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Parkinson’s disease is characterized by a depletion of do- 
pamine (DA) neurons in the nigrostriatal pathway. Stereo- 
taxic injections of 6-hydroxydopamine (B-OHDA), a selec- 
tive neurotoxin, into either the medial forebrain bundle or 
the substantia nigra result in a massive DA denervation of 
the nigrostriatal pathway. Following unilateral nigrostriatal 
DA depletion, hemiparkinsonian animals develop a stereo- 
typical rotational behavior when challenged with DA ago- 
nists such as apomorphine. The drug-induced rotational 
behavior has been widely used as the behavioral index of 
hemiparkinsonian animals, but it has some limitations. Al- 
though asymmetries in the rotational behavior may indi- 
cate an imbalance of DA contents and release capacity in 
the bilateral nigrostriatal pathway, the behavior is a phar- 
macological reaction. Accordingly, the drug-induced rota- 
tion test is subject to sensitization effects. The present 
study proposes the elevated body swing test (EBST) as a 
measure of asymmetrical motor behavior of hemiparkin- 
sonian animals in a drug-free state. The EBST simply in- 
volves elevating the animal by handling its tail and record- 
ing the frequency and direction of the swing behavior. Uni- 
lateral nigral6-OHDA-lesioned rats exhibited significant bi- 
ased swing activity with the direction contralateral to the 
lesioned side, corresponding to the direction of apomor- 
phine-induced rotations. A 30 set EBST was noted as the 
peak time for biased swing activity. At 7 d postlesion (the 
start of testing), and every week thereafter for a period of 
2 months, a fairly stable biased swing activity level was 
observed. At 1 and 2 months postlesion, the same animals 
were also challenged with apomorphine. High positive cor- 
relations between swing and apomorphine-induced rota- 
tional behavior were noted. Furthermore, tail pinch or ap- 
omorphine injection increased the level of biased swing 
activity in the lesioned animals. Similar mechanisms im- 
plicated in the dopamine-mediated rotational behavior may 
be involved in the swing behavior. The EBST may circum- 
vent the problem of sensitization and pose as an alterna- 
tive tool in characterizing spontaneous behavior in animals 
with lesions of the nigrostriatal pathway. 
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Animal models of Parkinson’s disease usually involve damaging 
the nigrostriatal dopaminergic pathway, which has been dem- 
onstrated to resemble the neuropathology of the disease (Ber- 
nheimer et al., 1973; McGeer et al., 1977). 6-Hydroxydopamine 
(6-OHDA) is the widely used selective neurotoxin for inducing 
massive dopamine (DA) denervation of the nigrostriatal pathway 
in animals (Ungerstedt and Arbuthnott, 1970; Creese and Iver- 
sen, 1974). Unilateral stereotaxic injections of 6-OHDA into ei- 
ther the medial forebrain bundle or the substantia nigra destroy 
dopaminergic neurons on one side of the brain, thus creating a 
unilateral lesion of the nigrostriatal pathway (Ungerstedt, 
1971a,b; Creese and Snyder, 1979). These lesioned animals are 
known to develop drug-induced stereotypical rotational behavior 
(Ungerstedt, 197 1 a,b; Silverman and Ho, 198 1; Coward, 1983). 
Administration of apomorphine activates the supersensitive re- 
ceptors on the lesioned side of the brain, causing the animal to 
rotate selectively in the direction contralateral to the lesioned 
side. In contrast, administration of amphetamine stimulates the 
release of DA from neurons on the intact side of the brain, 
inducing the animal to turn in the direction ipsilateral to the 
lesioned side. 

Rotational behavior of unilateral 6-OHDA-lesioned animals 
in response to DA receptor agonists is the conventional method 
in assessing dopamine-mediated responses (Norman et al., 1990; 
Hudson et al., 1993b). However, sensitization due to repeated 
drug administration may confound interpretation of the drug- 
induced rotational behavior (Bevan, 1983; Coward, 1983; Ka- 
livas and Weber, 1988), especially when assessing the efficacy 
of neural transplants (Norman et al., 1990). For example, in 
transplanted animals with hemiparkinsonism, a normalization of 
the drug-induced behavior may indicate a recovery from imbal- 
ance in DA contents and releasing capacity in the bilateral ni- 
grostriatal pathway, but the observed behavior is a pharmaco- 
logical reaction (Hattori et al., 1992). 

