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Rats were systemically injected with N-2-chloroethyl-N-ethyl-2-bromobenzylamine (DSP4), 
a selective noradrenaline neurotoxin, and their initial, neophobic response to a novel sac­
charin solution was measured. No significant alteration of the neophobic response was noted 
unless the novel saccharin was presented within a novel drinking bottle; then the DSP4-
treated rats showed a significantly attenuated neophobia, as measured by drinking sup­
pression ratios. The discrepancy between the present findings, which range from no alteration 
to an attenuated neophobia, and the enhanced neophobia result of a previous investigation 
that used 6-hydroxydopamine is explained on the basis of the different methods employed 
for depleting brain noradrenaline. 

The involvement of noradrenaline (NA) neurons 
in fear and anxiety reactions has been indicated 
(Huang, Redmond, Snyder, & Maas, 1975; Mason & 
Fibiger, 1979a; Redmond, Huang, Snyder, & Maas, 
1976), but the extent of this involvement is at present 
not unequivocally accepted (Fibiger & Mason, 1978; 
Mason & Fibiger, 1977, 1978, 1979b). One simple 
test for fear reactions in the rat involves the animal's 
initial response to novel stimuli. Neophobic responses 
to novel taste substances (Barnett, 1956; Domjan & 
Bowman, 1974; Green & Parker, 1974) and to novel 
environmental stimuli (Carrol, Dinc, Levy, & Smith, 
1975; Jennings & McCutcheon, 1974; Mitchell, 
Kirschbaum, & Perry, 1975) have been amply dis­
cussed elsewhere (Domjan, 1977; Mitchell, 1976). If 
NA neurons play a role in the rat's initial fear of 
novel stimuli, then it is to be expected that the con­
sumption of a novel taste, following degeneration of 
NA nerve terminals, will be altered. To deplete fore­
brain NA, Mason, Roberts, and Fibiger (1978) used 
intracerebral injections of 6-hydroxydopamine (6- . 
OHDA) into the ascending NA neurons of the dorsal 
noradrenaline bundle (DB) derived from the locus 
coeruleus (LC). Later, following recovery, their Ie­
sioned rats displayed a significantly decreased sac­
charin intake, which was interpreted as inceased 
neophobia to the novel taste. Since the Mason et al. 
(1978) finding is not consistent with predictions con­
cerning the hypothesized role of NA in fear (Huang 
et al., 1975; Redmond et al., 1976), the application 
of other tools to deplete forebrain NA may provide 
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a means of gaining further insight into the involve­
ment of the locus coeruleus NA system (LC-DB system) 
in fear and anxiety reactions (neophobia). Therefore, 
to establish the extent of NA involvement in taste 
neophobia, four experiments were performed with a 
new selective neurotoxin which causes a degeneration 
of NA neurons in brain regions (Jonsson, Ponzio, & 
Ross, 1978; Ross, 1976). 

Following systemic injection, N-2-chloroethyl-N­
ethyl-2-bromobenzylamine hydrochloride (DSP-4), 
has been shown to produce long-term reduction of NA 
and dopamine (J-hydroxylase (DBH) in the rat brain and 
inhibition of the neuronal uptake of NA in rat and 
mouse brain (Ross, 1976; Ross & Renyi, 1976; Jaim­
Etcheverry & Zieher, 1980). When injected into rats 
(50 mg/kg, ip), DSP4 caused a marked reduction in 
the capacity of brain homogenates prepared from rat 
forebrain regions to accumulate NA up to 8 months 
following treatment (Ross, 1976). These effects in­
dicate degeneration of NA neurons, which has been 
verified by histochemical experiments (Jonsson, 1980; 
Jonsson et al., 1978; and unpublished observations). 
Pretreatment of the animals with the NA uptake 
inhibitor desipramine counteracts the neurotoxic ef­
fect of DSP4. The peripheral NA neurons appear to 
be affected less by DSP4 than are the central NA 
neurons, since the decrease in NA concentrations in 
the rat heart was recovered rapidly after 50 mg/kg 
ip of DSP4 and was about 75"70 of that of the con­
trols 4 days after the injection (Jaim-Etcheverry & 
Zieher, 1980; Ross, 1976). Furthermore, the DBH 
activity in the rat heart was not influenced, which 
indicates that the sympathetic nerves in the heart, 
at least, were not degenerated (Ross, 1976). The con-
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centrations of the catecholamines in the rat adrenals 
were not significantly changed (unpublished observa­
tions). 

