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ABSTRACT

To test whether growth of the winter coat in short day lengths is contingent on

suppression of plama prolactin (Pr]) levels, female meadow voles (Microtus pennsylvanicus) were
kept in short day lengths for 12 weeks and were injected daily with saline or Prl; long-day animals
were treated with either the dopamine agonist, bromocryptine (bromo), bromo plus Pr}, or saline.
Prl treatment prevented the growth of the winter coat normally observed after 12 weeks in short
day lengths, but bromocryptine did not stimulate pelage growth in long-day voles. Pelage growth in
short day lengths appears contingent upon decreased plasma prolactin levels.

Coordinated physiological and behavioral
changes occur in meadow voles (Microtus pennsyl-
vanicus) exposed to short day lengths (10 h light/
day). Food intake and body weight decline, testes
regress, brown fat mass increases, nest building
increases, and the pelage becomes longer and
thicker (Dark and Zucker, ’83, ’85; Lee et
al.,, ’87a,b). These changes are thought to pro-
mote winter survival by decreasing energy re-
quirements.

In other mammals, seasonal changes in plasma
prolactin (Prl) levels are associated with seasonal
pelage cycles (sheep: Allain et al., ’86; foxes:
Smith et al., ’87; Siberian hamsters: Duncan and
Goldman, '83, ’85; mink: Martinet and Allain, '85;
deer: Webster and Barrell, ’85). In mink and Sibe-
rian hamsters, short day lengths decrease plasma
prolactin levels and trigger the molt to a winter
pelage; the winter molt does not occur if prolactin
is maintained at artificially high levels (Duncan
and Goldman, ’84; Martinet et al., ’84). The molt
to a summer pelage is blocked in Siberian ham-
sters and foxes if the normal rise in prolactin ti-
ters is prevented with injections of the dopamine
agonist bromocryptine (bromo; Duncan and Gold-
man, ’84; Smith et al., ’87).

Among meadow voles, lactation counteracts the
effects of short day lengths on pelage (Lee et al.,
’87b), suggesting that Prl may be an important
factor controlling molt. In the present study, we
tested this hypothesis by observing the effects on
pelage of artificially raising Prl titers of voles
kept in a short photperiod, and by attempting to
suppress prolactin levels in long-day voles.
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MATERIALS AND METHODS

Sixty adult female meadow voles from an out-
bred laboratory colony were housed singly in 32
% 21 X 12.5 cin metal cages, maintained at 23 =
2°C in a room illuminated with 14 h of light/day
(long day, LD 14:10; lights on at 0700 h daily) and
provided with food (Purina diet #5015) and tap
water ad libitum.

Voles were assigned to one of five groups
matched for body weight (n=12/group) and
treated as follows: 1) SD-P: maintained in a short
photoperiod (LD 10:14; lights on at 0700 h) and
injected daily with 0.2 mg ovine Prl (National Pi-
tuitary Agency) dissolved in 0.05 ml 0.9% saline.
2) SD-S: maintained in the short photoperiod and
injected daily with 0.05 ml saline. 3) LD-B: main-
tained in the long photoperiod and injected daily
with 0.2 mg of the dopamine agonist bromocryp-
tine (CB-154; Sandoz Pharmaceuticals) in 0.05 ml
saline. 4) LD-B + P: maintained in the long photo-
period and injected daily with 0.2 mg CB-154 +
0.2 mg ovine Prl in 0.05 ml saline. 5) LD-S: main-
tained in the long photoperiod and injected daily
with 0.5 ml saline. Treatments were continued for
12 weeks. Injections for all groups were between
1200-1500 h daily.
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PHOTOPERIOD, PROLACTIN, AND PELAGE

At the end of the study, a lethal injection of
sodium pentobarbital was administered. Fur
depth was recorded as the distance from the skin
to the surface of the pelage (= 0.1 mm). Hair den-
sity was obtained by shaving and weighing a 1
cm? patch of fur (Al-Khateeb and Johnson, *71)
and underhair and guard hair lengths were mea-
sured with a micrometer (= 0.1 mm). A small
patch of shaved skin (2 cm?) was removed, stored
in 10% formalin, embedded in paraffin, sectioned
at 5 pum, and stained with hematoxylin and eosin.
The average number of follicles in ten intact fol-
licular bundles was determined microscopically
for each animal. All pelage measures were ob-
tained from the posterior dorsal surface by an in-
dividual uninformed about the experimental con-
dition of the animal.

