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Abstract. Concentrations of prolactin in serum increased 1.8- to 7.8-fold within 6 weeks after
duration of daily light was shifted from 8 to 16 hr. In comparison with cool-white fluorescent
light, this increment in concentration of prolactin was similar when a light source that simulates
natural sunlight (Vita-Lite), or incandescent, high-pressure sodium, or mercury vapor lamps were
used. Regardless of light source, increasing the duration of daily light from 8 to 16 hr during
warmer months (Aug) resulted in a greater magnitude of increase in mean prolactin concentrations
as compared with increases observed during cooler months (Feb). We conclude that in prepubertal
bulls, secretion of prolactin increases similarly when duration of light from lamps with different
spectral properties is increased from 8 to 16 hr daily.

Previous studies in calves showed that as
daily illumination increased from 8 to 16 hr
(8L:16D to 16L.:8D), prolactin (PRL) in serum
increased about 3-fold (1, 2). Leining et al.
(3) increased PRL in serum of bull calves using
8 hr of cool-white fluorescent plus 8 hr of red
(550-750 nm) or blue (300-425 nm) light (16
hr daily total) in comparison with 8 hr of cool-
white fluorescent light per day. Other studies
have confirmed the stimulatory effects of long
versus short exposures to daily light on PRL
in mature rams and ewes (4-7) and lambs (8).

The objective of our study was to examine
light sources with different efficiencies and
spectral properties for their potential to stim-
ulate PRL release in comparison with cool-
white fluorescent light. Efficiencies of the
lamps used in these experiments ranged from
20 lumens/W (Ipw) for incandescent to 75
Ipw for high-pressure sodium lamps.

Materials and Methods. Prepubertal bulls
were exposed to an 8L:16D photoperiod (cool-
white fluorescent) for 8 weeks, then a 16L:8D
photoperiod for 6 additional weeks using Vita-
Lite fluorescent (Duro-Test 1157), incandes-
cent (General Electric 200A), high-pressure
sodium (General Electric LU70/BU), or mer-
cury vapor (General Electric H175A3922)
lamps in comparison with a 16L:8D photo-
period of cool-white fluorescent light (General
Electric FAOCW/RS/WM). Spectral charac-
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teristics of each lamp are shown in Fig.
1 (9-11).

Calves and environmental chambers. The
following design was repeated in four separate
experiments to test each type of lamp. Eight
Holstein bull calves were placed in a light-
controlled room at approximately 3 days of
age. Ambient temperatures were not con-
trolled. Within the room, calves were indi-
vidually penned in a 1.1-m wide X 1.8-m long
stall. Cool-white fluorescent lamps were lo-
cated above the calves, and mean light inten-
sity was 212 Ix at eye level of the calves. Lights
were programmed on at 0700 hr and off at
1500 hr (8L:16D). Thus, calves were raised to
weaning in a consistent short-light environ-
ment to establish low baseline concentrations
of PRL (3). After weaning at about 6 weeks
of age, bulls were moved to one of two light-
temperature-controlled chambers. Ambient
temperatures were maintained at 20 + 2°C.
Four calves were assigned to each light-tem-
perature chamber such that body weights were
approximately equal (71 = 1.8 kg). Animals
were housed unrestrained within each cham-
ber and were fed ad libitum Calf Starter (Ral-
ston Purina Co., St. Louis, Mo.), alfalfa hay,
a mineral supplement block, and water. The
photoperiod remained at 8L: 16D of cool-white
fluorescent light.

Blood sampling. Approximately 1.5 to 2.5
weeks after exposure to 8L:16D in the light-
temperature-controlled chambers (364 Ix for
all experiments), calves (approximately 8
weeks of age) were fitted with an indwelling



PHOTOPERIOD, LIGHT SOURCE, AND PROLACTIN

100

227

C.W. Fluorescent 100 Incandescent 100 Vita-Lite Fluorescent
50 50|
L 1 ) | ! Lo I ) L 1 L 1 1
400 600 800 400 600 800 400 600 800
A (nm) A (hm) Anm)
100 Mercury Vapor 100 High Pressure Sodium
50 50
400 600 800 400 600 800
A (nm) X (nm)

FIG. 1. Spectral characteristics of five different lamp types. Panels show the relative power (ordinate)
between the spectral range (abscissa) of ultraviolet (300 nm) to infrared (800 nm).

