2 Current Medicinal Chemistry, 2010 Vol 17, No. 36

Masaki and Yoshimatsu

NH,—— CHC —OH

|
H{j/\/mz iﬂ:
&

Histidine (2)

Histamine (1)

Fig. (1). Some examples of structure of histamine-related molecules.

Alpha-fiuoromethyl histidine (4)

L

CH 30—©—CH2NCH ZCHzT

CH,

Chiorpheniramine (6)

H;C NH.
3 \NM 2
\=x

Telemethylhistamine (3)

HN NH;

sy
— CF;
2-(3-trifluoromethylphenylhistamine (5)
CH;

o |
/AN
CH,

&
ot

Cl Pyrilamine (7)

Fig. (2). Some examples of structure of histamine and H, receptor-related molecules.

dementia and Meniere's disease, for which it is still used
[33]. The unique pharmacologic properties of betahistine
point to its potential use as an antiobesity agent [33]. Recent
study showed that betahistine induced significant weight loss
with minimal adverse events in women [34].

NEURONAL HISTAMINE AND H;-R ON FOOD
INTAKE AND OBESITY

H;-Rs are pharmacologically identified and predomi-
nantly expressed in the brain, where they negatively regulate
histamine release, acting as presynaptic autoreceptors [11].
Therefore, H;-R antagonists/inverse agonists (IAs) have
therapeutic potential for treating obesity. Investigations into
the role of histamine as a neurotransmitter have shown that
histamine inhibits its own neuronal synthesis and release
from depolarized slices of the rat cortex via presynaptic
feedback mechanisms [6-8). H3-R IAs are believed to sup-
press appetite by activating Hy-Rs in post-synaptic areas,
because H;-Rs negatively regulate the release of HA in the
brain [6-8]. To address the therapeutic potential of Hi-R
figands as anti-obesity agents, several studies have reported
the pharmacological profiles of H;-R IAs in animal studies
[35, 36]. Thioperamide (8), an imidazole-containing Hz-R
IAs, suppresses food consumption in spontaneous, fast-
induced, schedule-induced, and NPY-induced feeding in
rodents [35]. In addition, clobenpropit (9) and ciproxifan
(10), imidazole-based compounds, both decreased short-term
or long-term energy intake [37, 38]. Contrary, administration

of imetit (11), H3-R agonist, to hamsters in the lean state
increased food intake [39] (Fig. 3). Although these reports
have suggested the therapeutic potential of H;-R IAs, their
anti-obesity effects remain controversial.

Administration of thioperamide enhanced HA release in
the brain, but the treatment did not decrease food intake [40].
In addition, the H;-R agonist imetit reduces adiposity in DIO
mice by inhibiting food intake and increasing energy expen-
diture. The anti-obese effects of the H;-R agonist were also
confirmed using an H;-R agonist, R-methylhistamine (12)
[40] (Fig. 3). Moreover, both intraperitoneal and oral ad-
ministration of thioperamide enhanced HA release in the
brain, while only IP administration caused significant reduc-
tions in food intake [41]. Further studies are needed to clarify
the involvement of Hj-Rs in food intake and obesity. Several
pharmaceutical companies have developed non-imidazole
Hi-R TAs [42-44]. As observed in A-331440 (13), A-
349821(14), A-417022 (15) and A-423579 (16), specific
isoforms interacting in different intensities with similar
ligands, may have a distinct influence on efficacy in different
models [44-46] (Fig. 4). Among these, A-331440 potently
suppresses feeding and body weight gain in diet-induced
obese mice [45, 46]). Other imidazole-based H, antagonists,
including GT-2394 (17), reduce cumulative food intake in
Sprague Dawley and obese Zucker rats [44]. In addition,
NNC-0038-1049 (18) and NNC-0038-1202(19), structurally
distinct Hi-R antagonists, reduced food intake and body
weight [47-49] (Fig. §). Contrary, ABT-239 (20) and JNJ-
5207852 (21) showed no anti-obesity effects [50, 51]
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(Fig. 5). Although, these observations may explain why
some classes of H;-R IA exert anti-obesity activity, poten-
tially unknown off-target activity of specific compounds
might contribute to their anorectic effects and thus further
investigation is required. Following this substantial differ-
ences of the outcome, further investigations have to prove
the so far unclear concept of Hs-R antagonists in the treat-
ment of obesity and weight gain.

