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6-Hydroxydopamine (6-OHDA) injected unilaterally into the striatum of
rats induced contralateral circling, and increased the duration of stereotyped
movements after subcutaneous (sc) injection of apomorphine both 3 and 13
weeks after surgery. Ten weeks after surgery, the spontaneous locomotor ac-
tivity during 24 h of observation was decreased. Twelve weeks after 6-OHDA
injection, the animals had difficulties in carrying out a spatial navigation task
in the water maze when the submerged escape platform was moved to an-
other position on each of four consecutive days. When learning to find a new
platform position required switching behavior-strategies, latency and swim
paths were increased because of significantly more perseverative crossings
of the previous platform positions. Intraperitoneal (ip) injection of �-toco-
pherol for 8 days increased the ability of naive control animals to find the
hidden platform positions in the water maze one week later. In intrastriatal
sham-operated rats, 8 daily pre-injections of �-tocopherol significantly in-
creased the duration and number of bursts of stereotyped movements during
30 min following a sc injection of apomorphine if measured 13 weeks after
surgery. In 6-OHDA-lesioned rats, �-tocopherol prevented the increased
response to apomorphine, reduced the apomorphine-induced circling at 3
and 13 weeks, and prevented the decrease in spontaneous locomotion at 10
weeks, as well as the perseverative platform crossings which are caused by
an impairment in switching behavior-strategies in the navigation task 12
weeks after surgery. �-Tocopherol has, however, no influence on 6-OHDA-
-induced changes in problem solving strategies. The used model reflects
some of the pathological symptoms of Parkinson’s disease, and it seems that
�-tocopherol may be an effective drug in the early initial stages of the disease.
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INTRODUCTION

6-Hydroxydopamine (6-OHDA) causes specific
damage to catecholamine nerve terminals when
injected into the brains of animals [29, 54]. It is
known from the literature that lesions in the stria-
tum with 6-OHDA cause lesions of axons of ni-
grostriatal dopamine (DA) neurons by retrogradly
induced cell death [47]. This is due to the specific
uptake of 6-OHDA by catecholaminergic neurons
[7, 11, 35] and to the subsequent formation of O/

4,
hydrogen peroxide and OH5 [9, 19, 46]. The neuro-
toxic effect of 6-OHDA, which involves the pro-
duction of free radicals and leads to the develop-
ment of supersensitivity within the striatonigral
dopaminergic system of rats, induces behavioral
abnormalities such as a decrease in dopamine-rela-
ted spontaneous locomotor activity and ipsilateral
turning. On the other hand, unilateral intranigral
6-OHDA injection produces contralateral rotations
in response to the sc injection of apomorphine [4,
13, 54].

Because a growing body of evidence from both
animals and humans supports the hypothesis that
reactive oxygen species contribute to the etiopa-
thology of Parkinson’s disease [1, 8, 12, 14, 18, 27,
28, 50, 52, 53], the 6-OHDA rat model, where uni-
lateral lesions are caused to the mesencephalic do-
paminergic neurons, is still widely used to gain in-
sights into the mechanisms that are responsible for
the induction and development of the illness (for
a review see [48, 49]). This is necessary in order to
provide a basis for the development of drugs able
to arrest or delay the progression of the disease.

6-OHDA might even be an important partici-
pant in the pathogenesis of Parkinson’s disease [24,
34], since it was recently shown to be formed
endogenously in parkinsonian patients [2].

In these patients, degeneration of the dopamin-
ergic nigro-striatal neurons, resulting in a striatal
deficiency of dopamine, is inter alia responsible
for motor deficits. The major deficiency of DA oc-
curs in the putamen, although the caudate nucleus
and the ventral striatum, as well as a number of
other brain areas are also affected [5, 17, 23, 25,
26]. Thus, in addition to their motor deficits, pa-
tients with Parkinson’s disease suffer from cogni-
tive disturbances [3, 10, 15, 20, 36, 37, 42] which
seem to be dependent on dopaminergic activity in
the caudate rather than in the putamen [32]. Parkin-
son’s disease-specific cognitive dysfunction mani-

fests itself by an impairment in the internal gene-
ration of problem-solving strategies when helpful
external cues are absent [10, 16]. The behavioral
disturbances in the patients with Parkinson’s dis-
ease and the effects seen in 6-OHDA-treated rats
show certain similarities. It is for this reason that
a detailed analysis of the behavior of 6-OHDA-
-treated rats in a comparison with the pathological
symptoms of Parkinson’s disease is instructive.

