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The distribution of neurons in the medullary reticular formation
(RF) activated by the ingestion of sucrose or rejection of quinine
was examined using standard immunohistochemical tech-
niques to detect the expression of the Fos protein product of
the immediate-early gene c-fos. Double-labeling techniques
were used to gain further insight into the possible functional
significance of RF neurons exhibiting Fos-like immunoreactivity
(FLI). Compared with sucrose and unstimulated controls, qui-
nine elicited significantly more FLI neurons in three specific RF
subdivisions: parvocellular reticular nucleus (PCRt), intermedi-
ate reticular nucleus (IRt), and dorsal medullary reticular nu-
cleus (MdD). Moreover, the number of FLI neurons in the RF of
quinine-stimulated animals was significantly correlated with the
degree of oromotor activity. Thus, the distinct distribution of FLI
neurons throughout the RF after quinine may reflect the acti-

vation of a specific oral rejection circuit. The double-labeling
results indicated a high degree of segregation between FLI
neurons and premotor projection neurons to the hypoglossal
nucleus (mXII) retrogradely labeled with Fluorogold. Thus, al-
though there were a significant number of double-labeled neu-
rons in the RF, the major concentration of premotor projection
neurons to mXII in IRt were medial to the preponderance of FLI
neurons in the PCRt. In contrast, there was substantial overlap
between FLI neurons in the RF and labeled fibers after injec-
tions of the anterograde tracer, biotinylated dextran into the
rostral (gustatory) portion of the nucleus of the solitary tract.
These results support a medial (premotor)/lateral (sensory)
functional topography of the medullary RF.
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One of the fundamental roles of gustation is to discriminate
palatable from unpalatable, often toxic substances. In the rat
(Woods, 1964; Grill and Norgren, 1978b) as well as other species
(Steiner, 1973; Berntson and Micco, 1976), the underlying cir-
cuitry for this discrimination is located in the caudal brainstem,
because decerebrate animals respond appropriately with stereo-
typed ingestion and rejection behaviors after gustatory stimula-
tion. Although the location of the “switch” from ingestion to
rejection is unknown, a role for the medullary reticular formation
(RF) is suggested. Both the first-order central gustatory relay [the
rostral nucleus of the solitary tract (NST)] and the second order
gustatory relay [the parabrachial nucleus (PBN)] project to spe-
cific regions of the RF (Norgren, 1978; Travers, 1988; Beckman
and Whitehead, 1991; Becker, 1992; Shammah-Lagnado et al.,
1992; Halsell et al., 1996; Karimnamazi et al., 1996; reviewed by
Travers, 1993), which in turn provide the main input to the
oromotor nuclei (Holstege et al., 1977; Travers and Norgren,
1983; Vertes et al., 1986; Ter Horst et al., 1991). Thus, the RF is
implicated as a polysynaptic substrate through which gustatory
information influences oromotor behavior.

In recent years, the expression of the Fos protein product of the
immediate-early gene c-fos has been used as a functional marker
for mapping polysynaptic neuronal activity in the central nervous

system after sensory stimulation (e.g., Onoda, 1992; Gieroba and
Blessing, 1994; Jasmin et al., 1994b; Carstens et al., 1995;
McEchron et al., 1996), often coupled with motor behavior (Bara-
jon et al., 1992; Jasmin et al., 1994a; Miller and Ruggiero, 1994;
Wallois et al., 1995). Fos immunohistochemistry has also been
used to specifically examine brain regions involved in feeding
regulation (e.g., Olson et al., 1993; Rinaman et al., 1993; Fraser et
al., 1995; Emond and Weingarten, 1995), gustatory processing
(Yamamoto et al., 1994; Harrer and Travers, 1996), and condi-
tioned taste aversion (Swank and Bernstein, 1994; Houpt et al.,
1994; Swank et al., 1995). The purpose of the present study was to
determine the distribution of RF neurons exhibiting Fos-like
immunoreactivity (FLI) associated with gustatory elicited inges-
tion and rejection behaviors. In the rat, the rejection response
consists of large amplitude mouth openings (gapes), accompanied
by a complex sequence of lingual movements (Grill and Norgren,
1978a; Travers and Norgren, 1986; DiNardo and Travers, 1994).
Because this gape response appears as a resequencing of the
motor pattern of the lick response but also shows parallels to the
emetic response in other species, the control of rejection may be
closely associated with the circuitry involved in the production of
ingestive rhythmic behaviors (Moriyama, 1987; Nozaki et al.,
1993; reviewed by Travers et al., 1997) or emesis (Borison and
Wang, 1949; Mehler, 1983; Fukuda and Koga, 1991). The poten-
tial role of RF neurons exhibiting FLI in gustatory oromotor
circuitry was determined with double-labeling techniques to ex-
amine the extent to which FLI neurons project to the oromotor
nuclei (c-fos/retrograde labeling) and whether FLI neurons in the
RF overlap with projections from the NST (c-fos/anterograde
labeling).
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MATERIALS AND METHODS

C-fos/retrograde tracing study
Surgical procedures
Adult, male Sprague Dawley rats (n 5 18) weighing between 275 and 425
gm were used in these experiments. All animals were maintained on a
normal 12 hr light/dark cycle. Nine to 14 d before behavioral testing, rats
were anesthetized with sodium pentobarbital (Nembutal, 50 mg/kg, i.p.)
with supplemental doses (0.1 ml) administered, when needed, to maintain
a surgical level of anesthesia characterized by hindlimb areflexia. Body
temperature was monitored and maintained at 37°C throughout the
surgery. Each rat was fitted with two intraoral cannulae constructed of PE
100 tubing to allow experimenter-controlled infusions of tastants directly
into the oral cavity (Grill and Norgren, 1978a). The cannulae were
inserted into the oral mucosa, posterior and lateral to the first maxillary
molars, and exited through an incision on the dorsal surface of the head.

After cannulae insertion, rats were positioned in a stereotaxic instru-
ment (David Kopf Instruments, Tujunga, CA) equipped with blunt ear
bars, and the skull was horizontally leveled. A 2 mm trephine hole was
drilled into the skull 6.8 mm posterior and 0.15 mm lateral to l, and the
dura was reflected to provide access to the hypoglossal nucleus (mXII).
The hypoglossal nucleus was located using microstimulation (Travers and
Norgren, 1983). The dorsoventral coordinates of mXII from the brain
surface were determined at a site at which lingual movements were
elicited by passing a low level of current [7 mA, 0.1 msec pulses, 250 pulses
per second (pps)] through the microelectrode. A glass micropipette with
a tip diameter of 25 mm was then filled with a 2% solution of the
fluorescent retrograde tracer Fluorogold (FG; Fluorochrome, Inc.,
Englewood, CO) dissolved in 0.1 M cacodylate buffer or a 4% solution
dissolved in physiological saline. To verify that the pipette was actually
placed within mXII, small amounts of current (20 mA, 0.1 msec pulses,
250 pps) were passed through the pipette to evoke lingual movements.
Once the pipette was situated midway between the dorsal and ventral
borders of mXII, approximately 10 nl of FG was pressure injected (20–30
psi, 20–30 msec pulses) into mXII. In two additional rats, FG was injected
into the trigeminal motor nucleus. The pipette was left in place for 5 min
after injection.

