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Rat atrial natriuretic peptide (ANP) was investigated for
putative anxiolytic activity in rats, following
intracerebroventricular (ICV) administration. ANP in
doses of 200 and 500 ng/rat induced significant anxiolysis,
comparable with that of lorazepam (0.5 mg/kg, IP) in a
variety of anxiety models (open-field, elevated plus-maze,
social interaction, and novelty-induced feeding suppression
tests). Isatin, an endogenous anxiogenic indole, shown to be
an antagonist of ANP in vitro, significantly inhibited the
anxiolytic effect of ANP in the elevated plus-maze test in
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Atrial natriuretic peptide (ANP), comprising 28 amino
acid residues, was first isolated from rat atria (de Bold
et al. 1981) and later identified in several mammalian
tissues, including brain (Kawata et al. 1985; Morii et al.
1985). Subsequently, specific ANP receptors were delin-
eated in the central nervous system (CNS) (Anand-
Srivastava and Trachte 1993). More recently, two related
peptides, brain natriuretic peptide (BNP) and C-type

From the Department of Pharmacology (SKB, AC), Institute of
Medical Sciences, Banaras Hindu University, Varanasi, India, the
Departments of Chemical Pathology (MS) and of Pediatrics (VG),
Queen Charlotte’s and Chelsea Hospital, Goldhawk Road, London
W6 OXG.

Address correspondence to: Professor S. K. Bhattacharya, Depart-
ment of Pharmacology, Institute of Medical Sciences, Banaras Hindu
University, Varanasi 221005, India.

Received July 18, 1995; revised September 14, 1995; accepted Sep-
tember 26, 1995.

NEUROPSYCHOPHARMACOLOGY 1996—VOL. 15, NO. 2

© 1996 American College of Neuropsychopharmacology
Published by Elsevier Science Inc.

655 Avenue of the Americas, New York, NY 10010

subanxiogenic doses. The anxiolytic action of ANP was
unaffected by flumazenil, a benzodiazepine receptor
antagonist. Conversely, the anxiolytic action of lorazepam
was antagonized by flumazeni! but not by isatin. The data
indicate that ANP may function as an endogenous
anxiomodulator, which may act in conjunction with isatin
independently of benzodiazepine receptors. These results
strengthen the evidence for links between physiological
systems involved in anxiety and those in natriuresis.
[Neuropsychopharmocology 15:199-206, 1996]

natriuretic peptide (CNP), have been isolated from por-
cine brain and other tissues (Lang et al. 1992). However,
doubts have been expressed whether BNP is present in
rat brain (Bidzseranova et al. 1993). ANP and BNP
share substantial amino acid sequence homology and
have similar potency in their natriuretic, diuretic, va-
sorelaxant, and behavioral effects (Bidzseranova et al.
1992; Lang et al. 1992). Comparative studies have indi-
cated that the cardiovascular, renal, and behavioral ef-
fects of ANP and BNP are indistinguishable from each
other (Bidzseranova et al. 1992; Wigle et al. 1992). Both
act as regulators of body fluid and blood pressure ho-
meostasis in the CNS, as well as natriuretic hormones in
the periphery (Nicholls 1994).

ANP has been investigated by Bidzseranova and her
co-workers for its effects on learning and memory (re-
viewed by Bidzseranova et al. 1993), after intracere-
broventricular (ICV) administration in rats. ANP and
BNP had similar actions on cognitive functions in rats
(Bidzseranova et al. 1992). Few attempts have been made
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to investigate other behavioral effects of ANP (Anand-
Srivastava and Trachte 1993). However, ANP has been
reported to attenuate fear-motivated learning deficits in
rats (Bidzseranova et al. 1992). ANP is known to influ-
ence central neurotransmitter activity, including the
dopaminergic and cholinergic systems (Bidzseranova et
al. 1993).

