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The eftects of intravenous injection of ghrelin were blocked by the
immunoneutralization of NPY in the brain, suggesting that peripheral
ghrelin induces fasted motor activity by activating the NPY neurons in
the brain, probably through ghrelin receptors on vagal afferent neurons
(Fujino et al., 2003). Various recent studies have demonstrated the brain
mechanism responsible for mediating GI motility. Central and peripheral
administration of des-acyl ghrelin has been shown to significantly decrease
food intake in food-deprived mice and to decrease gastric emptying
(Asakawa et al., 2005). Des-acyl ghrelin exerts inhibitory effects on antrum
motility but not on duodenal motility in fasted animals (Chen et al., 2005).
Obestatin exerts inhibitory effects on the motility of the antrum and duo-
denum in the fed state but not in the fasted state (Ataka et al., 2008).
CREF receptors in the brain may mediate the actions of des-acyl ghrelin
and obestatin. Central administration of nesfatin-1, which has been identi-
fied as a hypothalamic anorexigenic peptide, has been shown to decrease
food intake and inhibit gastroduodenal motility in mice (Atsuchi et al.,
2010). In the experiments that measure gastroduodenal motility, the peptide
should be injected through a catheter to avoid the effect of handling stress.
The methodology for catheter implantation in rats is described below.

3.1.1 Vessel catheter (Figs. 18.1A and 18.2A)

A vessel catheter (ID 0.36 X OD 0.84 mm, Eicom, Kyoto, Japan) is inserted
into the right jugular vein in rats and also led out from the back of the neck.
The catheter is filled with heparinized saline (100 units/ml) to avoid blood
coagulation. The operation can be performed at the same time as the im-
plantation of a strain-gauge force transducer.

'3.1.2 Intracerebroventricular catheter (Figs. 18.1A and 18.2A)

1. The implantation of an intracerebroventricular catheter is performed
4 days before the implantation of a strain-gauge force transducer.

2. The anesthetized rats are placed in a stereotaxic apparatus and implanted
with a guide cannula (25 gauge; Eicom, Kyoto, Japan), which reaches the
right lateral ventricle.

3. The stereotaxic coordinates are 0.8 mm posterior to bregma, 1.4 mm
right lateral to the midline, and 3.4 mm below the outer surface of the
skull, when using a Kopf stereotaxic frame (Tujunga, CA, USA), with
the incisor bar set at the horizontal plane passing through bregma and
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4. The guide cannula is secured with dental cement anchored by two stain-
less steel screws that are fixed on the dorsal surface of the skull.

5. After surgery, a dummy cannula (Eicom) is inserted into each guide can-
nula and a screw cap (Eicom) is placed on the guide cannula to prevent
blockade.

6. The correct placement of the intracerebroventricular catheter is verified
by the administration of a dye (e.g., 0.05% cresyl violet) into the right
lateral ventricle by the brain sections at the end of the experiments.

3.2. Ghrelin and Gl disorders

Ghrelin and its receptor agonists possess strong prokinetic properties and
therefore have the potential to serve in the treatment of diabetic, neuro-
genic, or idiopathic gastroparesis as well as for chemotherapy-associated dys-
pepsia; postoperative, septic, or postburn ileus; opiate-induced bowel
dysfunction; and chronic idiopathic constipation (Sallam and Chen,
2010). Abnormalities in gastroduodenal motility are considered key players
in the pathogenesis of upper-GI symptoms in certain disorders such as func-
tional dyspepsia and gastroparesis (Suzuki et al., 2006). Zheng et al. (2009b)
reported that acute restraint stress inhibits solid gastric emptying and abol-
ishes gastric phase [II-like contractions via central CRF in rats. During sub-
sequent chronic stress, the impaired gastric phase III-like contractions were
restored by an adaptation mechanism that involves the upregulation of
ghrelin expression. Recent work has shown that the central serotonin
(5-HT) 2c receptor pathway decreases the peripheral levels of ghrelin,
resulting in a shift from fasted to fed-like motor activity. Intravenous admin-
istration of ghrelin was shown to replace fed with fasted motor activity in rats
treated with fenfluramine, which stimulated 5-HT2cR signaling in the cen-
tral nervous system. Rikkunshito is widely prescribed for patients exhibiting
functional dyspepsia (Kusunoki et al., 2010; Suzuki et al., 2009). Oral
administration of rikkunshito has been shown to reduce the incidence of
anorexia and improve gastric emptying in animals through increased
peripheral plasma ghrelin concentrations (Fujitsuka et al., 2009; Sadakane
et al.,, 2011; Saegusa et al., 2011; Takeda et al.,, 2008; Yakabi et al.,
2011), stimulated central ghrelin secretion (Yakabi et al.,, 2010), or
increased hypothalamic ghrelin receptor activity (Takeda et al., 2010).
Recent studies have demonstrated that oral administration of rikkunshito
improves gastroduodenal dysmotility in a rat model of cancer
anorexia—cachexia by the potentiation of ghrelin receptor signaling
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(Fujitsuka et al., 2011). These findings suggest that stimulation of ghrelin
signaling may be an attractive approach for the treatment of upper-GI
motor dysfunction.