METHODS 

Subjects 
All 129 subjects were male Sprague-Dawley rats (Anticimex 

AB, Sollentuna, Sweden). Those used in Experiments 1, 3, and 4 
were SO-SS days old and weighed approximately 22S g (range 
200-2S0 g) at the beginning of the experiments. The animals used 
in Experiment 2 were 8S-90 days old and weighed approximately 
390 g (range 360-410 g). Within each experiment, all groups were 
matched for body weight. All animals received at least a 2-week 
period of acclimatization to laboratory conditions. They were kept 
throughout on a 12-h-on/12-h-off lighting schedule (lights on at 
0600 h) in a room thermostatically maintained at 21 ± 1°C. Ad­
lib food (lab chow R3, Astra-Ewos, SOdertiilje, Sweden) was 
available throughout. Water, in glass bottles with nozzles 2 mm 
wide at the tip, was freely available during the acclimatization 
period. 

Behavioral TreatmeDt 
Table 1 indicates the various conditions and treatments manip­

ulated in Experiments 1-4. Following acclimatization, on the treat­
ment day (Day I), the rats in each of the five experiments were 
injected ip with either DSP4 (SO mglkg, dissolved in distilled water) 
or saline (S ml/kg). In Experiment 2, the specific NA uptake in­
hibitor, desipramine (DMI, 10 mg/kg) was administered 20 min 
prior to DSP4 in the "DMI+DSP4" condition (see Table 1, 
column 3). In Experiment 3, a lithium chloride (LiCl, .IS M, ip) 
control group for "enhanced neophobia" was treated at the same 
time as the DSP4 group. Water was freely available for 1 day 
following injections, after which the water bottles were removed 
and the rats in all experiments, except Experiment 3, were placed 
on a 23-h water-deprivation schedule; in Experiment 3, a 23.S-h 
water-deprivation schedule was maintained. Thus, all animals re­
ceived S days of training to a 6O-min/day (30 min/day in the case 
of Experiment 3) water-drinking regime. The water intake data 
from the last day of the water-deprivation schedule, that is, Day 8, 
were recorded as the water intake baseline (see Table I, column 4). 

SacchariD PreseDtadoD 
On Day 9, 60- or 30-min (Experiment 3) saccharin (.2070) pre­

sentations were delivered either from the same type of drinking 
bottle that the rats had used throughout (Experiments I, 2, and 3; 
see Table 1) or from novel noise-producing bottles, "noisy" 
bottles (Ehret, West Germany), that had metal nozzles with a 
6-mm hole at the tip and contained two small metal balls which 

created a considerable amount of noise when the animals licked 
the tips of the nozzles (Experiment 4, see Table 1). The intake of 
saccharin and water was measured to the nearest 1.0 g. 

Blochemlcal TreatmeDt 
After completion of the behavioral experiments, the animals 

in Experiment 2 were taken for analysis of catecholamine con­
centrations in the cortex, the hippocampus, and the rest of the 
brain excluding the cerebellum. In separate experiments with the 
same design as that of Experiment 2, the NA and DA content 
was determined in the cortex, hippocampus, and hypothalamus. 
Following decapitation, the regions were rapidly dissected on 
ice and stored at -70°C until analysis. After homogenization 
and centrifugation, the homogenates were purified on a strongly 
acidic cation-exchange column (Dowex SO W-X-4) (for details, 
see Atack & Magnusson, 1978). After elution, NA and DA were 
analyzed by fluorometry (Amino-Bowman spectrofluorometer). 

RESULTS 

Bebavioral 
Table 1 shows the median water and saccharin in­

take, as well as the median OSRs (see below) for each 
of the groups in Experiments 1-4. All groups treated 
with OSP4 7 days prior to the water intake test 
(Day 8) showed a clear reduction in water intake. 
This finding was replicated in all four experiments. 
In addition, the group pretreated with desipramine 
(OM I + OSP4) seems to have blocked this deficit in 
water intake. It seems reasonable to conclude (1) that 
OSP4 treatment exerted a long-term detrimental ef­
fect on water intake, and (2) that OMI (10 mg/kg) 
tended to block the OSP4 effect on water drinking. 
Absolute saccharin intake by the OSP4 rats was also 
lower than that of control animals in all experiments; 
this deficit reached significance only in Experiments 
1,3, and 4 (see Table 1, column S). In contrast, rats 
that were treated with lithium chloride 1 week prior 
to the water and saccharin intake tests showed no 
such deficit. Nonspecific enhanced neophobic effects 
may therefore be ruled out. 