Isatin is an indole (2,3-dioxoindole) that appears to
be endogenously generated in the brain and heart (San-
dler et al. 1991) and is widely distributed in mammalian
tissues and biological fluids, including the CNS (Glover
et al. 1988; Glover and Sandler 1993). Isatin was shown
to be a selective and potent ligand for brain ANP recep-
tors and to competitively inhibit ANP-activated guany-
late cyclase in rat heart, brain, and kidney (Glover et al.
1995). Isatin has been postulated to function as an en-
docoid marker of anxiety (Glover and Sandler 1993). It
induced an anxiety like response in rodents within a
narrow dose range (15-20 mg/kg IP). The methods
used to investigate the behavioral effect of isatin in-
cluded the open-field, elevated plus-maze, social inter-
action, and Vogel's conflict tests (Bhattacharya et al.
1991a; Bhattacharya and Acharya 1993, 1994). This anx-
iogenic response has been recently confirmed in rhesus
monkeys (Palit et al. submitted).

The anxiogenic agent pentylenetetrazole is known to
increase rat (Bhattacharya et al. 1991b) and rabbit (Clow
et al. 1989) brain isatin levels. Cerebrospinal fluid levels
of isatin were found to be elevated in patients with bu-
limia nervosa (Brewerton et al. 1995).

In the present study we have investigated the possi-
ble anxiolytic activity of ICV ANP in rats and the effects
of isatin on it.

MATERIAL AND METHODS
Animals

Male adult Wistar-strain albino rats (180-200 g) were
used. They were group-housed, five per cage (45 X 45 X
25 cm), unless otherwise mentioned, at an ambient tem-
perature of 25 = 1°C and 45% to 55% relative humidity,
with a 12-hour dark/light cycle. The rats had free access
to standard pellet chow, unless mentioned otherwise,
and drinking water. All experiments were conducted
between 0900 and 1400 h. A total of 257 rats were used,
of which 163 were intracerebroventricularly cannu-
lated; the rest were not cannulated. The animals were
randomly assigned to the different treatment and test
groups. Each rat was used only once to ensure that the
animals were drug- and test-naive. The number of rats
used in each test and treatment group is detailed in the
different tables and figures.

Guidelines of the Principles of Laboratory Animal Care
manual (NIH 1985) were followed.
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Intracerebroventricular Cannulation

The rats were anesthetized with pentobarbital sodium
(35 mg/kg IP). Anesthesia was assessed by the loss of
righting reflex and the absence of pain sensation as in-
dicated by loss of vocalization responses to prick stimu-
lus. A 20-guage 1.5-inch Luer cannula was placed into
the right lateral ventricle (using the stereotaxic coordi-
nates AP: + 1.0; L: 1.5, V: 3.0) and fixed to the skull with
dental cement (Feldberg and Lotti 1967). The rats were
used 1 week later. The correct positioning of the can-
nula was checked individually by injecting methylene
blue after completion of the experiments. Animals with
an incorrectly placed cannula were discarded and ex-
cluded from the statistical evaluations.

Drugs and Vehicles

The following drugs were employed: rat natriuretic
peptide (ANP; synthetic, purity 99%, peptide content
73%; Sigma, USA), lorazepam (Cipla, India), isatin (SD
Fine Chemicals, India), and flumazenil (Hoffman-La
Roche, Switzerland). ANP was administered ICV dis-
solved in 5 pl artificial CSF (ACSF; in mM: NaCl, 147;
KCl, 2.9; MgCly, 1.6; CaCly, 1.7; and dextrose 2.2, dis-
solved in triple distilled water). All the other drugs
were suspended in 0.9% saline containing 0.3% car-
boxymethyl cellulose and administered IP in a volume
of 0.25 ml/100/g body weight. Two sets of control
groups were maintained, each receiving equivalent vol-
umes of the ICV or IP administered vehicles. Isatin and
flumazenil were used in subanxiogenic doses (Bhatta-
charya and Acharya 1994) of 10 mg/kg IP and 5 mg/kg
[P, respectively, and were administered 30 minutes
prior to ANP or lorazepam.

