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Abstract. The effect of acute alcohol infusion on the established suckling-induced
prolactin surge in lactating rats was examined. Dams were implanted with an atrial
catheter on Day 6 of lactation and blood sampling was done on Day 10. Following the
separation of litters from dams for a 6-hr period, a baseline biood sample was removed
via a catheter extension. Pups were weighed and returned to dams. Subsequent blood
samples were obtained 10, 30, and 60 min after initiation of suckling. Dams were then
infused with alcohol doses of 0, 0.5, 1.0, 2.0, or 2.5 g/kg body wt. Infusion (0.1 mi/min)
was completed in approximately 30 min. Additional blood samples were obtained 10,
30, 60, and 120 min after the termination of infusion. In a separate group of rats, pups
were removed from the dam after the first 60 min of suckling and additional blood
samples were obtained 40, 70, 90, and 150 min after removal of pups (corresponding to
10-, 30-, 60-, and 120-min samples for rats infused with various alcohol doses).

Alcohol, when administered after the establishment of suckling-induced prolactin surge
and resulting in blood alcohol leveis equal to or greater than legal human intoxication
levels, inhibited prolactin release. However, continued suckling for an extended period
(120 min in the present study) overcame this inhibitory effect, even when the blood
alcohol level was comparable to (2.0 g/kg group) or greater than (2.5 g/kg group) the
human legal intoxication level. Furthermore, in rats with established prolactin surges,
the patterns of prolactin decline that foliowed alcohol administration or pup removal

were comparable, indicating that similar mechanism(s) may be involved.

[P.S.E.B.M. 1991, Vol 198]

and this suckling-induced prolactin is essential for

the mammary glands to produce adequate milk (1-
4). Following separation of pups, maternal plasma pro-
lactin declines and subsequent vigorous suckling in-
duces a pronounced increase in the dam’s plasma pro-
lactin level (5-10). Others have reported that separation
of pups from the dam after the establishment of the
suckling-induced prolactin surge results in a very rapid
decline in plasma prolactin (11, 12).

Recently we have been studying the effect of acute
alcohol administration on prolactin secretion in rats.

In mammals, suckling promotes prolactin secretion,
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Our studies have shown that alcohol given acutely does
not affect basal prolactin in lactating (13, 14) and
ovariectomized (15) rats; however, suckling-induced
prolactin release is inhibited (14). In the present study,
we report that alcohol administered after the establish-
ment of a suckling-induced prolactin surge in lactating
rats abruptly decreased maternal plasma prolactin lev-
els. To gain some insight into the possible mechanisms
involved in the alcohol-induced inhibition of prolactin
secretion, we have compared this decline in prolactin
to the decrease that occurs normally in dams following
the removal of pups. '

Materials and Methods

Animals. Virus-free Sprague-Dawley (Charles
River Laboratories, Inc., Portage, MI) were purchased
and kept under controlled temperature (71 = 2°F),
humidity (50%), and light (14:10-hr light:dark cycle).
After 2 weeks of acclimation, female rats were housed
individually with a male rat. Trays under the wire
bottom cages were inspected every morning for sperm
plugs as an indicator of mating. Pregnant rats were then
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individually housed. The day of parturition was desig-
nated as Day 1 of lactation and the litters were adjusted
to 8 pups on Day 2. On Day 6, dams were implanted
with an atrial catheter under ketamine hydrochloride
(80 mg/kg body wt: Ketaset; Aveco Co., Inc., Fort
Dodge, I1A) and xylazine (4 mg/kg body wt; Rompun;
Mobay Corp., Shawnee, KS) anesthesia. The catheter
allowed us to withdraw blood samples and administer
alcohol solutions in freely moving conscious animals.
All experiments were done on Day 10 of lactation.

