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SUMMARY

The effect of dietary components on cholecystokinin (CCK) release into plasma was investigated in chicks
by feeding a meal through a stomach tube, followed by the CCK determination with specific CCK-8 antibody.

In experimental 1, the results showed that both isolated soya protein and an amino acid mixture simulating
the amino acid composition of the soya protein increased the release of CCK, though to a lesser exteni
with a delayed response in the former, when added to a protein-free diet. Among amino acids added singly
to the proteinfree diet, phenylalanine was more efficient than arginine and valine, exerting a response almost
identical to the complete amino acid mixture.

In experimental 2 and 3, by feeding the protein diets supplemented SBTI, plasma CCK leve] was promptly
increased and this response was in a dose dependent fashion during the measurement time, being higher
at 1000 than at 100 mg/kg diet. Since the SBTI supplementation did not affect crop emptying rates significan-

tly. it was concluded that SBT1 by itself enhanced CCK release into circulation.
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t} (Meyer, 1975). =8|}, CCKe] plasmarhe] &

g3 22l Chlecystokinin (CCK) & MBREMIL
BRG] FH #HEwHEA shiole (Harper and Ra-
per, 1943), EE/MBS RS RN FEUD 8
#= e (Mutt and Jorpers, 1971). =3 I WHE
= a2 A o8 A= o #Esg
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Eeel EHEHYQ WiEel A A1ed oS Fell &
BZ Fite] B3 CCKe BER ol BRBLER
o] SwEE2A Hdsicl(Go %, 1970 ; Konturek %,
1973).
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wEme] g B g Fe] #|EH7] ARt Aok
4ol 23 CCKAWRES 81 BHE == 2 88
o] ojm|xfpe] SWHBRE Yehlictn B glo
o}, ol2fgh o okioll A%t FRNRHRS Bigd]
2t ot2Al Jehds] bl Eell JEpEL R YE o B
ol A4-¢ WAskA| Z3te ¢lEE4, Chaug and
Chey (1983) & AellAl phenylalanine & ##Y Az}
plasma she] CCKBE} M= glctn HEdg0,
Liddle %(1985)-& ARolAl BEHE 2 ofu]:fhol
CCK @l £ plemele #8434t Rato] ¢l
o]4 = Liddle % (1%6)°] FELHS CCKaweE #)
Bkl ks MY BHEE =€ ol|xBel a4 &
AWBRE7E ok BEYU L Bl A= A @3
d #E7 AE o2, BEY 34844 CKz2
847 7k 4ol Avtxm #BES o
(Dockary, 1977) =tx|, o=l #%HS] oluj-fgell 2%t
BB (LERI WS FRA o FIRHE7L CCKE
X3plA FHE 4 g $oirt (Okumura%,
1986 ; Yang &, 1989 a, b). =% 2ol 214 SBTI
7t BEBRABRSS) hyportropy & 712} ¢+ (Cherick %,
1948), ratel QlojM X 2+ Azl eaxl BE #
4=]ogkct (Lyman and Lepkovsky, 1957). =3 rat
dl dolA= £ AT} plasma #2] CCKEES ®min
Al7lcta #E= ot (Liddle 4, 1984). Kz s o
4ol s el plasma o] WEZF Ey A<t
oldzl, Gokael oo wmiteinl old FFe A4
o o8 #my AU A2 H EHEAHE,
olulx-f ¥ SBTI & WAL 2 AEES #3lch
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RS- BEGadITM B TERE RBE
£ B (Nagoya, Japon)ell 4] FalaiA BRI el <1571
oA A4t

K% 13 204 EslalAd d5Udrials mRER
(Marubeni Siryo Co. Ltd, Japan)2 BRIz, 2%
£FRBER J'ro] KRR (20 % protein diet)E
AFA 7k A4 3 A7 o) KEoll EAY ks Table
Lol soRgtel, HB1dAE ERAEARN & K
Bk 23] AR o xBBAHS- XEE
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BHES obv|xBERsl F3te| ukEoiz 2w, Phenyia-
lanine, Arginine 3 Valnine & #EAXEfMM %
% ofvlxfRa Tk 45l A A sEA o} (National Re-
search Council, 1984). A2 = maize starch
2 12.1KJ/g°] H= & g

