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Abstract: Background: Functional Hypothalamic Amenorrhea (FHA) is a stress-induced blockade
of the reproductive axis. Such impairment is mainly due to altered control of GnRH-induced
gonadotropin secretion as well as alterations of other endocrine functions. Methods: Seventeen
patients with FHA participated in the study. Basal hormonal profiles and GnRH and Naloxone tests
for LH (Luteinizing Hormone) and for LH and cortisol responses, respectively, were performed
before and after two weeks of administration of a very low dose of estradiol (2.5 ng two times a day).
Results: The treatment improved both gonadotropins, mainly LH. The LH response to the GnRH
test improved in terms of the peak amplitude, as evaluated using Instantaneous Secretory Rates
(ISR) computation. Moreover, when performing the Naloxone test after the treatment interval, FHA
patients showed a quicker LH response and recovery of the cortisol response. Conclusions: Our
study supports the relevance of very low dose estradiol priming to promote and restore impaired
neuroendocrine function in patients with FHA.
Keywords: functional hypothalamic amenorrhea; FHA; hypoestrogenism; stress; naloxone; GnRH
test; positive feedback

1. Introduction
Secondary amenorrhea is a common condition that is characterized by the lack of a menstrual
cycle for at least 3 months and can be related to several clinical situations [1–5]. Typically, Functional
Hypothalamic Amenorrhea (FHA) is a kind of amenorrhea that occurs with no concomitant systemic
or hormonal diseases [1–4,6–9], and it covers up to 35% of cases of secondary amenorrhea [6–8].
FHA is quite a complex clinical situation, since it is characterized by a constellation of neuroendocrine
impairments [1–4,6–8] that all lead to the failure of reproductive ability due to the presence of reduced
or very low LH plasma levels, and almost no changes of FSH, with abnormal pulsatile release [10,11].
The occurrence of FHA has been mainly associated with stress and/or stressful conditions.
The stressors that mostly act on the reproductive blockade are dieting, psychological stress, or excessive
physical exercise, or combination of them, which can disrupt the control of ovarian function by
hypothalamic–pituitary activity [1,2]. Hypothalamic and extra-hypothalamic areas are negatively
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affected by all these kinds of stressors, and specific defensive responses are induced by the many
centers that are strategically located in these areas and inside the hypothalamus, such as those for the
control of food intake, body temperature, sexual function, sleep regulation, and reproduction [8,12].
The occurrence of amenorrhea in general, and in particular in patients with FHA, induces
a hypoestrogenic condition that negatively affects most of the estrogen-sensitive organs if it is not
resolved within a reasonable span of time [13–15]. In fact, the occurrence of osteopenia, as well as
mood and/or behavior diseases and vaginal atrophy are common clinical signs reported by these
patients [14]. Removal of stressors and/or hormonal treatment are the logic therapeutic strategies that
can be applied [13,14]. Indeed, in these patients, the use of estro-progestin preparations, especially
those containing estradiol, might be helpful for restoring an estrogenic milieu that could counteract the
negative effects of long-term hypoestrogenic states.
Recently, we reported the positive effects of short- (10 days) [16] and long-term (8 weeks) estriol
administration in a group of FHA patients [17]. We observed an increase in LH plasma levels [16,17]
and the restoration of a normal response to the gonadotropin-releasing hormone (GnRH) stimulating
test [16,17]. These findings suggest that the administration of a weak estrogen, like estriol, modulates
the neuroendocrine control of the hypothalamus–pituitary unit since it permits a spontaneous increase
in GnRH-induced LH synthesis and release in hypogonadotropic patients with FHA. In addition, estriol
was found to be effective for improving the amplitude of the gonadotropin response to an exogenous
GnRH bolus, thus demonstrating a specific synergic effect at the pituitary level [16,17].
On this basis, we aimed to evaluate whether such effects might occur after administering a very
low estradiol dose, as low as 5 ng every day for 12 weeks and evaluating the response to GnRH
and a naloxone bolus of LH and cortisol. To better determine the pituitary response to the GnRH
stimulation, a deconvolution algorithm was used to analyze LH plasma concentrations.
2. Materials and Methods
2.1. Patients
Among the patients attending the outpatient ambulatory at the Gynecological Endocrinology
Centers at the University of Modena and Reggio Emilia, Italy for functional hypothalamic amenorrhea
(FHA), seventeen patients (n = 17), with a mean age of 24.5 ± 1.7 years (mean ± standard error of the
mean [SEM]) were selected for participation in the study. All of them had specifically requested not to
be treated with estro-progestin preparations.
After giving their informed consent, the patients were included on the basis of the following
criteria: (1) amenorrhea in the last 6 months; (2) no presence of metabolic diseases; (3) plasma levels of
LH below 3 mIU/mL, as the mean of the concentrations of three consecutive samples over a span of
time of 30 min; (4) body weight within the normal range for their age and height (i.e., a body mass
index (BMI) not below 19 kg/m2 ) in the last 6 months; (5) presence of stressful events before the onset
of amenorrhea, such as problems with family, school, or work, or psychosocial stress (psychiatric
