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Abstract
Cancer chemotherapy drugs, such as cisplatin, are extremely potent for producing nausea and
vomiting. The acute effects of these treatments are partly controlled using anti-emetic drugs, but the
delayed effects (> 24 h), especially nausea, are much more difficult to treat. Furthermore, cisplatin
induces a long-term (up to 48 h) increase in pica in rats. Pica is manifested as an increase in
consumption of kaolin (clay) and is used as a measure of visceral sickness. It is unknown what brain
pathways might be responsible for this sickness associated behavior. As a first attempt to define this
neural system, rats were injected (i.p.) with 3, 6, or 10 mg/kg cisplatin (doses reported to produce
pica) and sacrificed at 6, 24, or 48 h to determine brain Fos expression. The primary results indicate:
1) increasing the dose of cisplatin increased the magnitude and duration of brain Fos expression, 2)
most excitatory effects on hindbrain nucleus of the solitary tract (NTS) and area postrema (AP) Fos
expression occurred within 24 h after cisplatin injection, 3) 6 and 10 mg/kg cisplatin treatment
produced large increases in Fos expression in the central amygdala (CeA) and bed nucleus of the
stria terminalis (BNST), including 48 h after injection, and 4) cisplatin treatment produced little effect
on Fos expression in the paraventricular and supraoptic nuclei of the hypothalamus. These results
indicate that cisplatin activates a neural system that includes the dorsal vagal complex (NTS and AP),
CeA, and BNST.
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1. Introduction
Nausea and vomiting are commonly encountered in clinical practice as adverse effects of a
wide range of drug treatments and diseases. Some cancer chemotherapy drugs, such as
cisplatin, are extremely potent agents for inducing nausea and vomiting (e.g., Hesketh, 1996;
Martin, 1996). The acute emetic effect of these treatments are partly controlled using anti-
emetic drugs, however the delayed effects (> 24 h), particularly nausea, are much more difficult
to treat (e.g., Rudd and Andrews, 2005). Additionally, there is little understanding of the neural
systems that are involved in the long-term side effects of chemotherapy and the underlying
neural systems that are responsible for nausea (for review see Andrews and Horn, 2006). This
lack of information has hampered the development of treatments that might target these systems
to more completely manage the distress produced by nausea and emesis.
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Several animal models have been used to study the delayed (> 24 h) emesis and malaise
occurring after treatment with chemotherapy agents. Ferrets, pigs, dogs, and the house musk
shrew show delayed phases of emesis after injection with chemotherapy agents (Fukui and
Yamamoto, 1999; Milano et al., 1995; Rudd and Naylor, 1994; Sam et al., 2003). The rat, a
species without a vomiting reflex, shows a delayed pica response when injected with cisplatin
(e.g., Rudd et al., 2002; Vera et al., 2006). Pica is the consumption of a non-nutritive material,
such as clay, and is probably an adaptive response to toxicosis because clay can bind toxins
and limit the systemic effects of a poison (Phillips et al., 1995; Phillips, 1999). Delayed emesis
in animals possessing an emetic reflex, and pica in rats, is partially inhibited by drug treatments
that suppress chemotherapy-induced emesis in humans, including dexamethasone, 5-HT3
(serotonin type 3) receptor antagonists, and NK1 (neurokinin type 1) receptor antagonists
(Fukui and Yamamoto, 1999; Rudd et al., 2002; Sam et al., 2003).

Despite the use of animal models for studies of delayed emesis very little work has been
conducted to determine the neural systems of the brain responsible for the delayed adverse
effects of chemotherapy agents. One approach to define activation of neural systems is labeling
Fos protein in neuronal cells (e.g., Sagar et al., 1988). The contribution of the caudal hindbrain
to the emetic reflex was shown by Fos expression in the nucleus of the solitary tract (NTS) and
area postrema (AP) of the ferret and cat after treatment with cisplatin (Ariumi et al., 2000;
Miller and Ruggiero, 1994; Reynolds et al., 1991; Van Sickle et al., 2003). The rat also shows
increased cFos mRNA in the NTS and AP for up to 6 h after an injection of 10 mg/kg cisplatin
(Endo et al., 2004). In contrast to the focus on hindbrain Fos expression after treatment with
cisplatin forebrain Fos expression that might be induced by injection of chemotherapy agents
has not been reported. Nausea is likely the result of activation of forebrain systems and
elucidating the neural systems of the forebrain activated by cisplatin might prove important
for delineating the neural substrates for the perception of acute and delayed nausea.
Furthermore, little is known about the neural systems responsible for delayed emesis or malaise
(> 24 h) produced by chemotherapy treatments.