After tracer injection, the intraoral cannulae were secured to the skull
with dental acrylic applied around the cannulae and skull screws. The
incision was closed with surgical clips, and a topical antibiotic (NMC
Laboratories, Inc., Glendale, NY) was applied to the wound. All rats were
given penicillin (20,000 U, s.c./day) for 3–4 postoperative days. During
the recovery period, rats were fed a mixture of powdered rat chow and
Crisco to facilitate weight gain. For 7 d before behavioral testing, rats
were placed in a clear Plexiglas observation chamber for 1 hr, followed by
a 30 min period of intraoral water stimulation (50 ml every 2 min) at
roughly the same time each day. Although animals did not receive as
many intraoral fluid deliveries as they would later during testing, this
adaptation procedure mimicked the overall testing protocol with the aim
of reducing the novelty and stress of the testing paradigm. Testing
subsequently took place at the same time of day as the adaptation
procedure for a given animal.

Testing procedures
On the test day, rats were placed into the Plexiglas observation chamber
for a 1 hr adaptation period before testing. After the adaptation period,
rats were given multiple 50 ml infusions of a particular tastant for 18 trials
(eight 50 ml infusions per trial delivered every 6–8 sec) over a 36 min
period to yield a total volume of 7.2 ml of fluid. Intertrial intervals were
2 min. Hedonically distinct tastants were chosen to elicit different behav-
ioral responses. One group of animals (n 5 6) received 1.0 M sucrose to
elicit an ingestive sequence of behaviors, including rhythmic jaw move-
ments, tongue protrusions, and lateral tongue protrusions. A second
group of animals (n 5 6) received 0.003 M quinine monohydrochloride to
elicit an aversive behavioral sequence consisting of gapes, chin rubs,
forelimb flails, head shakes, rearing, and passive rejection (Grill and
Norgren, 1978a). For subsequent analysis of behavior, rats were video-
taped during the entire 36 min testing period via a video camera aimed at
a mirror positioned beneath the observation chamber. A control group of
animals (n 5 6) underwent the same surgical and adaptation protocols as
the experimental groups but were not given any tastants during the 36
min testing period. This unstimulated control group provided an index of
“baseline” FLI in awake rats.

Immunohistochemistry
Forty-five min after the test session, rats were deeply anesthetized with
Nembutal (150 mg/kg) and perfused transcardially with 150–200 ml of
warm (37°C) 0.1 M PBS, pH 7.4, followed by 200–400 ml of a cold 4%
paraformaldehyde solution, pH 6.8. In some rats (n 5 8), 1.25% acrolein
(Polysciences, Inc., Warrington, PA) was added to the paraformaldehyde
solution to produce a more consistent fixation. The brain was removed
and placed in 0.1 M phosphate buffer (PB) with 20% sucrose or, when
needed, post-fixed in a 20% sucrose paraformaldehyde solution over-
night. The hindbrain was cut transversely at 40 mm on a freezing mic-
rotome into three series. One series was immediately mounted onto
gelatin-coated slides for subsequent analysis of the FG injection site. A
second series was stored in a cryoprotectant solution for further process-
ing, if needed. The tissue from the last series was processed for FLI using
a protocol described by Harrer and Travers (1996). Tissue from “positive
control” animals was reacted in tandem with tissue from each rat in this
study to monitor the quality of the immunohistochemical reactions. Two
different positive control manipulations were chosen. One positive con-
trol group (n 5 2) was anesthetized with Nembutal (50 mg/kg, i.p.), and
the chemical irritant capsaicin (0.001 M) was injected ipsilaterally into
various regions of the oral cavity (e.g., anterior tongue and cheek), as well
as swabbed over the cornea. This procedure was repeated four times over
a 30 min period. Forty-five minutes later, the rats were perfused using the
same procedure as described above. A second positive control group (n 5
3) was given i.p. injections of the endotoxin lipopolysaccharide (LPS; 40
mg/0.2 ml) and perfused 4 hr later. These manipulations were chosen
because noxious stimuli (e.g., Anton et al., 1991; Gieroba et al., 1994;
Carstens et al., 1995; Hathaway et al., 1995; Bellavance and Beitz, 1996)
and LPS (Wan et al., 1994) elicit robust FLI within circumscribed regions
of the brainstem.

For acrolein-perfused brains, the tissue was first incubated in 1%
sodium borohydride for 20 min to prevent aldehyde cross-linking from
causing nonspecific staining and then rinsed in PBS for 40 min. All
tissue was then incubated in 10% sheep serum in PBS for 1 hr at room
temperature. After rinsing in PBS for 30 min, the tissue was incubated
in rabbit polyclonal antibody (Santa Cruz Biotechnology, Inc., Santa
Cruz, CA) diluted to a concentration of 1:6000 in PBS containing 0.4%
Triton X-100 for approximately 66 hr at 4°C. Several sections were
separated before the primary antibody incubation and placed only into
the PBS– 0.4% Triton X-100 solution to serve as a negative control. No
FLI was observed in the negative control tissue. After primary antibody
incubation, the sections were rinsed in PBS for 30 min. The tissue was
then incubated in biotinylated anti-rabbit IgG (Vector Laboratories,
Inc., Burlingame, CA) diluted to 1:600 in PBS– 0.4% Triton X-100
containing 0.1% bovine serum albumin (BSA), rinsed in PBS for 30
min, and incubated in an avidin– biotin–peroxidase complex (Vector
Laboratories, Elite kit; 5 ml/ml) containing 0.1% BSA for 1 hr. After
rinsing in PB for 15 min, the tissue was incubated in a PB solution
containing 0.05% DAB (0.5 mg/ml) and 1% nickel ammonium sulfate
for 15 min. At this time, 10 ml of 30% H2O2 was added to this solution
for a final reaction lasting 3–5 min. To minimize the fading of FG, the
tissue was monitored closely at this stage, and the reaction was stopped
after the detection of the brown– black reaction product within cell
nuclei denoting the presence of FLI. The tissue went through final
rinses in 0.1 and 0.05 M PB. After mounting onto gelatin-coated slides,
sections were air dried overnight, dehydrated through ascending con-
centrations of alcohols, cleared with xylene, and coverslipped with
cytoseal (Stephens Scientific, Riverdale, NJ).