diseases were excluded using the DSM IV criteria [18]); (6) no training for agonistic purposes; and (7)
no adrenal, thyroid, or prolactin (PRL) diseases.
All patients were asked to make no changes to their lifestyles and to undergo the standard clinical
procedure of our center to address the clinical and hormonal aspects of their amenorrhoeic condition.
This procedure includes a baseline hormonal examination (LH, FSH, prolactin (PRL), estradiol (E2),
cortisol, androstenedione (A), testosterone (T), progesterone (P), insulin (I)), a GnRH test (10 mg in
bolus) for LH and FSH (Follicle Stimulating Hormone) determination, and a Naloxone test (4 mg in
bolus) for LH and cortisol determination.
Patients underwent these hormonal checks before and after administration of 2.5 ng of alcoholic
solution of estradiol (GUNA Beta Estradiol D6) eluted in 2 mL of water two times per day (at 10 a.m.
and at 10 p.m.), without having anything to drink and/or eat, for 3 months (90 days). The patients
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were instructed to maintain this small amount of water under the tongue for 20–30 s at least, and then
they were permitted to swallow it.
The GnRH test, for evaluation of the LH response, was performed by inserting a heparin well in
an antecubital and sampling before injecting the GnRH bolus (10 µg of Leuprolide acetate at time 0)
and sampling every 10 min for 140 min to give a total of 15 samples.
The Naloxone test, for the evaluation of the responses of both LH and cortisol, was performed
on the following day by inserting a heparin well in an antecubital vein 20 min before injecting the
Naloxone bolus (Naloxone chlorhydrate, Narcan) at time 0 and sampling blood at −15 and +15, +30,
+45, +60, +90, and +120 min.
The study protocol was approved as an observational study by the Human Investigation Committee
of the University of Modena and Reggio Emilia, Italy (Registration No. 181/12).
2.2. Assay
All samples from each patient were assayed in the same assay. The determination of LH and
FSH concentrations was done using an immunofluorimetric assay (IFMA), which has been described
elsewhere [10,11], with a minimal detectable dose of 0.1 mIU/mL. The cross-reactivity of free α and β
subunits of LH, FSH, and TSH was less than 2% [11]. The intra-assay and inter-assay coefficients of
variation were 4.8% and 7.2%, respectively.
Plasma PRL, P, A and cortisol were determined by radioimmunoassay (Radim, Pomezia, Italy), as
previously described [19]. Based on two quality-controlled samples, the average within- and between
assay coefficients of variation were 4.0% and 9.4%.
The serum concentration of E2 was measured by electrochemiluminescence immunoassay using
the Elecsys E2 II reagent kit from Roche Diagnostics GmbH, Mannheim, Germany, with the sensitivity
being 4.5 pg/mL. Plasma insulin was determined using an immunoradiometric assay (BioSource
Europa S.A., Nivelles, Belgium). Based on two quality-controlled samples, the average within- and
between-assay coefficients of variation were 4.3% and 11.4%, respectively.
2.3. Instantaneous Secretory Rates (ISR) Computation for the GnRH Stimulation Test
The program Detect for pulse analysis [20–22] was used to compute the instantaneous secretory
rates (ISR) to evaluate the LH secretory rate [20,23] of the LH-induced response to the GnRH bolus.
Plasma hormone levels can be considered to be the difference between the input from the pituitary
and output from all the organs and tissues responsible for the metabolic clearance of that hormone.
Since both the clearance rate constants and the half-life for LH are known, the ISR were computed with
a specific algorithm that is included in the Detect program [20]. The duration of the pulses found on
ISR is the duration of the secretory bursts from the gonadotropes. The rate constants for LH clearance
were set as previously estimated elsewhere [24]. The first and second component rate constants
were set at half-lives of 17.8 and 90.0 min, with fractional amplitudes of 0.62 and 0.38, respectively.
The variance model used for the ISR was computed as s2 isr = 2 × s2 x , where s is the standard deviation
or measurement error, and s2 is the variance, as previously described elsewhere [10,25,26].
2.4. Statistical Analysis
The amplitude of the LH pulse in response to GnRH was computed from the raw data as the
difference (∆) between the maximum height of the LH response and the LH plasma levels observed at
the sampling interval immediately before the stimulation.
For the ISR, the maximal LH response to the GnRH bolus was computed as the difference between
the highest LH concentration (∆) after the GnRH bolus and the LH levels at time 0 of the test.
We tested data for statistically significant differences between the groups after analysis of variance
(one-way ANOVA) by use of the Student’s t-test for paired and unpaired data, as appropriate. Data are
expressed as mean ± SEM.
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3. Results
Hormonal parameters of the subjects under study are summarized in Table 1. After 90 days
of treatment, both LH and FSH plasma levels significantly increased with no changes in any other
hormonal parameters, including estradiol (Table 1). All patients responded positively to the treatment,
since in all of them, the plasma levels of both gonadotropins increased significantly (Figure 1) but only
2 patients out of 17 reported the occurrence of menstrual bleeding close to the end of the treatment
interval. As expected, FHA patients showed cortisol plasma levels close to the upper limits of normality
according to our laboratory, in the range of 5–19 µg/dL (Table 1).

