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ABSTRACT

We synthesized peptides of bovine CCK-8 (sulfated cholecystokinin-8 amide,
non-sulfated CCK-8 amide, [Cys®]sulfated CCK-8 C-terminal free, [Tyr’Jsulfated
CCK-8 amide), bovine gastrin (sulfated gastrin-9 amide,.non-sulfated gastrin-9 amide),
bovine ghrelin [octanoyl ghrelin (O-ghrelin), decanoyl ghrelin (D-ghrelin) and decenoyl
ghrelin, des-acyl ghrelin], growth hormone releasing hormone (GHRH), [Cys®] 1-29
human GHRH, [Cys’] 21-44 bovine GHRH, [Cys’] bovine amylin (7- 37) and
[Tyr’]bovine amylin. These synthesized peptides were used for first antibody production,
radioisotope labeling, cold standard preparation, first antibody specificity check and
administration (Chapter-2). We got first antibodies of sulfated CCK-8, GHRH, amylin
and decanoyl ghrelin (D-ghrelih) which generated in guinea pig and chicken. We got
second antibody (goat anti-IgY serum which generated in goat). We validated bovine
sulfated CCK RIA system which specifically recognized sulfated CCK-8 (CCK-8s). We
studied the effect of ghrelin and oxyntomodulin (OXM) on plasma CCK release in
cattle. We set up GHRH RIA and amylin RIA systems; however we cannot use these
RIA systems for measuring of plasma GHRH and amylin levels due to low sensitivity of
RIA (Chapter-2). First antibody of D-ghrelin recognized to D-ghrelin, O-ghrelin and
decenoyl ghrelin. Therefore, this antibody cannot use for D-ghrelin RIA. For a better
understanding of the effect of CCK on ghrelin, OXM, pancreatic polypeptide (PP),
glucagon like peptide-1 (GLP-1), GH and metabolites (glucose and NEFA), we
conducted experimeht in 8 Holstein steers. Moreover, we studied the effects of acyl
ghrelin and des-acyl ghrelin on plasma OXM, CCK, insulin, PP and GLP-1 secretions in
steers. CCK-8s increased plasma acyl ghrelin and total ghrelin levels in steers. This
result is first feport for sulfated CCK stimulates ghrelin secretion in ruminant. CCK-8s
stimulates PP release. CCK-8s also stimulates plasma PP, insulin, glucose and NEFA
secretions. However, CCK-8s does not affect plasma OXM, GLP-1 and GH levels. In
addition, ghrelin has no effect on plasma CCK, OXM, PP and GLP-1 secretions. OXM
does not affect ghrélin and CCK secretions, and vice versa in ruminants (Chapter-3). We
found that the effect of CCK-8s on plasma glucose and NEFA secretions in steer is
different from sheep. In conclusion, sulfated CCK-8 has stimulatory effect on plasma
ghrelin, insulin, PP, glucose and NEFA secretions in cattle.
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Chapter 1 (General introduction)

1 Appetite regulatory hormones

“Hormone” means “to excite” in Greek. After the discovery of hdrmones, scientists
found the regulatory effect of hormones on appetite. A hormone is a chemical substance
synthesized by parﬁcular endocrine glands and then enters the circulation to Be carried
to a target tissue, which has speéiﬁc vre.ceptors that bind it (Squires 2003). Hormones are
divided .into diffe_r'ent types according to the structure, steroid hormones, proteins,
polypeptides and glycoprotéin hormones, fatty acids and derivatives hormones (Squires
2003). Hormones are also classified into neuroendocrine hormones which synthesized
by nervous tissue and carry in blood to the target tissué, neurocrine hormones which
released into the synaptic cleft by neurons that are in contact with the target cells,
paracrine hormones which diffuse to neighboring cells, and autocrine hormones which
feedback on the cell of origin as self-fegulaﬁoh (Squires 2003). Hofmohes secreted
from peripheral tissues bind to receptors in the hYpothalamus and regulate appetite
(Wynne et al. 2004). .

Regulation of appetite is a complex mechanism in which many hormones secreted
from brain and gastroinfestinaﬂ tract are involved. In brain, the ’hypothalam.us is mainly
involved in the regulation of appetite (Vettor et al. 2002). There are many »nuclei in the
hypbthalamus which regulate food intake including the arcuate nucleus (ARC), the
paravehtricular ‘nucleus (PVN), ‘the lateral hypothalamic nucleus (LHN), the
ventromedial nucleus and the dorsomedial nucleus (Heijboer et al. 2006). There are 2
main hypothalamic arcuate nucleus (ARC) neurons which involved in the regulation of
food intake for energy homeostasis; appetife stimulating neuropeptide Y (NPY) and
agouti-related peptide (AgRP) | coexpressing neurons and appetite-inhibiting
pro-opiomelanocortin (POMC) neurons (Williams et al. 2001).’

Hormones released from the hypothalamus, gastrointestinal tract (GIT), pancreas



and adipose tissue are involved in the régulation of appetite. Neuropeptides Y (NPY),
AgRP, POMC, orexin and galanin are released from hypothalamus and which regulates
appetite.'Appetite‘ regulatory hormones mainly released from gastroihtestinal tract (GIT)
are secretin, gastrin, cholecystokinin (CCK), oxyntomodulin (OXM), peptide tyrosine
tyrosine (PYY), glucagon like peptide-1, glucagon like peptide-z, ghrelin, somatostatin
and obestatin. Other appetite regulatoryvhormo‘nesv mainly released from pancreas are
insulin, amylin, pancreatic polypeptide (PP) and glucagon. Moreover, leptin hormone is

released from adipose tissue.
1.1 Hormones release from hypothalamus which regulate appetite

1.1.1 Neuropeptide Y

Neuropeptide Y (NPY) was isolated from bdvine brain. It consists of 36 amino
acids (Tatemoto 1982b). The amino acids sequence of neuropeptide Y is 70 %
homology with peptide tyrosine tyrosine (PYY) and 50 % homology with pancreatic
polypeptide (PP) (Tatemoto 1982a). It belongs to pancreatic polypeptide family
(Tatemoto 1982a). Central administration of NPY increase food intake in rats (Clark et
al. 1984, Stanley and Leibowitz 1985, Edwards et al. 1999). CCK decreases NPY
mRNA concentration in rat (Bi and Moran 2002). Howevér, intravenous injection of
ghrelin stimulatés NPY neurons and promotes secretion of NPY peptide (Kojima aﬁd

Kangawa 2005). .

1.1.2 Agouty related peptide (AgRP)

Agouty relate peptide is 132 amino ac1ds pept1de It is produced from
hypothalamic arcuate nucleus neurons (Qian et al. 2002). Plasma AgRP is increased in
fasted condition and decreased after eating in ‘humans and rats (Shen et al. 2002).

Administration of AgRP increases food intake in rats (Rossi et al. 1998) and mice



(Marsh et al. 1999, Qian et al. 2002). Central administration of ghrelin increases the
AgRP mRNA level in the hypothalanius and intravenous injection of ghrelin also /
stimulates AgRP neurons and promotes secretio.nb of AgRP peptide (Kojima and

Kangawa 2005).

1.1.3 Pro-opiomelanocortin (POMC)

Pro-opiomelanqcortih (POMC) is a polypeptide. Alpha, beta énd gamma-
melanocytg-stimulating hormone (MSH) are pos_t-franslational products of POMC
(Wilson and White 1998). Central administration of alpha—MSH decreased food intake
in rats (Rossi et al. 1998). In addition, administration of alpha-MSH and gamma-2 MSH
suppress feeding in fasted rats (Millington et al. 2001). | |

1.1.4 Orexin

Orexin is an orexigenic hypothalamic neuropeptide. It is also called hypocretin (de
Lecea et al. 1998). 1t has 2 subtype, orexin -A and orexin-B peptide. Orexin-A is 33
amino acids peptide and orexin- B is 28 amino aicds peptide. Centfal administration of
both orexin-A and orexin-B stimulate food intake in rodents (Sakurai et al. 1998,
Edwards et al. 1999). |

1.1.5 Galanin ;
Galanin is 29 amino acids peptide (Tatemoto et al. 1983). It is widely distfibuted
in brain and gut, with highest concentration in hypothalamus (Kyrkouli et al. 1986).
Galanin has orexigenic effect and it last only 1 hour in rats (Kyrkouli et al. 1986).
Administration of galanin stimﬁlates food intétke in rat (Edwards et al. 1999).
Galanin has relationship with some appeﬁte regulatory hormones. Galanin inhibits
glucose induced insulin 1n rodents (Ahrén ét al. 2004). The effect of galanin on

somatostatin is controversial. In vitro study of rainbow trout islets, galanin inhibits



somatostatin 25 release, however galanin stim_ulateé somatostatin 14 at 10 7 M in the
present of 3 mM glucose (Eilertson et al. 1996). Some scientists reported that galanin
did not affect somatostatin release from fragment of rat mediobasal hypothalamus
(Hulting et al. 1991). Galanin suppresses somatostatin and insulin and stimulates
pancreatic glucagon release in dog pancreas (Dunning et al. 1986), however does not
influence on plasma glucagon levels in humans (Bauer et al. 1986). In vitro study,
galanin does not affect glucagon secretion f_orrh the perfused rat pancreas (Silvestre et al.
1987), | |

Central and peripheral administration of galanin incfeases CCK in rats
(Bjorkstrand et al. 1993). Administration of galanin decreases plasma PP secretion

however does not influence on plasma glucagon levels in humans (Bauer et al. 1986).
In vitro study, galanin inhibits GLP-1 secretion in rat ileal L-cells (Saifia et al. 1998).

There is few information about the effect of galanin on other appetite regulatory

hormones in ruminant.

1.2 Hormones release from gastfointéstinal tracf (GIT) which régulate appetite
1.2.1 Secretin

Secretin was discovered in 1902 (Bayliss and Starling 1902). It is the first hormone
discovered in human history. It is 27 amino acids peptide (Mutt et al. 1 970) and
méinly released form S-cells of duodenum (Polak et al. 1971). Secretin belongs to the
vasoactive intestinal polypeptide/ Seéretin/ glucagon/ .growth_ ‘hormone-releasing
hormone peptide family (also caﬂed glucagon super family) (Vaudry et al. 2000).
Secretin binds to secretin receptors which belong to secretin receptor family (Harmer
2001). Some scientists reported that secretin is related with feeding. Plasma
concentration of secretin increased after eating in human (Chey et al. 1978),

pre-ruminant and ruminant calves (Le Dréan et al. 1997) and sheep (Mineo et al. 1990).



There are controversial results for the effect of secretin on food intake. Some
scientists reported that administration of secretin did not affect food intake in rat (Gibbs
et al. 1973). However, some reported that intra-peritoneal infusion, and central injection
of secretin decreases food intake in miice'_and the anorectic effect of secretin is mediated
by melanocortin system (Cheng et al. 2011). Central administration of secretin has no
effect on food intake in sheep '(Della-Fera et al. 1980’)» However, Groum et al. (1981)
reported that exogenous secretin decreases food intake in sheep.

Secretin has relationship with pancreatlc polypeptide (PP), ghrelin and insulin in
monogastric species. Because, administration of secretin increased plasma PP levels in
human (Peracchi et al. 1999), and increased plasma‘ insulin levels in humans (Chisholm
et al. 1969) and dogs (Unger et al. 1969). In addition, secretin stimulates ghrelin release
from rat stomach ghrelin cells (de la Cour et al. 2007). However, secretin has no
relationship with ghrelin and GH release in steers because administration of secretin did
not affect plasma ghrelin and GH levelé in cattle (ThanThan et al. 2010). Moreover,
secretin has no effect on somatostatin release in hur_ﬁan (Holst et al. 1990). Secretin has
no effect on fasting serum gastrin levels, however decreases in postprandial serum
gastrin response in human (Thompson et all. 1972). In addition, secretin decreases
fasting serum gastrin conCentrati_ons in dog (Thompson et al. 1972). Secretin produced a
small release of PYY in rat colon (Plaisancié et al. 1995). Hov;ever, administration of
secretin does not affect glucagon like peptide-1 (GLP-1) release in rat colon (Plaisancie

et al. 1994) and porcine ileum (Hansen and Holst 2002).

1.2.2 Gastrin _

Gastrin is mainly secreted from G-cells of the stomach (Buchan et al. 1979). There
are various amino acid forms of gasfrin, Gastrin-14, gastrin-17, gastrin-34 (Rehfeld et al.
1974) and gastfin—71 (Rehfeld 1994). It belongs to gastrin/ cholecystokinin family
(Dockray et al. 1989). Gastrin binds to CCK-B/gastrin receptors (Rehfeld 1998, 2004).



Plasma concentration of gastrin increases after eating in rats (Lindén et al. 1989) and
humans (Dockray and Taylor 1976). However, plasma gastrin did not increase in
response to feeding in sheep and cows (Perry et al. 1988). Exogenolis gastrin decreases
food intake in rodent (Ibu et al. 1991) and sheep (Grovum et al. 1981).

Gastrin has relationship with ghrelih, insulin and CCK. Gastrin stimulates plasma
ghrelin release in rodents (Murakami et al. 2002, Fukumoto et al. 2008) and ruminants
(Zhao et al. 2011). Lippl et al. (2004) reported that gastri-n decreased ghrelin secretion in -
isolated fat stomach. Some scientist reported that intravenous administration of gastrin
has no effect on plasma GH in rodents (Vijayan et al. 1978). However, administration of
gastrin stimulates plasma concentration of GH in Holstein steers (Zhao et al. 2011).
Although administration of gastrin decreased plasma CCK in humans (Rehfeld 1998),
we did not observe changes of plasma CCK levels after administr_aﬁon of gastrin in
Holstein steers (Yannaing et al. unpublished data). Gastrin stimulates plasma insulin
levels in dogs (Kaneto et al. 1969) and humans (Kikachi et al. 1971, Rehfeld et al.
1978). However, injection of gastrin decreases insulin secretion in cattle (Zhao et al.
2011). Gastrin stimulates plasma glucagon secretion in humans (Rehfeld et al. 1978).
However in our study, administration of gastrin has no effect on plasma glucagon levels
in' steers (unpublished data). Injeciton of gastrin stimulates plasma somatostatin
secretion in sheep (Zavros/ and Shulkes 1997). Gastrin has stimulatory effect on
pancreatic polypepﬁde (PP) release in dog (Guzman et al. 1987). However, Parks et al.
(1979) reported that gastrin has no effect on PP secretion in dog. We did not observe
changes of PP secretion after intravenous administration of bovine gastrin in steers

(Yannaing et al. unpublished data); |

1.2.3 Cholecystokinin (CCK)
CCK is mainly secreted from intestinal I-cells (Buchan et al. 1978). It is also

secreted from hypothalamus (Micevych et al. 1984). It belongs to Gastrin/



cholecystokinin family (Dockray et al. 1989). There are Vario-us amino acid forms of -
CCK, CCK-83, CCK-58, CCK-39, CCK-33, CCK-22, CCK-8, CCK-5 and CCK-4
(Rehfeld 1998, 2004). CCK binds to CCK receptors. There are two types of CCK
receptors, CCK-A and CCK-B receptors (Rehfeld 2004). Sulfated CCK binds to CCK-A
and CCK-B/gastrin_réceptors (Rehfeld 1998, 2004). However, non-sulfated CCK binds
to CCK-B/gastrin receptors (Rehfeld 1998, 2004). Plasma concentration of CCK
increased after eating in non—rumin_ants' and humans. (Lilja et al. 1984). CCK released
from the small intestine during meal is a physiological control of satiation in both fat
and human, but' CCK’s mode of action is paracrine in rat and endocrine in human
(Geary et al. 2004)..In fasted rat, intra-peritoneal administration of sulfated CCK-8
decreased food intake and subcutaneous 1inj ection did not affect food intake. The result
showed that CCK mode of action to meal act in paracrine action to produce satiety
(Ebenezer 1999)_. Plasma concentration of CCK did not change after feeding in lactating
dairy cows (Furuse et al. 1991). and steers (Mir et al. 2000). In our experiment, we did
not observe changes of plasma CCK after feeding in Holstein steers (Yannaing et al., In
press). However, some scientists repofted that plasma CCK increased after feeding in
fatty acid supplement fed ruminants (Choi et al. 2000, Relling et al. 2007, 2010).
'ExogenOus CCK decreased food intake_ in rat (Gibb et al. 1973), dog (Inui et al.
1989) and pig (Parrott et al. 1991). CCK is firstly discovered hormone which related
with éppetite.. The anorectic offect of CCK is mediated by the CCK-A receptor via the
vagus nerve, and is abolishéd by vagotoiny (Shlith et al. 1981). Intracerebroventricular
infusion of CCK decreases food intake in fasted sheep (Della-Fera et al. 1980).
HoWever, intravenous infusion of CCK did not affect food intake in sheep (Relling et al.
2011). _ |
- CCK has relaﬁonship With other ap_petité regulatory hormones. CCK stimulates
plasma insulin release in non-ruminants (Ahrén et al. 1991) and ruminants (Baile et al.

1968, Mineo et al. 1997, Yannaing et al., In press). Administration of CCK decreased



plasma ghrélin in Humans (Brennan et al. 2007).' However, CCK stimulates plasma
ghrelin in rodents (Murakami et al. 2002, Friis-Hansen et al. 2005, Shrestha et al. 2009).
Intravenous administration of sulfated CCK-8 increases ghrelin (acyl ghrelin and total
ghrelin) secretions in cattle (Yannaing et al. 2012, In press). However, administrations
of CCK-4 and non-sulfated CCK-33 have no effect on plasma ghrelin release in steers
(Yannaing et al. unpublished data). Some scientists ‘reported that administration of CCK
has ho effect on ghrelin release in human (Little et al. 2007).

Administration of CCK increased plasma somatostatin in non-ruminants (Ahrén et
al. 1991) and ruminants (Zarvos and Shulkes 1997). In addition, CCK stimulates
pancreatic polypeptide (PP) in-mice (Ahrén et al. 1991, 1995), human (Schmid et al.
1989) and dog (Parks et al. 1979, “Schusdziarr'a, et al. 1986). Choi et al. (2000) reported
that feeding induced endogenous increased CCK stimulates PP secretion in cattle.
Moreover, intravenous injection of sulfated CCK-8§ stimulates plaéma PP secretion in
Holstein steers, however non-sulfated CCK-33 and CCK fragment (CCK-4) have no
effect on plasma PP release in steers (Yannaing et al. unpublished data).

" Intravenous injection of CCK stimulates PYY release in h‘uinan (Brennan et al.
2007, Little et al. 2007). Moreover, CCK produced a small release _of PYY in rat colon
(Plaisancié et al. 1995). However, Onaga et al. (2000) reported that exogenous CCK did
.not affect plasma PYY in sheep. The effect of CCK on plasma glucagon like peptide-1
(GLP-1) is controversial. Some scientists reported that administration of CCK did not
affect plasma GLP-1 in rat colon (Plaisancie et al. 1994), human (Ahrén et al. 2000) and
sheep (Relling et al. 2011). However, some reported that CCK stimulates GLP-1
secretion in human (Fieseler et al. 1995) and in porcine ileum (Hansen and Holst 2002).
We do not observe chahges of plasma GLP-1 levels after intravenous injection of
sulfated CCK-8 and nonsulfated CCK-33 in cattle (Yannaing et al., unpublished data).
Administration of CCK has no effect on plasma leptin in humans (MacIntosh et al.

2001). Exogerioué CCK did not change plasma glucagon levelé in human (Ahrén et al.



1991,2000) and sheep (Mineo etal. 1997). However some scientists reported that CCK
stimulates pancreatic glucagon release in vitro study of dog (Hermansen 1984). CCK
has no relationship with OXM because CCK does not affect OXM secretion and OXM

does not affect on CCK secretion in cattle (Yannaing et al., In press).

1.2.4 Glucagon like peptide-1 (GLP-1)

Glucagon like peptide-1 (GLP-1) in a proglucagon derived hormone. It is released
from intestinal L-cells (Herrmann et al. 1995). It is 30 amino acids peptide (Ahrén
1998). It belongs to glucagon super family (Burrin et al. 2003). Postprandial
concentrations of GLP-1 increased in human (Herrmann et al. 1995) and in fatty acid
sﬁpplement diet fed dairy cow (Relling et al. 2010). However, plasma GLP-1 levels did
not change after feeding in fatty acid fed sheep (Relling et al. 2011); Central or
peripheral injection of GLP-1 decreases food intake in rats (Langhana et al. 1987). In
addition, intravenous infusion of GLP-1 decreases food intake in wethers (Relling et al.
2011). | |

- GLP-1 has relationship with other appetite regulatory hormones. Glucagon like
peptide-1 decreased ghrelin secretion in isolated rét stomach (Lippl e‘; al. 2004). In
addition, GLP-1 suppress ghrelin secretion in human is via increased'insulin secretion
(Hagemann et al. 2007). However, some scientists reported that administration of
GLP-1 has no effect on plasma ghrelin in humans (Brennan et al. 2007). GLP-1
stimulates insulin secretion in mice (Ahrén et al. 1995), rat pancreatic islets (Schmidt et
al. 1985), human (Kreyrhann et al. 1987, Gutzwiller et al. 1999) and sheep (Martin and
Faulkner 1993). GLP-1 stimulates insuﬁn _secreﬁon in cattle (ThanThan et al. 2011).
However, some scientists reported that GLP-1 inhibits glucagon secretion in human
(Kreymann et al. 1987). Injection of GLP-1 decreased PYY release in human (Brennan
et al. 2007). GLP-1 has no effect on CCK and leptin secretions in human (Gutzwiller et
al. 1999). In addition, GLP-1 has no effect on PP secretion in mice'(Ahrén et al. 1995).



GLP-1 stimulates somatostatin secretion in rat stomach (Eissele et al. 1990) and
intestinal culture (Brubaker et al. 1997), and inhibits gastrin secretion in rat stoméch
(Eissele et al. 1990). In our study, intravenous administration of GLP-1 did not affect
plasma CCK levels in Holstein steers (Yannaing et al. unpublished data). There is few

information on the effect of GLP-1 on other appetite regulatory hormones in ruminant.

1.2.5 Glucagon like peptide-2 (GLP-2)

Glucagon like peptide-2 (GLP-2) is another product from proglucagon. It is
released from intestinal L-cells (Qrskov et ai. 1987). It is 33 amino acids peptide
hormone. It belongs to glucagon supér family (Burrin et a1§ 2003). GLP-2 is released
' foliowing ingestion of food in fat (Hartmann et-al. 1995), pig (NieIsen et al. 2003) and
human (Qrskov et al. 1987, Brubaker et al. 1997). Intracerebroventricular injection of
GLP-2 decreases food intake in rats (Tang-Christehsen et al. 2001). Howéver,
exogenous GLP-2 did not affect féod intake in human (Schmidt et éI. 2003, Serensen et
al. 2003). The effect of GLP-2 on feed intake is uncértain'. Tsai et al. (1997) did not
observe a decrease in feed intake in mice during a 9-d peri(;d of GLP-2 infﬁsion;
however, the route of infusion of the peptide on that study is not clear. -

GLP-2 has relationship with sdme appetite regulatory hormones. Administration of
GLP-2 increased plasma glucagon in humans_"_(Sﬁrensen et al. 2003, Meier et al. 2006).
Banasch et al. (2006) reported that Glucégon—liké peptide 2 inhibits ghrelin secretion in
humans. GLP-2 may not be related with somatostatin and insulin secretions. Because,
GLP-2 does not affect somatostatin secretion in rat intestinal culture (Brubaker et al.
1997). In addition, GLP-2 has no effect on insulin secretion from fat pancreatic islets
(Schmidt et al. 1985). Moreover, intravenous infusion of GLP-2 has no effect on insulin
and GLP-1 secreﬁc)ns in human (Serensen et al. 2003).There is limited information
about the felationship between GLP-2 and other appetite’ regulatory hormones in

ruminant.
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1.2.6 Glicentin

.Glicentin is a 69 amino acids péptide produced in the L-cells of the small intestine
(Holst 1997). Glicentin contains the sequence of OXM and glucagon, which are the
amino acids form 33 to 69, and 33 to 61, respectively. Dakin et al. (2001) reported that
central administration of glicentin did not affect food intake in rats. The small intestine
secretes glicentin. However, the meghaniéms that regulate its secretion and the effect of

glicentin on other appetite regulatory hormones are not known.