PSYCHOTROPIC DRUG-RELATED WEIGHT GAIN
AND BRAIN HISTAMINE

The use of anti-psychotic drug is associated with meta-
bolic side effects including weight gain and diabetes mellitus
[52-54]. Tt has been shown that several anti-psychotic drugs
had side effects of appetite stimulation and weight gain [52-

54]. These drugs were proved to be potent histamine H;-R
blockers by binding assay, conversely the increased feeding
and obesity appeared to result from blockade of H;-R. Sev-
eral studies using experimental animals support this hypothe-
sis: the peripheral injection of doxepin and promazine, both
of which have anti-histaminic H,-R antagonized effects, in-
creased food intake. Atypical anti-psychotics such as olan-
zapine also had side effects of appetite stimulation and
weight gain via histamine H;-R signaling [55, 56]. Atypical
anti-psychotic olanzapine caused the hyperphagia and body
weight gain and it is suggested that the relative receptor af-
finities of the atypical anti-psychotics for histamine H;-R
appear to be the most robust correlate of the obesity. Orexi-
genic atypical antipsychotic drugs activate hypothalamic
AMP-kinase, an action abolished in mice with deletion of
H;-R [55]. Recent study demonstrated that the effects of an-
tipsychotic drug treatment on weight gain and H;-R expres-
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sion in the brain [56].There were negative correlations be-
tween the levels of histamine H;-R mRNA expression, and
body weight gain and energy efficiency in the arcuate nu-
cleus (ARC) and ventromedial nucleus (VMH) after antipsy-
chotic treatments (). In addition, H,-R mRNA expression in
the ARC showed a negative correlation with food intake and
fat mass. Furthermore, there were negative correlations be-
tween H;-R binding density in the VMH and total fat mass
and body weight gain after antipsychotic treatment [56]. The
finding suggested that downregulated VMH and ARC H;-R
expression might be a key factor contributing to antipsy-
chotic drug-induced obesity. Thus, the involvement of his-
tamine and H;-R in antipsychotics-induced hyperphagia and
obesity might be tightly related. However, the studies exam-
ining the relationship human obesity and histamine H,-R are
relatively not many including genetic analysis. Further stud-
ies are needed to examine the relationship human obesity and
histamine H;-R in the future.

CONCLUDING REMARKS

The activation of histamine neurons suppressed food in-
take and body weight through histamine H;-R and Hi-R in
rodents and human. The involvement of histamine and H;-R
in antipsychotics-induced hyperphagia and obesity is also
demonstrated. It is indicated that energy homeostasis is
tightly maintained through the formation of a loop bridged
between histamine neuron, its receptors in rodents and hu-
man. Taken together, therapeutic application of activating of
histamine neuron and its receptors might be molecular tar-
gets for regulating food intake and obesity in the future.
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ABSTRACT

Objective/Method: Patients with ano-
rexia nervosa (AN} display various physical
comptlications. One such problem s
thrombocytopenia. However, no studies
have investigated links between AN and
thrombopoietin {TPQ), which is the pri-
mary regulator of megakaryocyte and pla-
telet production produced mainly in the
liver, although TPO has been recently
reported 1o play a role in thrombocytope-
nia in liver diseases, We therefore clarified
temporal relationships between platelet
counts and TPO fevel in 2 woman with AN
and severe liver dysfunction in whom pla-
telet count decreased to 53 X 10°7L.

Results: While international normal-
ized ratio (INR) was low, serum TPO level

was relatively low despite low platelet
counts. After INR and liver enzymes
improved in conjunciion with improved
nutritional status, a rapid increase in
TPO was observed and platelet count
began to rise.

Discussion: These findings thus suggest
that decreased TPO production accompa-
nying liver dysfunction may be related
to thrombocytopenia besides myelosup-
pression i AN with malnutrition. © 2009
by Wiley Periodicals, Inc.

Keywords: thrombocytopenia; throm-
bopoitein; liver dysfunction; anorexia
nervosa .

{Int ] Eat Disord 2010; 43:675-677)

Introduction

Various physical problems have been reported to
occur in patients with anorexia nervosa (AN)
because of malnutrition, including vitamin defi-
ciency,! electrolyte disturbances, diminished bone
mineral density, increased QT interval, cardiomy-
opathy, and liver dysfunction.?