Experimental Methods

The following methods were used to investigate the
anxiolytic activity of ANP.

Open-Field Test. The apparatus was a green area of
96 X 96 cm, divided into 16 squares, placed in a dimly
lit (25-W incandescent bulb) room. Naive rats pre-
treated with the test drugs or their vehicles were placed
individually at one corner of the apparatus and ob-
served for the next 15 minutes by a neutral observer un-
aware of the treatment of the animals, recording the
number of squares crossed, period of immobility, rear-
ings and fecal pellets (Bhattacharya et al. 1991a). The
pretreatment times for ICV ANP and IP lorazepam, in
this and all other procedures employed, were 15 and 30
minutes, respectively. The distribution of animals in
each individual test group is given in Table 1.

Elevated Plus-Maze Test. The plus-maze consisted of
two opposite arms, 50 X 10 cm, crossed with two closed
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arms of the same dimensions, with walls 50 cm high.
The arms were connected with a central square, 10 X 10
cm, to give the apparatus the shape of a plus sign. The
whole apparatus was elevated 50 cm above the floor
and placed in a dimly lit room. Naive rats pretreated
with the drugs or their vehicles were placed on the cen-
ter of the maze, facing an enclosed arm. The number of
entries and total time spent on the open and closed
arms during the next 5 minutes were recorded by a neu-
tral observer. The results are expressed in terms of per-
cent entries and time spent on the open arms as com-
pared to total entries and time spent on both the open
and closed arms (Pellow et al. 1985). The distribution of
animals in each test group is given in Tables 2 and 3.

Social Interaction Test. The rats were housed indi-
vidually for 5 days prior to testing. The social interac-
tion area was a wooden box (60 X 60 X 35 cm) with a
solid floor placed in a dimly lit room. On day 6, the rats
were individually subjected to two 7.5-minute familiar-
ization sessions on the test arena at 2-hour intervals. On
day 7, they were paired on the basis of their weights,
pretreated with the test drugs or the vehicles, and
placed on the test arena for 7.5 minutes. During this pe-
riod, the time spent by the rats in active social interac-
tion, including sniffing, following, grooming, kicking,
boxing, biting, and crawling under or over the partner
(Johnston et al. 1988), was scored by a neutral observer.
In another experimental group, the rats, treated as be-
fore, were placed individually in an 8-beam photocell
activity chamber (actophotometer), and the locomotor
activity, indicated by photobeam breaks, was recorded
during the next 7.5 minutes. The number of animals in
each test group is given in Table 4.

Novelty-Suppressed Feeding Test. The test apparatus
was the same as that used for the social interaction test
and was placed in a dimly lit room. The floor of the
wooden box was covered with a 2-cm layer of wooden
chips, and 15 laboratory chow pellets were evenly
placed on the floor. A similar arrangement was made in
the home cages of the rats. Food was removed from the
home cage 48 hours prior to testing, but water was pro-
vided ad libitum. Following pretreatment with the
drugs or their respective vehicles, naive rats were
placed individually in the test chamber and the latency
to begin eating (defined as chewing of the pellet and not
merely sniffing or playing with it), was recorded. If the
rats had not eaten within 300 s, the test was terminated
and a latency score of 300 s was assigned. The results
were compared with those from another group of rats
where latency to feed was recorded in the home cage
under identical experimental conditions (Bodnoff et al.
1988). The number of animals in each test group is
given in Table 5.
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Rotarod Test. Rats were pretreated with the vehicles
or the test drugs (n = 10 in each group) and placed indi-
vidually on a rotarod apparatus rotating at a speed of
16 rpm. The criterion was the ability of the rat to remain
on the rotating rod for 30 s. Each animal was allowed
up to three trials to reach criterion, and the percentage
of rats not reaching criterion was recorded (Bhatta-
charya et al. 1995).

