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Abstract

Background In Japan, growth hormone releasing peptide-2 (GHRP-2) is clinically used as a diagnostic agent for growth
hormone secretion deficiency, but the therapeutic application of GHRP-2 has not been studied in anorexia nervosa. GHRP-2
reportedly exhibits agonistic action for ghrelin receptor and increases food intake.

Methods We administered GHRP-2 to a patient with a 20-year history of anorexia nervosa to determine whether GHRP-2 treat-
ment increases food intake and body weight. GHRP-2 was administered before every meal by an intranasal approach for 1 year.

Results Although the patient reported a decreased fear of eating and decreased desire to be thin by our previous treatment,
she was unable to increase food intake or body weight because of digestive tract dysfunction. Vomiting after meals caused by
delayed gastric emptying and incurable constipation were prolonged, and sub-ileus and hypoglycemia were observed. GHRP-2
increased the feeling of hunger and food intake, decreased early satiety and improved hypoglycemia. The patient’s body
weight gradually increased by 6.7 kg (from 21.1 kg to 27.8 kg) in 14 months after starting GHRP-2 administration. The fatigabil-
ity and muscle strength improved, and the physical and mental activities were also increased. No obvious side effects were
observed after long-term intranasal administration of GHRP-2.

Conclusions Patients with a long-term history of eating disorder occasionally recover from the psychological problems such
as fear for obesity but remain emaciated. We believe that ghrelin agonists such as GHRP-2 may be promising agents for the
effective treatments of severe anorexia nervosa in a chronic condition.
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by early diagnosis and long-term specialist care. However,
many studies confirm the medical seriousness of AN, and
sudden death is difficult to prevent completely in severely

Introduction

Anorexia nervosa (AN), a complex illness, has the highest

mortality rate among psychiatric disorders because of the
severe weight loss, associated medical complications, psy-
chological morbidity and the chronic course of the illness.™?
It is believed that the death rates of AN could be reduced

emaciated patients despite intensive treatment and specialist
intervention.

Anorexia nervosa is characterized by destructive weight loss
behaviour, resulting from the interplay between debilitating
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cognitive, emotional, and physical processes. The gut—brain
peptides have been assumed to be involved in the pathophys-
iology of AN.>> Recently, ghrelin, a 28-amino acid peptide se-
creted from the stomach® was identified as the endogenous
ligand of the growth hormone secretagogue (GHS) receptor.
GHS includes growth hormone releasing peptide-2 (GHRP-2),
a synthetic hexapeptide (D-Ala-D-b Nal-Ala-Trp-D-Phe-Lys-
NH2), discovered in the 1980s and extensively studied for their
effects on growth hormone (GH) release.® Ghrelin exhibits a po-
tent GH-releasing effect and increases muscle mass through the
GH/insulin-like growth factor-1 (IGF-1) axis.®” It potently stimu-
lates food intake and promotes adiposity by a GH-independent
action. Ghrelin is classified into two forms; acyl ghrelin is the ac-
tive form, whereas des-acyl ghrelin is devoid of GH-releasing
and orexigenic activities.

Growth hormone releasing peptide-2 is known to increase
food intake in healthy men and in some animal models
through GHS/ghrelin receptor.® In Japan, GHRP-2 is used as
a diagnostic agent for GH secretion deficiency, but the clinical
application of GHRP-2 has not been well studied. We encoun-
tered a severely emaciated AN patient who failed to respond
to medical treatment despite the vigorous efforts on nutri-
tional rehabilitation and psychotherapy; therefore, we
decided to treat her with GHRP-2 intra-nasally.

Materials and methods
Patient

Our patient was a 38-year-old Japanese woman. The patient
developed AN when she entered junior college at 18 years
of age. She visited many generalists and gastrointestinal spe-
cialists with the chief complaint of anorexia, edema, general
fatigue, and disturbance of consciousness. Although she was
diagnosed as AN and advised for follow-up with the special-
ists, she failed to do so because both she and her family
had little insight into the disease. She consulted our depart-
ment 3years ago when she was unable to move herself
because of severe emaciation, and we started medical treat-
ment in an inpatient clinic. In the beginning, the patient

was very reluctant to treatment, and anorexia continued al-
though her nutritional status was improved by peripheral par-
enteral nutrition. The patient discharged temporarily after
hospitalization for 3 months, but her body weight gradually
decreased, and she was repeatedly hospitalized. We treated
the patient with various medications including selective sero-
tonin re-uptake inhibitors, gastro-prokinetics, and anti-
constipative agents, as well as cognitive behavioural therapy
over a period of 3years. The patient’s motivation for treat-
ment improved, however, her body weight did not increase
because of the gastrointestinal symptoms, and the activity
gradually decreased. She suffered from vomiting after eating
small amounts of food and repeated sub-ileus.

