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Abstract: This research has the objective to investigate immunohistochemical expression of CBI1 receptor and
its probable changes in Gastroenteropancreatic system (GEP) of obese and lean Zucker rats and understand
the endocannabinoid pathophysiological implications in the obesity. Male obese (fa/fa) and lean Zucker rats
6 weeks old were obtamed from Harlan [taly Srl; the rats were sacrificed at 8, 12 and 16 weeks old. Normal rats
also were sacrificed. Specimens of stomach, jejurum-ileum and pancreas were fixed in Bown’s mixture and
embedded in paraffin; obtained sections were processed with anti-CB1 (Biosource Furope SA) by
Streptavidin-Biotin-Complex Method. The findings show that CB1 receptor is expressed not only in enteric
neurons as documented by earlier studies up to now but more widely and with stronger mtensity in obese
ammals compared with their lean counterparts by several structures of gastromtestinal tract (epithelium, glands,
endocrine cells and immune cells of villi stroma). In obese Zucker rats pancreas unlike the normal rats where
the CBI receptor is essentially expressed by A-cells, the CBl immunoreactivity even extends with higher
mtensity to B-cells. It is concluded that GEP System represents a new and wide peripheral target of EC action
that have a direct autocrine, endocrine-paracrine and neurocrine control on many functions of GEP. In addition
in GEP of obese Zucker rats in comparison with lean ones, the CB1 receptor is overexpressed and consequently
the peripheral endocannabinoid system is upregulated and negatively modulated by leptin. Tt may contribute
to mcrease hyperphagia, body weight and hyperglycaemia.
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INTRODUCTION

Experimental evidences, already consolidated,
suggest that the Endogenous Camnabinoid System
(ECS), made as known of CB1 and CB2 receptors of their
respective endogenous ligands, the Endocannabinoids
(EC) and of thewr synthesizing and degrading enzymes
is involved in the regulation of several physiclogical
processes of high importance including neuroprotection,
immunomodulation,  antinociception,  inflammation,
locomotor function, leaming and memory among others
(Piomelli, 2003; De Petrocellis et al., 2004; Di Marzo et al ,
2004; Pagotto et al., 2007). The discovery of CB1 and CB2
receptors provided, first of all a molecular basis to
understand the action mechanism of EC and more, it has
stimulated the syntesis of cannabinoid CBI1 receptors
both agomnists and antagomists whose use 1s an attractive
therapeutical strategy for the treatment of those diseases
attributed to a disregulation of endocarmabinoid system
(Fox et al., 2004; Zajicek et al., 2003, Patton et al, 2002;

Colombo et al, 1998, Fernandez and Allison, 2004
Van Gaal et al., 2005, Despres et al., 2005, D1 Marzo et al.,
2000).

The wide distribution of CB1 in many encephalic
areas (hippocampus, limbic system, amygdala, basal
ganglia, cerebellum and hypothalamus) at first created the
conviction that it should be considered brain specific
that 1s exclusively expressed by the central neurons
(Matsuda et al., 1990; Howlett et al., 2002). When Munro
clones a second receptor (CB2) in the spleen, it was
thought that it was escusively expressed by mnmune
peripheral cells (Munro et al., 1993). Nevertheless, very
recent studies, through different technologies have
shown that CBl can be expressed out of SNC in
several peripheral tissues (Osei-Hylaman et af.,
2005, Bonaventura et al., 20072, b, Gye ef al, 2005;
Ruiz-Llorente et al., 2003; Das et af., 1995; Cota et al,
2003a; L et al., 2005, Kulkarm-Narla and Brown, 2000,
Pertwee, 1999; Pinto et al., 2002).
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A very present and really interesting point, both
erudite and climcal practical, refers to the key role that
the endocannabmoeids may have on the energy balance
(Kirkham, 2003; D1 Marzo and Matias, 2005, Cota and
Woods, 2005; Pagotto et al., 2007, Komorowski and
Stepier, 2007; Cota ef al., 2003a, b; Wiley ef al., 2005)
whose balance can be altered by a derangement between
intake and expenditure of energy, ending in obesity, a
disease that got such a popularity to be even represented
in the mythology through different sculptures of mother
God, cult object (Venus of Willendorf of Catal Hoyuk ecc).