In the current investigation brain Fos-like immunoreactivity (Fos expression) was used to
investigate the involvement of hindbrain and forebrain neural pathways in the short- (6 and 24
h) and long-term (48 h) responses to the highly emetic agent cisplatin. Rats were injected
intraperitoneally (i.p.) with 3, 6, or 10 mg/kg cisplatin and sacrificed at 6, 24, or 48 h to
determine caudal hindbrain and forebrain Fos expression. These doses of cisplatin and time
points chosen represent those used in studies of cisplatin-induced pica in the rat (Rudd et al.,
2002; Saeki et al., 2001; Takeda et al., 1993; Takeda et al., 1995; Yamamoto et al., 2002).

2. Materials and methods
2.1. Subjects

Ninety adult male Sprague–Dawley rats (Charles River, Kingston, NY, USA) were housed
individually in a temperature-controlled (22°C) vivarium maintained on a 12:12 h light–dark
cycle (lights on at 0700 h). Rats were maintained in the animal facility for at least 2 weeks
before testing and weighed 400–500 g at the time of sacrifice. Unless otherwise noted, standard
rodent chow and tap water were available ad libitum throughout the experiment. Rats were
weighed frequently to habituate them to handling, and were adapted to test procedures by giving
them at least two mock trials prior to testing, in which the injection needle was inserted (i.p.)
with no injection. All experiments conformed to established standards of the National Institutes
of Health and the Monell Center’s Institutional Animal Care and Use Committee.
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2.2. Injection and tissue collection
Three separate experiments were conducted at different times. In each experiment (N = 30) a
different concentration of cisplatin (3, 6, or 10 mg/kg) was compared to a saline control group
at three time points (6, 24, or 48 h), i.e., each experiment contained a total of 6 conditions (n
= 5 in each). The thirty animals in each experiment were received as a single shipment from
the supplier and were tested together. The sacrifice of all animals within each experiment
occurred over six separate days (five animals were sacrificed each day). Animals were
randomly assigned to an experimental condition and a time point for sacrifice.

Animals were injected (ip) with saline (0.15 M NaCl) or cisplatin at 1000–1100 h. Water bottles
and food cups were removed 4 h prior to sacrifice in order to eliminate the possibility of
increased brain Fos expression by drinking and eating behaviors. Cisplatin was dissolved in
saline (0.15 M NaCl) and vortexed immediately before injection. For the 3 and 6 mg/kg
cisplatin experiments the injected volume of cisplatin solution was 1.5 ml/kg, which equaled
a concentration of 2 and 4 mg/ml, respectively. For the 10 mg/kg experiment, because of the
difficulty to dissolve high concentrations of cisplatin, cisplatin was injected at a volume of 5
ml/kg with a concentration of 2 mg/ml. For all experiments control animals were injected with
saline using the same volumes as cisplatin injected animals.

At the time of sacrifice, rats were deeply anesthetized by injection of 50 mg of sodium
pentobarbital (i.p.). The thoracic cavity was opened and, to assure a thorough fixation of the
brain, rats were given 0.3 ml of heparin (1000 IU/ml) intracardially. This was followed by
transcardial perfusion with 300 ml of 0.2 M phosphate buffered saline (PBS; pH 7.4) and then
500 ml of 2% acrolein–4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4). Animals
were then perfused with an additional 150 ml of PBS to remove excess fixative. Brains were
removed, blocked into forebrain and brainstem, and placed in 10% sucrose/PBS followed by
20% and 30% sucrose/PBS, each for 24 h. After cryoprotection in sucrose, brains were frozen
on dry ice and cut into 30-μm sections using a cryostat.