We believed that current treatment was ineffective and
started treatment with GHRP-2 to improve her appetite and
gastrointestinal symptoms. We monitored the patient’s food
intake, body weight, muscle mass, fat mass, nutritional
status, hormonal changes, blood glucose levels, and subjec-
tive symptoms including appetite. We used the food diary
and visual analogue scale evaluating food intake (10 stages)
and appetite (three stages), respectively. Fat and muscle mass
were evaluated using the bio-impedance method.

Administration of growth hormone releasing
peptide-2

The composition of GHRP-2 solution is presented in Figure 1.
GHRP-2 was administered to the patient by nasal spray four
times a day, 30 min before every meal and sleep. Approxi-
mately 100 uL of GHRP-2 solution by one push contains
100 pg of GHRP-2. After one push during the first week, we
increased the dose up to 200 ug (two pushes) before every
meal and 100 pg before sleep for 10 months.

Laboratory measurements

Blood samples were obtained in the morning after overnight
fasting and treated with hydrochloric acid for measurement
of acyl-ghrelin and desacyl-ghrelin using an enzyme immuno-
assay kit (Mitsubishi Chemical Medicine, Tokyo, Japan) (9).

Figure 1 The composition of growth hormone releasing peptide-2 solution and the device for the nasal spray.
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Ethics statement

In accordance with the principles of the Declaration of Hel-
sinki, the participant gave informed, written consent to par-
ticipate. The study was approved by the Institutional
Committee of Kagoshima University.

Results

The patient’s body temperature, blood pressure, and heart
rate was 37.0°C, 100/70 mmHg, 70beats/min, respectively.
Blood examination showed no significant changes except anae-
mia. Severe brain atrophy by magnetic resonance imaging and
low bone mineral density were observed, the latter being
lower than the average of 100-year-old women (not shown).
Subjective symptoms of the patient were improved dra-
matically by GHRP-2 treatment. The patient reported hunger
and markedly decreased early satiety 30 min after treatment.

Body weight, muscle mass, and fat mass were gradually in-
creased with reduced fatigue and increased muscle strength
and daily activity (Figure 2A). GH and IGF-1, as well as nutri-
tional marker retinol binding protein and albumin levels were
also improved (Figure 2B and C). As a result of GHRP-2 admin-
istration for 10 months, fasting des-acyl ghrelin and acyl
ghrelin was increased and the des-acyl ghrelin/acyl ghrelin
ratio decreased (Figure 2D).

The patient initially suffered from hypoglycemic symptoms
with glucose level lower than 70mg/dL. After 100ug of
GHRP-2 treatment before sleep, the patient no longer
complained of hypoglycemic symptoms after meals and at
midnight, but further increase of GHRP-2 dose from 100 to
200 pg appeared no additional benefits.

Discussion

Patients with AN exhibit a certain level of immune system
activation that is either considered a cause of this eating

Figure 2 (A) Changes in body weight, muscle mass, and fat mass after treatment with growth hormone releasing peptide-2 (GHRP-2). Fat and mus-
cle mass were evaluated using the bio-impedance method. All parameters gradually increased and the increases of body weight and daily energy
intake were —1.5 to 2.4 kg and 12% to 36%, respectively, after ghrelin infusion. (B) Changes in growth hormone (GH) and insulin-like growth factor 1
(IGF-1) levels after treatment with GHRP-2. GH decreased and IGF-1 increased after 12 months. (C) Changes in nutritional status. Retinol binding
protein (RBP) and total protein (TP) increased rapidly, and albumin (Alb) increased after 4 months. These parameters further increased after
12 months. (D) Changes in acyl ghrelin (AG) and des-acyl ghrelin (DAG) levels after the administration of GHRP-2. Fasting DAG and AG increased

and DAG/AG ratio was lowered after 10 months. BW; body weight.
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disorder or an accompanying feature of the malnutrition
state.®> Cytokine deregulation profiles in AN include an in-
crease in interleukin 1-beta and tumour necrosis factor-alpha
levels, which are common among anorexia—cachexia syn-
dromes associated with many diseases including cancer.’
The clinical use of tumour necrosis factor-alpha down-
regulators, such as infliximab, in the treatment of AN associ-
ated with juvenile idiopathic arthritis or Crohn’s disease were
successful with respect to body weight and psychopathol-
ogy.'® These results indicate that despite the controversy re-
garding the similarities and differences between AN and
cachexia, severely emaciated AN patients likely fulfil the diag-
nostic criteria of cachexia and could be treated similarly.