Chronic use of the majority of stimulants (e.g., amphetamines) 
may result in the development of greater sensitivity to the drugs’ 
effects (Kuczenski and Leith, 1981; Segal and Kuczenski, 
1987a,b; Masur et al., 1986; Stewart and Vezina, 1988; Phillips 
et al., 1994). Of note, the neurochemical system implicated with 
mediation of drug-induced stimulation is the mesolimbic-striatal 
DA system (Dworkin and Smith, 1987; Wise, 1988; Phillips et 
al., 1994). It is specifically pointed out that the DA release and 
reuptake mediate the behavioral sensitization to amphetamine 
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Figure I. Vertical axis (middle). The animal is shown positioned at the vertical axis, which was defined as no more than 10” to either left or right 
side. The animal was held approximately at 1 inch from the base of its tail. The height between the animal and the surface was about 1 inch. 
Right-biased swing (left). The animal is shown at the right-biased position. A right swing was counted when the head of the animal moved more 
than lo” from the vertical axis to the right side. Left-biased swing (right). The animal is shown at the left-biased position. A left swing was counted 
when the head of the animal moved more than 10” from the vertical axis to the left side. 

(Kalivas and Weber, 1988; Robinson et al., 1988; Phillips et al., 
1994). 

Similar behavioral sensitization effects have been observed in 
chronic administration of apomorphine. Repeated apomorphine 
injections lead to progressively greater increases in locomotor 
activity (Mattingly et al., 1991; Rowlett et al., 1991). Unilateral 
nigral 6-OHDA-lesioned rats were found to exhibit a significant 
increase in rotations during the second injection of apomorphine 
(Norman et al., 1990), which was quite robust in one study al- 
lowing a 5-6 week interval between injections (Klug and Nor- 
man, 1993). 

These studies would preclude occurrence of sensitization to 
drugs that induce rotational behavior in unilateral 6-OHDA-le- 
sioned animals. Thus, a behavioral parameter that can evaluate 
6-OHDA-lesioned animals in a drug-free state may reflect a 
more natural response of the animals to the lesion effects. The 
present study was conducted to evaluate the feasibility of ele- 
vated body swing test (EBST) as a measure of asymmetrical 
motor behavior in hemiparkinsonian animals tested in a drug- 
free state. The EBST involves measurement of frequency and 
direction of the swing behavior of the animal when it is held by 
the tail. It is hypothesized that an animal with unilateral nigral 
6-OHDA lesions will exhibit biased swings, with the direction 
(contralateral to the lesioned side) the same as that of the apo- 
morphine-induced rotations. 

Materials and Methods 
Animals. Male, &week-old Sprague-Dawley rats were obtained from 
Harlan Sprague-Dawley, Inc., Indianapolis, IN. Animals were housed 
in pairs with free access to food and water on a 12 L:l2 ‘D cycle. 
Initially, baseline data for swing and apomorphine-induced rotations 
were obtained. Only animals (n = 64) not showing any biased behavior 
were included in the study. 

Surgical procedures. Forty animals were randomly selected and ste- 
reotaxically lesioned in the left substantia nigra (AP -5.0, ML +1.5, 

DV -8.0) with 8 mg of 6-OHDA (Sigma Chemical Co.) in 4 ml 0.9% 
saline containing 0.02% ascorbic acid. Rats were first anesthetized with 
sodium pentobarbital(60 mg/kg, i.p.) and mounted in a Kopf stereotaxic 
frame. The 6-OHDA solution was injected over a 4 min period and the 
needle left in place for an additional 5 min before retraction. The re- 
maining 24 animals, which served as controls, underwent sham lesions. 
These animals were introduced to the same surgical procedures but 
saline, instead of 6-OHDA, was injected. 

