taste quality reaction time (/6). In
addition, when humans are presented
NaCl or sucrose solutions for 700 to
800 msec, they receive enough infor-
mation to quantitatively estimate con-
centration (/7).

Most neurophysiological models of
taste quality categorization and of
gustatory receptor kinetics (2, 7) have
not systematically utilized the activity
from the early phasic response period.
It is well known in other sensory sys-
tems that the transient or phasic por-
tions of activity are most important,
and incorporation of these behaviorally
relevant temporal properties of gusta-
tory response into such models may
produce an improved understanding of
taste and other sensory systems.

Bruce P. HALPERN

DANIEL N. TAPPER
Departments of Psychology and
Physical Biology and Section of
Neurobiology and Behavior, Cornell
University, Ithaca, New York 14850
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Melatonin: Effect on Punished and Nonpunished

Operant Behavior of the Pigeon

Abstract. Intramuscular injections of melatonin had a dose-dependent, rate-
increasing effect on responding maintained by a fixed-interval schedule of positive
reinforcement. When a punishment contingency was added to the fixed-interval
schedule, the overall rates were not increased although responding was increased

during the initial part of each interval.

Melatonin, a major constituent of
the pineal gland (/), has effects on
many endocrine systems (2, 3). In ad-
dition, systemic or intracerebral admin-
istration of melatonin to cats or sys-
temic administration to young chickens
produces sleep and corresponding
changes in the electroencephalogram
(4). A slight decrease in motor activity
occurs after administration of low
doses to rats (5). In a study of the
central metabolic effects of melatonin
(6), both increased and decreased levels
of serotonin were found after intra-
peritoneal injection. The direction of
the change was dependent upon the
brain region sampled. This finding and
the experimental work implicating sero-
tonin in the mechanism underlying
sleep production (7) have led to the
suggestion that serotonin derivatives
found in the pineal gland readily gain
access to the central nervous system
where they modify the function of
serotonin-containing neurons (3).

In the following experiments I have
studied the effect of melatonin on
punished and nonpunished key-pecking
behavior of the pigeon. It has thus been
possible to determine the behavioral
effects of melatonin in situations in
which a wide variety of compounds has

been studied (8). The present study
also makes possible a comparison of the
behavioral effects of melatonin with
those of agents presumed to alter the
function of central neurons containing
serotonin, since punished and non-
punished schedules of reinforcement
have been previously utilized to study
the behavioral effects of serotonin
agonist and antagonist drugs (9).

Eight adult, male, White Carneaux
pigeons were housed in individual cages
and maintained at 80 percent of their
free-feeding weights. All birds had been
previously trained and used in drug
experiments. Four birds were trained on
a multiple fixed-interval 5-minute fixed-
ratio 30-response schedule (multiple
FI 5 FR 30) and the other birds were
trained on a concurrent fixed-interval
S-minute (food) fixed-ratio 30 (shock)
schedule (concurrent FI 5 FR 30).

The experimental chamber was simi-
lar to that described by Ferster and
Skinner (/0). A translucent key, 2 cm
in diameter, was mounted in the parti-
tion wall of the chamber facing the
animal compartment. The key could be
transilluminated with lights of different
colors. The minimum force required to
operate the key was about 15 g. A
rectangular opening below the response
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key gave occasional access to the feeder.
The animal compartment was illu-
minated by a 25-watt bulb in series with
a resistance of 300 ohms. White noise
was continually present.

The multiple FI FR schedule has
been described in detail elsewhere (10).
When the response key was transillu-
minated with a red light, the first peck
after 5 minutes was reinforced with 3
seconds of access to the food magazine
(FI 5). In the presence of a blue light
the 30th response was reinforced (FR
30). If no response occurred within
60 seconds of the end of a 5-minute
interval or if 30 responses did not occur
during 60 seconds under the FR 30
schedule (1-minute limited hold), the
schedule automatically switched to the
next component. The FI and FR com-
ponents alternated. After a sequence of
one FI and one FR a time-out period of
0.5 minute occurred during which both
the key and house lights were off and
responses had no programed conse-
quences. Each session ended automati-
cally after 20 cycles.