2.3. Fos Immunohistochemistry
Sections were collected from two locations based on previous work and knowledge of the
viscerosensory pathways (e.g., Horn et al., 1999; Horn et al., 2001); from caudal hindbrain
(approximately −14.5 to −12.5 mm bregma) and forebrain (approximately 0.2 to −3.6 mm
bregma) (Paxinos and Watson, 2005). Sections were placed serially into six culture plate wells
containing cryoprotectant (Watson, Jr. et al., 1986), and stored at −20°C for 1–2 weeks followed
by immunohistochemical processing.

Brain sections were initially rinsed in PBS to remove cryoprotectant. A sequence of incubation
steps was done in 1% sodium borohydride in PBS (20 min), 0.3% hydrogen peroxide in PBS
(30 min), and 5% normal goat serum (NGS) in PBS containing 0.2% triton X-100 (PBS-TX),
with rinses between each step. Sections were then incubated at room temperature with gentle
agitation in 1:40,000 polyclonal anti-Fos (Santa Cruz Biotechnology, Santa Cruz, CA, USA;
lot no. D172) containing 1% NGS in PBS–TX for 20 h. Following rinses in PBS–TX, sections
were placed in 1:400 biotinylated rabbit anti-rat (Elite kit, Vector Laboratories) for 3 h at room
temperature with gentle agitation. This was followed by rinses in PBS and a 3-h incubation in
avidin–biotin (4.5 μl of avidin and biotin per ml PBS; Elite kit, Vector Laboratories,
Burlingame, CA) with gentle agitation. Sections were then rinsed twice in PBS and twice in
175 mM acetate–10 mM imidazole buffer (A/I buffer, pH 7.4). Sections were placed in 3,3′-
diaminobenzidine (DAB; 5 mg/ml in A/I buffer) with nickel sulfate (25 mg/ml) for 1–3 min
for the chromogen reaction. Finally, sections were rinsed twice in A/I buffer and twice in PBS.
Tissue sections were mounted on gelatin-coated slides and cover-slipped.
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2.4. Cell counting and analysis
Fos cell staining was determined by the presence of a blue–black reaction product in the cell
nuclei. Tissue sections were viewed with a Zeiss microscope (Axiostar Plus) equipped with a
digital camera (Scion CFW-1312C). Brain regions and cells expressing Fos were imaged and
the number of cells expressing Fos was manually counted using ImageJ (NIH;
http://rsb.info.nih.gov/ij) software.

Based on previous examinations of brain sections from rats treated with cisplatin, cell counts
were made in areas that consistently showed Fos expression. To standardize the analyses, cells
from each area were counted in coronal sections of brain from each animal at approximately
the same level relative to bregma (Paxinos and Watson, 2005). The brain areas analyzed were:
1) hindbrain: NTSc (nucleus of the solitary tract, caudal), NTSm (middle), NTSr (rostral), AP
(area postrema), 2) forebrain: PVNp (paraventricular nucleus of the hypothalamus,
parvocellular division), PVNm (magnocellular division), SON (supraoptic nucleus), CeA
(central nucleus of the amygdala), and BNST (bed nucleus of the stria terminalis). The position
of each counted brain area relative to bregma is shown in Figures 1 and 3. Cell counts were
obtained from 1 to 3 (consecutive and averaged) sections for each brain area and, because Fos
expression was not lateralized in any of the bilateral structures examined, cell counts reflect
the totals for both sides in these areas. Although the nickel enhanced DAB chromagen staining
provided some architectural details, some brain areas, like the viscerosensory thalamus and
cortex, were not counted for Fos expression because it was difficult to delineate the boundaries
for these regions. It was sometimes difficult to find appropriate brain sections for group
comparisons, and therefore the sample size varied from 4 to 5 animals for each brain area
analyzed. Brains were processed in batches and each batch also included a positive control.
Positive controls for Fos expression consisted of brains from rats treated with cholecystokinin
(100 μMol/kg, i.p.) 1 h prior to sacrifice (e.g., Olson et al., 1992). These positive controls
consistently showed a large number of Fos cell counts in the hindbrain and forebrain.