K8 29 K5 trypsin inhibitor(type [-S, Sig-
ma Chemical Co. U.S.A)& Table 198 BAEMAN
ol 0, 100 3 1,000mge] $Fo2 A

1. Plasma®

KL \HER1A Yolele 3%y ez
U B BhiR Ba4dd 529 4RREAHE X
BHEAMS 745 1:29 ¥E2 B oo 299
Ak 1:19 v§2 2o TRHE AEE 594
£gote 2 tube @ #8313 Diethyl ether® 7}
Al whAlglE H-7-2 AAEE heparin At 4t
BE BT HEBBRSENYY FIned] 4L 0(F
BE s, 30, 60, 90, 120, 150 ¥ 180 4 ( fakisy
Bk)oll Ak o,

K204 = SBTIA /MEKS4E €3 1:28
BATSE MR la 22 wyos #Hmgk 0, 15 30,
60 2 90 5ol M3 ch HmY mE-E 4T, 909
oA 10 3R |AEeF plasmaz Fe4lzl F
CCKlz-2 $1a] 3.22 ymal/me2] EDTA (Wako Pure
Chemical Industries, Ltd, Japan) % 500KIU/x¢
9] Aprotinin (Bayer Co. Ltd, Germany)$ & 7}%
— 80 Cell A7

2. Plasma CCKRE2| ©if

1m£9] plasmag 3s£e] ethanolsl RATE 4
collAl 3050 BETE 2,200840]4 30 SR QAE
AIZF 2 EBHE 45 CollAl Ahrta AzAZA S
71z24d 4L pH7.69 20mM EDTA,0.1% bov-
ine sorum albumin (Sigma Chemical Co., USA)
200KIU/m¢ aprotinin ¥ 0.02% NaNs(Wako Pure
Chemical Industries, Japan)& 44% 0.03 MRS
butter 2 ZE#<|7c}, CCK-8 anti-body,!**] CCK-39,
normal rabbit serum % goat anti-rabbit p-globu-
lin anti-serum-& Ofsuka Pharmaceuticals Co.Ltd,



Table 1. Comparison of experimental diets (g/kg)

Supplements None Protein Amino acid Phe. Arg. Val.
(Protein free) mixture

Maize starch 519.3 2720 3417 5139 509.3 513.1
Isolated soya protein' - 239.0 - - - -
L-Methionine - 29 29 - - -
L-Threonine - 1.2 1.2 - - -
Glycine - 42 4.2 - - -
Amino acid mixture’ - - 159.3 - - -
Antacid mixture’® - - 100 - - -
L-Phenylalanine - - - 54 - -
L-Arginine - - - - 10.0 -
L-Valine - - - - - 6.2
Maize oil 30.0
Mineral mixture® 58.5
Vitamin mixture’ 20
Choline chloride 15
Inositol 1.0
Sucrose 200.0
Cellulose 187.7

1) 84% CP (Fujipro-R, Fuji Oil Co. Ltd., Osaka, Japan).

2) Amino acid mixture simulating isolated soya protein contained (g/kg diet) : L-isoleucine, 84 i L-leucine, 12.8 1
L-lysine. HCI, 10.0 ¢ L-phenylalanine, 88 : L-tyrosine, 6.9 : L-methionine, 2.2 ¢ L-cystine. HCl. H;0, 24
L-threonine, 5.7 + L-tryptophan, 221 L-valine, 8.1 L-histidine. HCl. H,0, 44 7 L-arginine, 5.7 ¢ L-aspartic
acid, 18.7+ L-serine, 84 ¢ L-glutamic acid, 32.1 ¢ L-proline, 4.3 ¢ glycine, 6.1 L-alanine, 6.1.

3) Contained NaHCQ, and AI(OH); 1 1(w @ w).
4) Muramatsu and Okumura (1985).

