
PsychobioJogy 
1987, Vol. 15 (4), 336-342 

Disruption of natural grooming chains 
after striatopallidal lesions 
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Actions, like words, must be ordered into coordinated sequences. Action "syntax rules" exist 
for natural behavior such as gooming in rats. One rule produces a highly stereotyped chain of 
grooming actions. We report that the loss of intrinsic neurons from the corpusstriatum, after 
injections of neurotoxic kainic acid, disrupts execution of this syntactic chain while preserving 
component actions. Striatopallidal circuitry may contribute to the effectiveserial organization 
even of natural action into certain centrally generated sequential patterns. 

Since Kad Lashley (1951) first pointed out the ubiq
uity of the problem of "action syntax," the question of 
how distinct actions are organized by the brain into use
ful, coordinated sequences has received increasing atten
tion. The control of the sequential structure of behavior 
has been approached primarily through the use of serial 
learning tasks, in which a person or animal must memo
rize a sequence of events and recall the order later. Ex
periments using primarily these tasks have identified the 
striatopallidal complex and the frontal cortex as particu
lady important to performance that requires serial order
ing (e.g., Brunner, Kornhuber, Seemüller, Suger, & 
Wallesch, 1982; Cools, 1985; Deecke, Kornhuber, Lang, 
& Schreiber, 1985; Divac, 1972; Iversen, 1973, 1979; 
Jacobsen, 1936; Jaspers, Schwarz, Sontag, & Cools, 
1984; Kolb, 1984; Kolb & Whishaw, 1985; Mogensen 
& Divac, 1984; Rosvold, Mishkin, & Szwarcbart, 1958; 
Van den Bercken & Cools, 1982). 

Serial learning is undoubtedly crucial to behavior. 
However, the neady exclusive use of tasks requiring 
learning leaves open the question of whether the neural 
mechanisms involved are restricted to sequential memory 
and to the leaming of order or whether they serve a more 
global sequencing role for all behavior, organizing even 
streams of untrained action into structured patterns in the 
way denoted by Lashley's term, "action syntax." 

Sequential analyses of behavior that does not depend 
on training can help answer this question. In this way, 
for example, Kolb, Whishaw, and Schallert (1977) 
showed that orbital frontal cortex lesions disrupted natural 
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grooming sequences in rats, to the extent that grooming 
bouts were shortened and the distribution of behavioral 
components was affected (see also Schmidt, 1984). The 
shortening of bouts led Kolb et al. (1977) to suggest a 
global "inability to put together (that is, to sequence) long 
behavioral chains." 

Recently, we described a number of objectively iden
tifiable rules that organize the sequential structure of 
grooming and feeding actions in rats (Berridge, Fentress, 
& Parr, 1987). One of the strongest patterning rules con
sists of the syntactic chaining of up to 25 actions in pre
dictable order, a rule that can be seen in the facial groom
ing of virtually every rat. This stereotyped sequence 
appears to be initiated by a "trigger" sensitive to the spa
tial and temporal configuration of ongoing grooming 
strokes (Berridge et al., 1987). It begins with a bilateral 
bout of 5-9 rapid elliptical forepaw strokes (6-7 Hz) over 
the mystacial vibrissae, each stroke bilaterally symmetri
cal. The bout of elliptical strokes is followed immediately 
by a short series of slower, unilateral or asymmetrical 
strokes (1-4) of small to intermediate amplitude and then 
by a set ofbilateral strokes (3-8) oflarge amplitude, fol
lowed by tucking of the head. Finally, the chain is termi
nated by a bout of body licking (Figure 1). This chain 
occurs with a sequential reliability more than 13,000 times 
greater than could be expected by chance based upon com
ponent action probabilities (Berridge et al. , 1987). 