Among these problems, thrombocytopenia is
also known to occur in cases of low-body weight
accompanied by AN.>* In such cases, myelosup-
pression has been viewed as the main cause of
thrombocytopenia.® To date, however, no studies
have examined relationships between AN with
acute liver dysfunction and thrombopoietin
(TPO),® which is the primary regulator of megakar-
yocyte and platelet production produced mainly in
the liver but also in the kidneys and bone marrow,
although TPO has been recently reported to play a
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role in thrombocytopenia in liver diseases such as
liver cirrhosis.” Furthermore, no studies have ana-
lyzed changes in TPO and platelet counts occurring
during the recovery stage of severe liver dysfunc-
tion, even for other diseases.

We report herein the case of a patient who was
affected by AN and presented with increased serum
liver enzymes and thrombocytopenia, and discuss
the possible influence of reduced TPO production
by liver dysfunction on thrombocytopenia with a
close examination of temporal changes in liver
function, platelet counts, and TPO values.

Case Report

The patient was a 25-year-old woman with a 2-year
history of restrictive-type AN who had been diag-
nosed according to the criteria of the Diagnostic
and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV).? Premorbid body weight and
body mass index (BMI) were 60.0 kg and 22.9 kg/
m?, respectively. Body weight and BMI at the time
of hospitalization were 36.0 kg and 13.7 kg/m?,
respectively, and minimum body weight and BMI
were 33.0 kg and 12.5 kg/m? on Day 17, respec-
tively.

For 31 days after hospitalization, complete blood
count, international normalized ratio (INR), and
levels of aspartate aminotransferase, alanine ami-

675
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FIGURE 1. Thrombopoietin (TPO), platelet counts, and
international normalized ratio (INR) during severe liver
dysfunction and the recovery phase in a patient with ano-
rexia nervosa (AN). TPO levels increased just after recovery
of INR, on Day 18, whereas platelets remained low on
days 1517,
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notransferase, and serum TPO were measured.
TPO was measured using a Human Thrombopoie-
tin ELISA kit (R&D Systems, Minneapolis, MN}.

On admission, physical examination identified
hypotension (88/50 mm Hg), bradycardia (48
beats/min), hypothermia, malasmus-like protein-
energy malnutrition, and lanugo. Even after hospi-
talization, the patient continued to refuse to eat. By
Day 15, platelet count had decreased to 53 x 10°/L
(normal, 155-365 x 10°/L). Concurrently, increased
INR and serious liver dysfunction were noted. De-
spite low-platelet counts on Days 15-17, TPO level
remained relatively low (see Fig. 1). Principal exog-
enous causes of acute liver failure such as hepato-
tropic virus, hepatotoxic drugs, alcohol, cocaine,
and-:autoimmune hepatitis were excluded. On
ultrasonography, although the left lobe of the liver
was slightly shrunken, the gallbladder and biliary
tree were found to be intact. Thrombosis was
excluded by contrast-enhanced computed tomog-
raphy. Because of the poor general clinical condi-
tion of the patient, liver biopsy was avoided.

From Day 15, the patient accepted gradual intra-
venous rehydration (1,000 mL/day) and nutritional
rehabilitation with both enteral feeding using a
nasogastric tube (energy intake, starting with 500
kcal, gradually increasing to 1,000 kcal with nuui-
tional supplementation) and peripheral venous
nutrition (77.5 g glucose per 1,000 mL water) with
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vitamins and minerals. Phosphate supplement was
administrated first parenterally, then enterally after
resumption of enteral feeding. At Day 19, oral
nutrition was started with natural foods (1,200~
1,800 kcal). When oral nutrition intake increased,
parenteral support and tube feeding were gradually
decreased.

INR subsequently improved in conjunction with
improved nutritional status resulting from tube
feeding. With the return of liver function from Days
1822, a rapid increase in TPO was observed and
platelet count began to rise. TPO values then
decreased with the rise in platelet count (see Fig. 1).

Discussion

In AN, malnutrition has been reported to cause
thrombocytopenia as along with liver dysfunction.
For example, thrombocytopenia was seen at the
peak level of liver enzymes in a previous case
report, whereas the mechanisms underlying
thrombocytopenia were not discussed.”

This report describes temporal changes in liver
enzyme levels, platelet counts, and TPO values in a
patient with restrictive-type AN who developed
liver dysfunction and thrombocytopenia. We have
also reported that TPO values did not increase de-
spite thrombocytopenia during liver dysfunction,
although TPO level increases under normal condi-
tions when platelet count decreases. TPO values
increased soon after the recovery of liver function,
and then platelet count began to rise.