1.2.7 Oxyntomodulin (OXM)

Oxyntomoduiin (OXM) is like GLP'-I and GLP-2, a product of perproglucagon.
OXM is secreted form intestinal L-cells (Bataille et al. 1982). It is 37 amino acids
peptide (Bataille ef al. 1982). It has the glucagon sequence plus eight amino aci‘ds on the
C-terminal end (Bataille et al; 1982, Holst 1997). Plasma concentration of OXM
increased after eating in human (Hornnes et‘al. 1980). However, plasma OXM level
does not change after feeding in sheép (Relliﬁg et al. 2010). Post-rumi;ial infusion of
macronutrient also does not affect plasma OXM level in cattle (Relling et al. 2010).
Exogenous OXM decreases food intake in rat and human (Cohen et al. 2003, Dakin et al.
2001, 2004). Central administratign of OXM decrease food intake in fasted and
| non—fésted rat (Dakin et al. 2001). There is few informétion about exogenous OXM on
food intake in ruminants. OXM level did not chahge after feeding in ruminant (Relling
et al. 2010) In our experiment, we did not observe changes of plasma OXM level after
feeding- in steers (Yannaing et él., In press ). .

- OXM has relationship with ghrelin in non-ruminant. Administration of OXM
decreases ghrelin release in vnOn-rumin_ants (Cohen et al. 2003, Dakin et al. 2004,
Patterson et al. 2009). However, OXM may not have relationship with ghrelin and CCK
in ruminant because administration of OXM did not affect plasma ghrelin in cattle

(ThanThan et al. 2010). Also, injection of ghrelin (acyl ghrelin and des-acyl ghrelin) did
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not affect plasma OXM (Yannaing et al., In Press) in Holstein steers, In addition, OXM
may not have relationship with CCK in ruminanfs. Administration of OXM did not
change plasma CCK levels and, also CCK did not affect plasma OXM levels in steers
(Yannaing et al., In preés). Therefore, it is possible that OXM has no relationship with
ghrelin and CCK in cattle. However, OXM has relationship with insulin in ruminant.
Administration of OXM increased plasma insulin levels in Holstein cattle (ThanThan et
al. 2010, 2011). In addition, injection of OXM stimulates insulin secretion in rat
pancreas (Jafrousse et al. 1984). Injection of OXM does nof affect glucagon release in
cattle (ThanThan et al. 2010). Administration of OXM increases ‘gastric somatostatin

secretion in cats (Bado et al. 1993).

1.2.8 Peptide tyrosine tyrosine (PYY)

PYY is secreted form intestinal‘L—éells '(Adrian et al. 1985). It is 36 amino acids
peptide (Tatemoto 1982a). It is a member of the pancreatic polypeptide (PP) family
(Tatemoto 1982a). There are two forms of PYY, PYY 1- 36 and PYY 3-36 (Graint et al. -
1994). PYY increases after feeding in human. (Adrian et al. 1985). However,
postprandial plasma PYY did not change in sheep (Onaga et al. 2000). Injection of
PYY3-36 decreases food intake in rodent (Batterham et al. 2002), human (Challis et al.
2003) and pig (Ito et al. 2006). PY'Y inhibits feeding via the vagal afferent pathwdy. It is
clarified that abdominal vagotomy abolished the énoréctic effect of PYY3-36 in rats
(Koda et al. 2005). |

PYY has relationship with other appetite regulatory hormones. Peripheral
administration of PY'Y reduces plasma ghrelin levels in humans (Batterham et al. 2003).
PYY released by fat perfusion is CCK dependent' ip dog (Lin et al. 2000). In addition,
injection qf PYY increases gastric somatostatin secreﬁon in cats (Bado et al.-1993).
However, some scientists reported that administration of PYY did not affect plasma

ghrelin in pigs (Ito et al. 2006) and mice (Adams et al. 2004). PYY did not change
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either somatostatin or gastrin secretions from rat stomach (Eissele et al. 1990). PYY has
inhibitory effects on glucose induced insulin secretion in rat pancreas (Bertrand et al.
1992). In addition; PYY inhibits stimulates insulin and glucagon secretion in mouse
(Bottcher et al. 1989). There is limited information for the effect of PYY on other

appetite regulatory hormones in ruminants.

1.2.9 Ghrelin

Orexigenic hormone ghrelin is primarily released from X/A-like cells via stomach
in 'monogastric animals (Kojima et al. 1999) and from abomasum in ruminants
(Hayashida et al. 2001) It is a ligand for the growth hormone secretagogue receptor
(GHS-R1a) (KOJ1ma et al. 1999). There are two types of ghrelin cells in the
gastromtestmal tract, opened-type cells which are in contact with the lumen and
closed-type cells which do not have luminal connection (de la Cour et al. 2001, Sakata
et al. 2002). Ghrelih also found in rumen of 12 weeks old corn-based calf starter feed
ingesting calves (Gentry et al.v 2003). It is 28 amino acids peptide (Kojima et al. 1999).
There are two molecular types of ghrelin, ghrelin (28 amino acids peI;tide) and des-Gln
14-ghrelin (27 amino acids peptide) in rats (Hosoda et al. 2000a). Monogastric animals
have both forms of peptide, however ruminants have only des-Gln 14-ghrelin (27 amino
acids) (Dickin et al. 2004). |

- Ghrelin has two forms in the circulating, acyl ghrelin and des—acyl ghrelin (Hosoda

et al. 2000b). Acyl ghrelin, its acylation to serine residue at position 3 is essential for
binding to growth hormone secretagogue receptor-la (GHS-R1a) and for stimulation of
food intake and growth hormone releasing actions (Kojima and Kangawa 2005).
Ghrelin stimulates on feeding is not depend on the growth hormone (GH) stimulatory
pathway (Nakazato et al. 2_001). : |

In additiori, acyl ghrelin has 3 forms, octanoly ghrelin, decanoyl Vghrelin and
decenoyl ghrelin. -Octanoyl ghrelin (O-ghrelin) is acylated with octanoic fatty acids
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(Kojima et al. 1999), decanoyl ghrelin (D-ghrelin) is acylated with decanoic fatty acids,
and decenoyl ghrelin is acylated w1th decenoic fatty acids (Hiejima et al. 2009) at
N-terminal serine 3 amino acid residue. Serine 3 residue of O-ghrelin is modified with
fatty acids of (C8:0) an 8-carbon chain containing no double bond (Kojime and
Kangawa 2005) and D-ghrelin is modified with fatty acids of (C10:0) a 10-carbon chain
lacking double bonds (decanoyl ghrelin) and (C10:1) a 10-carbon chain containing with
one double bond (decenoyl ghrelin) (Hosoda et al. 2004). D-ghrelin and O-ghrelin are
co-localized in the same of stomach (Hiejima et al. .2009). In fasted condition,
D-ghrelin increased in plas;na and stomach. Plasma O-ghrelin is increased in fasted
condition however, declined_ in stomach (Hiejima et al. 2009). ‘There is some
information on D-ghrelin in rats, human and cat (Hiejima et al. 2009). However, there is
limited information about D-ghrelin in ru_minaﬁts.

Plasma ghrelin levels increased before eating in non-ruminant (Kojima and
Kangawa 2005) and restricted and scheduled meal fed ruminants (Sugino_ et al. 2002,
Relling et al. 2010). In fasted condition, plasma ghrelin levels increased in rat
(Murakami et al. 2002) and cattle (Wertz-Lutz et al; 2006) and decreased after eating in
human (Kojima and Kangawa 2005) and rﬁminant (Wertz-Lutz et al. 2006). Some
scientists reported that Suppression of ghrelin release after eating is CCK dependent in
human (Degen et al. 2007).

The non-acylated form of ghrelin is des-aeyl ghrelin which exists at significant
level in blood (Hosoda et al. 2000). It is produced not only in the gastric mucosa but
also in plasma by de-acylation of the acyl ghrelin (Kojima et al. 2005). Des-acyl ghrelin
does not bind to the ghrelin receptor GHS-R1a (Nakazato et al. 2001). Central or
peripheral administration of des-acyl ghrelin has been shown to decrease food intake in
rats (Inhoff et al. 2008). Intraperitoneally injected ghrelin induced food intake was
blocked by peripherally injected des-acyl ghrelin in rats (Inhoff et al. 2008). Some

scientists reported that central administration of des- acyl ghrelin stimulates feeding in
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rodents; however, peripheral administration of des-acyl ghrelin has no effect on feeding
(Toshinai et al. 2006):

- Acyl ghrelin- étimulates‘plasma GH secretion in non-ruminants (Kojima' et al.
1999) and ruminants (Hashizume et al. 2005, ThidarMyint et al. 2006)._ However,
des-acyl has no effect on plasma GH in non-ruminants (Toshinai et al. 2006) and
ruminants (ThidarMyint et al. 2006, Yannaing et al, unpublished data). Bovine total
ghrelin is the summation of acyl ghrelin, des-acyl ghrelin and all ghrelin fragments with
an intact bovine C-terminal region (ThidarMyint et al. 2008). Des-acyl ghrelin has the
inhibitory effect on acyl ghrelin induced food intake in rat (Inhoff et al. 2008). There is
few informaﬁon on the effect of des.-acyl ghrelin on other appetite regulatory hormones.
Administration of des-acyl ghrelin has no effect on plasma CCK and OXM secretions in
rurhinant (Yannaing et al., In press). In addition, des-acyl ghrelin does not affect plasma -
insulin, pancreatic polyp_eptide (PP) and GH release in steers (Yannaing et al,
unpublished data). - | |

Ghrelin  has relationship with other appetite regulétory hormones.
Intraduodenal injection of ghrelin increased plasma CCK in rats (Jawork 2006,
Nawrot-Porabka et al. 2007). However, exogenous acyl gh;elin_ has no effeét on plasma
cholecystokinin (CCK) ahd oxyntomddulin (OXM) in ruminants (Yannaing et al., In
press). Administration of g&elin increased plasmé gastrin and insulin in rodents (Lee
H-M et al. ‘2002.).'In addition, intravenous injection of acyl ghrelin increased plasma
insulin in ruminants (ThidarMyint et al. 2006, Yannaing et al. unpublished data).
Administration of ghrelin increased plasma PP‘ in humans (Arosio et al. 2003, Tack et al.
2006) and rat (Sato et al. 2003). However,,adminjstrations of acyl ghrelin and des-acyl
ghrelin have no effect on plasma PP secretion in Holstein. steers (Yannaing et al.
unpublished data). Ghrelin stimulates glucagon secretion transiently in lactating cow
(Ttoh et al. 2005). Adeghate and Parvez (2002) reported that ghrelin has no effect on

glucagon secretion in rat pancreas. However, ghrelin stimulates glucagon release in
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mouse islets (Chuang et al. 201 1). The effect of ghrelin on somatostatin is controversial.
Edigo et al. (2002) reported that ghrelin inhibits somatostatin release in rat pancréas.
However, Arosio et al. (2003) reported that ghrelin stimulates somatostatin release in
human. According to my knowledge, there is few information about the effect of ghrelin
on GLP-1 in non-ruminant and ruminant. Our study in steérs, administrations of acyl
ghrelin and des-acyl ghrelin do not affect plasma GLP-1 release (Yannaing et al.
unpublished data). The effect of ghrelin in the hypothalamus is opposite to the effect of
leptin; ghrelin increases NPY and AgRP gene expression (Kojima and Kangawa, 2005).

1.2.10 Obestatin /

Obestatin is 23 amino acids hormone (Zhang et al. 2005). Plasma level of
obestatin does not change after féeding in rat. However, intra-peritoneal infusion of
obestatin decreased food intake in mice (Zhang et al. 2005). Long term infusion of
obestatin did not affect dry matter intake in bovine (Roche et al. 2008). It is possible
that obestatin may not be a major functional appetite regulafory hormone in ruminants.

Qader et al. (2008) reported that, obestatin inhibited somatostatin and panéreatic
polypeptide secretion and simulated glucagon release in isolated mouse and rat islets.
The effect of obestatin on insulin secretion is controversial. Some scientists reported
that obestatin inhibits insulin release in rat and mice islets (Qader et al. 2008). Some
reported that obestatin does not affect insulin release in rat and rat pancréatic islets

(Unniappan et al. 2008).
1.3 Hormones release from pancreas which regulate appetite
1.3.1 Glucagon

Glucagon is 29 amino acids peptide (Bromer et al. 1956). It is discovered in 1923
(Kimball et al. 1923). It is secreted from A-cells of pancreas (Baum et al. 1962) and also
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detected in the specific éells of stomach and intestine in some species (Baetens et al.
1976). It belongs to the vasoactive intestinal polypeptide/ secretin/ glucagon/ growth
hormone-releasing hormone peptide family (also called glucagon super family) (Vaudry
et al. 2000). Thére are controvérsial results on the effect of glucagon on food intake in
rodents. Langhans et al. (1987) reported that injection of glucagon decreased food
intake in rats. However, Dakin et al. (2001) reported that central administration of
glucagon did not affect food intake in rats. ’

“Glucagon has relationship with some appetite regulatory hormones. Admihistration
of glucagon stimulates plasma ihsulin félease in humans (Ahrén et al. 1987). In addition,
intravenous injection of glucagon increases iﬁsulin secretion in cattle (ThanThan et al.
2011). Exogegnous glucagbn stimulates inslin and somatostatin secretions in canine
pancreas (Wier et al. 1979). Moreover, central administration of glucagon increased
hypophysial portal somatostatin secretions in rats (Abe et al. 1978). Injection of

glucagon also decreased plasma ghrelin secretion in human (Hirsh et al. 2005).

1.3.2 Insulin .

Insulin is secreted from B-cells of pancreas (Cobre et al. 1969). It composed of 51
amino acids (Sanger and Tuppy 1951). Central or peripheral injection of insulin
decreasés food intake in rats and baboons (Ikeda et al. 1986, Wood et al. 1979, 1984).
Plasma insulin decréased-af_ter feeding in fatty acids supplement fed wethers (Relling et
al. 2010). o | |

Insulin has inhibitory effect on ghrelin. Admin‘i'strat_ion of insulin decreases plasma
ghrelin in humans (Saad et al. 2002) and rodents (McCowen et al. 2002.). In addition,
insulin decreased ghrelin secretion in isolated rat stomach (Lippl et al. 2004, Shrestha et
al. 2009). The effect of inuslin on somatostin and glucégon secretions is controversial.
Insulin stimulates somatostatin release in chicken (Honey and Wier 1979). However,

insulin has no effect on somatostatin secretion in dog pancreas (Wier et al. 1979). Some
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scientists reported that administration of insulin increases glucagori secretion in mice
(Kawamori et al. 2009). However, insulin has no effect on glucagon and pancreatic
polypeptide (PP) release in dog pancreas (Wier et al. 1979). There is few information

about the effect of insulin on plasma ghrelin in ruminants.

1.3.3 Somatostatin
Somatostatin is also called somatotropin release inhibiting factor (SRIF) or
growth hormone inhibiting hormone (GHIH). Somatostatin is releaséd from pancereatic
D-cells (Orci et al. 1975). It is also released from hypothalamus (Brazeau et al. 1973). It
is also find in stomach, duodenum, jejunum and pancreas (Arimura et al. 1975)-. There
are two forins of somatostain, SS-14 (Brazeau et al, 1973, Schally et al. 1976) and
SS-28 (Polonsky et al. 1983). Sqinatostatin' levels increased after_ eating in human
(Polonsky et al. 1983). However, postprandial plasmav somaiostatin did not change in
Holsfein steers (Gaynor et al. 1995). Injection of somatostatin decreased food intake in
rats and baboons (Lotter et al. 1981). But in fasted rats, injecti{)n of somatostatin
increased food intake (Alionte et al.1984). |
Somatostatin has relationship with other appetite regulatory .hormones.
Somatostatin decreased ghrelin secretion in rat stomach (Shimada et al. 2003, Lippl et al.
2004, Seoane et al. 2007). In addition, somatostatin inhibits CCK release in rats (Herzig
et al. 1994) and dogs (Lloyd et al. 1994). Administration of somatostatin decreases
plasma insulin and glucagon secretions in rats (Mérki et al. 1982). In addition,
intravenous administration of somatostatin inhibits PP, glucaigon and insulin secretions
in human (Macro et al. 1983). Somatostain restrains the svecretion.o'f GLP-1 and GLP-2
in porcine ileum (Hansen et al. 2000). In addition, infusion of somatostatin also

decreases plasma GLP-1 concentration in sheep (Martin and Faulkner 1996).

~

18



1.3.4 Pancreatic plolypeptide (PP)

. Pancreatic polypeptide (PP).is primarily released by célls the periphery of the islets
of Lahgerhans (Adrian et al. 1976). Later the cells were given the name as PP cells
(Adrian et ai. 1976) or F-cells (Ekblad and Sundler 2002). It is also secreted by the
exocrine pancreas _ahd distal gastrointestinal tract (Larsson et al. 1975). It is 36 amino
acids polypeptide (Lin and Chance 1974). Plasma leVel of pancreatic polypeptide
increases after eating in human (Adrian et al. 1976). It is a member of PP-fold family of
peptides which also include PYY and NPY (Colon 2002). Admi‘nistratibn of PP decrease
food intake in rodents (Asakawa et ai. -1999) and humans (Batterham et al. 2003a).
Plasma PP transiently increased after feeding in sh'eep‘ (Takahashi et al. 2010). It is
possible that postprandial release of PP is CCK dependent in both non-ruminant and
ruminant. Because, the study in human with CCK-A receptor antagonist (MK-329),
CCK increases paﬁcreatic _polypeptide ‘(PP) and finds that CCK receptor blockage
selectively attenuates postprandial release in plasma PP concentration (Liddle et al.
1990). In addition, administration of CCK-A receptor antagonist (MK-329) decreases
postprandial release of PP in dairy cows (Choi et al. 2000).

PP has relationship with other appetite regulatory hormones. Administration of
PP decreased plasma ghrelin inv48 hr fast_ed sheep (Takahashi ét al. 2010). In addition,
administration of ghrelin increased plasma PP in humans (Arosio et al. 2003; Tack et al.
2006). PP and ghrelin do not affect each other on their secretions in cattle. We did not
observe the effect of PP on ghrelin secretion and the effect of acyl ghrelin and des-acyl
ghrelin on PP secretion in Holstein steers (Yarnaing et al. unpublished data).
Administration of PP has no effect on plasma insulin, ghrelin, PYY, GLP-1 and leptin in
human (Batterham et al. 2003a). We do not find changes of plasma PP concentrations
after injection of amylin in steers (Yannaing et al. unpublished data). In éddition, we
do not obsérve .changes of plaéma GLP-1 levels after administration of PP in cattle

(Yannaing et al. unpublished data).
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1.3.5 Amylin

Amylin is secreted from beta-cells of pancreatic (Moore et al. 1991). It also called
as islet amyloid polypeptide (IAPP) which is co-secreted with insulin (Moore ét al.
1991, Bhavsar et al. 1998). It is 37 amino acids peptide (Cooper et al. 1987). Amylin
may synergistically react with CCK for appétit’é control (Reidelberger et al. 2001).
Amylin also found in gut endocrine cells (Mulder et al. 1994). Administration of am);ﬁn
decreases food intake and body weight (Arnado et al. 1996). According to our
knowledge, there is few information on the effect of amylin on other appetite regulatory
hormones in ruminants. _ |

Amylin has relationship with other appetite regulatory hormones. Administration
of amylin decreased plasnia glucagon secretion in cat (Furrer et al. 2010) and in mouse
(Panagiotidis et al. 1992). In additign, injection of amy.lin increased plasma gastrin in
rats (Funakoshi et al. 1992). Moreover, administration of amylin stiniulates somatostatin
in mice (Zaki et al. 2002). However, amylin irihi_bit ghrelin secretion in rats (Gedulin et
al. 2004, Young ef al. 2004). We did not observe the effect of amylin on plasma ghrelin,
CCK, insulih, PP, GLP-1 and GH secretions in steers (Yannaing et al. unpublished data)_./
Some scientists reported that amylin inhibits gastrin secretion in hurhan, 'dog and rat
stomach (Makhlouf et al. 1996). Amylin reduces insulin release but does not affect

somatostatin release in rat (Peir6 et al. 1991). -
1.4 Hormone release from adipose tissue which regulate appetite

1.4.1 Leptin |

Leptin is released from adipose tissue. It is 167 amino acids peptide (Zhang et al.
1994). Plasma leptin leVels do not change before and after eating in human (Co‘nsidine
et al. 1996). Plasma levels of leptin do not change after feeding in hay fed sheep

(Tokuda et al. 2000). However, some scientists repbrted that postprandialr leptin
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concentration was changéd'in hay and concentrated fed cows (Delavaud et al. 1999).
Circulating leptin was affected by nutriﬁonal status of feed in ruminants. In cow and
sheép, low energy diet feeding decrease postprandial leptin level and high enérgy diet
feeding increase postprandial léptin level (Delavaud et al. 2002, Tokuda et al. 2002).
Intracerebroventriculér administration of leptin decreases food intake in obese rat,
control rat (Niimi .et al. 1999) and mice ‘(Mistfy et al. 2001). Intraperitonal injection of |
leptin decreased food intake in rats and also showed peripheral leptin resistant in obese
rat (Niimi et al. 1999).

~ Leptin has relationship wit.hsome appetite regulatory hormones. Leptin inhibits the
secretion of ghrelin in rats (Kalra et al. 2005, vLippl et al. 2005). In addition, leptin
inhibits glucose stimulated insulin secretion in rats (Muzumdar et al. 2003). However,
some scientists reported that leptin has no effect on insulin and glucagon secretions in
fed mice and leptin stimulates plasma insulin and glucagon in fasted mice (Ahren et al.
1999). Moreover, leptin does not influence glucagon or somatostatin release in rat
pancreas (Silvestre et al. 2001). Leptin inhibits glucose stimulated amylin in mouse
pancreas (Karlsson et al. 1998). Some sbientiéts feported that leptin stimulates GLP-1
secretion from rodent and human intestinal L-cells (Amm et al. 2003). Leptin stimulates
CCK release in rats (Guilmeau et al. 2003). There is limited information about the effect

of leptin on other appetite regulatory hormones in ruminant.

1.5 Study on Cholecystokinin (CCK); ghrélin and Oxyntomodulin (OXM)

There are many appetite regulatory hormones which release from brain,
gastrointestinal tract aﬁd adipose tissue. In this theéis, I study only three major appetite
regulatory hormones CCK, ghrelin'a'r;cvl OXM in ruminants. Because, plasma levels of
these 3 hormones are related with food intaké (C‘ohen' et al. 2003, Dakin et al. 2004, |
Gibbs et al. 1973), gastric 'aéid secretion :(Dubrasquet et al. 1982, Kojima and Kangawa
2005, Rehfeld 200_4) and body weight (Dakin et al. 2004, Kojima and Kangawa 2005,
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Rehfeld 2004) and pancreatic enzyme secretion (Ying et al. 2006, NéwrotaPorabka et al.
2007, Kerstens et'al. 1985, Anini et al. 2000) in monogastric species. In addition, these
hormones are related with energy status. Plasma ghrelin level is increased in fasted
non-ruminant (Kojima and Kangawa 2005) and ;uminants (WertzQLutz et al. 2006) and
decreased after eating. Plasma CCK levels increased after feeding in ndn—rufninants
(Lilja et al. '1984,) and fatty acids supplement fed ruminants (Relling et al. 2007, 2010).
In addition, plasma OXM levels increased after feeding in non-ruminants (Hornnes et al.
1980). |

Moreover cholecystokinin, ghrelin and OXM are related with energy homeostésis.
In negative energy condition, plasma ghrelin is increased (Kojima and Kangawa 2005,
Wertz-Lutz et al. 2006),> and plasma CCK (Kanayama and Liddle 1991, Nowak et al.
1997, Ohgo et al. 1988) and OXM (Alain et al. 1998) is decreased, respectively.

" In addition, these 3 hormones regulate pancreatic enzyme secretion. Ghrelin (Ying
et al. 2006, Nawrot-Porabka et al. 2007) and CCK (Kerstens et al. 1985) stimulate
pancreatic enzyme secretion in monogastric species. However, OXM inhibits paricfeatic
secretion in rats (Anini et al. 2000). Oxyntomodulin can suppress CCK induced
pancreatic secretion (Anini et al. 2000).There is few information about the relationship
ambng these hormonés. Therefore, we study on CCK, ghrélin and OXM in bovine.

The information for the effect of appetite regulatory hormones on CCK secretion is
limited because of difficult to set up bovine CCK radioimmunoassay system which only
recognized CCK. The stimulatory effect of ghrelin on CCK secretion has been reported
in rat (Jawork 2006, Nawrot-Porabka et al. 2007). Howevef, there is no information for
the effect of ghrelin on CCK secretion in ruminant. There are controversial results for
the effect of CCK on ghrelin secretion in non-ruminant. CCK inhibits ghrelin release in
human (Brennan et al. 2007), CCK has no effect oﬁvghrelin release 1n human (Little et al.
2007) and CCK stimulates ghrelin secretion in rodents (Murakami et al. 2002). The

inhibitory effect of OXM on ghrelin secretion has been reported in rat and human
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- (Cohen et al. 2003, Dakin et al. 2004, Patterson et al. 2009). However, there is no
information for the effect of CCK on ghrelin and OXM secretions, and the effect of

OXM on ghrelin and CCK secretions in ruminants.