The raw Fos cell counts were analyzed using 2 x 3 analysis of variance (ANOVA) for each
brain area, treatment (saline, cisplatin) by time (6, 24, and 48 h). When ANOVA showed a
statistically significant effect for the interaction (treatment by time) or the main effect of
cisplatin treatment planned comparisons of group means were conducted (least significant
difference tests, LSD-tests). For all analyses, a level of p < 0.05 was used to determine statistical
significance. The percentage change in Fos expression was calculated by the following
equation: the percent difference between saline and cisplatin conditions; mean of the 3 time
points of each brain area and then the sum of all areas in region of interest (e.g., hindbrain,
hypothalamus, or CeA/BNST).

3. Results
3.1. Hindbrain Fos expression

See Figure 1 for representative images comparing hindbrain Fos expression in saline and
cisplatin (10 mg/kg) treated animals at 48 h after injection. The mean cell counts in Figure 2
show Fos expression in the hindbrain occurring primarily in the middle and rostral levels of
the NTS and AP with little expression in the NTSc following cisplatin treatment. Most
cisplatin-induced Fos expression appeared at 6 and 24 h, but injection with 10 mg/kg cisplatin
produced a prolonged response at 48 h (Fig. 2). The percentage increase in hindbrain Fos
expression induced by cisplatin compared to saline was 96% for 3 mg/kg, 106% for 6 mg/kg,
and 356% for 10 mg/kg over the 48 h period.

3 mg/kg cisplatin—Time of sacrifice significantly affected 3 mg/kg cisplatin-induced Fos
expression in the NTSc, NTSm, AP, and NTSr [ps < 0.05, ANOVAs, treatment by time
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interaction effects], with significantly increased Fos expression produced by cisplatin treatment
at the 6 h time points (Fig. 2, ps < 0.5, LSD-tests). The only significant cisplatin-induced Fos
expression beyond 6 h occurred in the AP at 24 h (Fig. 2, p < 0.05, LSD-test). Interestingly, 3
mg/kg cisplatin significantly decreased Fos expression in the NTSc at 48 h [Fig. 2, LSD-test,
p < 0.05], but this effect was not reproduced by injection of higher doses of cisplatin (see
below).

6 mg/kg cisplatin—Time of sacrifice significantly affected 6 mg/kg cisplatin-induced Fos
expression in the NTSc and NTSm [ps < 0.05, ANOVAs, treatment by time interaction effects].
Cisplatin also significantly affected Fos expression in the AP and NTSr [ps < 0.005, ANOVAs,
main effects of cisplatin treatment]. Planned comparisons revealed that 6 mg/kg cisplatin
significantly induced Fos expression at 6 and 24 h in the NTSm, AP, and NTSr, but only at 6
h in the NTSc (ps < 0.05, LSD-tests; Fig. 2).

10 mg/kg cisplatin—Time of sacrifice significantly affected 10 mg/kg cisplatin-induced
Fos expression in the NTSr [p < 0.01, ANOVA, treatment by time interaction effect].
Additionally, cisplatin affected Fos expression in the NTSc, NTSm, and AP [ps < 0.001,
ANOVAs, main effects of cisplatin treatment]. Fos expression in the NTSc, NTSm, AP, and
NTSr at 6 h was significantly increased by cisplatin treatment (ps < 0.05, LSD-tests; Fig. 2).
Although cisplatin produced a significant increase Fos expression at 24 h in the NTSr, this did
not reach statistical significance for the NTSm and AP (p = 0.07 and 0.08, respectively; Fig.
2). 10 mg/kg Cisplatin produced a significant long-term, 48 h, increase in Fos expression in
the NTSm, AP, and NTSr (ps < 0.05, LSD-tests; Fig. 2).

3.2. Forebrain Fos expression
See Figure 3 for representative images comparing forebrain Fos expression in saline and
cisplatin (10 mg/kg) treated animals at 48 h after injection. The mean cell counts show that
cisplatin treatment primarily produced no increase in PVNp and PVNm Fos expression (Fig.
4). In contrast, cisplatin treatment produced a robust increase in Fos expression in the CeA and
BNST (Fig. 5). There were only a few Fos cells observed in the SON, with several small, but
statistically significant effects of cisplatin treatment (Fig. 4). The percentage reduction in
hypothalamic Fos expression induced by cisplatin compared to saline was 40% for 3 mg/kg,
10% for 6 mg/kg, and 4% for 10 mg/kg over 48 h. In contrast, cisplatin treatment increased
Fos expression in the CeA plus BNST by 156% for 3 mg/kg, 316% for 6 mg/kg, and 557% for
10 mg/kg over 48 h.

