reticular nature could be observed. In
the presence of 10 pM Colcemid (Fig.
2D), the fluorescence was scattered
throughout the cytoplasm, consistent
with the morphology of the Golgi appara-
tus in fixed, Colcemid-treated cells (19).

Finally, we asked whether the distri-
bution of the Golgi apparatus in living
cells at different mitotic stages would
parallel that of fixed cells in which the
Golgi becomes fragmented and almost
disappears during metaphase (6, 20). Hu-
man skin fibroblasts were labeled with
C¢-NBD-ceramide and chromosomes
were vitally stained with Hoechst 33342
(21). During interphase (Fig. 3A) the
Golgi had its distinctive, threadlike ap-
pearance. As the cell rounded up in
prophase (Fig. 3B), the Golgi was visible
as scattered punctate regions in the cyto-
plasm. At metaphase (Fig. 3C), these
regions were reduced to infrequent, pin-
point areas of fluorescence. The back-
ground fluorescence appeared to have
increased because of the rounding of the
cell. During anaphase (Fig. 3D), the Gol-
gi apparatus reappeared close to the sep-
arating chromosomes. Finally, in late
telophase (Fig. 3E), the characteristic
perinuclear structure reappeared.

In conclusion, Cs-NBD-ceramide was
distributed in the same manner as tradi-
tional Golgi stains in various cell types
and during mitosis or drug treatment.
The advantages of rapidity and ease of
labeling permitted immediate visualiza-
tion of alterations in Golgi morphology in
living cells.
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Trigeminal-Taste Interaction in Palatability Processing

Abstract. Peripheral transection of the sensory branches of the trigeminal nerve i
rats unbalanced palatability, selectively reducing the ingestive actions elicited b
preferred tastes but leaving unchanged the aversive actions elicited by unpreferre
tastes. The reduction in the number of positive ingestive actions occurred evei
though the capacity to emit these actions remained unimpaired. These findings shov
that there is an interaction between somatosensation and gustation in the processin;

of palatability.

Trigeminal deafferentation, which re-
moves somatosensation selectively from
the mouth and face, severely disrupts
food intake in rats, cats, and pigeons (/-
6). The disruption is not attributable
solely to a simple incapacity to execute
required movements, but also to reduced
responsiveness to food, reduced proba-
bility of initiating a meal (I, 2), and
disrupted dietary selection of protein and
carbohydrate nutrients (3). Deafferentat-
ed rats are hypophagic in response to
food pellets, and can be maintained best

Ingestive

actions A p Fa
\‘( LY

Aversive A

actions

N\

AN

on highly preferred foods (such as mois
cereal mash).

The severity and nature of the feedin;
deficit produced by deafferentation hav:
led to the suggestion that trigeminal oro
sensation contributes more to the moti
vational control of ingestive behavio
than does gustatory information (/); con
versely, it has been suggested that tri
geminal deafferentation leaves a rat ab
normally sensitive to the perceived pal
atability of its diet (1), possibly becaus
remaining gustatory cues are more sa

\\‘ Fig. 1. Taste-elicited actions

Ingestive actions are rhythmi
{ tongue protrusion, nonrhyth
mic lateral tongue protrusior
and paw licking. Aversive ac
tions are gaping, headshaking
face washing, and forelim
flailing.
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lient in the absence of trigeminal input
(3). Others, however, have not found
clear support for exaggerated ‘‘finicki-
ness’”’ (3).

A change in the control of feeding by
palatability (7, 9) after trigeminal deaffer-
entation can be studied best by measures
that evaluate palatability directly, rather
than inferentially through measures of
food consumption. Such measures are
provided by the highly stereotyped ac-
tion patterns (tongue protrusion, gaping,
and so forth) that are elicited in rats by
oral infusion of solutions (Fig. 1). These
actions are controlled in their most basic
form by the caudal brainstem, but are
also influenced by descending forebrain
controls (8, 9). The type and number of
these actions are determined chiefly by
the composition of the taste solution (8).
Physiological factors (such as satiety and

Mean number of actions

sodium balance) that alter palatability
ratings of certain tastes in humans (10)
also change taste-elicited actions in rats
in ways that parallel the human effects
(I1). Learned associations between
tastes and postingestive consequences,
such as illness, which change palatability
ratings in humans (/2), also change taste-
elicited actions in rats (/3-15). Finally,
associations with consequences that
would not be expected to change palat-
ability ratings in humans, such as shock
or lactose intolerance (/2), do not change
these actions in rats.

The results reported here, obtained by
combining behavioral measures of taste-
elicited actions with peripheral trigemi-
nal deafferentation, suggest that the per-
ceived palatability of taste stimuli is al-
tered after deafferentation. Positive reac-
tivity to taste solutions appears to be

Mean number of actions

strongly diminished; negative reactivity
is either unaffected or only slightly di-
minished.