1.6 Study on pancreatic polypeptide (PP)

Pancreatic polypeptide (PP) is related with food intake in monogastric species
(Asakawa et al. 1999). PP secretions increased after eating (Adrian et al. 1976).
Scientists studied and reported the effect .ofi CCK ahd ghrelin on PP secretions in
non-ruminants. CCK stimulates pancréatic polypeptide (PP) in mice (Ahrén et al. 1991,
1995), human (Schmid et al. 1989) énd dog (Parks et al. 1979, Schusdziarra et al. 1986).
Choi et al. (2000) reported that feeding induced endogenous increased CCK stimulates
PP secretion in cattle. In addition, administration of ghrelin increased plasma PP in
humans (Arbsio et al. 2003, Tack et al. 2006) and- rat (Sato et al. 2003). However, there

is limited information for the effect of CCK and ghrelin on PP secretions in ruminant.

1.7 Study on the effect of CCK on growth horm(;ne (GH), glucose and NEFA

| The results of the effect df CCK on GH secretion are varied among human,
non-ruminant and sheep. There are controversial results for the effect of CCK on plasma
GH. Some scientists reported that CCK stimulates GH in humans (Calogero et al. 1993),
pigs (Parrott et al. 1995) and rats (Matsumura et al. 1984). Karashima ét al. (1984)
reported that CCK decreased plasma GH in rats. Vijayan et al. (1979) reported that
central administration of CCK increased plasnia GH, however peripheral administration
of CCK did not affect plasma GH in rats. Some scientists reported that administration of |
CCK did not affect plasma GH in sheep (Spencer et al. 1991, Della-fera and Baile 1985)
and humans (Naifet al. 1984).There is no information for the effect of CCK on GH
secretions in cattle. o |

_ In addition, the i‘egulatory effects of CCK on plésma glucose and NEFA are varied
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in 'human, rat and sheép. In rats, intra-duodenal adfninistration' of CCK decreases
glucose production independent of changes in circulating insulin (Cheung et al. 2009).
Central administration of CCK has no effect on plasma 'glucose in sheep (Della-Fera et
al. 1985). In addition, intravenous infusion of CCK did not affect plasma glucose and
NEFA in wethers (Relling et al. 2010, 2011). Thete is no infdrmation about the CCK on
plasma glucose and NEFA in cattle.

The objectives of thesis are:
to study the effect of cholecystokinin on plasma ghrelin (acyl ghrelin and total
ghrelin), OXM, pancreatic polypeptide (PP), glucdgon’ like peptide-1 (GLP-1),
GH and metabolites (glucose and NEFA) secretions and |
to study the effects of acyl ghrelin and des-acyl ghrelin on plasma CCK, OXM,

PP and GLP-1 secretions ifl cattle.

1.8 Discovery of Cholecystokinin

In 1903, a year after the disco{/ery of secretin hormoné, French physiologists might
have suggested the existence of bile-releasing hormone. Similarly, Okada almosf
predicted Cholecystokinin (CCK) when he noted that intestinal acidification stimulated
the expulsion of bile into the intestine. (Jorpes and Mutt. 1966, Refeld 2004). CCK was
discovered in 1928 which stimulated coﬁtraction of gallbladder in dog (Ivy et al. 1928).
In 1943, Harper et al. reported a horméne which was stimulated pancreatic enzyme
secretion in cat and called pancreozymin. (Harper et él. 1943). After 23 years later,
Jorpes and Mutt vproved that pancreozymin and cholecystokinin (CCK) are the same
substance (Jorpes and Mutt 1966). In 1970, Grossman proposed to use the term
cholecystokin instead of Cholecystokinin-pancreozymin. CCK is released from intestinal
I-cells (Buffa et al. 1976). In 1975, Vanderhaeghen et al. reported fhat CCK was.present

in the mammalian central nervous system as a gastrin-like immunoreactive material.
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Scientists repoﬁed that CCK increased insulin secretion in monogastric animal and
human (Ahrén et al. 1991). But for ruminants, Baile et al. (1968) has been reported that
the intravenous injection of CCK increased the secretion of insulin. In sheep,
intravenous injection of sulfated CCK-8 increased plasma insulin concentrations (Mineo
etal. 1 997) but did not affect plasma GH concentratfon (Spencer et al. 1991).

After finding the ﬁlnétion of CCK on gallbladder contraction and pancreatic
secretion and insulin secretion, Gibbs et al. (1973) demonstrated exogenously
administered CCK decreases food intake in rats. The anorectic effects of CCK appear to
be mediated by the CCKA receptor via the vagal nerve, and are abolished by vagotomy
(Smith et al, 1981). | |

CCK binds to CCK receptors. Two types of cholecystokinin receptofs have been
identified (Boden et al. 1995). CCK-A receptors were mainly distributed in peripheral
tissues, particularly in the gastrointestinal tract and CCK-B receptors were located
mainly in the brain (Sartor et al. 2008). CCK receptors found in alimentary tract are
CCK-receptors (‘A; for aliméntary) and. CCK- receptbrs found in brain are CCK-B
receptors (‘B’ for brain ). CCK-A receptor is also called as CCK-1 receptor and CCK-B
is called as CCK-2 receptor (Florence et al. 1999). Some scientists reported that CCK-B
receptors and gastrin receptors are identical (Pisegna et al. 1992). Only tyrosyl-sulfated
CCK-peptides are in physiological concentrations bound to the CCK-A receptor, and
even though CCK peptides are also bound, with similar afﬁnify, to the gastirn/CCK-B
receptor, this_ binding has no impact in the periphery, because gastrins circulate in
plasma in 10- to 20-fold higher conéentrations than CCK peptides (Rehfeld 1998).
CCK-B/ gastrinbrecept(')r bind with non-sulfated CCK, gastrin and short C-terminal
fragments with high affinity (Rehfeld 2004). 4

Biologically active forms (sulfated forms of CCK) CCK-83, CCK -58, CCK -33,
CCK -22 and CCK -8 have been found .in intestine, blood and brain of many animals

(Paloheimo et al. 1994). Sulfated CCK-8 is the smallest biological form of CCK. The
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most potent form in the brain of humans (Reeve et al. 1984), sheep (Dockray et al.
1978), pigs (Eng et al. 1982), rats and bov_ine (Barden et al. 1981). The half-life of
exogenous CCK is about 2.5 in human (Thompson et al. 1975) and half-life of CCK-8
in dog is about 1.3 min (Hoffmann et al. 1993). |
The primary biological} actipns of CCK ‘are inhibition of gastric emptying,
satiation, gallbladder contraction and pancreatic enzyme secretion (Sartor et al. 2008).
The biological actions of CCK are mediated by cell-surface- membrane receptors on its
target cells (Liddle 1994, 1997). In ruminants, CCK-8 is found in brain and CCK-33
and CCK-39 are found in small intestine. HoWever, there is no information about the
main forms of CCK in blood. The anorectic effects of CCK appear to be mediated by
the CCK-A receptor via the vagus nerve, and are abolished by vagotomy (Wank et al.
1994). Non-sulfated forms of CCK ila\{e been detected in brain or infestinal tract and
cannot actiyate'CCK-A receptor (Smith et al. 1981). -
CCK-33 is degraded more slowly by the liver than CCK-S (Doyle et al. 1984).
The infusion of CCK antibody did not affect on food intake in rats (Reidelberger et al.
1994). In réts, intra-peritoneal (i.p) injection of CCK on food intake is more effective
than intravenous injection of CCK (Strubbe et él.» 1989). The i.p injected CCK arrived to
the lymph and the lymphatic concentration of CCK is 30 times higher than plasma
concentration, because the CCK in the lymph is protected from degradation of enzymes

(Strubbe et al. 1989).

1.9 Preprocholecystokinin

Amino acids sequence of preprocholecystokihin_ (preproCCK) is varied within
species. Pre-proCCK is 115 amino acids in ruminants (Uniprot, Accession number P
41520), rats (Deschenes et al. 1984) and human (Takahashi et al. 1985), however, 114

amino acids in porcine (Gubler et al. 1984 ) and 130 amino apids in chicken (Jonson et
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~al. 2000). The bioactive fragments such as CCK-83, -58, -39,-33, -22, -8 and -5
(Rehfeld 2004) are derived from preproCCK. In the plasma of human, CCK-58, -33, -22
and -8 are predominant -(Ré_hfeld 2004). CCK-58 is found in brain of bovine (Eng et al.
1990) and CCK-39 and -33 are also found in bovine intestine (Carlquist et al. 1985).
HoWever, the dominant form of plasma CCK in ruminants is still unknown. The
processing of proCCK is cell-specific. Hence, enc{ocrine cells contain a mixture of
medium sized cholecystokinins, whereas neurons mainly release CCK-8 (Rehfeld 2004).
Multiple forms of biologicaily active CCK are producéd by the actions | of
endopeptidases. Until now, sulfation and amidation occur before or after endopeptidase
events that from the amino terminus of CCK-58 or smaller forms of choleéystokinin is
not known (Eberlein et al. 1991). After discovery of sulfated and amidated CCK-83, it
shows that carboxyl terminal amidation to form biologjcally active peptides can occur
after signal peptidases cleavage and. before -amino terminal processing of the
prohormone (Eberlein et al. 1991). In .hu.man, proCCK is 95 amino acids residues

(Rehfeld 1998). HOwever, proCCK of ruminant is still unknown.
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Fig.1
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Figure 1. Predicted structure of preprocholecystokinin. (modified from Noble et al.
1990 and Eberlein et al. 1992). In human, the signal peptide includes residues -20 to -1.
The amino terminal flanking peptide includes residues 1 to 25. The largest form from of
CCK from brain and intestine is CCK-58 which consists of residues 26 to 83. Other
active molecular forms are derived from this precursor, such as CCK-39, CCK-33,
CCK-22, CCK-7 and CCK-5. Carboxyl terminal ﬂankirig peptide consists of residues
84 to 95. See table (1) for the translation of single-letter amino acid code.
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Table (1) Translation of the single-letter amino acid code.

Single-letter code  Three-letter code Amino acid

A ' - Ala Alanine
C - Cys Systeine

D “Asp : Aspartic acid
E Glu - Glutamic acid
F Phe - Phenylalanine
G Gly Glycine

H His® Histidine

I Ile _ Isoleucine

K “Lys Lysine

L Leu Leusine
M Met | Methionine
N Asn Asparagine
P Pro ‘ Proline

Q .Gln . | Glutamine
R Arg Arginine

S Ser , Serine

T . Thr Threonine

\Y% Val Valine

w Trp - | Threonine

Y Tyr : Tyrosine
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Table (2) The amino acid sequences of preprocholecystokinin. (Source- UniProt)

Bovine

IMNRGVCLCLL! MAVLAAGALA* QPMPHADPTG*® PRAQQAEEAP* RPQLRAVPRV>® DDEPRAQLGA®

Rat 'MKCGVCLCLV' MAVLAAGALA? QPVVPVEAVD*’ PMEERAEEAP*’ RRQLRAVLRP*® DSEPRARLGA®

Mouse | 'MKSGVCLCVV'°MAVLAAGALA QPVVPAEATD* PVEQRAQEAP* RRQLRAVLRT* DGEPRARLGA®

Human | MNSGVCLCLL!® MAVLAAGALT? QPVPPADPAG’’ SGLQRAEEAP* RRQLRVSQRT>® DGESRAHLGA®

Pig 'MNGGLCLCLL' MAVLAAGTLA* QPVPPADPSG*® VPGAQEEEAH" RRQLRAVQKV*>® DGESRAHLGA®

Chicken | '"MYGGICICVLY LAALSVSSLG* QQPAGSHDQS_” PVAAELQQS_L40 TEPHRHSRAPY SSA GPLKPAP6°
SIRLDGSEQRA” TIGA™

Bovine 61LLARYIQQAR7° KAPSGRMSVISO KNLQSLDPSH9° RISDRDYMGWIOO MDFGRRSAEE“O FEYTS'’

Rat 61LLARYIQQVR70 KAPSGRMSVLSO KNLQNL(;PSH90 RISDRDYMGW'® MDFGRRSAED“O YEYPS”S |

Mouse | LLARYIQQVR™ KAPSGRMSVL® KNLQSLDPSH” RISDRDYMGW'® MDFGRRSAED"® YEYPS!"

Human | “LLARYIQQAR”® KAPSGRMSIV® KNLQNLDPSH” RISDRDYMGW'® MDFGRRSAEE"’ YEYPS'!®

Pig 5L LARYIQQAR”® KAPSGRVSMI® KNLQSLDPSH® RISDRDYMGW'® MDFGRRSAED'" YEYPS''S

Chicken | "LLAKYLQQARY KGSTGRESVLG’® NRVQSIDPTH!® RINDRDYMGW!"* MDFGRRSAEE'®YEYSS!*

See (Table-1) for the translation of single-letter amino acid code.
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Cholecystokinin 33 was firstly discovered in pig (Mutt and Jorpes 1968). The

amino acid sequences of CCK-33 are varied within species.
Fig.2

1 | '\ 33
bovine KAPSGRMSVI KNLQSLDPSH RISDRDYMGW MDF

pig ——V-M-

human ————— IV~ ——N — —
dog N

rat‘- | _ —L G

mouse —L ‘ ‘ —
monkey——————¥—1— A

Figure 2. The alignment of the aminb acid sequence of cholecystokinin-33. Amino acids

sequence same with bovine are showed with symbol (—) and only showed different
amino acids from bovine with single letter amino code. UniProt accession numbers for
bovine is P41520; pig is P01356; human; P06307; rat, P01355; mouse, P09240; dog,
Q9TS44; monkey, P23362. See (Table-1) for the translation of single-letter amino acid

code.
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Cholecystokinin is produced from a single gené however different molecular forms. -

Fig.3
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CCK- _
CK-13 CCK%

Figure 3. Amino acids sequence of bovine cholecystokinin (CCK)-4, -5, -8, -12, -13, -22,
-29, -33, - 39 and - 58. UniProt accession number for bovine is P41520. See (Table-1)

for the translation of three-letter amino acid code.
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1.10 Homology with other hormones

The C-terminal 5 amino acids of CCK are identical with bovine sulfated gastrm

caerulein (isolated from the skin of the frog, Hyla caerulea), phyllocaerulein and cionin

(extracted from Ciona intestinalis). The C-terfninal 4 amino acids of gastrin/CCK like

peptide (also called chicken gastrin) and the C-terminal 3 amino acids of |

leucosulphakinin (cockroach) and drosulphakinin (fruit fly) are homologous to

C-terminal of CCK-S.

Fig.4

Sulfated cholecystokinin-8

Bovine sulfated Gastrin-9 |

Caefulein
Phyllocaerulein
Cionin

Chicken gastrin
Leucosulphakinin
Leucosulphakinin II
Drosulphakinin I
Drosulphakinih II

Y

DY(SO;H)MGWMDF-NH,
EAAY(SO;H)GWMDF-NH,
 pEQDY(SO;H)YGWMDF-NH,

| pEEY(SO;H)YGWMDF-NH,
NY(SOsH)Y(SO;H)MGWMDF-NH,

-QGNGAVEALHDHFYPDWMDF-NH,

PEQFEDWGHMDEF-NH,

PESDDWGHMDF-NH,
FDDWGHMDF-G
GGDDQFDDWGHMDF-G

Figure 4. Homologus bioactive sequénces of sulfated CCK-8, bovine gastrin-9,

caerulein, cionin, chicken gastrin, leucosulphakinin and drosulphakinin. The identical

C-terminal amino acids are bolded and underlined. (pE, pyroglutamic acid) (modified
from Dockray 1989 and Rehfeld 2004) See (Table-l) for the translation of single-letter

amino acid code.
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1.11 Regulation of CCK secretion
. CCK is released from intestinal I- cells (Buchan et al. 1978). CCK secretion
increased after eating-in monogastric species (Lilja et,al.y 1984). The apical surfaces of
I-cells are open type (Buchan et al._ 1978) and these cells are li_kely.tb sense food in the
intestinal lumen and release CCK into the circulat.ion' (Liddle 1997). 1t is possible that
meal-induced secretion of CCK is modified by inﬂervation of the I-cells (Rehfeld 2004).
That regulaﬁon is difficult to examine in vivo because CCK may also be released into
the plasma from nerves in the ileum and colon (Rehfeld 2004). The release of CCK
from neurons has been examined in brain slices and synaptosomes.‘It is ﬁot known to
what extent neuronal CCK over flows into the plasma (Rehfeld 2004). Scientists studied
the regulation of CCK secretion with CCK releasing factor (frypsin sensitive releasing
factor), mohitor peptide, luminal releasing factor and cellular- regulation of CCK
secretion (Liddle 1997). The exact mechanisms which control CCK secretion have yet-
to be elucidated. Tt is possible that other appetite reguiatory hormones may involve in
the regulation of CCK secretion. Because, administration of ghrelin stimulates CCK
secretion in rodents (Jawork 2006, Nawrot-Porabka et al. 2007). In addition,
somatostatin inhibits CCK secretion in monogastric species (Herzig et al. 1994, Lloyd
et al. 1994). - |
There is few information for the effect of ghrelin, oxyntomodulin and amylin on
CCK secretion in ruminants. Therefore, we studied the effect of acyl ghrelin, des-acyl

ghrelin, OXM and amylin on CCK secretion in Holstein steers.

1.12 Regulation of ghrelin secretidn _

Ghrelin is mainly secreted from X/A like cells of stomach (de. la Cour et al. 2001,
Kojima and Kangawa 2005). In ruminants, ghrelin' is mainly secreted: from abomasum
(Hayashida et al. 2001). Ghrelin secretion is increased in fasted condition and decreased
after eating in ruminants (Wertz-Lutz et al. 2006) and non-ruminants (Kojima and
Kangawa 2005). |

Some scientists studied the secretion of ghrelin by nutrient infusion in rats. Infusion
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of macronutrients into duodenum and jejunum also suppressed ghrelin levels (Overduin
et al. 2005). There are 2 types of ghrelin cells, close type and open type. The number of
open-‘ type cells increased in the direction from stomach to duodenum and jejunum
(Sakata et al. 2002). Ghrelin cells are not able to sense food in the lumen of stomach
because nutrients constrained within the stomach do not affect ghrelin levels (Williams
et al. 2003). The mechanism which regulates ghrelin secretion is still need to clarify.

Some hormones regulate the secretion of ghrelin. CCK inhibits the secretion of
ghrelin in humans. (Brénnan et al. 2007, 2008) however; CCK stimulates ghrelin
secretion in rodents (Murakami et al. 2(}02, Friis-Hansen et al. 2005, Shrestha et al.
2009). In addition, sécretin stimulates ghrelin release from rat stomach ghrelin cells (de
la Cour et al, 2007).

In human, intraduodenal infusion of fat increased plasma CCK levels and observed
CCK induced suppression of ghrelin (Degeri et al. 2007). In additidn, administration of -
insulin decrease plasma ghrelin in monogastric species (Saad et al. 2002, McCowen et
al. 2002, Lippl et a/l. 2004). Amylinv also inhibits ghrelin secretion in rats (Gedulin et al.
2004, Young et al. 2004). Moreover, administration of OXM decreased ghrelin secretion
in fasted rodents (Dakin et al. 2004).

According to my khowledge, there is limited information the effect of appetite
regulatory hormones on ghrelin secretioﬁ in ruminants. We recently reported that OXM
has no effect on ghrelin secretion in steers (ThanThan et al. 2010). However, gastrin
stimulates ghfelih secretion in rbdents (Murakami et al. 2002) and ruminants (Zhao et al.
2011). We study the effects of CCK and amylin on ghrelin secretion in steers. We found
that sulfated CCK-8 (CCK-8s) has stimulatory effect on ghrelin secretion. However, we
do not observe the effect of amylir'l: on ghrelin secretion in steérs (Yannaing et al.
unpublished data).'In addition, administrations of non-sulfated CCK-33 and CCK-4 do

not affect on ghrelin secretion in steers (Yannaing et al. unpublished data).

1.13 Regulation of oxyntomodulin secretioh

~ Oxyntomodulin is secreted from intestinal L-cells (Bataille et al. 1982). OXM
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secretion increased after eating in monogastrié species (Hornnes et al. 1980). However,
plasma OXM did not change after feeding in ruminants (Relling et al. 2010).The apical
surfaces of L-cells are exposed to the lumen of intestine (Deacon 2005). These cells are
likely to sense food in the intestinal lumen (Anini et al, 1999).. There is limited
information about the effect of “other appetite .regulatory on OXM secretion in
non-ruminant and ruminant. We find that adniinistrations of ‘ghrelin (acyl ghrelin and

~ des-acyl ghrelin) and CCK did not affect OXM secretion in Holstein steers.

1.14 Regulation of pancreatic polypeptide secretion
Pancreatic polypeptide (PP) is primarily released by cells the periphery of the islets of
Langerhans (Adrian et al. 1976). Plasma level of pancreatic i)olypeptide increases after
eating in human (Adrian et al. 1976). Plasma PP levels iﬁcreased ~after feeding in sheep
(Takahashi et al. 2010) and in fatty acids supplement fed dairy cows (Choi et al. 2000).
Scientists studied and reported the effects of other appetite regulatory hormones 0ﬁ PP
secretion in non-ruminants. AdminiSt_ration of galanin decreases plasma i’P secretion in
humans (Bauer et al. 1986). Injection of secretin increascd. plasma PP levels in human
(Peracchi et al. 1999). CCK stimulates pancreatic polypeptide (PP) in mice (Ahréh et al.
1991, 1995), human (Schmid et al. 1989) and dog (Parks et al. 1979, Schusdziarra et al.
1986). Choi et al. (2000) reported that feeding induced endogenous increased CCK
stimulates PP secretion in cattle. In addition, GLP-1 has no effect on PP secretion in
mice (Ahrén et al. 1995). Administration of ghrelin increased plasma PP in humans
(Arosio et al. 2003, Tack et al. 2006) and rat (Sato et al. 2003). In addition, intravenous
administration of somatostatin inhibits PP secretions in human (Macro et al. 1983).
According to my knowledge, there is few information for the effect df CCK and ghrelin

(acyl ghrelin and des-acyl ghrelin) on PP secreﬁo_ns in cattle.
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Ch’apter 2

Solid phase peptide synthesis (SPSS) and radioimmunoassay (RIA)

| The amino ‘acid sequences of cholecystokinin (CCK) and gastrin among domestic
animals, humans and ruminants are different. The CCK peptides of rat, mouse, pig and
humans are commercially available. quever, bovine sulfated gastrin-9 and bovine
non-sulfated gastrin-9 are not commercially available and its amino acids sequences are
different from o_thér species (eg. pig, human, rat). Short amino acids peptide such as
sulfated CCK-8 and non-sulfated CCK-8 are commercially available. Because,
C-terminal amiﬁb'acids sequence of these peptides are identical in human, ruminants
and other animals (except guinea-pig and Chinéhilla). For administration study in bovine,
mass volume of peptides are required. To study the effect of bovine CCK on other
appetite regulatory hormones, we synthesized bovine sulfated CCK-8.

- For measuring of plasma CCK levels, scientists used CCK-RIA kits, CCK-EIA kits
and CCK-ELISA kits. These kits are specific for rat, mouse, pig and human, and
"~ commercially available. Only few samples can measure by using of these kits. In
addition, these kits are expensive and are not specific to bovine. For radioimmunoassay
(RIA), using of different amino acids_séquence of peptides can decrease specificity of
assay. Therefore we validated bovine CCK-RIA system to study the effects of other
appetite regulatory horrﬁoncs on CCK. For radioimmunoassay, we require first antibody
of CCK (anti-CCK antiserhm) and we neéd to label peptide with isotope (I '*).

For first antibody production, scientist used bure peptides. Because, naturally
'prepar.ed hormones are difﬁcﬁlt to separate from other hormonally active or inert
proteins and are not pure. To get High and - specific titer of antibody, the purity of
injected antigen (peptide) is important. Therefore, we synthesizéd peptide for ﬁrst
antibody production. Sulfated CCK-8 is small molecular weight peptide. Therefore, it
needs to conjugate with carrier protein such as mcKLH. The amino acid cysteine in the
sequence (added or part of the native sequence) of peptide is required for conjugation.

Sulfated CCK-8s does not contain amino acid cysteine, therefore we synthesized
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C-terminal cysteine attached, N-terminal free CCK-8s [CDY(SOsH)MGWMDF] for

coupling with a carrier protein.

Radioisotope labeled CCK-8 is used for first antibody. titer check, first antibody

dilution check, standard check and specificity check. For labeling of peptide, amino

acids tyrosine residue is needed in chloramine T-method. Sulfated CCK-8 has amino

acid tyrosine, however it is alréady sulfated. We used sulfated CCK-8 for labeling.

Thereforé, we synthesized [Tyr’JCCK-8 amide for labeling of isotope. To check the

specificity of first antibody against sulfated CCK-8, we synthesized bovine sulfated

gastrin -9 and non-sulfated gastrin-9. In this experiment, we syntheéized peptides with

solid phase peptide synthesis system with manual base-labile Fmoc (9-

fluorenylmethoxycarbonyl) strategy (Table-3).