3 mg/kg cisplatin—Time of sacrifice significantly affected 3 mg/kg cisplatin-induced Fos
expression in the CeA [p < 0.01, ANOVA, treatment by time interaction effect]. Cisplatin also
affected Fos expression in the PVNp, PVNm, and BNST [ps < 0.05, ANOVAs, main effects
of cisplatin treatment]. Planned comparisons revealed that cisplatin suppressed Fos expression
at in the PVNp at 48 h and in the PVNm at 24 (ps < 0.05, LSD-tests; Fig. 4).

6 mg/kg cisplatin—Time of sacrifice significantly affected 6 mg/kg cisplatin-induced Fos
expression in the PVNm and CeA [ps < 0.01, ANOVAs, treatment by time interaction effects].
Cisplatin also affected Fos expression in the SON and BNST [ps < 0.001, ANOVAs, main
effects of cisplatin treatment]. Planned comparisons revealed that cisplatin induced Fos
expression at 6 and 48 h in the SON (ps < 0.05, LSD-tests; Fig. 4), but this effect of very small
(only a difference of 9 and 8 Fos-positive cells between saline and cisplatin conditions,
respectively). The suppression of Fos expression at 6 and 24 h was also small but statistically
significant (ps < 0.05, LSD-tests; Fig. 4; a difference of 21 and 18 Fos-positive cells between
saline and cisplatin conditions, respectively). In contrast, 6 mg/kg cisplatin produced large
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increases in Fos expression in the CeA at 6 and 24 h and in the BNST at all time points (ps <
0.05, LSD-tests; Fig. 5).

10 mg/kg cisplatin—Time of sacrifice significantly affected 10 mg/kg cisplatin-induced
Fos expression in the PVNp, PVNm, and CeA [ps < 0.01, ANOVAs, treatment by time
interaction effects]. Cisplatin also affected Fos expression in the BNST [p < 0.001, ANOVA,
main effect of cisplatin treatment]. Planned comparisons revealed that cisplatin induced Fos
expression at 6 h in the PVNm and PVNp and reduced expression in the PVNm at 24 h (ps <
0.05, LSD-tests; Fig. 4). In contrast, 10 mg/kg cisplatin produced large increases in Fos
expression at all time points in the CeA and BNST (ps < 0.05, LSD-tests; Fig. 5).

4. Discussion
The present study showed the pattern of Fos expression over 48 h in the hindbrain and forebrain
in response to three doses of cisplatin (3, 6, and 10 mg/kg). The key findings were: 1) increasing
the dose of cisplatin increased the magnitude and duration of brain Fos expression, 2) most
excitatory effects on hindbrain Fos expression occurred within 24 h after cisplatin injection,
3) 6 and 10 mg/kg cisplatin increased Fos expression in the CeA and BNST by 316% and
557%, respectively, during 48 h, and 4) cisplatin treatment produced little effect on Fos
expression in the PVN and SON, and an overall analysis suggests an inhibition of Fos
expression in these hypothalamic areas.

In the hindbrain (NTS and AP), cisplatin treatment produced increased Fos expression by 96%
for 3 mg/kg, 106% for 6 mg/kg, and 356% for 10 mg/kg over the 48 h period. Although a direct
action of cisplatin on the hindbrain cannot be ruled out, it is possible that cisplatin produced
Fos expression in hindbrain nuclei via an afferent vagal input from the gastrointestinal tract.
The NTS and AP receive extensive projections from vagal afferent fibers innervating the GI
tract (e.g., Norgren and Smith, 1988). Many chemotherapy agents, such as cisplatin, cause the
release of serotonin (5-HT) from entero-endocrine cells in the GI tract, which leads to the
activation of vagal afferent fibers containing 5-HT3 receptors (Endo et al., 2002; Horn et al.,
2004). Importantly, the acute effect of cisplatin on cFos mRNA in the NTS of the rat is reduced
by pretreatment with a 5-HT3 receptor antagonist (Endo et al., 2004). Hindbrain Fos expression
during the acute and delayed phases closely corresponds to the acute phase distribution of cFos
mRNA produced by cisplatin treatment in the rat (Endo et al., 2004). These results might
suggest that a core component of acute and delayed nausea produced by cisplatin treatment is
activation of the NTS and AP.