�-Tocopherol donates labile hydrogen to mem-
branes, and in this way terminates peroxidation
chain reactions by scavenging chain-propagating
free radicals [21]; this may well be how antioxi-
dants exert their beneficial action in the treatment
of neurodegenerative diseases. Pretreatment of rats
with �-tocopherol causes a significant attenuation
of the toxicologically 6-OHDA-induced abnormal
behavior and the attendant biochemical changes [6,
44]. Due to its role as a scavenger of free radicals,
�-tocopherol treatment was also successful in age-
ing animals [51], which are supposed to have a re-
active oxygen species detoxicating enzyme system
of diminished activity, and also in animals with
hippocampal dysfunction [57, 59], in both cases
preventing the cognitive deficits which would oth-
erwise have occurred.

We were interested in addressing a number of
questions: whether 6-OHDA, unilaterally injected
into the ventrolateral striatum leads to specific chro-
nic behavioral abnormalities in respect of motor ac-
tivity, learning and memory capacities and problem
solving strategies; whether systemic administration
of �-tocopherol affects these deficits; whether �-to-
copherol exerts any inherent effects of its own.

As our interest focused on the supposed long-
-term and possibly chronically and progressively
damaging effects of lesions caused by 6-OHDA
(see [47]), we tested the behavior of the animals for
several months after the 6-OHDA injection. To
avoid severe 6-OHDA lesions, as would for exam-
ple occur after lesion of the substantia nigra (SN),
we unilaterally damaged only DA afferents in the
striatum, in order to study the initial symptoms
caused by partial deafferentation of the SN, the
ventral tegmental area (VTA) and the nucleus ruber
projection areas within the striatum.

MATERIAL and METHODS

Male Wistar rats aged 3–4 months were used.
They were housed under controlled temperature
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and a 12/12 h light/dark cycle, with free access to
food and water.

The animals were randomly divided into four
groups:
a) (sham) – the animals were intrastriatally in-
jected with 2 �l of 0.2% ascorbic acid following
8 daily ip applications of 0.9% NaCl (0.5 ml/100
mg/kg of body weight);
b) (6-OHDA) – the animals were intrastriatally in-
jected with 6 �g of 6-OHDA in 2 �l of 0.2% ascor-
bic acid following 0.9% NaCl;
c) (sham + toco) – after 8 daily ip applications of
100 mg/kg of �-tocopherol acetate prior to surgery,
the animals were intrastriatally injected with 2 �l of
0.2% ascorbic acid;
d) (6-OHDA + toco) – the animals were intrastria-
tally injected with 6 �g of 6-OHDA in 2 �l 0.2%
ascorbic acid following 8 daily ip applications of
100 mg/kg of �-tocopherol acetate.

For surgery rats were anesthetised with 60 mg/kg
of pentobarbital (Nembutal, Sanofi, France). Injec-
tions were performed unilaterally into the striatum
using the following co-ordinates bregma: 0.2 mm,
ML 2.8 mm and DV 7.0 to 8.0 mm from the dura,
according to Paxinos and Watson [43] (Fig. 1). A to-
tal of n = 15 rats per group were operated and as-
signed to subgroups for the individual test pro-
cedures. Only animals with histologically proved
optimal lesions were used for the final evaluation.

For control (naive controls), and to test the sub-
acute effects of �-tocopherol on learning processes
one week later, 100 mg/kg of �-tocopherol acetate
or NaCl ip were injected daily into naive animals
for 8 successive days. All animals treated with 6-
OHDA were given pargyline (50 mg/kg ip) in order
to increase the neurotoxic potency of 6-OHDA and
desmethylimipramine (25 mg/kg ip) to reduce the
damage to noradrenergic neurons. For testing rota-
tion behavior rats were injected with apomorphine
at a dose of 0.4 or 2 mg/kg (sc).