TPO values have previously been reported to not
increase even with a drop in platelets accompany-
ing severe liver failure,? as seen in this report. How-
ever, previous studies have not investigated tempo-
ral changes in TPO values during both severe liver
dysfunction and recovery. In contrast, this report
examined detailed time-series data for TPO and
platelet counts during severe liver dysfunction and
recovery. Interestingly, prompt restoration (within
24 h) of TPO production accompanied the recovery
of liver function.

In addition, subsequent gradual increases in pla-
telet count after improvement of TPO production
may provide further insights into the physiological
role of hepatic TPO when severe liver dysfunction
such as hepatic cirrhosis is present. The findings
also suggest the possibility that decreased TPO pro-
duction accompanying liver dysfunction is related
to lowered platelet counts in AN patients with mal-
nutrition, along with myelosuppression.
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In this report, liver enzymes rose to over 1,000
[U/L. In this patient with AN, acute liver dysfunc-
tion was not due to alcohol, hepatotoxic drug
intake, or infection due to hepatotropic viruses.
The increase in liver enzymes might thus be attrib-
utable to malnutrition and liver hypoperfusion, as
suggested by previous studies,*'® supported by the
observation that rapid recovery occurred within a
few days of hydration and nutritional treatment.

In conclusion, reductions in hepatic TPO may

play a significant role in thrombocytopenia in AN
patients with acute severe liver dysfunction.
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The majority of patients with dyspepsia have no identifiable cause of their disease, leading to a diagnosis of functional dyspepsia
{(FD). While a number of different factors affect gut activity, components of the nervous and endocrine systems are essential for
normal gut function. Communication between the brain and gut occurs via direct neural connections or endocrine signaling
events. Ghrelin, a peptide produced by the stomach, affects gastric motility/emptying and secretion, suggesting it may play a
pathaphysiological role in FD. It is also possible that the functional abnormalities in FD may affect ghrelin production in the
stomach. Plasma ghrelin levels are reported to be altered in FD, correlating with FD symptom score. Furthermore, some patients
with FD suffer from ancrexia with body-weight loss. As ghrelin increases gastric emptying and promotes feeding, ghrelin therapy

may be a new approach to the treatment of FD,

1. Introduction

Dyspepsia is associated with a variety of organic and
functional disorders. The organic causes of dyspeptic symp-
toms include peptic ulcers, cholelithiasis, reflux disease, and
malignancy. In patients initially presenting with dyspepsia,
approximately 33% to 50% have an underlying organic
disease [1]. Routine clinical evaluation and procedures do
not reveal the cause of symptoms in the majority of patients
with dyspepsia, If symptoms persist for more than three
months with symptom onset of at least six months prior to
the diagnosis, affected patients are diagnosed with functional
dyspepsia (FD).

Despite an absence of organic disease in patients with
ED, abnormalities in gastric emptying, dysregulation of
gastroduodenal motility, and visceral hypersensitivity are
often associated with FD. As ghrelin affects gastric motil-
ity/emptying [2-7] and secretion [8, 9], this peptide may
play a pathophysiological role in FD. It is also possible that
the functional abnormalities in FD may affect the production
of ghrelin by the stomach. Indeed, plasma ghrelin levels are
reported to be altered in FD [10, 11], frequently correlating
with FD symptom score [11, 12]. Some patients with FD also

suffer from anorexia with significant weight loss, frequently
leading to diagnosis of cating disorders. As yet, no treatment
guidelines for patients with FD or cating disorders have
been established. Given its role triggering eating behaviors,
ghrelin might be an appropriate treatment for FD, potentially
improving food intake by influencing gastric emptying and
motility. In this article, we discuss FI? and the potential role
of ghrelin in this disease.

2. Functional Dyspepsia

Functional dyspepsia (FD), a functional gastroduodenal
disorder (FGDD) [13, 14] and one of the functional gastroin-
testinal disorders (FGIDs) [15], was previously known as
nonulcer dyspepsia (NUD), essential dyspepsia, or idiopathic
dyspepsia [16, 17]. The original Rome I criteria, which
established the classification and diagnosis of FD in 1994
[18], have since been updated twice as Rome II in 2000 [19]
and Rome IIT in 2006 [15]. :

The Rome II (Table 1) [19] defines FD as persistent
or recurrent pain or discomfort centered in the upper
abdomen. Discomfort refers to a subjective, negative feeling
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TabLE 1: Diagnostic criteria and classification of ED in Rome 1L

Diagnostic criteria

At least 12 weeks, which need not be consecutive, in the preceding 12 months of

{1) Persistent or recurrent symptoms (pain or discomfort centered in the upper abdomen)

{2} No evidence of organic disease (including at upper endoscopy) that is likely to explain the symptoms
{3} No evidence that dyspepsia is exclusively relieved by defecation or associated with the onset of a change in stool frequency or stool

form (i.e., not irritable bowel).

