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Abstract
The present study was designed to determine the short-term effects of alcohol consumption on
hormonal responses and mood states in nulliparous women who have regular menstrual cycles. To
this aim, we conducted a within-subjects design study in which eight women consumed a 0.4-g/kg
dose of alcohol in orange juice during one test session (alcohol condition) and an equal volume of
orange juice (control condition) during the other. Changes in plasma prolactin, oxytocin and cortisol
levels, blood alcohol concentrations (BACs), and mood states were compared. BAC peaked at
approximately 36.7 + 5.4 min after the consumption of the alcoholic beverage and decreased
thereafter. Alcohol consumption significantly increased the area under the concentration–time curve
(AUC) of prolactin (P < .01) and decreased the oxytocin AUC (P = .04) when compared to the control
condition. Cortisol AUCs were not different across the two experimental conditions. Similar to that
previously observed in lactating women, changes in prolactin and oxytocin paralleled changes in
feelings of drunkenness. The magnitude and persistence of the alcohol-induced hormonal changes
in nulliparous women were significantly less pronounced than those observed in lactating women,
further highlighting the dynamics of the system under study during lactation.
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1. Introduction
The physiological effects and health consequences of drinking moderate amounts of alcohol
vary across the life span and with reproductive state in women (Gill, 2000). In terms of general
health, moderate alcohol consumption is associated with both positive (e.g., protection against
cardiovascular disease) and negative (e.g., increased risk of breast cancer) outcomes in pre-
and postmenopausal women (Dumitrescu & Cotarla, 2005; Singletary & Gapstur, 2001). Only
in recent years has experimental research focused on the reproductive state of lactation. In the
short term, alcohol has been shown to disrupt the two key hormones underlying milk production
and ejection (Mennella et al., 2005). The alcohol-induced decrease in oxytocin and increase in
prolactin levels were observed during and after periods of breast stimulation and were
significantly related to lactational performance (e.g., milk yield) and mood states (e.g., feelings
of drunkenness), respectively.

Whether alcohol has similar effects on prolactin and oxytocin in nonlactating, premenopausal
women has received little attention. To our knowledge, there has been only one study in such
women that looked at the short-term effects of alcohol consumption on oxytocin levels (Coiro
et al., 1992). Here, alcohol consumption decreased oxytocin levels, a finding that is consistent

* Corresponding author. Tel.: + 1-215-898-9230; fax: + 1-215-898-2084. E-mail address: mennella@monell.org (J.A. Mennella)..

NIH Public Access
Author Manuscript
Alcohol. Author manuscript; available in PMC 2007 January 17.

Published in final edited form as:
Alcohol. 2006 January ; 38(1): 29–36.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



with its efficacy in partially blocking uterine contractions during labor (Fuchs et al., 1982).
Although there are more studies on alcohol’s effects on prolactin, the findings remain
equivocal. Whereas some studies reported significant increases in prolactin (Carlson et al.,
1985; Lex et al., 1991; Mendelson et al., 1987; Sarkola et al., 1999), others reported significant
decreases (Becker et al., 1988; Volpi et al., 1994) during the immediate hours following alcohol
consumption in premenopausal women.

Some of these discrepancies may be due to the methodologies used and the characteristics of
the population studied. First, sufficient time must elapse between the needle prick and blood
sampling since prolactin is very stress labile and rises during the first half hour following a
needle prick (Grayson et al., 1997). Second, food intake should be controlled for since prolactin
levels can be potentiated by certain gastrointestinal hormones and high blood glucose levels
(Widstrom et al., 1984). Third, the use of birth control pills or hormone replacement therapy
(Ginsburg et al., 1996) and women’s drinking habits (Mello et al., 1989) are important factors
since they may modulate alcohol’s effect on hormonal responsivity. Fourth, the phase of the
menstrual cycle needs to be taken into consideration (Gill, 1997) since some, but not all, studies
have found variations in prolactin (Brzyski et al., 1997; Buckman et al., 1980; De Leon et al.,
1992; Fujimoto et al., 1990; Landgren et al., 2004; Snowden et al., 1986) and oxytocin (Altemus
et al., 2001; Sajonia et al., 2005; Shuvovski et al., 1989) across the menstrual cycle. When
fluctuations were detected, prolactin levels slightly surged midcycle (Brzyski et al., 1997;
Buckman et al., 1980; De Leon et al., 1992), whereas oxytocin levels were significantly lower
during the luteal phase when compared to the follicular or ovulatory phase (Sajonia et al.,
2005; Shuvovski et al., 1989). Furthermore, hormonal response to breast stimulation may differ
during the different phases of the cycle (Leake et al., 1984). Fifth, because the levels of these
hormones are low in nonlactating women, several studies have evaluated the effects of alcohol
consumption on hormonal responses during breast stimulation (Coiro et al., 1992; Volpi et al.,
1994). However, while some studies report significant increases in prolactin (Volpi et al.,
1994) and oxytocin (Coiro et al., 1992) during breast pump-induced stimulation of the breasts
in nonlactating women, others revealed that such methods failed to reliably produce such
hormonal changes (Amico & Finley, 1986; Noel et al., 1974). Whether the studies differed in
the intensity of the stimulation with the breast pump is not known since this information was
not provided. Moreover, different degrees of discomfort during the breast stimulation
procedure may affect prolactin secretion patterns since prolactin is released not only in response
to stimulation of the mammary gland but also in response to stress and pain (Grayson et al.,
1997).