Drugs

6-OHDA (RBI, Natick, Massachusetts, USA),
pargyline (Sigma, St. Louis, Missouri, USA), des-
methylimipramine (Sigma, USA), �-tocopherol
acetate (E Vicotrat�, Heyl, Berlin, Germany), apo-
morphine (Sigma, USA).

Open field behavior

Apomorphine-induced motor activity, including
rotation behavior, was tested at 3, and again at 13

weeks after 6-OHDA injection, using an autotrack
system (Columbus Instruments, Columbus, Ohio,
USA). Total circlings (360°, nose to tail) were
counted directly by the experimenter.

Spontaneous motor activity was recorded 10
weeks after surgery, in the same autotrack system.
After letting the animals get used to the experimen-
tal chamber for several hours, they were placed in
recording cages and allowed a further 60 min for
habituation to the fresh environment. Then the re-
cording of the spontaneous locomotor activity over
a 24-hour period was begun. The following para-
meters were recorded: distance travelled in cm (DT),
ambulatory time in seconds (AT), stereotypic time
in seconds (ST), the number of stereotypic move-
ments (BSM), and vertical activity (rearing) (V.C).

Water maze test

The animals were tested for their spatial naviga-
tion ability in a black circular pool (100 cm in di-
ameter) filled with water at 26°C. Tests were carried
out either 8–10 days after the last NaCl or �-toco-
pherol application in naive controls, or 12 weeks
after intrastriatal injections in sham or 6-OHDA-
-treated animals with or without �-tocopherol pre-
treatment, respectively. A transparent perspex plat-
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Fig. 1. Schematic drawing of the injection sites of 6 �g of
6-OHDA in 2 �l of 0.2% ascorbic acid. Coordinates according
to Paxinos and Watson [43]



form (6 cm diameter) was mounted 1.5 cm below
the water-level, and was therefore not visible to the
rats while they were swimming. In accordance with
the description by Whishaw and Dunnett [58] four
different locations of the platform were used, three
of them at the edges of the southeast (SE) quadrant,
and one on the opposite, northwest (NW) quadrant,
and the platform was moved every day to a differ-
ent one of these locations, according to a designa-
ted sequence (see Fig. 2, inset). The sequence was
chosen so that the platform in the NW location was
offered on the last experimental day. Four different
starting locations were used in a randomly assigned
sequence: northeast, SE, southwest and NW. The
rats were gently placed into the water, facing and
touching the wall of the pool at these starting
points. The experimenter’s place was always in the
south position.

The platform positions were chosen to prevent
the rats from acquiring no-place-learning strate-

gies. If they attempted to locate the platform by
swimming round the pool in a circular path they
would not find the platform located in the centre of
the pool (position 3). If they turned away from the
wall and swim at a given angle they would not find
platform position 4, which is immediately adjacent
to a starting-position and closer to the wall than po-
sitions 1 and 2. If they concentrated on swimming
in a given quadrant, or in only one or other half of
the pool, the asymmetrical placement positions of
the platform would limit the utility of this strategy
(see [58]) Thus switching to different behavior-stra-
tegies is unavoidable if the rats are to fulfill the task.

Testing was conducted on four consecutive days.
Each rat was given 16 trials on each day. A rat
which on any given trial successfully located the
platform, was allowed to remain on it for 10 s.
A trial was terminated if after 120 s the rat failed to
find the platform. Trials were conducted in pairs.
The second trial of each pair was performed imme-
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Fig. 2. Escape latencies to finding a hidden platform in a water maze 12 weeks after surgery. According to the sequence indicated in
the inset, the platform was moved to another position on each single day: day 1 (1 in inset) in south (S), day 2 (2) in east (E), day 3
(3) in the centre (C), and day 4 (4) in north-west (NW) position. A trial block consisted of 4 pairs of trials, each pair starting from one
of the start locations SW, NW, NO, SO, according to the points of the compass, randomly assigned. Treatment of animals: sham (in-
strastriatal ascorbic acid, 0.9% NaCl, ip, n = 7); sham + toco (intrastriatal ascorbic acid, �-tocopherol, ip, n = 6); 6-OHDA (intrastria-
tal 6-OHDA, 0.9% NaCl, ip, n = 5); 6-OHDA + toco (intrastriatal 6-OHDA, �-tocopherol, ip, n = 6). Values are means ± SEM. Statis-
tics: ANOVA plus Gabriel’s multiple comparison of means showed significant differences between groups, F���� = 3.50, p = 0.0170,
6-OHDA vs. sham and sham + toco, 6-OHDA + toco vs. 6-OHDA



