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Abstract

This study aimed to verify the nutritional and curative effects of protein hydrolysate and optimal
ratio between protein and protein hydrolysate as nitrogen source in rats with cysteamine-induced
duodenal ulcer. Duodenal ulcer rat model was established by intraperitoneal injections of cysteamine.
Sprague-Dawley, female rats weighing approximately 200g were intraperitoneally injected twice cys—
teamine(13mg/100g BW) at intervals of 3hours per day. This procedure was repeated 3 times at intervals
of 3 days. Animals fed on 10% casein diet for injection periods. After last injection, 5 kinds of diets
(the ratio of casein and casein hydrolysate was 100 : 0(C100), 75 : 25(CH 25), 50 : 50(CH 50), 25 : 75(CH
75), 0 : 100(CH 100)) were given. The rats were sacrificed after feeding diet, 1, 3, 5 days. Ulcer index,
hexosamine content of stomach and duodeum, gastric motility, trypsin activity, blood glutathione,
plasma total protein, albumin, amino-N, urinary urea nitrogen, creatinine, hydroxyproline and retention
rate of nitrogen were analyzed for nutritional effects of diet treatments. There were no differences
among diet groups in the view of the growth and diet intake. The difference of ulcer curation by diet
was appeared after 3 days. The ulcer indexes of C100 and CH 25 of 3, 5 days were significantly higher
than those of CH 50, CH 75 and CH 100. This result was the same as hexosamine content of stomach,
plasma protein, albumin concentration and nitrogen retention rate. The more casein hydrolysate diet
had, the lower trypsin activity was. The more casein hydrolysate diet had, the higher excretion of
hydroxyproline was. These results show that protein hydrolysate can be applied in diet therapy for
the patients with gastrointestinal ulcer. It suggests that it has curative effect of diet when nitrogen
sources include at least over than 50% of protein hydrolysate.
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Table 1. Diet composition used in experiment
(g/100g diet)

Diet treatments

Ingredients

C100 CH25 CH50 CH75 CH100
Casein 100 75 50 25 0
Casein hydrolysate 10.0 2.5 50 75 100
Starch VA I G o O B N B
Corn oil 50 50 50 50 5.0
Cellulose 50 50 50 50 5.0
Min. mixture” 40 40 40 40 40
Vit. mixture” 10 10 10 10 10
DL-Methionine 0.3 03 0.3 0.3 0.3

“Mineral mixture(Harper pattern)(g/kg diet)

CaCOs, 11.72; CaHPO, - 2H20 0.172; KH2PO, 13.65; NaCl
10.02; MgSQ, - THO 3.99; ferric citrate hexa hydrate
0.25; CuSO0s - 5H20 0.06; MnSOq - HXO 0.05; ZnClz 0.008;
KI 0.0002; (NHa4)sMO7O4 + 4H20 0.001

®Vitamin mixture(AIN-76)(per kg diet)

Thiamin HCl 6mg; riboflavin 6mg; pyridoxine HCI
7mg; nicotinic acid 30mg; D-calcium pantothenate 16
mg; folic acid 2mg; D-biotine 200mg; cyanocobalamin
0.0lmg; vitamin A 4,000IU; vitamin E 50IU; vitamin Ds
0.25mg; vitamin K 0.05mg
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Fig. 1. Scheme of experimental design.

hyrolysate as dietary nitrogen source
C 100 is C:CH=100:0

(C : casein, CH : casein hydrolysate)
CH 25 is C:CH=75:25

CH 50 is C:CH=50:50

CH 75 is C:CH=25:75

CH 100 is C:CH=0:100

1 Injection of cysteamine(13mg/100g B.W.) dissolved in distilled water(i.p. 2 times interval 3 hr)

1: Sacrificed after 3 days of last injection

o] F 571X Aeo|F& FstHn, 2% 1,3,54 FAY
FEE AR S AH FEY = 179 67
2])(Fig. 1).

ANZAE W B4

FFdol 12478 A A7) F, 147 308 5O F
o3} 1A17F Fof] ether® wha 8lod F-47] (4344 7
252 7hel Al8& #3 sk

INEES RS

AET 9 2 AolAA =4 & A Qa2 A
T, 22390 HA dyFgez #u Ul v
& 445 09% NaCl gl dsz Mol 5 4
A #2] (10000rpmel A 208713 7484 F 831 B
|4 o g vrddeh A5 AL d59 e
A Bl YL AFHANA A st A= F
A& 24X 7F WA vkA) F 3000rpmoll A 2087 YA &
3t A& Ao B ~T0°ColA P& nHs)
Stk Al A2 A32]e] Fo 5 Eqk Alsfaig e
o, ¥3 =5 £ 22 AxFek &3, 243
F 45 udsg R, 58 01% HCLE 28 9L £7)
o 38l AA Y R E A F JERBI)HC)

ABEN

9 R Ale| A2 & ZeaPe] FA TR
B ES F A5EeAE ol 43l A rlrg AR
ZAolE mmPH7tx] AT F AH o2 Aasle] 4
FATF Tt 3 2 Alo1 XA =2 o)l 4 hexosa-
mine?] ¥X%X =48 Neuhaus$} Letzring®] 93 (9)2.
2 Aok 8 F9 glutathioned] 3= 234 &
Emest 5(10)9] ¥ & o] &35 ch ¢ H4-F 5 PEG
a2 Hyden®H (119l o 8, trypsin activity+ casein
< 712 23 Bergmeyer® (12)¢l] 2} 3] 24 s}oich. 23}
3 9 & A4 =2 Nitrogen auto analyzer(Buchi

AL, 29]2)E o] 435t ] YAl Ee] A4
creatinine %2 Jaffe reaction(13), urea nitrogen %

< uricase® ]88 kit(%d ¥ A 2}) 2, hydroxypro-
line2 Bergman® Loxley®] W (14)22, I A oA
creatinine¥} urea nitrogen TS AHE-E A7) S AL4
stodch A5 W YA o)A albuming & 4L =}
FEA71E o183t 5439, ninhydrin®(15)2
2 da-amino N& A 3}gr}.