Japanol|A 435k ck. Radioimmunoassay o] 2%t
CCKEELE 0.2nf2 specific CCK-8 N-ferminal
anti-body, 0.2x¢2] plasma sample, 0.2 nf2] 125]
CCK-39 (&5 10,000cpm) 2 0.2 £} e buffer
| BAYLE 4Cald 48 RERI BRAA K BHE 0.1
nt2) 3 A3 normal rabbit serum R 0.1a£2] 3
4§} goat anti-rabbit r-globulin anti-serum-g& 3

7FebE 18 ~ 24 Refdl 4ol Bk CCK-8 ant-
ibody & #ttol ul3}4] = Hashimura £:(1982)4)] 2
s #mE=lo] Aok 2EEI BTH BRESYIE
APRL 4TolA 1,750 92 3050 YARE AT
total ¥ bound ] radioactivity & Autonatic ga-
mma counter (Aloka Co. Ltd, Japan) & HEdich
CCK¥9] radioimmunoactivity = CCK-8 EE&E =

— 85 —
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Fig. 1. Effect on time course changes in plasma CCK

concentrations of supplementing a protein-
free diet with isolated soya protein or amino
acid mixture simulating the amino acid compo-
sition of the soya protein in chicks. The diet
was given as a single meal at 5g by stomach
tube. Plasma CCK levels are expressed as
CCK-8 equivalents determined with CCK-8
specific antibody. Each point is mean + SEM
of 5 observations. * Significantly differnet
from 0 time at p<0.05. Alphabetical supersc-
ript indicates significant differences between
the treatments at the same time period (p<0.
05).
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tube = £ HSIG ok RS SBRIRNA diethyl
ether 2 7}l vl A% 4vdo] frEat 3e) 3
FE AAUF £99 ET 4998 #F2 134
A%, #FAteld ubgorEe Aehio]l 439 Ny
€ A oA L 4] LEENY W 25
Bl giaizich £\ REWS S5ColA 24mp &
BANF mES fEsIch Crop emptying rate= #
@ 0 timeo] £3HEWS BERIS HEz %
g,

4. ¥ETRE

ARl A 32 ¥E= Duncan?| multiple range
testoll ola) HEMES KE3HH o (Duncan, 1955).

O. & X

Figure 1-2 ®EHHEAN, EAASAN 2 otk
Eatfase] ffd dg CCKOBRES BRI
2 Jehd Aol olulxBEAMEKEREA 24 pl-
asma CCK level & ###% 30 Z il F43) Em
stges 2ix 7~8 pgd STIolA LI /W
B ved EpAfsd 93 plasma CCK#:
Ev #EE 304725 8ot ey, 60 28
B 23l opn| =BEADELY AL £FE
ehfglch olell KA SEEAESEMERA A<
plasma 2] CCK # ol = #{kr} 213

Figure 2 = phenylalanine, arginine ¥ valinel
sHEK R0 o @ CCKOWRES ©eisme2 et
W Aolch Phenylolanine ¢ arginine ¥ H R
o8} plasma CCK level & #mt 30 Zhitel 53
3 mmstgos MEwEs ASAA 2 #nd 4
b gix|uk, Valine fai#gRel oj4+ Bm
7b ehd BERE 1504 2 180 4o HEfEe]l A
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743 5o SWRES Ve gles 2oh-gol argnne
olrd, valine o) 714 @2 SWEES! A=t
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Fig. 2. Effect on time course changes in plasma CCK

concentrations of supplementing a protein-
free diet with phenylalanine, arginine or valine
in chicks. The diet was given as a single meal
at 5g by stomach tube. Plasma CCK levels are
expressed as DDK-8 equivalents determined
with CCK-8 specific antibody. Each point is
mean + SEM of 5 observations. * Significan-
tly different from 0 time at p<0.05. Alphabeti-
cal superscript indicates significant differen-
ces between the treatments at the same time
period (p<0.05).

dou, ®E#E 6024 BmE 2 9057k B/
ke sto] abasisich
SBTI1 & A 715l #fagt &8 plasma CCKE

= 15558 3438 Frkste] RRIMS Al %4
EL Z7ME vgox, =§ AsHgk SBTI S 8ol =
2} =2 dose response & JEh gich,

Figure 4= SBTIa}akiel] 213t crop emptying
rateol] gk QS 2AHAS £330 AEHT 0
Bs) #4604 HESH gadtded &
BE Aolol A& #7F A=) ggheh

V. £ £

AR S 23 CCK4 R #at #HREs CK
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Fig. 3. Effect on time course changes in plasma CCK

concentrations of supplementing a diet with
or without soyabean trypsin inhibitor (SBTI)
in chicks. The diet was given as a single meal
at 5g by stomach tube. Plasma CCK levels are
expressed as CCK-8 specific antibody. Each
point is the mean+ SEM of 5 observations. *

Significant different from 0 time at p<0.05. Al-
phabetical superscript indicates significant di-
fferences between the treatments at the same
time period (p<0.05).