Table (3) Synthesized peptides of CCK

No. | Synthesized Peptides: - Amino acids sequence of peptides Accession
) . | _ Number
1 | Bovine sulfated CCK-8 *DY(SOsH)MGWMDF-NH, P 41520
amide
2 | Bovine Cys’-sulfated | C’- DY (SO;H)MGWMDEF?? P 41520
CCK-8 -
3 | Bovine Tyr’-sulfated Y°- DY (SOsH)MGWMDF*-NH, P 41520
'CCK-8 amide |
4 | Bovine sulfated ¥EAAY(SO;H)GWMDF2-NH, P 01352
gastrin-9 amide
5 | Bovine non-sulfated “EAAYGWMDF*2-NH, P 01352

gastrin-9 amide
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2.1.1 SPSS for bovine sulfated CCK-8 amide, bovine sulfated gastrin-9 amide,
bovine [Tyro]sulfated CCK-8 amide and [Cyso]sulfated CCK-8

To synthesized sulfated CCK-8, some scientists firstly synthesized non-sulfated
CCK-8 and then sulfated at tyrosine amino acid residue with sulfuric acid (Nakahara et
al. 1986). This method is only suitable for short form of sulfated peptides. The amino
acids of long form of sulfated CCK can break by sulfuric acid and reduce the bioactivity
of peptides. Therefore, ‘we synthesized directly sulfated form of peptides. It does not
require post- sulfation.

The peptides (sulfated CCK-8, sulfated bovine gastrin-9) were synthesized by
Fmoc (9-fluorenyl-methoxycarbonyl) solid phase peptide synthesis procedures of
Kitagawa et al. (2901). We synthesized peptide from C-terminal to N-terminal as
routine method. To protect peptide aggre-gation, we used side-chain protected
Fmoc-amino acids. | _

Two- chlorotrityl resin is highly acid-sensitive resin and which is weakly bind to
synthesized peptide. Its N-terminal is free and ready for amino acid coupling. Therefore,
it is no need to made deprotection for peptide coupling. The deprotection/coupling
procedures were repeated until the desire peptide amino sequence was obtained.

We used Phe-pre-loaded 2-chlorotrifyl resin (100- 200 mesh) for sulfated form of
peptide synthesis. Therefore, we Vstart synthesized sulfated form of peptide from
C-terminal number 2 amino acids. A sequential protection and deprotection procedure
was applied. In this experiment, the base-labile Fmoc group is used for N-terminal
protection, and therefore fep‘eated acid treatment incompatible with a Tyr(SOsH) residue
is avoidable during the peptide syntheéis (Kitagawa‘ et al. 2001).

EDT (ethanedithjol) is significantly accelerated the de-sulfation of a
Tyr(SOsH)-containing peptide (Yagami et al. 1993.). Therefore, we do not use EDT
for peptide decomposition. TFA is a routinely used reagent. for the final cleavage/
deprotection step in the Fmoc-SPPS, is not a destructive acid to a Tyr(SOsH) residue as

long as the reaction was kept cold. (Yagami et al. 1993). The presence of free amino
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groups was tested by Kaiser method (Kaiser ef al. 1970) with slight modification. A few

resin beads was put into glass tube (size, 5 mL tube), then 33 pL of phenol ethanol (4 g

of phenol in ethanol 1 mL), 67 pL of 98% pyridine (9.8 mL of pyridine in 0.2 mL of
water) and 25uL of ninhydrin (0.5 g of ninhydrin in 10 mL of ethanol) were added to

that glass tube. The mixture was heated by putting of glass tube into water bath for 5
min. After that check the color of resin beads, b1:116 color resin beads is indicated as a

positive test (de-protection). After coupling of amino acid, we check the attachment of
amino acid by Kaiser test. Clear color resin beads indicate the attachment of amino acid.

After synthesizing peptide, we keep the resin at 4° C without removing 6f Fmoc. For

peptide purification, we firstly made decomposition of resin to separate resin and

peptide. Then, the synthesized peptidé was pliriﬁed by HPLC.

To separate synthesized peptide and resin, we made de’comAposition of peptide.
Resin plus synthesized peptide and stirring bar were put in the glass tube (with screw
cap) and keep that glass tube in ice for 5 min. TFA, water and TIS were put into glass
tube (with screw cap) and kept in ice. We prepared one beaker which containing ice and
put on magnetic mixer. Glass tube which contéin resin plus synthesized peptide was put
into the ice-beaker and mix by stirring bar (which rum by magnetic mixer) for 5 min.
Then we add the mixture of cooled TFA, water énd TIS into resin plus synthesized
sulfated CCK-8 containing glass tube and put that glass tube in ice_—beaker (which place
on magnetic mixer) and mix (with stirring bar) for 8 hours.

- After mixing, 5 ml of mixture (resin plus synthesized peptide, TFA, water and TIS)
was put in the tube which including 45 ml of cooled methyl ether and mix by shaking.
The tube was place in ice for 5 min. The color of the solution becomes cloudy and
found precipitate within a few minutes. Then, these tubes are centriﬁiged 3000 rpm at 4°
C for 10 min. The supernatant was removed and added”45 ml of ether and mix by
shaking (by hand. for a short time) and keep the tubes in ice. By adding of ether is to ,'
extract TFA.ﬁom peptide. We do this procedure for 3 times. »

Then, the sediment in plastic tube is added with 5 ml of ether and move to the glass

tube. The total volume is about 10 ml in glass tube. Then, centrifuge with 3000 rpm at
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4°C forb5 min. The supei'natant is taken out and added 4 ml of 60% CH3CN plus 1%
TFA, 2 ml of ether, after that mix by shaking. Then, centrifuge with 2000 rpm at 4°C for
5 min. After removing the supernatant, 3 ml of ether was added and centrifuge again
(vi}ith 2000 rpm ﬁt 4°C) for 5 min. The supernatant is removed and added 2 ml of 0.1 %
TFA, 4 ml of ether and 1ml of 100% CH3CN, and mix with vortex. After that,
centrifuge with 2000 rpm at 4°C-for 5 min and remove the supernatant. After that, 2 ml
of ether is added and mixed by shaking; and centrifuge with 2000 rpm at 4°C for 5 min
and supernatant was removed. ‘

Then, 2 ml of ether was added to each glass tube, cover with paraffin and made one
small hole on the middle part of paraffin to extract ether from this hole by high pressure
vacuum pump. Put t};e glass tube which containing peptide, and glass tubes with water
in high pressure vacimm pump. The pump runs until the ether was taken out. The glass
tube from vacuum pump was taken out and added 4 ml of 100% CH3 CN into the tube.
After that, 1 ml of the mixture was separated from glass tube and kept in 1.5 ml
polyéthylene tubes. Then, polyethylene tubes which containing peptide are centrifuged
at room temperature for 5 ’nllin. The supémataht fluid was collected in siliconized glass
tube for HPLC purification. After decomposition of synthesized sulfated CCK-8, it is
puriﬁed by HPLC. After puriﬁé_ation, peptides were neutralized. To prevent oxidation of
purified peptide’s amino acids by water vapor, we put the purified peptide in glass tube
which covered with paraffin and keep that glass tube in moisture free glass bottle and

stored at -30°C.

2.1.2 SPSS for bovine non-sulfated ghstrin-? amide

This peptide was synthesized by Fmoc (9-fluorenyl-methoxycarbonyl) solid phase
peptide synthesis procedures. Rink amide MBHA resin (100-200 mesh) was used for
peptide synthesis. We synthesized: peptide as routine procedure from C-terminal to

N-terminal. To protect peptide aggregation, we used side-chain protected Fmoc-amino
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acids. The synthesized peptide is attached with resin.

To separate synthesized peptide and resin, we made decomposition of ﬁebtide.
Resin plus synthesized peptide, 9.4 ml of 100% tri-fluoroacetic acid (TFA), 0.25 ml of
distilled water, 0.25 ml of ethaneditheol (EDT) and 0.1 Vm‘l of triisoproplysilane (TIS)
were put in a glass tube with cap (total 10 ml volume) and mix (by stirring bar which
run by magnetic mixer) for 2.5 hours. The 45 ml :of methyl ether was put in each plastié
tube with cap (2 tubes) and thevse 2 fubes are kept in ice for cool dowh. After 2 hr and 30
min mixing, 5 ml of the solution (resin plus synthesized peptide, TFA, EDT and TIS)
was put in the tube which including 45 ml of cooled methyl ether and m1x by shaking.
These 2 tubes were place in ice for 5 min. The color of the solution becomes cloudy and
found pfecipitate within é few minutes. Then, these tubés are centrifuged with 3000 rpm
at 4°C for 10 min. The supernatant was removed and added 45 ml of ether and mix by
shaking and the tubes were kept in ice. By adding of ether is to extract TFA from
peptide. After that the synthesized peptide plus resin was decomposed to separate
peptide from resin. The procedure of decomposing of non—sulfated gastrin is same with
sulfated CCK-8. | |

After decomposition of synthesized peptide, it is purified by HPLC. After
purification, peptides were neutralized. To prevent oxidation of purified peptide’s amino
acids by water Vapor, we put the purified peptide inAglass tube which covered with

paraffin and keep that glass tube in moisture free glass bottle and stored at -30°C.
2.1.3 Measuring of plasma concentration of CCK

Cholecystokiﬁin was found in 1928 (Ivy et al. 1 928). However, plasma levels of
CCK cannot measure until 1969. Plasma levels of CCK can measure after the
development of the radioimmunoassay system (Young et al. 1969). Because of difficult
to get the antibody that speciﬁcally‘ recognize to CCK and difficulty of labeling of CCK.
Carboxyl terminal (C-terminal) of 5 amino acid sequence (Gly—Trp-Met-Asp-Phe) of
CCK and gastrin are identical. Therefore, it is difficult to get antibody that specifically |
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recognizes to CCK. Many scientists measure plasma CCK levels by using of RIA. In
addition, plasma level of CCK is Very low and plasma level of gastrin is 20 - 100 times
higher than CCK (Liddle 1998). Therefore, using of CCK antibody which slightly reacts
with gastrin cannot measure the Iﬁlasma concentration of CCK accurately.
Most of _their .RIA systems can measure _ohly in extracted plasma. Some of
them used the first antibodies that cross react with gastrin. In blood, gastrin is 20-100
times higher than CCK (Liddle 1998). Therefore, it is difficult to measure exactly for
plasma CCK levels. Mostly >C'CI\{ used in RIA is CCK-8. Labeling also need speeial
method because iodine I 125 attached at tyrosine. In sulfated CCK-8, tyrosine is
sulfated. Only longer form CCK-39 has free tyrosine. Oxidative labeling destroys
amino acid (methionine) and oxidation of CCK reduces its biological activity 100- to
1000-fold (Liddle 1998). Therefore, labeling of sulfated CCK-8 by oxidation
proceduies of chloramine T-method is difficult. We synthesized tyrosine attached
sulfated CCK-8 amide [YDY(SOsH)MGWMDFNH,]. CCK-RIA kit, CCK-EIA kit and
CK-ELISA kit are used for m_easuﬁng of CCK. However, they are expensive and can
measure few sémples. Using of these kits also need to made extraction of plasma.
Plasma extraction method is complicated and not practical for measuring of many
sainples. In addition, pebtide can lose during extraction process. Therefore, we try to

validate sulfated CCK RIA which can measure un-extracted plasma.

2.14 First antibody production for sulfated CCK

‘Naturally prepafed hormones are difficult to separate from other hormonally active
or inert proteins and are not pure. To get high and specific titer of antibody, the purity of
injected antigen (peptide) is very important. Therefore, we synthesized peptide to get
| pure peptide. Most of the scientists used synthesized peptide for production of antibody.
At present, synthesized_sulfated CCK-8 amide [DY(SOsHYMGWMDF] can buy from
company,v but antibodies against,it also r_eac“ted with gastrin. Therefore, it is difficult to

get specific antibody against sulfated CCK-8 (CCK-8s). An immunogen requires both

43



an antigenic site and a T-cell (T-lymphocyte) receptor binding site, a minimum size is
necessary (Germain 1986). Synthetic fragments of proteins may be -able to bind _tovthe
surface of B-cells (B-lymphocytes), but do not‘st'imula.te an immune response (Adﬁan
2002). All small peptides/haptens must be conjugated to a carrier protein (mcKLH,
Bovine Sérum Albumin, Ovalbumin, thyfoglobulin, mucopolysaccharides,
poly-L-lysine, polyvinylpyrolidone, etc) in orde£ to get high titer antibody. If peptide
does not conjugate with carrier protein, it does not become complete antigen. In the
classical hapten carrier system T lymphocytes recognize processed carrier determinétes
and cooperate with B-cells which produce hapten-specific antibody resi)onse (Adrian
2002). The amino acid cysteine in the sequence (added or part of the native sequence) of
peptide is required for a single point attachment of conjugation. Sulfated CCK-8 peptide
does not contain aﬁino acid cysteine, therefore we synthesized C-terminal cysteine
attached, N-terminal free CCK-8s [CDY(SOsH)MGWMDF] for coupling with a carrier
protein. We used mcKLH (Pierce # 77600) as a carrier protein for coupling of CCK-8s.
The mcKLH was used as a potent immunogenic carrier protein stem form its high
molecular weights, potent T-cell epitopes, and multiple si’cés for high density antigen
conjugation. | | ‘

Adjuvants are used for improving antibody response. It depots the injected
antigen and controls slowly release of antigen, prevent dilution, degradation. and
elimination by host (Harold et al. 2005). There are over 100 prep‘arations of adjuvant,
Freund’s adjuvant, . TiterMax, Specbl, RIVI Adjuvant »Sbystem and Aluminum Salt
adjuvant, etc (Harold et al. 2005). Most of the scientists used Freund’s adjﬁvaht» for
antibody production because of its high titer and specificity result. Therefore, we also
us}ed Freund’s adjuvant for CCK-8s first antibody production.

Rabbits, guinea pigs, chicken and rat/mice are generally used for antibody
production. To get higher specificity of antibody,.'the more remote the species used from
that injecting the antigen. Most of mammalians CCK-SS [DY(SO:H)MGWMDF-NH,]
amino acid sequence is same except of guinea pig and chinchilla. The amino acid |

sequencés of CCK-8 from guinea pig, chinchilla, gold fish and salmon are different
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from other species (Fig. 5). In guinea pig and chincila, the amino acid at N-terminal
no.3 Methionine is replaced with valine. Therefore, we used guinea pig for first
antibody productidn. Some scientists also produced high titer and specificity CCK-8s

antibody from rabbit, so we usell rabbit for CCK antibody production.

Fig. 5

1 - 8

DYMGWMDF bovine
DYMGWMDF  chicken
DYMGWMDF  eastern gray kangaroo
DYXGWMDF guinea pig
DYVGWMDF  chinchilla
DYLGWMDF gold fish
DYLGWMDF atlantié salmon
DYEGWMDF - atlantic salmon

Figure 5. The alignment of the amino acid sequence of cholecystokinin-8. Different
amino acid is shown in bold and underline. UniProt accession numbers for references
are; bovine, P41520; chicken, Q9PU41; guinea pig and chinchilla (Eng J. 1992), gold
fish, 093464, atlanﬁc salmon, B3IYK3; atlantic sélmon, B3IYK4 and eastern gray
kangaroo POC229. See table (1) for the translation of single-letter amino acid code.
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Hepatens are substances with low molecular weight peptides and small protein.
Purified sulfated CCK-8 peptide [CDY(SOsHMGWMDF] - was: coupled to
maleimide-activated mariculture keyhole limpet hemocyanin according to the
manufacturer’s instruction (Piere # 77600). Hepate'n;conjugated antigen was
emulsified- with same volume of Freund’s complete Iadjuvant (FCA, Wako# 014-
09541) for immunization. In guinea pigs, 0.25 mg of conjugated CCK-8s in 500 ul of |
phosphate buffer was used for each injection and animals were subcutaneously injected
7 times with one week interval. The whole blood was collected at the following day of
final (7 times) antigen injection. In rabbit, 1 mg of conjugated CCK-SS in 1 ml of
phosphate buffer was used fof injection. Rabbit was subcutaneously injected 6 times
with 2 weeks interval. Blood (5-10 ml) was collected from the ear vein before antigen
injection. The whole blood Was cbllected the following day of final (6 times) antigen
injection. The collected blood from guinea pigs and rabbit were kept at 4°C for 24
hours and then serum was separated a\1f_ter centrifugation with 3000 rpm at 4°C for 30

min. The titer of antibody was checked ‘by RIA.
2.1.5 Labeling of sulfated CCK-8

[Tyr"] sulfated CCK-8 iodinated by chloramine-T method (Mchnahey et al. ,1980).
Two microﬁter of Na-I '® (0.2 mCi), 1 pl of Chloramine-T, ISmg/ml dissolvéd in
Na-phosphate solution, pH 7.5 and 2 pl of Tyr” sulfated CCK-8, 0.1 mg/nﬂ in 50 %
ethanol/ 1 mM HCl were put into silicon coated polystyrene tube, mix and wait
for 30 seconds. | Then, 12.5 ul of Sodium metabisulfite, 5 mg/ml dissolved in
Na-phosphate solution was added and wait for 90 seconds. After that, 2 pl of tyrosine
0.1 mM dissolved in 1 mM of hydrochloric acid was added, mix and wait for 20
seconds. Then, 2pul of sodium iodide (1 mM in water) and 15.5 pl of Water were added
to the tube and mix. After labeling, the I'*® labeled‘peptide was purified by HPLC with
C-18 column. The tube whick collect the fracﬁon with peak concentration of CPM (400

ul) was collected and neutralized by equal volume of Tri-base (400 ul). Puriﬁéd
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radiolabeled CCK-8 was kept in - 30°C.
2.1.6 Sensitivity/titer check 6f sulfated CCK-8 antibody

The assay was set up in room temperature; Two hundred milliliter of buffer
(0.05 M NaH,PO4. 2H,0, 0.9% NaCl, 0.025 M EDTA, 0.08% sodium azide, 1% BSA,
pH 7.4), 100 uL of first antibody (1:2000) and 100 uL of I125 labeled CCK-8s [10000
cpm/ 100 uL in assay buffer containing 1% carrier serum (normai guinea pig serum)
were put in each polystyrene tube and incubate at 4°C for 24 hr. After incubation, 1 ml
of precipitatioﬁ bu’ffer/Which containing second antibody (godt anti-guinea pig serum)
was added to each polystyrene tube and incubated again at 4°C for 30 min. Bound and
free ligand were separated by centrifugation with 3000 rpm  at 4°C for 30 min.
Aspirate off all the supernatant (without touching the pellet) immediately after
centrifugation. The radioactivity in the pellet was counted by gamma counter
(ARC-1000, Aloka, J apan). All samples were assay in quintuplicate. |

} Sera obfained from guinea pig of batch 1 and rabbit do not show binding to

\I 125 CCK-8s, therefore antibody do not produce in these animals and the sera were
vdiscarded. The sera obtained from guihea pig of batch 2 (MASA), guinea pigs of batch
3 (TARO and YUTA) showed 30 - 50% binding to I'>® CCK-8s at the final dilution of
1:5000, 1:1»0000 and 1:2000, respectively (Fig. 6). We set RIA standard at room
temperature. We set up cold standard of CCK-8s from 0.019 to 160 pg/ml. We used two
day CCK RIA system. Standard/ plasma, ﬁrstbantibody '(anti—CCK-Ss‘ serum) and tracer
are put in polystyrene tubes and inéubate for 24 hours at 4°C. After incubation,
precipitation buffer which contains. second antibody (goat anti-guinea pig serum) and
incubate for 30 min at 4°C. Th'e_h, céntrifuge with 3000 rpm at 4°C for 30 min, aspirate
{he~ supernatant and count the CPM of pellet. The antiserum of MASA highly
recognized to non-sulfated CCK (Fig. 7) andb the anti-serum of YUTA slightly
recognized sulfated bovine gastrin and non-sulfated bovine gastrin (Fig. 8). Only the

serum of TARO Sp_eciﬁcally recognizes sulfated CCK-8 (Fig. 9).
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Fig.6

1.0 A ' —— MASA

0.8 - ——TARO
. ——YUTA
- 0.6 . '
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‘Final dilution |

Figure 6. First antibody dilution curves of guinea pig anti-sulfated CCK-8 serum for
guinea pig MASA (—A-), guinea pig TARO (—o-) and guinea pig YUTA (—e-). The
121 labeled (Tyr®) sulfated CCK-8 was binding to serial dilution of antiserum. Dilution
of antiserum was prepared from 1: 2000 to 1: 40000 final dilutions. Each point is the

mean of quintuplicate determinations.
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2.1.7 Cholecystokinin Radioimmunoassay (CCK RIA)

[Ter]CCK-S amide was"_iodinatéd by chloramine-T method (McConahey et al.
1980). To separate iodinated CCK Vand free iodide components,. the '*I-labeled
[Ter]CCK-S amide was immediately purified by reversed-phase HPLC with C-18
column and neutralized by Tris—base, and then stored at - 30°C. Standard concentrations
of sulfated CCK-8 rainged from 0.019 t0160 ng/mL. Standards and plasma samples were
incubated with antibodies diluted in assay buffer (0.05 M NaH,PO,4. 2H,0, 0.9% NaCl,
0.025 M EDTA, 0.08% sodium azide, 1% BSA, pH 7.4), and '*I-labeled CCK-8 amide
(8000 count per minute/ 100 pL assay buffer containing 1% carrier serum). The tubes
were incubated for 24 h at 4°C; The néxt day, the second antibody was added to the
tubés, and the tubes Were incubated for 30 min at 4?C. After incubation, bound and free
antigens were separated by centrifugation for 30 min at 1870 xg and 4°C, aspiration of
all the supernatant (without touching the pellet) immediately follow centrifugation.

The radioactivity in the pellet was measured by gamma counter (ARC-1000, Aloka, -
Japan). Triplicate standards and duplicate plasma samples were run within in a single
assay. The average recovery rate of three known amounts of CCK-8 added to bovine
pooled plasma was 92%. Sensitivity and the intra-assay coefficient of variation of this
asséy were 0.16 ng/mL and 6.6%, respectively.

- The specific measurément of sulfated CCK in the plasma requires assays that
recognize the - C-terminal heptapepﬁde sequence [Y(SOsH)MGWMDEF-NH,],
irrespective of the N-terminal exteﬁsion'(Rehfeld JF 2004). The antibodyl should bind
the active site of CCK without binding the homologous gastrin (Rehfeld JF 1998). The
antibody used in our .assays was specifically recognized sulfated CCK—S amide and did
not cross-react with non-sulfated CCK-_8 amide, bovine gastrin-9 amide and bovine
non-sulfated gastrin-9 amide. (Fig.9). Therefore, ‘the results from our RIA system
represent the concentrations of sulfated CCK.

In géneral, various cons_tituents of plasma nonspecifically inhibit

radioimmunoassay of small peptides. To solve this problem, some scientists have been
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made extraction or acidification of plasma. Most of the previous studies (Furuse ef al.
1991; Mir et al. 2000; Relling and Raynolds 2007) used ethanol-extracted plasma
samples for measuring of CCK in bovine. Plasma (500 uL) was extracted with 96%
ethanol (1 mL) and then centrifuge at 1?700' X g for 15 min at 4°C. The supernatant
waé decanted to another tube, evaporated in a freeze-dryer 6vernight, and then
reconstituted in assay buffer before analysis (Re,llzing and Reynolds 2007). Extraction of
plasma is complicated and time consuming. It is not convenient for measuring of many
samples. In addition, the peptide in the plasma can lose during extraction procedures.

Therefore, we validate CCK RIA system 'Which can measure un-extracted plasma.,
2.1.8 Standard check and specificity check of CCK first antibody

We made standard check and spgciﬁcity check of CCK first antibody (anti-sulfated
CCK serum) from 3 guinea pigs (MASA, YUTA, TARO) (Fig. 7, 8, 9). The procedure
of standard check is described on section 2.1.7. In first antibody specificity chedk, we
prepared standard of sulfated CCK-8, non-sulfated CCK-8, sulfated bovine gastrin-9
and non-sulfated bovine gastrin-9. In these standards, we used first antibody of CCK.