Classification

{B1a) Ulcer-like dyspepsia

Pain centered in the upper abdomen is the predominant (most bothersome) symptom.

(B1b) Dysmaotility-like dyspepsia

An unpleasant or troublesome nonpainful sensation {discomfort) cenlered in the upper abdomen is the predominant symptom; this
sensation may be characterized by or associated with upper abdominal fullness, early satiety, bloating, or nausea.

{Blc) Unspecified (nonspecific) dyspepsia

Symptomatic patients whose symptoms do not fulfill the criteria for ulcer-like or dysmotility-like dyspepsia.

TasLE 2: Dyspeptic symptoms defined by Rome 1IL. This table is
adopted by permission from Elsevier Limited {13, 15].

TaBLE 3: Rome Il criteria for functional gastroduodenal disorders,
This table is adopted by permission from Elsevier Limited (13].

Symptom Definition
Postprandial  An unpleasant sensation akin to the prolonged
fullness persistence of food in the stomach

A feeling that the stomach is overfilled soon after
Early satiation starting to eat. This feeling is out of proportion to

the size of the meal and results in the patient
being unable to finish the meal

Pain located between the umbilicus and sternum
in the midline of the torso. The painis a
Epigastric pain subjective and unpleasant feeling, but difficult to
describe. Some patients may describe feelings of
tissue damage or chest pain

Epigastric
burning

Pain located in the epigastrium that has a burning
quality, but does not radiate to the chest

characterized by or associated with non-painful symptoms
such as upper abdominal fullness, early satiety, bloating,
or nausea. For a diagnosis, symptoms must have persisted
or recurred for at least 12 weeks over a 12-month period.
A dyspepsia subgroup classification was also proposed
for research purposes, based on the predominant (most
bothersome) symptom, (a) ulcer-like dyspepsia features pain
(from mild to severe) as the predominant symptom, while
(b) dysmotility-like dyspepsia exhibits discomfort (not pain)
as the predominant symptom.

The Rome 111 system radicaily reformulated the classifi-
cation of FD» (Table 2) [14]. The description of symptoms
centered in the upper abdominal arca was refined by
the Committee to pain in the precise epigastric region,
while other key symptoms (early satiety and fullness) must
be meal-related. According to Rome 1lI, discomfort was
abandoned as a key concept, replaced by post-prandial
fullness and early satiety. The Rome 111 criteria moved away
from subcategorization using the predominant symptom
(dysmotility-like and ulcer-like dyspepsia of Rome II),

B Functional gastroduodenal disorders

B Functional dyspepsia (for application in clinical
1 . .
practice but not otherwise useful)

Bla Postprandial distress syndrome
Blb  Epigastric pain syndrome
B2 Belching disorders
B2a Aerophagia
B2b  Unspecified excessive belching
B3 Nausea and vomiting disorders
B3a Chronic idiopathic nausea
B3b  Functional vomiting
B3¢ Cydic vomiting syndrome
B4 Rumination syndrome in adults

although similar entities, {a) postprandial distress syndrome
and (b) epigastric pain syndrome, are subsumed under the
FD section (Table 3). The Comumittee recognized that there
are no one symptoms present in the majority of patients
previously labeled with a diagnosis of FD. The time course
for diagnosis was made less restrictive for all functional
disorders; diagnosis was acceptable for symptoms originating
six, not 12, months prior to diagnosis when currently active
(i.e., meet criteria) for at least three months [13]. For
research purposes, the term FD was abandoned in favor of
a new classification system described in Table 3.

Although the etiology of FD remains unclear, a number
of factors may play a role in the development of symptoms
{1] {Table 4). Visceral hypersensitivity is thought to be crit-
ical in causing FD by enhancing perception and processing
of gastrointestinal neural inputs [20]. In a study of exper-
imentally induced gut distention, the majority of patients
with FD developed greater discomfort than matched healthy
controls. As increased gut sensitivity may affect gut motility,
acid secretion, and gastric distension, hypersensitivity may
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TabiLe 4: Postulated mechanisms leading to the development of
dyspeptic symptomns in patients with functional dyspepsia, This
table is adopted by permission from Elsevier Limited [1].