diately after the 10-second stay on the platform,
and the same starting position was used. After the
second of each pair of trials the rat was returned to
its home cage while the remaining rats of the ex-
perimental group were tested. The next pair of trials
were begun from a fresh starting-position, and so
on until the whole group had been tested. The trials
were conducted in pairs so that the rats started from
each of the four locations on each of the first 4
pairs of trials (trial blocks), and equally on each of
the second pair of trials.

Continuous video-recordings were made throu-
ghout the trials to permit further evaluation by
means of a Morris “Watermaze” computer pro-
gramme (Watermaze Software, Edinburgh, Scot-
land). The computer system estimated the follow-
ing parameters: escape latency [s]; path length [m];
average speed in cm/s; side-walls factor [percent-
age (%) of time spent within 7.5 cm of the side
walls of the pool]; mean directionality [à] (the nu-
merical average of all absolute values of direction-
ality expressed in degrees defined as “a measure of
the extent to which an entire path heads directly to-
wards the platform as against veering in different
directions”); and Whishaw’s error [%] (time spent
outside the corridor from the start location to the
platform as defined by I.Q. Whishaw as a measure
of average directionality). [For a detailed explana-
tion of all the parameters measured, see R. Morris,
Watermaze User Manual, R. Spooner (ed): Water-
maze Software 1990, Edinburgh)].

Additionally, steps were taken to assess whether
the ability or inability of the animals to find the dif-
ferent platform locations after transfer might be ex-
plained by using by them special swimming strate-
gies. The way this was done was on the first three
experimental days to count the number of traverses
of the NW quadrant (opposite the initially relevant
area, where the platform was mounted at various
places at the edge of the SE quadrant); on days 2–4
to count the number of former platform crossings
to assess whether animals were learning to abandon
the irrelevant in favor of the relevant area of the
pool, or were persevering in searching at the former
platform position or positions; and finally counting
the number of accidental crossings of the prospec-
tive platform positions [east (E), centre (C), or NW].

Statistical analysis

A two-way analysis of variance (ANOVA) was
used to compare the different parameters of the wa-

ter maze performance of the 6-OHDA-treated ani-
mals compared with those of sham rats. Differences
between groups of sham rats and 6-OHDA-lesio-
ned animals after pretreatment with either NaCl or
�-tocopherol, calculated with ANOVA followed by
Gabriel’s multiple comparison of means, were con-
sidered to be significant at p < 0.05. ANOVA and
Gabriel’s multiple comparison of means were used in
the same way for comparison of the animals’ apo-
morphine-induced locomotor or stereotyped beha-
vior, after either treatment, respectively. Differences
in the circling behavior of the animals after apo-
morphine injection, and in their circadian locomotor
activities, were calculated using a one-way ANOVA
followed by the Newman-Keuls test.

Ethics

All experiments were carried out in accordance
with the German TSchG (animal protection law) of
27.4.1993, the U.K. Animals (Scientific Procedures)
Act. of 1986 and associated guidelines, the Eco-
nomic European Communities Council’s directive
of 24.11.1986 (86/609/EEC) and the NIH guide to
the care and use of laboratory animals (NIH Publi-
cation No. 80–23 – revised 1978).

RESULTS

Open field behavior and apomorphine-

-induced behavior

Only animals that had been unilaterally le-
sioned with 6-OHDA within the ventrolateral stria-
tum (Fig. 1) showed typical contralateral rotations
after sc injection of apomorphine (0.4 mg/kg) 3
weeks after surgery (Tab. 1). Even 13 weeks after
surgery, this enhanced rotating behavior was still
evident after apomorphine (2 mg/kg) (Tab. 1).

Pretreatment with �-tocopherol reduced the
apomorphine-induced rotation behavior 3 and 13
weeks after 6-OHDA injection, though the rota-
tions were not completely suppressed (Tab. 1).