Jjugular cannula (Ico-Rally Corp. SLV 105 18
clr.) and bled the following day. At 0700 hr
on the day of sampling, the animals were re-
strained with halters and blood was sampled
and discarded at 15-min intervals for 1 hr to
accustom animals to the sampling procedure.
After the presampling period, blood was col-
lected for 6 hr at 30-min intervals. Cannulae
were filled with 3.5% sodium citrate between
samplings to prevent coagulation. Blood sam-
ples were allowed to clot for 6 to 8 hr at room
temperature and stored for 24 hr at 5°C, then
centrifuged at approximately 1000g for 20
min. Serum was decanted and frozen at
—20°C until assayed for PRL (12).

After these initial blood samples were col-
lected during exposure to 8L:16D, photope-
riod was shifted to 16L:8D (0300-1900 hr)
for an additional 6 weeks. Four calves in one
chamber were exposed to Vita-Lite fluorescent
(Experiment 1), incandescent (Experiment 2),
high-pressure sodium (Experiment 3), or mer-
cury vapor (Experiment 4) light sources in
four separate trials. A 16L:8D photoperiod of
cool-white fluorescent light was used as the
control treatment for the second group of four
calves in each trial. Light intensities were
equalized between chambers within each trial.
The following are intensities (Ix) for each
lamp type and its cool-white fluorescent con-
trol: Vita-Lite (554, 622), incandescent (367,
365), high-pressure sodium (151, 121), mer-
cury vapor (232, 236). Venipuncture samples
were collected twice weekly during the 6 weeks

of 16L:8D. At the end of the 6-week exposure
to 16L:8D from each light source, calves (ap-
proximately 14 weeks of age) were cannulated
and blood was collected for 6 hr at 30-min
intervals. Ambient temperatures were re-
corded in each chamber at the time each blood
sample was collected. Feed and water were
available throughout blood sampling periods.

Hormone assay. Concentrations of PRL in
serum were quantified by double antibody ra-
dioimmunoassay as previously described (12).

Statistical analyses. A mean concentration
of PRL was calculated for each animal at the
6-hr bleeding times at Weeks 8 and 14. Data
from each experiment were analyzed using
split-plot analysis of variance to test for PRL
differences between bleeding periods. In ad-
dition to the model analysis, mean PRL con-
centrations of bleedings within each treatment
were compared using Student’s ¢ test, where
the first bleeding mean was compared with
the last bleeding mean. Split-plot analysis of
variance was also used to test for differences
in concentrations of PRL in samples collected
by venipuncture at 3-day intervals during the
experiments.

Results. Experiment 1. After 8 weeks ex-
posure to 8 hr of cool-white fluorescent light
per day prolactin averaged 32.7 and 35.6
(+4.7) ng/ml (P > 0.05) of serum collected at
30-min intervals for 6 hr for both groups of
four animals (Fig. 2A). Six weeks after bulls
were switched to 16 L from cool-white and
Vita-Lite fluorescent lamps PRL increased (P
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FIG. 2. Six-hour profiles of the effect of 8 hr of light per day (cool-white fluorescent) or 16 hr of light
per day from cool-white fluorescent, Vita-Lite fluorescent (A), incandescent (B), high-pressure sodium (C),
or mercury vapor (D) lamps on concentrations of prolactin in serum of prepubertal bulls. Samples were
collected by jugular cannula. There were four bulls per observation.

< 0.01) to an average of 66.8 and 53.2 (+6.1)
ng/ml, respectively (Fig. 2A). The PRL re-
sponse to these light source treatments did not
differ (P > 0.05). However there was an in-
teraction (P < 0.01) between light source and
time within the 6-hr sampling period. A linear
increase (P < 0.05) in PRL was observed over
the 6 weeks of the experiment in both groups
after the 16L:8D photoperiod was begun;
however, concentrations of PRL in response
to increased photoperiod were not different
(P > 0.05; Fig. 3A) between light sources.
Within comparable time frames, PRL con-
centrations tended to be higher in serum of
samples collected by venipuncture versus those
collected by cannulation.