The present study was designed to expand upon the recent findings in lactating women
(Mennella et al., 2005) and determine the short-term effects of drinking a moderate dose of
alcohol on prolactin and oxytocin responses as well as mood states in nulliparous women. To
allow for comparisons, nulliparous women were tested during one (i.e., follicular) phase of the
menstrual cycle and the methodologies that controlled for time of day, prior food intake, as
well as breast stimulation were identical to those used in lactating women. Cortisol levels were
monitored to ensure that alterations in hormonal responses were not related to the stress of the
procedures.

2. Methods
2.1. Subjects

Eight, nonsmoking, healthy, nulliparous women who had regular menstrual cycles participated
in the study. The women (four Caucasian, three African American, and one Hispanic) were,
on average, 25.0 ± 1.2 years of age and their body mass indices were, on average, 24.9 ± 1.9
kg/m2. Three additional women began testing but were excluded because of procedural
difficulties. During the initial screening, women were excluded if they were lifetime alcohol
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abstainers or on any medications including oral contraceptives since there is some suggestion
that both basal and peak prolactin levels are altered in such women (Snowden et al., 1986). All
procedures were approved by the Office of Regulatory Affairs at the University of
Pennsylvania, and each woman gave informed written consent prior to testing.

The women reported that they drank, on average, 5.8 ± 2.0 alcoholic beverages during the 3
weeks preceding the first testing day (range = 0–15 drinks) and 2.1 ± 0.5 drinks per occasion
(range = 0–4 drinks per occasion). The Michigan Alcohol Screening Test (MAST) was
administered to each woman; all but one scored less than five on the MAST, whereas the
remaining woman did not complete the test.

2.2. Procedures
A within-subjects design study was conducted. The design controlled for time of day and time
since the women last ate since the episodic secretion of prolactin has a circadian rhythm and
can be potentiated by feeding, and in turn, certain gastrointestinal hormones and high blood
glucose levels (Bencker et al., 1990; Freeman et al., 2000; Fujimoto et al., 1990; Kok et al.,
2006; Widstrom et al., 1984). Subjects were tested at the General Clinical Research Center
(GCRC) at the University of Pennsylvania on 2 days separated by 1 week (±3 days). Because
the phase of the menstrual cycle can modulate alcohol’s effect on hormonal responsivity (Gill,
1997), both test sessions occurred during the follicular phase of the menstrual cycle. The
follicular phase was chosen since gonadal steroids are the lowest of all phases of the menstrual
cycle (Stock et al., 1999) and therefore are more comparable to the low levels of these hormones
during lactation (Stock et al., 1999). The test session in which alcohol was consumed occurred
10.6 ± 2.2 days, whereas the one in which they consumed the control, nonalcoholic drink
occurred 8.9 ± 2.5 days, from the last menses [paired t (7df) = 0.42; P = .69].

Using methods established in our laboratory (Mennella et al., 2005), subjects arrived at the
GCRC at 0800 h (±30 min) following an overnight fast and remained fasted during the entire
testing procedures. An intravenous line was inserted into the antecubital vein of an arm.
Because prolactin is very stress labile and rises during the first half hour following needle prick
(Grayson et al., 1997), subjects acclimated in the private testing room for 45 min. Subjects
were not allowed to watch television, sleep, or talk about food or infants throughout the entire
testing sessions since these behaviors may affect the hormones under study. Instead, they were
allowed to read magazines or novels or to converse on other topics.