Several recent reports have demonstrated that
endocanmabmoids modulate appetite, body weight and
motivation to consume palatable food, via central
orexigenic mechanism through specific activation of CB1
receptor expressed and/or coexpressed by
hypothalamic neurons and of limbic system, producing
orexigemic and anorexigenic neurohormones and
neurotransmitters  such  Nociceptin/Orphanin =~ FQ
(NOP/OFQ), orexins A-B, leptin, Corticotropin-Releasing-
Hormone (CRH), Cocaine-Amphetamine-Regulated-
Transcript  (CART), Melanin-Concentrating-Hormone
(MCH), Vasointestinal Peptide (VIP), Newropeptide Y
(NPY), all neuropeptides known to modulate feeding
behavior and energy balance (Elmquist et al, 1999,
Kalra et al, 1999, Cota et al, 2006). Other findings
suggest that in obese and Hyperphagic Models of
animals, the hypothalamic level of endocannabinoids
mcreases and on the contrary it decreases after the
admimistration of leptin (satiety hormone) (D1 Marzo ef al.,
2001). The administration of endocammabinoids in ammal
models stimulates the appetite (Hao et al., 2000,
Jamshidi and Taylor, 2001) while the mtake of a new
antagonist of CB1 receptor (rimonabant) reduces in mice
and in rat the food intake and body weight
(Colombo et al., 1998). In conclusion the lack of CBI
receptor in knockout mices causes hypophagia with

S0me

reduction of fat mass and consequently of body weight
(Cota et al., 2003a). Nevertheless a growmg body of
experimental evidence suggests that CBl receptor
could be expressed by some peripheral tissue that
have a control role on the nutritional balance
(Osei-Hyiaman et af., 2005, Cota et al., 2003b;
Engeli et al, 2005; Liu et al., 2005; Bonaventura et al.,
2007a, by, Tessitore et al., 2006a). So, it is presumable that
the role for the ECS in regulating appetite and metabolism
is not restricted to the CNS but it appears to extend to
several peripheral organs and tissues (Cota, 2007).
Among these the Gastroenteropancreatic system
(GEP) 1s surely more than any other area that 1s involved
m the control of nutritional balance through ntake,

absorption, digestion and nutrient in the glicemic
homeostasis. Therefore, this distrect can become a vast
peripheral target of EC if its structural components will
prove capable of expressing the CB1 receptor activated by
EC allows the unfolding of their orexigenic effect. Besides
the gastrointestinal tract is for its own, a big primary or
alternative source of orexigenic (grelin, porphamn orexin)
and anorexigenic (leptin) neuropeptides (Tessitore ef al.,
2005, 2006b;, Cint et al., 2000, Bonaventura et al., 2005).
So, this i1s a wide organ able to select and lead a flow of
orexigenic and anorexigenic signals that direct to the
hypothalamus inform it about the nutritional status of
orgamism in accordance with a correlative axis already
confirmed in many other occasion (brain gut axis).

Is to be specified however that the primary role
assigned to EC against the gastroenteric apparatus was to
exert an nlubitory control on intestinal motility. The
>100 years age in fact, the estract of cannabis were
administered in gastroenteric pain and in diarthea. These
empirical therapeutic applications received in recent
times confirmations more scientific by the CB1 receptor
immunohistochemical identification of neurons in the
enteric nervous system (Auerbach plexus submucosal
and myenteric plexus) of man, guinea pig, pig and rat
(Kulkami-Narla and Brown, 2000, Pertwee, 1999
Pinto et al., 2002; Storr et al., 2004, Griffin et al, 1997), its
activation from the endocannabinoids inhibits the motility
and the gastroenteric secretion in rodents and in man with
a Neurocrine mechanism that 1s through the involving of
axon terminals, respectively of myenteric and submucosal
plexus (Calignano et al., 1997, Tzzo et al., 2001, 1999,
Coruzzi et al., 1999, Germano et al., 2001). Even in more
recent time Nabilone (Cesamet), synthetic derivative of
delta 9-THC have been used in the treatment of ATDS-
related anorexia and cachexia (Plasse et al, 1991,
Volicer et al., 1997, Di Marzo et al., 2000). At present,
finally has been studied the protective role of EC m a
murine model of colitis (Borrelli ef af., 2009) and in
the gut of patients with inflammatory bowel disease
(Di Sabatino et al, 2011, Schicho and Storr, 2011;
Izzo et al., 2012).

