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This dissertation is based on the following 
publications which will be referred to in the 
text by their Roman numerals.

I Estrogen and progesterone in plasma in relation 
to premenstrual tension. In collaboration with
H.Carstensen.
J. steroid Biochem 5»( 197^)257~260.

II Concentration of estradiol, testosterone and 
progesterone in cerebrospinal fluid compared 
to plasma unbound and total concentrations. In 
collaboration with H. Carstensen and R. Södergård. 
J. steroid Biochem, accepted for publication.

III FSH, LH, TeBG-capacity, estrogen and progesterone 
in women with premenstrual tension during the 
luteal phase. In collaboration with L. Wide,
R. Södergård and H. Carstensen.
J. steroid Biochem, submitted for publication.

IV Correlation of symptoms in premenstrual tension 
to estrogen and progesterone concentrations in 
blood plasma. In collaboration with B. Mattson. 
Neuropsychobiology 1_( 1975 )80-86.

V Epileptic seizures of women in relation to 
variations of plasma estrogen and progesterone 
during the menstrual cycle.
Acta Neurol Scand, submitted for publication.
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The menstrual cycle has been the subject of much 
study. Many different parameters have been corre
lated to different phases in the menstrual cycle.
In nearly all studies with behavioural parameters 
the week preceding and the actual days of menstrua
tion seems to be the period of greatest mental 
instability. During the luteal phase attempted and 
accomplished suicides are more numerous than in 
other periods (1,2). There is a greater frequency 
of accidents, and the admissions of women patients 
with depression and acute outbreak of schizophrenia 
culminates during the premenstrual and menstrual 
phases (2,3). During this period the tendency to 
commit violent crimes is increased (U). Women are 
more likely to bring their children for medical 
examinations during this time (5). The number of 
seizures of some women with epilepsy is increased 
during menstruation (6), self-rating of anxiety 
is maximal k-2 days before the onset of menstrua
tion (7).

Many symptoms connected with the premenstrual tension 
syndrome (PMT) are verified in a large percentage 
of the women. Coppen and Kessel (8) estimates that 
the PMT occurs in about 25 % of all women, Takagama
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(9) in about TO %.

Surveys have shown that the main symptoms of PMT 
can be divided into two groups: mental symptoms 
of anxiety, irritability, depression (8,10,11,12) 
and symptoms of headache and feeling of swelling 
(8,10,11,12,13). The etiology of the PMT has been 
subject to much debate. Hormonal and other models 
have been suggested. Frank, who described the 
syndrome in 1931, suggested the ”female sex hormone” 
as a causative factor. The estrogen/progesterone 
ratio has also been discussed (11,15) and proge
sterone alone has been suggested (ll). Of non- 
hormonal models water and sodium retention have 
been extensively considered (17,18), however PMT 
is not necessarily accompanied by increased body- 
weight and retention of water or sodium (19). 
Nevertheless, some parallels are shown to exist 
between mood changes and fluctuations in body weight 
and urinary K+/Na+ ratio (20). Double blind thera
peutic trials with diuretics have on the contrary 
shown only placebo effects (21,22,23) at least 
considering the mental symptoms.

Psychodynamic models for the PMT syndrome have
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also been suggested {2h). However, there seems 
to he no direct correlation between a neurotic 
personality and the presence and seriousness of 
the syndrome (8,10,25,26), despite an over-repre
sentation of PMT among neurotic persons (8). PMT 
may occur in patients without a neurotic personal
ity and on the other hand, there are patients 
with severe neurosis without PMT (10,26).

In the case of cataménial epilepsy, hormonal and 
water balance theories have been under discussion. 
Laidlaw (6), who investigated seizure frequency 
in the menstrual cycle, suggested a rebound effect 
of progesterone as the actual cause. Logothetis 
et al (27), who gave injections of estrogen during 
EEG registration which showed an activation of the 
epileptic activity, suggested estrogen. Water and 
sodium balance has also been under consideration 
in this connection but Ansel and Clarke (28) found 
no clear relationship between water retention, 
sodium retention, and number of fits. Nevertheless, 
changes in water and sodium metabolism are shown 
to occur after estrogen treatment (29). 
Progesterone, by virtue of its antagonistic effect 
on renal aldosterone activity, is known to incre-
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ase plasma renin activity and angiotensin formation 
(30), which may interfere with sodium metabolism. 
This indicates that one cannot exclude the possibi
lity that at least some of the symptoms in the PMT 
syndrome and, in part, in cataménial epilepsy may 
depend upon changes in water and sodium balance.

Estrogen, progesterone, FSH and LH variations 
during the menstrual cycle
In women estrogenic hormones are mainly secreted 
by the ovary. In the beginning of the cycle, 
plasma concentrations of the main hormone, estra
diol, are about 30-60 pg/ml vrhich increases and 
culminates with a concentration of 150-200 pg/ml 
a few days before the expected ovulation. Follow
ing a temporary decrease there is a second peak 
obtaining a level between 120-200 pg/ml on days 
10-6 before the next menstruation (Fig l).
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normal menstrual cycle. Redrawn with permission of 
L. Wide {3k).
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This indicates that the fluctuations observed 
during the menstrual cycle, depend upon variations 
in the production rate, which varies between 
60-390 yg'day (31).