Figure 1. Plasma levels of LH and FSH before and after 90 days of treatment with 5 ng of estradiol
every day. Both gonadotropins were significantly increased by the treatment. * p < 0.05 vs. baseline.

The GnRH bolus induced an LH response that had a greater amplitude after the treatment interval
(Figure 2). An improved response was observed both in terms of the plasma concentration and also
the ISR computation. It is notable that, as expected, the amplitude of the LH response obtained using
ISR computations was of a lower entity than what was observed for the blood concentration (Table 2).

Figure 2. LH response profile (mean of 17 patients) to GnRH stimulation before (orange) and after
treatment (blue). When Instantaneous Secretory Rates (ISR) were computed, a completely different LH
response was disclosed. Both in terms of the plasma concentration and after ISR computation, the LH
response to the GnRH bolus was greater than at baseline. The GnRH bolus was injected at time 0.
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Table 1. Hormonal parameters of patients with FHS at baseline and after hyper-low E2 administration.
Patient
sn = 17

LH
mUI/mL

FSH
mUI/mL

PRL
ng/mL

E2
pg/mL

P
ng/mL

Cortisol
µg/100 mL

T
ng/mL

A
ng/mL

Insulin
µUI/mL

Baseline

1.85 ± 0.32

3.44 ± 0.43

11.99 ± 1.86

33.46 ± 8.05

0.46 ± 0.06

15.9 ± 3.5

19 ± 2.1

190.8 ± 10.4

2.86 ± 0.45

After
treatment

3.52 ± 0.7 *

5.02 ± 0.54 *

10.8 ± 1.9

28.67 ± 4.9

0.85 ± 0.34

16.1 ± 2.9

28.3 ± 13

214 ± 29.76

3.78 ± 0.7

* p < 0.05.
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Table 2. Amplituse of LH response to GnRH test before and after the treatment interval.
LH Pulse
After GnRH Test

Amplitude
(Plasma Concentration)
mIU/mL

Amplitude
(ISR)
mIU/mL

Baseline

15.2 ± 1.6

9.5 ± 0.9 $

After 12 weeks of treatment

24.6 ± 5.7 *

13.5 ± 2.4 * $

* p < 0.05 vs. baseline; $ p < 0.05 vs. plasma concentration.

When the Naloxone test was evaluated, both LH and cortisol responses were considered.
At baseline conditions, LH showed a response after 30 to 60 min after the bolus, while, after the
treatment interval, the LH response to the naloxone bolus occurred at time +15 min (Figure 3).

Figure 3. LH response after Naloxone infusion. LH showed a response after the treatment interval.
The arrow indicates the time that the bolus was infused. * p < 0.05; ** p < 0.01 vs. baseline.

When considering cortisol, significant modifications occurred after the treatment interval. In fact,
while no response was observed for cortisol under baseline conditions, after the treatment interval,
naloxone infusion was able to induce a significant change in the cortisol profile with respect to baseline
conditions (Figure 4). In fact, cortisol plasma levels increased within 30 min from infusion of the
naloxone bolus, resulting in a higher cortisol response than that observed under baseline conditions
(Figure 4).