Adult male Sprague-Dawley rats were
anesthetized and implanted bilaterally
with oral cannulas to allow solutions to
be infused into the mouth (/6). After
recovery, the rats were presented with
two concentrations of three taste stimuli:
sucrose, which elicits primarily ingestive
actions; HCIl, which elicits both ingestive
and aversive actions; and quinine HCI,
which elicits primarily aversive actions
(17). Responses to the six stimuli were
videotaped via a mirror positioned be-
neath the transparent floor of the test
chamber. The occurrence and duration
of each ingestive and aversive action
were analyzed in slow motion by an
observer who keyed the responses into a
computer (/8).

Fig. 2 (left). Actions in response to high concentrations of solutes. Each column gives the number of repetitions of a particular action elicited by
the indicated taste (mean *+ standard error; n = 11 rats). Ingestive actions are paw licking (PL), lateral tongue protrusion (LTP), and tongue
protrusion (TP). Neutral or compromise responses are mouth movements (MM) and passive dripping (PD). Aversive actions are gaping (G), face
washing (FW), forelimb flailing (FF), and headshaking (HS). Dots denote significance [three dots, P < 0.01; two dots, P < 0.02; and one dot,
P < 0.05 (Wilcoxon paired test)]. Fig. 3 (right). Actions in response to low concentrations of solutes. As in Fig. 2, dots denote significance
(determined here by Mann-Whitney U test).
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Eleven of the rats were reanesthetized
and subjected to bilateral trigeminal
deafferentation [section of the inferior
alveolar, lingual, and auriculotemporal
nerves of the mandibular branch and of
the anterior superior alveolar and in-
fraorbital nerves of the maxillary branch
(19)). This procedure removes pain and
somatosensation from the upper and
lower lips, gums, and incisors; the chin;
the anterior tongue; the oral mucous
membrane; the vibrissae; and the facial
pads. Gustation and trigeminal motor
function are spared (I, 2, 6). Four other
rats served as surgical controls in which
the nerves were exposed but not sec-
tioned. To prevent our measurements
from being affected by general debilita-
tion, body weight was not allowed to
drop below 85 percent of its predeaffer-
entation value (20). Each rat was pre-
sented again with the six taste solutions
@n.

The responses of intact and deafferen-
tated rats to the three high concentra-
tions are shown in Fig. 2 (22). Among
intact rats, sucrose elicited ingestive
nonrhythmic lateral tongue protrusions
and rhythmic midline tongue protru-
sions, together with more neutral rhyth-
mic mouth movements (/8). Hydrochlo-
ric acid elicited ingestive actions plus a
number of aversive actions, including
gaping and headshaking. Quinine elicited
primarily aversive actions: gaping, face
washing, forelimb flailing, and headshak-
ing. Deafferentated rats showed signifi-
cantly fewer ingestive lateral and rhyth-
mic tongue protrusions in response to
sucrose and significantly more of the
more neutral mouth movements. Simi-
larly, they showed fewer lateral and
rhythmic tongue protrusions and fewer
aversive gapes in response to HCl. To
quinine, deafferentated rats again
showed more of the more neutral mouth
movements, and aversive responses
were not diminished (23).

In summary, the deafferentated rats
showed reliably fewer overall ingestive
actions to most tastes [ingestive scores
for intact and deafferentated rats,
59.6 = 12.0 and 12.4 = 4.3, respectively
(means = standard error; P < 0.01, Wil-
coxon paired test)], but overall aversive
actions were not affected to a statistical-
ly significant extent. Furthermore, the
deafferentated rats showed more neutral
mouth movements than did the intact
rats, again suggesting that they per-
ceived tastes as being less palatable (24).
An essentially identical pattern was seen
in response to the lower concentrations
(Fig. 3). It is important to note that
tongue protrusions were not abolished
by deafferentation, which might have
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suggested that the rats were unable to
perform them. All the components of
ingestive actions were observed after
deafferentation, but in significantly
smaller number. Furthermore, the ac-
tions that did occur in deafferentated rats
were not slowed or prolonged—as far as
could be determined in a frame-by-frame
analysis (25)—suggesting again that the
capacity to emit the actions was not
affected. Most important, a separate
analysis of the responses occurring dur-
ing postprandial grooming, after the infu-
sion had ended, showed deafferentated
rats to protrude the tongue more fre-
quently than intact rats [mean scores for
intact and deafferentated animals,
8.1 = 1.5 and 46.5 = 18.3, respectively
(P < 0.01, Mann-Whitney U test)]. This
eliminates a general motor incapacity to
protrude the tongue as an explanation for
our observations. The number of inges-
tive actions by surgical controls was not
reduced in response to any taste.

