017 0.090 t 0.009t 24.40 <o.OO 
AA 12.98 + 0.675 12.28 f 1.322 12.55 + 1.067 12.26 f 1.074 11.02 * 1.113$ 12.16 + 1.133 8.20 >O.l 
DHAA 1.689 * 0.213 2.413 f 0.323t 1.739 + 0.324 2.354 f 0.230.t 1.873 f 0.155 1.735 + 0.313 23.73 <o.OO 
DHAA/AA 0.131 + 0.009 0.199 + 0.0437 0.139 f 0.033 0.190 f 0.020.t 0.154 * 0.020 0.153 * 0.022 19.27 <o.oo 

Values are mean + SD. DA and DOPAC, pmol/mg protein; AA and DHAA, nmol/mg protein; n = 6/group. APO 1 mg/kg SC; pertinent 
control groups were given saline 2 ml/kg. p-Values: vs. saline: *<0.05; t<O.Ol; vs. sham-operated: $<0.5. 

Rats were decapitated 1 h after drug injection, at the end 

of the behavioral test. Heads were cooled by rapid immersion 
in liquid nitrogen; thereafter, striata of both side were rapidly 
removed. The striata of the left side were immediately pro- 
cessed for synaptosome preparations, those on the right side 
frozen at - 70°C. Thereafter, samples were weighed and then 
homogenized in metaH,PO, 1% containing EDTA 1 M. After 
centrifugation (17500 x g for 10 min at 4OC), the supernatant 
was divided into two aliquots: the first aliquot was filtered 
and immediately analyzed to determine DA, DOPAC, and 
AA concentrations. The second aliquot was adjusted to pH 
7.0 with K2HP0, 45% containing DL-homocysteine (13) 1% 
was added to reduce DHAA to AA. The sample was incubated 
for 30 min at 2S°C, then adjusted to pH 3.0 with metaH,PO, 
30070, filtered and injected (20 ~1) for total AA determination. 
DHAA concentration was calculated from the difference in 
AA content between the first and second aliquots. 

Crude synaptosomes of striata on the left side were pre- 
pared according to a modification of the Gray and Whittaker 
(21) method. Striata were homogenized in 30 vol of ice-cold 
0.32 M sucrose buffered at pH 7.4 with phosphate, using a 
Teflon-glass system. The homogenate was centrifuged at 4OC 
for 10 min at 1,500 x g to remove nuclei and debris, and then 
crude synaptosomes were isolated from the supernatant by 
centrifugation at 4OC at 22,000 x g for 20 min. To lyse syn- 
aptosomes, the pellet was resuspended by sonication in 0.9 ml 
ice cold metaphosphoric acid and an aliquot of 50 ~1 was 

taken for protein analysis. After centrifugation (17,200 rpm 
for 7 min), 20 pl aliquots were taken for AA, DHAA, DA, 
and DOPAC determinations. Additional synaptosome prepa- 
rations in presence or absence of AA 1 mM allowed to exclude 
any influence of the preparation on AA oxidation. 

All values were expressed in nmol or pmol/mg protein. 
Biochemical data were analyzed with ANOVA or the 

Kruskal-Wallis test, and then with Student’s two-tailed I-test. 
All studies were carried out in accordance with the italian 

Decreto No. 116/1992 of the Ministry of the Public Health 
(Directive 86/609/EEC on experimental animals care and pro- 
tection). 

RESULTS 

Effects of APO on AA Catabolism and DA Turnover 

Results are given in Tables 1 and 2. 
Whole striatum. APO significantly increased DHAA con- 

centrations in unoperated (+ 43%) and sham-operated rats 
(+ 35%), compared to saline-treated controls, but failed to 
increase them in ablated rats. AA levels in saline-treated ab- 
lated rats were significantly lower (- 12%) than in sham- 
operated rats. APO-induced changes were of minor impor- 
tance. . The resulting DHAA/AA ratios had increased 
significantly in unoperated (+ 52%) and in sham-operated rats 
(+ 35%), but not in ablated rats. 

