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ABSTRACT
The study was conducted on fifteen 16-month Leghorn hens raised in cages under standard
feeding conditions and lighting 14L: 10D (light from 7.00 to 21.00). The control group comprised hens
that did not undergo any procedure, the second control group underwent a mock operation, while the
experimental group was subjected to pinealectomy. The procedures were carried out under general
anesthesia. Oxygen consumption was measured and rectal temperature recorded during the light
(10.00-15.00 h) and dark (22.00 -3.00 h) periods of the day. Feed intake was recorded for the periods
between 7.00-15.00 and 15.00-7.00 h. It was found that pinealectomy significantly increased
nocturnal oxygen consumption and rectal temperature. Pinealectomized hens consumed considerably more feed during the day, particularly in the afternoon and at night. These results show that
pinealectomy in adult hens modifies circadian metabolic rate and feed intake.
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INTRODUCTION

Several physiological processes in birds change according to a set rhythm,
synchronized with changes in lighting under standard maintenance conditions.
Circadian patterns have been found for feed intake (Savory, 1980; Buyse et al.,
1993), metabolic rate (Mac Leod et al., 1980; Mac Leod and Jewitt, 1984) and
rectal temperature (Kadano and Besch, 1978; John and George, 1984). The
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pineal gland mediates the effects of light on an organism, and its hormone,
melatonin, has several important physiological functions. It has been found that
administering large doses of melatonin decreases feed consumption by chicks
and induces sleep (Bermudez et al., 1983). Melatonin infusions also restore sleep
suppressed in pigeons exposed to continuous light (Philips and Berger et al.,
1992). Since it was found that pinealectomy significantly increases feed
consumption in young cockerels (Injidi and Fobres, 1983), an experiment was
undertaken to determine the effect of pinealectomy on oxygen consumption,
rectal temperature and feed consumption in adult hens.

MATERIAL AND METHODS
The experiment was carried out on 15 Leghorn hens aged 16 months, with an
average body weight of 2 kg, that were in their first laying period. The birds were
raised in cages and fed DJ mixture* to appetite with free access to water. The
photoperiod in the room was 14 h of light and 10 h of darkness (light from 7.00 to
21.00 h). The birds were divided into three groups. The control group was not
subjected to any procedure, the second control group underwent a mock
operation, while the experimental group underwent pinealectomy. The procedures were carried out under general anesthesia, induced by iv. administration of
xylazine at a dose of 2 mg/kg body weight, supplemented by ketamine injection.
The completeness of pineal resection was assessed histologically and anatomically after sacrificing the hens.
After the wound healed, oxygen consumption and rectal temperature were
measured for 10 days during the light (10.00-15.00 h) and dark (22.00-3.00 h)
phases. The light cycle in the measuring chamber was adjusted to the lighting
conditions in the room. The hens did not fast before the measurements were
made. Oxygen consumption was measured using a universal MG-4 type
(Kipp-Zonen) diaferometer. Following weighing, the birds were placed individually in the measuring chamber, and after 30 min of adaptation, oxygen
consumption was measured for 1 h. The air temperature in the chamber was
20°C. After the determination, the rectal temperature was measured in the cloaca
at a depth of 4 cm with a thermistor thermometer (PG 102). During the 10-day
period of the experiment, feed consumption between 7.00-15.00 and 15.00-7.00 h
was monitored.
The obtained results were subjected to variance analysis; the significance of
differences was assessed by the Duncan test.
* Commercial mixture, contained 10.9 MJ E M and 16% CP/kg
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RESULTS A N D DISCUSSION

The metabolic rate of birds is characterized, among others, by a circadian
rhythm. Heat production in adult hens is highest during the day and drops to
about 60-67% of this value at night (Mac Leod et al., 1980; Mac Leod and Jewitt,
1984).
In our study, diurnal oxygen consumption (Figure 1) of control group hens
was 0.762 + 0.031 cm 0 /h/g body weight and 0.66 + 0.12 cm 0 /h/g at night.
This difference was significant (P^0.05). In the group of hens that underwent
a mock operation, without resection of the pineal gland, diurnal oxygen
consumption equaled 0.782 + 0.052 cm 0 /h/g and 0.626 + 0.023 cm 0 /h/g at
night. These differences were also significant (P^0.05). Diurnal oxygen
consumption in pinealectomized hens was 0.800 + 0.035 cm 0 /h/g and was only
slightly higher than in the control groups, while in contrast with the controls,
nocturnal consumption only slightly decreased: 0.767 + 0.045 cm 0 /h/g.
Under normal conditions, the plasma melatonin level in hens is low during the
day and increases 4-5 fold at night (Liou et al., 1987). It can be presumed that the
high level of this hormone during the dark period is related to the decline in the
metabolic rate occurring at this time. This conclusion is supported by the results
of Bermudez et al. (1983) who showed that injections of melatonin significantly
decrease oxygen consumption in young cockerels. In the present experiment, we
did not measure the plasma melatonin level in hens, but the literature data
indicate that pinealectomy completely destroys the circadian rhythm of plasma
melatonin levels (Pelham, 1975; Cogburn et al., 1987). The lack of a night-time
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Figure 1. The effect of pinealectomy on oxygen consumption in hens
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rise in melatonin in the blood may explain why no significant differences in
oxygen consumption were found in the pinealectomized group during the
photocycle.
Changes in the metabolic rate of pinealectomized hens were reflected in their
body temperature. The rectal temperature of hens (Table 1) during the light
period in the control groups ranged, on average, from 41.52 to 41.56°C, and was
somewhat higher in the experimental group, 41.62°C. These differences was not,
however, significant (P^0.05), but the nocturnal decline was significant
(P^O.01). In the control group, the average daily variations in the rectal
temperature equaled 1.08 and 0.96°C, while in the experimental group, 0.56°C.
Similar circadian changes in rectal temperatures in birds were observed by
Woodard and Mather (1964). In studies carried out on adult roosters, Kadono
and Besch (1978) showed that, among others, the rectal temperature of birds
maintained at ambient temperatures (23°C) and photoperiod of 12L:12D (light
during 7.00-18.00) reached a peak value (41.7-41.9°C) between 13.00-15.00, while
the lowest (41.0-41.1°C) between 23.00-3.00 h. Daily temperature fluctuation
equaled 0.9°C and was similar to that found in the control group of hens in our
experiment.
The role of the pineal gland in regulating the circadian rhythm of bird body
temperature has been the subject of many studies, which have not, however,
provided unequivocal results. Binkely et al. (1971) showed that pinealectomy in
the common sparrow {Passer domesticus) suppresses the circadian rhythm of
rectal temperature under conditions of constant darkness. In the present study,
the nocturnal rectal temperature of pinealectomized hens was significantly
higher than in control birds, while the diurnal differences were slight and
insignificant. John and George (1984) found hyperthermia in pigeons (Columba
livid) in the first and second week after pinealectomy, both in the light and dark
phases of the day. These results were not reproduced at a later period following
the operation. On the other hand, Cogburn et al. (1979) showed that
pinealectomy at the age of 8-9 days decreased the rectal temperature in 3-week

