
Estrogen and Leptin
Regulation of
Endocrinological
Features of Anorexia
Nervosa

Anorexia nervosa (AN) is an eating
disorder characterized by profound
weight loss, osteoporosis, amenorrhea,
and low leptin levels. Leptin is a
hormone secreted from adipocytes in
direct proportion to body adiposity and
low levels of leptin, or hypoleptinemia, is
a key endocrinological feature of AN. AN
is more prevalent in women, and is
characterized by severely reduced estra-
diol levels. Estrogens are critical regula-
tors of reproduction and metabolism
that act by binding to estrogen receptors
(ERs). ERs are members of the nuclear
receptor superfamily and they regulate
target genes by binding to estrogen
response elements (EREs). There is an
ERE on the long form of the leptin
receptor (OB-Rb), which allows estro-
gen to modulate OB-Rb expression
(Machinal et al, 1999). This review will
focus on the possible therapeutic benefits
of combining estrogens and leptin ther-
apy for AN patients. We propose that
combination therapy would decrease the
effective dose of each drug and this in
turn would reduce the anorexic side
effects reported at higher doses.

ESR1 and ESR2 are genes that code for
estrogen receptors ERa and ERb, re-
spectively (Osterlund and Hurd, 2001),
and are highly expressed in hypothala-
mic regions that regulate body weight
and reproduction. ERs and OB-Rbs are
colocalized in specific hypothalamic
neurons and as estrogen levels increase,
leptin transport across the blood–
brain barrier is enhanced. In addition,
knockdown of ERa from hypothalamic
steroidogenic factor-1 and pro-opiome-
lanocortin neurons increases food in-
take, or reduces energy expenditure, or
influences reproduction (Xu et al, 2011).

In healthy females, leptin regulates
the minute-to-minute oscillations in the

levels of luteinizing hormone (LH) and
estradiol, the most potent estrogen
(Licinio et al, 1998). In women with
AN, leptin administration increases
pulsatile LH, resulting in an enlarge-
ment of the ovaries, increased number
and sizes of follicles, and elevated
plasma estradiol levels (Welt et al,
2004). Therefore, leptin may be neces-
sary for the resolution of amenorrhea in
AN. In addition, leptin through OB-Rb
reduces food intake by activating tran-
scription factors such as phosphory-
lated STAT3 (pSTAT3) (Munzberg et al,
2005). Estrogens potentiate leptin-
induced pSTAT3 activation in the
hypothalamus. Leptin is one of the few
treatments for AN patients (Welt et al,
2004); however, at high doses leptin
increases weight loss.

There are no standardized medica-
tions approved for the treatment of
AN by the Food and Drug Adminis-
tration; however, research has focused
on the potential therapeutic actions
of leptin, as leptin may promote
restoration of menstrual cycles and
prevent osteoporosis. Estrogen is also
given as a treatment for AN; however,
sudden introduction of sex steroids
to hypo-estrogenic girls can be fol-
lowed by reductions in food intake
and heightened manifestations
of AN (Kauli et al, 1982). Therefore,
our hypothesis is that combinatorial
treatment with very low levels of
estrogens and leptin will decrease
the effective dose of each hormone
because of the enhanced activation
of intracellular cascades, and at the
same time this would reduce the
anorexic side effects reported at high-
er doses. To our knowledge, estro-
genic enhancement of leptin function
has not previously been tested with
respect to AN.
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Transcriptional Plasticity
in the Brain following
Metabolic Challenge

Assessment of gene expression is a
good place to start a quest for
mechanisms of neural plasticity
(McClung and Nestler, 2008). Of
course, these mRNA and subsequent
protein-level changes must eventually
lead to synaptic alterations in order to
have a role in neural adaptation.
Nonetheless, the efficiency of large-
scale transcription studies makes it a
powerful initial approach. Although
this strategy has been used extensively
within the field of drug addiction
(Robison and Nestler, 2011), few
studies have systematically evaluated
brain transcriptional adaptation in
response to metabolic challenge.
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