Regarding the pancreas the dates reported in the
literature ascribe that the exocrine and endocrine
parenchyma express the CBl receptor. While there 1s
unanimous agreement to exocrine receptors able to
express CB1 and CB2 receptors, relatively to endocrine
pancreas the literature supplied no univocal resulted
regarding the identification of endocrine cytotipes that
this expressed receptors (Tessitore et al, 2006b;
Juan-Pico et al., 2006, Bermudez-Silva et al., 2008,
Tharp et al., 2008; Matias et al., 2006; Starowicz et al.,
2008). This vexed remarks are likely to ascribe to use of
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different experimental models (rats, mice and man) studied
m different periods of life and to use of different
technique (PCR, immunochistochemical).

With reference to what 1s stated on the EC
orexigenic role, researchers have undertaken an
immunohistochemical study already started years ago on
the expression of CBI receptor in the no neural structures
of gastroenteropancreatic system. The amn of the
present study was to give a complete distribution map of
CBl-immunoreactive structures that may constitute a
basis for morphoistochemical basis for contributing to
explain the pathophysiologic implications of EC i obesity
and in the associated metabolic comorbidity. Therefore,
researchers have used Zucker rats that are genetically
obese animal models and have a missense mutation in the
leptin receptor gene. All leptin receptor soforms are
affected by this mutation. Consequently the receptors
number on the surface membrane of cells and their signal
transduction efficency are decreased. Therefore, the
rats homozygous for the lepr fa are hyperphagic,
hyperinsulinemic and hypercholesterolemic.

MATERIALS AND METHODS

Animals and tissue preparation: The N°10'6 weeks old
male obese (fa/fa) and N°10' lean Zucker rats purchased
from Harlan Ttaly Srl, weighting between 250-300 g were
used. They were used. In addition, normal male Wistar
rats (250, 300 g) were used. All rats were housed in plastic
cages and mamtamed on commercial pelleted diet
(Harlan Tekland, Rodent diet No. 8640) in humidity and
temperature controlled room with free access to water. All
experiments were performed with guidelines for the care
and use of laboratory animals of Helsinki Conventionas
was demostrated that in obese Zucker rats the citotipe of
endocrine pancreas developed an apoptotic damage
(82-12° week) (Shimabukuro et al., 1998), researchers have
valutated the possible modifications of the pancreatic
immunoreactivity sacrificing some Zucker rats of 8, 12 and
16 weeks of life.

Specimens of stomach, jejunum-ileum and pancreas
have been drawn, fixed n Bouin mixture, dehydrated in a
graded ethanol series and embedded in paraffin blocks for
light microscopy and immunochistochemistry.

Immunohistochemistry: Serial sections 8 1 thick were cut
on to Leica microtome RM2145, dried overnight at 37°C
and then stored at room temperature. The day after, the
slides were dewaxed and rehydrated by sequential
unmersion in a graded series of alcohols and transferred
into water for 5 min for the endogenous peroxidase
mhibition the slides were treated with 3% hydrogen
peroxide in hydrated incubation enclosure at room

temperature. Subsequently, the slides were transferred in
PBS (Na,HPO,, KH,PO,, KCl, NaCl pH 7.4-7.6) at room
temperature. The following protocol was realized using
the lat DABS00 Chemicon by the standard
streptavidin-biotin complex. After rinsing with PBS, the
tissue sections were blocked with super block reagent
(normal goat serum in phosphate buffered saline
containing carrier proteimn) for 10 min and then rinsed
with PBS for 4 min Then, the sections were
incubated overmight at 4°C with polyclonal anti-CBI
(Biosource Europe SA). After the incubation, any excess
antibody was removed by washing and the slides were
rinsed 2X with PBS, 5 min each. Next the polyvalent anti-
serum (biotinylated goat anti-mouse IgG and goat anti-
rabbit IgG in PBS) for 10 min at room temperature was
added; unbound antibody was removed by washing
(2X with PBS, 5 min each) and subsequently Streptavidin
biotin peroxidase for 20 min at room temperature was
applied. After incubation, unbound enzyme was removed
by rinse procedure (2X with PBS, 5 min each). DAB
chromogen in substrate buffer was then added for 53 min
and stopped in distilled water. Then, the slides were
removed from the water and one drop of aqueous
mounting medium (DAKO Faramount) and a coverslip
were applied to tissue sections.