The procedure is same as standard check preparation.
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Fig.7
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Figure 7. Standard check and specificity check (MASA). Standard RIA curves for
sulfated CCK. Inhibition of 1 Jabeled CCK-8 amide binding to guinea pig anti-CCK-8
antiserum by serial dilution of CCK-8 amide (—e-), non-sulfated CCK-8 amide (-o—),
bovine gastrin-9 amide (—A—) and bovine non-sulfated gastrin-9 amide (—0-). Each
point is the mean of triplicate determinations. B/By, bound/bound in zero standard.
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Fig. 8
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Figure 8. Standard check and specificity check (YUTA). Standard RIA curves for
sulfated CCK. Inhibition of '*I-labeled CCK-8 amide binding to guinea pig anti-CCK-8
antiserum by serial dilution of CCK-8 amide (—e-), non-sulfated CCK-8 amide (—o-),
bovine gastrin-9 amide (—A-) and bovine non-sulfated gastrin-9 amide (—0-). Each

point is the mean of triplicate determinations. B/Bo, bound/bound in zero standard.
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" Fig.9
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Figure 9. Standard check and specificity ‘check (TARO). Standard RIA curves for
. sulfated CCK. Inhibition of '*I-labeled CCK-8 amide binding to guinea pig anti-CCK-8
antiserum by serial dilution of CCK-8 amide (—e-), non-sulfated CCK-8 amide (-0-),
bovine gastrin-9 amide (—A—) and bovine non-sulfated gastrin-9 amide (—0—). Inhibition
of P labeled CCK-8 amide binding to antiserum by serial dilution of pooled bovine
plasma (—o—) was obtained using control CCK-8 amide as standard. Each point is the
mean of tripiicate determinations. B/By, bound/bound in zero standard.
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2.2 Growth Hormone Releasing Hormone (GHRH) Radioimmunoassay

In my experiment, sulfated CCK-8 increased ghrelin secretion, however, that
endogenous increased ghrelin did not affect piasma GH in steers. It is well known that
GHRH and ghrelin stimulate GH secret1on in non-rummants (Evans et al. 1985, Kojima
et al. 1999) and ruminants (Hashizume et al 2005 Itoh et al. 2005, ThidarMyint et al.
2006). GHRH binds to GHRH receptor and stimulates GH secretion (Lin-Su and
Wajnrajch 2002). Ghrelin binds to growth hormone secretagogué receptor-1s
(GHSR-1a) and stimulates GH secretion (Kojima et él_. 1999). Therefore, the
mechanism of GHRH and ghrelin which stimulate GH secretion is different. It is
possible that CCK may inhibit GHRH and GHRH may not stimulate GH secretion in

cattle.
2.2.1 Solid phase peptide synthesis of GHRH

We synthesized human GHRH (1-29), Cys’-human GHRH (1-29) and Tyr’-bovine
GHRH by solid phase peptide synthesis (Table- 4) (ThidarMyint et al. 2008). For
peptide synthesis, rink amide MBHA : resin  4-)2,4-Dimethoxyphenyl-Fmoc-
aminomethyl) -phenoxyacetamido-norleucyl-MBHA ‘re_sih, iLOO-_ 200 mesh, 1.37
mmoles per gram for loading) was used. A major problem in SPSS was peptide'chain
aggregation due to either hydrophobic interactions or interchain hydrogen bonding. This
typically occurs between 5- 15 res,iciues from the C-terminus anci can lead to incomplete
coupling and deprotection. Therefore, side-éh_a’_in protected Fmoc-amino acids were used.
Resin 1 mmoles (0.7138 mmoles/g) Was primarily ‘used and side-chain protected
Fmoc-amino aicds were Fmoc-Ther(tBU)-OH, Fmoc-Asn(Trt)-OH, Fmoc-Tyr(tBU)-OH,
Fmoc-Arg(Pbf)-OH, Fmoc-Glu(otBu)-OH, Fmoq-Gln(Trt)-OH, Fmoc- His(Trt)—OH,
Fmoc-Lys(Bé)c)-OH, and Fmoc-Ser(tBu)-OH. Synthesized peptideé were purified by
RP-HPLC and the peptide containing elusion were lyophilized and stored at - 30°C.
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Table (4) Synthesized peptides of GHRH

No. | Synthesized Peptides Amino _acids sequence of peptides Accession
| ‘ B e v ' Number
1 | Human GHRH (1-44) | *'YADAIFTNSY RKVLGQLSAR | P 01286
KLLQDIMNRQ  QGERNQEQGA ‘
| - |KVRL™
2 | Cys’-human GHRH 39CYADAIFTNSY  RKVLGQLSAR | P 01286
1 (1-29) - | KLLQDIMSR® | |
3 | Cys*®-bovine GHRH SOCKLLQDIMNRQ QGERNQEQGA™ | P 63292
(21-44) - | KVRL™ :

2.2.2 First antibody production of GHRH

GHRH is 44 amino acids peptide (Grossman et al. 1986). The amino acid sequence

from number 1 to 27 are identical in human and bovine (Table-S) (Uniprot accession no.
P 01286, P 63292). We used synthesized (Cys®) 1-29 human GHRH peptide and (Cys")
21-44 bovine GHRH for first antibody production.. We generated GHRH first antibody

with Cys’-bovine GHRH (1-29) in 2 laying hens (batch 1, chicken no.7 and no.8) and
Cys*-bovine GHRH (21-44) in 1 laying hen (batch 2, chicken no. 23). We selected

chicken for immunization because amino acid sequence of chicken is different from

human and bovine (Table-5). For .'bovine GHRH, we used from Phoenix

Pharmaceuticals Inc. Burlingame, USA.

Table (5) Amino acids sequence of GHRH

Human | *'YADAIFTNSY RKVLGQLSAR KLLQDIMSRQ | Accession No.
GHRH | QGESNQEQGA KVRL™ "~ | P 01286
Bovine |*'YADAIFTNSY RKVLGQLSAR KLLQDIMNRQ | Accession No.
GHRH | QGERNQEQGAKVRL™ | |P 63202
Chicken | ®*HADGIFSK AYRKLLGQLS ' ARNYLHSLMA | Accession No.
GHRH |KRVGGASSGL GDEAEPLS™ . | P4a1534
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GHRH peptide (hepaten) waé conjugated with carrier protein,'mariculture keyhole
~ limpet hemocyanin (mcKLH) (PIERCE Prod # 77600, Lot # HJ 104537).

Generally, reacting equal mass amounts of hepaten and - carrier protein. For
conjugation of peptide/hepaten with carrier protein; it nceds to activate carrier protein.
To activate carrier protein, we put mcKLH 20 mg dissolved with 1 ml of deionized
water was added with 5 mg of sulfosﬁccim’midyl-_4 ~(N-maleimidomethyl)
cyclohexane-1- carboxylate (Sulfo-SMCC) (Thermo scientifric) dissolved with 1 ml of
deionized water were put into Athe glass bottle. Sulfo-SMCC is sulfhydryl corssiinker
which used to create sulfhydryl-reactive, maeleimide-activated carr'ief proteins for
coupling of sulfhydryl containing haptens. The glass bottle was put on rotator for 60
min at room temperature (for regular gentle mixing). Thé suspension cannot make
vortex and heating because which cah cause precipitation of mcKLH. To avoid
precipitatioh of mcKLH, we made gentle mixing with rotator. After 60 min rotating, the
color of liquid changes to blue color. The mixture of mcKLH and SMCC was gel
filtrated by PD-10 column to remove excess SMCC. |

We used imject puriﬁcation. buffer salt (Thermo scientific # 77159, Lot _#
JG125242) which contains 0.083 M sodium phosphate, 0.9 M NaCl, with a proprietéry
stabilizer iﬁ gel filtration. Cysteiné attached peptide is sulfhydryl containing hepaten.
We prepared imject purification buffer with 60 ml of deionized wat'er.‘ We put 1 ml of
(Cys®) 1-29 human GHRH (4.1 mg) and 0.3 ml of dimethyl sulfoxide (DMSO) into the
tube (1.5 mL) and mix. After that, the mixture (GHRH and DMSO), 0.9 ml of mcKLH
(3.9 mg), 0.133 mL of DMSO and 0.01 ml of EDTA%O.lM, pH 8.5) were put quickly
into the glass bottle with cap and mix gently by hand. Adding of EDTA is to prevent
oxidation with air. The glass bottle was place on rotator for 120 min at room
temperature for regular gentle mixing. The suspenSion cannot make vortex and heating
because which can cause precipitation of mcKLH. After 120 min rotating, the color of
liquid changes to blue color and found some precipitate.

We centrifuged the mixture for 10 min, and collect the supernatant fluid and save

the precipitate. The volume of supernatant is 2.1 ml. We make purification of
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supernatant fluid by PD - 10 column to remove DMSO and EDTA. Before purification,
PD-10 column (Sephadex G-25) was washed 2 times with 5 ml of distilled water. After
that the column was washed with imject puriﬁcatioﬁ buffer for 2 times. We used imject
purification buffer salt (Thermo scientific #77159) for purification because which
will pfeserve the conjugated GHRH during%reeze-thaw éycles. '

We prepared 10 glass-tubes for collection of filtrate. We put 500 pl of the
supernatant of conjugated GHRH into PD-10 column and collect the filtrate with glaés
tube. The total volume of supernatant is 2100 ul. Therefore, after putting of 500 ul of
the supernatant into PD-10 column 'for 2 times, the volume 100 ul of supernatant was
left for next puriﬁcétion. Therefore, we add 400pl of imject puriﬁcation buffer to 100
ul of supernatant and the final volume becomes 500 ul. Then, we put 500 pl of this
mixt_ure into the column and collect the filtrate. After that, PD-10 column was washed
with 500 pl of imject purification buffer and collect filtrate. We washed 8 times to
PD-10 column with 500 pl of imject purification buffer after sample loading and collect
filtrate. We used 10 glas’sk tubes for collecting of filtrate. We collect the filtrate from
tube no. 6 to no. 10. Each tube contains 500pl1 of filtrate. Therefore, total 2.5 ml of
filtrate were collected.

The collected filtrate (2.5 mL) was mixed with precipitate which saved from
GHRH conjugate after. centriﬁlgation. The mixture includes 4.1 mg of conjugated
GHRH. We divided 2.5 ml of this conjugated GHRH into 1.25 ml and keep in
polyethylene tubes (size 1.5 ml) and .freezed by. liquid nitrogen. After freezing,
conjugated GHRH were stored at - 30°C. The 1.25 ml of conjugated GHRH which
keeps in polyethylene tube cbntains '2.05 mg of peptide. We used 1.025 mg of
conjugated peptide »fdr immunization of one chicken. We prepared antigeﬁ for second
time antibody production in chicken No. 23. We used Cys®-bovine GHRH (21 - 44)
which has disulfide bond at number 31 amino acid and at number 36 amino acid.

Conjugated GHRH was emulsified with same volume of Freund’s éomplete
adjuvant for initial immunizatidn. In chicken, 2.05 mg of conjugated GHRH in 1.25 ml

of pui‘iﬁcation buffer was emulsified with 1.25 ml of Freund’s adjuvant by sonifier. The
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immunogens (GHRH + mcKLH + Adjuvant) wére used for 2 chickens. The immunogen
was injected subcutaneously at the back of each chickens’ neck. We injected 6 times of
immunogen- to chicken with two weeks interval. Two to five milliliter of blood from
each chicken (wing vein) was collected before injectidn of immunogen and after
injection of immunogen for antibody titer checlg. The collected blood samples-were
store in 4°C for 24 hours. Then, the samples we%e-centrifuged and decant serum. The
collected sera were stored in -30°C. )

In second time of bovine GHRH first antibody gencratidn, we used 0.35 ml of
conjugated bovine GHRH emulsified with 0.35 ml of Freund_’s adjuvant'(immu»nogen)
for immunization. We injected immunogen to chicken no. 23 for 7 times with one week
interval.

We checked the titer of GHRH antibody by RIA. We sampled all blood from hens
one day after final injection of aritigen. The collected blood was stored at 4°C for 24
hours and then centrifuged. The serum was separated and stOfed\ at - 30°C. For GHRH
ﬁrét antibody titer check, we set up the assay at room.temperature. We prepared T-
tubes (only put radioisotope labeled GHRH). Two hundred milliliter of buffer
(glucagon assay buffer, 0.05 M glycine,» 0.03M EDTA, 0.08% sodium azide ahd 1%
BSA; pH 8.8), 100 uL of GHRH first antibody (final dilution of 1: 5000) and 100uL of
1125 labeled GHRH (8000 cpm/ 100pL _in.aséay buffer containing _1% normal chicken
serum), were put in polystyrene tubes and incubate for 24 hours at 4°C. After inéubation,
we add 1 ml of precipitation buffer containing 4% sécond antibody (goat anti-IgY
serum) and incubate for 30 min at 4°C. Then, we made centrifugation 3000 rpm, at 4°C
for 30 min to separate bound and free ligand. Removye all of the supernatant (without
touching pellet) immediately after centriﬁ;gaﬁon.c The radioactivity of pellet was
counted by gamma courlter (ARC-lOOO, Aloka, Japan). All samples were assay in
quintuplicate.All hens produced antibody (Fig.18,19) (Table- 14, 15), Ahowever, the titer
of hen no. 8 (batch 1) is very low. Therefore, we selected anti-GHRH serum of hen no.

7 and no.23 for radioimmunoassay.
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2.2.3 Labeling of GHRH

We used synthesized «Buman GHRH (1-29) peptide forv labeling. Number one
N-terminal amino acid sequence of human GHRH is tyrosine. Therefore, this peptide is
no need to made N-terminal tyrosine attachment for labeling. GHRH was iodinated by
chloramine-T method (McConahey et al. 1980). We labeled human GHRH (1-29) for
first batch. We used chlbramine T-method for labeling of bovine GHRH (1-44) for
second batch. 125 labeled peptide was purified by HPLC. The peak fraction tube (400
uL) was collected and mixed with 400 ML of 60% CH3CH/ 0.1% TFA for neutralization.
Purified I'*° labeled peptide was used as tracer in first antibody titer check, first

antibody dilution check, standard check and specificity check.
2.2.4 Extraction of chicken egg IgY

We made _exfraction of IgY for immunization and first antibody titer check. We
use the method of Akita and N-akai‘ (1993) With slight modification. We crack the egg
shell,' remove and put egg-yolk with albumin into the beaker. We remove the albumin
beside the egg yolk by su'cking with bipette. After that, we washed the egg-yolk with
distilled water by 3 times. Then, we moved the egg-yolk from the beaker into the
measuring cylinder and removed the outer cover of egg-yolk by tweezers. The volume
of egg-yolk is about 20 mL. We puf 180 mL of distilled water and stir-bar into cylinder
which contain 2Q mL of egg-yolk and mix by stirring (stirring bar was run by magnetic
mixer) for 24 hours at 4°C. _Aﬁer that,'the mixture is moved into plastic bottle and
cen’;rifugation with 10000 rpm for 25 min at 4°C. We only collect the supernatant, that
supernatant was filtered with cotton filter and the filtrate was put into the beaker. Then,
we put the beaker on hot water at 40°C and mix by glass-rod. When the temperature
inside the beaker arrives t0'30‘°C, we put 19 % of sodium phosphéte into the beaker and
mix by glass rod for 5 min. After that, put on room temperature for 2 hours. Then, the

mixture was put into plastic bottle and centrifuge with 10000 rpm at 30°C for 25 min.
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After centrifugation, we pour out the supernatant and put 20 mL of distilled water with
14% of sodium phosphate into the plastic bottle and mix by shaking. After that,
centrifuge again and remove the supernatant. The precipitate was mixed with 2 mL of
distilled water and put into the dialysis-tube. The dialysis—tube and stirring-bar were put
into the beaker which contain 200 mL of distilled water and stir for 30 min. After that,
we changed the water inside the beaker with. new 200 mL -of distilled water and put
dialysis-tube and stirring-bar and stir for 30 min again. We changed«the water inside the
beaker With 200 mL of distilled water with 1.8 g of _sodium chlorite. Then, we put
dialysis-tube and stirring-bar into the beaker and stir for 24 hours at 4°C After etining,

we collect the liquid which is IgY into the polystyrene tubes and keep at - 30°C.
2.2.5 Second antibody (goat anti-IgY) production

We generated second antibody in goat. We used extracted egg IgY for
immunization. We prepared immunogen for irnmurﬁzation. Firstly, we covered the tip\
of disposable syringe (size 5 mL) with parafilm. After that, we put 1.5 mL of Freunds’
adjuvant, 1 mL of extracted IgY and 0.5 mL of purification buffer were put into the
syringe. The syringe which contains IgY, adjuvant and purification buffer is placed on
ice and conjugated with sonifier machine (we set sonifier of Out put control at 3 and
Duty cycle % at 30) until the mixture in the syringe becomes hard. This adjuvant
conjugated 1gY was injected subcutaneously to goat with 1 week interval. Blood
samples were collected and keep in 4°C for 24 hours and Separate serum by
centrifugation with 8000 rpm for 30 min at 4°C. The collected serum was kept in - 30°C.
The antibody (second antibody) titer was checked by titration method. The percentage
of second antibody used in radioirrlmunoassayf was chose and adjusted according to the

condition of pellet hardness. We used 4% of second antibody in radioimmunoassay.

2.2.6 Second Antibody (goat anti- IgY) titer check _
“Goat anti-IgY (2™ antibody) titer was checked by titration method. Second
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antibody titer check was prepared in room temperature. We put 300ul of assay buffer
(0.05 M phosphate, 0.01 M EDTA, 0.08 % sodium azide, 0.1% gelatin, 0.25 % BSA;
pH 6.85) into polystyrene tubes. Then, we add 1001,11 of assay buffer which include
normal chicken serum, 4 pl to 16 pl of goat anti-PIgY (second antibody) and
precipitation buffer (0.05 M phosphate, 0.9 4% salihe, 0.025 M EDTA, 0.08 % sodium
azide, 0.05% Triton X-100, 3 % PEG; ‘,pH 7.4).' After that, the tubes which contain
mixture are incubated at room temperature for 30 min and check ’ghe turbidity of the

mixture.
2.2.7 Sensitivity/titér check of GHRH first ahtibody

We made titer éheck for anti-human GHRH serum of chicken from first batch and
for anti-bovine GHRH serum of second batch by RIA (Fig. 10, Fig. 11). The assay was
prepared at room temperature. Firstly we put 200 pl of glucagon assay buffer (0.05 M
glycine, 0.03M EDTA, 0.08% sodium azide and 1% BSA; pH 8.8) into the polystyréne
tube. After that, we prepafed first antibody at 1:5000 final dilution in assay buffer with
1.5 % carrier serum and added to the tubes which contain buffer. Then, we add the
tracer (about 6000 CPM) which was prepared in assay buffer contained 1% normal
chicken serum. Vortex mix and incubate for 24 hours. After incubation, we add 1 ml of
precipitation buffer (0.05 M phosphate, 0.9 % saline, 0.025 M EDTA, 0.08 % sodium
azide, 0.05% Triton X-100, 3 % PEG; pH 7.4 ) with 4 % second antibody (goat
anti-IgY serum) and incubate again for 30 min. Then, centrifuge with 3000 rpm at 4°C
for 30 min and Acount CPM of the pellet. In first batch, chicken no. 7 was produced
antibody (Table-6). Ih second batch, chicken no. 23 produced antibody (Table-lS).
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Table (6) Sensitivity/titer check for chicken No. 7 and No. 8 anti-GHRH serum

Chicken no.

Days after initial immunization

Bound/Total B/T)

7 0 0
7 21 0
7 35 0.12
7 49 0.57
7 56 0.63
7 70 0.5
7 80 0.44
8 0 0

8 21 0
8 35 0

8 49 0.07
8 56 0.02
8 70 0.12
8 80

0.07

Table (7) Sensitivity/titer check for chicken No. 23 anti-GHRH serum

Chicken no.

Days after initial immunization Bound/Total (B/T).

23 0 0

23 14 0.

23 22 0.08

23 31 0.2

23 38 0.51

23 42 0.6

23 48 0.51
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' Fig. 10
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Figure 10. Sensitivity/titer check fdr in chicken no. 7 (—A-) and chicken no. 8 (—e-)
anti-human GHRH serum. Serum samples were collected from before antigen injection
to until whole blood sampling. First antibodies were used 1: 5000 final dilution and
each ‘point is the mean of quintuplicate serum samples in this assay. B/T = Bound/
Total. ' o
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Fig. 11
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Figure 11. Sensitivity/titer check for chicken no. 23 (—-) anti-bovine GHRH serum.
Serum samples were collected from before antigen injection to until whole blood
sampling. First antibodies were used 1: 5000 final dilution and each point is the mean
of quintuplicate serum samples in this assay. B/T = Bound/ Total
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2.2.8 Sensitivity/titer dilution che.ck of GHRH first antibody

We set the assay at room temperature. In first antibody (chicken anti-bovine
GHRH serum) dilution check, we used the tracer 6000 CPM (with 1 % normal chicken
serum in assay buffer) and final dilution of first antibody from 1: 5000 to 1: 20000
(Table-8, 9, Fig. 12, 13).

Table (8) Sensitivity/titer dilution check for chicken No. 7 anti-GHRH serum -

First antibody . Chicken no. 7
final dilution (B/T)
5000 | 035
10000 - N 0.25
15000 _ 0.17
20000 . 0.11

Table (9) Sensitivity/titér dilution chec\k. for chicken No. 23 anti-GHRH serum

First antibody . Chicken no. 23
final dilution : (B/T)
5000 ’ . 0.51
10000 - | 0.37
15000 v 0.28
~ 20000 ' | 0.15
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Fig. 12
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Figure 12.  Specificity/titer dilution check for chicken no. 7 (—A-) anti-human GHRH
serum. First antibodies were used from 1: 5000 to 1: 20000 final dilution and each point
is the mean of quintuplicate serum samples in this assay. B/T = Bound/ Total.
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Fig. 13
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Figure 13. SensitiVity/titér_ dilution check for chicken nb. 23 (—#-) anti-GHRH serum.
Serum samples: were collected from before antigen injection to until whole blood

sarripling. First antibodies were used from 1: 5000 to 1: 20000 final dilutions and each
point is the mean of quintuplicate serum samples in this assay. B/T = Bound/ Total
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2.2.9 GHRH radioimmunoassay

Standard concentrations 76f GHRH ranged from 0.19 tolOO ng/mL was set-up at
room temperature. Standards and plasma samples were incubated  with antibodies
diluted in glucagon assay buffer (0.05 M glycing, 0.03M EDTA, 0.08% sodium azide
and 1% BSA; pH 8.8) for 24 hours. After 24 hours incubation, '*I-labeled GHRH
amide (8000 count per minute/ 100 uL- assay buffer confai'ning 1% normal chicken
serum) was added to the tubes. The tubes were incubated again for 24 h at 4°C. The
next day, the second antibody (4% goat ahti-IgY prepéred in precipitation buffer, 0.05
M phosphate, 0.9 % saline, 0.025 M EDTA, 0.08 % sodium azide, ,0..05% Triton X-100,
3 % PEG; pH 7.4) was added to the tubes, and the tubes were incubated for 30 min at
4°C. After incubation, bound and free aﬁtigens were separatéd by centrifugation for 30
min at 1870 xg and 4°C, aspiration of all the supernatant (Withoﬁt touching the pellet)
immediately follow centrifugation. | ‘ | |

 The rédioactivity in the pellet was measured by gamma counter (ARC-1000,
Aloka, Japan). Triplicate standards and duplidate plasma éar‘nples were run within in a

single assay.
2.2.10 Standard check of GHRH first antibody

We made standard check and specificity check of anti-bovine GHRH serum of first
batch of chicken no. 7 and second batch of chicken nd. 23. After that, we set up cold
standard from 0.19 ng/ml to 100 ng/ ml. The sensitivity of GHRH RIA (used human
GHRH first antibody, chicken No. 7) is 0.47 pg/ml and intra-assay coefficient of
variation is 11.6 %. Plasma level of GHRH 1n this standard is 77 - 85 pg/ml (Fig. 14).
The sensitivity of GHRH RIA (used bovine GHRH first antibody, chicken No. 23) is.
51. 25 pg/ml and intra—aésay coefficient of variation is 25.6 %. Plasma level of GHRH
in this standard is 49 - 83 pg/ml (F ig. 15). Our GHRH RIA systems can measure basal

plasma level in cattle.
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Fig. 14
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Figure 14. Standard RIA curves for human GHRH: Inhibition of **I-labeled GHRH
binding to chicken anti-GHRH antiserum by serial dilution of GHRH (—e-). Inhibition
of ®I-labeled GHRH binding to antiserum by serial dilution of pooled bovine plasma
(—0-) was obtained using control bovine GHRH as standard. Each point is the mean of
triplicate determinations. B/B(j, bound'/i)ound in zero standard.
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Fig. 15
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Figure 15. Standard RIA curves for bovine GHRH. Inhibition of ‘*’I-labeled GHRH
binding to chicken anti-GHRH antiserum by serial dilution of GHRH (—e—). Inhibition
of '¥I-labeled GHRH binding to antiserum by serial dilution of pooled bovine plasma
(—0-) was obtained using control bovine GHRH as standard. Each point is the mean of
triplicate determinations. B/By, bound/bound in zero standard.
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2.3 Amylin radioimmunoassay
Amylin is 37 amino acids peptide- (Cooper et al. 1987). The amino acid sequence
of amylin between bovine and guinea pig are different (Table-10). Therefore, we

generated first antibody production in guinea pig.