Hindbrain Fos expression induced by cisplatin showed a characteristic temporal pattern, with
significantly increased Fos expression by 6 h, and this response was much decreased by 48 h
with 3 or 6 mg/kg cisplatin (Fig. 2). Cisplatin treatment at 10 mg/kg produced a more prominent
hindbrain Fos response that persisted for 48 h (Fig. 2). Cisplatin-induced hindbrain Fos
expression in rats in the current study is similar to previous reports showing Fos expression
after cisplatin treatment in the hindbrains of vomiting species, e.g., cat and ferret (Ariumi et
al., 2000;Miller and Ruggiero, 1994;Reynolds et al., 1991;Van Sickle et al., 2003). There was
also a trend for cisplatin (at all doses) to produce more Fos expression in the rostral portions
of the NTS (NTSm and NTSr) compared to the caudal part (NTSc) (Fig. 2).

An important result was the lack of a prominent effect of cisplatin on Fos expression in the
PVN and SON. The PVN is considered to be an important component of the neural circuitry
for the control of food intake (e.g., Wang et al., 2000) and cisplatin produces a prominent
inhibition of feeding (Liu et al., 2006; Malik et al., 2006; Vera et al., 2006). There were small,
but significant, increases in Fos expression at 6 h in the PVNp and PVNm using 10 mg/kg
cisplatin (Fig. 4). An overall calculation indicates that cisplatin reduced Fos expression in the

Horn et al. Page 6

Auton Neurosci. Author manuscript; available in PMC 2007 May 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



PVN and SON by 40% with a dose of 3 mg/kg, 10% for 6 mg/kg, and 4% for 10 mg/kg over
48 h. This diminished Fos response in the PVN and SON after cisplatin treatment is in sharp
contrast to the enhanced Fos expression observed with different stressors, like osmotic
challenge, immobilization, and pain (for review see Pacak and Palkovits, 2001). It is also
notable that in a recent study in rats, treatment with 6 mg/kg cisplatin, despite causing a
profound reduction in food intake, produced little effect on hypothalamic gene expression
related to food intake (Malik et al., 2006). In this report, no changes were documented in
hypothalamic neuropeptide Y, orexin, or agouti-related peptide mRNA, factors that have been
implicated in the control of food intake (Billington and Levine, 1992; Sakurai et al., 1998;
Wirth and Giraudo, 2000), or corticotrophin releasing factor mRNA levels, implicated in stress
responses (e.g., Reul and Holsboer, 2002). However, tryptophan hydroxylase mRNA was
downregulated after cisplatin treatment (Malik et al., 2006), which might relate to the important
role of the serotonergic system in the malaise produced by chemotherapy agents. Overall,
cisplatin appears to activate the hypothalamus in a way that is markedly different from agents,
acting on the gut-brain axis, that produce stress, satiation of feeding, and pain, and therefore
might provide insight into the neural systems responsible for nausea and emesis. Based on the
current results, the brainstem and CeA/BNST areas seem to play different roles than the
hypothalamus in the neural system for the detection of cisplatin.