Syntactic chains also have identifying features in addi
tion to their sequential structure. One feature is that the 
control of the form of grooming actions becomes less de
pendent on facial trigeminal sensory input, and appears 
to revert to a more centrally programmed mode, for the 
duration ofthe chain. The distortions of grooming action 
form produced by trigeminal deafferentation thus tend not 
to invade actions within a chain (Berridge & Fentress, 
1986). Conceivably, the suppression of sensorimotor 
responsiveness during syntactic chaining might not only 
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Figure 1. Schematic representation of faeial grooming. A sequen
tially variable phase is shown in the top panel; the syntactic chain 
is shown in the bottom panel. Open squares denote paw Iicking, filled 
square denotes body Iicking, and ellipses denote elliptical forepaw 
strokes over the mystacial vibrissae. Diagonal deviations of the lines 
above and below the horizontal axis denote movements of the two 
forepaws upward a10ng the face away from the nose. Approximately 
5 sec of grooming is represented in each phase. 

coincide with the stereotyped sequential structure but ac
tually contribute to it. A suppression of trigeminal sen
sory processing might reduce somatosensory distractions 
that would otherwise compete with the centrally gener
ated chain program for action-sequence control. The 
reversion of action form to a more centrally programmed 
mode would follow as a necessary consequence. 

The corpus striatum complex (caudate-putamen and glo
bus pallidus) is a likely neural candidate for participation 
in the control of both sensorimotor modulation and global 
behavioral sequencing (e.g., Evarts , Kimura, Wurtz, & 
Mikosaka, 1984; Evered & O'Conner, 1984; Jaspers 
et al. , 1984; Marsden, 1980). Anumberofinvestigators 
have proposed that circuitry within the corpus striatum 
may systematically enhance and suppress sensorimotor 
loops and internal programs in ways that are appropriate 
to specific behavioral contexts (Abercrombie & Jacobs , 
1985; CooIs, 1985; Iversen, 1979; Lidsky, Manetto, & 
Schneider, 1985; Sabol, Neil , Wages, Church, & Justice, 
1985), thus programming the "ordering and sequencing 
of behavioral states" (Cools, 1985). This striatal role 
could be important to the performance of syntactic groom
ing chains. Multiunit bursts of activity occur in globus 
pallidus neurons during grooming (McKenzie, Everett, 
& Kunze, 1984). Electrical or chemical stimulation ofthe 
neostriatum (caudate-putamen) or of the nigrostriatal 
projection can alter the responsiveness of trigeminal mo
tor neurons to trigeminal sensory stimulation (Huston, 
Morgan, & Steiner, 1987; Labuszewski & Lidsky, 1979). 
Conversely, lesions of the neostriatum and globus palli
dus produce a facilitation of trigeminal sensorimotor 
responsiveness (Schneider, 1987a; Schneider, Denaro, & 
Lidsky, 1982). 
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In the present experiment, we sought to determine 
whether striatal neural circuity made an important con
tribution in organizing natural groorning actions into syn
tactic chains. To do this, we administered intrastriatal in
jections of kainic acid to induce damage to intrinsic 
neurons of the corpus striatum, and then observed the rats 
to see if their execution of grooming chains had been im
paired. In addition, to exarnine explicitly the relative roles 
of central pattern generation versus peripheral reflex or 
feedback mechanisms in guiding behavioral sequence, we 
compared our striatal-Iesion data with previously col1ected 
data on the effect of loss of tactile sensory cues and feed
back from the face (induced by trigeminal deafferen
tation) . 

METHon 

Forty-one male Sprague-Dawley rats weighing 300-400 g were 
housed in pairs on a 14: 10 light:dark cycle (light onset 8:00 a.m.) . 
The rats were divided into an anterior striatal lesion group (10 rats), 
a posterior striatal lesion group ( 10 rats), a striatal vehicle control 
group (5 anterior rats; 5 posterior rats), and an intaC1 control group 
(11 rats). In addition, to allow for a direct comparison of the ef
fects on chaining of central striatal lesions versus peripheral sen
sory loss, syntactic chaining data from 9 rats from a previous 
trigeminal deafferentation study (Berridge & Fentress , 1987) were 
included in the quantitative analysis. 

