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EDITORIAL

Biochemical hypotheses of premenstrual tension syndrome1

As information has evolved concerning the incidence of cyclical emotional changes preceding the
onset of menses, the premenstrual tension syndrome (PMT) has gained increased attention in both
the lay and professional literature. Although there has been some disagreement as to the exact nature,
the time of occurrence, or even the existence of PMT (Koeske, 1981), there is considerable consensus
that the PMT syndrome indeed exists (Janowsky et al. 1966, 1967, 1969, 1973). Steiner et al. (1980)
and Halbreich & Endicott (1982) have now operationalized psychodiagnostic criteria for PMT which
can allow separate studies to attain diagnostic consensus more accurately.

Several methodological problems in PMT research have limited exploration of how premenstrual
physiology might influence mood. A major problem has been the strong reliance on the use of
correlative techniques. Many hormones,, electrolytes, neurotransmitters and somatic parameters
change within the menstrual cycle, and a tradition has existed for assuming the aetiological
importance of a favourite correlate which changes premenstrually. Although such correlations are
a reasonable place to start, it may be naive to believe that temporal correlations necessarily imply
aetiology.

Another problem in PMT research is the general assumption that circulating ovarian-linked
hormones as such are of fundamental significance in triggering and sustaining premenstrual
emotional symptoms. It is equally possible that central neurotransmitters, neuromodulators, and
neuroendocrine mechanisms control the onset and intensity of PMT, and that peripheral ovarian
and other hormonal changes are merely simultaneous epiphenomena, and/or are driven by the above
central influences, but do not actually exert behavioural effects.

The use of retrospective reports in PMT research has caused additional problems, with
exaggerated incidences being reported, probably due to societal expectations (Koeske, 1981; Parlee,
1973; Sommer, 1978). In contrast, the incidence of PMT symptoms reported usually is relatively
low in prospective PMT studies. Thus, many subjects who report PMT do not show symptoms in
actual experiments. Also, since the intensity of PMT may vary from month to month (Green, 1982),
such variation may introduce serious inconsistencies and variance problems into research studies.
One recent step forward in this area has been the administration of repeated mood and behavioural
ratings to prospective subjects over several cycles to screen for and document cyclic emotional
changes before a given subject is used in a specific PMT study.

Also, there is some evidence that the stress of the experimental method itself may influence and
confound studies exploring menstrual cycle-behavioural relationships (Koeske, 1981; Parlee, 1982).
Conversely, a major impediment to understanding and treating PMT has been its remarkable
sensitivity to treatment by placebo. Many promising aetiological hypotheses have been based on
observed ameliorative effects in uncontrolled studies of compounds which have specific central
biochemical effects. Subsequent controlled studies have shown these treatments to be no more
effective than placebo.

There have been several hormonal hypotheses proposed to explain the aetiology of premenstrual
tension. The most obvious of these involves an aetiological role for fluctuations in ovarian steroids.
The oestrogen withdrawal hypothesis suggests that PMT is due to premenstrual oestrogen
withdrawal. The observation that high levels of oestrogen have antidepressant effects (Klaiber et
al. 1979) lends support to this possibility. However, the premenstrual fall in oestrogen is not the
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only oestrogen decrease which occurs during the menstrual cycle. A large midcycle oestrogen peak
occurs, followed by a decrease in oestrogen levels, and this withdrawal is not strongly associated
with dysphoria. Furthermore, PMT has been shown to occur in postmenopausal and ovariectomized
women in whom oestrogen levels are chronically low and fluctuate very little (Dalton, 1964).

Another oestrogen-related PMT hypothesis suggests that relative or absolute levels of oestrogen
cause PMT. A report of PMT-like symptoms due to injected oestrogen (Morton, 1950) supports
this possibility. Premenstrual tension, according to the oestrogen excess hypothesis, peaks at the
time of the late luteal-premenstrual phase because of relatively high oestrogen levels, compared with
rapidly falling progesterone levels. This possibility has received some biochemical support, in that
women with premenstrual anxiety have been reported to have relatively high oestrogen/progesterone
ratios (Backstrom & Cartensen, 1974). However, a lack of PMT-like symptoms in normal women
during the midcycle, when oestrogen levels peak and, likewise, in women with endogenously
increased oestrogen levels, such as in metropathia haemorrhagia (Taylor, 1977), make an oestrogen
excess hypothesis difficult to accept. The observation that PMT can occur in ovariectomized and
in postmenopausal women, where oestrogen levels are relatively stable and are low, and the fact
that one study has shown no alterations in oestrogen levels in PMT sufferers (Backstrom et al. 1983),
are similarly not supportive.