Cisplatin treatment produced a large Fos response in the CeA and BNST; Fos expression was
increased by 156% for 3 mg/kg, 316% for 6 mg/kg, and 557% for 10 mg/kg over 48 h.
Increasing the dosage of cisplatin increased the duration of the Fos response; 3 mg/kg produced
only an acute phase of Fos expression, but 10 mg/kg and, to a lesser extent, 6 mg/kg generated
both acute and delayed components of Fos expression. This might be connected to the well
known relationship between dosage of cisplatin and longevity of emesis and nausea in humans
and animals with an emetic reflex (e.g., Hesketh, 1996; Rudd and Naylor, 1994). The BNST
receives extensive projections from the CeA, shares similar neurotransmitter profiles as the
CeA and has been considered to be a key component of an extended amygdala (de Olmos and
Heimer, 1999; Heimer and Van Hoesen, 2006; Swanson, 2003). The CeA and BNST are highly
differentiated nuclei that receive inputs from cortical areas involved in conscious perception,
e.g., prefrontal, chemosensory (i.e., olfactory, gustatory), and viscerosensory cortices.
Therefore, the CeA and BNST are strategically located to act as important relays for autonomic,
emotional, and neuroendocrine signals involved in feeding, anorexia, and probably nausea.
Studies suggest that the amygdala is an important integrator for feeding behavior, including
conditioned flavor aversion (Holland and Gallagher, 1999; Kadohisa et al., 2005), and the
BNST is involved in functions such as mediating the anorexia assoiciated with stress and cancer
(Ciccocioppo et al., 2003; Konsman and Blomqvist, 2005).

The profile of Fos expression in the acute phase did not differ from the delayed phase. However,
the NTSm, AP, and CeA showed biphasic responses using 10 mg/kg cisplatin treatment. In
these brain regions there were high levels of Fos expression at the 6 h time point and reduced
responses by 24 h, but the 48 h amounts of Fos expression returned the level of the 6 h response.
These biphasic Fos responses might be related to the well known differential action of anti-
emetic drugs to inhibit acute versus delayed emesis in humans and other emetic species and
pica in the rat (e.g., Rudd et al., 2002; Rudd and Andrews, 2005).

The Fos response observed at 48 h post-cisplatin injection might reflect the neural substrates
involved in mediating a delayed pica response in rats after cisplatin injection. The present study
is the only report of Fos expression in the forebrain after cisplatin treatment, and suggests that
the lateral extended amygdala might provide an important role in processing viscerosensory
input for the production of nausea. These findings show that cisplatin treatment activates the
hindbrain, produces a recruitment of limbic forebrain regions (the extended amygdala) and has
little excitatory affect on the PVN and SON. This neural system, possibly involved in detecting
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toxins, might be responsible for the acute and delayed inhibition of food intake and increased
consumption of kaolin (pica) that results from treatment with cisplatin.
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Fig. 1.
Photomicrographs from representative hindbrains showing Fos expression at 48 h after
intraperitoneal injection with saline (0.15 M NaCl) or cisplatin (10 mg/kg). The left column
shows the location of cell counts in slices of the whole brain (values represent position, mm,
relative to bregma; reprinted from “The rat brain in stereotaxic coordinates,” G. Paxinos and
C. Watson, pages 144, 149, and 156, Copyright, 2005, with permission from Elsevier). The
Calibration bar equals 200 μm. See text for key of abbreviations.
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Fig. 2.
Number of Fos cells in the caudal hindbrain at 6, 24, and 48 h after intraperitoneal treatment
with saline or cisplatin (3, 6, or 10 mg/kg). = p < 0.05, LSD-test, saline versus cisplatin. See
text for key of abbreviations.
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Fig. 3.
Photomicrographs from representative forebrains showing Fos expression at 48 h after
intraperitoneal injection with saline (0.15 M NaCl) or cisplatin (10 mg/kg). The left column
shows the location of cell counts in slices of the whole brain (values represent position, mm,
relative to bregma; reprinted from “The rat brain in stereotaxic coordinates,” G. Paxinos and
C. Watson, pages 34, 45, 49, and 54, Copyright, 2005, with permission from Elsevier).
Calibration bar equals 200 μm. See text for key of abbreviations.
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Fig. 4.
Number of Fos cells in the PVN (parvocellular and magnocellular regions) and SON at 6, 24,
and 48 h after intraperitoneal treatment with saline or cisplatin (3, 6, or 10 mg/kg). = p < 0.05,
LSD-test, saline versus cisplatin. See text for key of abbreviations.
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Fig. 5.
Number of Fos cells in the CeA and BNST at 6, 24, and 48 h after intraperitoneal treatment
with saline or cisplatin (3, 6, or 10 mg/kg). = p < 0.05, LSD-test, saline versus cisplatin. See
text for key of abbreviations.
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