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Could Reduced Cerebrospinal Fluid (CSF)
Galanin Contribute to Restricted Eating in

Anorexia Nervosa?

Guido K. Frank, M.D., Walter H. Kaye, M.D., Abhiram Sahu, Ph.D., John Fernstrom, Ph.D.,

and Claire McConaha, B.S.N.

Galanin (GAL) and gamma amino butyric acid (GABA) are
orexigenic neuropeptides that could contribute to the
pathogenesis of anorexia nervosa (AN). To avoid the
confounding effects of the ill state, we studied women who
were recovered (> 1 year, normal weight, and reqular
menstrual cycles, no bingeing or purging) from AN (REC
AN) and matched healthy control women (NC). CSF GAL
was reduced in REC AN (64.4 = 8.6 pg/ml) compared to
NC (72.0 £ 11.6 pg/ml; p < .05), GABA was similar

between groups. In the brain, GAL stimulates appetite and
fat consumption. These data raise the question of whether
alterations in brain GAL activity plays a role in clinical
symptoms in AN, such as food restriction and fat avoidance.
[Neuropsychopharmacology 24:706-709, 2001]
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Anorexia nervosa (AN) is a disorder of unknown etiol-
ogy (American Psychiatric Association 1994). The most
distinguishing characteristic of AN is severe emacia-
tion. Two subtypes have been identified. Restricting-
type AN patients lose weight by pure restricted eating.
Bulimic anorexics also restrict food, but engage episodi-
cally in inappropriate compensatory behaviors, most
often repeated bingeing and purging behavior. It has
been hypothesized that a disturbance of brain neu-
rotransmitter function might contribute to disturbances
of food ingestion in AN. Two neuropeptides of potential
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interest are galanin (GAL) and gamma amino butyric
acid (GABA) since both peptides contribute to the mod-
ulation of feeding (Hoebel 1997; Kelley 1999).

GAL and GABA are expressed in several hypotha-
lamic sites and they are co-expressed in the hypothala-
mus (HTL) arcuate nucleus (Kalra et al. 1999). The main
site of action of brain GAL is the paraventricular nu-
cleus of the HTL as well as other HTL nuclei (Crawley
1999). GAL may stimulate appetite (Lee et al. 1994) and
in particular fat intake (Leibowitz 1995). GABA has
been suggested to be an important part of a system in
the brain that constitutes “taste pleasure” (Berridge and
Pecina 1995), and may transmit taste information
(Yamamoto et al. 1998).

Disturbances of neuropeptides could be a conse-
quence of disturbed eating behavior or malnutrition, or
pre-morbid traits that contribute to a vulnerability to de-
velop an ED. Determining whether abnormalities are a
consequence or a potential antecedent of pathological
feeding behavior is a major question in the study of eat-
ing disorders. It is impractical to study people with ED
prospectively due to the young age of onset and diffi-
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culty in premorbid identification of people who will de-
velop an ED. Therefore, we decided to study women
who had recovered for more than a year from AN. Any
persistent psychobiological abnormalities might be trait-
related and potentially contribute to the pathogenesis of
this disorder. In this study we measured CSF values of
GAL and GABA in subjects who were long-term recov-
ered from AN (REC AN). We hypothesized that REC AN
might have decreased GAL or GABA activity which
might contribute to reduced motivation to eat.

METHODS

Subjects were recruited, screened and diagnosed as pre-
viously described (Kaye et al. 1998, 1999). Diagnoses
were adapted to DSM-IV criteria. REC AN subjects
were 18 women who had previously met DSM-IV crite-
ria for AN, 13 women who had recovered from binge
eating/purging, and five women who had recovered
from restricting type AN. Recovered ED subjects were
compared to 16 female normal controls (NC). In the
year before the study, all participating recovered sub-
jects had to maintain a body weight of > 90% average
body weight (% ABW) (Metropolitan Life Insurance
1959); have regular menstrual cycles; have not binged,
purged, or engaged in restrictive eating patterns; and
have not met criteria for substance-related disorders.
Subjects were free of medication for 6 weeks prior to the
study and gave informed consent. The NC had no his-
tory of an eating disorder or any psychiatric, medical,
or neurologic illness. They had normal menstrual cy-
cles, and had been within a normal weight range since
menarche. They also had no first degree relatives with
an eating disorder.

A lumbar puncture (LP) for obtaining CSF samples
was performed during the early follicular phase of the
most recent menstrual cycle by methods previously de-
scribed (Kaye et al. 1998). For the CSF GAL assay a
commercial kit for radio immunoassay (RIA) from Pen-
insula Laboratories, Inc., San Carlos, CA, was used. CSF
GABA concentrations were estimated using a BAS MF-
9054 Amino Acid Analysis Kit (Bioanalytical Systems,
Inc., West Lafayette, IN). Plasma B-hydroxy butyrate
(BHBA), a ketone body, was assessed as an index of
starvation. BHBA was measured by the enzymatic
method of Williamson et al. (1962).

Statistical analyses were done using the SPSS soft-
ware package (SPSS, Chicago, IL) (Barcikowski 1984).
Correlations were investigated using Spearman Corre-
lation coefficients. Two tailed independent samples
t-tests investigated group differences. If outcome vari-
ables showed significant correlations with demo-
graphic variables, analysis of covariance (ANCOVA)
assessed between group differences using such vari-
ables as covariates.
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Table 1. Demographic Variables and Neuropeptide Values

NC REC AN

(n = 16) (n =18) t p
Age (years) 229+ 44 245 *32 -120 024
Weight (kg) 59.6 £ 5.4 53.6 £ 5.6 3.06 0.01%
%ABW 104 =8 979 231 0.03*
HIGH %ABW 110+ 9 109 += 19 0.25 0.80
LOW %ABW 979 69+ 8 9.02 0.00%
BHBA 113.7 =822 1885 * 1385 —-1.68 0.11
Galanin (pg/ml) 720 £ 11.6 64.4 + 8.6 217 0.04*
GABA (pmol/ml) 394 +185  419*+153 —035 0.73

Note: All values are expressed as mean + standard deviation.