TABLE l
The effect of pinealectomy on hen rectal temperature, °C
Group

Photoperiod
Light phase
(10.00-15.00)

Control
Mock operation
Pinealectomy
a, b - P ^ 0 . 0 5 ; A B - P ^ 0 . 0 1

41.56±0.09
41.52±0.08
41.62 ± 0 . 0 8

a

a

a

Dark phase
(22.00-3.00)
40.48 ± 0 . 1 2
40.56±0.12
41.06±0.09

Aa

a

Bb
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TABLE 2
The effect of pinealectomy on feed consumption of hens during the day, g/hen
Group

Time of day, h
7.00-15.00

Controls + mock operation
Pinealectomized

60.3±6.97
85.3±9.26

24 h

15.00-7.00
a

b

A

82.3±2.84
118.3±9.31

A

B

142.6 ± 8 . 4 9
204.2 ± 1 2 . 1 3

B

a, b - P ^ 0 . 0 5 ; A B - P ^ 0 . 0 1

cockerels by 0.5°C during the light period and by 0.6°C in the dark phase of the
day. There were no significant differences found, however, in the rectal
temperatures of 8-week pinealectomized cockerels maintained at a temperature
of 23°C (Cogburn and Harrison, 1980), while the lower body temperature of
these birds when the surroundings has a temperature of 37°C illustrates,
according to these authors, the interrelationship between pinealectomy and the
ambient temperature.
The differences in metabolic rate and rectal temperature in the studied group
of birds could also have been the result of the degree of filling of the digestive
tract. Analysis of feed consumption (Table 2) showed that the pinealectomized
hens ate 29.5% more feed between 7.00-15.00 and 43.9% more during 15.00-7.00
than the control groups. Together, over the entire 24-h period the experimental
hens consumed 204.2 g/hen feed, while the control hens, 142.6 g/hen (P^O.01).
Adult hens maintained under a standard photoperiod usually do not eat at
night if the dark period does not exceed 12 h; feeding is almost entirely limited to
daylight hours, and is more intense in the morning and late afternoon.
In our study, the experimental hens consumed more feed in the afternoon and
at night in comparison with the controls, which suggests that pinealectomy
increases feed intake, particularly at night. This hypothesis is borne out by the
results of Injidi and Fobres (1983) who found that pinealectomized cockerels fed
during complete darkness, in contrast with control birds. On the other hand,
melatonin injections reduce feed intake and cause sleep (Bermudez et al., 1983;
Injidi and Fobres, 1983).
The results of this study show that pinealectomy modifies the circadian
feeding rhythm, oxygen consumption and rectal temperature of adult hens.
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STRESZCZENIE
Wptyw usuniecia szyszynki na zuzycie tlenu i temperature rektaln^ u dojrzafych kur
Badania przeprowadzono na 15 kurach rasy Leghorn w wieku 16 miesiecy odchowywanych
w klatkach w standardowych warunkach zywienia i oswietlenia 14L:10D (swiatlo od 7.00 do 21.00
godz.). Grup? kontroln^ stanowily kury nie poddane zadnemu zabiegowi, w drugiej grupie
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kontrolnej wykonano zabieg operacyjny bez usuwania szyszynki, natomiast w grupie doswiadczalnej
szyszynk? usuni^to. Wykonano pomiary zuzycia tlenu i temperatury rektalnej w fazie swietlnej dnia
(godz. 10.00-15.00) oraz w fazie ciemnej (godz. 22.00-3.00), oraz kontrolowano pobieranie paszy
w godz. 7.00-15.00 i 15.00-7.00.
Stwierdzono, ze pinealektomia istotnie zwi^ksza zuzycie tlenu i temperature rektalna, kur w porze
nocnej. Kury pozbawione szyszynki pobieraly istotnie wiecej paszy w ci^gu doby, szczegolnie po
pomdniu i noc^.
Uzyskane wyniki wskazuj^, ze pinealektomia u doroslych kur modyfkuje okolodobowy rytm
tempa metabolizmu i pobierania pokarmu.