Progesterone levels during the preovulatory phase 
are between 0.3-0.9 ng/ml. After the ovulation 
and development of a corpus luteum the levels in
crease rapidly and have a maximun on days 13-6 
before menstruation, with levels of about 12-20 
ng/ml (Fig l}. The metabolic clearance rate is 
the same throughout the cycle, about 2 600 l/day 
(32). The production rate during preovulatory 
phase reaches from 0.8 to 2.5 ng/day and in the 
luteal phase from 15 to 50 mg/day (32).

During the follicular phase progesterone chiefly 
originates in the adrenal glands but during the 
luteal phase in the corpus luteum (32).

The increase in estrogen during the follicular 
phase is preceded by increased blood levels of 
FSH (33,3M. This increase commences about 3 days 
before the menstruation (33,35) when there is a 
decrease in estrogen and progesterone during 
luteal involution (33,3^). When estrogen levels 
start to increase during the follicular phase,
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FSH levels decrease. One to four days after 
estrogen has reached its maximum, there is a 
sharp increase in both FSH and LH levels (33,3^).

LH levels are rather constant during the menstrual 
cycle, except for the days around the ovulation 
(33,3^).

Estrogen and progesterone feedback mechanisms

It is generally accepted that FSH is responsible 
for the early maturation of the ovarian follicles, 
that both FSH and LH are needed for their final 
maturation and hormone secretion, and that a burst 
of LH is responsible for ovulation and the initial 
formation and maintenance of the corpus luteum (36). 
These two peptide hormones are secreted by the 
pituitary after stimulation by the LH-releasing 
hormone (LRH). There is some evidence that LRH is 
produced by cells in the arcuate nucleus of the 
hypothalamus, and is transported to the median 
eminence by axon transport, where it is secreted 
into the hypothalamopituitary portal vessels (37).

The production of LRH may be influenced by neural 
stimuli from the preoptic region and also, less 
directly, by facilitatory and inhibitory projec
tions from the amygdala, hippocampus, and midbrain 
(37).



Estrogen implanted in the arcuate nucleus inhibits 
LH secretion in the female rat. However, estrogen 
introduced into the preoptic area increases LH 
secretion in the female rat (38). Destruction of 
the preoptic area in rats induces the disappear
ance of cyclic activity while its stimulation with 
electric current may induce ovulation (38). There 
seems to be a difference in threshold for estrogen 
action between the arcuate nucleus and the preoptic 
area (38). This may determine the presence or 
absence of gonadotrophic cyclic action (38). Recent
ly doubts have been raised regarding the hypothesis 
that ovarian cyclicity originates only in the 
hypothalamus by changes in LRH secretion. The 
effect of LRH on the pituitary seems to be modula
ted by steroid hormones. In women with low levels 
of circulating estrogen and progesterone, LRH 
evoked a release of both FSH and LH. At high 
estrogen levels only, LRH induced a release of 
predominantly LH. At high levels of both estrogen 
and progesterone•LRH failed to effect a release 
of either FSH or LH (39).

Estradiol seems to be the main feedback component 
causing inhibitive negative feedback as well as
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stimulating, positive feedback. Progesterone in low 
doses can prevent the positive feedback action by 
estradiol on the preovulatory LH surge (UO) though 
progesterone alone does not inhibit the basal LH 
secretion (Uo). In conjunction with estradiol, 
progesterone inhibits both FSH and LH release (Uo).

Estrogen and progesterone binding in blood plasma

The main binding proteins for estradiol in plasma 
are albumin and testosterone-estradiol binding 
globulin (TeBG). In women, estradiol is mainly 
bound to albumin, approximately 92 % bound to 
albumin, k. 5^ to TeBG and 3. 5% unbound (Ul). 
Progesterone binds in plasma to three different 
proteins. Albumin has a low association constant 
(affinity) but high capacity to bind progesterone. 
Orosomucoid has a somewhat greater binding affinity. 
The highest affinity to bind progesterone is dis
played by transcortin but its binding capacity is 
relatively low. Its association constant for proges
terone is somewhat higher than that for cortisol ( U2 ).

Possible actions of steroid hormones at the 
cellular level

A now relatively accepted hypothesis of the mecha
nism of action was suggested by Gorski et al (U3).
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According to this model a steroid hormone inter
acts with a cytoplasmic specific binding protein, 
the so-called ”cytoplasmatic steroid receptors”.
The steroidprotein complex then migrates into 
the nucleus (k3) where it initiates synthesis of 
mKNA (UU,U5) which, in turn, stimulates protein 
synthesis in the cytoplasm (UU,U5,^6).

Alternative mechanisms of action are however 
possible. Labilization of lysosomal membranes 
has been shown after estrogen treatment, facili
tating lysis of the lysosomes (UT). Transformation 
of protein receptors from inactive to active forms 
by estrogen has been described (U8,U9).
Acting upon enzyme proteins, steroid hormones may 
also function as competitive inhibitors in certain 
enzymic systems. Such an action has been demonstra
ted by 2-OH-estradiol-178 on catechol-O-methyl 
transferase activity (50) and by estrone on puri
fied human placental glucose-6-phosphate dehydro
genase (51).