%ABW, % average body weight; BHBA, B-hydroxybutyric acid;
GABA, gamma amino butyric acid; kg, kilograms; t, Two tailed indepen-
dent samples t-tests.

RESULTS

Age, high % ABW, and BHBA were similar between
groups. Current and past low % ABW were signifi-
cantly lower in REC AN (Table 1). Compared to CW,
AN women had similar CSF GABA (Table 1). However,
CSF GAL concentrations were significantly lower in
REC AN (Figure 1). CSF GAL concentrations were simi-
lar for restricting type REC AN (n = 5, 62.1 * 3.6 pg/
ml) and binge eating/purging type REC AN (n = 13,
65.3 = 9.8 pg/ml) (t = 0.7, p = .5); an additional non-
parametric Mann-Whitney U test showed a similar re-
sult (exact significance = 0.04). The range of CSF GAL
was almost similar for both groups (NC: 39 pg/ml vs.
REC AN:41 pg/ml), whereas the minimum (58 pg/ml)
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Figure 1. Scatterplot of galanin distribution within and
between groups.
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and maximum (97 pg/ml) for the NC group were
higher than for the REC AN women (minimum 47 pg/
ml, maximum 88 pg/ml. In addition, the variance was
higher for NC women (135 pg/ml) compared to REC
AN (73 pg/ml).

There was no significant correlation between GAL
and any of the demographic variables, including
plasma BHBA, in either one of the two groups. CSF
GABA was significantly correlated with current % ABW
(tho = —0.68, p < .01) in NC, but not REC AN women
(rho = - 0.31, p = .39). An ANCOVA assessing GABA
using current % ABW as covariate, still showed similar
GABA values between groups (F = 0.64, p = .43).

DISCUSSION

This study found reduced CSF concentrations of GAL
but normal CSF GABA levels in women who were long
term recovered from AN. In the past, ill anorexic sub-
jects had normal concentrations of CSF GABA (Gerner
and Hare 1981). A previous study from our group (Ber-
rettini et al. 1988) reported that CSF GAL levels were
normal in AN women who were studied after being
weight restored for more than six months. However,
the majority of the subjects in the earlier study had ir-
regular or absent menstrual cycles, and a substantial
proportion were below 90% ideal body weight. Thus,
most study subjects were still in the process of recovery.
The reasons for the differences in CSF GAL concentra-
tions in these two studies remains uncertain. Whether
this is a phenomenon that only emerges after long-term
recovery is possible, and deserves further study.

The differences between subject groups was modest
(Figure 1) although significantly different. The meaning
of altered concentrations of CSF neuropeptides levels in
humans is not certain. It is possible that such modest
findings in the CSF could reflect a disturbance at the re-
ceptor or intracellular translational pathways, which
may have a substantial effect on feeding behavior but
only have modest effects on neuropeptide concentra-
tions. Whether differences in weight or nutritional sta-
tus account for the discrepancy between our study and
that of Berrettini et al. (1988) is not known. Studies in ani-
mals suggests that restricted eating behavior does not
alter GAL concentrations in the HTL (Crawley 1999).
However, reductions of leptin, which is well know to be
decreased in the ill state of AN, could theoretically
down regulate central GAL mRNA (Sahu et al. 1998a,
1998b) after recovery and thus account for state differ-
ences. Alternatively, GAL is co-expressed with 5-HT in
dorsal raphe neurons (Hokfelt et al. 1999), and may in-
hibit 5-HT secretion (Fuxe et al. 1998). Ill AN have low
concentrations of CSF 5-HIAA, the major brain seroto-
nin metabolite, whereas elevated concentration are
found after long term recovery (Kaye et al. 1991). While
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the subjects in this study had elevated CSF 5-HIAA
(data not shown), no significant relationship with CSF
GAL was found. In the brain, GAL stimulates appetite
and in particular fat consumption (Lee et al. 1994; Lei-
bowitz 1995). These data raise the question of whether
alterations in brain GAL activity play a role in common
clinical symptoms in AN, such as food restriction and
fat avoidance (Sunday and Halmi 1990).

An animal study (Podell and Hadjiconstantinou
1997) also found a negative correlation of GABA in CSF
with body weight. The meaning of a correlation be-
tween GABA and % ABW is not clear.

In terms of limitations, the mean differences for CSF
GAL between groups was modest but significant. The
relatively small sample size limited our power of obser-
vation, and we did not correct for multiple compari-
sons, for this is an exploratory study and a small sam-
ple. Only five of the REC AN women were pure food
restrictors, the remaining REC AN subjects were binge
eating-purging type AN. It remains uncertain whether
CSF values of these compounds actually reflect secre-
tory activity in the brain, or other factors, such as com-
pound metabolism. Finally, it is possible that persistent
disturbances of CSF GAL could be a “scar” that is sec-
ondary to years of malnutrition or other state related
factors. The design of this study, however, does not
permit answering this question and this will require a
longitudinal study design.

In summary, reduced CSF GAL in long term recov-
ered AN raises the possibility that this is a trait re-
lated disturbance and should be further studied dur-
ing various stages of recovery. Such a disturbance
could contribute to food avoidance and perhaps fat
aversion in AN.
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