Surgery 
The rats were anesthetized with Ketamine HCI (100 mg/kg) and 

acepromazine (I mg/kg) priorto surgery. Kainic acid (l/Lg in 0.5 /LI 
phosphate buffer) was injected at each striatopallidal site over a 5-
min period; the needle was kept in place another 10 min. Diazepam 
(8 mg/kg) was given before and after kainic acid injections to con
trol convulsant activity. Anterior striatal coordinates were 1.7 mrn 
anterior to bregma, ±2.2 mrn lateral from rnidline, and 5.5 mrn be
low skull surface. Posterior striatopallidal coordinates were -0.8, 
±3 .5, -6.5, using the same landmarks. Control-vehicle injections 
were of phosphate buffer a1one. Trigeminal deafferentation was per
formed by selective bilateral transection of the inferior alveolar, lin
gual, and auriculotemporaI nerves of the mandibular trigeminaI branch 
and of the anterior superior alveolar and infraorbital nerves of the 
maxillary trigeminaI branch. Deafferentation was performed under 
visual guidance with the aid of a dissecting microseope. 

After surgery, the rats were maintained on comrnercial baby cereaI 
mixed with water to form a loose mash, in addition to chow pellets . 
Aphagic rats received three daily intragastric tube feedings of 12 mI 
of a vitamin-supplemented liquid diet (sweetened condensed milk 
with water). 

Behavioral Testing 
Natural grooming sequences were videotaped between 2:00 and 

6:00 p.m. during the 2nd and 3rd weeks after surgery. The rats 
were lightly sprayed with a water mist to induce grooming, and 
placed on a transparent plastic floor, under which a mirror was posi
tioned to give the camera a elear elose-up view of each ral's head 
and upper body. At least 10 min of groorning was videotaped for 
each rat. Videotapes were analyzed in slow motion (frame by frame 
to 11 10 actual speed) by trained observers blind to the experimen
tal condition of each rat, for the occurrence and completion of stereo
typed chain sequences. Briefly, the criterion for successful com
pletion of a chain was that the initiating bout of eIliptical strokes 
be followed immediately by at least two downward unilateral or 
bilateral strokes of larger amplitude, and then by flank licking within 
5 sec. Any actions other than downward unilateral or bilateral fore-
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paw strokes over the face that intervened between the ellipitical 
stroke bout and body licking were considered "extra" intrusions . 
The graphie grooming notation system depicted in Berridge and 
Fentress (1986) was used to record each chain. 

Histology 
At the conclusion of the experiment, each rat was deeply anesthe

tized and perfused. Brains were fTozen, sectioned, mounted on 
slides, and stained with cresyl violet. Sections were microscopi
cally examined to assess gliosis and the loss of neuron cell bodies. 

RESULTS 

Lesion Histology 
Kainic acid produced marked gliosis and neuron 10ss 

in the nucleus caudate-putamen (neostriatum) and globus 
pallidus. Cell loss in the globus pallidus and nucleus 
basalis was much more extensive in the posterior-injection 
group. Typical and maximal extents ofkainic acid lesions 
are shown in Figure 2. Marked cell loss could also be 
seen in the anterior lateral thalamic nuclei in 2 of the 
posterior-injection rats, and in the lateral septum, dorsal 
medial thalamus, neocortex, anterior hypothalamus, and 
amygdala in 1 to 3 of the posterior-injection rats. 

Behavioral Chaining 
In normal intact rats (Figure 3), the appearance of the 

chain-initiating bout (of 5 to 9 elliptical strokes at 6-7 Hz) 