Spontaneous locomotor behavior

Observation of these animals’ motor activity
(activity during a 24-hour period) were evaluated
using an autotrack system at 10 weeks after sur-
gery, and showed decreased spontaneous motor ac-
tivity and stereotyped behavior in 6-OHDA com-
pared with sham rats (Tab. 2). Pretreatment of the
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rats with �-tocopherol (100 mg/kg) for 8 days pre-
vented the 6-OHDA-induced decrease in motor and
stereotyped activities 10 weeks after surgery (Tab. 2).
�-Tocopherol had no effect in sham rats. The rats’
normal circadian rhythmicity, which is known to be
dependent on dopaminergic activity [41] was found
to be deficient, as evidenced by the curves of dis-
tance travelled and ambulatory time (not shown).

All these test procedures demonstrate primarily
the long-lasting influence of applied 6-OHDA and
the protective effect of �-tocopherol.

Effect of 6-OHDA in water maze test

All rats tested in the water maze for naviga-
tional capability 12 weeks after surgery were able
in general to learn the task (Fig. 2). Especially on
the first three days, the animals had no great diffi-

culties in finding the hidden platform in positions
1–3 (Fig. 2, trial block 1 to 6; inset). On the second
experimental day (Fig. 2, trial blocks 3 and 4),
when the platform was presented in the east posi-
tion, the 6-OHDA-treated animals were the fastest
in finding the new platform position. The animals
used thigmotaxic information of the water maze
wall. The escape latencies were not significantly
different from those of the sham rats.

However, when the last platform position pre-
sented was in the NW position, 6-OHDA-treated ani-
mals needed significantly more time to find it com-
pared with sham rats (Fig. 2, trial block 7–8; F;.�.#<

= 4.49, p = 0.0356; ANOVA). In these circum-
stances, observation revealed that the 6-OHDA-
-lesioned animals had severe problems in leaving
the SE quadrant where the platform had been
mounted in positions 1 to 3 (Fig. 2). Counting the
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Table 1. Number of total contralateral rotations per 30 min following the injection of apomorphine. Statistics: 6-OHDA + toco:
** p < 0.01 vs. 6-OHDA; one way ANOVA and Newman-Keuls test

3 weeks 13 weeks

n 0–30 min 0–30 min 31–60 min

post APO 0.4 mg/kg post APO 2 mg/kg

Sham mean ± SEM 12 0 0 0

6-OHDA mean ± SEM 11 134 ± 37 159 ± 33 171 ± 40

6-OHDA + toco mean ± SEM 12 33 ± 14** 43 ± 19** 38 ± 19**

Sham + toco mean ± SEM 13 0 0 0

Table 2. Spontaneus locomotor activity expressed as distance travelled (DT [cm]) and ambulatory time (AT [s]), and stereotyped time
(ST [s]), bursts of stereotyped movements (BSM [counts]) and vertical movements (V�C [counts]) of animals observed in a comput-
erized open field system (autotrack system) for 24 h 10 weeks after surgery. Values are means ± SEM of 11–13 animals. Statistics:
6-OHDA: * p < 0.05 vs. sham; 6-OHDA + toco: � p < 0.05 vs. 6-OHDA; �� p < 0.01 vs. 6-0HDA; one-way ANOVA and Newman-
-Keuls test

DT AT ST BSM V�C

Sham mean ± SEM 15676.61
± 767.00

234.16
± 11.24

11405.80
± 232.43

14612.66
± 294.50

3719.06
± 297.62

6-OHDA mean ± SEM 12233.48*
± 1426.37

183.43*
± 20.45

10236.56*
± 241.86

13423.44*
± 359.49

2624.00*
± 247.82

6-OHDA + toco mean ± SEM 16251.87�

± 830.86
242.80�

± 12.31
11954.00�

± 585.71
15355.33��

± 493.51
3969.58��

± 227.65

Sham + toco mean ± SEM 15571.04
± 839.05

233.63
± 12.24

11610.42
± 359.93

15286.06
± 280.61

4121.40
± 237.68



unsuccessful crossings of the three former platform

positions during the escape trials of the last day,

showed that the 6-OHDA-lesioned animals crossed

the former platform positions more often than the

sham rats or the rats treated with �-tocopherol

(Fig. 3). In this situation circling resulted only in

very precise revisiting all three of the former posi-

tions of the platform. Neither this circling strategy,

nor swimming at a given angle, nor concentrating

on a single quadrant or half of the pool, as men-

tioned in the description of the design of the water

maze [58], could help the animals to succeed in

finding the platform. They could successfully solve

the problem only by tactile contact, i.e. by thigmo-

taxic informations of the wall. In this way, the rats

used a stimuli/cue-directed search strategy (see [22,

55]) to change the goal direction.
Using this strategy, the 6-OHDA-treated animals