As a measure of the neophobic response to the 
novel saccharin solution (Experiments 1-3) and to the 
novel saccharin + "noisy" bottle (Experiment 4), we 

Table 1 
Median Water and Saccharin Intake Values and Median Drinking Suppression Ratios in Experiments 14 

Novel Exteroceptive Treatment n Water Intake Saccharin Intake 
Experiment Cue Presented Group (Day 1) (Day 8) (Day 9) DSR 

None DSP4 8 13.5* 15.0** 1.00t 
Saline 8 20.5 17.5 .85 

DSP4 12 16.0 16.0t I.OOt 
2 None DMI + DSP4 15 19.0·· 16.0 .84t 

Saline 16 21.0· 17.0 .80 

DSP4 8 8.5 6 .5 .82 
3 None LiQ 8 17.5* 11.5 ** .69t 

Saline 8 16.0* 12.5* .77t 

4 "Noisy" Bottle DSP4 34 17.0* 14.0** .87· 
Saline 12 24.5 17.0 .7S 

Note-Median DSRs consist of ratios between amounts drunk on Day 8 (saccharin) and Day 7 (water) presentations for individual 
animals. Significance levels are based on Mann-Whitney U tests. .p < .01. up < .05. tNonsigni/icant. 
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Table 2 
Postmortem Amine Assays on Animals Used in Experiment 2 and in Two Separate Experiments 

Experiment 2 

Hippocampus.{:ortex (Two-Pooled n = 4) Rest of Brain (n = 8) 

NA DA NA DA 

M Q % M Q % M Q % M Q % 

Saline 250 12 32 4 590 32 1378 17 
DSP4 22 2· 9 33 4 103 231 20- 39 1394 67 101 
DMI + DSP4 98 17t 39 24 5 75 360 19- 61 1252 47 91 

Separate Experiment I Separate Experiment II 
(n = 6) (n = 6) 

Cortex Hippocampus Hypothalamus Adrenal Gland 

NA DA NA DA NA DA NA A 

M Q % M Q % M Q % M Q % M Q % M Q % M Q % M Q % 

Saline 179 34.0 33 6 144.00 20 27.0 7 1790 134 454 48 153 4 348 32 
DSP4 17 2.5* 9 47 3 142 .01 6- 0 53.5 32 196 927 82* 52 441 31 97 101 4* 66 286 13 121 

Note- Values are median (M) ± quartiles (Q) NA and DA concentrations, expressed as nanograms of amine per gram of tissue. DSP 4 
(50 mg/kg) was injected intraperitoneally; DMI (10 mg/kg) was injected 20 min prior to the DSP 4 injection. The Experiment 2 rats 
were sacrificed 22 days after DSP 4 treatment and, in the separate experiments, 7 days after treatment. % = percent values of control. 
Significance levels are based on Mann· Whitney U tests. *p < .001. tp < .02. 

computed drinking suppression ratios (DSRs) (cf. 
Archer & SjOden, 1979a, 1979b; Lyon, 1968), as the 
ratios of the amounts of Day 9 saccharin to Day 8 
water consumed by individual rats (see Table I, col­
umn 6). There was a distinct trend by which the DSRs 
of the DSP4 rats exceeded that of the controls and 
"DMI + DSP4" -treated rats. This trend, however, did 
not reach significance in any of the first three experi­
ments. Prior Liel treatment failed to produce any' 'en­
hanced neophobia." Mann-Whitney U tests (Siegel, 
1956), comparing DSP4-treated groups with control 
groups, indicated a significant DSP4 > control differ­
ence in Experiment 4. In all four experiments, DSP4-
treated rats tended to show greater DSRs. Thus, we 
may conclude that, in general, rats pretreated with 
DSP4 may demonstrate some attenuation of their 
neophobic response to a novel taste. This attenuation 
is more pronounced when that taste is presented in con­
junction with a novel exteroceptive cue. Prior treat­
ment with DMI (10 mg/kg) appears to block this effect. 

Biochemical 
Table 2 shows the NA and DA concentrations of 

brain regions in 24 of the animals used in Experiment 2. 
DSP4-treatment (SO mg/kg) produced a drastic 
depletion of NA both in the cortex-hippocampus 
regions (9% of control values) and in the rest of the 
brain (39010). Pretreatment with desipramine (10 mg/ 
kg ip) partially, but significantly, protected from the 
marked depletion of NA in the cortex-hippocampus 
region (39%) and the rest of the brain (61 %). DSP4 
treatment did not alter the DA content in the cortex + 
hippocampus and in the rest of the brain. In a 
separate study, DSP4 (SO mg/kg) caused a marked 

reduction of NA in the cortex (9%) and in the hip­
pocampus (0%). The hypothalamic NA was less af­
fected (52%). The content of DA was not significantly 
changed in these three brain regions, although there 
was a clear trend for an increase in DA content noted 
in both the cortex and hippocampus. Biochemical 
data from a second separate experiment (II) indicate 
a partial, but significant, depletion of NA as a result 
of DSP4 treatment, but no effect upon adrenaline (A). 