Treatment effects on follicle number were eval-
uated with an ANOVA and the other pelage mea-
sures with a multivariate ANOVA (Systat, Inc).
Differences were considered significant if P <
0.05. Bonferroni comparisons with Tukey HSD
were used for post hoc tests. %

RESULTS

All measures were affected by treatment condi-
tion (Table 1). Exposure to short day lengths sub-
stantially increased fur depth, density, guard hair
and underhair lengths, and follicle number
among saline-injected control animals (SD-S vs.
LD-S; Table 1). The increase in fur depth, density,
and guard hair length normally observed for ani-
mals in short day lengths were all blocked by
daily injections of Prl, so pelage of SD-P voles dif-
fered significantly from that of SD animals
treated with saline (Table 1). Pelage characteris-
tics of SD voles treated with Prl were similar to
those of LD voles treated with saline. By contrast,
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the influence of short days on underhair length
and follicle number was not significantly affected
by Prl treatment (SD-S vs. SD-P; Table 1). Both of
these measures were intermediate between SD-S
and LD-S values, and short-day Prl-treated ani-
mals did not differ from long-day controls with
respect to any measure of pelage development
(SD-P vs. LD-S; Table 1). No differences were ob-
served with respect to any measure of pelage de-
velopment among the three long-day groups (LD-
S, LD-B, LD-B+P; Table 1).

DISCUSSION

Daily injections of Prl prevented development
of a winter pelage in meadow voles housed in
short day lengths. Every measure of pelage
growth was increased in control animals main-
tained in short as compared to long days. In-
creases in fur depth, fur density, and guard hair
length were counteracted in short-day voles
treated with prolactin, thereby supporting the hy-
pothesis that the autumnal decline in plasma pro-
lactin titers mediates pelage changes.

Low levels of Prl may be an important permis-
sive factor in the development of a winter pelage.
Alternatively, decreases in Prl secretion may
trigger the winter molt. We attempted to distin-
guish between these alternatives by injecting
long-day animals with bromocryptine, an agent
that suppresses prolactin secretion in many mam-
malian species (Lu et al., *71). In this study,
bromo did not affect any measure of pelage
growth. A subsequent experiment established,
however, that the dosage of bromo (0.2 mg/day)
injected for 1 week was without effect on Prl titers
of female meadow voles housed in long-day
lengths; Prl titers were indistinguishable for ani-
mals injected with saline (n=10, 65.4+14.3 ng/

TABLE 1. Pelage measurements (mean + SEM)?!

SD-S SD-P LD-S LD-B LD-B+P

Depth? 7.4 = 0.3* 6.5 £ 0.3%* 6.0 = 0.1 6.2 = 0.2 6.1 +02
(mm)

Density? 54.4 + 3.5% 40.7 + 2.6%* 385 + 25 38.2 + 2.3 33.0 £ 25
(mg/cc)

Underhair? 12.6 = 0.4* 11.8 £ 04 109 = 0.3 109 = 0.4 11.2 + 0.3
(mm)

Guard hair? 17.2 + 0.4* 15.1 + 0.5%* 155 = 0.2 15.1 = 0.3 154 = 0.4
(mm)

Follicles® 8.6 = 0.3* 7.9 + 0.3 7.0 £ 0.5 7.0 + 0.3 7.6 + 04
(No./bundle)

1See text for abbreviations.
2Qverall MANOVA P < 0.05.
30verall ANOVA P < 0.05.

*Differs significantly from all long-day groups.
** Differs significantly from SD-S.



188

ml) and bromo (n=9, 62.1+17.8 ng/ml), respec-
tively (Lee and Nelson, unpublished observations
generated by daily injections of either saline or
bromo in LD, virgin females, 60 days of age, for 5
days prior to plasma collection. Prl assay gener-
ated against a curve for meadow voles with Na-
tional Pituitary Agency Rat Prl). Among Djunga-
rian hamsters, the effect of bromo on both Prl and
molt is more pronounced in short- than long-day
lengths; it has been suggested that in long-day
lengths the effects of bromo may be overridden by
a Prl-releasing factor (B.D. Goldman, personal
communication). A similar mechanism could ac-
count for failure of bromo to influence Prl or molt
in meadow voles. It is, however, still unclear
whether low levels of Prl are sufficient, or merely
necessary, for the winter molt in meadow voles.

Exogenous Prl administered to short-day voles
affected some pelage characteristics more than
others; thus, neither underhair length nor the
number of follicles per follicular bundle was
significantly increased in Prl-treated animals.
The values obtained were intermediate between
those of short- and long-day voles. Perhaps devel-
opment of winter pelage in short-day animals
would have been completely blocked had the Prl
injections more closely simulated the normal pat-
tern of Prl secretion in long-day voles. It remains
possible, however, that different parameters of
pelage growth are controlled by different physio-
logical mechanisms. In meadow voles, the growth
of underhairs appears to be a pineal-independent
response to short day lengths whereas short-
photoperiod-induced increases in guard hair
length, fur density, and fur depth all depend on
the pineal gland (Smale et al., ’88). The failure of
Prl to significantly affect underhair length in this
study may, therefore, be another indication that
photoperiodic control of this characteristic oper-
ates in a manner quite different from the mecha-
nism controlling other parameters of the winter
molt.
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