Progesterone has also been considered in relation to PMT. Progesterone increases and subsequent
decreases parallel menstrual cycle emotional changes (Janowsky et al. 1971), and the degree of loss
of libido and depression in some women taking oral contraceptives has been positively correlated
with the progestin content of the contraceptives (Grant & Pryse Da vies, 1968). Some evidence also
suggests that low or rapidly falling levels of progesterone may be aetiological in premenstrual
syndrome. Depressive symptoms have been observed to occur after withdrawal of exogeneous
progesterone (Hamburg, 1966), and progesterone may be relatively lower in premenstrual tension
sufferers prior to menstruation (Munday et al. 1977; Backstrom & Cartensen, 1974; Smith, 1976),
although a more recent study did not show altered progesterone levels in PMT sufferers (Backstrom
et al. 1983). Finally, it is important to note that Backstrom et al. (1983) have observed that PMT
does not appear to occur during anovulatory cycles, especially those associated with the lack of a
luteal progesterone surge, although Adamopoulos et al. (1972) have made the opposite observation.
Many clinics have employed progesterone as a treatment for premenstrual syndrome, with reported
good results (Dalton, 1964). However, the efficacy of progesterone has not been shown to be better
than placebo in at least one controlled study (Smith, 1976). Furthermore, PMT has been shown
to occur in postmenopausal and ovariectomized women, in whom progesterone levels are presumably
chronically low and relatively stable (Dalton, 1964).

Prolactin has also been suggested as being important in the aetiology of PMT. Prolactin levels
probably fluctuate during the menstrual cycle, with ovulatory, mid-, and late luteal peaks (Tamura
& Igarashi, 1973; Vekemans et al. 1977); and increases in prolactin levels have been reported in
PMT sufferers, as compared with controls (Kullander & Svanberg, 1979). However, several reports
do not show PMT sufferers to have greater absolute levels of prolactin during the premenstruum in
comparison with controls (Andersch et al. 1978; Andersen & Larsen, 1979; Munday et al. 1977).
Furthermore, bromocriptine, a specific dopamine agonist which suppresses prolactin and which was
shown initially to alleviate PMT, was not effective in later controlled studies (Green, 1982).
Bromocriptine can improve mastodynia associated with premenstrual syndrome, but its effect on
premenstrual dysphoria is much less obvious (Andersen et al. 1977; Graham et al. 1978). In any
case, any beneficial effects of bromocriptine on the psychological symptoms occurring in PMT may
be related not to prolactin changes but to direct effects on dopamine receptors.

One enduring hormonal hypothesis which we have explored is the fluctuation in the mineralo-
corticoid axis with premenstrual symptoms (Dalton, 1964; Janowsky et al. 1967,1973). Premenstrual
bloating and weight gain have led to speculations that increased sodium and water retention, possibly
due to mineralocorticoids, may subtly shift salt and water balance in the central nervous system
and thus cause emotional changes (Smith, 1976). There is also evidence that urinary sodium/potassium
ratios fluctuate in parallel with negative affect during the menstrual cycle, possibly reflecting
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aldosterone or other mineralocorticoid effects (Janowsky et al. 1973; Demarchi & Tong, 1972). Also,
angiotensin-II and aldosterone have been shown to increase during the luteal phase, and aldosterone
peaks premenstrually (Janowsky et al. 1969). However, PMT patients have not been shown to have
consistently higher serum aldosterone levels when compared with normal controls. In support of
an aldosterone hypothesis, evidence from a placebo controlled study suggests that the aldosterone
antagonist and diuretic, spironolactone, may be effective in alleviating PMT, although further
studies will be necessary to control for regression artefacts (Hendler, 1980; Simmons, 1983).

Another hypothesis suggests that PMT is due to fluctuations in adrenocortical hormones, such
as androgens and glucocorticoids. Against this possibility is the observation that these hormones
do not change dramatically during the menstrual cycle. Nevertheless, since cortisol may increase
and androgens may decrease somewhat premenstrually (Vermeulen & Verdonck, 1976; Walker &
McGilp, 1978), it is at least possible that an adrenal steroid could trigger central events, leading
to the onset of PMT.