Effects of Flumazenil and Isatin on ANP
and Lorazepam-Induced Alterations
in the Elevated Plus-Maze Test

Rats were treated with either isatin (10 mg/kg IP) or
flumazenil (5 mg/kg IP) 30 minutes before ANP or
isatin administration and their effects per se and on
ANP- and lorazepam-induced changes in the elevated
plus-maze test were noted. Saline-treated rats were
used as the control group because there was no signifi-
cant difference between ICV ACSF- and IP saline-
treated rats on this test variable. Each test group was
comprised of six rats.

Statistical Analysis

A one-way analysis of variance (ANOVA), followed by
the Tukey test, was used for statistical evaluation. A
probability value of 0.05 was accepted as statistically
significant. The x? test was used for statistical analysis
of the data in the rotarod test.

RESULTS
Open-Field Test

ANP (100, 200, and 500 ng/rat ICV) produced a dose-
related increase in the number of squares crossed and
rearing behavior, with concomitant decreases in period
of immobility and defecation, the effects induced by the
two higher doses of ANP being statistically significant.
Lorazepam (0.5 mg/kg IP) produced a qualitatively
similar response (Table 1).

Elevated Plus-Maze Test

ANP (100, 200, and 500 ng/rat 1ICV) and lorazepam (0.5
mg/kg IP) did not significantly alter the total arm en-
tries on the elevated plus-maze (Table 2). ANP (100, 200,
and 500 ng/rat ICV) induced a dose-related increase in
number of entries and time spent on the open arms
compared with the ACSF-treated control group. The ef-
fect of the lowest dose of ANP used was not significant.
Lorazepam (0.5 mg/kg IP) produced a qualitatively
similar response (Table 3). The total number of entries
and total time spent in seconds on the open and closed
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Table 1. Effects of ICV ANP and IP Lorazepam on Open-Field Parameters in Rats

NEUROPSYCHOPHARMACOLOGY 1996~VOL. 15,NO. 2

Square Crossed Immobility Rearing Fecal Pellets

Groups n (N) (s) (N) ™)
Control 1

(ACSF) I 122.6 + 124 32952 229+33 59 +0.38
ANP

100 ng/rat 6 1482 £ 11.4 249 * 36 325*56 46=*09

200 ng/rat 6 167.2 = 13.6¢ 19.4 = 3.87 392 £3.9¢ 322097

500 ng/rat 6 182.9 = 9.67 16.2 + 2.0¢ 512 * 2.6 2.0 + 0.67
Control I

(Saline) 10 132.0 = 10.6 28.6 + 3.7 202 *+29 50*09
Lorazepam

(0.5 mg/kg) 6 178.0 = 8.47

“Statistical significance at p < .05, compared with the respective vehicle-treated control groups (Tukey test). Results are means + SEM.

arms (means = SEM) in the ACSF-treated control group
were 6.8 * (.6 and 14.2 + 09, and 38.4 *+ 6.2 and 1922 +
13.6, respectively. Reciprocal values in the saline-treated
control group were 7.9 * 0.9 and 13.6 + 0.8, and 40.4 +
7.6 and 182.7 = 19.3, respectively.

Social Interaction Test

ANP (200 and 500 ng/rat ICV) and lorazepam (0.5 mg/
kg IP) increased the total time spent by the paired rats
In social interaction without significantly affecting loco-
motor activity. However, the effect of ANP (100 ng/rat)
was not significant in this test (Table 4).

Novelty-Suppressed Feeding Test

ANP (200 and 500 ng/rat ICV) and lorazepam (0.5 mg/
kg IP) significantly reduced the latency to feed in an un-
familiar environment, compared with the feeding latency
of vehicle-treated rats. The effect of ANP (100 ng/rat)
was not significant. Neither drug significantly altered
the latency in rats kept in the familiar environment of
the home cage (Table 5).

Rotarod Test

ANP (100, 200, and 500 ng/rat ICV) and lorazepam (0.5
mg/kg IP) had marginal and non-significant (x2 test) ef-
fects on this test. The performance deficit (n = 10 in
each group) with ANP (100, 200, and 500 ng/rat) and
lorazepam was 0%, 20%, 10%, and 20%, respectively.