swam also more often back to the wall near the plat-

form positions compared to sham rats, which resul-

ted in an increased side-walls factor (F.�.# = 25.73,

p = 0.0001, ANOVA; Fig. 4C) and Whishaw’s er-

rors with a wide corridor (Fig. 4D). This search

strategy increased therefore also the length of the

swim path (F.�.# = 3.99, p = 0.0473, ANOVA).
It was evident that all of them found the plat-

forms without any problems as long as the plat-

forms were not outside the south east quadrant or

the centre. In naive controls, the escape latencies of

�-tocopherol-pretreated animals were lower than

the latencies of NaCl-treated controls throughout

the entire experimental procedure.
In Table 4 we summarize the effects of 6-OHDA

in comparison with sham-treated rats. It is evident

that 6-OHDA have always a negative influence on

���� ./!#�6##/ 441

��78+8����8) ,�� (��,'�8�,) +�,�%�� ,97�� :��),7��,) 6�8��, �7��,7,) )���8��

Table 3. Escape latency (in s) of naive rats treated with 0.9% NaCl (n = 10) or 100 mg/kg of �-tocopherol (n = 10) ip for 8 successive
days, 8–10 days after the last injection. Values are means ± SEM of 16 escape trials per experimental day; Statistics: one-way
ANOVA

Group

1st day 2nd day 3rd day 4th day

platform position

south east centre nort-west

Naive + NaCl 32.70 ± 3.01 16.75 ± 1.77 10.93 ± 0.94 17.43 ± 1.89

Naive + toco 20.53 ± 2.14 11.41 ± 1.02 7.91 ± 0.71 14.17 ± 1.77

Significance F���� = 20.14

p = 0.0001

F���� = 7.41

p = 0.0069

F���� = 6.91

p = 0.0090

F���� = 3.45

p = 0.0654

Fig. 3. Number of crossings of the three former platform posi-
tions (in S, E and C position) on day 4, when the platform was
submerged in NW-position. Values are means ± SEM. Statis-
tics: ANOVA plus Gabriel’s multiple comparison of means
group differences, F���� = 6.41, p = 0.0004, 6-OHDA vs. sham
and sham + toco, 6-OHDA + toco vs. 6-OHDA
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Fig. 4. Path length (A), speed (B), side walls factor (C), and Whishaw’s error (D) during maze performance on day 4, when the plat-
form was submerged in NW position. Values are means ± SEM. Statistics: ANOVA plus Gabriel’s multiple comparison of means
showed following group differences, (A) F���� = 4.19, p = 0.0069, 6-OHDA vs. sham and sham + toco, 6-OHDA + toco vs. 6-OHDA.
(B) F���� = 7.39, p = 0.0001, sham + toco vs. sham, 6-OHDA and 6-OHDA + toco vs. sham + toco; (C) F���� = 23.77, p = 0.0001,
6-OHDA vs. sham and sham + toco, 6-OHDA + toco vs. sham + toco and vs. sham; (D) F���� = 3.50, p = 0.0170, 6-OHDA vs. sham +
toco



the capacity of the animals to fulfill the task in the
water maze test.

Effect of �-tocopherol treatment in naive

controls

Different results were obtained in naive control
animals which were treated with only �-tocopherol
for 8 successive days, one week prior to the spatial
orientation task. Compared with NaCl-treated con-
trols, �-tocopherol-treated controls showed a de-
creased escape latency on experimental days 1–3
(Tab. 3). It seems that subchronic �-tocopherol ap-
plication resulted in a significant improvement in
the daily acquisition of a new spatial localization in
the water maze task. This ameliorating effect was,
however, not significant on the last day, when the
platform had been moved to the NW position.