These results suggest that trigeminal
input interacts with gustatory informa-
tion to enhance primarily the positive
aspects of palatability. Palatability is
therefore not independent of trigeminal
input, but neither does trigeminal sensa-
tion mask gustation nor add a simple
constant value to the positive or negative
assessment of palatability. Instead, the
positive assessment of the palatability of
a solution is markedly amplified by the
presence of trigeminal orosensation (26).
The negative assessment of the palatabil-
ity of solutions is much less affected (27).
The apparent ‘‘finickiness’’ of deafferen-
tated rats may result from the need for
stronger positive factors to balance sta-
ble aversive ones. Ordinary foods may
no longer be perceived as being suffi-
ciently palatable to evoke ingestion. This
interaction between distinct sensory sys-
tems could have consequences that ex-
tend beyond behavior. The reflexive,
preabsorptive release of insulin that is
elicited by the taste of food depends in
part on the perceived palatability of the
taste (13, 28). Our findings suggest that
this response, at least, should be much
diminished in deafferentated rats. The
loss of this neuroendocrine reflex would
profoundly affect the subsequent metab-
olism of ingested foods, especially car-
bohydrates (29). Changes in palatability
after trigeminal deafferentation could
therefore change the physiological re-
sponse to foods as well as the behavioral
reaction.
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EEG Alpha Activity Reflects Attentional Demands, and
Beta Activity Reflects Emotional and Cognitive Processes

Abstract. Two experiments were designed to examine the effects of attentional
demands on the electroencephalogram during cognitive and emotional tasks. We
found an interaction of task with hemisphere as well as more overall parietal alpha
for tasks not requiring attention to the environment, such as mental arithmetic, than
for those requiring such attention. Differential hemispheric activation for beta was
found most strongly in the temporal areas for emotionally positive or negative tasks
and in the parietal areas for cognitive tasks.

Electroencephalography (EEG) has
been used to probe the relation of hemi-
spheric functioning to both emotion and
cognition (/, 2). Underlying this research
is a simple arousal model that dates to
the beginnings of EEG research (3), un-
der which alpha activity (8 to 12 Hz) is
assumed to be inversely related to men-
tal processing. Along with criticism of
the unitary arousal model (¢) and the
development of information processing

approaches to attentional processes (5),
ample evidence suggests that the tradi-
tional model of EEG alpha interpreted in
terms of arousal cannot account for the
complexity of human behavior to which
it has been applied. One concern we
address in this report is the lack of
specificity in terms of attentional de-
mands in EEG studies of hemispheric
lateralization.

In two studies, one emotional and one

Table 1. Relative mean power estimates (X 10°) for intake and rejection tasks for frequencies
with significant (P < 0.01) attention-by-hemisphere interaction. Experiment 1 was conducted

only at parietal sites.

Task
Frequency ..
(Hz) Intake Rejection
Left Right Left Right
Experiment 1
8to 12 540.5 649 1244.5 1791.5
12 to 16 196 256 234 327
16 to 20 97 126 118 165.5
Experiment 2
8 to 15 (parietal) 272.2 319.6 721.2 892.2
8 to 15 (temporal) 127 188.6 227.1 353.8

750

cognitive, we sought to determine the
role of attentional demands on EEG pro-
cesses. Following Darrow (6) and Lacey
(7), we distinguished between attentional
tasks that required observation of envi-
ronmental stimuli (intake tasks) and
those tasks such as mental arithmetic
that require attention be paid to internal
processing (rejection tasks). Intake and
rejection tasks produce differential re-
sponding in the cardiovascular system,
both when only simple observation of
external stimuli is required (8) and when
more active processing is demanded (9).
Until now the intake-rejection dimension
has not been incorporated into EEG re-
search although both empirical evidence
(10) and theoretical formulations (/1)
suggest the importance of such an ap-
proach.

In experiment 1, 18 right-handed sub-
jects (nine males and nine females) of
college age were given two trials of eight
cognitive tasks on each of 3 days. The
tasks were of the type used in lateraliza-
tion studies to reflect left- and right-
hemispheric processing and not require
overt motor responses (/2). The verbal-
analytic (left-hemispheric) tasks and the
spatial-synthetic (right-hemispheric)
tasks were crossed with the intake-rejec-
tion dimension in a 2 by 2 design. The
intake-left-hemispheric  tasks  were
counting verbs in a passage and finding
the error in a mathematics problem (73).
The intake-right-hemispheric tasks (/4)
were a paper-folding task (choose the
correct three-dimensional representation
of a geometric figure presented as a
blueprint) and Mooney facial closure
task (pick out the face in a high-contrast
presentation that initially looks like
meaningless forms and contours). The
rejection-left-hemispheric tasks were
mental arithmetic and creating sentences
that begin with a certain letter. The re-
jection-right-hemispheric tasks were
mental rotation of a geometric figure and
the visualization of an imaginary walk.
All intake tasks were presented on a
screen in front of the subject, and the
tasks were matched for visual angle and
relative brightness. During the rejection
tasks, subjects were instructed to keep
their eyes open and to look at the screen.
In experiment 1, EEG was recorded
from F3, F4, P3, and P4 referenced to
linked ears. The EEG was subjected to
Fourier analysis, and estimates of spec-
tral power were computed for 4-Hz fre-
quency bands from 0.5 to 28 Hz (15).
These data were evaluated with analysis
of variance, in which sex was the be-
tween-subjects variable and day, task
(analytic or synthetic), attentional de-
‘mand (intake or reject), and side (right or
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