Effects of Isatin and Flumazenil on Anxiolytic
Actions of ANP and Lorazepam

The significant increase in the number of entries and
time spent on the open arms of the elevated plus-maze
induced by ANP (200 and 500 mg/rat ICV) and

le.6 = 1.97 56.6 = 3.8¢

22+ 068

lorazepam (0.5 mg/kg IP) was interpreted as an index
of their anti-anxiety activity. Both isatin (10 mg/kg IP)
and flumazenil (5 mg/kg IP) reduced the time spent
and number of entries on the open arms, though the ef-
fects were not significant. Isatin significantly reduced
the anxiolytic action of ANP (200 and 500 ng/rat ICV)
without affecting the action of lorazepam (0.5 mg/ kg
IP). Flumazenil markedly attenuated the anxiolytic ef-
fect of lorazepam without significantly affecting the ac-
tion of either dose of ANP (Figure 1).

DISCUSSION

The present investigation indicates that ICV-adminis-
tered ANP induces anxiolytic activity in rats, an effect
comparable with that of the benzodiazepine (BDZ)

Table 2. Effects of ICV ANP and Lorazepam on total
number of entries on both open and closed arms of the
elevated plus-maze in rats

Total
Number

Groups n of Entries
Control

(ACSF) 16 21,0+ 08
ANP

100 ng/rat 5 19612

200 ng/rat 6 184+ 14

500 ng/rat 6 180+ 1.6
Control II

(Saline) 8 215+ 09
Lorazepam

(0.5 mg/kg) 6 192+ 16

None of the drug-treated values were statistically significant in com-
parison to the respective control data (Tukey test).
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Table 3. Effects of ICV ANP and Lorazepam in the Elevated Plus-Maze Test in Rats

Time Spent on Increase Entries on Increase

Groups n Open Arms (%) (%) Open Arms (%) (%)
Control I

(ACSF) 16 238+ 438 — 34.6 + 5.0 —
ANP

100 ng/rat 5 349 +52 46.6 439 + 4.6 269

200 ng/rat 6 444 = 3.8" 86.5 529 = 3.67 52.9

500 ng/rat 6 52.8 = 327 122.0 65.6 £ 2.9 89.6
Control 11

(Saline) 8 286 =39 — 368 =43 —
Lorazepam

(0.5 mg/kg) 6 59.9 = 2.6° 109.4 68.4 = 2.6 85.9

A5tatistical significance at p < .05, compared with the respective vehicle-treated control groups (Tukey test). Results are means = SEM.

lorazepam, as assessed by their effects on a number of
paradigms subjected to thorough critical appraisal and
validated as animal models of clinical anxiety (Bodnoff
et al. 1988; Lister 1990). Thus, both drugs increased am-
bulation and rearing while decreasing immobility and
defecation in the open-field test. They also augmented
the duration of stay and number of entries on the open
arms of the elevated plus-maze, as well as the duration
of social interaction in paired rats. Both drugs de-
creased the feeding latency of 48-hour food-deprived
rats in a novel environment without affecting feeding
latency in the home cage. All these models are based on
the assumption that when naive rats are placed in an
unfamiliar environment, they experience emotional
conflict, which is reflected by a diminution in normal
behavior patterns (Lister 1990). These behavioral per-
turbations are accentuated by anxiogenic agents and at-
tenuated by anxiolytics under identical experimental
conditions (Bodnoff et al. 1988; Lister 1990). An essen-
tial prerequisite is that the proposed anxiolytic agent

should not induce significant motor deficit in the doses
used (Griebel et al. 1993), a condition maintained in this
study, as indicated by the absence of any significant al-
teration in locomotor activity induced by either ANP or
lorazepam and the absence of motor deficit in the ro-
tarod test.