Data analysis
FLI and retrograde label distribution. Sections were examined under a light
microscope, also equipped for epifluorescence illumination, at 200–4003
to identify nuclei expressing FLI, FG-labeled, and double-labeled neu-
rons. The filter set used to visualize the FG fluorescence had a UV2A
330–380 nm emission filter, 400 nm Dichroic mirror, and a 420 nm barrier
filter. FLI neurons were plotted as either “moderately” or “intensely”
labeled. The criterion for an intensely labeled neuron was a brown–black
to black reaction product within the cell nucleus. All other variations of
brown reaction product were classified as moderately labeled. Statistical
analyses were carried out for the total of both moderate and intense FLI
neurons, unless otherwise noted.

This classification of FLI neurons into intense or moderate categories
was verified by measuring the optical density of a random number of FLI
neurons from two levels of the RF in each of two representative quinine,
sucrose, and unstimulated animals using an image analysis system (Neu-
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rolucida; MicroBrightfield, Inc., Colchester, VT). Only cases with similar
background optical density measurements were chosen. This was done to
minimize the chance that differences in optical densities of FLI neurons
were a result of differences in immunohistochemical staining, which
would result in varying background levels. For this analysis, a 100 3 100
mm grid was overlaid on a section of the RF, and the gray scale values
[ranging from 0 (black) to 255 (white)] for the nuclei lying within several
randomly chosen grids were obtained and used as an index of optical
density. For each of the six cases, gray scale values for FLI neurons were
normalized to the most intensely stained neuron encountered from that
case which was assigned a value of 100. Collapsing across the six cases,
neurons qualitatively classified as intensely labeled (mean normalized
value, 119.8 6 19.8) were significantly darker (t test, p , 0.001) than
moderately labeled neurons (mean normalized value, 158.3 6 27.3).

Under blind conditions, all FLI, FG-labeled, and double-labeled neu-
rons were plotted on the side of the brain ipsilateral to intraoral stimulus
delivery throughout seven anteroposterior levels of the RF with the aid of
a video camera attached to the microscope and specialized software
(Neurolucida: MicroBrightfield, Inc., Colchester, VT). The first section
plotted was at the level of obex (level 0), and the remaining sections were
spaced at approximate 0.5 mm intervals rostral to obex. At each level, the
RF was further parcellated into anatomically defined subdivisions based
on the nomenclature of Paxinos and Watson (1986). The subdivisions
included the dorsal medullary reticular nucleus (MdD), ventral medullary
reticular nucleus (MdV), parvocellular reticular nucleus (PCRt), inter-
mediate reticular nucleus (IRt), gigantocellular reticular nucleus (Gi),
and ventrolateral medulla (VLM). In this study, the VLM includes both
the caudoventrolateral and rostroventrolateral reticular nuclei. Some
subdivisions were further divided along the mediolateral (ML) and dor-
soventral (DV) axes, producing quadrants so that the pattern of FLI label
within a subdivision could be compared between groups.

Repeated measures ANOVAs were used to compare the mean number
of FLI neurons between groups across anteroposterior levels and subdi-
visions of the RF, as well as within the ML and DV halves of certain
subdivisions (n 5 18 animals). When appropriate, post hoc comparisons
between treatment means for all ANOVAs were made using the Tukey
honest significant difference test. t tests were used to compare the mean
number of neurons double labeled with FLI and FG between stimulus
conditions (n 5 9 animals). For all analyses, p , 0.05 was considered
significant. p values between 0.05 and 0.15 were noted as trends.

FLI and oromotor behavior correlation. The videotaped responses of
seven quinine-stimulated rats were scanned at slow speed to obtain the
number of gapes and passive rejections over the entire test session. This
includes three animals not used for the FLI quantification. The responses
of a subset of animals (n 5 2) were counted independently by the
experimenter and a person blind to the experimental procedures, and the
results were averaged. Each passive rejection was counted as an all-or-
none response and is defined as fluid accumulation and subsequent drip
from the mouth accompanied by no oromotor or somatic responses to the
infusion. The relationship between the total number of gapes or passive
rejections and the total number of FLI neurons within the RF for each rat
was then determined using correlational analysis (n 5 7 animals). For this
analysis, FLI was counted over three anteroposterior levels of the RF to
obtain a sufficient representation of label.

C-fos/anterograde tracing study
Surgical and testing procedures
Similar surgical procedures as described above were carried out in this
experiment, except that after intraoral cannulae insertion, rats were
prepared for an injection of an anterograde tracer into the NST (n 5 7).
In brief, under Nembutal anesthesia (50 mg/kg, i.p.), rats were first fitted
with two intraoral cannulae and then placed in a stereotaxic instrument.
A hole was drilled into the skull at coordinates (4.8 mm posterior and 1.8
mm lateral to lambda) to access NST for injections of the anterograde
tracer biotinylated dextran (BD; Molecular Probes, Eugene, OR). A
tungsten electrode was used to localize the NST by monitoring increases
in neural activity after gustatory and/or tactile stimulation of the anterior
or posterior tongue (Halsell et al., 1993; Travers and Norgren, 1995). The
coordinates of the location of the NST then served as a guide for BD
injection. A glass micropipette with a tip diameter of 25 mm was filled
with a 10% solution of BD dissolved in physiological saline. Evoked
activity in NST, recorded through the pipette, determined the final site of
injection. Once the pipette was situated in NST, approximately 50–100 nl
of BD was pressure injected (20 psi, 20 msec pulses) into the area. The
pipette remained in place for 5 min after the injection. The cannula

assembly was then secured with dental acrylic, and the incision was closed
with surgical staples. Recovery time, pretest adaptation procedures, and
behavioral testing procedures were the same as described above.

Immunohistochemistry
Tissue was simultaneously processed for BD and FLI using the proce-
dures described above.

Data analysis
Anterograde fibers showing axonal varicosities and FLI neurons were
plotted at four of the seven anteroposterior levels of the RF at 4003
using the Neurolucida software program. These data were plotted to
determine the degree of overlap between FLI neurons and anterograde
projections from the NST within the RF.

RESULTS
Distribution of FLI neurons within the brainstem
FLI was observed in the brainstem in all three stimulus conditions.
Because the number of FLI neurons did not differ between
acrolein-perfused and nonacrolein-perfused tissue in each group
(quinine, t(4) 5 1.31; p 5 0.26; sucrose, t(4) 5 0.86; p 5 0.44;
unstimulated, t(4) 5 1.48, p 5 0.21), the data were collapsed for
analysis. In addition, although bilateral FLI label was observed,
counts were made on the side of the brain ipsilateral to stimulus
delivery.