After acclimatization, blood samples were obtained at fixed intervals (–40, –25, and –10 min)
before drinking a 0.4-g/kg dose of alcohol in orange juice (15% vol/vol) on one testing day
(alcohol condition) and an equal volume of orange juice on the other (control condition). The
order of testing was randomized between subjects. During both conditions, 3 ml of alcohol was
pipetted onto the surface of the cup to serve as a smell and taste mask. The beverage was
aliquoted into two equal volumes, and each aliquot was consumed within consecutive 5-min
periods (Table 1).

As shown in Table 1, approximately one half hour after subjects started drinking the beverage,
at the time when blood alcohol levels were peaking on the alcohol day (Mennella et al.,
2005), breast stimulation was provided by an electric breast pump (Medela Model Classic™,
Crystal Lake, IL). The vacuum regulator that controls the level of suction of the pump could
range from minimum (1) to maximum (5). For all but one subject, the vacuum regulator was
in the same position on both test days (mean = 2.7 ± 0.3).

Blood samples were again taken immediately before pumping (t = 35 min), and every 2 min
for 16 min of stimulation of alternating breasts (37, 39, 41, 43, 45, 47, 49, and 51 min
postconsumption of beverage) with an electric breast pump, and then every 15 min without
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breast stimulation for the next 90 min (65, 80, 95, 110, 125, and 140 min). Each sample
collection involved the removal of 1 ml of blood to clear the catheter tubing, followed by a 5-
ml collection into Vacutainer tubes containing EDTA. Samples were kept on ice for no longer
than 1 h and were centrifuged, separated into aliquots, and stored at −70°C for later assay.
Nurses were blind to the conditions of the experiment.

At fixed intervals throughout each test day, blood alcohol concentrations (BACs) were
estimated by having subjects breathe into an Alco-Sensor III (St. Louis, MO) (Mumenthaler
et al., 2000). The Alco-Sensor III device provides readings of BAC levels by assuming a
blood:breath ratio of 2,100:1, and the correlation between ethanol levels measured in blood
samples and those measured in exhaled alcohol concentration breath samples has been shown
to be better than 0.98 for both the absorption and elimination phases (Inns et al., 1979). In
addition, subjects completed the Addiction Research Center Inventory (ARCI) to assess
various measures of self-reported drug effects (Holdstock & de Wit, 1998). This questionnaire
consists of a number of scales including the Morphine Benzedrine Group scale which measures
drug-induced euphoria; the Pentobarbital-Chlorpromazine-Alcohol Group scale which
measures sedation; the Lysergic scale which measures dysphoric and somatic effects; the
Benzedrine Group and Amphetamine scales which measure stimulant-like effects; and the
Drunk Scale which measures drunkenness.

2.3. Hormone assays
Plasma samples were measured in duplicate by double-antibody radioimmunoassays
purchased from Phoenix Pharmaceuticals, Inc. (Belmont, CA) for oxytocin and from ICN
Diagnostics (Costa Mesa, CA) for cortisol and by immunoradiometric assay purchased from
ICN Diagnostics for prolactin. Assays were performed blind to the condition by the Diabetes
Research Center of the University of Pennsylvania. Intra-assay variation was 2.8, 3.0, and 1.3%
and interassay variation was 1.9, 8.9, and 10.2% for oxytocin, prolactin, and cortisol,
respectively.

2.4. Statistical analyses
Separate repeated measures mixed analyses of variance were conducted to determine whether
there were significant differences in prolactin, oxytocin, and cortisol levels as well as various
mood states with experimental conditions (i.e., alcohol, control) and time as the within-subjects
factors. When the ANOVA yielded significant effects, post hoc analyses were conducted.

Because there were no significant differences in the basal oxytocin [F (2, 14df) = 0.52; P = .
60] and prolactin [F (2, 14df) = 0.01; P = .99] levels, we calculated changes in prolactin and
oxytocin from the respective baseline values (mean of three baseline samples) for each subject.
Because there was a significant effect of time on cortisol baseline samples [F (2, 14df) = 3.80;
P = .05], the last sample (t = −10 min) was used as the baseline value for these calculations.
The area under the curve (AUC) was calculated by using a point-to-point method
(OriginLab® Corporation, Northampton, MA) from baseline until the end of the breast
stimulation (AUC0–51min), as well as from baseline until the end of the test session
(AUC0–140 min). The AUCs for each hormone and for each subject were calculated
independently. Paired t-tests were conducted to compare the respective AUCs between
experimental conditions. The critical value for significance was P < .05, and all P values
represent two-tailed tests.