4, SUMMARY

Recent technical advances have permitted the measurement of GI
motility in conscious small animals, including rats, mice, and house musk
shrews (S. murinus). Transgenic and knockout mice are tools to investigate
the pathogenesis of disease models. The suncus may be useful as an alterna-
tive to humans and dogs for studying the physiological relationships between
ghrelin and motilin in the context of GI motility. Recent experiments on
free-moving, conscious animal have demonstrated that ghrelin regulates
physiological fasted motor activity in the antrum and duodenum. Intrave-
nous injection of ghrelin increases the MI and the frequency of phase III-
like contractions, both of which are mediated by hypothalamic NPY neuron
activation though ghrelin receptors at the vagal afferent terminal.

Stress hormone and anorexigenic peptides cause the disruption of fasted
motor activity through a brain—gut interaction, which is involved in the
pathogenesis of upper-GI symptoms in disorders such as functional dyspepsia
and gastroparesis. Ghrelin is a signal potentiator that promotes GI motility
and could be a good therapeutic target for GI disorders.
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A New Horizon of Herbal Medicines in Anorexia-Cachexia Syndrome

The role of complementary and alternative medicine (CAM) continues to evolve in the daily lifestyle and treatment regimens of patients
such as cancer. More than half of the cancer patients have used some form of CAM treatment during their cancer therapy in USA, and the
situation is similar in other nations such as Europe and Japan. CAM use may be inclusive of holistic spiritual practice and physical exercise,
as well as vitamins and herbal medicines for enhanced tumoricidal activity or reduction in treatment-related adverse events. Herbal medicine
has been practiced for a long time in China, Korea, Japan, and other countries to achieve its key goal of restoring the balance of energy in the
body.

Many effective chemotherapeutic agents for cancer are burdened by toxicities that can reduce patient quality of life or hinder their
effective use. Attempts to minimize the toxicity by using isolated compounds have been unsatisfactory. Herbal medicines, composed of
multiple biologically active compounds, are widely used to help improve such conditions. Recent studies have shown that the herbal
medicines such as rikkunshito improve nausea, appetite loss and cachexia associated with cancer or cancer chemotherapy which worsens
QOL and life expectancy of the patients. The mechanism involves an enhancement of signaling by ghrelin [1, 2] which was discovered in
1999 as an appetite-stimulating peptide from the stomach. It has arivaling action to leptin, an afferent signal from fat tissue which informs the
brain the size of body adiposity [3]. Currently, ghrelin agomsts and antagonists are being developed and tested for treatment of
anorexia/cachexia and obesity, respectively.

Although herbal medicines have not been fully accepted by mainstream medicine because of the complex nature of the formulae, the
stringent quality control of Japanese herbal medicine and reproducibility of preclinical findings, together with few adverse events, have made
herbal medicines more and more attractive for the management on intractable diseases such as cancer. The multi-component herbal medicines
capable of targeting multiple sites could be useful for future drug discovery. Mechanistic studies and identification of active compounds could
lead to new discoveries in biological and biomedical sciences.