Figure 1 shows the distribution of FLI at two levels of the
medulla for a representative quinine, sucrose, and unstimulated
case: one at the level of the area postrema (level 1, 0.48 mm
anterior to obex) and the other through the rostral medulla (level
4, 1.92 mm anterior to obex). Although the present study focused
on quantifying the distribution of FLI neurons between groups in
the RF, differences were apparent in other structures, notably the
NST. Sucrose and quinine stimulation resulted in a differential
distribution of label within the rostral NST, in addition to eliciting
more FLI compared with the unstimulated group (Fig. 1A). The
FLI in the quinine group was clustered more medially, whereas
the FLI within the sucrose group was more evenly distributed
mediolaterally (Fig. 1A). In the caudal NST (Fig. 1B), sucrose
elicited more FLI compared with both the unstimulated and
quinine groups. These findings corroborate those in a previous
study from this laboratory (Harrer and Travers, 1996). Other
regions in which differences in the degree of FLI between the
stimulated versus unstimulated conditions were observed but not
quantified included the spinal trigeminal nucleus and area pos-
trema (see Fig. 1B).

In other areas of the medulla, FLI neurons were consistently
observed regardless of stimulus condition. These areas included
vestibular nuclei (medial and spinal vestibular nuclei; see Fig. 1A)
and auditory-related nuclei (e.g., dorsal and ventral cochlear
nuclei; not shown). In all conditions, label was also observed in the
raphe nuclei (raphe obscurus and pallidus) and in and around the
lateral reticular nucleus (Fig. 1). Although there seemed to be
more FLI neurons in the lateral reticular nucleus of the sucrose
case shown in Figure 1, this apparent difference was inconsistent
across animals and conditions.

In the pons (not shown), equivalent numbers of FLI neurons
were again observed in auditory-related nuclei (superior olivary
complex, trapezoid nucleus, and inferior colliculus) and the pon-
tine nuclei. Scattered label was also observed in the locus coer-
uleus in all conditions. In the PBN, FLI neurons were observed in
the “waist” area after stimulation with either quinine or sucrose,
whereas the external medial subnucleus was densely labeled only
after stimulation with quinine. In contrast, FLI within the PBN of
the unstimulated group was sparse and scattered. No FLI was
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observed in the hypoglossal, trigeminal, ambiguus, or facial motor
nuclei.

FLI within the RF
Figure 2 provides a more comprehensive illustration of FLI neu-
rons within the medullary RF for the same representative quinine
and unstimulated animals in Figure 1. Because the sucrose group
did not differ from the unstimulated group in terms of the total
number of FLI neurons in the RF (sucrose, X 5 571.67 6 83.65;
unstimulated, X 5 491 6 81.15), only one group (the unstimulated
group) is shown. Four of the seven anteroposterior levels quan-
tified are depicted. At the level of the obex (level 0), FLI was
observed in MdV just lateral to mXII and extended into MdD
laterally to the spinal trigeminal nucleus and ventrally toward the
lateral reticular nucleus (Fig. 2D). At levels rostral to the fourth
ventricle (Fig. 2A–C; see also Fig. 1A), FLI in the quinine group
extended in a continuous band throughout the PCRt and IRt from
the ventral surface of the NST to regions lateral and ventral to

nucleus ambiguus, i.e., the VLM subdivision. This “band” of FLI
label can also be seen in the photomicrograph in Figure 3. Com-
pared with the quinine group, this general pattern of FLI within
the PCRt and IRt was observed to a lesser degree in the sucrose
group (see Fig. 1A) but was far less apparent in the unstimulated
group. In all groups, scattered label was also observed in nucleus
gigantocellularis (Gi) (Fig. 2A–C). Although FLI neurons were
observed throughout the medullary RF in all three stimulus con-
ditions, the quinine group had an overall larger number of both
moderate and intense FLI neurons (see below).

Effects of stimulus condition on FLI
As evident in Figure 2, FLI was not distributed evenly throughout
the RF. Thus, comparisons of the mean number of FLI neurons
between stimulus conditions were made across the anteroposte-
rior axis of the medullary RF, as well as across specific RF
subdivisions. When the mean number of FLI neurons across seven
anteroposterior levels of the RF was counted, the quinine group

Figure 1. Distribution of FLI neurons at two anteroposterior levels of the medulla depicted in the transverse plane for a representative animal from each
stimulus condition. Sections are ordered from rostral (A, level 4) to caudal (B, level 1). Numbers on the left indicate distance from the obex. Open circles
denote moderately stained nuclei that appeared brown in color, whereas filled circles denote intensely stained nuclei that appeared black or brown–black
in color. Dashed lines depict borders between reticular formation subdivisions. Abbreviations for all figures: AP, area postrema; Cu, cuneate nucleus; DCN,
dorsal cochlear nucleus; Ecu, external cuneate nucleus; Gi, gigantocellular reticular nucleus; Gr, gracilis nucleus; IO, inferior olive; IRt, intermediate
reticular nucleus; LRN, lateral reticular nucleus; MdD, dorsal medullary reticular nucleus; MdV, ventral medullary reticular nucleus; MVe, medial
vestibular nucleus; mVII, facial nucleus; mXII, hypoglossal nucleus; NA, ambiguus nucleus; NST, nucleus of the solitary tract; PCRt, parvocellular reticular
nucleus; py, pyramidal tract; sV, spinal trigeminal nucleus; SVe, spinal vestibular nucleus; and VLM, ventrolateral medulla.
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Figure 2. Distribution of FLI neurons throughout the medullary reticular formation for the same representative quinine and unstimulated animals in
Figure 1. Only FLI neurons within the RF are plotted. Sections are ordered from rostral (A, level 6) to caudal (D, level 0). Numbers indicate distance
from obex. Open circles denote moderately stained nuclei that appeared brown in color, whereas filled circles denote intensely stained nuclei that appeared
black or brown–black in color. Dashed lines depict borders between reticular formation subdivisions.
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had approximately twice as many FLI neurons compared with the
sucrose and unstimulated groups at levels 0–5 (Fig. 4A). At level
6, FLI decreases for all groups. A repeated measures ANOVA
comparing the mean number of FLI neurons across these levels of
the RF revealed a significant main effect for stimulus condition
[F(2,15) 5 11.81; p , 0.01] and level [F(6,90) 5 16.53; p , 0.001]
and a significant stimulus condition 3 level interaction [F(12,90) 5
2.17; p , 0.05]. Post hoc analysis indicated that the mean number
of FLI neurons in the quinine group was significantly greater than
the mean number of FLI neurons in both the sucrose and un-
stimulated groups at levels 0–5 (Fig. 4A). Although the quinine
group had more FLI neurons at level 6 compared with the other
two groups, this difference was not significant. In addition, al-
though sucrose consistently labeled more neurons than the un-
stimulated group by an average of 14%, no statistical differences
between these conditions were evident.