A stepwise forward regression analysis was also conducted to assess the value of BAC and
hormonal changes (prolactin, oxytocin) as predictors of the subjective mood states, as
determined by the ARCI. For this analysis, each variable is first ranked by its F value. The
variable with the highest significant F value is entered into the logistic regression model. To
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avoid the loss of nearly significant variables, P < .10 was considered as significant by this
stepwise analysis (see Perola et al., 1994).

3. Results
Breast stimulation did not produce significant increases in prolactin on the days women
consumed the nonalcoholic beverage. However, there was a significant interaction between
experimental condition and time of sampling for prolactin plasma levels [F (15, 105df) = 5.26;
P < .0001]. As shown in Fig. 1A, prolactin levels were significantly higher both immediately
before the beginning of the breast pump stimulation (at t = 35 min) as well as during breast
stimulation on the days that women consumed alcohol (P < .001). The AUCs from the time
the women drank the alcohol to the end of the breast stimulation [AUC0–51 min; paired t(7df)
= 3.46; P = .01], during the breast stimulation period [AUC35–51 min; paired t(7df) = 3.21; P
= .015], as well as throughout the entire session (AUC0–140 min) significantly increased during
the alcohol session [paired t-test (7df) = 2.45; P = .04]. This enhanced response was observed
in virtually all women tested on the day they consumed alcohol when compared to control
beverage.

Breast stimulation also did not produce significant changes in oxytocin levels on the days
women consumed the nonalcoholic, control beverage. There was no significant effect of
experimental condition [F (1, 7df) = 0.14; P = .72] or time of sampling [F (15, 105df) = 1.36;
P = .18] or a significant interaction between condition and time [F (15, 105df) = 0.63; P = .
84] for oxytocin levels. In contrast to that observed for prolactin, Fig. 1B shows that there was
a significant decrease in oxytocin from the time the women drank the alcohol to the end of the
breast stimulation [AUC0–51 min; paired t-test (7df) = −2.53; P = .04] when compared to control
day; this decreased oxytocin response was observed in all but one of the women tested. There
was also a tendency for oxytocin to decrease during the breast stimulation period
[AUC35–51; paired t (7df) = −2.18; P = .06] and throughout the 140 min post-consumption of
the alcoholic beverage [AUC0–140 min; paired t(7df) = −2.15; P = .07].

Time of sampling was the only significant factor affecting cortisol levels [F (15, 105df) = 7.96;
P < .001]. As shown in Fig. 1C, cortisol levels steadily decreased on both testing days, thus
suggesting that the procedures were not stressful to the subjects.

BAC peaked at approximately 36.7 ± 5.4 min after the consumption of the alcoholic beverage
and decreased thereafter. The peak ethanol levels ranged from 0.35 to 0.73 g/l. Paralleling the
changing concentrations of blood alcohol levels were changes in the women’s mood states. As
shown in Fig. 2, alcohol consumption significantly increased the women’s ratings of
drunkenness, as determined by the ARCI, during the immediate hours following consumption
of the alcoholic beverage [F (3, 21df) = 5.42; P = .006].

Individual variations in the subjective effects of alcohol were significantly related with the
alcohol-induced changes in prolactin and oxytocin. As shown in Table 2, the greater the
increase in prolactin and decrease in oxytocin at 65 min post-alcohol consumption, the more
drunk the women felt [r(7df) = 0.71, P = .047 and r(7df) = −0.83, P = .01, respectively].
Although alcohol consumption significantly affected both oxytocin and prolactin levels, there
was no correlation between these two hormones [r (7df) = −0.38; P = .36]. This lack of a
correlation was also confirmed by Spearman’s rho (P = .35) analyses. Although there was a
tendency for blood alcohol levels at t = 65 min to be related to feelings of drunkenness [r (7df)
= 0.61; P = .11], stepwise regression analyses which included oxytocin, prolactin, and BAC
levels revealed that the association between feelings of drunkenness was better explained by
changes in these hormones than by BAC (Table 2).
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4. Discussion
Alcohol consumption significantly elevated prolactin and decreased oxytocin levels, but did
not alter cortisol levels, in healthy nulliparous, premenopausal women. Cortisol levels steadily
decreased on both testing days, suggesting that the procedures were not stressful to the subjects.
That the levels of prolactin were significantly increased before the start of breast pump
stimulation, which occurred 35 min after the consumption of the alcoholic beverage when BAC
levels were peaking, suggests that such increases were alcohol induced, a finding which is
consistent with previous research (Lex et al., 1991; Mendelson et al., 1987; Sarkola et al.,
1999). Nevertheless, although the methods were identical to those used in our previous study
on lactating women (Mennella et al., 2005), the hormonal response observed in nulliparous
women was less robust than that observed in lactating women. The diminutive response could
be due in part to inability of the breast stimulation procedures to alter prolactin and oxytocin
levels, a finding which is also consistent with previous research (Amico & Finley, 1986; Noel
et al., 1974).