DISCUSSION 

Several aspects of the data from the present exper­
iments require consideration: (1) DSP4-treated rats 
typically consumed less water than controls 1 week 
following treatment; pretreatment with DMI (10 mg/ 
kg) seems to block this effect. (2) DSP4-treated ani­
mals also demonstrated a distinct tendency to con­
sume less of a novel saccharin solution; there was 
evidence that the DMI (10 mg/kg) pretreatment 
blocked this effect. (3) The DSRs, which take into 
account both water and saccharin intake of individual 
animals in providing a measure of "taste neophobia" 
(cf. Archer & SjOden, 1979a, 1979b), of DSP4-treated 
rats tended in all experiments to exceed that of the 
saline-treated rats, the former tended to show a lesser 
degree of neophobia to the novel taste and extero­
ceptive cue than did the latter. 

Since DSP4 produces a simultaneous decrease in 
dopamine fJ-hYdroXYlase activity, concentration of NA, 
and accumulation of NA in frontal cortex, it was 
suggested that DSP4 degenerates noradrenergic nerve 
terminals (Ross, 1976). Jonsson et al. (1978, Jonsson, 
1980, and unpublished observations) have confirmed 
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that DSP4 is a selective NA neurotoxin degenerating 
nerve terminals emanating from the locus coeruleus 
without any effect on dopamine or adrenaline. It has 
no long-term blocking effects on noradrenergic a and 
(J receptors. Although DSP4 (50 mg/kg ip) in rats 
also influences peripheral NA neurons, the effect, at 
least in the heart, is short-lasting, since the decrease in 
the NA concentration was only about 25070 4 days 
after the administration (Jaim-Etcheverry & Zieher, 
1980; Ross, 1976). The observation that DBH was 
not decreased in the heart indicates that the sympathetic 
nerve terminals in this organ were not degenerated 
(Ross, 1976). The adrenal catecholamine concentra­
tions were not influenced by DSP4 at the dose em­
ployed in this study (see Table 2). It may be suggested 
that the action of DSP4 on the peripheral sympathetic 
nervous system contributes to the effect of DSP4 on 
taste neophobia observed in the present study. As 
discussed above, this action of DSP4 is much shorter 
lasting than is that upon central noradrenergic systems 
and is largely overcome 3 to 4 days after the DSP4 
treatment. The experiments were performed 8 days 
after DSP4 administration. Although a peripheral 
contribution can obviously not be completely ruled 
out, the state of our present knowledge of DSP4 is 
such that this possibility is very unlikely. Further ex­
periments with a quaternary uptake inhibitor, for ex­
ample, imipramine methiodide, which antagonizes 
only the peripheral effect of DSP4, or with the 
aziridinium derivative of DSP4, which does not pass 
the blood brain barrier but, according to Zieher and 
Jaim-Etcheverry (1980), has peripheral neurotoxic 
action, might elucidate this question. Desipramine 
injected before DSP4 antagonizes the neurotoxic ef­
fects, which indicates that DSP4 requires a function­
ally active NA transport carrier for its action. Thus, 
parenterally injected DSP4 appears to be a useful 
tool for studies of the functional role of noradrenaline 
in the brain, inasmuch as specificity can be tested by 
pretreatment of the animals with desipramine. 

The findings of Mason et al. (1978) indicate that 
NA-depleted rats show a greater neophobic avoidance 
of both novel tastes and a novel environment. The 
present DSR-data may be interpreted in terms of a 
lesser or attenuated neophobic avoidance of novel 
saccharin, but this was to a large extent dependent 
upon whether it was presented in a familiar water 
bottle or in a novel one. Although the contradictory 
results of the present study are not readily recon­
cilable with those of the Mason et al. (1978) study, 
two general procedural differences are apparent. First, 
the above authors used absolute saccharin intake as 
their measure of taste neophobia, whereas we used 
DSRs, that is, the ratio between saccharin and water 
intake to correct for water intake by individual rats. 
Mason et al. did measure baseline water intake and, 
in contrast to the present study, found no differences 
between the dorsal bundle (DB) lesioned and control 

animals. Different dependent variables cannot there­
fore explain the Mason et al. (1978) enhanced neo­
phobic and our attenuated neophobic effects. It must 
be emphasized that in both studies, Mason et al.'s 
and ours, a decreased saccharin intake was observed 
in the context of a considerably decreased water in­
take. The discrepancy hinges upon the water intake 
data, and this poses something of a procedural 
dilemma. If absolute saccharin intake is accepted as 
the dependent variable, our results confirm those of 
Mason et al. (1978). Archer and Sjoden (1979a, 1979b) 
developed the DSR as a correction for individual dif­
ferences in water intake prior to the presentation of a 
novel taste substance. Thus, it is reasonable to con­
clude that the DSR is especially useful in instances in 
which there are large between-group differences in 
baseline water intake. We have assumed, on the basis 
of previous results (Archer & Sjoden, 1979a, 1979b), 
that DSRs offer a more reliable dependent variable 
for measuring neophobia. 