An earlier investigation (Heilig et al. 1992) has indi-
cated that ANP does not exhibit significant anxiolytic-like
activity when tested in an operant conflict paradigm,
the Geller-Seifter test. The reason for this discrepancy is
not apparent. However, buspirone and related anxi-
olytic agents have been reported to have insignificant
effects on the traditional conflict-type animal models of
anxiety, including the Geller-Seifter and Vogel-type pro-
cedures in rats (Barrett and Vanover 1993). The conflict
procedures used in the evaluation and development of
benzodiazepines were considered problematic even be-
fore the introduction of buspirone because they used
electric shock, food or water deprivation, and learned
behavior (Chopin and Briley 1987). These concerns re-

Table 4. Effects of ICV ANP and IP Lorazepam in the Social Interaction Test in Paired Rats and on Locomotor Activity

Time Spent in

n Social Interaction Increase Locomotor

Groups (pairs) (%) (%) n Activity (counts)
Control 1

(ACSF) 10 319 + 46 — 20 142.6 *+ 26.4
ANP

100 ng/rat 5 39.6 £ 39 24.1 10 139.4 = 16.9

200 ng/rat 6 492 + 3.87 54.2 12 136.4 = 19.7

500 ng/rat 6 64.3 + 2.87 101.6 12 126.8 + 22.4
Control II

(Saline) 6 362+ 39 12 116.6 = 28.2
Lorazepam

(0.5 mg/kg) 6 68.4 + 4.37 88.9 12 122.9 = 19.6

“Statistical significance at p < .05 compared with the respective vehicle-treated control groups (Tukey test). Results are means * SEM.
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Table 5. Effects of ICV ANP and IP Lorazepam on Feeding Latency of 48-Hour Food-Deprived Rats in Unfamiliar and

Familiar Environments

Latency to Latency to
feed in home Percent feed in test Percent

Groups n cage(s) decrease chamber(s) decrease
Control

(ACSF) 8 59.6 + 6.8 — 169.2 + 19.6 —
ANP

100 ng/rat 5 504+ 6.8 15.4 126.2 + 21.9 29.8

200 ng/rat 6 482 + 4.6 19.1 926 x 7.8 45.3

500 ng/rat 6 446 =538 25.2 61.6 = 4.0¢ 63.6
Control 11

(Saline) 8 542 *59 — 1784 = 16.3 —
Lorazepam

(0.5 mg/kg) 6 442 +39 19.5 842 +8.2¢ 52.8

“Statistical significance at p << .05 compared with the respective vehicle-treated control groups (Tukey test). Results are means = SEM.

volved around the potential limitations or complica-
tions of using electric shock to suppress responding, a
behavior which is not as “natural” as the response to
aversive situations. Benzodiazepines increase food and
water consumption, which could vitiate results depend-
ing on anxiolytic-like activity based on increased food
or water intake (Barrett and Vanover 1993). Operant be-
havior is considered less useful than unconditional pro-
cedures (used in the present investigation) because the

80 Percentage (Means+SEM)

70
60
50
40

30

F

latter take more species-relevant behaviors into consid-
eration, do not involve a learned component, and retain
predictive validity (Lister 1990).

Practically all the experimental methods previously
used to establish the involvement of ANP in learning
processes have been based on fear-motivated attenua-
tion of memory functions (Bidzseranova et al. 1993),
and the effective doses of ANP were similar to those
found to induce anxiolysis in this study. It is, therefore,

I+A2 I1+A5 I+L F+A2 F+A5 F+L

Effects of isatin and flumazenil on ICV ANP and [P lorazepam actions on the elevated plus-maze test in rats.
Results are means = SEM. 4, Statistical significance at p < .05 compared with the respective vehicle-treated control groups;
b, statistical significance at p < .05 compared with the respective ANP or lorazepam-treated control group; C, control; A2,
ANP (200 ng/rat); A5, ANP (500 ng/rat); L, lorazepam (0.5 mg/kg); I, isatin; F, flumazenil; OA, open arms of the maze; solid
bars, time spent on OA (%); gray bars, OA entries (%). n = six animals in each group.