Behavioral testing. The swing test is a simple and easy behavioral 
test that only requires handling the animal by its tail and recording the 
direction of swings made by the animal for a certain period of time. 
Initially, the animal was placed into a Plexiglas box (40 X 40 X 35.5 
cm), allowed to habituate for 2 min and attain a neutral position, defined 
as having all four paws on the ground. The animal was held approxi- 
mately 1 inch from the base of its tail. It was then elevated to an inch 
above the surface on which it has been resting (Fig. 1). The animal was 
held in the vertical axis, defined as no more than lo” to either the left 
or the right side. A swing was recorded whenever the animal moved 
its head out of the vertical axis to either side. Before attempting another 
swing, the animal must return to the vertical position for the next swing 
to be counted. In cases when the animal swung and redoubled its efforts 
to move toward one side without returning to the vertical position, only 
one swing was counted. In a few cases when the animal refused to 
return to the vertical position for more than 5 set or when it grabbed 
its tail, time was stopped and the animal was momentarily placed back 
on the ground. Once in a neutral position, the animal was then resus- 
pended and time was restarted. Swings were usually exhibited in less 
than 1 set, thus frequency, and not amount of time, of swings was 
counted. When the animal did not commence swing behavior when it 
was elevated for more than 5 set, a gentle pinch to the tail induced the 
behavior. Swings were recorded using a hand counter. The total number 
of swings made to each side was divided by the overall total number 
of swings made to both sides to get percentages of left and right swings. 
The criterion for biased swing behavior was set at 70% or higher. 

EBST over 60 sec. At 7 d postlesion, 16 rats comprising of 8 
6-OHDA-lesioned rats and 8 sham-lesioned rats, were subjected to 
EBST for 60 sec. To show time points of biased swing activity, swing 
responses were counted over four consecutive 15 set segments. Biased 
swing activity for each segment was computed. Two observers who 
were blind to the lesion status of the animals simultaneously recorded 
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Figure 2. EBST over 60 sec. At 30 and 45 set, 6-OHDA-lesioned 
animals exhibited right-biased swings of 70% or higher compared to 
normal rats. Asterisks (*) indicate significant mean differences at (Y = 
0.01. 

the number of swing responses. Biased swing scores recorded by the 
two observers were compared for interobserver agreement. 

Repeated EBSTs over 2 months. A new set of 16 animals (8 
6-OHDA- and 8 sham-lesioned rats) were introduced to the EBST once 
a week, starting at 7 d postlesion, for 8 consecutive weeks, and once 
at 84 d postlesion. The EBSTs were conducted for 30 sec. Tests were 
conducted blind. 

Correlation between EBST and 6-OHDA. To test the correlation be- 
tween the swing and DA agonist-induced rotational behavior, the same 
animals used above (repeated EBSTs over 2 months) were injected with 
apomorphine at 1 month and 2 months postlesion. These 2 apomor- 
phine-induced rotation tests were conducted to obtain a more accurate 
measure of correlation with the swing behavior. Animals were first in- 
troduced to the EBST prior to the rotation test. At least an hour interval 
separated the two tests. For the apomorphine-induced rotation test, the 
animal was allowed to habituate for 2 min in a Plexiglas box (40 X 40 
X 35.5 cm), and then injected intraperitoneally with 0.20 mgikg apo- 
morphine (Sigma Chemical Co.) to induce rotations. Immediately after 
the injection, the number and direction of rotations were recorded for 
30 min using a Rotoscan monitor (Omnitech Electronics, Inc., Colum- 
bus, OH). The data used for subsequent analyses comprised of the net 
full-body (360” rotation) contralateral turns minus the total ipsilateral 
turns. 