Negative controls were performed by omission of
primary antibody and by incubating sections with anti-
serum saturated with omologous antigen. Finally, the
sections have been observed with Leica DMLB
microscopy. Densitometric quantification of CBl
expression was performed by image analysis using Image
Pro Plus Software valuating five sections for ammal.

RESULTS AND DISCUSSION
Researchers underline that the densitometria
valutation of immunocreactivity CB1 performed by
image analysis of the examinated fragments (stomach,

jejunum-ileum and pancreas) evidence that it is bigger in
obese rat compared with lean counter parts.

Stomach: In obese fa/fa Zucker rats the immunoreactivity
of CBI extensively interests the whole mucosal thickness
of different gastric regions; the glandular epithelium 1s
intensely but not uniformly reactive with evident increase
in the lower half of the findic glands m the lgher
mucosal region some cells display very strong CBl
immunoereactivity (Fig. 1 and 2).

In lean Zucker rats the immunoreactivity of CBI is
less intense m the glandular epithelium and essentially
restricted in the lower half of the fundic glands (Fig. 3). In
both ammal medels the immunoreactivity of glandular
epithelium interests both the pepsinogen-secreting chief
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Fig. 1: Obese Zucker rat;, strong and not uniform CBI
mmmunoreactivity in the entire glandular epithelium
of gastric mucosa; 20x

Fig. 4: Obese Zucker rat; strong CB1 immunoractivity in
the gangliar neurons of stomach submucosal
plexus; 40x

Fig. 2: Obese Zucker rat; strong CB1 immunoractivity in
chief cells and endocrine cells of stomach oxintic
glands; 40x

Fig. 3: Lean Zucker rat; weak CB1 immunoreactivity in the
stomach is restricted to the basal region of oxintic
glands, vamshed mn the apical region; 20x

cells and endocrine cells (p cell type) while the parietal
cells appear negative as confirmed by the use of toluidine
blue (Fig. 2). In the muscular layer in the border between
the circular and longitudinal myocellular sheet, some
mmmunopositive gangliar neurons of myenteric plexus are
found (Fig. 4).

Jejunum-ileum: Diffuse cytoplasmic CB1
immunoreactivity was observed in the mucosal epithelium

Fig. 5:Lean 16 Zucker rat, remarkable CBl
immunoreactivity in the mucosal epithelium of villi

with mcrease in the surface membrane cell; 20x

of villi (enterocytes and M cells), sometimes with increase
in the apical cytoplasmic region and mn cell membrane
(Fig. 5 and 6a). The globet cells aren’t immunoreactivity.
In the Galeazzi tubular glands the immunopositivity is
more weak and restricted to the apical cytoplasm of
cells (Fig. 7). In the lamina propria of villi and in the
periglandular chorion numerous cytotypes are found
that intensely express CBl receptor immunoreactivity
(Fig. 6a, b and 7), belonging to Immune-Secretory
Intestinal System (GALT). This distrect is costituited by
cytotipes residents both mucosal epithelium between the
enterocytes (intraepithelial lymphocytes, TELS cells with
Micropieghe, M; Dendritic cells, Des) both in the lamina
propria penglendular and m the stroma of thevilli
(T and B lymphocytes, MC mast cells and macrophages.
In the submucosal layer some gangliar neurons of
Meissner plexus intensely positive are found mtensely
immunoreactive are found (Fig. 4) whose axon terminals
follow at times since villous stroma axial.

Pancreas: In the exocrine pancreas of cbese and lean
Zucker rats, apart from the period of life, the acinar cells
show weak immunoreactivity. The epithelial cells of
excretory ducts show strong immunopositivity. In the
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Fig. 6 Obese Zucker rat, strong CBl immunoreactivity
m the of willi; very strong
immunoreactivity appears in cells of the wvilli
stroma; Fig. 6a; 20x; Fig. 6b; 40x

epithelium

Fig. 7: Obese Zucker rat; weak CB1 immunoreactivity n
Galeazzi tubular glands; very strong in cells of
periglandular stroma; 40x

endocrine pancreas of normal rats we evidenced a good
CB1 mmunoreactivity restricted to the A and D cells that
are in the periphery of the Langherans islet (Fig. &). In
obese and lean Zucker rats sacrificed at the 8 and
12 weeks old, the display intense CBl
immunoreactivity extended to all endocrine cells; the cells
of msular periphery express more mntensively the CBI
receptor (Fig. 9). Densitometric quantification of CBI
immulistochemical expression confirm these findings.
In obese Zucker rats, sacrificed at 16 weeks old,
morphological changes in the islets that have apoptotic
damages caused by lipotoxicity (Shimabukuro ef al., 1998)