Estrogen and progesterone accumulation in the CNS

In this connection it would be of interest to know 
whether estrogens and progesterone can be found in 
CNS and if there are differences of accumulation 
depending upon location.
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Estrogen

Estradiol accumulates to a great extent in the CNS.
. . . 3After mtraperitoneal injections of H-estradiol

into oophorectomized adult female rats, radio
activity exceeded hlood levels by a factor of 3 or 
more in all brain regions (52). Accumulation vas 
greatest in the pituitary, folloved by the hypo
thalamus, the preoptic area, septum, the brain 
stem, cerebellum, amygdala, hippocampus, the 
cerebral cortex and the olfactory bulb (52). In 
all these areas competition vith non-radioactive 
estradiol reduced the uptake (52). In rhesus mon
keys and rats estradiol accumulates in the same 
brain regions (53). In experiments on rats, it vas 
also shovn that estradiol accumulated mainly in 
the cell nucleus of neurons in the preoptic- 
hypothalamic area, the amygdaloid region, as veil 
as in the hippocampus and cerebral cortex (5^). 
Unlabelled estradiol-17ß prevented the uptake of
o
H-estradiol in the nucleus (5^).

Autoradiographic studies shov a similar distribu
tion (55s56,57) along vith an accumulation of 
radioactive estradiol in the cell nucleus. Both 
nerve cells and glia cells seem to accumulate 
estradiol (56) but it is taken up to a greater
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extent by neurons (56). Cytosol receptors for 
estrogen have been identified in at least the 
hypothalamus, preoptic region and amygdala (57) 
but even in rat cerebral cortex there seems to be 
high-affinity binding sites for estradiol (58).

Progesterone :

Although published data concerning progesterone is 
less extensive than for estrogen, it shows that 
progesterone also accumulates in the CNS.

Wade et al (59) have investigated neural uptake of
3 . . .H-progesterone m  three different species. In all,
the highest uptake was found in midbrain, followed
by hypothalamus, cerebral cortex and hippocampus.
They also found species differences with regard 

3to retention of H-progesterone. It could be 
retained longer in the brains of guinea pig and 
hamster than in rat brain. Similar accumulations 
were recorded by Whalen and Luttge (60). They 
discovered progesterone in the reticular formation, 
the cerebral peduncle, and the posterior and anteri01
hypothalamus. It is of interest that the levels of

3 . . .radioactivity of H-progesterone were significantly
higher in adrenalectomized animals than in the 
sham-operated (60). In the rat brain it has also
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been shown that progesterone competes with the 
3binding of H-corticosterone to the soluble 

corticosterone binding protein, especially in the 
hippocampus (6l). The uptake in the brain seems
to occur rather rapidly. Just three minutes after

. . .  3an intravenous injection of H-progesterone there
is a considerable amount of progesterone in cere
bral cortex (62).

Action of hormones on brain enzyme activities and 
neurotransmitters
Estrogen :
In the cerebral cortex of female oophorectomized
guinea pigs Rosner et al (63) have shown an in-

3 . . .creased incorporation of H-cytidme into RNA
after estrogen injection and an increased protein 
synthesis. These typical target organ responses 
were obtained even though the cortex does not 
fulfill all the requirements of a classical tar
get organ. The activity of monoamine oxidase, MAO, 
was influenced by estrogen. Kobayashi et al (6U) 
showed that oophorectomy increased the MAO activity 
in rat hypothalamus and that estrogen counter
acted this increase and reduced the observed ele
vation to normal control levels. The decrease of 
MAO activity in the medial, cortical, central and 
part of the basal amygdaloid nuclei and basomedial 
hypothalamus observed after estrogen
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administration to oophorectomized rats was dosede- 
pendent (65). Insignificant changes were observed in 
the parietal cortex cerebri, medial preoptic area, an 
hippocampus. Choline acetylase was influenced by- 
estrogen (6U,65 ) in a manner reverse to MAO (65). 
Plasma and platelet MAO activities in humans and 
in the rhesus monkey has also been shown to vary 
during the menstrual cycle (66,67). Acetylcholin
esterase in the rat brain revealed a post-oophor- 
ectomy diminution of activity while administration 
of estradiol increased the activity (68).

Other enzymes such as catechol O-methyltransfe- 
rase (COMT) may be competitively inhibited by a 
metabolite of estradiol, 2-hydroxyestradiol-17ß5 
a steroid having a catechol structure (50). Gluco- 
se-6-phosphate dehydrogenase, isocitrate dehydro
genase, and malate dehydrogenase also seem to be 
influenced by estrogen in different parts of the 
brain (69). Norepinephrine levels in the anterior 
hypothalamus of rats varies with the estrus cycle, 
with highest levels during proestrus (70).
Serotonin levels in the CNS can also be altered 
during some of the phases in the development of 
rats by injections of estrogen (71). Dopamine (DA) 
turnover shows a selective increase in DA nerve
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terminals of the median eminence after injections 
of estrogen to oophorectomized rats (72).

The pineal activation of adenylcyclase after the 
administration of norepinephrine to rats increased 
slightly after oophorectomy, while estradiol in
hibited this reaction (73). Tryptophan metabolism 
in rat liver and excretion of tryptophan metabo
lites are also influenced by estrogen (7^,75).

