
& p . 1 :Abstract Late onset vacuous chewing movements
(VCMs) from chronic neuroleptic treatment have been
used as a rat model of tardive dyskinesia (TD). Early on-
set VCMs have also been observed, raising questions
about the validity of this model. To assess the relation-
ship between these two types of VCMs, pharmacological
and neurochemical properties of early and late onset
VCMs were compared. “Acute” VCMs were induced by
daily intraperitoneal injections for 1–21 days. “Tardive”
VCMs were induced by intramuscular injections of halo-
peridol decanoate every 3 weeks for 30 weeks followed
by a 24-week withdrawal period. Suppression was at-
tempted for both types of VCMs using several doses of
intraperitoneal haloperidol. Striatonigral activation was
assessed by measuring mRNA expression levels of the
neuropeptides dynorphin and substance P using in situ
hybridization histochemistry. Enkephalin mRNA was
also measured as an index of striatopallidal activation.
The results indicate that acute VCMs cannot be sup-
pressed with increased doses of haloperidol and are asso-
ciated with reduced dynorphin and substance P. This pro-
file is similar to that seen with an animal model of par-
kinsonism. Tardive VCMs, in contrast, were markedly
suppressed by haloperidol. They have previously been
shown to be associated with increased striatonigral acti-
vation as indicated by increased dynorphin mRNA. En-
kephalin mRNA was elevated following both short and

long term treatment. Although superficially similar,
acute and tardive VCMs appear to have different phar-
macological and neurochemical profiles, suggesting they
are related to acute extrapyramidal side effects and tar-
dive dyskinesia, respectively.
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Introduction

The development of antipsychotic medications has been
a dramatic breakthrough for the treatment of psychoses.
Use of these drugs has been limited, however, by a num-
ber of undesirable side effects. Tardive dyskinesia (TD),
a potentially disfiguring and sometimes irreversible
movement disorder, is particularly problematic due to its
high incidence and the lack of effective treatment. Cloza-
pine, an “atypical” neuroleptic, rarely causes TD. Unfor-
tunately, its use has also been limited by complications
such as agranulocytosis and sedation. Other “atypical”
agents are in development, but it is unclear whether or
not they will cause TD. The syndrome of vacuous chew-
ing movements (VCMs) is a rodent model that has been
employed to investigate the pharmacology and neurobi-
ology TD. VCMs develop gradually during long term ad-
ministration of neuroleptics and are reminiscent of the
orobuccal movements of TD. Concerns about validity,
however, have limited use of this model, particularly in
the development of new “atypical” agents. Some investi-
gators have suggested VCMs are a better model of acute
extrapyramidal symptoms (EPS), such as dystonia, than
of TD (Rupniak et al. 1986).

The idea that VCMs may be an acute EPS rather than
a dyskinesia is based on observations that VCMs can de-
velop during short term neuroleptic treatment (Rupniak
et al. 1985, 1986). An essential feature of TD is that its
onset is delayed for months to years after the initiation of
treatment (APA Task Force 1992). Most studies of the
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VCM syndrome have found that its onset is likewise de-
layed by 8–15 weeks (Waddington 1990), the rat equiva-
lent of several years in man (Tamminga et al. 1990). This
relative temporal homology between VCMs and TD ap-
pears to be a significant strength of the model. A delayed
onset of VCMs is typically observed when neuroleptics
are administered in drinking water or by intramuscular
injection with slow release preparations (e.g. haloperidol
decanoate). It appears that VCMs may also develop rap-
idly, particularly following intraperitoneal (IP) or subcu-
taneous (SC) injection (Steinpreis et al. 1993). This
acute onset suggests that VCMs are similar to acute EPS,
typically seen shortly after initiation of neuroleptic treat-
ment (Rupniak et al. 1983, 1985, 1986). The nature of
the relationship between “acute” and “tardive” VCMs is
unclear (Waddington and Malloy 1987) . If VCMs are
parkinsonian in nature, their use as a model of TD would
be limited.