Figure 1.
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possible that at least part of the reported facilitative ef-
fect of ANP on learning and memory is caused by its
anxiety-attenuating effect.

As expected, flumazenil, a selective BDZ receptor an-
tagonist (Nutt 1988) attenuated the anxiolytic effect of
lorazepam, as assessed by the elevated plus-maze test.
The anxiolytic effect of ANP was, however, unchanged.
Conversely, isatin failed to alter the anxiolytic effect of
lorazepam but significantly diminished the anxiolytic
effect of ANP, which is consonant with the observation
that isatin may be an antagonist at ANP receptors and
has minimal affinity for BDZ receptors (Glover et al.
1988). The finding that ANP-induced anxiolysis is not
mediated via BDZ receptors may explain why unlike
the BDZs, it induces an antiamnesic effect and not am-
nesia (Ghoneim and Mewaldt 1990).

It has been shown that centrally administered ANP
preferentially decreases dopamine (DA) concentrations
in the septum and hypothalamus of the rat, where en-
dogenous ANP levels are highest and ANP receptors
predominate (Nakao et al. 1986). On the contrary, isatin,
in anxiogenic doses facilitates rat brain dopaminergic
activity (Bhattacharya and Acharya 1993). It was pro-
posed that this effect of isatin was due to stimulation of
5-hydroxytryptamine-3 (5-HTj3) receptors (Bhattacharya
and Acharya 1994), which function as heteroreceptors
modulating mesolimbic DA activity (Costall et al. 1990;
Wang et al. 1992). 5-HT; receptor antagonists were
found to inhibit the anxiogenic action of isatin and its
augmentation of rat brain DA levels (Bhattacharya and
Acharya 1994). There is evidence that 5-HT3 receptors
are involved in the modulation of anxiety, with anxio-
genic agents stimulating and anxiolytic agents, includ-
ing ondansetron, functioning as antagonists at these re-
ceptor sites (Costall et al. 1990; Bhattacharya and
Acharya 1994). This modulation may be induced by an
increase or decrease of mesolimbic dopaminergic activ-
ity by 5-HT; receptor agonists and antagonists, respec-
tively. It has been shown that the modulatory effect of
5-HT on dopaminergic activity is primarily mediated
through 5-HT; receptors (Wang et al. 1992; Raiteri et al.
1993). The octapeptide cholecystokinin (CCK), widely
distributed in the mammalian central system, has been
postulated to function as an endogenous anxiogenic
peptide based on extensive preclinical and clinical evi-
dence (Harro and Vasar 19991; Lydiard 1994). Like
isatin, the anxiogenic action of CCK in rats has been
shown to be, at least partly, mediated through a 5-HT3
receptor-DA nexus (Raiteri et al. 1993).

The 4l-amino acid neuropeptide corticotropin-
releasing factor (CRF) appears to play a pivotal role in
stress and anxiety (Nemeroff 1992). ANP has been
shown to inhibit CRF-mediated adrenocorticotrophic
hormone (ACTH) release (Fink et al. 1991) and to lower
plasma cortisol levels (Weidman et al. 1989). On the
contrary, vasopressin, which induces physiological ef-

Anxiolytic Action of ANP 205

fects contrary to those of ANP, produces anxiogenic ef-
fects (Swedo et al. 1992) and promotes the release of
ACTH (Sklar and Schrier 1983). Interestingly, vaso-
pressin promotes the release of neuronal DA (Sklar and
Schrier 1983), and intraventricular administration of
DA is associated with an antidiuretic effect (Bridges et
al. 1976). Isatin has been shown to have an antidiuretic
effect in rats (Hota and Acharya 1994) and to inhibit the
diuretic and natriuretic effects of centrally administered
ANP (unpublished data).

The present study demonstrates the anxiolytic action
of ANP in a range of animal models and its antagonism
by isatin, but not by flumazenil, and adds additional ev-
idence to a theory of anxiomodulation by a non-BDZ
system and a likely interaction between control of anxi-
ety and natriuresis.
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