Progesterone :

The information about progesterone effects are 
much more scarce. Saad has shown that brain con
tent of gamma amino butyric acid (GABA) is in
creased after oophorectomy (76), and that this 
increase is counteracted by progesterone (77). 
Progesterone treatment of oophorectomized rats 
resulted in an increased level of serotonin in 
midbrain and hindbrain (78) and in the preoptic 
region (79)» "but after cessation of chronic 
progesterone treatment a reduced serotonin up
take seemed to occur in the preoptic and thala
mic regions. The decrease was not significant in 
the cortex (80).
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Effects on excitability and spontaneous activity of 
the train 
Estrogen :

The electroshock threshold (EST) is decreased by 
continuous injection of estrogen (8l,82) and is 
shown to be dependent upon the dose of estrogen 
administered (8l). The EST also fluctuated with 
the phases of the estrus cycle (83). The effects 
of estrogen on brain excitability seen by Woolley 
et al seem to be mediated by mechanisms other 
than electrolyte changes. EST was lowered by estro
gen in spite of elevated plasma sodium concentra
tions and increased extra-cellular/intra-cellular 
sodium ratio in the cerebral cortex (8U).

The micro electroshock seizure threshold in dif
ferent parts of the brain may react differently 
to estrogen. In the lateral part of the amygdala 
the threshold increased after estrogen, but in 
dorsal hippocampus the threshold decreased (85). 
Similar variations also follow the estrus cycle 
(85).

Innes and Michael have recorded increased activity 
in the hippocampus and in the septum after estro
gen (86) but also after progesterone administra
tion. Individual units in the hypothalamus and
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preoptic areas have been found to both increase 
and decrease in firing rates after intravenous 
estrogen injection (87). Estrogen also influenced 
the EEG. Vogel et al (88) have shown that EEG 
responses over the occipital lobe which were driven 
by photic stimulation, showed pre- and post-ovula
tory differences. When amenorrheic women were given 
estrogen the number of "driving responses" went 
down, a reaction similar to the one observed after 
treatment with adrenergic substances (88). There 
was also a change in the ratio between theta waves 
and total activity over the frontal lobes during 
the menstrual cycle, with the lowest ratio during 
the luteal phase (89).

Studies on patients with epilepsy also show an 
increased epileptogen activity after estrogen 
injections (27).

Progesterone :
In pharmacological doses progesterone exhibits an 
anesthetic effect (90). In addition, progesterone 
has an anti-convulsive effect and raises the 
electroshock seizure threshold (8l,9l), at least 
during short-term treatment (8l). Also, following 
administration of a convulsant agent progesterone
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prevented the appearance of convulsions (92).
The threshold of cortical EEG arousal on direct 
stimulation of hypothalamus was much increased by 
progesterone, while the elevation of the threshold 
on stimulation of reticular formation was not as 
large (93). Preliminary data concerning proges
terone in physiologic doses as low as 30 ng/ml 
seems to indicate a decrease in the number of 
spikes from a penicillin focus in the cat ( 9 M  . 
Some clinical reports also point out that proges
terone may ameliorate seizures (95). Two other 
steroids 5ct-pregnane-3,20-dione and 3a-hydroxy- 
5a-pregnan-20-one also have hypnotic effects (96) 
and have been shown to arise from progesterone 
in the basal hypothalamic tissue of the rat (97). 
They are normally produced in the rat ovaries (98), 
together with progesterone. It may be of interest 
that corticosterone, by virtue of its mineralo 
corticoid activity effecting sodium retention 
also has a pronounced anti-convulsive effect
(90,91).

Effect on behaviour
Stimulation of mating behaviour during estrogen 
treatment of oophorectomized female rhesus monkeys 
and in correlation to the menstrual cycle has been 
observed (9^,100). Implantation of estrogen in
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the upper tegmental region and the brain stem 
also augmented mating behaviour (99).

A hypothesis has been put forward to explain 
sex differences with regards to agressive behav
iour (101,102). This may depend on androgens 
both during the fetal phase of brain development 
and during the adult, reproductive phase (lOl). 
However, when estrogen was given to oophorecto- 
mized rhesus monkeys it stimulated aggressiveness 
not only in relation to mating behaviour but in 
general (102). It also increased their aggressive
ness towards a third individual and inanimate 
objects. Addition of progesterone will increase 
aggressiveness in relation to mating behaviour 
(102). However the aggressiveness towards a 
third individual and inanimate objects will de
crease very dramatically (102). It can be of 
interest that estrogen has been shown to be 
formed from androgens by central nervous tissue 
that accumulates H-estrogen (103).

