
Journal of Neurology, Neurosurgery, and Psychiatry 1983;46:331-335

Prolactin and gonadotrophin changes following
generalised and partial seizures
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SUMMARY Postictal values of prolactin, LH and FSH have been recorded in patients with both
generalised tonic-clonic and partial seizures. Elevations of prolactin and LH were seen immedi-
ately and at 20 minutes in males and females with generalised attacks. At sixty minutes values for
prolactin had fallen to baseline levels, but LH remained elevated. FSH values were increased in
females only, at twenty and sixty minutes. Following partial seizures prolactin was elevated,
especially with complex partial seizures, at twenty minutes. These results are discussed in the light
of known electrophysiological mechanisms relating to partial seizures, and clinical guidelines for
the use of neurohormonal tests in the evaluation of seizures are suggested.

To-date most information concerning endocrine
changes following seizures derives from studies of
electrochemically induced attacks in animals, and
from electroconvulsive therapy (ECT) in patients.
In rats, direct electrical stimulation of the medial
basal hypothalamus has been shown to increase
plasma prolactin levels.' In humans, Ohman et al2
first reported that ECT led to increases of serum
prolactin in patients with endogenous depression,
findings later confirmed by O'Dea et a13 and Trim-
ble.' Arato et al noted similar findings following
ECT in schizophrenia.

Several investigators have now reported serum
prolactin changes following epileptic seizures in
patients. Trimble' in a study of nine patients with
generalised epilepsy found prolactin levels to rise
sharply after the ictus. Since similar rises were noted
following unilateral ECT with anaesthesia and mus-
cle relaxation, it was concluded that the changes
were consequent on the epileptic activity itself.
Abbott et a16 measured serum prolactin and cortisol
levels in 26 patients after tonic-clonic seizures, and
noted significant increases in both. In these studies,
as in the recent reports from Hoppner et a17 and
Collins et al,8 prolactin elevation seems maximal 15
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to 20 minutes after the seizures, and thereafter
appears to decline towards baseline values.
There are less data regarding the effects of seizure

activity on gonadotrophin release in man. Ryan et
a19 measured levels of gonadotrophins, thyroid
stimulating hormone, and growth hormone in men
and post-menopausal women after ECU, and noted
a significant rise in FSH and LH in some of the
males. Vigas et al'0 demonstrated a significant
increase in serum LH levels after ECI in female
psychiatric patients, although FSH was not affected.

In this study we report further data on changes of
prolactin and gonadotrophins following a variety of
seizure types in patients with epilepsy.

Materials and methods

Sixty-four patients with epilepsy (42 males and 22 females)
who were resident at the Chalfont Centre for Epilepsy,
Chalfont St Peter, England, were studied. All subjects
were receiving polytherapy with combinations of anticon-
vulsant drugs. Blood samples were drawn immediately,
twenty minutes and one hour following a patient's seizure.
A description of the seizure pattern was recorded at the
time of the attack by a member of the nursing staff experi-
enced at observing patients with epilepsy and was written
on a card which accompanied the blood samples taken in
relationship to the seizure. In addition, no fewer than four
blood samples were obtained over a period of two hours
from each patient during seizure-free intervals to assess
baseline hormonal levels.

Classification of the seizure type was made indepen-
dently of the knowledge of serum hormonal levels, using
the fit description cards by one author (MRT). A broad
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division into generalised and partial seizures was made,
following the International Classification of Seizures. Par-
tial seizures were then further subdivided into simple and
complex groups. The main inclusion criterion for complex
partial was an attack associated with alteration of con-
sciousness.
Serum samples were separated and stored at - 20°C

until assayed. Prolactin, LH and FSH were measured by
specific radio-immunoassay techniques at St Barth-
olomew's Hospital laboratories. Antisera used were: rabbit
anti-prolactin (P4-577), rabbit anti-LH (LHF/87) and
rabbit anti-FSH (FSHM 93). Standards were assayed
against MRC 71/222, MRC 68/40, and MRC 68/104. The
normal baseline values, using these methods are: for pro-
lactin 100-360 mu/l; for LH and FSH in males, 1-4-9-7
and 0-8-7-0 u/l respectively; and early follicular levels of
LH and FSH in females, 2-4-14-1 u/l and 1-5-11-2 u/l

respectively. In the analysis of data, results were evaluated
by the Mann-Whitney U-test.