APO slightly increased DA levels and significantly de- 

TABLE 2 
EFFECTS OF BILATERAL CORTICAL ABLATION ON APO-INDUCED CHANGES IN LEVELS OF DA, DOPAC, AA, DHAA, 

AND IN THE DOPAUDA AND DHAA/AA RATIOS IN THE STRIATAL SYNAPTOSOMES OF THE RAT 

Unoperated Sham-operated 

Saline APO Saline APO 

DA 114.2 f 31.65 126.0 * 13.78 124.8 + 13.79 136.4 + 17.33 
DOPAC 70.13 t 5.66 55.66 k 3.99’ 81.29 + 11.31 62.87 f 6.01* 
DOPAUDA 0.701 * 0.212 0.466 + 0.0507 0.674 + 0.132 0.465 f 0.059* 
AA 5.433 f 0.834 5.657 + 1.245 5.593 + 0.391 5.634 * 0.431 
DHAA 1.775 f 0.317 1.409 f 0.124* 1.861 + 0.220 1.383 & 0.245: 
DHAA/AA 0.337 & 0.092 0.257 f 0.038 0.336 rf: 0.062 0.246 * 0.043t 

Ablated Kruskal-Wallis 

Saline 

146.9 + 30.30 
69.16 + 7.71 
0.480 k 0.061 

4.576 + 1.003$ 

1.618 f 0.647 
0.364 + 0.142 

APO 

171.8 + 17.49 

67.36 + 13.40 

0.396 + 0.064t 

4.519 + 0.427 

1.454 f 0.226 

0.323 + 0.049 

TS value P 

13.89 <0.02 
19.19 <0.002 

19.45 <0.002 
13.36 < 0.02 

12.47 <0.05 

9.16 >O.l 

Values are mean ? SD. DA and DOPAC, pmol/mg protein; AA and DHAA, nmol/mg protein; n = 6/group. APO 1 mg/kg SC; pertinent 
control groups were given saline 2 ml/kg. p-Values: vs. saline: *<O.Ol; t<O.O5; vs. sham-operated: $<0.05. 
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TABLE 3 

EFFECTS OF BILATERAL CORTICAL ABLATION ON SCOP-INDUCED CHANGES IN LEVELS OF DA, DOPAC, AA, DHAA, 
AND IN THE DOPAC/DA AND DHAA/AA RATIOS IN THE RAT STRIATUM 

Unoperated Sham-Operated 

Saline SCOP Saline SCOP 

471.1 & 56.81 491.5 + 73.18 

70.62 * 13.91 54.99 t 15.73 
0.156 + 0.036 0.103 f 0.020* 

13.25 k 1.64 11.75 * 1.55 

1.741 & 0.527 2.441 + 0.502* 

0.133 k 0.041 0.222 + 0.076* 

DA 478.7 k 19.65 491.6 t 84.28 

DOPAC 69.23 k 14.22 57.04 + 5.64 

DOPACIDA 0.150 + 0.032 0.117 + 0.016* 

AA 12.83 + 0.47 12.43 f 2.19 

DHAA 1.631 +I 0.368 3.142 + O.lOlt 

DHAA/AA 0.126 f 0.029 0.262 + 0.0471 

Ablated Kruskal-Wallis 

Saline SCOP 

458.7 k 37.09 477.2 +- 49c.58 

71.90 k 11.98 67.11 k 7.90 

0.155 + 0.017 0.139 r 0.004*!$ 

11.11 + 1.021 12.33 + 2.17 

1.678 k 0.291 1.990 t 0.096 

0.137 + 0.0242 0.124 +- 0.052 

TS P 

0.78 >0.9 

7.73 >O.l 

12.74 <0.03 

7.52 >O.l 

20.86 < ,001 

20.46 <O.OOl 

Values are mean -+ SD. DA and DOPAC, pmol/mg protein; AA and DHAA, nmol/mg protein; n = 6/group. SCOP 0.6 mg/kg SC; 
pertinent control groups were given saline 2 ml/kg. p Values: vs. saline: *<0.05; t<O.Ol; vs. sham-operated: $<O.O5vs. sham-operated and 
SCOP treated: 0 ~0.05. 