Submissive and fearful behaviour among rodents 
was less pronunced in females than in males 
(101). Injection of estrogen to adult female ro
dents resulted in decreased fearfulness (lOl).
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In primates, including man, submissive- 
fearful behaviour seems to be different 
from that of rodents. Women seem to express 
more symptoms such as phobias and anxiety, 
than men (lOl). However factors other than hor
monal may also be of importance. In this context 
it is of interest that high doses of estrogen 
to post-menopausal or castrated women have been 
shown to induce symptoms characteristic of the 
premenstrual tension syndrome (15)- Also estrogen- 
dominated contraceptives seem to increase mental 
tension and irritability (lOU). On the basis of 
psychoanalytic investigations Benedek et al (105) 
concluded that women show an active extrovert 
heterosexual drive in the follicular phase, peak
ing around midcycle, while in the luteal phase 
there was a changeover to more introvert states 
of mind, with dream content becoming weighted 
with themes of pregnancy and mother-child rela
tionships (105). He also recognizes a state in 
late premenstrual phase of a few cycles in the 
patients he investigated, characterized by increas
ing estrogen and maintained or minimal progeste
rone production, as indicated by vaginal-smear 
technique. During these conditions he observed 
that anxiety increased up to the point of despera
tion, aggression expressed in actual attacks of 
rage or a turn inwards with suicidal impulses (105)•
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It is of interest that the two types of emotional 
behaviour, aggressive-dominant and .fearful-sub
missive behaviour, are suggested to be subserved 
by different neural mechanisms located in different 
parts of the brain (106,107). Amygdala, the stria 
terminalis, the medial hypothalamus and the central 
gray matter of midbrain should, according to Gray 
(106,107), participate in the aggressive and 
dominant behaviour. The substrate of submissive 
and fearful behaviour should consist of the hippo
campus, medial septal area and structures in the 
orbital frontal cortex (106,107). As mentioned 
above, estrogen and progesterone accumulate main
ly in these regions of the CNS, and estrogen 
administration to rats was able to change the 
electroshock seizure threshold and electrical 
activity in some of these structures (85>86).

Present study:

On the basis of the considerations above a hypo
thesis was advanced that mental and neurological 
symptoms should correlate to plasma concentrations 
of estrogen and progesterone.
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Patients with premenstrual tension syndrome, 
having mental symptoms, would, because of this, 
be of interest to investigate. Also, patients 
with epilepsy might be worth studying. Examples 
of this are provided in the present study.

Aims of the study:

The following aims were set for the present work:

1. To study estrogen and progesterone levels in plasma 
of women with the premenstrual tension syndrome (PMT) 
and mainly mental symptoms during the occurrence
of these symptoms, and to compare the hormone levels 
with those of a control group.

2. To study the relationship between hormone levels 
in plasma and in CNS as seen in the cerebrospinal 
fluid (CSF) in order to determine if plasma hor
mone levels will be reflected in the CSF and to 
determine what fraction of the hormone in plasma 
will be found in the CSF.

3. To determine if changes in estrogen concentrations 
can be explained by means of changes in plasma 
binding capacity of women with PMT.



To study the pituitary factors, FSH and LH 
which may cause changes in hormonal concentra
tions in women with PMT.

To correlate the degree of mental disturbances 
in the PMT patients with their hormonal plasma 
levels.

To study the frequency of epileptic seizures in 
women in correlation to hormonal variations du
ring the menstrual cycle.

Methodology:

Estrogen and progesterone in plasma have been 
measured in duplicate plasma samples using radio- 
immunological methods. Both hormones have been 
measured omitting chromatography except in work 
no II (108). Used in work no I and IV was the 
antibody made by Dr. Caldwell (IO9 ) against 
estradiol-lTß Succinyl-BSA with 30 % cross
reaction to estrone. In the rest of the work an 
antibody made by Dr. Lindner (llO) against estra- 
diol-6-oxime-BSA with 25% cross-reaction to estro
ne was used* Both antibodies have a cross-reaction 
with estrone which may influence the results.
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The changes observed in estradiol standard curves, 
by adding constant amounts of estrone, are small 
(Fig 2).

100

90
* 30 pg estrone20 pg estroneNo estrone added

Bound

30
20

W 0 50 100 150 200
pg estradiol

100

*200pg estrone*100 pg estrone* 50 pg estrone

Bound

30

100 150 200 0 50 100 150 200
pg estradiol

Fig 2: Influence of different amounts of estrone 
on the estradiol standard curves.

Only a 9 % further decrease in bound steroid was 
found by adding 100 pg of estrone to 100 pg of 
estradiol-173. The influence of the cross-reaction 
has been tested by measuring the same plasma samp
les with and without chromatography, using Dr. Lind-
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ner’s antibody. No significant difference was 
noted between the two methods in either pregnant 
or nonpregnant women, and men (Table I). Also, 
the coefficient of variation was rather low (Table i). 
However, we prefer referring to the measured ster
oid as radioimmunoactive estrogen, rather than 
estradiol-ITß. The progesterone antibody was pur
chased from Endocrine Sciences Inc., Tarzana, Cal., 
and was prepared against a 11-oxime-BSA derivative. 
The cross-reaction to other steroids was very 
small. No significant difference was seen when 
comparing plasma samples with and without chromato
graphy (ill). The results were calculated using a 
Hewlett-Packard Model 9Ö10-A calculator, fitting 
the standard curve to the parabolic equation 
worked out by Täljedal and Wold (112). The co
efficient of variation between duplicates was for 
estrogen below 60 pg/ml, 10.  ̂% 9 n = 50, and
above 60 pg/ml, 3.^ % 9 n = 50, for progesterone
below 2 ng/ml, 11.2 %, n = 50, and above 2 ng/ml,
3.5 % 9 n = 50. The results are not presented in

-12SI units. However 1 pg/ml estrogen is 36.7*10 M,
1 ng/ml progesterone is 31.8*10 “̂ M  and 1 ng/100