A logical strategy for studying PMT may be to assume that the same neurotransmitter and
neuromodulators thought to regulate affective disorders are those which also modulate PMT.
Although, as with PMT, the biochemical cause of affective disorders has not been discovered, the
technology for exploring the biochemistry of mood is fairly advanced. Therefore, a strategy in which
central neurochemicals and neuromodulators are evaluated as they relate to the menstrual cycle and
its hormonal and parahormonal concomitants on the one hand, and to negative affect on the other
hand, may be useful. Utilization of agonist and precursor techniques, neurotransmitters, antagonist
administration, measurement of neurotransmitter and neuromodulator metabolites, and application
of neuroendocrine strategies throughout the menstrual cycle in PMT sufferers may yield valuable
information.

To this end, some evidence has emerged implicating changes in central neurotransmitters and
neuromodulators in PMT (Rausch & Janowsky, 1982), although this evidence is, as yet, by no means
conclusive. The opioid polypeptides have been proposed as being causative as PMT (Reid & Yen,
1981). This possibility is based on the observation that opioid polypeptides have dramatic effects on
pituitary function, including blocking the release of luteinizing hormone. Since luteinizing hormone
levels are minimal during the luteal phase, it has been suggested that excess endorphins may be
present during this phase, and that PMT may be due to subsequent endogenous opioid withdrawal,
possibly connected with rebound dopaminergic hyperactivity (Lai & Puri, 1972). Against this
hypothesis, however, is the observation that, in humans, beta-endorphin levels do not appear to
change significantly during the luteal phase (Hamilton el al. 1982).

A current focus of our own work has been to consider cholinergic mechanisms in the regulation
of PMT. In humans, acetylocholine has been proposed as a major modulator of both depression
and stress (Janowsky et al. 1973, 1983), activating such disparate effects as pulse and blood pressure
increases, negative affect, adrenal sympathetic amine release, and analgesia. In rats, ovarian
hormone-acetylcholine interactions have been noted. Oestrogen induces an increase in muscarinic
receptors in the ventromedial and anterior hypothalamic nuclei 72 hours after oestradiol injections
in ovariectomized rats (Rainbow et al. 1980), and cholinergic muscarinic stimulation via cannulation
of anterior hypothalamus (preoptic area) and mesencephalic reticular formation have been shown
to facilitate an atropine-reversible sexual behaviour, lordosis, in the rat (Clemens et al. 1980).

Cholinergic interactions with the renin-angiotensin-aldosterone system and menstrually related
remission of PMT symptoms in myasthenia gravis patients also contribute evidence for a role for
acetylcholine in the aetiology of PMT (Rausch & Janowsky, 1982). We have thus speculated that
acetylcholine, acting alone and/or via noradrenergic, vasopressin, mineralocorticoid, opioid or other
mechanisms, could regulate many of the events occurring in PMT (Janowsky et al. 1971, 1973;
Rausch & Janowsky, 1982).

Evidence also exists that catecholamine alterations may underlie PMT (Janowsky et al. 1971).
Increases in endometrial monoamine oxidase (MAO) occur in the premenstrual phase of the cycle,
and may be associated with a decrease in endogenous catecholamines premenstrually - a phenomenon
consistent with a 'low catecholamine' hypothesis of affective disorders. Furthermore, a number of
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interactions have been demonstrated between the ovarian steroids and central norepinephrine
activity, although it appears that these effects are quite time-dependent, and differ somewhat between
experiments. For example, oestrogen in vitro was found to stimulate the efflux of dopamine and
norepinephrine from rat brain synaptosones (Janowsky & Davis, 1970). In contrast, oestrogen
decreased dopamine release into hypophysial portal blood (Cramer et al. 1979) and decreased
norepinephrine and dopamine efflux from rat brain slices (Vogel et al. 1970). Chronic oestrogen
treatment has also been shown to reduce beta-adrenergic receptors in rat cortex (Wagner et al. 1979),
an effect analogous to that noted with chronic antidepressant treatment.