Results

The baseline and post-ictal levels of the hormones
are shown in tables 1 and 2. The serum prolactin and
LH levels following generalised seizures (tonic-
clonic) were increased immediately and at twenty
minutes in both male and female patients (table 1).
Prolactin levels returned to near baseline levels by
60 minutes, although LH values remained elevated
at this time. One of the male patients failed to show
a rise in prolactin. Sixteen of the 27 (59%) showed
serum prolactin rises to greater than 1000 mu/l after

Table 1 Median levels and ranges ofprolactin, LH, and FSH in 15 male and 12 female patients after tonic-clonic seizures
compared with their baseline levels

Male patients (n = 15) Female patients (n = 12)

Prolactin mull LH ull FSH u/I Prolactin mull LH ull FSH ull

Baseline 182-5 6-0 3-0 176-0 5-3 2-8
(118-540) (2-5-15-3) (1-3-14-4) (110-287) (3-0-10-0) (1-2-4-0)

< 1 min 750-0* 14.0* 3-5 1475-0* 10.2* 5-0
(282-1850) (44-60-0) (1-2-12-0) (195-2426) (5.0-13-0) (1-1-11-6)

20 min 1104.0* 16.5* 4-7 1914-5* 14-1* 6.3*
(100-2815) (5-2-72-0) (1.4-14-9) (940-3273) (4-5-29-0) (1-5-12-0)

60 min 396-0 15-0* 5-0 463-0 13-0* 6-7*
(130-1470) (4(0-70.0) (0-5-13-5) (180-1512) (4-0-45-0) (1-6-14-5)

*Mann-Whitney U test p < 0-01 (comparison made with the baseline levels).

Table 2 Median levels and ranges ofprolactin, LH, and FSH in 27 male and 10 female patients after partial attacks
compared with their baseline levels

Male patients (n = 27) Female patients (n = IO)

Prolactin mull LH ull FSH ull Prolactin mull LH ull FSH ull

Baseline 147-5 6-0 2-0 205-0 5.9 3-2
(88-464) (1-9-15-0) (0-4-8-5) (130-258) (3.0-11-0) (1-2-4-6)

< 1 min 400-0* 9-0 3-8 306-5 10-0 2-8
(130-750) (2-5-24.7) (0.9-27-5) (140-1193) (3.0-63-6) (0-5-10-2)

20 min 660.0* 9.5 4-7 768-0* 14.0* 3-15
(185-1455) (2.9-25-5) (1.0-31-3) (210-1580) (3-0-67-2) (1-5-12-3)

60 min 268-0 8-5 4-8 217-0 11-5 2-4
(90-540) (3-0-29-0) (0-5-25-2) (120-1216) (4-0-85-5) (1.1-15-5)

*Mann-Whitney U test p < 0-01 (comparison with the baseline levels).

Table 3 The median and ranges ofprolactin, LH, and FSH in 8 patients with simple partial seizures, and 18 patients with
complex partial seizures

Prolactin mull LH ull FSH ull

Simple seizure (n = 8) Baseline 172-0 6-5 4-0
(93-464) (2-7-15-0) (0-5-8-5)

20 min 295-0 7-5 5.4
(207-868) (3-0-25-5) (1-5-31-3)

Complex partial (n = 18) Baseline 159-5 6-2 2-0
(88-254) (1.9-12-5) (0.4-4-2)

20 min 706-5* 10-7 4-0
(185-1455) (2-9-46-5) (1-0-12-5)

*Mann-Whitney U test (comparison with the baseline levels).
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Fig 1 Prolactin and LH levels in patients with simple and complex partial seizures

a generalised seizure, and 26 out of 27 had increases
to a level greater than 500 mu/l (96%). The FSH
levels remained unchanged in male patients after
tonic-clonic seizures, but rises were seen in the
female patients lasting up to one hour.