-12ml testosterone is 3^.7*10 M. For the protein
-12hormones 1 ng/ml FSH is 35*10 M and 1 ng/ml LH —12is 36-10 M.
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Table I Comparison “between estrogen levels with and 
without chromatography

Mean
Mean difference 
Significance 
Wilcoxon1s 
paired test 
Coefficient of 
variation 
No

Pregnant ng/ml Non-pregnant women, 
and men pg/ml

With Without With Without
chrom. chrom. chrom. chrom.
33.1 33.5 41.9 UU.9
35-3 34.3 60.2 36.2
30.6 31.2 133.2 143.7
32.2 23.8 113.8 101.5
4l.l 41.4 129.9 104.3
23.4 24.4 131.2 120.1
12.9 C\JOJi—1 27.5 31.4
85.3 82.7 345.9 390.7
25.6 24.8 86.3 86.5
15.8 15.9 55.8 36.0
33.5 32.4 112.6 109.5

1.1 ng/ml 

NS

5.9 %
10

3.1 pg/ml

NS

13.3 % 
10
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Statistics :
Differences between groups have been calculated 
according to Wilcoxon’s ranking method (113). In 
work I the StudentTs t-test was used. However, 
the same significances also are arrived at using 
Wilcoxonfs ranking method. Differences between 
paired observations in small groups have been 
calculated according to Wilcoxon's signed rank 
method (llU) and in larger groups using the paired 
t-test. Correlations are calculated with the pro- 
duct-moment correlation, testing the significances 
with Fishers z-transformation (113).

Results :

Estrogen and progesterone in plasma in relation to 
premenstrual tension (i)

Ten women suffering from premenstrual tension with 
mainly mental symptoms were compared to eight 
healthy women of similar age during the week pre
ceding menstruation. During days 5“2 before the 
first day of menstruation the PMT-group had signi
ficantly higher plasma estrogen levels. On days 
6-U before menstruation the progesterone levels 
were significantly decreased, compared to the
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controls. The estrogen/progesterone ratio was 
also significantly higher on days 6-3 before 
menstruation. The PMT group also increased sig
nificantly in weight during the last days of 
the menstrual cycle, mostly during those days 
when estrogen and progesterone levels had their 
maximal decrease. Although the Student's t-test 
was used in this work, all significances are 
consistant with those obtained using a non-para- 
metric test, described above.

Concentrations of estradiol, testosterone and 
progesterone in cerebrospinal fluid compared to 
plasma unbound and total concentrations (il)

Blood and CSF was drawn from IT women and 11 men 
with 0-65 min. between drawing blood and CSF. Subject: 
ranged between 19 and 65 years of age and were 
chiefly patients from the neurological and 
psychiatric clinics with no underlying diseases 
which could influence the results. Estradiol and 
testosterone were measured using radioimmunoassay 
after paper chromatography (108) with adjustment 
to larger volumes for the extraction of CSF. Un
bound estradiol and testosterone were calculated 
using a method based on measurement of TeBG- 
capacity, albumin concentration and total concentra-
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tions of estradiol and testosterone, taking 
into account the minimal and maximal published 
plasma concentrations of dihydrotestosterone,
3(3,17(3-dihydroxy-androst-5-en, 3a,IT(3-dihydroxy- 
5a-androstan and 3(3,17(3“dihydroxy-5a-androstan 
(^l). There was a clear correlation between the 
total concentrations in plasma and the concentra
tions found in CSF for all three hormones. The 
concentration of estradiol in CSF was about k % 
of that in plasma; of testosterone about 2.5 % 5 
and progesterone about 10 %. There was no differ
ence between men and women- as regards the per
centage of hormone in CSF except for progesterone. 
Males had a significantly higher percentage in 
CSF of total plasma concentrations than females.

The calculated unbound estradiol and testosterone 
levels showed small variations between max. and 
min. androgen metabolite levels in plasma. The un
bound estradiol varied between 3.H-3.6 % of the 
total concentrations in women and -Was 3.3 % in men. 
Calculated unbound testosterone varied in female 
plasma between 2.1-2.5% of the total and 2.1-2.3 
% in male plasma. No significant differences from 
the levels found in CSF were observed in either 
unbound estradiol or testosterone using min. or



30

max. concentrations of androgen metabolites in 
the calculations. The regression line slopes, 
between calculated unbound concentrations and CSF 
concentrations for both estradiol and testoste
rone, were close to one. This indicates that the 
total concentrations of estradiol and testoste
rone in plasma will be reflected at least in the 
CSF concentrations and that the concentrations 
in CSF seem to agree with the calculated unbound 
concentration in plasma. The free plasma concen
trations are referred to as the physiologically 
active part of the hormone.

Changes in plasma binding capacity of estrogen in 
women with PMT during the luteal phase (ill)
In the present studies the total concentration 
of the hormones in plasma were measured. It is 
however of interest to consider the proportion of 
unbound and therefore presumably active parts of 
the hormone concentrations.