DISCUSSION

The results of the present experiments lead to
the conclusion that unilateral striatal 6-OHDA le-
sions also produce contralateral turning (see also
[13]) after administration of apomorphine, similar
in type and intensity to those after lesion of the SN,
and additionally lead to long-lasting deficiencies in
the performance of a water maze task which – in
distinct situations – requires the animals to switch
their search strategies. These 6-OHDA-treated ani-
mals used additionally external guide by using tac-
tile stimuli within the maze (as reflected by an in-
creased side-walls factor) (Fig. 4C). �-Tocopherol
administered for 8 days before the intrastriatal in-
jection, is able to prevent the animals’ disability in
disengaging their attention from the previously
relevant platform positions (“perseverations”) and
is helpful in switching to the new platform which
is now in the NW position (Fig. 3), indicating that
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Table 4. Abnormalities of 6-OHDA-treated rats during the activities in the water maze. Comment 1. On day 1 trial blocks 1 and 2 indi-
cate no abnormalities in the escape latency of all tested rats. 6-OHDA-treated rats, however, swam very often along the wall (side
wall factor). Comment 2. It seems that the 6-OHDA-treated rats used the same search strategy as the day before based on the side wall
swimming to find the platform in position 2 (east) (see Fig. 2). Rats pretreated with �-tocopherol did not develop search strategy
along the wall. Comment 3. 6-OHDA-treated rats have now nearly the same difficulty to learn how to find a platform position in gen-
eral, now in the NW. The learning curve is comparable with the curve on day 1. Whereas all the other groups have no problems to de-
velop a search strategy outside the SE quadrant, the 6-OHDA group seems to be fixed on the learned program for SE and seems to
have difficulties to switch the search strategy. The side wall factor, the length of the swim path and the crossing of the SE quadrant in-
stead the position in NW showed the diminished capacity of the 6-OHDA-treated rats to switch learned programs. The treatment with
�-tocopherol did no prevent the defect totally

Side wall factor day 1
(platform in south)

6-OHDA > sham F(1,10) = 3.96, p = 0.0501; ANOVA
6-OHDA > sham + toco F(3,22) = 6.15, p = 0.0006; ANOVA

comment No. 1

Escape latencies day 2
(platform in east)
traverses through NW

6-OHDA + toco > 6-OHDA F(1,9) = 4.93, p = 0.0280; ANOVA
6-OHDA + toco > 6-OHDA F(1,0) = 10.13, p = 0.0018; ANOVA (speed)
6-OHDA + toco > 6-OHDA F(1,9) = 3.64, p = 0.0604; ANOVA
6-OHDA + toco > sham F(1,11) = 6.99, p = 0.0065; ANOVA

comment No. 2

Perseverative crossings
in south position

very often

Escape latencies day 4
(platform in NW)

6-OHDA > sham F(1,10) = 4.49, p = 0.0356; ANOVA
6-OHDA + toco < sham F(1,11) = 5.61, p = 0.0190; ANOVA
6-OHDA + toco > sham F(1,11) = 21.49, p = 0.0001; ANOVA (speed)

comment No. 3

Side wall factor 6-OHDA > sham F(1,10) = 25.73, p = 0.0001; ANOVA

Length swim path 6-OHDA > sham F(1,10) = 3.39, p = 0.0473; ANOVA

Program switching 6-OHDA + toco < sham F(3,22) = 2.97, p = 0.0367; ANOVA

Crossing SE quadrant
instead NW position

6-OHDA > sham but prevented by toco F(3,22) = 5.19, p < 0.05; ANOVA

Crossing SE instead NW 6-OHDA more SE F(1,8) = 13.48, p = 0.0009; ANOVA
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Fig. 5. Path length (A), speed (B), Whishaw’s error (C), and mean directionality (D) during maze performance on day 2, when the
platform was submerged in east position. Values are means ± SEM. Statistics: ANOVA plus Gabriel’s multiple comparison of means
showed following group differences (A) n.s. (B) F���� = 12.06, p = 0.0001, sham + toco vs. sham and 6-OHDA + toco vs. sham;
(C) group × trial effect F������ = 1.81, p = 0.0219, 6-OHDA vs. sham; (D) group differences F���� = 3.22, p = 0.0244, 6-OHDA + toco
vs. sham; group × trial effect: F������ = 1.63, p = 0.0478, 6-OHDA vs. sham