Hyperkinetic dyskinesias and hypokinetic disorders,
such as acute EPS, are distinguishable in several ways.
First, they respond differently to acute D2 blockade. A
number of studies have shown that TD is most effective-
ly suppressed by increased doses of neuroleptics (Jeste et
al. 1988; APA Task Force 1992). Acute EPS, on the oth-
er hand, can be induced by such treatments. Effects of
increased neuroleptic dose on “acute” and “tardive”
VCMs could distinguish the tardive versus parkinsonian
nature of these movements. Unfortunately, prior studies
of VCM suppression with neuroleptics have been incon-
clusive, most likely because of methodological differ-
ences (Gunne et al. 1982; Waddington et al. 1986a,b,
1990; Stoessl et al. 1989; Egan et al. 1995a; see Discus-
sion). A second difference between dyskinesias and
acute EPS is their underlying neurobiology. Hyperkinetic
movements appear be related to increased activation of
the D1-mediated (or “direct”) striatonigral pathway. Hy-
pokinetic disorders, on the other hand, are associated
with reduced activation of the direct pathway, and/or in-
creased activation of the D2 mediated “indirect” pathway
(Crossman 1990; DeLong 1990; Gerfen et al. 1990,
1991). Several peptides are co-expressed in these two
pathways: dynorphin and substance P in the former, and
enkephalin in the latter. Messenger RNA levels of these
peptides have been used as markers of neuronal activa-
tion. Thus, assessing mRNA levels of dynorphin, sub-
stance P, and enkephalin in acute and tardive VCMs may
provide a clue regarding their relationship to acute EPS
and dyskinesias.

In rats with tardive VCMs, increased expression of
dynorphin mRNA suggests that activation of the direct
pathway is increased (Egan et al. 1994a). This indicates
that tardive VCMs share features with hyperkinetic dis-
orders. The level of activation of the direct pathway in
“acute” VCMs is less certain. While a number of studies
have looked at changes in dynorphin and substance P
mRNA following various doses of neuroleptics, none has
concomitantly assessed chewing movements.

We compared “tardive” and “acute” VCMs in two
ways. First, response to acute injections of neuroleptics

was examined. Acute EPS should remain unchanged or
increase, while tardive movements should be suppressed.
As a corollary to this experiment, we first sought to de-
scribe dose/response characteristics and the duration of
acute VCMs. Second, activation of the direct and indi-
rect striatal efferent pathways was assessed using in situ
hybridization histochemistry to quantitate levels of mR-
NA expression for the neuropeptides dynorphin, sub-
stance P and enkephalin in rats with acute VCMs. We
hypothesized that acute VCMs would demonstrate simi-
larities to EPS but tardive VCMs would not. These find-
ings would support the validity of the tardive VCM syn-
drome as a model for TD in humans.

Materials and methods

Animals and drug treatment

Drug-naive, male Sprague-Dawley rats initially weighing
175–200 g were housed in groups of three with free access to food
and water, a 12-h light-dark cycle (with lights on at 7 a.m. and off
at 7 p.m.), and constant temperature (25oC). Rats were acclima-
tized for 1 week before experimentation. Acute VCMs were in-
duced using intraperitoneal (IP) injections of haloperidol solutions
prepared fresh daily. Haloperidol (Sigma, St Louis, Mo.) was dis-
solved in glacial acetic acid (40 mg/ml), partially neutralized with
0.13 ml 1 M NaOH per 1 ml solution, and diluted with distilled
water. Final concentrations varied from 0.025 to 2.0 mg/kg and are
described in the figures. Vehicle solutions were prepared identical-
ly except that haloperidol was omitted. Animals were injected IP
with a volume of 1.0 ml/g body weight. All procedures complied
with the NIH Guide for the Care and Use of Laboratory Animals.

Two cohorts were employed to characterize acute VCMs. The
first was used to assess 1) the relationship between dose and VCM
severity, 2) VCM persistence, and 3) suppressibility of VCMs with
increased doses. In the dose/response study, 0.025–2.0 mg/kg ha-
loperidol was administered IP (n=8–9/group), and VCMs counted
after 1 h. Five groups continued to receive injections (veh, 0.025,
0.1, 0.4, or 1.0 mg/kg haloperidol) daily for 7 days to assess per-
sistence. To examine persistence over a single day, VCMs were
counted 1, 3, 6, and 23 h after injections (on day 4) in two groups
(0.025 and 0.4 mg/kg groups). To evaluate suppressibility of acute
VCMs, doses were doubled from days 8–10, and VCMs again
counted 1 h after injections.