Table (10) Amino acids 's_eque'nce of amylin

Peptide _ ' Amino acids sequence of peptides Accession

Number

Bovine | *KCGTA TCETQRLANF LAPSSNKLGA IFSPTKMGSN | Q28207
Amylin | TY” , ' ' '

Guinea |*’KCNTA TCATQRLINF LVRSSHNLGA ALLPTDVGSN | P 12966
plg TY73 ) :
Amylin

Amino acids different from bovine amylin show with bold and underline. See
(Table-1) for single letter code translation.

2.3.1 Solid phase peptide synthesis of amylin g

In our study, CCK-induced endogenous ghrelin does not stimulate GH in steers. We
assume that CCK may stimulate amylin and that amylin may inhibit GH release in cattle.
Because, amylin inhibits GHRH stimulated GH release in rat (Netti et al. 1995). We
synthesized amylin peptides by solid phase peptide synthesis. We synthesized bovine
amylin (1-37), Cys’-bovine amylin (7-37) and Tyr-bovine amylin (Table-11).
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Table (11) Synthesized peptides of amylin

No. Synthesized Amino acids sequence of peptides Accession

Peptides ' ' : Number

1 | Bovine Amylin ’KCGTA TCETQRLANF LAPSSNKLGA | Q28207

(1-37) amide IFSPTKMGSN TY”*

2 | Cys’bovine - “CETQRLANF LAPSSNKLGA | Q28207

amylin IFSPTKMGSN TY” | |
(7-37)
3 | Ty’®-bovine amylin | *YKCGTA TCETQRLANF LAPSSNKLGA | Q28207
IFSPTKMGSN TY”?

2.3.2 First antibody proriuction of zimylin

We generatéd amylin first antibody in guinea pigs. We used synthesized
(Cys®)7-37 amylin for conjugation. In guinea pigs, 0.5 mg of conjugated arﬁylin
(mcKLH (Cys®)7-37 am};lin) in 0. 375 ml of phosphate buffer was émusiﬁed with eciual
volume of Freunds’ adjuvant buffer. We raiséd amylin first antibody in first batch of 2
guinea pigs and in second bat@h of 2 guinea pigs. Immunogen (mcKLH (Cys°)7-37
amylin+ Freunds’ adjuvant) was injected subcutaﬁeouSly for 7 times with one week
interval. In first batch, we did not collect blood samples for titer check. We collected
the whole blood after the final (7 th time) administration of antigen. In second batch of
guinea pigs, we collected blood samples (0.5 mL) at 24-days, 31 days and 38 days after
first immunization for titer check. We collected the whole blood at 38 days after first

immunization.
2.3.3 Labeling of amylin

We labeled synthesized (Tyr®)-bovine amylin with chloramine T-method

(McConahey et al. 1980). Labeled peptide was purified with HPLC. The peak fraction
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tube (400 pL) was collected and mixed with 400 pL of 60% CH;CH/ 0.1% TFA for
neutralization. Purified I'** labeled peptide was used as tracer in first antibody titer

check, first antibody dilution check, standard check and specificity check.

234 Sehsitivity/titer check of amylin first antibody

'We made titer check for anti-bovine amylin serum of guinea pigs from first batch
and second batch. We checked the titer of bovine amylin agtibody by RIA. The assay
was prepared at room temperature. Firstly we put 200 pi of assay buffer (0.05 M
sodium dihydrogen phosphate dihydrate, 0.9% saline, 0.025M EDTA, 0.08% sodium
azide and 1% BSA; pH 7.4) into the pblystyrene tube. After that, we prepared first
antibody at 1:5000 final dilution in .assay buffer with 1.5 % carrier serum and added to
the tubes which ‘contain buffer. Then, we add the tracer (about 8000 CPM) which was
prepared in assay buffer contained 1% normal guinea pig serum. The tubes were vortex
mixed and incubated for 24 hours. After incubation, we add 1 ml of precipitation buffer
(0.05 M phosphate, 0.9 % saline, 0.025 M EDTA, 0.08 % so(dium azide, O_.05% Triton
X-100, 3 % PEG; pH 7.4 ) with 3.5 % second antibody (goat anti-guinea pig serum)
and incubate again for 30 min. 'Then, the tubes were centrifuged with 3000 rpm at 4°C
for_30 min, remove the supernatant, and count .CPM of the pellet in each tube.

First batch of 2 guinea pigs was pfoduced. antibody and their antibody titer is high.
It can use in RIA standard. In second batch of 2 guinea pigs, guinea pig no. 2 only
produced antibody.however its f[iter is low (Table—12, F1g 16). We do not made dilution
check of 1% antibody from 2™ batch guineapigs, because of very low binding with

tracer.
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Table (12) Sensitivity/titer for guinea pig No. 1 and No.2 (second batch)

anti-amylin serum

Guinea Pig no. Days after initial immuliization Bound/Total (B/T) |
1 0 0
1 24 0
1 31 - 0.01
1 38 0.01
2 0 -0
2 24 0
2 31 | 0.14
2 38 0.22
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Fig. 16
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Figure 16. Specificity/titer check for guihea pig no. 1 (—A-) and guinea pig no. 2

(—M-) (second batch) anti- bovine amylin serum. Serum samples were collected from
before antigen injection to until whole blood sampling. First antibodies were used 1:
5000 final dilution and each point is the mean of quintuplicate serum samples in this

assay.
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235 Sensitivity/titer dilution check of bovine ainylin antibody

In first antibody (guinea pig anti-bovine amylin serum) dilution check, we used the

tracer 9000 CPM (with 1.5 % normal guinea pig serum in assay buffer) and final
dilution of first antibody from (first batch) 1: 20000 to 1: 40000 (Table-13, Fig. 17),

and final dilution of first antibody from (second batch) is only 1:5000 (Table-14) . Thé

binding of first antibody of guinea pig 1 (second batch) serum with tracer is very low

and its binding is only 0.1 % at 1:5000 final dilution. Therefore, we select the first

antibody of guinea pig 2 for radioimmunoassay.

Table (13)‘Dilution check of guinea pig No.1 and No.2 (first batch) anti-amylin serum

Guinea Pig no. 1

First antibody Guinea Pigno.2
final dilution (B/T) B/T)
0 0 -0
20000 0.64 . 0.64
30000 0.45 0.42
40000 0.35

036

Table (14) Dilution check of guinea pig No.1 and No.2 (second batch) anti-amylin

serum
First antibody Guinea Pig no. 1 Guinea Pig no. 2
final dilution (B/T) ®’r1
0 0 .0
- 5000 0.01 0.22
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Fig. 17
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Figure 17. Sensitivity/titer dilution check for guinea pig no. 1 (—A-) and guinea pig no.
2 (—e—) (first batch) anti-bovine amylin serum. First antibodies were used from 1:
20000 to 1: 40000 final dilutions and each point is the mean of quintuplicate serum
samples in this asséy.
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2.3.6 Amylin radioimmunoassay

Standard concentrations of aniylin ranged from 0.19 t0100 ng/mL was set up at
room temperature. Standards and plasma samples were incubated with antibodies
diluted in insulin assay buffer (0.05 M glycine, 0.03M EDTA, 0.08% sodium azide and
1% BSA; pH 8.8) and I-labeled émylin (10006 ‘counts per minute/100 pL assay buffer
containing 1.5 % normal guinea pig serum) wés addéd to the tubes. The tubes were
incubated again for 24 h at 4°C. The next day, the second antibody (3.5 % goat anti-IgY
prepared in. precipitation buffer, 0.05 M phosphate, 0.9 % saline, 0.025 M EDTA,
0.08 % sodium azide, 0.05% Triton X-100, 3 % PEG; pH 7.4) was added to the tubes,
and the tubes were incubated for 30 min at 4°C. After incubation, bound and free
antigens were separated by centrifugation for 30 min at 1870 xg and 4°C, aspiration of
all the supefnatant (without touching the pellet) imniediately follow centrifugation.

The radioactivity in the pellet was measured by gamma counter (ARC-1000,
Aloka, Japan). Triplicate standards and duplicate plasma samples were run within in a

single assay.

2.3.7 Standard check and specificity check of amylin first antibody

We made standard check and specificity check of anti-bovine amylin serum of first
batch of 2 guinea pigs and guinea pig no.2 from second batch. In standard check and
titer check of first antibody from second batch, we used first antibody of 1: 4000 final
dilution. Aﬁer we set up standard of amylin we made titef check. The procedure of .
specificity check is same as standard check. In specificity check we used human amylin
amide (Phoenix Pharmaceuticals, Inc.) as ‘standard'. The sensitivity of bovine amylin
RIA (used first antibody of guinea pig -1, batch 1 ) is 0.4 ng/ml. Plasma level of aniylin
in this standard is 0.6 - 0.7 ng/ml and intra asSéy coefficient of variation is 10.2 % (Fig.

18). The sensitivity of bovine amylin RIA (used first antibody of guinea pig -2, batch
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1) is 0.1 ng/ml. Plasma level of amylin in this standard is 0.88 — 1.1 ng/ml. Intra
assay' coefficient of variation is 12.8 % (Fig. 19). The sensitivity of bovine amylin
RIA (used first antibody of guihea pig -2, batch 2 ) is 0.027 ng/ml. Plasma level of
amylin in this standard is 2.21- 2.99 ng/ml and Intra assay coefficient of Variationvis
162 %‘(Fig. 20). We made specificity check for first antibody of amylin of guinea pig
no.l and no.2 from first batch andéntibody of guinea pig no. 2 from batch 2. All first
antibody of amylin from 3 guinea pigvsv specifically recognized to box;ine amylin and no
cross reaction to human amylin (Fig. 21, 22, 23). Our amylin RIA systems cannot

measure basal plasma level of amylin in steers because of low sensitivity.
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Fig. 18
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Figure 18. Standard RIA curves for bovine amylin. Inhibition of *’I-labeled amylin
binding to guinea pig anti-bovine amylin antiserum (first batch, guinea pig No.1) by
serial dilution of bovine amylin (—e-). Inhibition of '*I-labeled amylin binding to
antiserum by serial dilution of pooled bovine plasma (—o—) was obtained using control
bovine amylin as standard. Each point is the mean of triplicate determinations. B/By,

bound/bound in zero standard.
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Fig. 19
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Figure 19. Standard RIA curves for amylin. Inhibition of '?I-labeled amylin binding to
guinea pig anti-amylin antiserum (first batch, guinea pig No. 2) by serial dilution of
amylin (—e-). Inhibition of '*I-labeled amylin binding to antiserum by serial dilution of
pooled bovine plasma (—o—) was obtained using control amylin as standard. Each point

is the mean of triplicate determinations. B/By, bound/bound in zero standard.
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Fig. 20
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Figure 20. Standard RIA curves for bovine amylin. Inhibition of '*I-labeled amylin
binding to guinea pig anti-bovine amylin antiserum (sécbnd batch, guinea pig No. 2) by
serial dilution of bovine amylin (—e-). Inhibition of '*’I-labeled amylin binding to
antiserum by serial dilution of pooled bovine plasma (—o—) was obtained using control
bovine amylin as standard. Each point is the mean of triplicate determinations. B/By,

bound/bound in zero standard.
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Fig.21
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Figure 21. Specificity check of amylin-antibody (first batch, guinea pig No. 1). Standard
RIA curves for bovine amylin. Standard RIA curves for bovine amylin of '*I-labeled
amylin binding to guinea pig anti-amylin antiserum by serial dilution of bovine amylin
(—e—) and human amylin (—A-). Inhibition of '*’I-labeled amylin binding to antiserum
by serial dilution of pooled bdvine pIasma (—o-) was obtained using control bovine
amylin as standard. Each point is the mean of triplicate determinations. B/B,,

bound/bound in zero standard.
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Fig. 22
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Figure 22. Specificity check of amylin antibody (ﬁrst batch, guinea pig No. 2).
Standard RIA curves for bovine arhylin of *I-labeled amylin binding to guinea pig
anti-amylin antiserum by serial dilution of bovine amylin (—04) and human amylin

(—A-). Inhibition of *’I-labeled amylin binding to antiserum by serial dilution of
pooled bovine plasma (—o-) was obtained using control bovine amylin as standard.
Each point is the mean of triplicate determinations. B/By, bound/bound in zero standard.

84



Fig. 23
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Figure 23. Specificity check of amylin antibody (second batch, guinea pig No. 2).
Standard RIA curves for bovine atnylih. Inhibition of **I-labeled amylin binding to
guinea pig anti-amylin antiserum by serial dilution of bovine amylin (—e-) and human
amylin (—A-). Inhibition of *I-labeled émylin binding to antiserum by serial dilution
of pooled bovine plasma (—0—) was obtained using.‘control bovine amylin as standard.
Each point is the mean of triplicate deferminations. B/By, bound/bound in zero standard.
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2.4 Decanoyl ghrelin (D-ghrelin) radioimmunoassay

Decanoyl ghrelin (D-ghrelin) is acylated with decanoic acids at N-termmai serine
3 amino acid residue (Hiejima ét al. 2009). Thé amino acid séquence of octanoyl
ghrelin, decanoyl ghrelin and d,es-acjl ghrelih-are. similar only different of acylation at
serine 3 residue. Serine 3 residue of O-ghrelin is :modiﬁed with fatty acids of (C8:0) an
8-carbon chain containing no double bond (Kojima and Kangawa 2005) and D-ghrelin
is modified with fatty acids of (CiO:O) a 10-carben chain lacking'double bonds and
decenoyl ghrelin (C10:1) a 10-carbon chain containing with one double bond (Hosoda
et al. 2004). There is no information about D-ghrelin in ruminant. We suggest that

D-ghrelin may present in cattle.
2.4.1 Solid phase peptide synthesis of D-ghrelin -

- We synthesized O-ghrelin, des-acjl ghrelin and D-ghrelin. The procedures of
peptide synfhesis for O-ghrelin and des-acyl ghrelin are same with ThidarMyint et al.
(2006) (Table-15). Peptide synthesis of D-ghrelin is simﬂar to O-ghrelin, ohly different
in acylation of serine 3 residue with octanoic fatty acid and decanoic fatty acid.

Decanoyl ghrelin was synthesized using Wang resin (p-Benzyloxybenzyl alcohol
resin, 200- 400 mesh eq. to 75- 38 pm in diameter). Side chain protected Fmoc-amino
acids; Fmoc-Arg(Pbf)-OH, Fmoc-Glu(otBu), Fmoc-Gln(Trt)-OH, Fmoc-His(Trt)-OH,
Fmoc-Lys(Boc)-OH, Fmoc-Ser(tBu)-OH and Boc-Gly were used. _Frhoc—Ser—OH Was
chosed for Ser3 because it needed acylatiori with n;decanoic acid. Acylation procedure
was done repeatedly 3 times. The synthesizéd peptide Ewa»s purified by RP-HPLC,
semi-preparative column: TSK-GEL ODS-120A, pore size 10pm, 7.8 mm LD X 30
cm, TOSOH). After purification, peptides were lyophilized and stored at -30°C.
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Table (15) Synthesized peptides of ghrelin

No.

Name of
Synthesized
Peptides

Amino acids sequence of peptides

Accession

Number

Bovine
des-acyl
ghrelin

!GSSFLSPEHQ'® KLQRKEAKKP*® SGRLKPR?’

Q6SLG7

Bovine
(O-ghrelin)

¢+ .
!GSSFLSPEHQ!? KLQRKEAKKP? SGRLKPR?’

Q6SLG7

Bovine
(D-ghrelin)
Decanoyl

'GSSFLSPEHQ!® KLQRKEAKKP?* SGRLKPR*"

Bovine

(D-ghrelin) -

Decenoyl

'GSSFLSPEHQ'® KLQRKEAKKP?’ SGRLKPR*

¢ Acylation with octanoic acid,
* Acylation with decanoic acid .

2.4.2 First antibody production of D-ghrelin

.Wc generated first antibody production in 2 guinea pigs and 2 rabbits.

Synthesized bovine (Cyso)-D—ghrelirii was conjugated with mcKLH. The

hepaten-conjugated 'antigen was emulsified with same volume of Freund’s adjuvant

(FCA, Wako # 014- 09541 ) for immunization. In rabbit, 1 mg of conjugated D-ghrelin

was used for each injection and animals were subcutaneously injected 7 times with two

weeks interval. In guinea-pig,AO.28 mg of conjugated D-ghrelin in 250 pL of phosphate

buffer was used for each injection and animals were subcutaneously injected 7 times

with one week interval. The whole blood was collecfed at the following day of final

(7 ™ time) antigen injection. During immunization, one guinea was died at 25 days after
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initial antigen injection. The collected blood is stored at 4°C for 24 hours and then
centrifuges and collects serum. The collected serum was kept in -30°C. We do not get

antibody of D-ghrelin generated in 2 rabbits.
2.4.3 Labeling of D-ghrelin

We labeled synthesized (Tyr%)-bovine I-D—ghrelin with chloramine T-method.
Labeled peptide was purified with HPLC. The peak fraction tube (400 pL) was
collected and mixed with 400 uL of 60% CH3;CH/ O.l%ATFA for neutralization. Purified
I'” labeled peptide was used as tracer in first antibody titer check, first antibody

dilution check, standard check and specificity check.
2.4.4 Sensitivity/titer check of D-ghrelin first antibody

We checked the titer of D-ghrelin antibody by RIA. The assay was prepared at
room temperature. Firstly, we put 200 pl of assay buffer into the polystyrene tube. After
that, we prepared first antibody contained serum at 1:500 ﬁnél dilution in ghrelin assay
buffer (0.05 M phosphate, 0.01 M EDTA, 0.08 % sodium azide, 0.1% gelatin, 0.25 %
BSA: pH 6.85) and added to the tubes which contain buffer. Then, we add the tracer
(about 8000 CPM) which was prepared in assay buffer contained 1% normal guinea pig
serum. Vortex mix and incubaté for 24 hours. iAfter incubation, we add 1 ml of
precipitation.buffer (0.05 M phosphate, 0.9 % saline, 0.025 M EDTA, 0.08 % sodium
azide, 0.05% Triton X-100, 3 % PEG; pH 7.4 ) and incubate again for 30 min. Then,
centrifuge and count CPM of pellet. We checked serum samples (from before
immunization to 46 days after immunization) of 2 guinea pigs for titer/sensitivity. The
highest binding of D-ghrelin first antibody with tracer is 26 % for guinea pig 1 and
51 % in guinea pig-2 (Table-16, Fig. 24).
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Table (16) Titer/sensitivity check for guinea pig No.1 and No.2 anti-D-ghrelin serum

Guinea Pig Days after initial immunization Bound/Total (B/T)
Number | v '

1 ' 0o ' 0
1 L 22 - 0.25
1 25 0.26
2 0 0
2 22 | | 0.43
2 25 0.46
2 28 0.51
2 36 0.45
2 39 | 0.4

2 4 ' 0.47
2 46 0.42
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Fig. 24
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Figure 24. Sensitivity/titer check for guinea pig 1 (—a-) and guinea pig 2 (-m-)
anti-bovine D-ghrelin serum. The *I-labeled D-ghrelin binding to guinea pig
anti-D-ghrelin antiserum. by serial dilution of D-ghrelin (~e-). Inhibition of '*’I-labeled
GHRH binding to antiserum by serial dilution of pooled bovine plasma (—0—) was
obtained using control bovine D-ghrelin as standard. Each poin’g is the mean of triplicate
determinations. B/Bg, bound/bound in zero standard. - o
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2.4.5 Sensitivity/titer dilution check of bovine D-ghrelin antibody

In first antibody (guinea pig anti-boVine D-ghrelin serum) dilution check, we used
the tracer with 10000 CPM and ﬁhal dilution of first antibody from  1: 5000 to I:
‘1200004 (Table-17). The binding of first antibody of guinea pig 1 serum with tracer is
very low, it’s binding is only 4 % at 1:5000 final dilution (Table-17, Fig. 25). Therefore,

we selected the first antibody of guinea pig 2 for radioimrﬁunoassay.

Table (17) Dilution check of guinea pig No.1 and No.2 anti-D-ghrelin serum

First antibody ~ Guinea Pig no. 1 " Guinea Pig ho. 2
final dilution - ®m (BIT)
0 0 0
5000 0.04 ) 0.35
10000 | | 003 03
15000 | 0.02 0.24
20000 o2 0.20
30000 0.01 | 0.16
40000 | 0.01 . 0.13
60000 001 . 0.09
80000 o0 0.08
120000 - - 0.01 e 006
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Fig.25
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Figure 25. Sensitivity/titer dilution check for guinea pig 1 (—a—) and guinea pig 2 (-m-)
anti-bovine D-ghrelin serum. The vlzsI-labeled bovine D-ghrelin was binding to serial

dilution of antiserum. Each point is the mean of quintuplicate determinations.
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2.4.6 D-ghrelin radioimmunoassay

Standard concentrations of D-ghrelin ranged from 0.15 t0160 ng/mL was set up at
room. temperature. Standards and plasma samples were incubated with antibodies
diluted in ghrelin assay buffer (0;05 M’phosphate, 0.01 M EDTA, 0.08 % sodium azide,
0.1% gelatin, 0.25 % BSA: pH 6.85) for 24 hours at 4°C. After 24 hours in,cubatibn,
125]_labeled D-ghrelin (8000 count per minute/100 pL assay buffer containing 1%
normal guinea pig serum) was added to the tubes. The tubes were incubated again for 24
hours at 4°C. The next day, the second antibody (4% goat anti-guinea pig serum
prepared in precipitation buffer, 0.05 M phosphate, 0.9 % saline, 0.025 M EDTA,
0.08 % sodium azide, 0.05% Triton X-100, 3 % PEG; pH 7.4) was added to the tubes,
and the tubes were incubated for 30 min at 4°C. After incubation, bound and free
antigens were separated by centrifugation fbr 30 min at 1870 xg and 4°C, aspiration of
all the supernatant (without ,touéhing the pellet) immediately follow centrifugation.

The radioactivity in the pellet was measured by gamma counter (ARC-1000,
Aloka, Japan). Triplicate standards and duplicate plasma samples were run within in a

single assay.