ANTERIOR 

POSTERIOR 

was followed by successful completion of the rest of the 
sequence in over 90% of a11 cases. Chain completion did 
not differ between intact, vehicle control, and trigeminal 
deafferented groups by analysis of variance [F(2,29) = 
0.7], but vehicle controls were marginally lower than in
tacts by two-taiIed t test (p < .05) (striatal injections of 
the buffer vehicle may create a small amount of oon
specific damage). Removal of somatosensory cues from 
the face by deafferentation did not reduce the percentage 
of chains carried to completion a1though it did increase 
the proportion of chains incorporating "extra" intrusions 
such as a forelimb flail or pause (p < .025, t test). Most 
importantly, however, kainic acid lesions of the corpus 
striatum resulted reliably in a significant disruption of 
chain completion (Figure 3). Both posterior- and anterior
lesion groups completed a smaller percentage of groom
ing chains than did the vehicle control group (t tests, 
p < .01), the intact group (p < .01), or the deafferented 
group (p < .01). This disruption of syntax after corpus 
striatum lesions appeared to be one of rule completion and 
was not necessarily accompanied by a reduction in the 
number of chains that were begun. Kainic acid striatopal
lidallesions reduced the rate of successful chain comple
tion by at least 60% for anterior- and posterior-lesion 
groups. The number of chains begun, on the other hand, 
was lowered only for the posterior group, whose rate was 
lower than that of every other group (Mann-Whitney U, 

LESIONED IN ALL RATS 

1:::::::::.::::::.·1 MAXIMAL EXTENT OF LESION 

Figure 2. Extent of kainic-acid-induced lesions. Gray portions depict areas or neuronal cell body loss and gliosis 
shared by all members or alesion group. Dotted portions depict maximal extents or individual lesions. 
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Figure 3. Percentages Df syntactic chains that, once begun, were 
completed by intact, vehicle-injected, posterior striatallesioned, and 
anterior striatallesioned rats (mean ± standard error). Dotted por
tions denote perfect syntax completion; striped portions denote suc
cessful completion with at least one intrusion by an "extra" action. 

p < .02). Anterior striatallesions had no effect on the 
number of chains begun. 

Notated examples of actual chains from the striatopal
lidal lesion and vehicle control groups are shown in 
Figure 4. Clearly, every component of the chain can be 
produced by rats with striatopallidallesions. It can also 
be seen that the initial portion of chains produced by rats 
with striatallesions was not markedly different from the 
initial portion of the control chains. But as the chain 
progressed, rats with striatopallidal damage had a greater 
probability of transgressing the stereotyped rule that leads 
to chain termination, and instead continued with an ir
regular series of grooming strokes and paw licks. Most 
instances of incomplete chains continued into extended 
face washing (86%). 

DISCUSSION 

The disruption of syntactic chaining of grooming ac
tions after central striatopallidal but not after peripheral 
trigeminallesions provides support for the hypothesis that 
striatal circuitry helps achieve sequential patterns of un
trained, as weH as remembered, actions and events. The 
ability of both anterior and posterior striatopallidallesions 
to disrupt chain completion may suggest either that an in
termediate region overlapped by the two sites is respon
sible or that the relevant circuitry is anatomically dis
tributed in both rostral and caudal portions of the 
heterogeneous corpus striatum. Unlike chaining, other 
consequences of these striatopallidal lesions, such as 
evoked hyperkinesia or aphagia, are not altered equally 
by these anterior and posterior lesions (Berridge, Treit, 
& Fentress, in press). 

Precisely why should the sequential organization of 
species-typical behavior be impaired by striatopallidal 
damage? There are a number of possible alternatives. Ex
amination of notated chains reveals that rats with striatal 
damage are weH able to execute the bout of initiating el
lipses, to follow appropriately with the occasional small
amplitude unilateralor asynunetrical stroke, and to ascend 
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to the beginning of the large-amplitude bilateral series. 
It is within this series of penultimate large-amplitude 
bilateral strokes that they become lost, however, and re
main or return to rhythmic paw lieks rather than go ap
propriately to body licking. It may be informative to note 
that these large strokes tend to be the most complex and 
variable in form of aH the chain components. 

A conclusion that rats with striatopallidal damage lack 
the capacity to perform body licking, the terminating ac
tion, is probably unwarranted, as the two completed chains 
in Figure 4 by rats with lesions suggest. We did not find 
a significant reduction in body-licking incidence as a 
whole in the lesion groups. Yet this transition from large 
bilateral strokes to body licking appears especially vul
nerable. 