Following partial seizures (table 2), a rise in pro-
lactin was noted for male patients immediately and
at 20 minutes after the attack, and for female
patients at 20 minutes only. LH levels were
increased at 20 minutes in females. No alteration of
FSH levels was seen. The elevations in prolactin
were less than noted for generalised seizures, and, in
the male patients, 17 (63%) had a rise to a greater
level than 500 mu/l at 20 minutes.
Of the 37 patients with partial seizures, 18 had a

clear alteration of consciousness associated with
their attack, and eight had no change of conscious-
ness. These were taken to form the two groups,
namely complex and simple partial seizures respec-
tively. When patients were thus subdivided (table 3:
figs 1 & 2) a rise in prolactin was seen to occur
following complex partial seizures at 20 minutes.

The ratio of males to females in these two samples
was: simple 6:2, complex 14:4. As shown in fig 1
only one patient classified as simple partial seizures
increased prolactin levels to greater than 500 mu/l,
in contrast to 14 (78%) of those with complex par-
tial seizures. This one patient had elevated baseline
values.

Discussion

The result of this study confirm the previous obser-
vation that serum prolactin increases following seiz-
ures, especially after generalised epilepsy with a
tonic-clonic presentation.4 6 Maximum increases are
seen at 15 to 20 minutes, although elevations are
apparent immediately after the seizure has occurred.
There is a return to baseline levels within 60
minutes. LH values also rise immediately and at 20
minutes, and in contrast to prolactin levels remain
elevated one hour later. FSH changes are less con-
stant being noted mainly in the female group.

In this study we have attempted to explore in

I

I
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more detail the changes in anterior pituitary hor-
mone output following partial seizures. We show
that prolactin and gonadatrophin levels change,
especially in patients with complex symptomatology,
as defined as alteration of consciousness associated
with the partial attack. Prolactin changes are most
clearly defined in these patients, although in some
females LH alterations have also been recorded 20
minutes following the ictus.
The mechanism of these hormonal changes is still

speculative. It is unlikely however to be a non-
specific stress response or one related to generalised
neuromuscular activity. In the first instance, similar
changes have been recorded following ECT with full
neuromuscular relaxation ;4 in addition similar
anterior pituitary hormone changes have now been
recorded in animal models of epilepsy, namely the
photosensitive baboon Papio papio. " Finally
Abbott et al,6 following assessment of prolactin and
cortisol levels in simulated seizures, where only
stress occurred, showed that serum cortisol levels
increased while prolactin concentrations were
unchanged. It is recognised that changes in prolactin
have been recorded following generalised anaes-
thesia for major surgery,'2 in some cases to the level
of values recorded here postictally. The mechanism
of such changes are not understood, and the con-
tribution of anaesthetic agents, for example, is as yet
undetermined. Nevertheless, prolonged loss of con-
sciousness could be one factor. It seems most likely
that the increases observed in our investigations are
due to abnormal electrical activity within areas of
the central nervous system that regulate anterior
pituitary hormone release. This suggests that in
generalised seizures, such activity leads to either
suppression of prolactin inhibitory factor, or stimu-
lation of the as yet unidentified prolactin stimulating
hormone, thus leading to the observed serum
changes. In that prolactin and LH are under the
inhibitory control of dopamine which is synthesised
by tubero-infundibular neurons in the arcuate and
peri-ventricular nuclei of the medial basal
hypothalamus,'3 it is hypothesised that such nuclear
groups may be involved in the generalised discharge.
Of particular interest, however, is the fact that