new behavior strategies are needed. Only in this

situation 6-OHDA-treated animals were forced ad-

ditionally to develop the use of tactile stimuli from

contact with the side-walls. Externally guided gen-

eration of motor tasks was reported to be typical for

patients with Parkinson’s disease during learning

and memory [16].
As shown (Tab. 4) in naive controls, the escape

latencies of �-tocopherol-pretreated animals are

lower than the latencies of NaCl-treated controls

throughout the entire experimental procedure. This

is in line with reports about the ameliorating effects

of �-tocopherol on visuo-spatial learning and me-

mory tasks in elderly people or aged rats [33, 51].

However, it disagrees with the findings of Kieburtz

et al. [30], who observed no differences in the ef-

fect of �-tocopherol on cognitive task performance

in patients with Parkinson’s disease and controls.

With regard to the latter finding, one has to remem-

ber that patients with Parkinson’s disease do not

only have some retrogradely degenerated DA affer-

ents (for a review see [5]), and that medication is

usually started at a rather advanced stage of the dis-

ease.
The present results suggest that this ameliorat-

ing effect of �-tocopherol may well occur inde-

pendently of the radical-scavengeing mechanism,

and may indicate an improved performance of the

integrative working systems in some intrinsic man-

ner of its own. In addition, the decreased swim-

ming speed of both, the rats belonging to the sham

+ toco and the 6-OHDA + toco groups (Fig. 5B)

points to such an intrinsic and independent, but at

present obscure action of �-tocopherol (see also

[56]), which seems to be different in animals in-

jected with ascorbic acid (sham) and 6-OHDA or

naive controls, respectively.
Analysis of the animals’ performance of cogni-

tive tasks showed that in naive controls �-toco-

pherol seems to have improved the animals’ capa-

city for spatial learning and memory, (Fig. 3 and

Fig. 2, day 4) obviously because of an influence on

hippocampal functioning (see [40]). In this regard,

the findings by Xie and Sastry [60] of an induction

of LTP by �-tocopherol, achieved in acute physio-

logical experiments, might provide some explana-

tion, as LTP has recently been shown to be a direct

correlate of memory processes [38, 45].
In sham-operated rats, no ameliorating effect of

�-tocopherol on spatial memory was observed. How-

ever, the protective effect of �-tocopherol against
6-OHDA-induced behavioral deficits was almost
complete. In the water maze, the shifting aptitude
disorder which results in perseverative circlings
across the former platform positions is completely
prevented by �-tocopherol treatment. This, together
with the reduction in apomorphine-induced contra-
lateral circling, and the prevention of decreased
spontaneous locomotor activity, points to an attenu-
ation of 6-OHDA-induced striatal deficits by �-to-
copherol pretreatment. The use of external tactile
cues for switching to new behavioral strategies is
not, however, affected by the treatment (see the in-
creased side walls factor), suggesting that �-toco-
pherol gives insufficient protection against extra-
striatal dysfunctions caused by imbalances in stri-
atal connections (see [22, 31, 39].

The behavioral deficiencies of 6-OHDA-lesio-
ned animals seem to be not only a consequence of
the lesion to the striatum, but also of the dysfunc-
tions of various related brain structures, such as, for
example, the nucleus accumbens (see [55]). The
behavioral outcome would be expected to reflect
not only the function of the damaged (lesioned)
hemisphere, but also that of the intact (unlesioned)
hemisphere. The ameliorating effect of �-tocophe-
rol might, therefore, also involve the function of
membranes and neuronal systems which contribute
to the distinct behavioral outcome and transmitter
function of related brain areas interacting or com-
peting with striatal functions (see [31, 39, 42, 58].

Conclusion

In rats, after 6-OHDA lesion of the striatum,
an attenuation of the lesion-induced striatal defi-
cits can be achieved by subchronic pretreatment
with �-tocopherol. As the deficiencies observed in
6-OHDA-lesioned rats in some aspects resemble
those in the patients with early stage of Parkinson’s
disease, the present results support the suggestion
that �-tocopherol might have ameliorating effects
in the very early stage of Parkinson’s disease.
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