Experiment 2. PRL averaged 10.6 and 9.5
(£1.9) ng/ml (P > 0.05; Fig. 2B) after 8 weeks
of 8 hr of fluorescent light each day. Six weeks
after photoperiod was shifted to 16L:8D of
cool-white fluorescent or incandescent lamps

PRL increased (P < 0.01) to an average of
71.0 and 85.4 (£15.1) ng/ml (Fig. 2B). The
incandescent light source did not differ (P
> 0.05) from cool-white fluorescent light in
terms of capacity to affect PRL concentrations
in the bulls. Concentrations of PRL decreased
(P < 0.01) in both groups exposed to incan-
descent and cool-white fluorescent over the 6-
hr period at Week 14.

In samples collected twice weekly through-
out the 6 weeks of 16L:8D, PRL concentra-
tions increased (P < 0.01) linearly over time
(Fig. 3B). PRL responses to the cool white
fluorescent and incandescent lamps were not
different (P > 0.05). Similarly to Experiment
1, PRL concentrations were generally elevated
in samples collected by venipuncture as com-
pared with collection by cannula.

Experiment 3. At Week 8, PRL averaged
9.7 and 10.1 (1.4) ng/ml of serum (P > 0.05)
during the 6-hr blood collection period (Fig.
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FIG. 3. Prolactin in serum from prepubertal bulls after switching from 8 hr per day of cool-white
fluorescent to 16 hr per day of cool-white fluorescent, Vita-Lite fluorescent (A), incandescent (B), high-
pressure sodium (C), or mercury vapor (D) lamps at Day 0. Samples were collected via jugular venipuncture.

There were four bulls per observation.

2C). Six weeks later PRL concentrations in-
creased (P < 0.01) to 41.4 and 46.7 (*5.2)
ng/ml after 16 hr/day exposure to light from
cool-white fluorescent and sodium lamps, re-
spectively (Fig. 2C). Source of light did not
affect the PRL increment (P > 0.05). Average
PRL concentrations declined (P < 0.01) over
the 6-hr interval in each group of calves given
16L:8D.

A linear increase (P < 0.01) in PRL con-
centrations over time was observed in twice
weekly samples collected between 8 and 14
weeks of age (Fig. 3C). Effectiveness of cool-
white fluorescent and sodium lamps on con-
centrations of PRL was not different (P
> 0.05). Concentrations of PRL were usually
greater in venipuncture samples than in sam-
ples collected by cannula.

Experiment 4. Eight weeks of 8 hr daily of
cool-white fluorescent light resulted in PRL
concentrations of 21.2 and 26.3 (33.8) ng/ml
of serum (P > 0.05) in each group of bulls
(Fig. 2D). After 6 weeks exposure to 16 hr/

day of either cool-white fluorescent or mercury
vapor lamps PRL increased (P < 0.05) to 52.9
and 53.8 (+6.3) ng/ml of serum in each group
respectively (Fig. 2D). PRL concentration de-
clined (P < 0.01) in each group of calves over
the 6-hr bleeding time after 6 weeks of 16L:8D.
Prolactin concentrations in calves exposed to
mercury vapor lamps did not differ (P > 0.05)
from concentrations in calves exposed to cool-
white fluorescent light.

After the shift of photoperiod from 8L:16D
to 16L:8D, blood samples collected twice
weekly showed a linear increase (P < 0.01) in
concentrations of PRL in each group (Fig.
3D). Both light sources stimulated PRL con-
centrations similarly (P > 0.05).

Month effects. Mean concentrations of PRL
over the 6-hr bleeding periods were increased
1.8- to 7.8-fold among all treatment groups,
when daily light exposure was increased from
8 to 16 hr (Fig. 4). Thus, all light sources
tested influenced average PRL concentrations
as effectively as cool-white fluorescent light.
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FIG. 4. Mean concentrations of prolactin in serum of prepubertal bulis after 8 weeks of 8L:16D (8L) or
6 weeks of 16L:8D (16L) from cool-white fluorescent or other light sources. There were four bulls per

observation.

However, experiments starting during cooler
months appeared to have greater initial
(8L:16D) concentrations of PRL when com-
pared with experiments starting during
warmer months. In addition, switching the
duration of daily light from 8 to 16 hr during
warmer months (Aug) resulted in a greater
magnitude of increase in mean PRL concen-
trations as compared with the changes ob-
served during cooler months (Feb).

Discussion. Sixteen hr of light from Vita-
Lite, incandescent, high-pressure sodium, or
mercury vapor lamps, each with different ef-
ficiencies and spectral properties stimulated
PRL secretion as effectively as cool-white flu-
orescent light. Although each of these light
sources stimulated PRL release, it is not
known if all these lamps will promote growth
rates and lactation (13).