Figure 4. Cortisol response to naloxone infusion. After the treatment interval, cortisol again showed
a response to the opioid-receptor antagonist. The arrow indicates the time that the bolus was infused. *
p < 0.05, ** p < 0.01 vs. baseline.
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4. Discussion
The present study supports the idea that the administration of a very low amount of estradiol, as
low as 2.5 ng/mL, two times a day, is able to modulate neuroendocrine control of both LH and cortisol
secretion in patients with FHA.
Recent reports demonstrated that the administration of a weak estrogen. i.e., estriol, was able
to positively affect the neuroendocrine control of hypothalamus–pituitary function both short- [16]
and long-term treatment intervals [17]. In fact, the use of weak estrogen resulted in reactivation of
hypothalamic–pituitary control, probably inducing both greater expression/function of the receptor for
GnRH as well as improving the synthesis/production of LH at the gonadotropic cell level [16,17], as
also previously demonstrated in patients affected by Kallman Syndrome treated with estriol [27].
Our present data are in perfect agreement with previous studies [16,17,27] and support the idea
that positive effects are also induced by the administration of very low doses of estradiol. In fact, at
baseline, the administration of very low doses of estradiol induced the same positive effects reported
when administering estriol as a short- or long-term treatment [16,17]. It is well worth noting that
in our study, no changes in estradiol plasma concentrations were observed during the treatment
interval, thus confirming that the dose administered was really low and did not affect the mean plasma
estradiol concentration.
When, after the treatment interval, patients underwent the GnRH stimulating test, a significant
increase in the LH response was found, similar to what has been observed in patients affected by
Kallman Syndrome [27] or FHA [16,17] following treatment with estriol, both in terms of the rough
plasma concentration as well as ISR computation. This result is consistent with the specific reactivation
of the gonadotropes’ ability to respond to exogenous GnRH administration thanks to the positive
effects of the low levels of estradiol administered on the gonadotropic cells.
The present data support the hypothesis that very low estradiol doses, similarly to estriol, are
able to induce mechanisms that are at the basis of the positive feedback determined by estrogens, such
as estriol, at the pituitary level. This is similar to what has been observed in Kallmann Syndrome [27],
FHA [16,17], and non-human primates [28]. In addition, our data confirm the observation that,
in non-GnRH-deficient patients, treatment with epimestrol induces increases in both basal and
GnRH-induced LH release from gonadotropes [29]. These reports, together with the present study,
indicate the positive role of very-low-dose estradiol administration in centrally reactivating mechanisms
on the basis of the positive feedback, mainly at the hypothalamic–pituitary level. This positive role was
recently found to be at the basis of the control of the reproductive axis through kisspeptin secreting
neurons on which the positive or negative feedback of gonadal steroids (i.e., estradiol) acts [30].
As additional confirmation of the central effects of the very low estradiol dose we used, there are
the effects made on the response to the naloxone test. In fact, it is well known that both LH and cortisol
rarely respond to the administration of a naloxone bolus in FHA, since they are strongly affected by both
opioid hypertone and the hypoestrogenic condition [31–33]. This kind of defective response is typical
of other physiopathological conditions, such as Turner syndrome, and postmenopause [31]. The key
role of estrogen modulation on the opioidergic control of gonadotropin secretion is demonstrated
by the fact that naloxone infusion does not induce any LH response in prepubertal girls, while such
response appears with the onset of puberty when estrogen priming starts to play a role centrally [31].
Our present data demonstrate that, though hypoestrogenic, our patients with FHA showed a minimal
LH response to the naloxone bolus that was significantly modified and improved by the low dose of
estradiol administered. Indeed, this LH response appeared to occur in an anticipatory manner with
respect to what was observed at baseline conditions.
What we observed on the cortisol side is interesting. As previously reported [33], no cortisol
response was observed in our FHA patients under naloxone infusion, similarly to what has been
observed in postmenopausal women [31]. After 3 months of hyper-low estradiol administration,
though no changes occurred in mean cortisol plasma levels, a specific change in the cortisol response to
naloxone infusion was observed. In fact, cortisol showed a distinct rise, thus supporting the hypothesis
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that specific neuroendocrine modulation took place on the ACTH (Adreno Corticotropin Hormone)
pathway thanks to the hyper-low estradiol dosage administered. In fact, this modulation seemed
to restore the ability of the cortisol axis to respond to the opioid antagonist. The very low estradiol
doses administered probably modulated/adapted the naloxone binding ability acting also on the
opioidergic receptor expression/synthesis, thereby inducing/permitting the cortisol response to occur.
Such observation supports the hypothesis that administration of a very low estradiol dose somehow
modulates the inner factors of the equilibrium of the hypothalamus–pituitary–adrenal axis, leading it
to be closer to a normal response. In fact, a previous report clearly demonstrated that FHA patients
respond not only to naloxone [33] but also to a CRF (Corticotropin Releasing Factor) bolus in the
presence of hypogonadotropic hypoestrogenism [34].
Such data fit perfectly with what was recently published by Lovallo et al. [35], who reported
that under stressful conditions, depending on the severity of stressors, other neuroendocrine axes are
impaired. Indeed, other than the CRF–ACTH–adrenal axis, a second neuroendocrine pathway based
in the amygdala acting on the paraventricular nuclei and the lucus ceruleus loses its normal control on
the norepinephrine neuronal network located in this area [35], impairing the functioning of specific
CRF and arginine-vasopressin (AVP) neurons that act directly on ACTH release from the pituitary [36].
According to Lovallo et al. [35], in FHA, the ability of cortisol to respond to naloxone infusion depends
on the severity of the stressors [35]. In fact, the cortisol response to naloxone chlorhydrate was observed
only in low or mildly stressed patients but not in severely stressed patients with FHA. Based on the lack
of any cortisol response to the naloxone test, our subjects belong to the latter group, and they recovered
their cortisol response to naloxone infusion after administration of a hyper-low dose of estradiol.
According to this model [35], which is briefly schematized in Figure 5, our data let us infer that
the very low dose of estradiol was probably able to positively modulate/affect the amygdala area,
recovering the pathway impaired by severe stressors. This recovery might depend on estradiol-induced
reactivation of the sensitivity to naloxone action and is perhaps related to greater expression of opioid
receptors, thus permitting the occurrence of amygdala-driven stimulation on AVP [36] and probably
CRF neurons, and, through them, on the ACTH release from the pituitary, thus inducing cortisol
release from the adrenal glands. Obviously, it cannot be excluded that neuroendocrine mechanisms
other than the ones depicted here might take place, thereby improving the pituitary function in FHA
patients exposed to hyper-low dose estradiol administration.