Ghrelin is the only known circulating orexigenic hor-
mone.®” Ghrelin increases food intake by interacting with hy-
pothalamic and brainstem circuits involved in energy balance,
as well as reward-related brain areas. A heightened gut—brain
ghrelin axis is an emerging feature of anorexia—cachexia syn-
dromes,’” but the comparison was usually made with healthy
weight subjects. We and others suggest that although acyl
ghrelin tends to increase in AN patients, the increase is pre-
dominantly in the form of desacyl ghrelin®*! that is devoid
of GH-releasing and orexigenic activities. The relative abun-
dance of desacyl form is a characteristic of both AN and cancer
cachexia®’ and agents that potentiate ghrelin signalling may
exhibit a therapeutic effect for AN although most are currently
in the preclinical or early clinical stage of development.

Intravenous infusion of ghrelin has been reported to stim-
ulate appetite and food intake in patients with chronic heart
failure, chronic obstructive pulmonary disease, cancer, and
other diseases.”*? In AN, only short-term treatment studies
with natural ghrelin have been reported. Although single-
dose continuous administration of ghrelin for 5 h failed to af-
fect appetite in AN,*® the intravenous administration twice a
day for 2 weeks in restrictive AN improved epigastric discom-
fort and constipation and increased hunger scores.™*

Our study is the first to demonstrate a year-long therapeutic
effect of the ghrelin agonist GHRP-2 by intranasal application in
a very emaciated AN patient with longstanding disease history.
Despite the digestive tract malfunction such as meal-induced
vomiting, incurable constipation, and frequent sub-ileus,
GHRP-2 enhanced feelings of hunger, improved early satiety,
and increased food intake. Interestingly, GHRP-2 appears to in-
crease sleep in the patient as reported previously.™® The treat-
ment was well tolerated and was not associated with any
adverse effects including irritation of the nasal mucosa. .

In addition to nutritional status, GHRP-2 improved the
patient’s activities of daily living. She frequently felt general fa-
tigue and staggered because of muscle weakness before treat-
ment. After the start of GHRP-2, the patient could walk by
herself more firmly and for a longer period of time than she
had previously. The stimulation of GH and IGF-1 by GHRP-2 ex-
hibited anabolic effects and enhanced muscle strength, partic-
ularly in the lower extremities. These effects on potentiating

ghrelin signalling may be consistent with those in aged sub-
jects in which both fat and lean body mass were increased
1year after the oral administration of ghrelin agonists.*>*®

Severe cases of AN exhibit a high prevalence of hypoglyce-
mia. Most of the severe hypoglycemic episodes occurred in
early morning, suggesting that in the majority of episodes,
the liver lacked sufficient substrate in the fasting state to
maintain the patient’s serum glucose. Postprandial hypogly-
cemic episodes, occurring later in the day, would be more
likely caused by a vigorous insulin response to food, which
overwhelms the body’s ability to maintain glucose homeosta-
sis. In this study, GHRP-2 was effective in preventing deep hy-
poglycemia. When body fat is reduced by calorie restriction,
ghrelin stimulates GH secretion, which allows the mainte-
nance of glucose production, even when food intake is greatly
reduced. However, in severe AN, this compensatory ghrelin
and GH response will be hampered as in fat-depleted mice.*’
Calorie-restricted, fat-depleted ghrelin O-acyltransferase or
ghrelin knock-out mice fail to exhibit the normal increase in
GH and become profoundly hypoglycemic when fasted for
18-23h. It has been suggested that these two hormones
could prolong survival in starved humans as they do in
mice.'” The importance of GH and glucagon in starvation
adds validity and value to the nasal administration.

By the continuous administration of GHRP-2, baseline
levels of acyl ghrelin were increased, des-acyl ghrelin de-
creased, and the des-acyl ghrelin/acyl ghrelin ratio was de-
creased. This indicates the recovery of acyl ghrelin
signalling. Further investigations are needed to address
whether and how normalization of the ghrelin signalling
and feeding—regulatory circuitry corrects metabolic, gastroin-
testinal, and behavioural abnormalities of the patients.

Conclusion

This is the first report of the therapeutic effects of long-term
intranasal administration of ghrelin agonist GHRP-2 in a
severely emaciated, long-standing AN patient. GHRP-2
increased appetite, body weight, and muscle strength, and
improved fatigue, gastrointestinal functions, and hypoglyce-
mia. The treatment was safe and tolerable without any
obvious side effects. Further studies are needed for the ther-
apeutic efficacy of GHRP-2 and other ghrelin agonists in AN.
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