A similar analysis was performed to compare the number of
FLI neurons in each of six RF subdivisions (Fig. 4B). Quinine
elicited significantly more FLI in three subdivisions compared
with the sucrose and unstimulated conditions. The greatest dif-
ference was observed in PCRt in which the quinine group had
almost three times more FLI neurons compared with the other
groups. A repeated measures ANOVA indicated a significant
main effect for subdivision [F(5,75) 5 50.60; p , 0.001] and a
significant stimulus condition 3 subdivision interaction [F(10,75) 5
13.45; p , 0.001]. Post hoc analysis revealed that the quinine
group exhibited a significantly greater number of FLI neurons
than both the sucrose and unstimulated groups in MdD, PCRt,
and IRt (Fig. 4B). In VLM, there was only a trend toward a
greater number of FLI neurons in the quinine group compared
with the unstimulated group ( p 5 0.10). When only intense FLI
neurons were counted in VLM, however, there was a statistically

significant difference between the quinine and unstimulated
groups ( p 5 0.02). Again, no significant differences between the
sucrose and the unstimulated groups were found, although su-
crose elicited more FLI in VLM compared with the unstimulated
condition (Fig. 4B).

Pattern of label within RF subdivisions
Visual inspection of the tissue suggested that FLI neurons were
differentially distributed within certain subdivisions of the RF
depending on stimulus condition. For example, FLI seemed to be
clustered more laterally in PCRt in the unstimulated and sucrose
groups compared with the quinine group (see Figs. 1 and 2). Thus,
the pattern of label within RF subdivisions was further analyzed to
determine whether the anatomical location of FLI within a sub-
division differed significantly between groups. The analysis was
restricted to those regions in which statistically significant differ-
ences between the quinine group and the other groups were
observed (MdD, PCRt, and IRt). For this analysis, the three
subdivisions were equally divided along the mediolateral (ML)
and dorsoventral (DV) axes producing quadrants. Within each
subdivision, a repeated measures ANOVA compared the mean
number of FLI neurons across the ML and DV halves, as well as
across each of the four quadrants.

In MdD, a significant stimulus condition 3 DV axis interaction
[F(2,15) 5 10.42; p 5 0.001] indicated that the quinine group
exhibited a greater number of FLI neurons in the dorsal half
compared with the ventral half, whereas the sucrose and unstimu-
lated groups exhibited an equal distribution of FLI neurons along
the dorsal and ventral halves. Furthermore, comparisons of the
distribution of FLI neurons across each of the four quadrants of
MdD revealed that the FLI in the quinine group was specifically
clustered in the dorsomedial quadrant [F(6,45) 5 3.07; p , 0.05].

Figure 3. Low-power photomicrograph of the distinct pattern of FLI in the medulla at level 4 for the same quinine animal in Figures 1 and 2. The nucleus
of the solitary tract, spinal trigeminal nucleus, and nucleus ambiguus are outlined as well as the borders between PCRt, IRt, and Gi. Scale bar, 500 mm.
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In PCRt, a stimulus condition 3 ML axis interaction was signifi-
cant at two rostral levels of the RF: level 4 [F(2,15) 5 8.73; p ,
0.01] and level 5 [F(2,15) 5 4.10; p , 0.05]. Post hoc analysis
revealed that the quinine group exhibited a greater number of FLI
neurons in the medial half of PCRt compared with the lateral half
at these levels, whereas the sucrose and unstimulated groups
exhibited an equal distribution of FLI neurons along the medial
and lateral halves. Furthermore, comparisons of the distribution
of FLI neurons across each quadrant of PCRt revealed a specific
dorsomedial cluster at levels 4 [F(6,45) 5 4.14; p , 0.01] and 5
[F(6,45) 5 3.35; p , 0.01] in the quinine group. In IRt, a significant
stimulus condition 3 ML axis interaction [F(2,15) 5 12.85; p ,
0.01] indicated that FLI neurons in the quinine group were
distributed more in the lateral half compared with the medial half.
Furthermore, comparisons of the distribution of FLI neurons
across each quadrant of IRt revealed specific dorsolateral (level 5)

and ventrolateral (levels 4 and 5) clusters [F(6,45) 5 7.47; p ,
0.001] in the quinine group.

Correlation between FLI in the RF and oromotor
behavior after quinine stimulation
As expected from the numerous studies using intraoral taste
stimulation, rats in each group displayed distinct behaviors de-
pending on the stimulus condition. Rats that received sucrose or
quinine displayed stereotypical oromotor ingestive and rejection
behaviors, respectively (Grill and Norgren, 1978a; Travers and
Norgren, 1986). Ingestive behaviors included licks and lateral
tongue protrusions; rejection behaviors consisted of gapes, chin
rubs, passive rejections, and various somatic responses including
head shakes, forelimb flails, and grooming. It was of interest that
rats demonstrated these rejection responses to varying degrees.
Some rats reacted more “actively” to quinine and thus showed
many gapes (range, 212–633) and chin rubs (range, 75–188) and
fewer passive rejections (range, 14–82 of 144 possible). Other rats
were less active and showed more passive rejections (range, 101–
108 of 144 possible) than gapes (range, 44–83) or chin rubs
(range, 4–46). These interanimal differences in the amount of
oromotor responses to quinine have been reported previously
(Parker, 1994). In addition to the oromotor and somatic rejection
responses, rats also reared and moved around the testing chamber
extensively, indicative of an agitated state. Rats that demonstrated
more passive rejections than gapes also tended to show less
rearing and locomotion, although this was not the case for one rat
that moved around the testing chamber (almost) continuously.
Although not directly measured, all rats that received quinine also
appeared to drool throughout the test session, a condition not
observed with the sucrose or unstimulated groups. The unstimu-
lated controls did not show any distinct oromotor behaviors.
Instead, the behaviors commonly observed were tooth grinding
and locomotion, events that occurred briefly and sporadically
throughout the test session. Overall, all rats in this group seemed
to be asleep or at rest for most of the test session.