It is possible that the discrepant results depend on 
the two tools employed to degenerate NA neurons. 
In the Mason et al. (1978) study, rats were selectively 
NA depleted through microinjections of the neurotoxin 
6-hydroxydopamine (6-0HDA) into the dorsal bundle. 
It is apparent that the discrepancy between the rmding 
of the present study, which used systematically injected 
DSP4, and the 6-0HDA study is not due to the ex­
tent of NA depletion in the forebrain. Both DSP4 
and bilateral 6-0HDA injection in the dorsal bundle 
reduced NA concentration in the cortex and hippo­
campus to less than 10070 of control values. Note that 
the extent of NA depletion is not identical in all 
regions. Thus, the dorsal bundle lesioned animals in 
the Mason study evidenced a more marked reduction 
of NA in the hypothalamus (approximately 70% as 
opposed to 48% in the present study). To attempt 
an explanation of the water intake differences be­
tween DSP4 and 6-0HDA treated rats on the basis of 
hypothalamic NA depletion can only be speculative. 
Osumi, Oishi, Fujiwara, and Takaori (1975) found a 
significant increase in water drinking following lesions 
of the locus coeruleus (LC) in DB which lowered the 
NA content of several regions of the forebrain, with 
the exception of the hypothalamus. Considering the 
fact that several subsequent studies have not indicated 
any changes in water intake (Koob, Sessions, Kant, 
& Meyerhoff, 1976; Mason & Iversen, 1978; Sessions, 
Kant, & Koob, 1976), the role of hypothalamic NA 
in water intake is not well understood. The general 
consensus is that the LC-DB system plays a rather 
insignificant role with regard to fluid intake (Clark, 
1979). DSP4 experiments have repeatedly demonstrated 
a marked deficit by the treated rats. 

DSP4 treated rats showed a slightly, but signif­
icantly, lower neophobia, as reflected by a signifi­
cantly higher DSR, only in the conditions in which 
a novel bottle cue was presented in conjunction with 



the novel taste (Experiment 4). In the absence of the 
novel "noisy" bottle, the difference between the DSP4 
and control rats did not reach significance. The intro­
duction of an increasing number of novel environmen­
tal stimuli in conjunction with a novel taste stimulus 
results in the progressively lower intake of the novel 
taste substance (Archer & Sjoden, 1979a, 1979b) and 
allows for the possibility of manipulating extero­
ceptive and gustatory stimuli within the same behav­
ioral situation. Consistent with those prior results, 
the present authors found a noticeably greater neo­
phobic suppression of saccharin intake by both the 
control and DSP4 treated animals. The DSRs of the 
control rats were somewhat greater than those of un­
treated rats (Archer, unpublished observations); this 
could be explained by the prior handling that the 
former received (cf. Weinberg, Smotherman, & 
Levine, 1978). Although it seems reasonable to con­
clude that there may exist a NA involvement in taste 
neophobia, further investigation of the neophobic re­
sponse of NA-depleted rats to several other environ­
mentally based stimuli (e.g., odor, animal compart­
ment, lighting, handling) warrants further considera­
tion. 

Thus, it is concluded that NA may only to a limited 
extent be involved in fear reactions of the rat, as 
determined by a taste neophobia procedure. Our 
findings do not support the contention that NA 
depletion leads to an enhanced expression of fear 
(Mason & Fibiger, 1977; Mason et al., 1978). If any­
thing, the present data imply a direction more in 
keeping with that suggested by Huang et al. (1976) 
and Redmond et al. (1975) and suggest a decrease in 
the initial fear reaction when NA activity is decreased. 
Taste neophobia represents a primitive behavioral re­
action that offers the rat considerable advantages in 
adapting to its environment (Galef & Osborne, 1978; 
Mitchell, 1976). From an ecological viewpoint, these 
advantages would be squandered if only one particular 
neuronal system (e.g., NA) exerted a primary effect. 
Thus, until further, more elucidating evidence ap­
pears, we tentatively suggest some NA involvement 
in this particular behavioral expression of fear. 
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