The concurrent FI FR schedule em-
ployed in the present experiments has
been described by Wuttke and Kelleher
(11). In the presence of a white key
light the pigeons responded under a FI
5 schedule of food presentation as de-
scribed above. In addition, every 30th
response produced an electric shock (3
ma for 200 msec, 650 volts, 60 hertz)
administered through gold wire elec-
trodes implanted around the pubic
bones. The electrodes were attached to
a permanent leather harness (/2). Dur-
ing the experimental session a jack was
attached to a plug in the harness. The
jack was connected to a swivel mounted
in one of the side walls of the chamber
by means of flexible electric wire, per-
mitting the bird to move freely inside
the experimental box. A 1-minute
limited hold terminated the FI 5 auto-
matically when the pigeon did not re-
spond after the 5-minute period. A
0.5-minute time-out (TO) period oc-
curred after each FI. The experimental
session was composed of a sequence of
20 cycles (FI 5 TO 0.5).

The experiments were conducted
daily from Monday through Friday.

Melatonin (Regis Chemical Co., Chi-

cago) was dissolved in warm distilled
water (I3) and administered (intra-
muscularly) immediately before the
daily session on Tuesday and Friday.
The Thursday session was used for con-
trol data.

The pattern of responding generated
by the multiple FI FR schedule was

26 MARCH 1971

Table 1. Effect of melatonin on punished responding during first and last half of each fixed interval.

Number of key pecks

Dose First hal Last hal N*
(mg/kg) irst halves ast halves
of intervals of intervals Total
Control 35 (30-40)t 306 (280-334)+ 341 (310-374)% 6
1 117 218 335 3
3 140 234 374 3
10 78 93 171 3

* Number of observations.  Mean number of

typical of these schedules (10). Dur-
ing the FI component responding was
very low in the initial part of the in-
terval and then rapidly accelerated to
a high rate that was sustained until re-
inforcement. In the FR component a
short initial pause of a few seconds’
duration was followed by responding at
a high constant rate (Fig. 1).

The administration of 0.1 to 3.0 mg
of melatonin per kilogram produced an
increase in the response rate during the
FI component, most noticeable in the
initial portion of each interval (Fig.
1). It should be noted that even after a
0.01 mg/kg dose a tendency for re-
sponding to be elevated during the first
few intervals of each session was ob-
served, but, owing to the brief duration
of this effect, the overall rate was not

responses (and range).

elevated above the control range. This
may be because of the short half-life
of melatonin in the blood (I14). No
change in the response rate during the
FR component was observed until after
the highest dose of melatonin (10
mg/kg). At this point both FI respond-
ing and FR responding were decreased.
The effect of melatonin on multiple FI
FR performance is similar to the effect
of the serotonin antagonists previously.
studied (9) in that these compounds
also produced dose-dependent increases
in the FI response rate and then de-
creased responding in both components
at higher doses. With the serotonin
antagonists, however, a slight increase
in FR responding was also noted.

In contrast to its effect on the FI
component of the multiple schedule.

Control

0.1 mg/ke

400 responses

10.0 mg/kg

—
10 min

Fig. 1. Representative cumulative records of performance of one pigeon (No. 176) on
the multiple FI 5 FR 30 schedule during. control session and after various doses of

melatonin (intramuscularly) immediately

before the session. Key-pecking responses

were cumulatively recorded by upward movements of the recording pen; resetting to
base line occurred after completion of the FR component. Vertical deflection of the
recording pen indicates food reinforcement. Vertical deflection of the event pen indicates
duration of the FR component. Note shorter initial pause in FI components after melatonin.
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melatonin did not increase the overall
rate of responding during the punished
FI (Table 1). Again, however, there
was a noticeable increase in responding
during the beginning of each interval
(Table 1) even though responding was
slightly suppressed at the end of each
interval.

The behavioral effects of melatonin
differ from those of other compounds
whose effects on punished and non-
punished behavior have been studied.
Several drugs which can produce sleep,
including barbiturates and benzodiaze-
pines, are able to increase both non-
punished and punished FI response
rates (8, 11). It is not inconsistent that
melatonin administration, which has
been reported to induce sleep, should be
followed by increased responding on a
nonpunished FI schedule. Since mela-
tonin did not increase the overall rate
of responding during the punished FI, it
can be distinguished from these sedative
drugs. Imipramine, d-amphetamine, and
phenothiazine derivatives can- also in-
crease nonpunished responding, but
appear only to enhance the suppressant
effect of punishment (11, 15).