Because quinine-stimulated rats varied in terms of the number
of active (gapes) and passive rejection responses, correlations
between total FLI and these behaviors were made. These corre-
lations could provide some insight as to whether the number of
FLI neurons in the RF was related to the degree of oromotor
activity. Four of six of the animals used for the anatomical anal-
yses were used in this analysis, as well as three additional animals
for which behavioral observations were available. Only five of
seven animals had sufficient information for performing the cor-
relations between FLI and passive rejections. Scatter plots of the
number of FLI neurons and the number of gapes (n 5 7) and
passive rejections (n 5 5) indicate a strong correlation (Fig. 5).
Total FLI was positively correlated with gapes (r 5 0.90; p , 0.01)
and negatively correlated with passive rejections (r 5 20.91; p ,
0.05), suggesting that more FLI is elicited in the RF of rats that
could be categorized as “active” rejectors (i.e., more gapes relative
to passive rejections). When the relationship between rejection
behavior and FLI was analyzed within each RF subdivision, there
were significant positive correlations between gapes and FLI
within MdV (r 5 0.82; p , 0.05), IRt (r 5 0.94; p , 0.01), Gi (r 5
0.97; p , 0.001), and VLM (r 5 0.84; p , 0.05). Significant
negative correlations were found between passive rejections and
FLI within IRt (r 5 20.91; p , 0.05), Gi (r 5 20.95; p , 0.05),
and VLM (r 5 20.96; p , 0.01).

Figure 4. Mean (6 SEM) number of FLI neurons (A) across seven
anteroposterior levels of the reticular formation from caudal (level 0,
obex) to rostral (level 6) and (B) across six reticular formation subdivi-
sions. Asterisks indicate significant differences between the quinine group
and the other two groups.
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Colocalization of FLI and RF projection neurons
To gain further insight into the possible functional significance of
the FLI, the connectivity between RF neurons exhibiting FLI and
mXII was examined. A total of 18 animals were injected with FG
into mXII, of which 9 provided useful data. The distribution of
retrogradely labeled neurons in the RF after the two FG injec-
tions into the trigeminal motor nucleus was qualitatively similar to
the distribution after mXII injections. Thus, only the results of the
mXII injections are discussed. A distinct pattern emerged when
the distributions of FLI, FG-labeled, and double-labeled neurons
were compared. These distributions are plotted in Figure 6 for a
representative quinine animal. In rostral levels of the medulla
(Fig. 6A,B), the FG distribution ( filled triangles) was primarily
located in IRt. This distribution was somewhat segregated from
the FLI (open circles), which was more densely concentrated in
PCRt (as previously described), although there was certainly
overlap between FLI and FG neurons within IRt. In caudal levels
of the medulla (Fig. 6C), FG neurons were distributed mainly
within the dorsal half of MdV and MdD, spanning an area from
just lateral to mXII to the spinal trigeminal nucleus. Although
there was overlap between FG and FLI within these areas, FLI
neurons extended more ventrally than FG neurons. Similar pat-

terns were also observed in the sucrose and unstimulated groups.
In all groups, most of the double-labeled neurons (shaded squares)
were located in IRt, with fewer in PCRt, MdD, MdV, and along
the lateral edge of mXII (see Fig. 6). Figure 7 depicts some
examples of FG-labeled and double-labeled neurons within the
IRt of the same case shown in Figure 6.

Double-labeled neurons were not evenly distributed along
the rostrocaudal axis of the RF. Figure 8 is a graph of the mean
number of double-labeled neurons distributed across seven
anteroposterior levels of the RF. All groups showed a similar
pattern in the distribution of double-labeled neurons with a
peak at level 3. This pattern was similar to the distribution of
FG neurons that also peaked at level 3 for all groups (not
shown). This pattern did not, however, parallel the distribution
of FLI, which instead showed a peak further rostrally at levels
4 and 5 (see Fig. 4 A).

Although the quinine group had approximately 2.5x more FLI
neurons in the RF than the sucrose or unstimulated groups, all
groups had an equivalent number of FG neurons [F(2,6) 5 0.71;
p 5 0.53]. Thus, if the number of double-labeled neurons varies
simply as a function of differences in the number of FLI neurons,
then the percentage of total FLI neurons double labeled would be
equivalent for all groups. This was not the case. Rather, quinine-
stimulated animals exhibited disproportionate numbers of
double-labeled neurons. Instead of equal proportions of FLI
neurons double-labeled across groups, an average of 3.73% of
total FLI neurons were double labeled after quinine stimulation
compared with the sucrose (X 5 2.44%) and unstimulated (X 5
1.40%) groups (Fig. 9, shaded bars). t tests comparing these means
indicated that the quinine group had a significantly higher per-
centage of double-labeled neurons compared with the unstimu-
lated group ( p , 0.05) but not the sucrose group. The sucrose
group was not significantly different from the unstimulated group.
Moreover, the percentage of FG neurons double labeled for the
quinine group should be 2.5 times higher than the other groups,
reflecting the increase in the number of quinine-induced FLI
neurons. Instead, there were approximately seven times as many
FG neurons double labeled in the quinine group compared with
the sucrose group (quinine, X 5 17.90%, vs sucrose, X 5 2.50%)
and 12 times as many compared with the unstimulated group
(quinine, X 5 17.90%, vs unstimulated, X 5 1.52%; see Fig. 9,
filled bars).

Colocalization of FLI and NST anterograde label
The distribution of FLI neurons within the RF was compared with
the distribution of anterograde projections from NST to the RF to
determine whether these FLI neurons in the RF may receive
gustatory or oral somatosensory afferent input. A total of seven
animals were injected with BD into the rostral NST, of which four
provided useful data. Two of the four injections were made into
NST at sites in which responses to stimulation of the anterior
tongue with a taste mixture were recorded. The other two injec-
tions were made into NST at sites in which responses to tactile
stimulation of the posterior tongue (foliate papillae) were re-
corded. Figure 10 shows a plot of a representative BD injection
into a foliate tactile-responsive site of the NST and FLI after
stimulation with quinine. The injection site (Fig. 10B, black re-
gion) was centered within the ventral subdivision of the NST
approximately 1.92 mm anterior to the obex (level 4). The injec-
tion filled the NST at this level and spread slightly ventrally
around a blood vessel (Fig. 10B, light gray-shaded region). Labeled
fibers were seen in several areas of the medulla both rostral and

Figure 5. Scatter plots and linear regression comparing the number of
FLI neurons in the reticular formation and the number of gapes (top) or
number of passive rejections (bottom). Each symbol represents one
animal.
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caudal to the injection site. At levels rostral to the injection site
(level 6, Fig. 10A), label was observed within NST and throughout
IRt and PCRt extending ventrally to the facial nucleus. At the
level of the injection site (Fig. 10B) and caudal to it (level 2, Fig.
10C), labeled fibers extended throughout PCRt and IRt ventrally
toward nucleus ambiguus. Some label also extended into VLM. In
the caudal medulla, at the level of the obex (Fig. 10D), label was
observed mainly in the dorsal half of MdD and MdV with less in
the ventral regions of MdD and MdV. Label was also observed
directly within mXII (see Fig. 10C,D). Intranuclear label within
caudal areas of the NST tended to be clustered in medial and
ventrolateral subdivisions (Fig. 10C,D).