The PRL response to an abrupt photoperiod
change (from 8L:16D to 16L:8D) with cool-
white fluorescent light is sluggish, it may take
a week or more to detect, and requires several
weeks to attain a maximum (1, 2). This rel-
atively slow response was confirmed in the
results of the present study with each light
source (Figs. 3A-D).

Within a given experiment, it was noted
that when photoperiod from cool-white flu-

orescent lamps was shifted from 8 to 16 hr of

light, PRL always increased. However, this

increase ranged from 1.8- to 7.8-fold depend-
ing upon the trial, even though the same breed,
age, ambient temperatures, photoperiod, pens,
and cool-white light sources were used in each
experiment. The magnitude of increase was
independent of light intensity differences.
Vines et al. (14) observed in dairy cattle that
the quantity of TRH-induced PRL release was
3 to 16 times greater in summer than in winter.
Examination of the current data (Fig. 4) shows
that experiments which started in February
(Experiments 1 and 4) had the least increase
in PRL over the 6-week period, whereas the
experiment starting in August had the greatest.
One experiment starting in November showed
an intermediate increase when daily light ex-
posure was increased from 8 to 16 hr. There-
fore, these results agree with the seasonal re-
lease patterns reported by Vines et al. (14).
Other workers have demonstrated in cattle
(15, 16), goats (17, 18), and sheep (19, 20)
that basal secretion of PRL is generally ele-
vated during summer as compared with win-
ter. The primary causes of these seasonal pat-
terns are changes in temperature (21) and
photoperiod (1). Over the first few days (or
weeks) of life, hormonal concentrations of a
newborn animal can be highly reflective of
maternal hormone release. For example, fe-
tuses of rats and monkeys are exposed to
changing nutrients and hormone concentra-
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tions which reflect the mother’s circadian
rhythmicity (22, 23). This rhythmical pattern
may be entrained into the offspring for some
portion of its newborn life. In fact, we found
that 8-week-old calves exposed to 8L:16D
photoperiods showed a pattern of basal PRL
concentration which was high in winter and
low in summer (Fig. 4). This result is opposite
that observed in older cattie (15, 16). This
pattern of PRL secretion during the first weeks
of life may be due to a combination of ma-
ternal influence and ambient temperatures.
For instance, as an inherent factor in the ex-
perimental design, calves raised during the
winter were moved from ambient temperature
chambers into controlled temperature cham-
bers, which was a move from cool to warm.
During summer, however, the move was from
a warm to a cool environment. Whether these
temperature changes affect basal PRL con-
centrations is uncertain. In any event, light
intensity was not a cause of the differences in
concentrations of PRL among experiments
since it was similar (364 1x) in all groups ex-
posed to 8L:16D.

Considering only 16L:8D data in the pres-
ent study pooled across light sources, a sea-
sonal pattern of PRL secretion existed which
agrees with the seasonal pattern reported pre-
viously (15, 16). However, a shortfall of this
observation from Experiments 1 through 4 is
that different calves were used during each
season. Mean concentrations of PRL in serum
of calves attained a maximum (80 ng/ml) in
August, whereas calves exposed to identical
photoperiods (16L:8D) and temperature
(21.0 £ 3°C) averaged about 55 ng/ml of
serum during autumn (Nov) and winter
months (Feb).

Others showed that PRL concentrations in
cattle are highly influenced by stress (24, 25).
Within similar time frames, we found that
PRL concentrations were generally higher in
samples collected by jugular venipuncture
than in those collected by cannula. These re-
sults are likely due to the stress of capture,
holding and venipuncture of the calves. This
confirms the findings of Leining er al. (3).

In each experiment examining a different
light source, PRL concentrations declined over
the 6-hr bleeding time after 6 weeks exposure
to 16L:8D. This phenomenon was observed
previously (25), and may be a reflection of
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habituation of the animals to the sampling
procedure. In contrast, PRL concentrations
did not decline over the 6-hr bleeding period
after 8 hr of daily light exposure. Based on
our data, the occurrence of a declining baseline
seems to be related to the absolute concen-
tration of PRL; that is, PRL in serum remains
more stable when concentrations are below
20 ng/ml.
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