A comparison of the effects of mela-
tonin on key-pecking behavior with
those, previously reported (9), of the
two serotonin antagonists, methysergide
and bromolysergic acid, and those of
the serotonin agonist, alpha-methyl-
tryptamine, further indicates the unique-
ness of melatonin. The two antagonists
increased the overall rate of responding
during both punished and nonpunished
schedules, while the agonist had only
rate-decreasing effects. It would appear
that the behavioral effects of melatonin
are not simply due to its mimicking or
antagonizing the action of serotonin.

The present study demonstrates that
the peripheral administration of mela-
tonin produces effects on behavior
which vary with the schedule of rein-
forcement. These results are consistent
with the proposal that serotonin deriva-
tives found in the pineal gland can
modify central nervous system function
and support a role for the pineal in the
modulation of behavior.

R. I. SCHOENFELD
Department of Pharmacology,
Harvard Medical School,
Boston, Massachusetts 02115
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Maternally Derived Transferrin in Pigeon Squabs

Abstract. With the use of genetically marked transferrin, a major portion of
circulating transferrin from a newly hatched squab was found to be derived from
the mother through the egg. The transfer is not through the parental crop milk.
The squab does not accumulate enough transferrin of its own making to be
detectable until it is about 8 days old. The maternally derived protein remains
detectable until 14 days after hatching. The squab actively synthesizes a portion
its own transferrin from hatching onward.

Transferrin is a nonheme iron-bind-
ing protein (1) that is widely distrib-
uted throughout the chordates from
lamprey to man (2). One of its prin-
cipal functions is the transport of iron
to reticulocytes for incorporation into
hemoglobin (3). It may be important
in nonspecific resistance to disease, as
well as for its iron transport function.
Transferrin has been found to be poly-
morphic in most species, the products
of different alleles usually differing in
electrophoretic mobility (4).

Although the development of trans- .

ferrin has been studied in several mam-
malian species, including mouse, rabbit,
and man (5), I am not aware of any
reports on developmental studies of
transferrin in birds. In mammals, there
is very little transport of transferrin to
the developing fetus (6); in this, trans-
ferrin differs from certain immunoglob-
ulins, which are known to be trans-
ported intact to the embryo.

Pigeons have been shown to be poly-
morphic at a transferrin locus, and have
only two reported variants, TfA and
TfB® (7). The alleles are inherited as
autosomal codominants, and in popu-
lations so far examined they are present
in nearly equal frequency. Transferrin
is found in the pigeon blood, egg white,
egg yolk, crop milk, and probably in
the semen. In all these fluids it is under
the control of the same gene. In pigeons,

which differ in this respect from chick-
ens (8), the electrophoretic mobility of
transferrin in all these fluids is identi-
cal. In this report, therefore, transferrin
derived from egg white will not be dis-
tinguished by the specific term ovo-
transferrin, which is often used.
Pigeons (Columba livia) were main-
tained in the laboratory in mating cages
(1 pair per cage) or in large fly-pens.
Eggs were checked daily and the day
of hatching was designated as day 0.
For adults and squabs over 4 days
old, when more than 0.5 ml of blood
was to be removed, the birds were bled
from the brachial ‘vein by syringe and
needle. The blood was allowed to clot
and the serum was collected. For
younger birds, blood was collected di-
rectly onto filter paper for electropho-
resis. In order to determine whether this
would give consistent serum patterns,
several squabs were killed by exsangui-
nation and their serums were collected.
The results for collection by filter paper
and by syringe were identical.
Transferrin typing was carried out on
horizontal starch gels by the use of
tris—citric acid buffer (pH 7.5) in the
gel and borate buffer (pH 8.7) as elec-
trolyte (9). An ice pack was placed on
top of the gel to prevent excessive
heating; the gels were stained with Coo-
massie blue.
Antibodies to pigeon transferrin were
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