Sifmel ol of deHH ol BlA ggkeh ol
H]-¢- Ao F7 o]FF9 shiaA CCK antibody 7}
gastrin 5 WHg-3l7] #Eold, § CCK4 Carboxyl
ferminal pentapeptide 7} gastrinz} R—3k7| ={-F
olc}, =2} o] ¥ Hashimura % (1982)¢) o
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Fig. 4. Crop emptying of supplementing a diet with
or without soyabean trypsin inhibitor (SBTI)
in chicks. The diet was given as a single meal
at 3g by stomach tube. Points, the mean =+
SEM of 5 observations, are expressed as per-
centage of the meal remaining in the crop com-
pared with 0 time after feeding. * Significan-

tly different from 0 time at p<0.05.

7§ 2ksl CCK-8 antibody 2} 938 &= amino terminal
BBr%] CCK-8 antibody 24 Z8-5]gich KHE = o]
CCK-8 antibody & plasma CCK level & #gol] {#
sk, \RRS, & EAH olvx@ 2 SBTI s}
CCR Zripell =lal= Fabol] ol Aot

KB 10X, EHHEe] ollxfBucis 3 5
BBER7 AR 6L ol g H#E Holelo] Q)
oA CCKAol ¥ d¢g sh=Al 2=l
(Table 2). BEAES CCKHWHEA A AR
(Liddle#;, 1985) 2 ‘rat (Liddle %, 1986 )] o} &l
MNE BESAQST 28 olvlxeppe] Higel A=
BytEe] =t o2 i8S Jeh Yok olxEES
%] Rl A%t CCKORRES vl AR 2o
AE HWHES A (Liddle %, 1985) ratof
A= SWRRBEST A== dgheb( Liddle 4,
1986 ). ol213k Ehfpffoll 21t jol: negative fee-
dback mechanismel] 93] 3859 AHo|} = o] me-

=3
Z£7
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chanism2 ®#fEc] o} ey rat(Louje 4,
1985) = 3R]k 7 (Sale &, 1977 )ol) &= R
£ golelol a4 o|2l negative feedback me-
chanismell 3 CCK SRR A=A YA of
A g4sta] g,

FRBelH BEHKRA 2% CCKAuMRmRs
8K AL 05 E A=A e, ke yLe-2
olvt Kt BAHES Mo Yo EERIo] Bitlw
F&Hc(fig. 1). AWEES Bzl 9] 3le  tube
BeiRoll 23k ke #EE B Aol + 50 =
2317 @l AKe] olv| By} Hil AR P] =]
dstivine ¥+ 98 Aelsh

ARBAA olol e BEAY ERHs
4] phenylalanine, arginine ¥ Valine &
CCK R R dsiA #agch 53l
< ol ERBtREEsB 2% SUPRARS) A
A=l gl ch( Yang 4, 1989b), A MM ofu| xfgo)
olo) BEAYel TP &l 70 ~ %0 %ol) Al @
2} NRCY ffE k& (National Research Counc-
il, 1984) 02 <15l Felr] =l -Fof] CCK4 I
& AHEBEl SR & SEIT HEsl A9E A
olel. FHEEA o A4toz FHHB HFEE phey-
lalanine o] A 713} 2 CCKAWPEEET 24ats
gon] c}-go| arginineol, valineol4] -2 SRl
BEFR7 WA= ot (Table 2). o]9hzto] oln]i g
Bl ol CCKgit £ Bt swe
EHBHY MeEel ohEAdl Yehds AL ofutbx ofn]
> R =g ok S B A% Zold &,
Yang % (1989b)o)l 2l ov] BBy HIRAHREPI
e Yo, FRRAAE oRERd 2 3
A7) A FY Aoleh olnl SR A% XK
FWRBH RS 7| (Chang and Chey, 1983) 2 AM
(Owyang %, 1986) o4 = A= gicta HE= o &
8ol 4] phenylalanine H kWA 714 2 58
HEZF AR Aol A 43 ¢ + At
Solomon (1987)¢]] 2]5}l= phenylalanine 2 2%¥ H
Hehs oldd &Y AAAFEAe] spEmst AdE
Aoz RAY F Avkn HwE=] ok