This review series cover the translational aspects of herbal medicine on cancer treatment, particularly for cancer anorexia-cachexia
syndrome (Fig. 1). A focus will be put on rikkunshito and its active components that are able to potentiate ghrelin signaling [4] and mitigate
the anorexia-cachexia syndrome. The review would provide a new horizon of herbal medicine from scientific point of view and be a basis for
further development of CAM for patients with cancer and other intractable diseases.
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Fig. (1). Shown are the examples of Japanese herbal medicine in the palliative treatment of cancer. The quality control of herbal medicines is performed by 3
dimensional HPLC analysis that roughly estimates the main components of the crude drugs. The herbal medicines depicted are used to improve the cancer
associated conditions such as anorexia-cachexia, depression, fatigue, anxiety, delirium, ileus, pain, edema, diarthea and hot flash based on the scientific
evidence in animal experiments and human studies. Brain-gut peptides are deeply involved in the actions of several herbal medicines: ghrelin in rikkunshito,
adrenomedullin in daikenchuto, orexin in kososan, and CRF and opioid system in saikokaryukotuboreito and goshajinkigan. Solid lines show stimulation and
dotted lines inhibition. See Perspectives in the last chapter of this special issue for details.
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Abbreviations: Neuropeptide Y (NPY); pancreatic polypeptide (PP); melanin-concentrating hormone (MCH); agouti-related peptide (AgRP); corticotropin-
releasing factor (CRF); glucagon-like peptide I (GLP-I); cocaine- and amphetamine-related transcript (CART); proopiomelanocortin (POMC); arcuate nucleus
(ARC); paraventricular nucleus (PVN); cholecystokinin (CCK); lateral hypothalamic area (LHA); nucleus tractus solitarius (NTS); thyrotropin-releasing

hormone (TRH)
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About half of all cancer patients show a syndrome of cachexia, characterized by anorexia and
loss of adipose tissue and skeletal muscle mass. Numerous cytokines have been postulated to
play a role in the etiology of cancer cachexia. Cytokines can elicit effects that mimic leptin
signaling and suppress orexigenic ghrelin and neuropeptide Y signaling, inducing sustained
anorexia and cachexia not accompanied by the usual compensatory response. Furthermore,
cytokines have been implicated in the induction of cancer-related muscle wasting. In particular,
tumor necrosis factor-alpha, interleukin-1, interleukin-6 and interferon-gamma have been
implicated in the induction of cancer-related muscle wasting. Cytokine-induced skeletal muscle
wasting is probably a multifactorial process, which involves a depression in protein synthesis,
an increase in protein degradation or a combination of both. Cancer patients suffer from the
reduction in physical function, tolerance to anti-cancer therapy and survival, while many
effective chemotherapeutic agents for cancer are burdened by toxicities that can reduce
patient’s quality of life or hinder their effective use. Herbal medicines have been widely used
to help improve such conditions. Recent studies have shown that herbal medicines such as rik-
kunshito enhance ghrelin signaling and consequently improve nausea, appetite loss and cach-
exia associated with cancer or cancer chemotherapy, which worsens the quality of life and life
expectancy of the patients. The multicomponent herbal medicines capable of targeting multiple
sites could be useful for future drug discovery. Mechanistic studies and identification of active
compounds could lead to new discoveries in biological and biomedical sciences.

Key words: appetite loss — muscle wasting — cytokine — ghrelin — palliative cancer treatment — herbal
medicine

INTRODUCTION

Cancer patients suffer from weight loss and appetite loss, as
well as from the reduction in physical function, tolerance to
anti-cancer therapy and survival that are related to cachexia
in advanced cancer (1). Cachexia is a debilitating state of
involuntary weight loss complicating malignant, infectious
and inflammatory diseases and contributing significantly to

mortality (2). The word ‘cachexia’ is derived from the Greek
words ‘kakos’ meaning ‘bad’ and ‘hexis’ meaning ‘condition’
(3). Anorexia, involuntary weight loss, tissue wasting, poor
performance and ultimately death characterize cancer
cachexia—a condition of advanced protein calorie malnutri-
tion (2—7). Referred to as ‘the cancer anorexia—cachexia
syndrome’, anorexia, or loss of compensatory increase in
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feeding, is a major contributor to the development of cachexia
(8). About half of all cancer patients show a syndrome of cach-
exia, characterized by anorexia and loss of adipose tissue and
skeletal muscle mass (2). In general, while patients with
hematological malignancies and breast cancer seldom have
substantial weight loss, most other solid tumors are associated
with a higher frequency of cachexia (8). Weight loss and pro-
blems with nutrition may also be a significant emotional
burden, as nutrition and nutritional status have a central pos-
ition in the concept of health and wellbeing for many patients
and care givers, and weight loss and inadequate nutritional
intake can lead to anxiety and hopelessness (1). In contrast to
these needs, cachexia often is overlooked or not assessed or
treated adequately, as it is considered to be unavoidably linked
with disease progression (1). Cachexia represents a significant
unmet need (1).