Possible mechanisms underlying EBST. At approximately 2 months 
postlesion, new sets of animals were introduced to the EBST with minor 
modifications. In one additional test designed to investigate stressor 
effects, the investigator pinched the tails of the animals (n = 8) through- 
out the duration of the swing test. In the other test designed to study 
the role of the dopaminergic system, the animals (n = 8) were injected 
intraperitoneally with apomorphine (0.20 mg/kg) just immediately prior 
to commencing the EBST Eight sham-lesioned animals were also in- 
troduced to the tail pinch- and apomorphine-induced EBST, and eight 
other 6-OHDA-lesioned animals were introduced to the conventional 
EBST either with or without saline injection. All tests were conducted 
blind. 

Statistical analysis. For the swing behavior, a two-way ANOVA was 
used to analyze swing behavior data across the 15 set segments, and 
also across the 2 month period. Post hoc tests were then carried out 
using Tukey HSD (honestly significant difference) test. Pearson Y cor- 
relation was used to assess interobserver agreement. For the tail pinch- 
and the apomorphine-induced EBST, differences in swing behavior data 
were analyzed using the multigroup ANOVA and Tukey HSD test. For 
the drug-induced rotational behavior, separate analyses of data from the 
1 month and the 2 months tests were done using Student’s t tests. Pear 
son Y correlation was again used to evaluate correlation between swing 
behavior and rotational behavior. 
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Figure 3. Repeated EBSTs over 2 months. Only animals showing un- 
biased swings (prelesion) were used in the study. 6-OHDA-lesioned 
animals exhibited significant right-biased swings throughout the entire 
postlesion test period, but note a slight decline at 42, 49, and 56 d 
postlesion. A restored high level of biased activity, however, was ob- 
served after the 1 month rest period (84 d postlesion). Similar high 
levels of biased swing activity were noted when animals were subjected 
to tail pinch or apomorphine challenge. Sham-lesioned animals did not 
display any biased swing on all test sessions. 

Results 

EBST over 60 see 
ANOVA revealed an overall significant F ratio [F( 1,14) = 
51.88, p < O.OOl]. Across the 15 set segments, we observed 
that GOHDA-lesioned animals exhibited 70% or higher number 
of contralateral (to the lesion) biased swings at the segments 15 
to 30 see and 30 to 4.5 set (mean differences 33.00 and 26.75, 
HSD = 9.85, (Y = 0.01). Accordingly, subsequent EBSTs were 
conducted for 30 set duration. Interobserver data revealed Pear- 
son r correlations of 0.95 or higher between scores of the two 
observers across the four segments. These high correlations were 
noted for both 6-OHDA-lesioned and normal rats. 

Repeated EBSTs over 2 months 

Figure 3 shows the percentages of swing responses exhibited by 
both nigral 6-OHDA- and sham-lesioned rats. 6-OHDA-le- 
sioned animals exhibited significant right-biased swing behavior, 
which persisted from 7 d postlesion, the earliest time the EBST 
was conducted, and each week thereafter up to 2 months postle- 
sion. Sham-lesioned animals did not display any biased swing 
behavior throughout the experiment. The observed mean biased 
swing activities displayed by the 6-OHDA-lesioned animals 
were 70% or higher, with the lowest being 7 1.6% and the highest 
being 82%. ANOVA revealed that 6-OHDA-lesioned animals 
exhibited a significant biased swing activity across the postlesion 
test periods [F(1,14) = 20.06, p < O.OOl]. Comparisons of the 
two groups of animals for each testing day revealed significant 
right-biased swing responses in 6-OHDA-lesioned animals in 
all testing days. All mean differences were greater than the high- 
est HSD value of 8.51 (as = 0.01). However, there was a slight 
trend of decreasing biased swing activity during the sessions 42, 
49, and 56 d postlesion. A month following the last swing test 
(84 d postlesion), the lesioned rats exhibited a high level of 
biased swing activity, which was significantly higher than the 
biased swing level at 56 d postlesion (mean difference exceeds 
HSD = 4.38, ci = 0.01). 
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Figure 4. Tail pinch- and apomorphine-induced biased swing behav- 
ior. Each bar corresponds to mean k SEM biased swing activity level 
at 56 d postlesion of 6-OHDA-lesioned animals not previously exposed 
(naive) to EBST. Data from animals repeatedly tested in EBST (56 and 
84 d postlesion) are also presented to better show comparisons of biased 
swing activity of animals subjected to tail pinch or injected with apo- 
morphine. Naive untreated animals had a significantly higher biased 
swing level than repeatedly EBST tested animals at 56 d postlesion 
(mean difference = 10.00, HSD = 9.69, 01 = O.Ol), but did not differ 
significantly from the repeatedly tested animals at 84 d postlesion. Tail 
pinch-induced biased swing activity level was also found to be signif- 
icantly higher than either the biased swing level of animals singly or 
repeatedly tested in EBST at 56 d postlesion (mean differences = 13.12 
and 23.12, c1 = 0.01) or animals tested at 84 d postlesion (mean dif- 
ference = 13.44, c1 = 0.01). Apomorphine-induced biased swing activ- 
ity level was similarly noted to be significantly higher than the two 
groups of repeatedly tested animals (01 = 0.01). 