A second cohort was used to assess expression of dynorphin,
substance P, and enkephalin mRNA in striatonigral and striatopal-
lidal neurons. Animals received 0.4 mg/kg IP of haloperidol or ve-
hicle daily for 21 or 22 days. This length of treatment was initially
selected to look for evidence of long term tolerance or progression
of VCM severity. VCMs were counted 1 h after injections every
other day. On day 22, haloperidol treated animals received a final
injection of either haloperidol (1-h group, n=15) or vehicle (24-h
group, n=10); all vehicle treated animals (n=10) received a final
injection of vehicle. The 24-h group (which received its last injec-
tion of active drug 24 h prior to brain removal) was used as an ad-
ditional control to assess acute effects of haloperidol (1-h group)
following 21 daily injections. Deep anesthesia was induced with
40 mg/kg (IP) pentobarbital. Euthanasia was accomplished using
intracardiac infusion with phosphate buffered saline (4oC). Brains
were quickly removed, frozen in powdered dry ice, and stored at -
70o C prior to sectioning.

For studies of tardive VCMs, a group of 75 male Sprague-
Dawley rats were used. These animals initially weighed
140–160 g and were housed in groups of two or three as described
above. Animals received intramuscular (IM) haloperidol decano-
ate 28.5 mg/kg (McNeil Pharmaceuticals, Spring House, Pa.), the
equivalent of 1.0 mg/kg per day of unconjugated haloperidol
(n=60), every 3 weeks for 30 weeks, or vehicle (kindly donated by
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McNeil Pharmaceuticals, Spring House, Pa.) (n=15). VCMs were
counted 1 day before each haloperidol injection, and every 6
weeks during a 24-week withdrawal period. Ratings from all 14
rating sessions were summed after the final rating session. A sub-
group of 24 haloperidol-treated rats with moderate to high total
VCM scores was selected. Rats that did not develop VCMs were
not included. The selected animals were randomly assigned to one
of four groups (n=6/group). VCMs were counted at 11 a.m. Acute
IP injections of haloperidol (0.25–1.0 mg/kg) were given and
VCMs again counted 1 h later.

Behavioral measures

VCMs were counted during 2-min periods between 10 a.m. and
2 p.m. in the same room in which animals were housed. Rats were
transferred from their home cages to uncovered 20×30×40 cm
plastic cages located on a rotating platform, allowing raters to ob-
serve mouth movements at all times. Habituation periods were not
employed since ratings before and after habituation are highly cor-
related (Egan et al. 1995b). All VCM ratings were performed by
raters blind to treatment and previous ratings. Inter-rater reliability
was highly significant (F=12.1, df=31,32, ICC=0.85, P<0.0001).
As previously noted, two types of jaw movements were observed
(Gunne 1982). Intermittent chewing movements which occurred in
isolation and were unrelated to grooming, gnawing, or eating were
each counted as one movement. A second type of movement,
bursts of chewing, consisted of two to six individual VCMs in rap-
id succession and was usually associated with jaw tremors. These
burst episodes were counted separately but were not included in
the data analysis due to the low numbers observed. Tremorous
movements were not included in VCM scores. Tongue protrusions
were also observed but not counted.