Alcohol-induced changes in prolactin and oxytocin were significantly related to the subjective
effects of alcohol. That is, the greater the increase in prolactin and decrease in oxytocin, the
more drunk the women felt. Although both hormones are linked to metabolic and psychological
adaptations that occur during pregnancy and the postpartum period to prepare women for
childbirth and lactation, variations in these hormones can induce changes in moods, emotions,
and behavior (Carter et al., 2001; Ferreira et al., 1998; Sobrinho, 2003). In the present study,
changes in prolactin and oxytocin levels were related to feelings of drunkenness. The notion
that at least some of the subjective effects of alcohol were mediated by prolactin is suggested
by several findings. First, those nonalcoholic subjects who have lower prolactin response to
alcohol are less likely to feel intoxicated (Schuckit et al., 1983, 1987). Second, it has been
hypothesized that the pronounced elevation in prolactin following the ingestion of other drugs
of abuse such as 3,4-methylenedioxymethamphetamine (“Ecstasy”) mediates the drug-induced
mood states of euphoria and relaxation (Passie et al., 2005). It is important to emphasize that
associations between drug-induced hormonal responses and mood may be due to its effect on
common neural circuits (e.g., limbic system) rather than the direct action of prolactin on the
brain circuitry underlying certain mood states (Mendelson et al., 2003).

Epidemiological studies conducted during the past few decades have consistently revealed that
moderate alcohol consumption is associated with increased risk for developing breast cancer
in both pre- and postmenopausal women (Dumitrescu & Cotarla, 2005; Singletary & Gapstur,
2001). One of the many hypothesized mechanisms underlying this association is the effect of
alcohol on the hormonal milieu (Hamajima et al., 2002; Singletary & Gapstur, 2001). Recently,
interest has focused on prolactin, a well-known mitogen and differentiating agent of the
mammary gland. Although its role in mammary tumor formation in women is still unknown
(Wennbo & Tornell, 2000), prolactin has been shown to be involved in mammary cancer
development in animal models (Vonderhaar, 1998), perhaps because it protects the cancer cells
against apoptosis (Perks et al., 2004). In addition, it has been hypothesized that oxytocin may
protect against breast cancer (Murrell, 1995). Taken together with the present findings,
experimental research has revealed that moderate alcohol consumption can increase prolactin
and decrease oxytocin levels in pre- (Carlson et al., 1985; Lex et al., 1991; Mendelson et al.,
1987; Sarkola et al., 1999) and postmenopausal (Ginsburg et al., 1996) women. A hypothesized
hormonal mechanism that alcohol-induced changes in prolactin and oxytocin levels underlie
the alcohol–breast cancer relationship merits further investigation.
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Fig. 1.
Mean (±S.E.M.) plasma prolactin (ng/ml; top panel), oxytocin (pg/ml; middle panel), and
cortisol (μg/dl; bottom panel) levels in eight nulliparous women at baseline and at varying
times following the consumption of a 0.4-g/kg dose of alcohol in orange juice on one test day
(closed circles) and orange juice alone on the other (open circles). Women received breast
stimulation with a breast pump (hatched bars) 35–51 min after the consumption of the beverage
(time point = 0). The inset in each panel depicts mean (±S.E.M.)area under the concentration–
time curve (AUC) on alcohol (black bars) and control (open bars) days. * denotes values that
were significantly different from control session (AUC data) or significantly different from
similar time points during the control (plasma levels; P < .05). † denotes values within each
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test session that are significantly different from their respective baseline values (P < .05).
Conversions: oxytocin in picograms per milliliter × 0.80 = oxytocin in picomoles per liter;
prolactin in nanograms per milliliter × 43.5 = prolactin in picomoles per liter; cortisol in
micrograms per deciliter × 27.6 = cortisol in nanomoles per liter.
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Fig. 2.
Mean (±S.E.M.) blood alcohol concentration (BAC; closed circles) and raw scores of the
Addiction Research Center Inventory (ARCI) drunkenness scale (Dr-ARCI) scale which
reflects levels of drunkenness (open triangles). To convert values for BAC to millimoles per
liter, multiply by 0.217.
* denotes values that are significantly different from their respective baseline values (P < .05).
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