Correlation between EBST and 6-OHDA 

6-OHDA-lesioned rats exhibited significant rotations contralat- 
era1 to the side of the lesion compared to sham-lesioned rats at 
1 month [t(14) = 12.01, p < 0.011 and 2 months postlesion 
[t(14) = 18.61, p < 0.011. Since 6-OHDA-lesioned rats re- 
ceived lesions on their left side, the contralateral turns corre- 
sponded to clockwise rotations. Thus, these apomorphine-in- 
duced rotations appear to demonstrate the same side of biased 
swing activities observed in 6-OHDA-lesioned animals. Indeed, 
analyses of data from swing behavior and apomorphine-induced 
rotations revealed high positive correlations (Fig. 4). Pearson rs 
of 0.85 and 0.80 were recorded at 1 month and 2 months postle- 
sion, respectively, in 6-OHDA-lesioned animals. In contrast, no 
significant correlations between swing behavior and rotational 
behavior were found in sham-lesioned animals. 

Possible mechanisms underlying EBST 

All naive 6-OHDA-lesioned animals exhibited 70% or higher 
contralateral biased swing compared to sham-lesioned animals 
at 56 d postlesion (Fig. 5). An overall significant F ratio was 
obtained [F(2,21) = 15.99, p < O.OOl]. Naive 6-OHDA-le- 
sioned animals either subjected to saline injection or ‘not prior 
to EBST did not differ significantly; therefore, data from these 
two groups were combined. 6-OHDA-lesioned animals showed 
a higher percent of right-biased swing activity when their tails 
were pinched or when systemically challenged with apomor- 
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Figure 5. Correlations between swing and apomorphine-induced ro- 
tations for 6-OHDA-lesioned animals. Upper graph represents the 1 
month postlesion data, while the lower graph corresponds to the 2 
month postlesion data. Pearson rs of 0.85 and 0.80 were noted at 1 
month and 2 months postlesion, respectively. 

phine compared to naive 6-OHDA-lesioned animals tested in 
the conventional EBST (mean differences exceed HSD = 11.30, 
CYS = O.Ol), indicating the effects of stress and dopamine levels, 
respectively. Both tail pinch and apomorphine treatments result- 
ed in biased swing activity levels of 95%; hence, no significant 
difference was observed between these treatments. 