Plasma estrogen binding capacity is measured in 
terms of the amount of albumin concentration and 
the binding capacity of testosterone-estradiol 
binding globulin. As the testosterone concentra
tions during the luteal phase are rather constant 
(115) and estrogen is mainly bound to albumin (Ul) 
measurement of these parameters was considered to 
give an idea of the estrogen-binding capacity of plasma.
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There was no significant difference between the 
PMT group and the controls in TeBG binding capa
city, except on day 6 before menstruation when 
TeBG binding capacity was significantly (P<0.05) 
higher in the PMT group. The albumin concentration 
showed no significant difference between the PMT 
group and the control group. Variations within 
the groups were not significant either with 
regard to TeBG binding capacity or albumin con
centration. The changes seen in the total estrogen 
concentrations in the PMT group may therefore 
reflect changes in the concentration of unbound 
estrogen, which is assumed to be the biologically 
most active part.

FSH, LH, estrogen and progesterone in women with 
premenstrual tension during the luteal phase (ill)

In order to elucidate the origin of the changes 
in estrogen and progesterone levels seen in the 
PMT group (i), FSH and LH levels were determined 
in plasma since they are believed to be the most 
important stimulators of ovarian steroid secre
tion. An extended period of the luteal phase was 
investigated. Blood samples were taken from 
fifteen women suffering from PMT during 10 days
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preceding menstruation. These samples were 
compared to those from 17 women without 
PMT symptoms. During days 9 and 8 before menstrua
tion the PMT group showed a significantly lower 
plasma estrogen concentration than the controls.
On days 8,7 and 6 the estrogen levels increased 
and became significantly higher compared to those 
of the controls on day 5 before menstruation and 
remained significantly higher until day 1 before 
menses.

Plasma progesterone was significantly lower from 
day 10 to day h before menstruation in the PMT 
group, except on day 9* On day 9 the difference 
was not significant. The mean levels of plasma 
progesterone in the PMT group never exceeded
10.5 ng/ml.

Plasma FSH was significantly higher on days 9,8,7 
and 6 in the PMT group compared to the control 
group. The most radical decrease in FSH concentra
tions was noted one day earlier in the control 
group than in the PMT group. Concentrations below
0.60 ng/ml occurred three days earlier in the 
control group than in the PMT group.
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The LH concentrations shoved no significant 
differences between the two groups. LH changes 
were not concomitant with the changes observed 
in plasma estrogen levels within the PMT group 
throughout the luteal phase.

This indicates that the low estrogen and proges
terone levels seen on days 10, 9 and 8 before 
menstruation may be unable to inhibit the FSH 
secretion. Consequently, a rise in plasma FSH 
levels was observed. This may start the develop
ment of new follicles from which estrogen but not 
progesterone is secreted. This estrogen will be 
added to the estrogen coming from the corpus 
luteum, together giving a sufficient estrogen 
concentration to inhibit FSH secretion.

Correlation of symptoms in the premenstrual tension 
syndrome to estrogen and progesterone concentra
tions in blood plasma (IV)

Certain mental symptoms may be related to various 
levels of hormones during the premenstrual phase.
In the discussion of the etiology hormonal factors 
have often been considered. In this connection it 
would be of interest to know if there is any cor
relation between symptoms and hormonal concentra
tions in the PMT group.
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So far 15 women have been investigated. Ratings were 
made by a psychiatrist and by the patients them
selves in reference to the symptom of anxiety, 
depression, irritability and feeling of swelling. 
There was good agreement between the doctor’s 
rating and the selfrating (r=0.95). The mean of 
these two ratings was used. Ratings were usually 
made on day 3 preceding the first menstrual day 
and always within 5 days before the onset of 
menstrual flow. Eleven of the ratings were, 
however, not made in the same menstrual cycle 
in which blood was sampled. These patients had 
been rated in several cycles. pn addition, they 
were asked whether or not their symptoms during 
the cycles when blood samples were taken deviated 
from what it used to be. Two patients reported 
less disturbances and one greater disturbances 
than usual. However it is more probable that the 
correlation is decreased by these factors rather 
than increased. The main PMT symptoms, a'nxiety 
and irritability, showed a highly significant 
correlation to plasma estrogen levels on day 3 
before menstruation (P<0.005 and P<0 .01, respec
tively). The combined anxiety + irritability
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scores vere also significantly correlated to the 
estrogen levels in plasma. The mean estrogen level 
on day k and 3 before menstruation vas also sig
nificantly correlated to anxiety and the combined 
anxiety + irritability scores (P<0.05 and P<0.0255 
respectively). The symptoms of depression vere 
also correlated to the plasma estrogen levels on 
day 3 before menstruation. There vas no signifi
cant correlation betveen progesterone levels and 
symptoms ratings, nor betveen estrogen/progeste
rone ratios and symptoms, except for anxitey on 
day 3; this is probably due to the high correlation 
betveen estrogen and anxiety. Feelings of svelling 
did not correlate to any of the hormonal variables. 
The intersymptom correlations vere strong betveen 
anxiety and irritability, depression and irritabi
lity. The correlation betveen depression and feel
ings of svelling and betveen depression and anxiety 
vas also significant. No significant correlation 
occurred betveen svelling sensations and anxiety3 
irritability.

This indicates that estrogen alone'may be the 
most important hormonal factor vhereas the
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estrogen/progesterone ratio and progesterone 
itself may be of minor importance. Thus, estro
gen may influence the development of anxiety 
and irritability in the premenstrual tension 
syndrome. To be able to postulate a causal rela
tionship one must, however, prove that a decrease 
in estrogen levels will alleviate the symptoms 
and that an increase in estrogen will aggravate 
the symptoms. Such a work is now in progress.