K829} 394, SBTI A HaAMERA A gas-
tric emptying rateo] & olwi§t Q3= glo] plasma

o}u] 1 Eprho]]
Eigsle]

Valine



Table 2. Effect of protein or amino acid supplementa-
tion on changes in plasma CCK level in chi-
cks fed a single meal of a protein-free

diet
Supplements Plasma CCK! Relat?ve
(pg/ml)  potency * (%)
None (protein-free) 6.12" 0
Amino acid mixture’ 763" 100
Isolated soya protein’ 717 70
Phenylalanine® 764° 101
Arginine® 7.04° 61
Valine® 6.56" 29
Pooled SEM 0.15 -

1. Expressed in terms of CCK-8 equivalent.

2. Based upon the difference between the amino acid
mixture and the protein-free diets.

3. Prepared to simulate the amino acid composition
of the isolated soya protein.

4. Included in the diet at 239 g/kg to give 20% CP.

5. Included (g/kg) at the requirement level (NRC,
1984) as - L-phenylalanine, 5.4 : L-arginine, 10.
0+ L-valine, 6.2.
Values are means of 25-29 birds over 180 min after
feeding the corresponding diet. Means not sharing
a common superscript letter are significantly diffe-

rent at p<0.05.

rhe] CCKEES $43] BmAyle Aol 9=
Chernick % (1948)-2 ®oll SBTI-& #HHSH &F K
BaeERsBst Bnd Aoty #5000, KEHB
A SBTI #5el] &3] CCK@|EE 7} 8o =4, gl
glo}4 negative feedback mechanism &} #7154
& 73 dehigieh 22 ABRl4  plasma
CCK level o i#pnst BBRIR/LEE K WiR M7t Y=lH
ook gtete YeA 2 g8 Aol sk BERS
% ¥ CCKZ# 22 mechanismel] £]3}A] ghon,
Axihutel kel SBTLE e 2slAx Byaphiol
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==

wte} CCKo mMisRs} ch2A ggslol Yohs
ol 9lejAli= Liddle %(1984) 2 Smith % (1989)el|
o|s] plasma CCKe| BErsl Mmdtcis @a=ge
U, ARl 21914+ Holm#%:(1988 a, b)ol) ola) 3
{7t gletz @Es gl

AR A SBTI #80l] 2|3} plasmarhe] CCK
BESL BInE SxE ERBAEES B feedback
regulationel] 3t CCK=lo| Aol ojgt R & 4
#el A 2 ololct

rat

V. B #

tto] Cholecystokinin (CCK) HHioll v]x|+ ¥t
Byl ] Rl el stomach tubeol] 2}t fi
By @Rel| o8], S CCK-8 antibody & FIMisiA 2
i CCKe |EE MEsch

BB 1A, ERAHGAH XEEAHR 2 AUE
BHE= 22 @R ol =BBAHS Mkl mm
g 23 BRERAEAH REEld FESH 52 S0t
£ ngeod, olv|:BEAWHENRER BEAFEKHE
Ry} =g Wit PGS BEEHEMAM ofs)
*fE 5o = Asl8le] HET A3, phenylalanine
A7} Aol A plasmarhe] CCKBESF 7B A4
Epl opn| BB A} L £Fo R delyiod,
olo] argininee], valineol|d 7} w-& S KEEC]
s gt

B® 29 344, ZOHFRY SBTIE A 7lsio
A F3h SBTIA 7} Akl 28] plasma CCK
BRET RAK FA8 Bwdtdo-, 2 RKES1,000
mg A 7}7F 100mg/kgA 7ty o} =2 dose response 7}
#arEl gl SBTI A7t Ao 213k crop emptying
Ale REMsl 287 Jehdsl gol, SBTIZF %
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