In situ hybridization histochemistry

In situ hybridization was performed as previously described (Hurd
and Herkenham 1992) for dynorphin, substance P, and enkephalin
mRNA. Briefly, frozen coronal sections (20 µm thick) were cut
through the striatum, thaw-mounted onto gelatin-subbed slides,
and stored at —70°C until further processing. Sections were sub-
sequently fixed by immersion in 4% formaldehyde in phosphate-
buffered saline (PBS) for 5 min at 25°C, rinsed twice in PBS,
treated with 0.25% acetic anhydride, in 0.1 M triethanol-
amine/0.09% saline (pH 8.0) for 10 min, dehydrated serially in
70%, 80%, 95%, and absolute ethanol, delipidated in chloroform
for 5 min, rinsed in absolute and 95% ethanol, and air dried. Syn-
thetic 48-base oligodeoxyribonucleotide probes directed against
prodynorphin (bases encoding 862–909; Civelli et al. 1985), pro-
tachykinin (substance P, bases encoding 124–171; Krause et al.
1987) and preproenkephalin (bases encoding 388–435; Yoshikawa
et al. 1984), were labeled at the 3′ end using alpha-[35S]dATP
(>1000 Ci/mmol, New England Nuclear, Boston, Mass.), terminal
deoxynucleotidyl transferase (25 U/µl, Boehringer-Mannheim,
Mannheim, Germany), and tailing buffer (Bethesda Research
Labs, Gaithersburg, Md.). Sections were hybridized overnight at
37oC with 5×10 -5 cpm of labeled probe in buffer containing 4×
standard saline citrate (SSC; 1×=0.15 M NaCl/0.015 M sodium ci-
trate, pH 7.2), 50% (v/v) formamide, 10% (w/v) dextran sulfate,
0.02% Ficoll, 0.02% bovine serum albumin, 500µg/ml sheared
single-stranded salmon sperm DNA (Sigma, St Louis, Mo.),
250 µg/ml yeast tRNA (Bethesda Research Labs) and 0.1 M di-
thiothreitol. Sections were washed in four 15-min rinses of 2×
SSC containing 50% formamide at 40°C, two 30-min rinses of 1×
SSC at 25°C, one brief rinse of distilled water, and dried. Slides,
14C standards (American Radiochemicals, St Louis, Mo.) and 35S-
impregnated brain paste standards of known radioactivity and tis-
sue content were placed in X-ray cassettes, apposed to film for
3–18 days, and developed for 4 min at 20°C.

Film images were digitized using a MacIntosh-based image
analysis system (IMAGE, Wayne Rasband, NIMH), and optical
density of the areas of interest was determined by tracing the

structure with a hand-held cursor. Striatal sections extended from
2.7 mm to 1.6 mm anterior to bregma (Paxinos and Watson 1986).
The striatum was divided into dorsolateral (DLS) and ventromedi-
al (VMS) aspects (see Egan et al. 1994a). Optical density for stri-
atal subregions and nucleus accumbens (ACC) was measured bi-
laterally in two sections per animal, converted to DPMs per mg
wet weight of tissue using the standard curve generated by co-ex-
posed 14C-standards (calibrated against brain paste 35S standards),
and averaged.

Statistics

Behavioral data from acute VCM studies were evaluated by analy-
sis of variance (ANOVA) followed by post hoc comparisons using
Fisher’s protected LSD. For repeated ratings, repeated measures
analysis of variance (rmANOVA) was used. Subsequently, individ-
ual rating sessions were assessed for group effects using ANOVAs
followed by Fisher’s protected LSD. To test for suppression of
acute VCMs following doubling of doses, a rmANOVA was em-
ployed including all haloperidol-treated groups. A second rmAN-
OVA was performed including only data from the three highest
dose groups (0.1–1.0 mg/kg). To test the hypothesis that acute ha-
loperidol injections suppressed tardive VCMs, a rmANOVA was
employed including VCM scores before and after acute injections.
For analyses that violated the assumption of homogeneity of vari-
ances where means correlated with variances, log transformations
were first performed.

For neurochemical data, differences between groups (vehicle,
chronic haloperidol after 1 h and chronic haloperidol after 24 h),
were assessed using ANOVA followed by Fisher’s protected LSD.
When this analysis was not significant, both 1 h and 24 h groups
were combined and compared to vehicle treated groups to look
further for a neuroleptic effect.

Results

Acute VCMs

A single IP injection of haloperidol induced VCMs at
doses of 0.1 mg/kg and above (Fig. 1) (group effect:
F=17.9, df=6,54, P=0.0001). While these VCMs were
seen after 1 h, they were apparently short lived. Follow-
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Fig. 1 Dose-response curve for acute IP injections of haloperidol.
Animals were given IP injections of vehicle or varying doses of
haloperidol (*P<0.05 compared to vehicle) (n=8–9/group)& / fi g. c :



ing the fourth daily injection, acute VCMs were elevated
1 h after 0.4 mg/kg IP but fell towards baseline levels af-
ter 3 h (Fig. 2). After 23 h, VCM scores were at baseline
levels (time effect: F=14.2, df=1, P=0.001; dose effect:
F=33.5, df=2, P=0.0001; and dose by time interaction:
F=20.9, df=2, P=0.0001, respectively). Continued daily
IP treatment over 7 days showed that VCMs could be
elicited repeatedly by haloperidol doses of 0.1 mg/kg
and above compared to vehicle treatment (group effect:
F=21.2, df=4, P=0.0001). The lack of a time effect
(F=1.6, df=4, P=0.2), however, suggest that VCMs did
not markedly increase over this 7-day period (data not
shown). Treatment for 21 days with 0.4 mg/kg in a sec-
ond cohort (Fig. 3) continued to elicit acute VCMs (drug
effect: F=41.9, df=1, P=0.0001). Again, the lack of a
time effect (F=0.11, df=10, P=0.65) indicated that scores
did not markedly change during this period.