2.4.7 Standard check and spec.ificity check for first antibody of D-ghrelin

- We set up the standard of bovine D-ghrelin after dilution check of first antibody
(anti-bovine D-ghrelin). We set up cold standard of D-ghrelin at room temperature. We
used 1: 10000 ﬁnal dilution of first antibody of guinea pig 1 and the tracer of 10000
CPM in the assay. We can set up D-ghrelin standard (Fig. 26). After that, we made
spéciﬁcity check of D-ghrelin first ahti_body.' We prepared the dilution of s’;ahdards
(D-ghrelin, O-ghrelin, des-acyl ghrelin) from 0.15 ng/ mL to 160 ng/ mL with triplicate
samples in this _asvsay. In specificity check, we set up D-ghrelin standard, O-ghrelin
(N -octaﬁoyl ghrelin) standard aﬁd des-acyl ghrelin standard. We found that the antibody
of DQghrelin recognized to D-ghrelin, O-ghrélin and decenoyl ghrelin (ng. 27). This

antibody cannot use for measuring of plasma D-ghrelin with RIA in cattle.
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Fig. 26
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Figure 26. Standard RIA curve for D-ghrelin. Inhibition of 2[-labeled D-ghrelin
binding to guinea pig anti-D-ghrelin antiserum by serial dilution of 'D-ghrelin (—o-).
Inhibition of '*I-labeled D-ghrelin binding to antiserum by serial dilution of pooled
bovine plasma (—o—) was obtained using control D-ghrelin as standard. Each point is the
mean of tripiicate determinations. B/By, bound/bound in zero standard.
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Fig. 27
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Figure 27. Speciﬁcity check of D-ghrelin antibody. Standard RIA curves for D-ghrelin
(—e-), O-ghrelin (—A-) and des-acyl ghrelin (—0—). Inhibition of "*’I-labeled D-ghrelin
binding to guinea pig anti-bovine D-ghrelin by serial dilution of bovine D-ghrelin,
bovine O-ghrelin and decenoyl ghrelin. 121.]abeled D-ghrelin binding to antiserum by
serial dilution of pooled bovine plasma (—0—) was obtained using control boyine
D-ghrelin as standards. Each 'p_oint is the mean of triplicate determinations. B/B,

bound/bound in zero standard.
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2.5 Discussion

We produced first antibody of CCK Which specifically recognized only sulfated
CCK-8 and did not recognize to non-sulfated CCK-8, bovine sulfated gastrin-9 and
bovine non-sulfated gastrin-9. We validated sulfated CCK radioimmunoassay which
can measure sulfated CCK in ﬁn—exfracted plasnia'l. ' |

It is well known that GHRH and ghrelin stimulate GH secretion in non-ruminant
(Evans et al. 1985, Kojima et al. 1999) ahd ruminants (Hashizume et al. 2005, Itoh et al.
2005, ThidarMyint et al. 2006). GHRH binds to GHRH receptor and stimulates GH
secretion (Lin-Su K and Wajnrajch MP 2002) and ghielin binds to growth hormone
secretagbgué receptor -la (GHSR-1a) and stimulates GH secretion .(Kojima et al. 1999).
In our experiment CCK stimulates ghrelin secretion in steers. However, CCK induced
endogenous increased ghrelin does not stimulate GH secretion in-steers. We recently
reported that GHSR-1a receptor may not be involved in secretion of GH by gastrin,
because administration of D-Lys3GHRP-é (GHSR-1a receptor antagonist) did not affect
GH secretidn which stimulated by gastrin induced endogenous ghrelin in steers (Zhao
et al. 2011). Therefore, CCK may not regulate GH secretion GHSR-1a receptor
pathway and may regulate GHRH receptof pathway or other. It is possible that CCK
may affect GHRH which stimulates GH secretion in ruminant. To study the effecf of
CCK on GHRH, we try to validate GHRH RIA system. There are 2 reports for plasma
GHRH level in human. Basal level of plasma GHRH in human is 1 1.8+1.1 pg/ ml (Foot
et al. 1990) and 20.5+ 6.5 pg/ml (Zhang et al. 1991). Hypophysial portal concentration
of GHRH in sheep is 6.6 +/- 1.4 pg/ml (Thomas et al. 1991) and in rat is approximately
200 to 800 pg/ml (Plotsky and Vale 1985). Basal plasma level of GHRH in human,
sheep and rat are very low, only picogram level. We can set up GHRH RIA System,
however we cannot measure plasma GHRH in cattle due to low sensitivity of our
GHRH RIA system. , _

Amylin bas inhibitory effect on GHRH-induced GH secretion in monogastric

species (Netti et al. 1995). It is possible that CCK may stimulate plasma -amylin
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secretion and amylin may inhibit GH secretion in steers. To study the effect of CCK on
plasma amylin secretions in bovine, we try to validate amylin RIA system. Basal
plasma level of amylin in cat is 70 - 133 pmol/L (about 273- 519 pg/ml) (Lutz and
Rand 1996). Basal plasma level of amylin in human is 11.9 +/- 3.5 ng/l (11.9 +/- 3.5
pg/ml) (Hartter et al. 1991)4. Although wé can set up amylin RIA, we cannot measure
plaSma amylin in bovine. Because of low sensitivity of our amylin RIA system,

In our experiment (Chapter 3), CCK-8s stimulates acyl ghrelin and total ghrelin
secretions in steers. It is possible that CCK-8s may stimulate plasma D-ghrelin in
ruminant. To study.the effe_ct. of CCK on D-ghrelin we try to validate D-ghrelin RIA
system. There is some iﬁformation of D-ghrelin in rats (Hiejima et al. 2009). However,
there is no information about D-ghrelin in ruminants. We can produce D-ghrelin first
antibody and can set up standard. The first antibody of D-ghrelin recognize to D-ghrelin,
O-ghrelin and decenoyl ghrelin. Therefore, this first antibody cannot use for measuring

of bovine D-ghrelin, because it cannot differentiate D-ghrelin from other acyl forms.
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Chapter 3

Sulfated cholecystokinin-8 increases ghrelin and pancreatic polypeptide secretions

but does not affect oxyntomodulin and glucagon like peptide-1 in Holstein steers.

3.1vABSTRACT _

The effect of éppetite regulatory hormone cholecystokinin (CCK) on the
secretions of oxyntomodulin (OXM), ghfelin, pancreatic polypeptide (PP) and glucagon
like peptide-1 (GLP-1), and the effect of ghrelin on the secretions of CCK, OXM, PP
and GLPH were studied in ruminants. Eight Holstein steers, 7 months old, 243+7 kg

»body'weight’(\BW),V\»/ere arranged to an incomplete Latin square design (8 animals x 4
treatments. x 4 days\of sampling). Steers were intravenously injected 10 pg of sulfated
CCK-8/kg BW, 20 nug of acyl ghrelinkg BW, 100 pg of des-acyl ghrelin’kg BW or
vehicle. Blood s_a1hples were collected from - 60 min to 120 min relative to time of
injection. Plasma concentratioﬁs of ‘ghrelin, sulfated CCK and OXM were measﬁred by

, double-antibody radioimmunoassay. Plasma acyl ghrelin was increased to peak level
(428.3£ 6 pg/mlL) at 60 ‘min after. injectibn of sulfated CCK-8 compared with
pre-injected levels (203.3+1 pg/mL). These results showed for the first time, that
intravenous bolus injection of CCK increased ghrelin secretion in ruminants. In contrast,
injections of acyl ghrelin and des;acyl ghrelin did not change CCK, OXM, PP and
" GLP-1 secretions. Intravenous injection of sulfated CCK-S increases plasma PP, glucose |
and NEFAvlevels, however does not affect plasma GLP-1 and GH levels. In conclusion,
our results show that administration of CCK increases ghrelin and PP secretions but
doeé not affect OXM and GLP-1 release in cattle. Ghrelin did not affect on the
secretions of CCK, OXM, PP and GLP-1 in steers.

Key words: cholecystokinin, ghrelin, oxyntomodulin, pancreatic polypeptide, glucagon

like peptide-1, ruminant.
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3.2 INTRODUCTION

Anorexiggnic hormone cholécystokinin (CCK) is mainly secreted from intestinal
I-cells (Buchan et al. 1978). It is also secreted from the hypothalamus (Micevych et al.
1984).Another anorexigenic hofmone oxyntomodulin (OXM) is secreted from intestinal
L-cells (Bataille et al. 1982). Orexigenic hormone ghrelin is mainly secreted from X/A
like cells of stomach (de la Cour et al. 2001, Koji;rlla and Kangawa 2005). In minmts,
ghrelin is mainly secreted from abomasum (Hayashida et al. 2001).The apical surfaces
of intestinal I-cells (Buchan et al. 1978) and L-cells (Deacbn 2005) are exposed to the
lumen of the intestine. These cells are likely to sense food in the intestinal lumen, and
release CCK and OXM into the circulation aftér ingeétion (Anini et al. 1999, Liddle
1994). However, ghrelin cells are not able to sense food in the lumen of the stomach
because nutrients constrained within the stomach do not affect ghrelin levels (Williams
et al. 2003). Therefore,\ postprandial change of ghrelin is not a direct stimulatory effect
of ingested food. Plasma concentrations of CCK and OXM increased after eating in
monogastric animals and humans (Hornnes et al. 1980, Lilja et al. 1984). In human,
postprandiai ghrelin concentration decreased after eating (Kojima and Kangawa 2005).
The regulatory mechanisms for secretions of CCK, OXM and ghrelin are still need to
clarify. | | |

After clarifyiflg the regulatory effects of CCK, OXM and ghrelin on food intake,

gaétric acid secretion and body weight, the interest of research is s}_ﬁfted to investigate
the counter regulatory effects among anorexigenic énd orexigenic 'hormphes. CCK and
ghrelin exert opposite effect on intestinal motility, gastric acid secretion, body weight
and food intake (Rehfeld 2004, Kojima and Kangawa 2005). In rats, pi'e-admiﬁistration
of CCK blocked orexigenic effect of ghrelin (Date et al. 2005, Kobelt et al. 2005) and
pre-administration of ghrelin blocked anorexigenic effect of CCK (Date et al. 2005). In
humans, intra-duodenal infusion of fat increased plasma concentration of CCK and
observed CCK induced suppressioh of ghrcli'n'(Degen et al. 2007). Moreover, in fasted
human, intravenous infusion of CCK decreased plasma ghrelin (Brennan et al. 2007,

Brennan et al. 2008). However, some studies reported that exogenous CCK increased
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ghrelin in fasted rodents (Murakami et al. 2002, Friis-Hansen et al. 2005, Shrestha et al.
2009).: Brennan et al. (2007) and Shrestha et al. (2009) did not describe the form

(sulfated CCK-8 or non-sulfated CCK-8) of injected CCK in their studies. Their
experiments were-done in fasted humans and rodents. Plasma concentrations of ghrelin
in fasted humans, rats and ruminants are higher than non-fasted humans.and animals
(Kojima and Kangawa 2005, WertZ-Lﬁtz et al. 2006). In addition, plasma CCK levels
of fasted rats (Kanayama and Liddle 1991), 3-day-old lambs (Nowak et al. 1997),
humans (Ohgo et al. 1988) and cows (Samuelsson et al. 1996) were low. Therefore,
basal plasma ghrelin and. CCK levels between fasted condition and non-fasted
condition are different. There is few report on the regulatory effect of CCK on ghrelin
secretion in non-fasted (normal physiological condition) monogastric animals and |
ruminants. Some scientists reported that administration of ghrelin increased CCK
release in rats (Jawork 2006, NaWrot—Porabka' et al. 2007). According to ourknowledge,
however, there is no report on the effect of ghrelin on the secretion of CCK in
non-fasted ruminants. We injected sulféted CCK-8 into steers to clarify the effect of
CCK on ghrelin secretion.

In rats and.humans, it is well established that OXM and ghrelin exert opposite
effects on food intalge (Cohen et al. 2003, Dakin et al. 2004, Kojifna and Kangawa -
2005), gastric acid secretion (Dubrasquet et al. 1982, Kojima and Kangawa 2005) and
body weight (Dakin et al. 2004, Kojima and Kangawa 2005). On the other hand, the
inhibitory effect of OXM on ghrel_in release in humans (Cohen et al. 2003) and rats
(Dakin et al. 2004, Patterson et'al. 2009) has been reported. We have recently reported
that administration of OXM did not change plasma concentration of ghrelin in |
non-fasted (normal physielogical e:ofldition) pre-ruminant and ruminant calves
(ThanThan et al. 2010). However, there is still limited information on the effect of
ghrelin on the secretions of CCK and OXM, and the effect of CCK on the secretion of
OXM in ruminants. . |

Another anoreXigem'c hormone pancreatic polypeptide (PP) is primarily released

by cells of the islets of Langefhans (Adrian et al. 1976). It is also secreted by the
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exocrine pancreas and distal gaStrointestinal tract (Larsson et al. 1975). Plasma level of
pancreatic polypeptide increases after eating in human_(Adrian et al. 1976). Scientists
reported stimulatory effect of CCK on PP secretion. Administration ‘of. CCK stﬁnulates
PP in mice {Ahrén et al. 1991, 1995), human (Schniid et al. 1989) and dog (Parks et al.
1979, Schusdziarra et al. 1986). Stimulated --CCK cause a substantial rise in PP in
peripheral blood of dog, and the mechanism of P:P release may involve CCK (Lonovics
et al. 1981). In addition, Choi et al. (2000) reported that supplement fatty acids feeding
induced ‘endogenous increased CCK stimuiates PP secretion in dairy cow. Moreover,
scientists reported that administration of ghrelin increased plasma PP release in humans
(Arosio et al. 2003 Tack et al. 2006) and rat (Sato et al. 2003). However, there is
limited information for the effects of CCK and ghrelin on PP secretlons in cattle.
Moreover, another anorexigenic hormone glucagon like peptide-1 (GLP-1) is

released from intestinal L-cells (Herrmann et al. 1995). Postprandial concentrations of
GLP-1 increased in human (Herrmann et al. 1995) and after fatty acid supplement diet
fed dairy cow (Relling et al. 2010). Scientists reported the éontroversial results for the
effect of CCK on plasma GLP-1. Some scientists reported that CCK stimulates GLP-1
secretion in non-ruminant (Fieseler et al. 1995, Hansen and Holst 2002). However,
some scientists reported that administration of CCK did not affect plasma GLP-i 1n rat
colon (Plaisancie et al. 1994), human (Ahrén et al. 2000) and\_ sheep (Relling et al. 2011).
According to my knowledge, there is few bir‘lformationr about thg effect of CCK on
GLP-1 in cattle. GLP-1 has no effect on CCK in human (Gutzwiller et al. 1999).
However, the effect of GLP-1 on CCK secretion in ruminant is still need to clarify. In
addition, there is limited information for the effect of ghrelin and CCK on GLP-1
secretions in ruminant. _ _ |

. /Most of the previous studies (Furuse et ai. 1991; Mir et al. 2000; Rel'ling and
Raynolds 2007) used ethanol-extracted plasma samples for measuring of CCK in
bovine but that method is not practical to measure over thousand numbers of serial
samples. In this regard, we validated the in-house radioimmunoass_ay (RIA) system for

the measurement of plasma CCK concentrations in un-extra_cted bovine plasma.
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~ There are controversial results for the effect of CCK on plasma GH. Some
sciéntists feported'- that CCK stimulates GH in humans (Calogero et al. 1993), pigs
(Parrott et al. 1995) and rats (Matsumura et al. 1984). Karashima et al. (1984) reported
that CCK decreased plasma GH in rats. Vijayan et al. (1979) reported that central
administration of CCK increased .plas‘,mva GH, however peripheral -administration of
CCK did not affect plasma GH in rats. Some scieﬁtists reported that administration of
CCK did not affect plésma GH in sheep (Spenéer et al. 1991, Della-fera and Baile 1985) |
and humans (Nair et al. 1984). According to my knowledge, there is no information
about the effect CCK on plaéma GH in cattle.

Ghrelin has direct effects on glucose metabolism, such as increasing hepatic
gluco‘se production and decreasing the glubose disposal rate (Sun et al. 2006,
Vestergaard et al. 2008)\; I‘n‘hum'an, administration of ghrelin increased plasma glucose
and NEFA (Vestergaard et al. 2008). However, the regulatory effect of ghrelin on
plasma glucose is varied in cattle (Itoh et al. 2006). Ghrelin stimulates plasma NEFA
levels in human (Vestergaard et al. 2008) and cattle (ThidarMyint et al. 2006). Another
appetite regulatory horrhone CCK has regulatory effect on plasma glucose and NEFA
levels. In rats, intra-duodenal administréfion of CCK decreases glucose production is
independent of changes in circ'uiating insulin (Cheung et al. 2009). Central
administration of CCK has no effect on plasma glucose in sheep (Della-Fera et al. 1985).
In addition, intravenous infusion of CCK did not affect plasma glucose and NEFA in
wethers (Relling et al. 2010, 2011). There is few information about the effect of CCK on
plasma glucose and NEFA in cattle.

The objective of this experimeht is to study the effect of CCK on the secretions of
ghrelin, OXM and PP, and the effect of ghrelin on the secretions of CCK, OXM and PP
in ruminants. In addition, we study the effect of CCK on plasma GH, glucose and

NEFA levels in steers.

3.3 MATERIALS AND METHODS

All animal procedures were approved by the Institutional Animal Experimentation
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Ethics Committees of Obihiro University of Agriculture and Veterinary Mediéine,

J apan. 4

3.3.1 Animals

Eight Holstein steers, 7 months old (castrate‘d' ét 3 months old), 243 + 7 kg BW,
were housed under a natural light-darkness cycl:e and fed 3 kg of concentrate (cfude
prbtein 14.5%, crude fat 2%, crude ﬁber 10% and crude ash 9%, Nisshin Marubeni,
Japan) mixed with 90 g of calcium salts of faﬁy acids (Nich‘iyuSolution Inc, Japan) per
head per day, twice daily (at 09.00 and 16.00 hours). The amount of feed (concehtrate)
is calculated by the nutrient requirements of dairy cattle (NRC, Seventh revised edition,
2001) and it is enough for enérgy requirement of steers. Timothy hay and water were
supplied ad libitum during experiment. One day before experiment, body weight was
measured and a catheter was inserted into the external jugular vein of each steer. The
patency of catheter was maintained with heparihized saline (10 IU heparin/mL saline).
To get the minimum residual effect of hormone injection, a recovery pe'riod'of 24 h.was
allowed. The steers were loosely- chained to stanchion during hormone injection and
blood sampling. Each steer receivéd- all treatinents. At the end of experiment, steers

. were 249 + 7 kg BW.

3.3.2 Peptides , ‘

Sulfatéd CCK-8 amide (chapter 2), bovine acyl ghrelin and des-acyl ghrelin
(ThidarMyint et al. 2006) are synthesized by solid phase peptide synthesis. In this study,
injection of acyl ghrelin increased plasma concentration of GH (Fig. 31) and injectibn
of CCK increased plasma concentration of insulin (Fig.30). These results show that ‘the

synthesized peptides are biologically active.

3.3.3 Peptide injection and sample collection procedures
Animals were arranged to an incomplete Latin ‘square design (8 animals x 4

treatments x 4 days of sampling). Blood sampling and peptide injection were done from
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the | jugular catheter. Peptides for injection were freshly dissolved on the day of
experiment. Acyl ghrelin and des-acyl ghrelin were dissolved in de-ionized water at a
concentration of 10 mg/mL and 50 mg/mL, respectively. Lyophilized CCK-8 was
dissolved in 1 mM NaHCOs at a concentration of 5 mg/mL. These dissolved peptides
were diluted in 0.1% BSA saline to get a 5 mL of total injection voiume. Steers were
infravcnously injected with 20 _ug/kg of acyl ghrelin, 100 pg/kg of des-acyl ghrelin, 10
ng/kg of sulfated CCK-8 or Véhicle (0.1% BSA saline as control). After hormone or
vehicle injection, the catheter was immediately flushed with 5 mL of heparinized saline.

Blood samples were coliected at - 60 (feeding), - 45, - 30, - 15, 0 (injection), 5,
10, 15, 20, 25, 30, 45, 60, 90 and 120 min relative to time of injection. Plasma ghrelin
levels increase before eating and/thén decrease to stable level after eating (Sugino et al.
2002; Kojima & Kangawa 2005). We want to study the effect of CCK on plasma
ghrelin when ghrelin level is stable. Therefore, we inje_cted peptides to steers 1 h after
feeding of concentrate diet'. Blood sampling for - 60 min was done at 1 min before
feedi@g (feeding time is 09.00 hour). Steers consumed concentrate within 15 min.
Blood ‘samples Wére put into pre-ice-chilled heparinized tubes. All tubes wefe put on
ice after sample collection unﬁl they were centrifuged for plasma collection. Plasma
was isolated froin blood by centrifugation (at 4 °C for 30 min at 1870 xg) and stored at
- 30 °C. For ghrelin assays, 600 uL of plasma Was acidified with 30 uL of 1 M HCI and
stored at - 30°C.

Measurement of plasma hormones

3.3.4 RIA for ghrelin, OXM and GH"

Plasma concentrations of acyl ghrelin, total ghrelin, OXM and GH were measured
by in-house double antibody RIA, as previously described (ThidarMyint et al. 2006;
ThanThan et al. 2010, Lee et al. 20‘00). The average recovery rates of three known
amounts of hormones added to bovine pooled plasma Were 107%, 116%, 106% and

000% for acyl ghrelin, total ghrelin, OXM and GH respectively. Sensitivity of acyl
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ghrelin, total ghrelin, OXM and GH assays were 17.11 pg/mL, 0.27 ng/mL, 1.10 ng/mL
and 0.13 ng/mL respecftfvely. The intra—éssay coefficients of variation for acyl ghrelin,
total ghrelin, OXM and GH were 8.6%, 11%, 9.1% and 9.3% respectively. The
inter-assay coefficients of variation for acyl ghrelin, total ghrelin and OXM were 10%,

12.2% and 12.7%, respectively.

3.3.5 RIA for CCK - ,
Plasma level of sulfated CCK was measured by RIA (chapter 2). We pfepared
standard dilution from 0.019 ng/mL to 160 ng/mL. Triplicate standards and duplicate
plasma samples were run within in a single -éssay. The average recovery rate of three
known amounts of CCK-8 added to bovine pooled plasma was 92%. Sensiﬁvity and the
intra-assay coefficient of variation of this assay were 0.16 ng/ml and 6.6%-,
respectively. |
' The specific measurement of sulfated CCK in the plasma requires assays that
recognize the C-terminal heptapeptide sequence [Y(SOsH)MGWMDF-NH,],
irrespective .of the N-terminal éxtension (Rehfeld 2004).'The antibody should bind the
active site of CCK without binding the homologous gastrin (Rehfeld 1998). The
antibody used in our assays was specifically recognized sulfated CCK-8 amide and did
not cross-react with non-sulfated CCK-8 amide, bovine gastrin-9 amide and bovine
non-sulfated gastrin-9 amide (Fig. 9). Therefore, the reSﬁlts from our RIA system

represent the concentrations of sulfated CCK.

3.3.6 RIA for pancreatic poly'peptide (PP) and glucagon like peptide-1 (GLP-l)F
Plasma level of PP and GLP-1 were measured by RIA. APlasma GLP-1 was
mesuared by inhouse double antibody RIA aé previously described (ThanThan et al.
2011). We prepared standard diluﬁon of PP from 0.039 ng/mL to 20 ng/mL, and
standard dilution of GLP-1 from 0.19 ng/mL to 100 ng/mL. Triplicate standards and
duplicate plasma samples were run Within in a single assay. Sensitivity of PP and GLP-1

assays was 0.095 ng/mL and 0.6 ng/mL, and the intra-assay coefficient of variation of
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assays were 12.6 % and 11.9 %,Arespeétively.

3.3.7 Measurement of plasma metabolites
Plasma levels of glucose and non-esterified fatty acids (NEFA) were measured

by commercially available kits (Code nos 439-90901 and 276-75411 respectively).

3.3.8 Statistical analysis

The results were expressed as means + SEM. Statistical differences between
averaged concentrations of hormone before (at - 60,> - 45, - 30, -15, and 0 min) and after
injection at each time point were analyzed by repeated measure one way ANOVA. All
data Were analyzed by usingb of SPSS for windows, version 16.0, and P < 0.05 was

considered statistically significant.
3.4 RESULTS -
34.1 .Et;fect of CCK—SS ‘on ghrelin and insulin
Plasma concentration of CCK was .increased to lpeak level (26.2 = 4 ng/mL, P <
0.05) at 5 min following its administration and decreased to pre-injacted level (0.3 +

0.1 ng/mL, P < 0.05) within 15 min (Fig. 28a). We did not find changes of CCK
secretion after feeding (Fig. 28b). |
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Figure 28 (a). Changes in plasma sulfated CCK concentration in response to sulfated
CCK-8 and vehicle in Holstein steers. Animals were intravenously injected sulfated
CCK-8 (10 pg/kg BW, —4-), acyl ghrelin (20 pg/kg BW, —A-), des-acyl ghrelin (100
ng’kg BW, —m—) or vehicle (0.1% BSA salirie,—0¥). The arrow indicates the time of
injection. Values are the means + S.E.M of 8 animals. Animals were fed at 1 min after
sampling for - 60 min. Open symbols indicate a significant difference (P<0.05)

compared with mean pre-injected concentrations (- 60 to 0 min).
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Fig. 28b
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Figure 28 (b). Changes in plasma sulfated CCK concentration in response to acyl
ghrelin, des-acyl ghrelin and vehicle in Holstein steers. Animals were intravenously
injected sulfated CCK-8 (10 pg/kg BW, —-), acyl ghrelin (20 pg/kg BW, —A-),
des-acyl ghrelin‘ (100 pg/’kg BW, —m—) or vehicle (0.1% BSA saline,~§—). The arrow
indicates the time of injection. Values are the means + S.E.M of 8 animals. Animals
were fed at 1 min after -sa_mpling for - 60 min. Open symbols indicate a significant
difference (P<0.05) compared with mean pre-injected concentrations (- 60 to 0 min).
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3.4.2 Effect of CCK-8s on acyl ghrelin

The response of acyl ghrelin congentrations to. exogenous CCK-8 is shown in
Fig. 29a. Signiﬁcantly higher concentration of acyl ghrelin (295.9 + 32 pg/mL, P <
0.05) was seen at 20 min after injection of 10 pgkg of CCK compared with
pre-injected levels (203.3 + 11 pg/mL, P < 005) Elevafed plasma acyl ghrelin
concentration reached to peak level (428.3 + 60 pg/mL, P < 0.05) at 60 min after
injection of CCK and decreased to pre-injected level within 90 min post-injection. This
peak value Was approximately 2 times higher than .pre-inj ected level. Vehicle injection

did not change the concentration of acyl ghrelin. .
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Fig. 29 a
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Figure 29 (a). Changes in plasma concentrations of acyl ghrelin in response to sulfated
CCK-8. Animals were intravenousiy injected sulfated CCK-8 (10 pg/kg BW, —¢—) or
vehicle (0.1% BSA saline, —e—). The arrow indicates time of injection. Values are the
means = S.E.M of 8 animals. Animals were fed at 1 min after sampling for - 60 min.
Op_env symbols indicate a significant difference (P<0.05) compared with mean

pre-injected concentrations (- 60 to 0 min).
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3.4.3 Effect of CCK-8s on total ghrelin

Similarly, administration of CCK also increased‘concentration of total ghrelin in
plasma (Fig. 29b). Significantly higher concentration of total ‘ghrelin (1.4 £ 0.3 ng/mL,
P < 0.05) was seen at 20 min éfter injection of CCK compared with pre-injected level
(0.7 £ 0.1 ng/mL, P < 0.05). The peak conceﬁtraﬁon of total ghrelin (1.5 + 0.3 ng/mL, P
< 0.05) was seen at 30 min after injectidn of CCﬁ. ‘Vehicle injectionA did not change the

concentration of total ghrelin.