PATHOPHYSIOLOGY
NEUROPEPTIDERGIC CASCADE DOWNSTREAM OF LEPTIN SIGNALING

Leptin is an afferent signal from the periphery to the brain that
regulates adipose tissue mass (9—11). The level of leptin is
positively correlated with body fat mass, and dynamic
changes in plasma leptin concentrations in either direction

{ Starvation W)

ANGENRONE

Oreaigenie !

Meurctermn

Bhoad-Brain Barriar

. )
13 i
Ao R | Cancer Anorexia-Cachexia

Angrexgends

activate the efferent energy regulation pathways (9,12). Leptin
reduces appetite and increases energy expenditure and evi-
dently elicits these effects via the central nervous system
(9,12). This is achieved by hypothalamic neuropeptides down-
stream of leptin that regulate food intake and energy expend-

* iture. A loss of body fat (starvation) leads to a decrease in
leptin, which in turn leads to a state of positive energy
balance, wherein food intake exceeds energy expenditure.
This compensatory response is mediated by the increased pro-
duction, release, and/or action of ghrelin, neuropeptide Y
(NPY) and other orexigenic neuropeptides, as well as
decreased activity of anorexigenic neuropeptides such as
corticotropin-releasing factor (CRF) and melanocortin
(Fig. 1A). Thus, if a disease process was to produce factors
that induce or mimic the hypothalamic effect of excess nega-
tive feedback signaling from leptin, the expected outcome
would be sustained anorexia and weight loss that is not accom-
panied by the usual compensatory response (2).

In tumor-bearing states, cachectic factors such as cytokines
elicit effects on energy homeostasis that mimic leptin in some
respects and suppress orexigenic ghrelin-NPY signaling.
Consequently, the increases and decreases in hypothalamic
actions caused by these mediators induce anorexia and
unopposed weight loss, respectively (Fig. 1B). This could
be accomplished through persistent inhibition of the
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Figure 1. A simplified model of the hypothalamic neuropeptide circuitry in response to starvation (A) and cancer anorexia—cachexia (B) Source: (2) with modifi-
cation. Full line arrows indicate the activation of the process, and broken line arrows indicate the inhibition of the process. AgRP = agouti-related peptide.
MCH = melanin-concentrating hormone. CART = cocaine- and amphetamine-related transcript. GLP-I = glucagon-like peptide-1. CCK = cholecystokinin.
IL-1 = interleukin-1. IL-6 = interleukin-6. TNF-a = tumor necrosis factor-alpha. IFN-y = interferon-gamma. CNTF = ciliary neurotrophic factor. LIF = leuke-

mia inhibitory factor. ACTH = adrenocorticotropic hormone.
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ghrelin-NPY orexigenic network and stimulation of anorexi-
genic neuropeptides, although the hypothalamic pathways par-
ticipating in this response remain to be determined. Serotonin
may also play a role in the development of cancer anorexia.
Increased levels of plasma and brain tryptophan, the precursor
of serotonin and 1L-1 may underlie the increased serotonergic
activity seen in the cancer anorexia—cachexia syndrome.
Nesfatin-1, a new anorectic peptide localized to the para-
ventricular nucleus (PVN), is stimulated by stressors.
Intracerebroventricular administration of nesfatin-1 activates
SHT neurons, CRF neurons and the hypothalamic-
pituitary-adrenal axis, and nesfatin-1 activates isolated CRF
neurons (13). It has recently been shown that plasma nesfatin-1
levels are altered in lung cancer patients with anorexia—cach-
exia. Hence, nesfatin-1 appears to be involved in cancer anor-
exia—cachexia. Novel bioactive peptides such as neuropeptide
W and neuroendocrine regulatory peptide have also recently
been identified; however, the role of these proteins in cancer
anorexia—cachexia remains to be determined.

CYTOKINE ACTIONS WITHIN THE REGULATORY FEEDBACK LOOP

Numerous cytokines, including tumor necrosis factor-alpha
(TNF-ao), interleukin-1 (IL-1), interleukin-6 (IL-6), and
interferon-gamma (IFN-vy), have been postulated to play a role
in the etiology of cancer cachexia (3,14—18). It is not certain
whether the cytokine production is primarily from tumor or
host inflammatory cells. It has been hypothesized that either
tumor cell production of pro-inflammatory cytokines or the
host inflammatory cell response to tumor cells is the source of
the acute phase protein response seen in many malignancies
and in cachexia (19).