Attempts to suppress VCMs by doubling haloperidol
doses on day 8 were not effective (time effect: F=1.9,
df=1, P=0.17) (Fig. 4). No significant reductions in
chewing movements were noted whether all groups were
included in a rmANOVA or only groups that received the
three highest doses (0.1–1.0 mg/kg; time effect: F=0.88,
df=1, P=0.35). Continued treatment for 4 days with these
increased doses did not alter VCM counts further. Simi-
lar to day 1 (Fig. 1), on days 7 and 8 a significant effect
of haloperidol dose was again found (F=30.7, df=4,
P=0.0001) with doses of 0.1 mg/kg and above elevating
VCM scores compared to vehicle levels.

Tardive VCMs

Over the initial 30-week treatment period, the haloperi-
dol group showed a gradual increase in VCMs compared
with vehicle (treatment effect: F=45.4, df=1, P=0.0001;
time effect: F=9.9, df=13, P=0.0001; treatment by time
interaction: F=3.7, df=13, P=0.0001) (Fig. 5). VCM
scores remained significantly elevated during the 6-
month withdrawal period. Before acute haloperidol chal-
lenge, there were no differences in VCM scores between
groups receiving different haloperidol doses (F=0.57,
df=3, P=0.64). Acute IP injections of haloperidol mark-
edly reduced VCM scores (Fig. 6) (suppression effect:
F=5.6, df=1, P=0.04). Neither dose effect (F=0.19, df=3,
P=0.90) nor dose by time interaction (F=1.5, df=3,
P=0.27) was significant, however.

mRNA levels in acute haloperidol group

Dynorphin levels were generally reduced in haloperidol
treated animals compared to controls. A significant ef-
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Fig. 2 Duration of VCMs following a single IP injection of halo-
peridol. Rats treated with 0.025 and 0.4 mg/kg IP were rated at 11
a.m., and again after 3, 6, and 23 h (n=9/group). *P<0.05, com-
pared to vehicle& / fi g. c :

Fig. 3 VCMs persist during 3 weeks of daily IP haloperidol injec-
tions. *P<0.05, compared to vehicle& / fi g. c :

Fig. 4 Following 7-day treatment with a fixed dose of IP haloperi-
dol, rats received double the usual dose (n=8–9/group). VCMs
were counted 1 h later. No suppressive effect was found for all
groups or only those groups treated with high doses of haloperidol
(0.1, 0.4, and 1.0 mg/kg). The 0.4 and 1.0 mg/kg groups had in-
creased VCM scores compared to vehicle& / fi g. c :



fect of group was seen in the VMS (F=5.1, df=2,
P=0.01) but not in the DLS (F=2.0, df=2, P=0.15) or
ACC (F=2.4, df=2, P=0.10, respectively). Reductions
were most prominent in the 1-h group, which had re-
ceived a final haloperidol injection 1 h before brain re-
moval (Fig. 7). Combining the two haloperidol treated
groups, a significant effect of treatment was also seen in
the ACC (F=4.55, df=1, P=0.04), while a trend was seen
in the DLS (F=3.49, df=1, P=0.07).

Levels of substance P mRNA were also reduced by
haloperidol treatment. Significant group effects were
seen in all regions (DLS, F=24.7, P=0.0001; VMS
F=15.4, P=0.0001; and ACC F=11.9, P=0.0003). Chang-
es were again most pronounced 1 h, rather than 24 h, af-
ter the final injection of haloperidol (Fig. 8).