Visceral hypersensitivity
(a) Increased perception of distention
(b) Impaired or altered perception of acid
{¢) Visceral hypersensitivity secondary to chronic inflammation
Matility disorders
(a) Postprandial antral hypomotility
(b) Reduced relaxation of the gastric fundus
(¢) Decreased or impaired gastric emptying
(d) Changes of the gastric electric rhythm
(e) Gastro-esophageal reflux
(f} Duodeno-gastric reflux
Changes in acid secretion
Hyperacidity
Helicobacter pylori infection
Stress
Psychologica! disorders and abnormalities
Genetic predisposition

underlie many of the symptoms of FD. Patients with FD
often have concomitant GI motility disorders and psychiatric
illnesses. Whether these disorders are an epiphenomenon or
related to the underlying disease remains unclear. Symptom
development and exacerbation of FD are often linked to
stressful life events, causing the patient to seek medical help
at that time. Thus, patients seeking care for FD symptoms are
more likely to have active life stressors than those who remain
undiagnosed, leading to bias in the sample population.
External stressors may also affect intestinal function, which
in connection with visceral hypersensitivity, may lead to
increased symptom perception.

3. Relationship of Ghrelin to the GI Tract and
Feeding Behaviors

Neural and hormonal communication between the gut and
the brain modulate appetite, feeding, and digestion [21, 22].
In the integrated gut-brain-energy axis, gastrointestinal (GI)
motility, gastric acid secretion, digestion, and defecation
are coordinated with appetite, satiation, and metabolism.
Both organic and functional GI disorders are associated
with alterations of the physiologic factors regulating the gut-
brain-energy axis.

Multiple hormones are secreted by the gut and adipose
tissues during feeding, digestion, and fasting, each of which
can profoundly affect the GI tract [22]. A subset of these
hormones directly affects secretory function along the GI
tract {e.g., gastrin stimulates acid secretion by parietal cells);
major sites of hormone action also include enteric and vagal
neurons, the area postrema (AP) within the medulla, and
the hypothalamic arcuate nucleus (HAN). The AP and the
median eminence, which has a close relationship with the
HAN, have greatly reduced or absent blood-brain barriers.

Impulses from the AP travel along nerve projections to the
adjacent nucleus tractus solitarius (NTS) and higher regions
of the brain, while those from the HAN do to other parts
of the hypothalamus. Several hormones can cross the blood-
brain barrier, including those with specific transporters such
as leptin, insulin, and ghrelin [23]. Hormones released from
the gut act on both the enteric nervous system (ENS) to
contribute to the migrating motor complex (MMC) cycle
and the CNS to promote the gradual re-establishment of
appetite. The plasma concentrations of leptin and glucagon-
like peptide 1 (GLP1) are low during fasting, while those of
ghrelin and orexin are high. Significant research has focused
on hormones whose plasma concentrations increase during
fasting, as it is hypothesized that these hormones strongly
affect hunger and energy expenditure. In addition to systemic
effects, fasting-associated hormones also strongly affect a
myriad of GI functions, possibly preparing the GI tract for
food reception. Such a role has been proposed for ghrelin, the
first orexigenic hormone identified that is produced in and
released from the stomach. Ghrelin has a well-established
role in increasing appetite and food intake [24, 25] and in
stimulating gastric emptying and acid secretion {26, 27];
these functions are mediated, at least in-part, via vagal nerve
pathways [9, 28], The details concerning relationship of
ghrelin to the GI tract function and food intake are also
described in several manuscripts of this special issue {see,
e.g., “Ghrelin’s effect on hypothalamic neurons”, “Ghrelin-
NPY axis”, “Gastric ghrelin and leptin”, “Motilin and ghrelin
in the dog,” and “Ghrelin and stress in GI tract™).

4. Plasma Concentrations of Ghrelin in FD

The gut and brain are highly integrated, communicating
bidirectionally through neural and hormonal pathways [29].
Psychosoctal factors can significantly influence digestive
function, symptom perception, disease presentation, and
outcome. Functional GI disorders, in return, can alter the
physiologic factors regulating digestion and feeding [22].