Blood Sampling. On Day 10 of lactation, pups
were removed from the dam at 0700 hr and kept in a
cage placed on a heated pad. At 1200 hr an extension
was attached to the exteriorized portion of the catheter.
The extension, consisting of a three-way stopcock (K75:
Pharmaseal), polyethylene tubing (PE-50; Clay Adams),
and a connector (22-gauge stainless steel tubing, 1.5 cm
long), was filled with heparinized (10 [U/ml) 0.9%
saline. After a stabilization period of | hr, a baseline
blood sample (0.5 ml) was withdrawn and immediately
transferred to a tube containing an equal volume of
chilled phosphate-buffered saline (pH 7.0) with 10 IU
heparin/ml. After each sample, fluid volume was re-
placed with warm (37°C) saline. Following removal of
the baseline blood sample, pups were weighed and
returned to the dam. Subsequent blood samples were
obtained 10, 30, and 60 min after the initiation of
suckling. Peak plasma prolactin is usually observed 60
min after suckling starts.

To study the effects of alcohol administration on
the established prolactin surge, groups of rats were
administered alcohol at 0-, 0.5-, 1.0-, 2.0-, and 2.5-g/
kg body wt doses following the 60-min blood sample.
Infusion of saline or alcohol in saline solutions was
done using a Harvard infusion pump set to deliver 0.1
ml/min. During infusion, which lasted approximately
30 min and varied slightly depending on the body
weight, pups were allowed to continue nursing. Dams
given alcohol maintained the suckling posture. At the
end of alcohol or saline infusion, 0.4 ml of saline was
infused to ensure that no alcohol remained in the
catheter. Alcohol infusions for the various groups were
prepared as 7.5% (0.5 g/kg body wt group), 13% (1.0
2), 30% (2.0 g), and 37.5% (2.5 g) solutions in saline
(v/v). Additional blood sampiles (0.6 ml) were obtained
at 10, 30, 60, and 120 min after completion of infusion.
Blood samples (0.5 ml) for prolactin analysis were
mixed with an equal volume of phosphate-buffered
saline, as described above, centrifuged, plasma sepa-
rated, and stored at —20°C until assayed. For blood
alcohol level (BAL) determination, 0.1 ml of blood was
placed in a vial containing 1.0 ml z-butanol (8 mg%),
crimp sealed, and kept frozen at —20°C until assayed
by head space gas chromatography.

In a separate group of rats, pups were removed
from the dam after the first 60 min of suckling and
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blood samples were obtained 40, 70, 90, and 150 min
after the removal of pups. These sampling periods
corresponded to 10-, 30-, 60-, and 120-min samples
collected from the groups of rats infused with various
doses of alcohol (infusion time was approximately 30
min).

Suckling Latency and Milk Consumption. Follow-
ing the return of pups, the time taken for the majority
of pups (five or more) to attach to the nipples and start
vigorously suckling (suckling latency) was determined.
The amount of milk consumed by the pups was esti-
mated by subtracting the weight of pups obtained just
prior to returning them to the dam from the weight at
the end of the experimental period.

Prolactin and Alcohol Measurements. Prolactin
in plasma was measured by double antibody radio-
immunoassay using reagents provided by the National
Institute of Arthritis, Diabetes, and Digestive and Kid-
ney Diseases, as described previously (13-16). Within-
and between-assay variability expressed as coefficients
of variation were less than 5% and 10%, respectively.

Blood alcohol levels were determined by head space
gas chromatography using a Perkin Elmer (Sigma 2000)
gas chromatograph, which has an automatic sampling
turntable and an electropneumatic dosing system (14—
16). Variation of both within- and between-assay meas-
urements averaged less than 1%.

Data Analysis. Plasma prolactin levels were ana-
lyzed by repeated-measures multivariate analysis of
variance (MANOVA). Values at individual time points
were analyzed by one-way analysis of variance (AN-
OVA) with the Student-Newman-Keuls procedure ap-
plied post hoc. In the experiment comparing prolactin
decline for the group of rats from which litters were
removed to the two groups of rats administered with
alcohol (2.0 and 2.5 g/kg body wt), prolactin levels
following the first 60 min of suckling were taken as
100% and subsequent values were expressed as per-
centage of the 60-min values. BAL were analyzed by
MANOVA. Milk consumption and suckling latency
were analyzed by one-way ANOVA. All results are
expressed as mean £ SE.