At all levels, the distribution of anterograde label was intermin-
gled with the distribution of FLI neurons, both within the NST
and RF. At high magnification, axonal varicosities were observed
in close apposition to many FLI nuclei, suggesting the possibility

of direct connections with these cells (Fig. 11). However, there
were regions containing anterograde label with a lack of FLI
neurons and vice versa. The areas in which FLI was not colocal-
ized with anterograde label tended to be in more medial and
ventral regions of the RF.

One small BD injection site was centered in the rostral central
subnucleus of the NST, at a foliate tactile-responsive site, with little
to no spread into the ventral subdivision (not shown). In this case,
anterograde label was observed in NST rostral and caudal to the
injection but was not as dense in NST caudal to the fourth ventricle.
Also, little to no label was observed in mXII or the medullary RF.
Anterograde fibers were observed, however, in gustatory regions of
the PBN. These results confirm the findings of Halsell et al. (1996),
in which the majority of descending projections from the NST to the
medullary RF arise from neurons located mainly in the ventral
subnucleus of the NST, whereas the majority of ascending projec-

Figure 6. Distribution of FLI (open circles), FG-labeled ( filled triangles), and double-labeled (shaded squares) neurons throughout the medullary reticular
formation for a representative quinine animal. Sections are ordered from rostral (A) to caudal (C). Numbers on the left indicate distance from obex. The
inset depicts the location of the FG injection site within the hypoglossal nucleus.
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tions from the NST to the PBN originate from neurons within the
rostral central subnucleus of the NST.

DISCUSSION
The pattern of quinine-elicited FLI in the brainstem
Both sucrose and quinine stimulation resulted in the expression of
Fos in brainstem gustatory nuclei (NST and PBN), confirming
other reports of Fos expression in these areas after gustatory
stimulation in awake rats (Yamamoto et al., 1994; Harrer and
Travers, 1996). Only the rejection of quinine, however, elicited
significantly more FLI neurons in RF regions implicated as inter-
neuronal substrates in the control of oromotor reflexes (Naka-
mura and Katakura, 1995; Travers et al., 1997). Other studies
have also reported Fos expression in interneurons associated with
motor circuits controlling locomotion (Jasmin et al., 1994a; Carr
et al., 1995), scratching (Barajon et al., 1992), sneezing (Wallois et
al., 1995), and emesis (Miller and Ruggiero, 1994). In the present

study, no FLI was observed in the motor limb of the circuit, i.e.,
the oromotor nuclei. Although most studies examining FLI in
either acute anesthetized or unanesthetized preparations have
also typically reported the lack of FLI within brainstem motor
nuclei (Rinaman et al., 1993; Gieroba and Blessing, 1994; Li and
Dampney, 1994; Yousfi-Malki and Puizillout, 1994; Hathaway et
al., 1995; Wallois et al., 1995; but see Emond and Weingarten,
1995), there have been several reports of Fos expression in spinal
motoneurons (Jasmin et al., 1994a; Carr et al., 1995).

In the RF, more FLI neurons after rejection of quinine were
found in PCRt, IRt, and MdD compared with the sucrose and
unstimulated groups. These regions are likely involved in oromo-
tor reflex control, because they receive input from the gustatory
NST and PBN (Norgren, 1978; Travers, 1988; Beckman and

Figure 7. Photomicrograph of Fluorogold-
labeled and double-labeled neurons in IRt
at level 5 from the same quinine animal in
Figure 6. Arrows highlight just a few of the
double-labeled neurons that can be seen in
this photo. Top, Dorsal; left, medial. Scale
bar, 50 mm.

Figure 8. Mean (6 SEM) number of double-labeled neurons across the
anteroposterior axis of the medullary reticular formation for each stimulus
condition. Double-labeled neurons are expressed as a percentage of total
FLI neurons.

Figure 9. Bar graph depicting the mean (6 SEM) percent of FLI neurons
that were double-labeled (shaded bars) and Fluorogold (FG) neurons that
were double-labeled ( filled bars) for each stimulus condition. *, Significant
difference between the quinine group and the unstimulated group. **,
Significant differences between the quinine group and the other two
groups.
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Whitehead, 1991; Becker, 1992; Halsell et al., 1996; Karimnamazi
et al., 1996), project to the oromotor nuclei (Holstege et al., 1977;
Travers and Norgren, 1983; Ter Horst et al., 1991), and contain
neurons that have activity specifically correlated with licks, swal-
lows, and gapes (Siegel and Tomaszewski, 1983; Car and Amri,
1987; Jean, 1990; Amri et al., 1991; Travers and DiNardo, 1992;
Karimnamazi et al., 1994). Because gapes in rats seem to be an
abbreviated version of the emetic response in other species, the
distinct pattern of FLI observed after quinine stimulation may
represent the activation of a specific “oral rejection” circuit that is
related to an emetic control circuit. In fact, the pattern of FLI in

the RF observed in the present study resembles the pattern of FLI
observed in cats after emesis (Miller and Ruggiero, 1994). In
addition to oromotor reflex control, MdD is considered an im-
portant site for nociceptive transmission, and its connections to
the oromotor nuclei may modulate orofacial reactions to pain
(Bernard et al., 1990; Almeida et al., 1996). More generally, MdD
may be involved in the control of behavioral reactions common to
a variety of aversive stimuli.

There was a trend for an increased number of FLI neurons in
VLM after stimulation with quinine and sucrose compared with
the unstimulated controls, and a significant positive correlation

Figure 10. Distribution of FLI neurons ( filled circles) and labeled fibers throughout the medullary reticular formation of a quinine-stimulated animal.
The injection of the anterograde tracer biotinylated dextran was made at a foliate tactile-responsive site in NST. The center of the injection site and spread
within NST are illustrated in B as a dark region surrounded by a lightly shaded region. Sections are ordered from rostral (A, level 6) to caudal (D, level
0). Numbers indicate distance from obex.
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between the number of gapes and FLI neurons in VLM. Because
VLM is a region implicated in cardiovascular and respiratory
control (Feldman and Ellenberger, 1988; Guyenet, 1990), the
increased number of FLI neurons could reflect autonomic activa-
tion occurring during ingestion and rejection. Cardiovascular
changes associated with feeding have been observed in both
awake cats (Matsukawa and Ninomiya, 1987) and rats (Contreras
et al., 1996).