1slets

Fig. 8 Normal rat; very remarkable CB1 immunoreactivity
15 detected almost exclusively m A-D cells of
pancreatic slet and very weak in some B cells; 40x

“‘i

il

Fig. 9: Obese 8 weeks old Zucker rat, dicrete CBl
immunoreactivity in exocrine pancreas; intense
CB1 immunoreactivity heterogeneously distributed
in A and B cells of pancreatic islet; 40x

Fig. 10:Lean 16 weeks CBI
immunereactivity  in pancreas
heterogenously distributed in the acinar cells and
uniformly distributed in A and B cells of
pancreatic 1slet; 40x

old Zucker rat;

exocrine

can be noticed. Consequently, the immunolustochemical
reactivity is restricted to scattered cells remained not
altered (Fig. 10). In lean Zucker rats, sacrificed at 16 weeks
old, the islets are not apoptotic and the mtensity of
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immunoreactivity for CB1 is basically identical to that one,
similarly mtense, exhubited by lean younger rats, sacrificed
at 8 and 12 weeks old (Fig. 11).

The immunohistochemical findings made in lean
and obese Zucker rats show that the CB1 receptor is
expressed from different structural components of
Gastroentericpancreatic system (GEP) and they assume
consequently che gli EC have a direct control on a lot of
functions Gastroenteropancreatic system (GEP) which
therefore constitutes a new peripheral target of the action
of EC on regulation of nutritional balance and glycemic
homeostasis. This target adds other peripheral tissue
mfluenced by EC and already identified such as the
adipose organ (Cota et al, 2003a), skeletal muscle
(Liu et al., 2005) and mayor salivary glands. In particolar,
i the gastromtestinal tract of animals object of study
CBI receptor was expressed. No only by enteric neurons
as up to now documented by other researchers
(Kulkarmi-Narla and Brown, 2000; Pertwee, 1999,
Pinto et al., 2002; Storr et al., 2004; Griffin et ¢, 1997) but
many other structures: epithelium, glands, endocrine cells
and immuno cells of villi stroma. The variety of these
structures CB1 immunoreactive allows to assume that the
direct control of the EC on the apparatus gastrointestinal
practicing through different selective mechanisms:

*  An endocrine: Paracrine direct control on the gastric
glandula secretion

*  An autocrine: Paracrine direct control on absorbing
functions and 1onic transport of nutrients made by
mucosal epithelium of villi

+ A neurocrine: Direct control already pointed out by
some AA on the motility of gastroenteric tract
{(mioenteric plexus) and probably on general mucosal
functions (submucosal plexus)

Fig. 11: Obese 16 weeks old Zucker rat; CBI
immunopositiveness in exocring pancreas. In
endocrine pancreas CBl immunoreactivity is
completely negative in apoptotic cells but present

m residual non apoptotic cells; 40x

Particular intense CBl
immunoreactivity, researchers highlighted for the first
time, expressed by different cytotypes that as previously
mentioned, constitute the so-called Mucosal Intestinal
Immune system (GALT) that represents as 1z known,
the most important district of humoral and cellular
defense against a wide variety of exogenous antigens and
bacterial food which are recruited, internalized and
neutralized. The immunohistochemical expression of CB1
receptor in cells in immune function, refutes the idea on
the preferentiality histochemical traditionally assigned to
the CB1 and CB2 receptors. The CB1 receptor was in fac
mitially considered as brain-specific; CB2 however

significance does the

exclusively expressed in immune function from tissues
(spleen tonsils) (Munro ef al., 1993). With reference to the
results it 1s possible to envisage, instead, a new role for
the CB1 and believe that the activation of CB1 expressed
by cytotypes of the GALT may cooperate to modulate
with autocrine-paracrine mechanism, together with other
messengers of peptidic nature earlier identified in this
district (Tessitore et al., 2003), the defensive response of
the intestinal mucosal immune system.