Results

Plasma Prolactin. Following a 6-hr separation of
the litters from dams, suckling for 60 min profoundly
increased plasma prolactin for all groups (Fig. 1). Analy-
sis of prolactin for these periods (0, 10, 30, and 60 min
of suckling and prior to infusion) showed only a time
effect among groups (P < 0.001; MANOVA). Since
there were no differences in the treatment of groups
prior to infusion of various alcohol doses, prolactin
values for all groups are combined and presented (Fig.
1; 0-, 10-, 30- and, 60-min values prior to infusion).
Prolactin levels following infusion of saline (control) or
alcohol in saline solutions (0.5, 1.0, 2.0, or 2.5 g/kg
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Figure 1. Plasma prolactin in lactating rats following separation of pups for 6 hr and 10, 30, and 60 min after suckling (0-, 10-, 30-, and 60-
min levels before infusion). Following 80 min of suckling, rats were infused with saline or alcohol in saline. The infusion rate was 0.1 mi/min
and was completed in approximately 30 min. Pups remained with their dam during infusion and subsequent sampling. Additional blood samples
for profactin measurement were obtained 10, 30, 60, and 120 min after compietion of infusion. Values are expressed as mean = SE.

body wt) showed group, time, and group X time inter-
action effects (P < 0.001; MANOVA). Subsequent eval-
uation by ANOVA and Student-Newman-Keuls mul-
tiple comparison test revealed that prolactin levels in
the control were greater than 1.0, 2.0, and 2.5 g/kg
body wt of alcohol groups after 10 min of suckling
following infusion (P < 0.05). After 30 and 60 min of
suckling, prolactin levels in the 2.0 and 2.5 g/kg body
wt groups remained lower than the control (P < 0.03).
By 120 min. prolactin values were comparable among
the groups (Fig. 1).

The decline in prolactin observed following admin-
istration of the two highest alcohol doses (2.0 and 2.5
g/kg body wt) was compared to that observed following
removal of pups (Fig. 2). All dams in these three groups
were separated from their litters for 6 hr before being
reunited. Plasma prolactin values after the initial 60
min of suckling were taken as 100% and subsequent
values were calculated as percentages of the appropriate
60-min values. Data analysis revealed group, time, and
group X time interaction effects (P < 0.001; Fig. 2).
Subsequent analysis of individual times revealed differ-
ences among groups after 120 min of suckling following
injection of alcohol solution or litter removal. At this
time period, prolactin values for the alcohol-infused
groups were greater than for the group from which the
pups were removed (P < 0.05, Student-Newman-Keuls;
Fig. 2).

Blood Alcohol Level. BAL for the groups infused
with 1.0-, 2.0-, and 2.5-g/kg body wt alcohol doses are
presented in Figure 3. For the group infused with the

0.5-g/kg dose, BAL after 10 min of suckling following
infusion was 20 £ 2 mg/100 ml and was not detectable
thereafter, so the data for this group were not plotted.
Comparison of BAL for 1.0-, 2.0-, and 2.5-g/kg body
wt groups revealed group, time, and group X time
effects (P < 0.001; MANOVA).

Suckling Latency and Milk Consumption. Suck-
ling latencies, defined as the time taken for the majority
of the pups to attach to the nipple and start vigorously
suckling, were: 4.2 = 0.7 mid (saline); 4.8 = 0.8 min
(0.5 g/kg body wt); 6.5 + 0.8 min (1.0 g/kg); 4.6 £ 0.6
min (2.0 g/kg), and 4.4 = 0.5 min (2.5 g/kg). There
were no statistically significant differences among
groups (P > 0.05; ANOVA). The quantities of milk
consumed for the various groups were also similar: 6.8
+ 0.8 g (saline), 6.8 £ 0.5 g (0.5 alcohol g/kg body wt),
6.0£0.6g(1.0g/keg), 5.1 £0.7¢g(2.0g/kg), and 6.2 +
0.6 g (2.5 g/kg).