Enkephalin mRNA was markedly increased in both
haloperidol-treated groups. Significant group effects
were seen in all regions (DLS, F=16.82, df=2, P=0.0001;
VMS F=14.5, df=2, P=0.0002; and ACC F=5.46, df=2,
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Fig. 5 Tardive VCMs in rats
injected every 3 weeks (ar-
rows) for 30 weeks with halo-
peridol decanoate. Haloperidol
significantly increases VCMs
compared to placebo. This ef-
fect is delayed by 12 weeks and
persists during a 6-month with-
drawal period. *P<0.05,
** P<0.001 compared to vehicle
& / fi g. c :

Fig. 6 Suppression of tardive VCMs with acute IP injections of
haloperidol. VCMs were counted at 11 a.m. Different doses of ha-
loperidol were injected and VCMs were again counted 1 h later. A
marked reduction in VCM counts was observed. No dose effect or
dose by time interaction was seen& / fi g. c :

Fig. 7 Dynorphin mRNA expression levels (DPM/mg) in vehicle
and two haloperidol-treated groups. Significant group effects were
seen in the VMS (P<-0.05 compared to *control and #24-h
groups)
& / fi g. c :

Fig. 8 Substance P mRNA expression levels (DPM/mg) in vehicle
and two haloperidol-treated groups. Significant group effects were
seen in all regions (see text) (P<0.05 compared to *control and
#24-h groups)& / fi g. c :



P=0.01). Changes were again most pronounced 1 h, rath-
er than 24 h, after the final injection of haloperidol
(Fig. 9).

Discussion

The results suggest that, in spite of their apparent simi-
larity, acute and tardive VCMs are pharmacologically
and neurochemically distinct. Acute VCMs were seen
1 h after IP injections of haloperidol. Severity increased
with increasing doses, peaking at 0.4 mg/kg. Following
seven daily injections, they could not be suppressed by
doubling haloperidol doses. Acute VCMs, furthermore,
were associated with reduced dynorphin and substance P
mRNA expression , suggesting reduced striatonigral acti-
vation. In contrast, tardive VCMs developed gradually
and persisted during an extended withdrawal period, as
brain haloperidol levels become very low (Egan et al.
1994a). Tardive VCMs were suppressed by acute IP in-
jections of haloperidol. Late onset VCMs have previous-
ly been associated with increased mRNA for dynorphin
with no change in substance P, implicating increased stri-
atonigral activation (Egan et al. 1994a). Taken as a
whole, these data suggest that tardive VCMs are similar
to TD, while acute VCMs share features with acute EPS,
or parkinsonism.

Effects of acute increases in neuroleptic dose have
been examined previously for tardive but not acute
VCMs. These reports have been inconsistent, most likely
because of methodological differences. Waddington et al.
(1986 a,b) failed to suppress VCMs using haloperidol
(0.75 mg/kg SC), but low basal rates (1.9 per 5 min) sug-
gest tardive VCMs had not yet developed fully. Gunne et
al. (1982) found that 2 mg/kg IP haloperidol reduced
VCMs in animals with cortical ablations, a procedure
which also induces VCMs. A third study (Stoessl et al.
1989), similar to ours, found that raclopride (0.5 mg/kg

IP) reduced tardive VCMs; a fourth study failed to sup-
press VCMs with long term increases in haloperidol de-
canoate dose (Egan et al. 1995a). When methodological
differences are taken into account, these studies support
the current findings that tardive VCMs can be temporari-
ly suppressed by neuroleptics. In this respect, tardive
VCMs are similar to TD in humans, which can also be
suppressed with increased neuroleptic dose (Jeste et al.
1988; APA Task Force 1992).

Acute VCMs, in contrast, were induced, rather than
suppressed, by IP injections of haloperidol. Acute VCMs
increased with doses up to 0.4 mg/kg (Fig. 1). Initially,
VCMs appeared to fall with higher doses (e.g. 1.0 mg/kg
scores were lower than those for 0.4 mg/kg); further
studies, however, found similar scores for these high
doses (data not shown), suggesting that a plateau is
reached. Regarding suppression, the high VCM counts
induced by doses of 0.4 mg/kg and above were clearly
not suppressed with increased doses (Fig. 4). Further-
more, acute VCMs abated within hours after the fourth
daily dose. In contrast, tardive VCMs vary little through-
out the day following a 6-month withdrawal from de-
canoate injections (Egan et al. 1995b). The time course
for acute VCMs is reminiscent of that for acute EPS,
such as dystonia, which remit rapidly, after treatment is
withdrawn (e.g. see Rupniak et al. 1986 for discussion).