creased DOPAC levels in all groups. The resulting DOPAU 
DA ratios had significantly decreased in unoperated (- 35%), 
sham-operated (- 35%), and ablated rats (- 42%). 

Synuptosomes. DHAA levels were significantly decreased 
by APO in unoperated rats (- 21) and sham-operated rats 
(- 26%). The decrease in ablated rats (- 10%) did not reach 
statistical significance. AA levels in saline-treated ablated rats 
were significantly lower (- 18%) than in sham-operated rats. 
APO-induced changes were of minor importance. The result- 
ing DHAA/AA ratios were all lower, but statistical signifi- 
cance was reached only in sham-operated rats (- 27%). 

APO slightly increased DA levels and decreased DOPAC 
levels in all experimental groups. The resulting DOPAC/DA 
ratios were all significantly decreased. 

Effects of SCOP on AA Catabolism and DA Turnover 

Results are given in Tables 3 and 4. 
Whole striatum. SCOP significantly increased DHAA con- 

centrations in unoperated (+ 93%) and sham-operated rats 
(+40%), compared to saline-treated controls, but failed to 
increase them in ablated rats. AA levels in saline-treated ab- 
lated rats were significantly lower (- 16%) than in sham oper- 
ated rats. SCOP-induced changes were of minor importance. 
The resulting DHAA/AA ratios had increased significantly in 
unoperated (+74%,) and sham-operated rats (+67%), but 
not in ablated rats. 

SCOP slightly increased DA levels and lowered DOPAC 
levels in all groups. The resulting DOPAC/DA ratios had 
significantly decreased in unoperated (- 24%), sham-operated 
(- 24%), and ablated rats (- 12%). 

Synaptosomes. DHAA levels were lowered by SCOP in 
unoperated (- 17%), sham-operated rats (- 17%), and ab- 
lated rats (- 19%),compared to saline-treated group. AA lev- 
els in saline-treated ablated rats were significantly lower 
(- 17%) than in sham-operated rats. SCOP-induced changes 
were of minor importance. The resulting DHAA/AA ratios 
were all lowered, but not to the point of statistical signifi- 
cance. 

SCOP slightly increased DA levels and decreased DOPAC 
levels in all experimental groups. The resulting DOPAWDA 
ratios were all significantly decreased, but in ablated rats, were 
it was even increased, although not to the point of statistical 
significance. 

Individual Correlation Between Drug-Induced Changes in 
DHAA/AA and DOPAC/DA Ratios 

Individual values of the DHAA/AA ratio in the whole 
striatum of unoperated and sham-operated rats given saline or 
APO were inversely correlated with individual values of the 
DOPAUDA ratio (r(22) = -0.4, p < 0.05, Fig. 2). Indi- 
vidual values of the DHAA/AA ratio in the whole striatum 
of unoperated and sham-operated rats given saline or SCOP 

TABLE 4 

EFFECTS OF BILATERAL CORTICAL ABLATION ON SCOP-INDUCED CHANGES IN LEVELS OF DA, DOPAC, AA, DHAA, 
AND IN THE DOPAC/DA AND DHAA/AA RATIOS IN THE STRIATAL SYNAPTOSOMES OF THE RAT 

Unoperated Sham-Operated Ablated Kruskal-Wallis 

Saline SCOP Saline SCOP Saline SCOP TS value P 

DA 126.9 + 33.95 158.5 + 22.84 132.0 f 20.14 165.7 t 35.65 133.3 + 21.44 147.1 + 15.78 10.27 >0.06 