Biased swing activity levels of the three groups of naive an- 
imals were then compared with the data obtained at 56 and 84 
d postlesion from the repeatedly tested 6-OHDA-lesioned ani- 
mals. The overall F ratio [F(4,35) = 26.75, p < 0.011 was sta- 
tistically significant. The naive untreated animals had a signifi- 
cantly higher biased swing level than repeatedly EBST-tested 
animals at 56 d postlesion (mean difference = 10.00, HSD = 
9.69, cx = O.Ol), but did not differ significantly from the re- 
peatedly tested animals that had a time lag of 1 month prior to 
the next EBST (84 d postlesion). These results indicate that han- 
dling did affect the level of biased swing activity. Tail pinch- 
induced biased swing activity level was also found to be signif- 
icantly higher than either the biased swing level of animals sin- 
gly or repeatedly tested in EBST at 56 d postlesion (mean dif- 
ferences = 13.12 and 23.12, (Y = 0.01) or animals tested at 84 
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d postlesion (mean difference = 13.44, (Y = O.Ol), demonstrat- 
ing the effectiveness of this treatment to produce a higher level 
of biased swing activity. Apomorphine-induced biased swing ac- 
tivity level was similarly noted to be significantly higher than 
the two groups of repeatedly tested animals (a = O.Ol), provid- 
ing evidence that apomotphine magnified existing imbalance in 
the dopaminergic system that seems to underlie the biased swing 
behavior. 

Discussion 

The present study demonstrated that rats with 6-OHDA lesions 
in the nigrostriatal pathway displayed a biased swing activity 
that correlated highly with the conventional apomorphine-in- 
duced rotational behavior. Employing the EBST at early periods 
postlesion also revealed the sensitivity of this test, like the ro- 
tation test, to the behavioral deficits consequent to unilateral ni- 
grostriatal DA depletion. Most studies using hemiparkinsonian 
rats have reported the onset of DA agonist-induced rotational 
behavior at around 2 to 4 weeks postlesion, but some studies 
have noted rotational behaviors as early as a few days imme- 
diately following 6-OHDA lesions (Ungerstedt, 197 1 a; Staunton 
et al., 1981). We also observed similar biased swing activity (C. 
V. Borlongan and I? R. Sanberg, unpublished observations) upon 
awakening of the animals following the stereotaxic surgery. 
However, we have some misgivings on such early timing of 
behavioral testing since surgical procedures (cannula or vehicle- 
induced transient disruption of the pathway) may confound the 
true neurotoxin lesion effects (Waddington and Crow, 1979). 

The objective of the study was to the circumvent the sensiti- 
zation effects inherent in repeated measures of behavioral func- 
tion using the drug-induced rotation tests. Of note, we observed 
no sensitization effects at the 2-month apomorphine-induced ro- 
tation test. Although other studies have reported a sensitization 
effect after a single injection of apomorphine (doses of 1.0 mg/ 
kg and higher), the 1 month interval between our two apomor- 
phine injections may have prevented the development of this 
sensitization effect. Past studies support these effects of time lag 
between injections and number of drug injections on sensitiza- 
tion (Martres et al., 1977; Bevan, 1983; Coward, 1983; Morelli 
and Di Chiara, 1987; Mattingly et al., 1988a, b; Mattingly and 
Rowlett, 1989). Alternatively, congruent with studies reporting 
experiential facilitation of sensitization (Morelli and Di Chiara, 
1987; Mattingly and Gotsick, 1989; Mattingly et al., 1991), the 
EBST may have interfered with the onset of the sensitization 
effect. Further studies incorporating repeated apomorphine-in- 
duced rotation tests with repeated EBSTs are warranted to in- 
vestigate possible EBST’s effects on the development of the sen- 
sitization effect. 

Similar behavioral tests with 6-OHDA-lesioned animals in a 
drug-free state have been reported. Using a treadmill apparatus 
to measure motor function of 6-OHDA-lesioned rats, animals 
were induced to run uphill on the treadmill by electrostimulation 
(Hattori et al., 1992). Although this method is free from con- 
founding effects of sensitization to drugs, sensitivity to electrical 
stimulation becomes the apparent problem. Another technique 
suggested is an automated recording of open-field locomotor ac- 
tivities (Sanberg et al., 1987; Hudson et al., 1993a). Although 
this technique ensures quantification of a variety of locomotor 
variables, the cost of the activity monitors seems expensive. A 
more common drug-free test is the paw-reaching test, which 
involves measurement of the skilled reaching of the paw con- 
tralateral to the lesioned side (Dunnett et al., 1988; Abrous et 