Fig.29b
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Figure 29 (b). Changes in plasma concentrations of total ghrelin in response to sulfated
CCK-8. Animals were intravenously injected sulfated CCK-8 (10 pgkg BW, —#-) or
vehicle (0.1% BSA saline, —e—). The arrow indicates time of injection. Values are the
means + S.E.M of 8 animals. Animals were fed at 1 min after sampling for - 60 min.
Open symbols indicate a significant difference (P<0.05) compared with mean

pre-injected concentrations (- 60 to 0 min).
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3.4.4 Effect of CCK-8s on insulin -

Injection of CCK increased plasma concentration of insulin in steers. The peak
concentration of insulin (0.66 + 0.05 ng/mL, P < 0.05) was seen at 5 min after injection

of CCK. Changes of plasma insulin feeding are not observed in steers (Fig. 30).
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Figure 30. Changes in plasma .i_nsulin concéntration in response to sulfated CCK-8 and

vehicle in Holstein steers. Animals wete intravenously injected sulfated CCK-8 (10

ug’kg BW, —e—) QrAvehicle (0.1% BSA saline,—e—). The arrow indicates the time of

injection. Values are the means + S.E.M of 8 animals. Animals were fed at 1 min after

sampling for - 60 min. Open symbols indicate a significant dlfference (P<0.05)
compared with mean pre-injected concentrations (- 60 to 0 min).
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3.4.5 Effect of CCK-8s and ghrelin on GH

The response of plasma GH to exogenous ghrelin and CCK is shown in Fig. 31.
Intravenous bolus injéction of 10 pg/kg of sulfated CCK-8, 100 ug/kg of des-acyl
ghrélin or véhicle injection did not change plasma concentration of GH. Administration

of acyl ghrelin only increased plasma concentration of GH in steers (Fig. 31).

Fig. 31
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Figure 31. Changes in plasma concentration of growth hormone (GH) in response to
bovine acyl ghrelin, des-acyl ghrelin and sulfated CCK-8 injection. Animals were
intravenously injected acyl ghrelin (20 pg/kg BW, —A—),' des-acyl ghrelin (100 pg/kg
BW, —m-), sulfated CCK-8 (10 pg/kg BW, —4-) or vehicle (0.1% BSA-saline,—e—). The
arrow indicates time of injectioh. Values are the means + S.E.M of 8 animals. Animals
were fed at 1 min after sampling for - 60 min. Open symbols indicate a significant
difference (P<0.05) compared with mean pre-injected concentrations (- 60 to 0 min).
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3.4.6 Effects of CCK-8s and ghrelin on OXM _

Figure 32 shows the effects of exogenous CCK and ghrelin on OXM secretion in
steers. Injection of 10 ng/kg of CCK, 20 pg/kg of acyl ghrelin, 100 pg/kg of des-acyl
ghrelin or vehicle injection did not change concentration of OXM in plasma. An
average basal concentration of> OXM in plasma was 2.1 £ 0.4 ng/mL in the vehicle

injected group. We did not find changes of OXM secretion after feeding (Fig. 32).

Fig. 32
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Figure 32. Changes in plasma concentration of oxyntomodulin in response to bovine
acyl' ghrelin, des-acyl ghrelin and sulfated CCK-8 injection. Animals were intravenously
injected acyl ghrelin (20 pg/kg BW, —A-), des-acyl ghrelin (100 pg/kg BW, —m-),
sulfated CCK-8 (10 uglkg BW, —-) or vehicle (0.1% BSA-saline,~e—). The arrow
indicates time of mjectioh. Values are the means = S.E.M of 8 animals. Animals were
fed at 1 min after sampling for - 60 min. Open symbols indicate a significant difference

(P<0.05) compared with mean pre-injected concentrations (- 60 to 0 min).
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3.4.7 The effect of CCK-8s and ghrelin on PP

Administration of sulfated CCK-8 increased plasma PP levels. The peak
concentration of PP (0.5 £ 0.08 ng/mL, P < 0.05) was seen‘at 5 min after injection of
CCK compared the preinjected level (0.25 + 0.04 ng/mL). We did.not find changes of
plasma PP levels by administration of acyl ghrelin and des-acyl ghrelin in steers (Fig.

33).
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Figure 33. Changes in plasma concentration of PP in response to bovine acyl ghrelin,
des-acyl ghrelin and sulfated CCK-8 injection. Animals were intravenously injected
acyl ghrelin (20 pg/kg BW, —A-), des-acyl ghrelin (100 pg/kg BW; —m-), sulfated
CCK-8 (10 ug/kg BW, —4—) or vehicle (0.1% BSA-saline,—e-). The arrow indicates
time of injection. Values are the means + SEMof8 anim_alé. Animals were fed at 1 min
after sampling for - 60 min. Open symbols indicate a signiﬁé_ant difference (P<0.05)

compared with mean pre-injected concentrations (- 60 to 0 min).
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3.4.8 The effect of CCK-8s and ghrelin on GLP-1
'Administrations of sulfated CCK-8, acyl ghrelin and des-acyl grelin did not affect

plasma GLP-1 levels in steers (Fig. 34).
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Figure 34. Changes in plasma concentration of GLP-1 in response to bovine acyl
ghrelin, des-acyl ghrelin and sulfated CCK-8 injection. Animals were intravenously
injected acyl ghrelin (20 pg/kg BW,: —A-), des-acyl ghrelin (100 pg/kg BW,v —m-),
sulfated CCK-8 (10 pg/kg BW, —-) or vehicle (0.1% BSA-saline,—e-). The arrow
indicates time of injection. Values are the means + -S.E.M of 8 animals. Animals were
fed at 1 min after sampling for - 60 min. Open symbols indicate a significant difference
(P<0.05) compared with mean pre-injected concentrations (- 60 to 0 min).
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3.4.9 The effect df CCK-8s on glucose |

Administration of sulfated CCK-8 increased | plasma glucose levels. The péék
concentration of glucose (136 + 6 mg/dL, P <>0.05) was seen at 5 min after injection of
CCK. We did not find changes of plasma glucdse levels by administration of acyl
ghrelin and des-acyl ghrelin in steers (Fig. 35).
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Figure 35. Changes in plasma concentration of glucose in response to bovine acyl
ghrelin, des-acyl ghrelin and sulfated CCK-8 injection. Animals were intraveriously
injected acyl ghrelin (20 pg/kg BW, —A-), des-acyl ghrelin (100 pg/kg BW, —=m-),
sulfated CCK-8 (10 pg/kg BW, —4-) or vehicle (0.1% BSA-saline,~e—). The arrow
indicates time of injection. Values are the means + S.E.M of 8 animals. Animals were
fed at 1 min after sampling for - 60 min. Open symbols indicate a significant difference
(P<0.05) compared with mean pre-injected concentrations (- 60 to 0 mih).
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3.4.10 The effect of CCK-8s on NEFA

Administration of sulfated CCK-8 and acyl ghrelin increased plasma NEFA levels
in steers. The peak concentration of NEFA (256 + 31 pEq/L, P < 0.05) was seen at 5
min after injection of CCK. Acyl ghrelin stimulates plasma NEFA levels however

des-acyl has no effect on plasma NEFA-levels (Fig. 36).
Fig. 36
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Figure 36. Changes in plasma concentration of NEFA in response to bovine acyl
ghrelin, des-acyl ghrelin and sulfated CCK-8 injection. Animals were intravenously
injected acyl ghrelin (20 pg/kg BW, —A-), des-acyl ghrelin (100 pg/kg BW, —m-),
sulfated CCK-8 (10 p.g/kg BW, —-) or vehicle (0.1% BSA-saline,—e—). The arrow
indicates time of injection. Values are the means + S.E.M of 8 animals. Animals were
fed at 1 min after sampling for - 60 min. Open symbols indicate a significant difference

(P<0.05) compared with mean pre-injected concentrations (- 60 to 0 min).
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3.5 DISCUSSION

Administration of CCK increésed ghrelin release in rodents (Murakami et al. 2002;
Friis-Hansen et al. 2005; Shrestha et al. 2009). To our knoWlédge, the effect of CCK on
ghrelin secretion has not been reported previously for rﬁminants. | Our present result
showed.- for the first time, that intravenous bolus injection of CCK increased: ghrelin
secretion in-ruminants (Fig. 29a,b). Murakami et :2'11. (2002) reported that intraperitoneal
injection of CCK increased ghrelin secretion in 12 h fasted rats. Friis-Hansen et al.
(2005) also reported that 2 or 6 days subcuténeous infusioh of CCK increased ghrelin
release in anaesthetized mice. In addition, vascular perfusion of CCK increased ghrelin
secretion in isolated stomach of 36 h food deprived rats (Shrestha et al. 2009). In
rodents, administration of CCK inéreased ghrelin secretion in fasted condition. Our
study showed that intravenous injection of CCK increased ghrelin secretion in steers
under normal physiological condition (noh—fasted). |

Ghrelin is mainly released from the stomach (Kojima et al. 1999; Kojima and
Kangawa 2005). In the stomach of mice, CCK-A reéeptors are expressed in fundic
ghrelin cells (Friis-Hansen et al. 2005). CCK presumably stimulates fundic ghrelin
secretion directly via the CCK-A receptors on the ghrelin cells (Friis-Hansen et al.
2005). On the other hand, expression of CCK-A receptors is different in adult and
pre-weaning calves. In adult Holsfein males, exp_ress_ion of CCK-A and of CCK-B
receptors was slight in the rumen and fundus of abomasum, respectively (Yonekura et al.
2002). CCK-A receptor was expreséed in the rumen of 3 week old calves (Yonekura et
al. 2002). Therefore, we hypothesize that fhe_ mecham'ém of stimulatory effect of
sulfated CCK-8 on ghrelin release in ruminants may be different from rodents. In the
present study, we demonstrated the stimulatory effect of exogenous CCK on plasma
ghrelin levels but the méchanism in which sulfated CCK-8 induced ghrelih release is
difficult to explain because sulfated CCK-8 can.bind to both CCK-A and CCK-B
receptors (Rehfeld 1998, 2004). It is possible that sulfated CCK-8 binds to CCK-A
receptors and increased the secretion of ghrelin in steers. '

Injection of non-sulfated CCK-8 increased ghrelin secretion in rats (Murakami N,
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personal communication). Moreover, administration 6f gastrin increased plasma ghrelin
leveis in rodents (Fukumoto et al. 2008; Murakami et al. 2002). In rodents,
administration of gastrin may stimulate ghrelin secretion by acting directly on ghrelin
cells because oxyntic ghrelin cells express CCK-B receptors on their plasma membrane
(Fukumoto et al. 2008). >Su1fated CCK, non-sulfated CCK and gastrin can bind to
CCK-B receptors (Rehfeld 1998, 2.004). Therefore, it is possible that sulfated CCK-8
binds to CCK-B receptors and increased ghrelin release in steers.

 Brennan et al. (2007) reported that intravenous infusion of CCK (1.8 pmol/kg/min
for 2 h) decreased ghrelin release in humans. However, Little et al. .(2007) reported that
intravenous infusion of CCK (2 ng/kg/mih, approximately 1.7 pmol/kg/min for 45 min)
did not change plasma ghrelin level in lean subjects. In a'separate study by Friis-Hansen
et al. (2005), subcutaneous infusion of CCK (15 nmol/kg/min for 2 or 6 days) increased
ghrelin secretion in rats. The dose of CCK used in the study of Friis-Hansen et al.
(2005) is higher than Brennan et al. (2007). In our study, intravenous bolus injection of
CCK (10 pg/kg BW) increased ghrelin release in steers (Fig. 29 a). Therefore, it can be
assumed that the dose is responsible for the controversial effect of CCK on plasma
ghrelin concentrations in hmnaﬁs, rats and rurhinants.

In steers, plasma ghrelin levels increased after injection of CCK may not be
feedback regulation of ghrelin to supprés's CCK, be¢ause plasma CCK is not affected by
administration of ghrelin. The interpretation of our result is limited, because we
administered only one dose of sulfated CCK-8. In rodents, ghrelin secretion is
increased in both gastric emptyiﬁg and filling conditions (Murakami et al. 2002).
Ho_wéver in ruminants, high plasma ghrelin levél is observed in fasted condition
(Wertz-Lutz et al. 2006) and before feed_ihg ti.mev of restricted and scheduled meal fed
ruminants (Sugino et al. 2002; Relling et al. 2010). Therefore, CCK-induced ghrelin
release in rﬁminant is probably related with initiation of feeding.

' Ghrelin and OXM are oppositely regulated on food intake (Cohen et al. 2003;
Dakin et al. 2004; Koj ima and Kangawa 2005), gastric acid secretion (Dubrasquet et al.
1982; Kojima and KangaWa 2005) and "Body weight (Dakin et al. 2004; Kojima and
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Kangawa 2005). However, our result (Fig.32) showed that ghreliri had no effect on
plasma concentration of OXM in steers..We have recently reportéd that OXM did not
affect plasma ghrelin level in bovine (ThahThan et al. 2010). We found that ghrélin and
OoxXM did not affect each other’s- secretion in steers. Intravenous injection of sulfated
CCK-8 also did not affect plasma concentratioh of OXM in steers (Fig. 32). Injection of
OXM did not change plasma concentration of CéK in steers (unpublished data, data not
shown). Therefore, we hypothesize that CCK and OXM have no effect on their
secretions.

CCK (Lilja et al. 1984) and OXM (Hdrnnes et al. 1980) are released after eating
in pig, dog and human. In contrary, plasma corcentrations of CCK (Furuse et al. 1991)
and OXM (Relling et al. 2010) did not chahge after feeding in ruminants. Our present
study in steers also showed that plasma concentrations.of CCK (Fig. 28b) and OXM
(Fig. 32) are not changed after feeding. According to the digestive system of
ruminants, the food cannot arrive quickly to the abomasum and small intestine. Also,
ruminants have a steady outflow of digesta to the abomasum and small intestine.
Therefore, in ruminants postprandial concentrations of CCK and OXM cannot
increase as rapidly as in monogastric animals. In the study of direct infusion of
nutrients into abomasum, postprandial changes of CCK were observed (Relling. &
Reynolds 2008). Therefore, CCK release after feeding may depend on food which
arrived to the abomasum. , | |

CCK stimulates pancreatic polypeptide (PP) in mice (Ahrén. et al. 1991, 1995),
human (Schmid et al. 1989) and dog (Parks et al.'1979, Schusdziarra et al. 1986). In
addition, Choi et al. (2000) 'repc_)'rted '[h:':lt fatty -acids supplement feeding induced
endogenous increased CCK stimulates PP secxfetion in dairy cow, and CCK induced PP
relase was ihhibited by CCK-A receptor émtagonist (MK-329). In our study, intravenous
injection of sulfated CCK-8 increases plasma PP secretion in Holstein steers (F 1g 33).
Our result shows exogénous sulfated CCK-8 stimulates PP in cattle and it is in
agreement with previous reports in .mice, human and dog. Non-sulfated CCK and CCK

C-terminal fragment do not have relationship with PP, because administration of
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non-sulfated CCK (CCK—33ns)_and CCK fragmenf'(CCK-4) did not affect plasma. PP
release in steers (data not shown). It is possible that sulfated CCK-8 binds to CCK-A |
receptors and stimulates PP secretion, and CCK-B receptors may not involve. Because,
administration of CCK-A recéptof antagonist inhibits endogenous CCK induced PP
release .in cattle (Choi et al. 2000). ' \

- Administration of ghrelin increased plasma PP release in humans (Arosio et al.
2003, Tack et al. 2006) and rat (Sato et al. 2003) were reported. However, in our study,
administrations of acyl ghrelin and des-acyl ghrelin have no effect to PP release in steers
(Fig. 33). In addition, administration of PP also does not affect ghrelin release in steers
(unpublished data). Therefore, ghrelin and PP do not affect each other on their
secretions in cattle, |

The effect of CCK oh plasma gluéagon like peptide-1 (GLP-1) is controversial.
Some scientists repdrted that CCK stimulates GLP-1 secretion in human (Fieseler et al.
1995) and in porcine ileum (Hansen and Holst 2002). However, some scientists reported
that administration of CCK did not affect plasma GLP-1 in rat colon (Plaisancie et al.
1994), human (Alﬁén .ét al. 2000) and sheep (Relling et al. 2011). In our study,
administration of sulfated CCK-8 does ﬁot affect plésma GLP-1 release in steers (Fig.
34). Injection of nonsulfated CCK-33 has no effect on GLP-1 secretions in steers (data
not éhown). Our result is in agreement with the results in rat, human and sheep. Some
scientists reported that GLP-1 does not affect CCK secretion in humaﬁ (Gutzwiller et al.
1999). In out study, 'administrati_bn of GLP-1 has no effect on plasm sulfated CCK in
steers (unpublished- data). Our result is in agreement with the result in human. CCK and
GLP-1 does not affect each other on their secretions in cattle.

According to my knowledge, thére is few information about the effect of ghrelin on
GLP-1 in non-ruminant and ruminant. Our study in steers, administrations of acyl .
ghrelin and des-acyl ghreli_n do not affect plasma GLP-1 release (Fig. 34). The effect of
GLP-1 on ghrelin secretion in cattle is still need to clarify.

Some scientists reported that CCK stimulates GH in monogaétric species

»(Calogebro et al. 1993, Parrott et al. 1995, Matsumura et al. 1984). However, some
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scientists reported that CCK decreased plasma GHY in rats (Karashima et al. 1984) and
some reported that peripheral administration of CCK did not affect plasrha GH in rats
(Vijayan et al. 1979), humans (Nair et al. 1984) and shéep (Spencer et al. 1991,
Della-fera and Baile 1985). The results of the effect of CCK on plasma GH are
controversial. In our study, intravenous administration of sulfated CCK-8 has on effect
on plasma GH levels in steers (Fig. 31). We fou;l.d that CCK stimulates ghrelin Irelease
however, that endogenous increased ghrelin did not stimulate plasma GH.

~ Acyl ghrelin stimulates NEFA éecr'etiori however does not affect plasma glucose.
This result is in agreement with previous report (ThidarMyint et -ai. 2006). In addi’gon
des-acyl ghrelin has no effect on plasma glucose and NEFA secretion in steers
(Yannaing et al. unpublished data). It is possible that des-acyl ghrelin may not have
function in cattle. Another appetite hormon¢ CCK has regulatory effect on plasma

glucose and NEFA levels. In rats, intfa—duodenal administration_ of CCK decreases
glucose production independent of changes in circulating insulin levels (Cheung. et al.
. 2009). In addition, CCK reduces the increase in circulating glucose after meal inge_stioh
in humans (Ahrén et al. 2000). However, some scientists reported that CCK has no
effect on plasma glucose (Della-Fera et al. 1985, Relling et al. 2010, 2011) and NEFA
(Relling et al. 2010, 2011) in sheep. In our study, administration of CCK increases
plasma glucose levels in steers (Fig. 35)  In caftle, plasma glucose and NEFA can be
influenced by stress. Plasma glucose and NEFA significantly increased by stress of
handling (Leroy et al. 2011). In sheep, modification of feeding regimen (feeding once
per day, twice per day and ad libitum feeding) did not significantly different on plasma
glucose (Udum et al. 2008). In our study, we do not observe changes of giucose levels
after feeding in steers (Fig. 35). Plasma NEFA levels increased in fasted condition of
before feeding and decreased after eating (Udum et al. 2008). In ‘fas,ted ruminant,
plasma glﬁcose level decreased and plasma 'NEFA level increased, respectively
(Bowden 1971). In fasting ewe, blood glucosé levels ‘decline more slowly than NEFA
increased, and that increased in NEFA was not directly due to hypoglycemia (Annison

1960). In addition, administration of glucose decreased plasma NEFA levels in fasted
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ewes (Annison 1960). It is possible that the increnient of plasma NEFA may not be
related with glucose in cattle.

~ Some scientists reported that administration of CCK did not affect plasma NEFA
levels (Relling et al. 2010, 2011) in _sheép-. In our study, administration of CCK
stimulates plasma NEFA levels in steers (Fig. 36). Increased plasma level of NEFA
found in negative energy coﬁditioﬁ (Wertz-Lutz et al. 2006) and after eating of fatty
acids supplémenf diet (Choi et al. 2000, Relling et al. 2010) in cattle. The interpretation
of CCK increased glucose and NEFA release in steers (non-fasted) is difficult. Because,
increased plésma level of glucose and NEFA in cattle can see at stress condition.

. In conclusion, administration of CCK increased plasma concentrations of ghrelin
and PP but did not ‘affect OXM and GLP-1 in cattle. On the other hand, exogenous
ghrelin has no effect on plasma CCK, OXM, PP and GLP-1 secretions. OXM does not
affect ghrelin and CCK secretions, and vice versa in cattle. CCK stimulates plasma

glucose and NEFA levels but does not affect plasma GLP-1 and GH levels.
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Chapter 4

General summary

Measuting of hormonesb in bovine is limited, because. of ‘ot .commercially
available and measuring kits are not speciﬁ‘c for bovine. In addition, it is costly to
measure many samples. These facts inhibit to study the effect of one appetite hormone
to other appetite regulatory hormone in Bovine.. Most of the kits can measure hormone
in extracted plasma. The procedure of plasma extraction is complicated, time
consuming and hormone can loss: during process. Therefore, RIA.system which can
measure un-extracted plasma is practical for measuring of over thousands of samples.

To study the effect of CCK on plasma ghrelin, oxyntomodulin (OXM), pancreatic
polypeptide (PP), glucagon like peptide-1 (GLP-l), GH, glucoseb and NEFA secretion,
we synthesized peptide (sulfated CCK-8). Because of mass amount of péptide is
required fof administration to cattle. It requires various forms of peptide for each
hormone to validate radioimmunoassay (RIA) system. For CCK RIA, various forms of
CCK peptide ére needed to generate first antibody body production (anti-sulfated
CCK-8 serum), for cold standard, for labeling and for specificity check. We synthesized
sulfated CCK-8 amide, (Cys%sulfated CCK-8 C-terminal free, (Tyr’)sulfated CCK-8
amide, bovine sulfated gastrin-9 amide, non-Sulféted bovine gastrin-9 amide, (Cys®)
1-29 human GHRH peptide, (Cys”) 21-44 bovine GHRH, bovine amylin, Cys’-bovine
amylin (7- 37), Tyr’-bovine amylin (1-37), bovine octanoyl ghrelin (O-ghrelin), bovine
des-acyl ghrelin and bovine decanoyl ghrelin (D-ghrelin). We try to validate sulfated
CCK-8, GHRH, amylin and decanoyl ghrelin (D-ghrelin) RIA systems (chapter 2). We
can produce first antibody of sulfated CCK-S ‘which speciﬁcally recognized to sulfated
CCK and did not recognize to non-sulfated CCK-8 bovine sulfated gastrin-9 am1de and
bovine non-sulfated gastrin-9 amide. We validated sulfated CCK RIA system which can
measure un-extracted plasma. This RIA system provides us new information on the
effect of other appetite regulatory hormone on CCK secretion. We can set up GHRH,

amylin and D-ghrelin RIA systems. However, these RIA systems cannot use for
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measuring of plasma GHRH, amylin and D-ghrelin levels (chapter 2).

For a better understanding of the effect of appetite regulatory hormone CCK on
ghrelin, OXM, PP, GLP-1, VGH and metabolites (glucose and NEFA), we conducted
experiment in 8 Holstein steers. Moreover, we study the effect of ghrelin on CCK,
OXM, PP and GLP-1 secretioné.

} In chapter 3, adminj_stration \bf sulfated CCK-8 increased plasma acyl ghrelin, total
ghrelin and PP secretions. CCK also stimulates plasma glucose and NEFA in cattle. This
result is different from sheep, rats and humans. However, CCK injection has no effect
on plasma OXM, GLP-1 and GH levels. Intravenously injected acyl ghrelin and
des-acyl ghrelin have no.effect on pvlasma CCK, OXM, PP and GLP-1 secretions. OXM
does not affect ghrelin and CCK secretions, and vice versa in steers. This is the first
report on the effect of sulfated CCK-8 on plasrha ghrelin secretion in ruminant (Animal
Science Journal, in press). In conclusion, CCK has sﬁmulatory effect on plasma ghrelin,

insulin, PP, glucese and NEFA secretions in cattle.
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Japanese General Summary _ _
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FUYLURCCRIZEEBLANWL, 2, MIKZ LY RCCKIZOXMICEE LMo
Tro 7V IER D RTF R (PP), NI HERTF R-1 (GLP-1) Ioxf L CTRE
 BEZRDoT, MBECCK— 8 RMEES LY L AWERIMERD L1 D Fex DRRIL,
KB CriZPlTH 5 (Animal Science Journal, EIRT), REEDICBIT S CCKIiX
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