DOPAC 85.25 + 10.53 73.43 * 8.07 72.08 t 6.69 61.11 + 7.89* 66.00 + 9.39 75.85 + 6.61 14.85 <0.02 

DOPAC/DA 0.674 * 0.095 0.473 + 0,063t 0.555 & 0.090 0.381 + 0.086t 0.499 f 0.059 0.520 -t 0.082 17.96 10.005 

AA 5.322 + 0.779 5.980 k 0.687 5.576 k 0.432 5.328 I 0.372 4.617 k 0.334$ 4.716 + 0.498 12.02 10.05 

DHAA 1.814 +- 0.377 1.506 + 0.184 1.928 + 0.560 1.599 k 0.273 1.821 + 0.430 1.468 + 0.213 7.61 >O.l 

DHAA/AA 0.346 f 0.082 0.255 + 0.044 0.346 * 0.096 0.299 & 0.041 0.381 k 0.112 0.328 + 0.068 8.00 >O.l 

Values are mean + SD. DA and DOPAC, pmol/mg protein; AA and DHAA, nmol/mg protein; n = 6/group. SCOP 0.6 mg/kg SC; 
pertinent control groups were given saline 2 ml/kg. p-Values: vs. saline: * < 0.05; t <O.Ol; vs. sham-operated: $’ <O.Ol. 
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FIG. 2. Relationship between individual DOPAC/DA and DHAA/ 
AA ratios in the striatum of rats unoperated, sham operated, unoper- 
ated, and APO treated, and sham operated and APO treated. Regres- 
sion equation: y = 0.210 - 0.539 x ; significance of slope: r(22) = 
2.32, p < 0.05. Pearson’s correlation coefficient, r = -435, p < 
0.05. 

were also inversely correlated with individual values of the 
DOPACYDA ratio (r(22) = -0.4, p < 0.05, Fig. 3). In ab- 
lated rats given saline, APO, or SCOP, no correlation was 
found between individual DHAA/AA and DOPAWDA ratio 
values. 

Stereotypy and Motor Hyperactivity 

Results are given in Table 5. SCOP significantly increased 
the number of crossings in unoperated (9.5 times), sham- 
operated (6.5 times), and ablated (2.5) rats, compared to perti- 
nent saline-treated groups. The average number of crossings 
in the ablated and SCOP-treated group (26.2 + 13.4) was 
significantly lower than that (56.3 + 29.1) in the sham- 
operated and SCOP-treated group. 

APO significantly increased motor activity to a lesser ex- 
tent in unoperated (3.6 times), sham-operated (3.2 times), and 
ablated (2.5 times) rats. Such increase, however, did not reach 
statistical significance. 

Both APO and SCOP greatly increased stereotypy scores 

DOPAC/DA ratio 
0,25 

. 

0.2 

l UNOPEFLATED A SHAM ’ UNOPERATED+SCOP X SHAM+SCOP 1 

FIG. 3. Relationship between individual DOPAC/DA and DHAA/ 
AA ratios in the striatum of rats unoperated, sham operated, unoper- 
ated, and SCOP treated, and sham operated, and SCOP treated. Re- 
gression equation: y = 0.179 - 0.198 x ; significance of slope: t(22) 
= 2.29, p < 0.05. Pearson’s correlation coefficient, r = -454, p < 
0.05. 

in all experimental groups. However, the score average in the 
ablated and SCOP-treated group (45.0 + 8.9) was signifi- 
cantly lower than that (64.3 + 11.4) in the sham-operated and 
SCOP-treated group. 

Effect of Systemic L-Glutamate on SCOP Behavioral Effects 
in Ablated Rats 

Additional experiments were performed in ablated rats to 
get more information on the role of glutamatergic input on 
SCOP-induced behavior. The results are given in Table 6. 
L-Glutamate 500 mg/kg IP, given 24 h and 1 h before SCOP 
administration, significantly increased both stereotypy scores 
and motor activity. The L-glutamate treatment schedule was 
chosen according to the previous results (6) on strialal levels 
of glutamate after systemic injection of L-glutamate. 