Serotonin is another neurotransmitter which has been thought important in the aetiology of
premenstrual tension. In humans, a reduced turnover of serotonin has been associated with impaired
regulation of impulse control (Brown et al. 1983). Other studies in human subjects have shown a
decreased tissue uptake and number of uptake sites for serotonin in clinically depressed patients
(Rausch et al. 1981; Perry et al. 1983). A serotonin hypothesis of PMT is supported by observations
of increases in brain serotonin uptake and turnover during progesterone and oestrogen treatment
(Cone et al. 1981; Ladisich, 1977), and the possibility that rapid withdrawal of ovarian steroids could
induce a rebound decrease in serotonin uptake and turnover, analogous to that described in major
depression and impulse control disorders (Hackman et al. 1972). Associated with this hypothesis
of PMT are observations that serotonin receptor concentrations and serotonin levels themselves
decrease during proestrous in the female rat (Birgeon et al. 1980). Also, several animal studies have
demonstrated an inhibitory role for serotonin in the regulation of sexual behaviour (Tagliamonte
et al. 1969; Carter & Davis, 1977).

We believe that many of the techniques utilized in studying the psychobiology of affective
disorders and schizophrenia, as alluded to above, may prove useful in the understanding of the
aetiology of PMT. Future research employing agonist/antagonist techniques may be among the most
promising. To test an acetylcholine hypothesis, scopolamine or atropine should be tried in PMT.
To test an opioid withdrawal hypothesis, naloxone should be given during the mid-luteal phase to
induce PMT, and beta-endorphin or the opiates could be given during the premenstrual phase to
see whether the symptoms are alleviated. Similarly, if a catecholamine depletion hypothesis has
validity, a drug such as propranolol or alpha-methyl-para tyrosine (AMPT) should cause PMT in
the mid-luteal phase, and drugs such as amphetamine, L-DOPA, and tyramine should have anti-PMT
effects. If aldosterone and/or angiotensin are important in causing PMT, the aldosterone antagonist
spironolactone should have consistent efficacy, and centrally acting angiotensin antagonists should
also alleviate PMT. Likewise, if depleted serotonin is considered to be a cause of PMT, administration
of tryptophan or 5-hydroxytryptophan, or a predominately serotonin reuptake inhibitor such as
chlorimipramine, should have therapeutic efficacy in PMT; and serotonin blockers such as
methysergide should precipitate the syndrome.

In addition to the importance of studying the role of neurotransmitters in the aetiology of PMT,
there may be important clues to the aetiology of premenstrual tension in the observation that the
symptoms of PMT seem to increase in proportion by life stresses (Dalton, 1964). It is possible that,
through understanding the central biochemical modulation of stress and its interaction with cyclic
changes in hormones and neurotransmitters, we may understand better the nature of PMT. To this
end, it is important to note that changes in norepinephrine, opioids, GABA, serotonin, and
acetylcholine all are perturbed during stressful situations, as may be menstrual cycle function
(Janowsky et al. 1983; Dalton, 1964). Therefore, studies of the nature of changes in neurotransmitters
and neuromodulators across the menstrual cycle under conditions of high and low stress may be
especially helpful in understanding PMT.

Finally, it is important to focus on the effectiveness of placebo treatment in the attenuation of
PMT. A major factor which has confounded PMT research and the development of effective
treatments has been the potency of the placebo response. Only well-controlled trials should be
considered indicative of an agent being therapeutic in the treatment of PMT. At another level, the
profound and ameliorative 'placebo' effect on PMT may ultimately offer important clues and
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insights into the aetiology of PMT, for that which is altered by the placebo may be of fundamental
importance in causing the PMT.

In conclusion, from the above remarks it is obvious that, although many hypotheses are
promising, no existing hypothesis of PMT is even close to being proved at this time, either due to
contradictory evidence or to the lack of completion of critical experiments. An important strategy
for future research may involve the simultaneous study of the interactions of multiple neurotrans-
mitter, neuromodulator, hormonal, environmental, and psychological factors over several menstrual
cycles rather than the more traditional study of isolated factors. In any case, since the suffering,
morbidity and mortality caused by PMT are considerable (Dalton, 1964), we feel that this syndrome
represents a serious mental and public health problem, worthy of intensified and focused
investigative efforts and support.

DAVID S. JANOWSKY AND JEFFREY RAUSCH
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