In the pancreas: the CBl immunohistochemical
expression researchers detected by exocrine acinar and
ductal cells nonche by A, B, D cells suggests that
the BEC may exercise an autocrine-paracrine direct control
modulating the exocrine secretive functions and the
production or the release of mnsular hormones, a part from
the influence that the EC can have on the glucose
metabolism m other peripheral targets (liver-skeletal
muscle) (Osei-Hyiaman et aof., 2005; Liu et al., 2005).
Everything implicitly opens new therapeutic perspectives
in the pathophysiology of pancreatic, even if at present,
the results of studies on the exact role played by the
EC in this organ are still fragmentary and somewhat
controversial. E 'has been shown, in fact that the
activation of the human CB1 and CB2 receptors with low
doses of agomsts of endocannabinoids, attenuates the
inflammatory response i acute pancreatitis while high
doses the increase (Michalski et al., 2007). For agamst
the CBl receptor antagonist AM251 prolongs the
survival of rats suffering from severe acute pancreatitis
(Matsuda et al., 2005). With regard to the mfluence that
the EC exert on the endocrine pancreas has been
documented that activation of the CB1 receptor in the rat
induces glucose intolerance and decrease of insulin
secretion by the B cells (Bernudez-Silva et al., 2006).
Conversely the administration of an antagonist of CB1
(Rimonabant) in numerous clinical trials has produced in
obese rats and in obese and diabetics patients not only a
significant reduction mn body weight but also a decrease
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in insulin resistance and glycemic profile (Colombo et al.,
1998; Fernandez and Allison, 2004; Van Gaal et al., 2005,
Ravinet et al., 2003).

The  densitometric evaluation of  CBIl
immunoereactivity in gastroenteric tract and in pancreas of
obese and hyperfagic Zucker rats compared with lean
Zucker rats show that CBI receptor 1s overexpressed and
so the endocannabinoids system i1s hyperactivated and
modulated negatively by leptin, similarly to what it has
been documented in the same animals and with other
methods by different researchers in other central and
peripheral targets of endocannabinoid system where
the EC levels are permanently more elevated than
usually (Osey-Hyiaman et al, 2005; Engeli et al,
2005; D1 Marzo et al., 2001, 2008; Matias et al., 2006,
Starowicz et al., 2008).

So, in gastroenteric tract of obese Zucker rats, the
lack of block action of leptin, increase the trasduction of
orexigenic signals through CB1 receptor from EC
upregulated. Consequently, the increase of these signals
produce an uncontrolled intake of a bigger quantity of
nutrients made more digestive and absorbing for a CBI1
receptor overexpression by already mentioned competent
cells of gastroenteric tract.

In endocrine pancreas of the same animals, the
protracted activation of CBI1 receptor and consequent
hyperfagia not counterbalanced by the activation of
lacking leptin receptor can tardily produce because of
the insular lipotoxicity and of the activation of iNOS
(Shimabukuro et al., 1998), an apoptotic destruction of B
cells. In this situation, the orexigenic hyperstimulus can
cooperate to the apoptotic destruction of B cells and the
consequent appearance of a glucidic dismetabolism.

The hyperactivation of endocannabinoids system
in experimental and spontaneous obesity justifies the
mnovative therapeutical perspective made very recently
by using an antagonist of CBl (Rimonabant) to
control both obesity and consequent comorbidity
(diabetes) (Kirkham, 2003; Fernandez and Allison,
2004, Van Gaal et al, 2005, Despres ef al, 2005,
Di Marzo et al., 2000).

CONCLUSION

In short, it is very important to point out the
considerable topographic extension of gastroentero-
pancreatic apparatus of the adipose organ and of
muscular scheletric apparatus, peripheral tissues made by
cells not only able to express the CBIl but also to
synthesized endocannabinoids and to degrade them
(Mechoulam et al, 1995, Katayama et al, 1997).
This fact asserts the existence m addition to a central

endocannabinoid system of a peripheral endocannabineid
system whose roles in controlling the nutritional balance
can complete each other: the control of appetite and
hedonistic aspects linked to palatability toward more
tasty food should belong to the central endocannabinoid
system;, the control on body weight and intake,
assimilation and digestion of nutrients should belong
to the peripheral endocannabinoid system through
the intervention of adipose organ and of
Gastroenteropancreatic system (GEP).
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