A second alternative to account for this vulnerability 
would be to note that a major shift in body posture is re
quired to switch from facial stroking to body licking, and 
to suppose that postural deficits produced by corpus stri
atum lesions make this transition impossible. Arguing 
against the sufficiency of a postural deficit as a full ex
planation of chaining failures, however, are the facts that 
(1) postural deficits are produced primarily by posterior 
lesions (Labuszewski, Lockwood, McManus, Edelstein, 
& Lidsky, 1981; and confirmed by our own observations) 
whereas syntactic chaining is impaired by both anterior 
and posterior lesions, and (2) most failures to complete 
chains did not end in abortive attempts to body-lick or 
in visible loss of balance, but rather continued on without 
interruption into sequentially flexible facial grooming. 

The answer to why rats with striatopallidal damage fail 
to complete syntactic grooming chains is likely to be more 
complicated than either of the possibilities given above. 
Two classes of answer appear most plausible. First, it is 
possible that striatal circuitry plays a role in the actual 
specification of action syntax, that is, in the central gener
ation of the neuronal patterns that produce rule-governed 
sequences (e.g., Evarts et al., 1984; Jaspers et al., 1984; 
Komhuber, 1974; Marsden, 1980). This possibility would 
account for chaining failure after a striatopallidal lesion 
by supposing that the syntactic rule itself can no longer 
be generated properly without the intrinsic striatopalli
dal neurons that constitute the central pattern generator 
(see Doty, 1976). 

The other possible class of explanation focuses upon 
rule implementation rather than generation, and relies 
upon the intimate association between striatopallidal mo
tor control and sensory function mentioned earlier (see 
Schneider & Lidsky, 1987) . This line of explanation 
would suggest that the corpus striatum contributes to be
havioral sequencing not by generating the syntax rules 
themselves, but by modulating sensorimotor function. 
Sensorimotor modulation, performed phasically and often, 
could rapidly switch control between extemal guiding 
stimuli and centrally generated rules in order to guide the 
sequence of action appropriately (e.g., Abercrombie & 
Jacobs, 1985; Cools, 1985; Huston, Nef, Papadopoulos, 
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Figure 4. Examples of actual syntactic chains shown by vehide-control (left panel) or striatallesioned (right panel) rats. 
The symbols are as in Figure 1. 



& Weizl, 1980; Iverson, 1979; Lidsky et al., 1985; Sabol 
et al., 1985; Schneider, 1987a, 1987b). The striatum is 
envisioned here as a hierarchically superior controller that 
can shift the control of action among potentially compet
ing signals. A similar role has been implicated for corti
cal connections (Vanderwolf, Kolb, & Cooley, 1978). 
Regarding syntactic grooming chains, a phasic suppres
sion of trigeminal sensorimotor responsiveness has been 
shown by the fact that grooming actions occurring within 
the chain are protected from the deafferentation-induced 
distortions of form that characterize the same actions when 
they occur outside of the chain (Berridge & Fentress, 
1986). A disruption of sensorimotor modulation by a stri
atal lesion could leave the syntactic chain vulnerable to 
interruptions from competing tactile stimuli, even though 
the syntax-generating circuit itself might be intact. The 
pattern of syntactic failures relatively late in the chain, 
and the invasion by sequentially flexible (possibly 
stimulus-guided) facial grooming noted above are con
sistent with the hypothesis that centrally generated chain 
signals tend to lose in competition against distracting fa
cial stimuli after striatopallidal lesions. 

Answers to future empirical questions can help decide 
between these two theoretical possibilities. If striatopal
lidal circuits implement but do not generate syntactic 
chains, can basic chain generation be shown to be car
ried out elsewhere in the brain? If phasic sensorimotor 
modulation is crucial to striatal implementation of syn
tactic chaining, can modulation of sensorimotor thresholds 
be explicitly demonstrated during chaining and will stri
atopallidal lesions alter this? Whatever the answers to 
these questions, we can at least conclude from our cur
rent results that the syntactic structure even of natural and 
untrained behavioral sequences depends importantly upon 
striatopallidal function. 
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