following partial seizures, it is those patients with
complex as opposed to simple partial seizures that
show significant alterations in prolactin. This sug-
gests that in those patients abnormal electrical activ-
ity is also affecting similar neuronal structures, lead-
ing to the increased serum prolactin levels. In that
the origin of abnormal electrical activity in the
majority of patients with complex partial seizures is
from the temporal lobes, it is here suggested that
seizure spread is occurring from medial temporal
structures, such as the amygdala and the hippocam-
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pus, to the hypothalamic nuclei leading not only to
the alteration of consciousness but also to changes in
anterior pituitary hormone output. This is in keep-
ing with the neurophysiological observations of, for
example, Heath'4 who demonstrated, using
implanted electrodes in both animal models and
humans with epilepsy, spread of seizure activity
from medial temporal structures to forebrain limbic
nuclei, and with the suggestion of Jasper'5 that alter-
ation of consciousness in patients with partial seiz-
ures requires bilateral abnormal electrical activity to
be recorded. Of importance here is the distinction
between simple and complex partial seizures based
on alteration of consciousness. In the International
Classification of 1969,16 complex has no reference to
alteration of consciousness and refers to higher cog-
nitive function, generally suggesting alteration in
activity in the so-called "interpretative cortex"." In
more recent revised editions of the Classification,'8
complex has come to suggest alteration of con-
sciousness. As noted here, this criterion may be dis-
tinguished on a neurohormonal basis since there is
much less change of anterior pituitary hormone out-
put following simple partial attacks. However, the
alterations noted in complex partial seizures with
regard to prolactin are similar to those recorded for
generalised seizures, and suggest that if alteration of
consciousness is to be used as a distinguishing fea-
ture for complex partial seizures, then when such
clinical changes occur the attacks are not partial but
have become generalised.
Another observation presented has been the ele-

vated levels of prolactin and LH that are seen
immediately following generalised seizures, and for
partial seizures in males. This might indicate that
before the appearance of the clinical attack, and
presumably alteration of the surface electroence-
phalogram which occurs at the onset of clinical seiz-
ures, spread of abnormal electrical activity has
already occurred in deeper structures thus leading to
hormonal release. Again this is compatible with the
observations of Heath'4 where abnormal recordings
from subcortical sites, especially from the hip-
pocampus and amygdala are noted in epileptic
patients with deep electrode implantation prior to
the clinical seizures. In order to explore the relation-
ship between neurohormonal changes and elec-
troencephalographic changes further, investigations
with video-telemetry, and preferably with intracor-
tically implanted electrodes will be required.
From the clinical point of view one of the more

important sequelae of these investigations has been
to further analyse the value of measurements of
anterior pituitary hormones following seizures in
differential diagnosis. In an earlier paper4 it was
suggested that patients with non-epileptic seizures
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would fail to show changes in prolactin levels, and
that a prolactin estimation 20 minutes following the
seizure would be of value in helping differentiate
epileptic from non-epileptic seizures. However, the
situation regarding partial seizures was not clarified.
We would here confirm that following generalised
epilepsy with tonic-clonic neuromuscluar activity
lasting longer than 30 seconds a rise in prolactin
from baseline values, is highly suggestive of an
epileptic seizure. If baseline values are within the
normal range, then an elevation to greater than
1000 mu/l is seen following epileptic seizures. To
clarify the situation further, a sample at one hour
should show a return towards baseline values. If fol-
lowing such a seizure clinically no alteration of pro-
lactin is seen then it is-suggested that the patient has
not had an epileptic seizure and an alternative diag-
nosis should be sought.
With partial seizures the same procedure may be

adopted in those patients in whom alteration of con-
sciousness is thought to have occurred. Here a cut-
off point of 500 mu/l at 20 minutes with return to
baseline value at one hour would be highly sugges-
tive that the seizure event was epileptic. With simple
partial seizures estimation of prolactin is unlikely to
be of diagnostic value, and alternative means of dis-
tinguishing epileptic from non-epileptic attacks must
be sought. From our studies alteration of LH levels
could also be used, especially in the differential
diagnosis of generalised seizures with tonic-clonic
components. However the data are less clear-cut
than the prolactin values at 20 minutes, and LH
estimation may turn out to be of more value for
estimation at a longer interval of time following the
attack.

It is suggested that further observation of both
anterior and possibly posterior pituitary hormone
release following varieties of seizure types will be of
value not only clinically in the diagnosis and
classification of epilepsy, but theoretically from the
point of view of understanding further the spread of
neuronal activity during epileptic seizures. In addi-
tion, attempts to alter hormonal release following
attacks using various drugs that block neurotrans-
mitters may lead to a further understanding of the
neurochemistry of epilepsy.
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