In all groups, a distinct cluster of FLI neurons was observed just
lateral to mXII in MdV, an area that contains premotor neurons
to mXII (Travers and Norgren, 1983; Dobbins and Feldman,
1995; Travers et al., 1995). It is unclear why the unstimulated
group, in particular, showed FLI in this region, but it may reflect
neural activity related to maintaining lingual tone for a patent
airway (Lowe, 1981). Similar counts of FLI neurons across con-
ditions in Gi, a region involved in locomotor control (Perreault et
al., 1994), may reflect movement in the testing chamber before
and during testing that also occurred in all groups. Although
portions of Gi may be crucial to the generation of ororhythmic
activity in some species (Nakamura and Katakura, 1995), this role
in rat is unclear (Travers et al., 1997).

Quinine-elicited FLI in the RF: behavioral significance
The observation that stimulation with quinine, but not sucrose,
elicited significantly more FLI neurons in the RF may reflect the
more robust motor activity associated with the rejection (gape)
response. Gapes are differentiated from licks by increases in the
durations and amplitudes of orolingual muscle contractions, as
well as modification of the phase relationships between them
(Travers and Norgren, 1986; DiNardo and Travers, 1994). In
mXII, gapes are associated with enhanced activity and shifts in the
firing patterns of single neurons that are active during licking,
rather than recruitment of additional motoneurons (DiNardo and

Travers, 1994). More FLI neurons within the RF after quinine
stimulation, however, suggests that the “switch” in the motor
pattern from ingestion to rejection is produced by the recruitment
of unique RF premotor neurons. Thus, the quinine group had a
disproportionately higher percentage of FLI premotor (i.e.,
double-labeled) neurons (17.9%) compared with the sucrose
(2.5%) and unstimulated (1.5%) groups, possibly reflecting an
increased number of neurons needed to coordinate the sequence
of complex orolingual movements coupled to somatic behaviors
(e.g., chin rubs, head shakes, and forelimb flails) characteristic of
rejection. In addition, although not reaching statistical signifi-
cance, there was also a trend for an increase in the number of
double-labeled neurons associated with an increase in the number
of gapes.

Premotor recruitment as a mechanism for motor switching has
been reported in other species. For example, in Xenopus embryos,
two distinct rhythmic motor patterns are generated by spinal cord
circuitry: swimming and struggling. Although both behaviors use
the same muscles, struggling is a more robust movement than
swimming. Soffe (1993) demonstrated that both behaviors are
generated by a common circuit, with additional neurons recruited
for struggling from within the same neuronal classes. In the rat,
the recruitment of premotor neurons from the same neuronal
pool is likely, because lick- and gape-responsive neurons are
found within the same RF regions (Travers and DiNardo, 1992;
Karimnamazi et al., 1994).

Compared with unstimulated controls, sucrose ingestion elic-
ited a slight, but nonsignificant, increase (14%) in the number of
RF neurons exhibiting FLI. The reason for the lack of a significant
difference is unclear but may reflect the absence of biochemical
messengers needed for regulating Fos activation in some neurons
(Dragunow and Faull, 1989). Furthermore, some brain regions do

Figure 11. Photomicrograph depicting anterogradely labeled fibers in relation to FLI nuclei in PCRt at level 4 for the same animal in Figure 10. Note
the labeled fiber showing axonal varicosities (small arrowhead) in close apposition to a FLI nucleus (large arrowhead). Top, Dorsal; left, medial. Scale bar,
25 mm.
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not express Fos under basal (Herdegen et al., 1991) or tonically
active (Hoffman et al., 1994) conditions. Alternatively, if Fos
expression in the RF reflects primarily motor events, licking
behavior may not have reached a critical threshold necessary to
express the protein. Likewise, the 14% increase in the number of
FLI neurons compared with unstimulated controls may have
produced a unique RF distribution that we were unable to detect.
Certainly, both the pattern and number of FLI neurons in the
NST were different than the unstimulated controls, indicating the
overall efficacy of our stimulation protocol.

Functional topography of the RF
Although widespread increases in FLI throughout the RF were
associated with quinine stimulation, the differential pattern of
label within various subdivisions may reflect aspects of a func-
tional organization of the RF. Thus, the distribution of FLI
neurons in PCRt, which was also the major recipient of projec-
tions from the NST, was distinct from the distribution of mXII
premotor neurons in IRt. If we postulate PCRt to IRt short axon
connections, the flow of sensorimotor processing from lateral to
medial is suggested (Brodal, 1957). Direct evidence for such
projections, however, awaits further confirmation.

Further evidence for a mediolateral functional topography of
the RF comes from the correlations between the number of FLI
neurons in each RF subdivision and the degree of oromotor
activity. The number of FLI neurons in IRt and Gi increased
significantly as the number of gapes increased and the number of
passive rejections decreased. In the more lateral RF (PCRt and
MdD), the correlations between oromotor behavior and FLI were
nonsignificant, even though PCRt contained, overall, more FLI
neurons compared with IRt and Gi. Similarly, MdD had more FLI
neurons compared with Gi. Thus, the degree of FLI expressed
after quinine stimulation varied consistently as a function of
oromotor activity in those parts of the RF with the most direct
access to the oromotor nuclei.

A specific rostrocaudal organization of PCRt has been recently
proposed by Ter Horst et al. (1991) in which the rostral PCRt
(rostral to mVII) is hypothesized to control orofacial movement,
whereas the caudal PCRt (caudal to mVII) controls metabolic
homeostasis. Our results do not support this functional distinction
of PCRt, because most of the FLI was located in the caudal PCRt.
In fact, in the “rostral” PCRt at the level of mVII (level 6), the
number of FLI neurons decreased substantially in all groups.

The lateral clustering of FLI neurons in IRt, together with the
medial clustering in PCRt, formed a distinctive band of label
consistently observed after quinine stimulation. In NST, quinine-
elicited FLI was distributed in the medial half of the rostral
central subnucleus (Harrer and Travers, 1996). This continuous
medial cluster of label from NST into the RF resembles a colum-
nar organization that has been described in the goldfish vagal
lobe. This structure is organized such that sensory layers project
directly inward to motor layers, forming functional “columns” of
neurons (Finger, 1988). In the rat, the NST seems to also project
to the immediate subjacent RF (Becker, 1992; Halsell et al.,
1996). The c-fos data, together with the NST efferent data, thus
suggest that the NST-RF circuitry controlling rejection in rat may
be functionally organized in a similar columnar fashion.
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