Neurochemical results support the idea that acute and
tardive VCMs are distinct. In general, the mRNA results
are consistent with previous studies; for example, sub-
stance P mRNA and/or peptide levels have been reported
to be reduced by a number of different neuroleptic treat-
ment paradigms for 1–14 days (Hong et al. 1978; Han-
son et al. 1981; Bannon et al. 1986, 1987; Nylander and
Terenius 1986; Li et al. 1987; Cruz and Beckstead 1988;
Radke et al. 1988; Shibata et al. 1990; Pollack and Woo-
ten 1992). The effects of neuroleptics on dynorphin lev-
els and mRNA expression are less clear. In one report,
mRNA levels were not altered by 7 days of haloperidol
administered by continuous infusion (Morris et al. 1988).
This study was different from ours in several respects,
including route of drug treatment. As discussed below,
route of administration may be an important factor (Ger-
fen et al. 1990). Striatal dynorphin immunoreactivity
may be increased, reduced, or unchanged (Peterson and
Robertson 1984; Quiron et al. 1985; Li et al. 1986; Ny-
lander and Terenius 1986; Jiang et al. 1990) after treat-
ment for 4–21 days. Treatment variables may again play
a factor in the discrepancies. Taken together, the data
suggest that acute VCMs are associated with reduced
substance P and/or dynorphin mRNA shortly after the
initiation of neuroleptic treatment and remain reduced
for up to 3 weeks.

Striatal gene expression associated with acute VCMs
is comparable to that seen in models of parkinsonism.
For example, 6-hydroxydopamine treatment produces a
hypokinetic state in rats and reduces both substance P
and dynorphin mRNA (Young et al. 1986; Gerfen et al.
1990, 1991; Nisenbaum et al. 1994). Tardive VCMs, on
the other hand, show changes similar to hyperkinetic
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Fig. 9 Enkephalin mRNA expression levels (DPM/mg) in vehicle
and two haloperidol-treated groups. Significant group effects were
seen in all regions (*P<0.05 compared to control)& / fi g. c :



states. Although data linking the mRNA changes associ-
ated with VCMs directly to TD in humans is lacking,
stimulant-induced behavioral activation in rats is associ-
ated with increased dynorphin and/or substance P mRNA
(e.g. see Gerfen et al. 1990; Hurd and Herkenham 1992;
Hurd et al. 1992; Daunais et al. 1993). These different
patterns of mRNA expression suggest that the mecha-
nisms involved in the generation of acute and tardive
VCMs are different. Enkephalin mRNA levels are elevat-
ed in both types of VCMs. Similar elevations have been
reported in the parkinsonian rat model as well as in hy-
perkinetic states, such as that induced by cocaine (Hurd
et al. 1992) and thus may be involved in both types of
movement disorders.

Differences between acute and tardive VCMs raise
several issues. First, it is unclear when VCMs switch
from being dystonic to dyskinetic in nature. Additional
studies are needed to assess, for example, when VCMs
become suppressible. From the current study, it is uncer-
tain whether VCMs beyond 8 days can be suppressed. It
seems likely that VCMs are not suppressible for at least
21 days, given the parkinsonian neurochemical changes
and the lack of suppression with 0.4 mg/kg haloperidol.
Second, the results would predict that, in humans, bolus
administration would produce more EPS compared to
depot treatment. It is unclear whether this is the case.
Third, they raise questions about the role of acetylcho-
line. Differential response of acute and tardive VCMs to
anticholinergic agents could provide important corrobo-
ration that they are distinct. Acute VCMs have been re-
ported to decrease following treatment with anticholiner-
gic agents. Paradoxically, suppression of tardive VCMs
following anticholinergics has also been reported, but
these results may be confounded. The behavioral activat-
ing effects of anticholinergics could reduce VCM counts
through behavioral competition rather than true suppres-
sion (see Stoessl et al. 1989, for discussion). Further
studies are needed to clarify the role of the cholinergic
system in VCMs and oral behavior in rats.