Epileptic seizures of women in relation to varia
tions of plasma estrogen and progesterone during 
the menstrual cycle (V)
A perhaps easier way to detect correlations bet
ween CNS activities and plasma estrogen and pro
gesterone levels is offered by investigating 
the seizure frequency in women with epilepsy in 
relation to plasma hormone levels. In a complete 
cycle, phases of varying hormone concentrations 
in the blood will occur.

This study has aimed at:
l) An analysis of seizure frequency in individual 
patients in relation to plasma concentrations of 
estrogen and progesterone.
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2) A group analysis of seizure frequency and 
hormone concentrations in cycles with ovulation 
synchronized around the day when plasma proges
terone first exceeded 2 ng/ml.
3) A crossectional comparison of seizure frequ
ency and number of seizure-free days between 
the follicular and the luteal phase.

Nine complete periods of seven patients were 
studied, all with partial epilepsy. Six men
strual cycles were investigated in patients 
with ovulation, anticipated by a subsequent 
rise in plasma progesterone. Three one month 
periods in which patients failed to ovulate 
were treated as a separate group. The patients 
were aided by near relatives in order to record 
the number of seizures of different types per 
day.

During ovulatory cycles the patient GA. 1 had 
changes in the seizure frequency indicating an 
activating effect of estrogen and ameliorating 
effect of progesterone. Progesterone seemed to 
ameliorate both the generalized and partial 
seizures of patient EL. The number of generalized
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seizures in patient IW decreased during high 
progesterone. In her second cycle no generalized 
seizures during high progesterone were recorded. 
However the frequency of partial seizures seemed 
to he unaffected by progesterone in both cycles. 
In the second cycle an activating effect' of 
estrogen is also probable. Patient BA had only 
a few generalized seizures. However, they all 
appeared in the follicular phase and her visual 
disturbances were less during high progesterone. 
High estrogen seemed to increase the number of 
generalized seizures in patient RO whereas high 
progesterone decreased the number. Partial sei
zures showed a reversed pattern with increased 
frequency during high progesterone.

The total number of generalized seizures in the 
above six cycles showed two periods of increased 
frequency. The first occurred shortly after the 
rapid decrease of progesterone in the early days 
of the menstrual cycle; the second, during ele
vating preovulatory estrogen. During high proges
terone the number of generalized seizures was 
very low. A numerical comparison between the 
follicular and luteal phases showed the greater 
number of generalized seizures occurring during
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the follicular phase. Furthermore, the number of 
days free from generalized seizures as lower 
during follicular phase.

Three periods in patients without ovulation all 
showed increasing number of seizures during estro
gen peaks. The above findings support the hypo
thesis of Laidlaw (6): the ameliorating effect 
of progesterone, and the rebound effect follow
ing the rapid decrease of plasma progesterone 
levels premenstrually. These findings are also 
compatible with Logothetis et alfs (27): 
injected estrogenTs activating effect on the 
epileptogenic activity of women with partial 
epilepsy. In the present investigation there was 
no consistent connection between body-weight 
changes and the number of seizures, thus suppor
ting the findings of Ansel and Clarke (26). 
Phenytoin in serum measured weekly showed no 
consistent variations. However, to exlude a possib
le effect of hormones on changed serum concentra
tion or binding of antiepileptic durgs, further 
studies are needed.
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Additional studies are also required in order to 
determine whether progesterone or related ster
oids can he used in theraphy of patients with 
partial epilepsy.

General Summary

1. Controls indicate that women with premenstrual 
tension and mental symptoms have increased plasma 
levels of immunoreactive estrogen during days
5-2 and lower levels of progesterone during days
6-H before the onset of menstruation.

2. Variations of total plasma hormone levels are 
reflected in the CSF. There was no significant 
difference between the levels in the CSF and the
calculated concentrations of unbound hormones.

3. The plasma binding capacity for estrogen was unal
tered in women with PMT. They dit not show any great 
variations in this regard during the days of high
estrogen levels in blood plasma.

H. During days 9 and 8 before menses the PMT group 
had significantly lower levels of estrogen in 
blood plasma, which increased to become signifi
cantly higher, in comparison to the controls, on 
days 5~1 before menses. The PMT group also showed
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significantly higher FSH levels in plasma on 
days 9-6 before menses. A possible mechanism 
is discussed by which the increased estrogen 
levels may be produced.

5. In women with PMT there seemed to be a correla
tion between symptoms of anxiety, irritability, 
and the estrogen levels in plasma.

6 . In ovulatory cycles of women with partial epilep
sy the number of generalized seizures correlated 
significantly to the mean estrogen/progesterone 
ratios. A negative correlation was discovered 
between the generalized seizures and the mean 
progesterone levels. Partial seizures showed a 
pattern similar but not as obvious. Compared to 
the other patients IW showed a stabilized frequ
ency while the frequency of ROTs partial seizures 
increased during high progesterone. In patients 
without ovulation, estrogen seems to effect an 
increase in the number of seizures. This indica
tes ameliorating effect of progesterone and 
activating effect of estrogen with regard to 
seizure frequency.
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