Cytokines are protein molecules released by lymphocytes
and/or monocyte macrophages (2). They may be released into
the circulation and transported to the brain through the blood—
brain barrier (BBB) and circumventricular organs (leaky areas
in the BBB), as is the case for 1L-6 (17,18,20—23). Peripheral
cytokines may influence the brain via neural pathways or
second messengers such as nitric oxide (NO) and prostanoids
(2). Cytokines are also produced by neurons and glial cells
within the brain, partly in response to peripheral cytokines
(17,18,20-23). Although the site of synthesis of cytokines
within the brain is dependent on the nature of the stimulus,
systemic disease seems to predominantly influence the expres-
sion in the hypothalamus, the area with the highest densities
of receptors for most cytokines that have been observed (22).

High serum levels of TNF-a, IL-6 and IL-1 have been
found in some, but not all, cancer patients, and the levels of
these cytokines seem to correlate with the progression of some
tumors (24—26). Chronic administration of these cytokines,
either alone or in combination, is capable of reducing food
intake and reproducing different features of the cancer anor-
exia—cachexia syndrome (3,24—27). The role of TNF-« in
mediating cancer-associated anorexia is supported by evi-
dence that intraperitoneal injection of a recombinant human
soluble TNF receptor antagonist improves anorexia in tumor-

Jpn J Clin Oncol 2013;43(7) 697

bearing animals (28). In humans, 1L-1 appears to play a significant
role in mediating anorexia—cachexia, as megestrol acetate has
been shown to exert its effects via reduced expression of IL-1 by
mononuclear cells beyond its influence on hypothalamic neuro-
peptide Y (NPY) concentrations, which shows an orexigenic
effect (29). Interestingly, anorexigenic neurons, such as proopio-
melanocortin (POMC)/cocaine and amphetamine-regulated tran-
script (CART) neurons, in the arcuate nucleus (ARC) of the
hypothalamus express the type 1 IL-1 receptor, and intracerebro-
ventricular injection of IL-1 increases the frequency of action
potentials of POMC/CART neurons and stimulates the release of
alpha-melanocyte-stimulating hormone (o-MSH), which shows
an anorexigenic effect as well (30).

TNF-a, IL-1, IL-6 and IFN-v have been implicated in the
induction of cancer-related muscle wasting (31). There is
growing evidence that the accelerated muscle proteolysis seen
during malignant tumor growth is mediated by the activation
of the non-lysosomal adenosine triphosphate-dependent
(ATP-dependent) ubiquitin proteasome pathway (32,33). In
addition, inflammatory cytokines influence the expression of
functionally relevant enzymes in cardiac cachexia (31). It has
been demonstrated that TNF-«, IFN-y and IL-13, which are
known to be increased in cachectic patients, are potent activa-
tors of inducible NO synthase (iNOS) expression (31), which
in turn produces toxic levels of NO high enough to inhibit the
key enzymes of oxidative phosphorylation (31). It has also
been shown in vitro that NO is able to impair the contractile

performance of skeletal muscle (34).

More direct evidence of cytokine involvement comes from
experiments in which specific neutralization of cytokines can
relieve anorexia and cachexia in experimental animal models
(3,25,26,35). Examples of antibodies that have been shown to
successfully relieve anorexia and cachexia when administered
include the anti-TNF-a, anti-I1L-6, anti-IL-1 and anti-IFN-y
antibodies, although no single antibody has been proven to
reverse all of the features of wasting seen in cancer cachexia
(25). These studies revealed that cachexia can rarely be attrib-
uted to any one cytokine but rather is associated with a set of
cytokines and other cachectic factors that work in concert (2).
Current new trends include the use of an anti-IL-6 humanized
monoclonal antibody, which appears to inhibit cancer cach-
exia in murine models (36). The therapeutic impact of which
on cancer-related anorexia and cachexia may be of clinical
significance in cancer patients (36).

The problem with ascribing specific tissue responses to
individual cytokines is that considerable overlap and
redundancy exist in the cytokine network (16,20—23).
Administration of either TNF-« or IL-1 will induce the synthe-
sis of a variety of other proinflammatory cytokines, such as
IL-6 (2). Thus, studies that use pharmacological administration
of recombinant cytokines may not discriminate between bio-
logical responses induced directly by the administered cytokine
and those induced secondarily by other stimulated cytokines
(2). Systemic disease such as cancer and inflammation may
elicit a cytokine cascade in which several cytokines are induced
simultaneously (16).
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