Figure 5. Putative mechanism that, according to current knowledge, might explain the recovery of
the cortisol response to a naloxone bolus in Functional Hypothalamic Amenorrhea (FHA). Probably,
a greater amount of opioid-R expression/synthesis was induced by the very low estradiol amount
administered, while acting as positive feedback on kisspeptin-induced GnRH release. This permits
a greater competitive effect of naloxone in binding to the receptors and displacing endogenous opioids
such as β-endorphins (βEP). The opioid-R blockade by naloxone allowed AVP (arginine vasopressin)
and probably CRF neurons to be more active in stimulating ACTH-secreting cells at the pituitary level.
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In conclusion, our study, though limited by the small number of patients involved, demonstrates
the positive role of estradiol administration at a dose as low as 5 ng/mL per day, on stress-impaired
neuroendocrine function in FHA. It is worth noting that 2.5 ng/mL twice a day is a very low dose with
respect to the amount of estradiol normally secreted in the blood. Normally, the estradiol level in the
blood is up to 100–1000 times less, being between 20–30 pg/mL and 250–350 pg/mL in the periovulatory
phase. During menopause, hormone replacement therapy (HRT) reintroduces doses of estradiol as
high as 1–2 mg every day, combined with progestins, which blunts menopausal symptoms and reduces
the concentration of gonadotropins through the restoration of negative feedback. In patients with FHA,
neither contraception nor HRT are adequate for triggering the spontaneous restart of gonadotropin
secretion, since they both trigger negative feedback. On the contrary, weak estrogens [16,17] or
a hyper-low estradiol dose seem to be more adequate to positively counteract the neuroendocrine
mechanisms of stress that block the reproductive axis.
Though larger studies are needed to disclose whether short-term treatment of 10 or 15 days might
be able to positively affect the reproductive axis, the present pilot study suggests that long-term daily
administration of a hyper-low dose of estradiol acts positively on the impaired neuroendocrine status
of patients with FHA.
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