It seems puzzling that VCMs are noted acutely in
some studies but only after an extended delay in others. A
number of variables could contribute to these inconsisten-
cies, such as method of assessment, group size, dose, and
route of administration (see See and Ellison 1990a; Egan
et al. 1995b). Of studies that have used large groups and
open cages for VCM counts, route of administration
seems particularly important (See and Ellison 1990a).
Most studies using decanoate injections find increased
VCMs (3–10 times) only after prolonged treatment
(Gunne et al. 1982; Gunne and Häggström 1983; Mithani
et al. 1987; Stoessl et al. 1989; Egan et al. 1995a; Hyde et
al. 1995; although see Jorgensen et al. 1994). In contrast,
rapid onset of VCMs typically follows oral (Rupniak et
al. 1983, 1985; Glenthoj and Hemmingsen 1989) or IP
administration (Glassman and Glassman 1980; Rosengar-
ten et al. 1983, 1986; Rupniak et al. 1986; Steinpreis et
al. 1993). Oral treatments often yield lower counts (twice
basal levels) during the first several weeks of treatment
(Rupniak et al. 1983, 1985, 1986; Glenthoj and Hem-

mingsen 1989), but, with long term treatment, induce the
same magnitude of VCM scores seen with decanoate in-
jection (e.g. Rupniak et al. 1983; Waddington et al. 1983;
Gunne et al. 1986; Johansson et al. 1986; Tamminga et al.
1990; Kaneda et al. 1992; although see See and Ellison
1990a). In contrast, acute IP injections produce high
VCM counts shortly after administration (Rupniak et al.
1983; Steinpreis et al. 1993), as in the current study. In
studies that have used both treatment methods, direct
comparisons have shown that IP injections yield higher
VCM scores than oral treatment (Glassman and Glass-
man 1980) which in turn induces higher rates than chron-
ic infusion (See and Ellison (1990a,b).

Although data are limited, simple differences in plas-
ma or brain neuroleptic levels do not appear to explain
differences between acute and tardive VCMs. Prelimi-
nary data on a small group of rats (two or three per
group) suggest that acute IP injections of 0.005, 0.05,
0.1, and 1.0 mg/kg haloperidol produce brain levels 1 h
later of 3.6, 41.5, 78.7, and 556.7 ng/g, respectively. In
contrast, rats with tardive VCMs that have been with-
drawn from chronic haloperidol decanoate have brain
levels of approximately 61.5 ng/g (Egan et al. 1994a),
the equivalent of 0.05–0.1 mg/kg given acutely.

Chewing movements in rats have been reported fol-
lowing a variety of pharmacological manipulations, such
as cholinergic agonists, and D1 agonists or antagonists
(Rosengarten et al. 1983, 1986, 1994; Johansson et al.
1987; Salamone et al. 1990; Egan et al. 1994b). Of par-
ticular relevance for the current study are reports that
both striatal dopamine depletion (Jicha and Salamone
1991) and IP injections with D1 agonists (Rosengarten et
al. 1983) both produce VCMs. It appears that chewing in
rats is a nonspecific behavior that can be induced by a
variety of agents, including drugs that have opposing ef-
fects (see also Gunne et al. 1988). In humans, age, poor
dentition, and institutionalization have been implicated
in the pathogenesis of TD. While it is unclear whether
analogous factors affect tardive VCMs, neuroleptics
clearly play a role, since the control group did not devel-
op significant VCMs. Acute VCMs may develop with
treatment that rapidly blocks D2 receptors, such as sub-
cutaneous and IP injections. Tardive VCMs, in contrast,
appear to develop gradually during chronic, continuous
administration with decanoate preparations, implanted
minipumps, and oral treatment, followed by prolonged
withdrawal. In support of this formulation, it is interest-
ing to note that striatal neurochemical changes depend
on the method of drug administration. In particular, in-
termittent treatment may have more pronounced effects
on the D1-mediated striatal neuropeptide gene expression
relative to continuous treatment (Gerfen et al. 1990).

In conclusion, despite similar appearances, acute and
tardive VCMs appear to have distinct neurochemical
substrates. While the rapid induction of VCMs in some
studies has argued against the validity of the VCM syn-
drome as a model for TD, the current data suggest that
acute and tardive VCMs are different. Differences in the
timing of VCM expression may be related, in part, to the
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route of administration. While the relevance of these dis-
tinct VCMs to acute and chronic movement disorders in
humans is unclear, the existence of a distinct, late onset,
hyperkinetic movement disorder induced by long term
treatment with neuroleptics may provide a useful model
to study the neurobiology of TD.
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