DISCUSSION 

APO (36), SCOP (18) d-amphetamine (1,20,35), and L- 

glutamate (26), are able to increase striatal extracellular AA 

TABLE 5 
APO- AND SCOP-INDUCED MOTOR HYPERACTIVITY AND STEREOTYPY OF UNOPERATED, 

SHAM-OPERATED, AND CORTICALLY ABLATED RATS 

Unoperated Sham-Operated Ablated ANOVA 

Saline APO Saline APO Saline APO F P 

Crossings 3.8 T 1.9 13.7 * 5.2* 8.7 + 5.3 27.7 I 19.7* 7.8 * 3.3 19.2 t 16.9 7.8 >O.l 

Stereotypy scores 14.0 + 5.7 85.8 * 10.2t 17.7 & 7.1 78.0 + 19.57 10.0 * 4.4 72.5 + 11.3t 24.4 <O.OOOl 

Crossings 4.7 + 3.4 44.0 f 20.4t 8.7 f 3.3 58.8 + 24.lt 10.2 + 4.4 26.2 * 13.4*$ 23.7 <O.OOOl 

Stereotypy scores 14.5 f 5.6 69.3 L 10.57 17.0 & 6.3 64.3 f 11.4t 7.8 + 1.3 45.0 f 8.975 22.6 <O.OOOl 

Values are mean crossings or stereotypy scores + SD in the 45 min following drug injection; n = 6Igroup. APO 1 mg/kg SC; SCOP 0.6 
mg/kg SC; pertinent control groups were given saline 2 ml/kg. 

p-Values: vs. saline: * <0.05; t ~0.01; vs. sham-operated + SCOP: $ ~0.05; 0 ~0.01. 
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TABLE 6 
EFFECT OF SYSTEMIC L-GLUTAMATE ON SCOP-INDUCED MOTOR HYPERACTIVITY AND 

STEREOTYPY OF CORTICALLY ABLATED RATS 

ANOVA 

Saline + SCOP + 
Saline L-Glutamate SCOP L-Glutamate F P 

Crossings 1.3 * 5.3 13.7 * 5.0* 29.5 + 12.3t 63.0 * 11.0% 48.3 <0.00001 

Stereotypy scores 12.7 + 4.4 17.7 k 8.5 54.8 + 12.4.t 90.5 + 34.1$ 22.5 <0.00001 

Values are mean crossings or stereotypy scores + SD in the 45 min following saline or SCOP (0.6 mg/kg 
SC) injection. L-Glutamate 500 mg/kg IP (24 h and 1 h before saline or SCOP injection); n = 6/group. 

p-Values: vs. saline: * <0.05; t <O.Ol; vs. SCOP: $ <O.Ol. 

concentrations in vivo when given systemically. Local infusion 
of APO in the striatum causes no change in extracellular stria- 
tal AA (37), while the infusion of L-glutamate did just this 
(26). These findings strongly suggests that APO must be acting 
at sites outside the striatum and that the corticostriatal gluta- 
matergic pathways may mediate the effects. In early works 
(11,24), it has been suggested that striatal AA release is linked 
to glutamate release. This hypothesis has received recently 
experimental support (18): these is evidence that in freely mov- 
ing rats AA release is triggered by the uptake of neuronally 
released glutamate. These findings suggest that striatal AA 
undergoes oxidation after its release. 