al., 1992). The concern here is the inherent subjective scaling 
(0, weak; 1, moderate; 2, exaggerated) and the complexity of 
the paw-reaching task. In addition, the paw-reaching task and 
apomorphine-induced rotations are negatively correlated, which 
might imply that different types of behaviors are mediated by 
the dopaminergic pathway. Another drug-free behavioral test 
that is also negatively correlated to the rotational behavior em- 
ploys recording of asymmetrical orientation to edges of an open- 
field (Sullivan et al., 1994). In this test, undrugged 6-OHDA- 
lesioned animals were found to preferentially align with the edge 
of a platform with the intact striatum contralateral to the edge. 
The negative correlation between edge and rotational behavior 
may be due to the former behavior being a sensorimotor re- 
sponse and the latter behavior being a motor response (Sullivan 
et al., 1994). The swing behavior was noted to be positively 
correlated with the rotational behavior, and may be considered 
a motor response. Recently, Schallert and colleagues (1994) also 
described a preferential use of the ipsilateral (to the lesion) fore- 
limb for postural and exploratory movements in 6-OHDA-le- 
sioned animals, which supports our observation that the ipsilat- 
era1 forelimb was consistently used in making the contralateral 
swing. Further characterization of the swing behavior may reveal 
interesting correlations with those behaviors reported by Schal- 
lert and colleagues. 

The possible mechanism involved in the display of biased 
swing behavior may be the stress caused by handling the animal 
by its tail. Past studies have reported that tail pinch and stressor 
effects may result in changes in locomotor activity (Boutelle et 
al., 1990; Tanaka et al., 1991; Rouge-Pont et al., 1993). Fur- 
thermore, stressors may interact with the dopaminergic pathway 
(Pei et al., 1990; Cenci et al., 1992). An imbalance then in DA 
levels between the two sides of the brain, coupled with stressor 
effects, may explain the observed biased swing activity. Neu- 
rochemical studies on tail pinch and stressors have revealed in- 
creases in DA metabolite, DOPAC, and 7H-SCH 23390 binding 
(Morelli et al., 1987; Rodriguez and Castro, 1991; Rowlett et 
al., 1991, 1993). Of note, a higher level of biased swing activity 
was observed when the animal’s tail was pinched or when the 
animal was injected with apomorphine. These results, taken to- 
gether, would suggest that the swing activity is a dopamine- 
mediated motor response. A similar mechanism is also impli- 
cated in apomorphine-induced rotational behavior (Ungerstedt, 
1971a,b; Silverman and Ho, 1981; Coward, 1983). Future in- 
vestigations into the neurochemical alterations during swing 
activity of animals with lesions in the dopaminergic pathway 
may reveal further evidence of interaction between DA and 
stressor effects. One may argue though that if swing behavior is 
a stress-mediated function, then the saline injection should have 
increased the swing activity level. However, the “stress” asso- 
ciated with the saline injection might have diminished already 
during the EBST session, compared with a continuous stress 
delivered by the tail pinch. 

In EBST sessions toward the end of the 2 month period, the 
6-OHDA-lesioned animals displayed a decreasing trend of bi- 
ased swing activity. This could be the result of lower stress 
levels due to repeated handling. However, the 2 month weekly 
test period seems to be a sufficient time to evaluate any behav- 
ioral alterations following brain insults. Furthermore, animals 
showed a restored high level of biased swing activity when test- 
ed 1 month following the last swing test (84 d postlesion) or 
when their tails were pinched. 

In summary, the EBST has been shown to be a rapid, easy, 
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inexpensive and accurate measure of a dopamine-mediated mo- 
tor function. The biased swing behavior was shown to be a good 
estimate of true effects of unilateral 6-OHDA lesions on the 
nigrostriatal pathway. Repeated behavioral assessment is very 
important when evaluating effects of neural transplants on rat 
models with hemiparkinsonism. The EBST may circumvent the 
sensitization problem, and pose as an alternative tool for studies 
of animal models of neurodegenerative disorders characterized 
by asymmetrical brain lesions. 
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