The circulating levels of hormones related to appetite
regulation are altered in dyspeptic disorders. Patients with
dysmotility-like dyspepsia have higher serum concentrations
of leptin, which is associated with gastritis and H. pyleri
infection [30]. Given that leptin is produced within the
stomach to activate vagal-nerve terminals, reduce appetite,
and increase mucin secretion, leptin may have a protective
role in the upper gut during states of injury [22]. Plasma
ghrelin levels in patients with FD are, however, controversial.
While the total ghrelin levels were reported to be significantly
higher in patients with FD (32 dysmotility-like and 7
ulcer-like FD patients) {31], they were significantly lower
in patients with dysmotility-like FD [10, 32]). Concerning
the active ghrelin levels, they were decreased in patients
with postprandial fullness and/or early satiation defined by
the Rome III dassification [33], whereas similar between
dysmotility-like FD patients and healthy controls {10]. The
reason for discrepancy in plasma ghrelin levels remains
uncertain, warranting further investigation.



3500

3000 +

- b
g 8 &

Food intake (AiKcal/day)

:

Ghrelin v,

-410~2 12-14

Day

18-20

ta)

International Journal of Peptides

3000
2500 +
3 2000 |
3
b
= .
3 1500 ¢
3
Z
2 1000
o
sof k- Tva
Ghreliniv.
“P < .005
-410 ~2 12-14 18~20
Day
i | -@- 24
;- 22 X 23
R SE-K]

(b}

Fraure 1: Daily food intake was measured before ghrelin injection {days ~4 to ~2), at the completion of treatment (days 12 to 14), and one
week after injection (days 18 to 20} in five subjects who completed two weeks of ghrelin treatment. (a) Mean and 95% confidence interval
(CI) for five subjects; (b) three-day means and SD of daily foed intake for each subject.

In terms of pathogenetic implication of these alterations
in plasma ghrelin levels, the relationship with gastric emp-
tying time in these patients was investigated. Significant
correlation between the active ghrelin levels and the Ty
value [33] and delayed gastric empyting in the majority of
patients with abnormally low total ghrelin levels [32] were
observed. In addition, elevations in the acylated form of
ghrelin (active ghrelin) were significantly associated with
subjective symptom score in FD patients [12]. Increased
ghrelin concentrations are also seen in patients with duode-
nal and gastric ulcers, suggesting a possible relationship to
mucosal injury [34].

5, Ghrelin Administration to Patients with FD

The therapies currently available for the treatment of
dyspepsia, and for FD specifically, target the underlying
hypothesized pathophysiology, including increased gastric
acid sensitivity, delayed gastric emptying, and H. pylori
infection. Only a small proportion of patients, however,
experiences symptomatic relief using these treatments (35].
New treatment modalities targeting impaired gastric accom-
modation, visceral hypersensitivity, and central nervous
system dysfunction are currently under development.

In dysmotility-type FD, which comprises the largest
subset of patients, abnormalities in gastrointestinal motility
and sensitivity are thought to underlie the development
of symptoms. Some patients with FD suffer from anorexia
with weight loss, frequently leading to diagnosis with eating

disorders. No treatment guidelines for patients with FD or
eating disorders have been established. As ghrelin increases
gastric emptying [2-6] and promotes feeding [36, 37], we
investigated the ability of repcated ghrelin administrations to
increase appetite and food intake in patients with FD [38].
We administered ghrelin by intravenous infusion (3 pg/kg)
twice a day before breakfast and dinner for two weeks to
five patients. Ghrelin administration tended to increase daily
food intake by approximately 30% in comparison to Jevels
before and after completion of treatment, although this
difference did not reach statistical significance (P = .084)
(Figure 1(a)). Increases in food intake were maintained even
one week after treatment (days 18-20). Although the precise
mechanism is not known, the acute effects of ghrelin on
gastric function may lead to sequential improvements in
gastric mucosa and/or function. In addition, improvementin
food intake may result from decreased anxiety or increased
confidence concerning food intake in these patients. On
an individual basis, food intake increased in four of the
five subjects tested, decreasing in Patient #5 (Figure 1{b}).
Food intake in Patient #1 was significantly elevated at
the end of ghrelin treatment (days 12-14) from levels
observed before treatment (P < .005). Hunger sensation
was significantly elevated following a drip infusion (P <
.0001). No severe adverse effects were observed. These results
support the therapeutic potential of ghrelin in patients with
FD. Additional studies, including larger placebo-controiled
trials, will be necessary to confirm the usefulness of ghrelin
in FD treatment.
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