In a previous study (6), we showed that APO, SCOP, but 
not L-glutamate, lose their ability to increase striatal AA oxi- 
dation in rats whose frontoparietal cortex had been unilater- 
ally ablated. The results of the present study indicate that, in 
intact and sham-operated rats, the striatal AA oxidation in- 
duced by APO or SCOP is likely to occur in the extracellular 
space, because APO and SCOP, which both increased DHAA 
levels and the DHAA/AA ratio in the whole striatum, actually 
decreased them in the striatal synaptosomes (taken as a model 
of neuronal terminals). Because we demonstrated that an in- 
crease in AA oxidation can be selectively induced in striatal 
synaptosomes (5), the above hypothesis of an extracellular 
site of APO- and SCOP-induced AA oxidation appears to be 
logical. However, the DHAA/AA ratio is not an index of AA 
turnover, but gives only an index of oxidation state. More- 
over, the DHAA/AA ratio in synaptosome preparation can- 
not be taken as a dynamic index of in vivo intraneuronal AA 
oxidation state. Unfortunately, the only method available to 
achieve that is voltammetry with carbon paste or carbon fibers 
electrodes, which can detect AA only in the extracellular com- 
partment by oxidating it. 

The mechanism by which APO activates the corticostriatal 
glutamatergic system is likely to be linked to both D,- and 
D,-dopamine receptor activation (21,23,37). That of SCOP 
cannot be explained by the results of this study and requires 
further investigations. 

Bilateral frontoparietal ablation significantly decreased 
striatal AA levels both in striatal synaptosomes and whole 
striatum. These results are consistent with the finding of a 
decrease in striatal extracellular AA levels following bilateral 
cortical ablation (1). Both SCOP and APO restored striatal 
AA levels in ablated rats. Such a finding may be explained by 
assuming that SCOP and APO both activate, as does d- 

amphetamine (1 ,5), a neuronal compensatory mechanism sup- 
plying AA to striatum. 

It has been suggested that L-glutamate presynaptically con- 
trols, with a dual action (excitatory-inhibitory), striatal dopa- 
minergic activity, by acting on NMDA-receptors located on 
dopaminergic terminals (3,14,15). In the present study, bilat- 
eral cortical ablation, which induces a 40% loss of striatal 
L-glutamate (l), did not affect APO-induced changes in DA 
turnover both in the whole striatum and in synaptosomes. On 
the contrary, SCOP effects on DA turnover were attenuated 
in the whole striatum and abolished in synaptosomes. These 
findings suggests that the glutamatergic input play an enabling 
role on SCOP effects on DA turnover. 

The involvement of corticostriatal afferents in the striatal 
and behavioral response to systemic drugs is, however, more 
complex. Bilateral removal of the frontoparietal cortex (32) 
decreased spontaneous multiple-unit activity recorded in the 
striatum of freely moving rats and changed the striatal neu- 
ronal response to systemic d-amphetamine from the preva- 
lently excitatory in control animals to the prevalently inhibi- 
tory in ablated animals; moreover, the ablation did not affect 
morphine behavioral effects, but attenuated haloperidol- 
induced catalepsy. Conversely, bilateral cortical ablation po- 
tentiated d-amphetamine-induced motor hyperactivity, stereo- 
typy and inhibition of striatal DA turnover (7). In this study, 
bilateral cortical ablation significantly attenuated both SCOP- 
induced motor hyperactivity and stereotypy, while APO- 
induced behavioral changes were affected to a lesser extent. 
Because systemic administration of L-glutamate restored and 
even potentiated the SCOP-induced behavioral effects, it is 
logical to admit that the glutamatergic input play a critical 
enabling role in SCOP behavioral effects. The effect of corti- 
cal ablation on drug-induced changes in behavior and dopa- 
minergic system activity is the object of continuing studies. 

In conclusion, in individual unoperated and sham-operated 
rats the APO- and SCOP-induced increase in AA striatal oxi- 
dation is correlated with the decrease in DOPAC/DA ratio. 
Furthermore, drug-induced AA oxidation is likely to occur in 
the extracellular space and requires integrity of the corticostri- 
atal glutamatergic pathways. The latter plays an enabling role 
in SCOP behavioral effects. 
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