Discussion

Recent studies from our laboratory have shown
that alcohol, when administered to dams prior to the
onset of suckling, inhibited the suckling-induced pro-
lactin surge in lactating rats (13, 14, 16). Furthermore,
we have determined that the minimum BAL that would
effectively inhibit the suckling-induced prolactin surge,
when administered prior to the initiation of suckling,
is comparable to or slightly lower than the human legal
intoxication level (14, 16). The results from the present
study demonstrate that alcohol, when administered
after the suckling-induced prolactin surge is established,
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Figure 2. Pattern of plasma prolactin decline following removal of pups 60 min after the initial suckling compared with plasma prolactin levels
in the groups of rats administered with alcohol at 2.0 and 2.5 g/kg body wt. Closed circles indicate pups removed; open boxes indicate alcohol
2.0 g/kg body wt; closed triangles indicate alcohol 2.5 g/kg body wt. Pups remained with the dams during and following infusion in alcoho!
administered groups. Prolactin values after the initial 80 min of suckling (before infusion) were set to 100% and subsequent values were
expressed as percentages of the 60-min values for each group. Values are expressed as mean + SE.
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Figure 3. Blood alcohol levels following infusion of 1.0, 2.0, and 2.5 g/kg body wt alcohol. Blood samples were obtained 10, 30, 60, and 120

min after infusion. Values are expressed as mean + SE.

also inhibits prolactin release. This inhibition was evi-
dent for the 1.0-, 2.0-, and 2.5-g/kg body wt groups 10
min after infusion (Fig. 1). BAL for the 1.0-g/kg group
at this time period was 97 = 8 mg/100 ml and the
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inhibitory effect of alcohol for 1.0- g/kg or greater dose
levels corroborates our previous results (14, 16). Plasma
prolactin levels for the 2.0- and 2.5- g/kg groups con-
tinued to be suppressed at 30 and 60 min of suckling



(Fig. 1). Correspondingly, BAL for these groups were
greater than legal human intoxication levels at these
time periods (Fig. 3).

Interestingly, although BAL were 95 + 6 and 178
+ 7 mg/100 ml the 2.0- and 2.5-g/kg groups, respec-
tively, after 120 min of suckling (Fig. 3), plasma pro-
lactin was no longer inhibited (Fig. 1). A plausible
explanation for this observation is that continued vig-
orous suckling by the pups for over 1 hr overcame the
inhibitory effect of high BAL on prolactin secretion.
Alternatively, the neural inhibitory effect of alcohol
could become refractory after 1 hr.

The other noteworthy observation from the present
study is the remarkable similarity in the pattern of
prolactin decline observed following pup removal or
infusion of 2.0- and 2.5-g/kg alcohol doses without
litter separation (Fig. 2). The decrease in plasma pro-
lactin in lactating rats following separation of mother
and pups has been reported previously (11, 12, 17).
Nagy and Halasz (11) suggested that a dopaminergic
mechanism might play an important role in the inhi-
bition of prolactin release in dams following litter sep-
aration. Whether a similar mechanism is involved in
the prolactin decline following alcohol administration
to dams with suckling pups needs to be elucidated. It is
also possible that alcohol acts at a more peripheral level,
perhaps by interfering with the generation and/or trans-
mission of the neural stimulus induced by suckling.

Since all the dams were treated similarly up to the
time they were reunited with pups (litter separation and
no infusion of alcohol), we expected the suckling laten-
cies among the groups to be similar. Furthermore, after
6 hr of separation, pups are likely to nurse more vig-
orously during the first hour and to obtain most of the
milk during this period, which would explain the ab-
sence of difference in milk consumption among groups.

Utilizing a chronically catheterized lactating rat
model, we have shown that alcohol administered after
the establishment of a suckling-induced prolactin re-
lease inhibits plasma prolactin. However, continued
suckling appears to overcome the inhibitory effect of
alcohol, even when the BAL remains comparable to or
greater than the human legal intoxication level. Com-
parable patterns of decline in plasma prolactin observed
following removal of pups and following administration
of 2.0- and 2.5-g/kg alcohol doses indicate that the
same hypothalamic mechanism may be involved in
these two instances of plasma prolactin decline in lac-
tating rats.
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