EARN

ARAelel Aelel 4 7 #A YR AR E
BFLEFLARE A At 2 Alopd g F 27t
94 7% Duncan’s multiple range testell 2] 3
Al e} o] BAFAHL A4zl SPSSE o4
slod el

Nuzn o nE

HESHat, Ao| MH

7 AT AF-& Table 29} 2t} A5 F41 F
19 F+= A Fo] 2 o, 3d ojF+ 371
2 A2t 2, 54 ol Fells ZE AolTolA AF
o] F71stdtt. 1, 3, 54 TellA] Aol Ale]Sf A
3 3 Aol A2 AY T3l FAAA fo A=
Agdet. o] A Ao AR AF =dE o] 43t 2
W A b el 22 Aol AAE vlwd A3
7o A16)% AR FEE A

o L MoIRIFe EHAL
HYR|

FE2 AYe] A= T ARG F-Rolv A
Fe] mof b1 ol 7hgtA ebgeh. # 9 A (ul-



234 AY A A Aol s FAL AT AW Ardd A% A7

135

Table 2. Effects of diet treatments and the lapse of final injection on body weight and food intake in rats with

duodenal ulcer

Day after final injection Diet’ (n=6) Initial body weight(g) Final body weight(g)  Dietary intake(g)?
C 100 171.3+48" 168.3£59 462%0.41
CH 25 1759+49 1735%56 508+1.12
1 day CH 50 1783£8.0 1728+84 418+0.44
CH 75 178.2+6.6 1755+74 447€1.05
CH 100 175.3%7.1 1723%7.3 3.35+0.80
C 100 184.4*35 190.1£44 31.75%6.63
CH 25 185.3£53 185.7+3.9 31.38%=6.41
3 day CH 50 183.3+54 186.7£7.7 37.90£5.00
CH 75 1856+7.3 190.44.6 31.78+3.62
CH 100 184.4+6.4 180.3%5.1 30.72£4.47
C 100 175.8+46 1916%75 37.25*+4.23
CH 25 176.8+4.0 189.9+48 38.87*x4.41
5 day CH 50 175.3+54 191457 40.15+1.28
CH 75 170.1£3.2 1845+42 44,38+ 3.57
CH 100 175656 188.3£56 36.18%t1.71

UDiet treatment by the ratio of casein and casein hyrolysate as dietary nitrogen source: C 100 is C : CH=100: 0(C: casein,
CH: casein hydrolysate), CH 25 is C: CH=75:25, CH 50 is C: CH=50:50, CH 75 is C:CH=25:75, CH 100 is C CH=0:100

PDiet intakes is total amount eaten by experimental animal for experiment period(l, 3, 5day)
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Fig. 2. Effects of diet treatments and the lapse of final
injection degree of ulcer index in rats with du-
odenal ulcer.

Values are mean=*SE(n=6).

Different letters within the group are significantly
different at p<0.05 by Duncan’s multiple range test.
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Table 3. Effects of diet treatments and the lapse of final injection on hexosamine content of stomach and duodenum
in rats with duodenal ulcer

Day after final injection Diet’(n=6) Hexos??ﬁ%{j emach Hexosa.r(nglynz(rl;g)é:godenum
C 100 522.3+27.79%9 866.6+486
CH 25 550.0+16.2% 862.31525
1 day CH 50 60341285 828.7%679
CH 75 547.4+20.9% 861.4+35.6
CH 100 600.3+26.0° 81051443
C 100 4320+157° 73851324
CH 25 5449+22.1° 799.6+ 457
3 day CH 50 527.8+24.7° 871.9+55.7°
CH 75 566.5+43.3° 927.2+46.6°
CH 100 627.2+435° 907.0+14.1°
C 100 557.8%£21.6 812.4+47.3
CH 25 537.6=24.0 809.6+29.1
5 day CH 50 566.1%+26.2 909.8+63.6
CH 75 637.9%315 951.9+68.8
CH 100 61831487 968.6+77.6

“Diet treatment by the ratio of casein and casein hyrolysate as dietary nitrogen source : C 100 is C : CH=100 : 0(C: casein,
CH: casein hydrolysate), CH 25 is C: CH=75:25, CH 50 is C: CH=50:50, CH 75 is C: CH=25:75, CH 100 is C : CH=0: 100

PMean+ SE

Yab,c values within the same day groups with different superscripts are significantly different at p<0.05

Table 4. Effects of diet treatments and the lapse of final injection on polyethylene glycol distribution and trypsin
activity of gastrointestinal content in rats with duodenal ulcer

L Dietary” Dietary intake % PEG in Trypsin
Day after final injection group(n=6) for 1.5 hr(g) stomach(%) acti?;(unit)
C 100 2930517 347161 3839+ 65
CH 25 3.18+0.52 30.8+22 3839+ 98
1 day CH 50 2.83+0.59 329+69 3823+ 31
CH 75 373+1.21 351+49 3830+ 7.8
CH 100 303+0.74 35.1+40 3061+ 15
C 100 308%0.76 30.3+82 3604+ 9.2°¥
CH 25 308+0.26 365+48 3636t 29°
3 day CH 50 358+0.61 315%36 334.4+131%®
CH 75 367+0.76 351+92 3185%19.1°
CH 100 3481058 349168 336.0t11.9™
C 100 362+0.14 32.2+54 3848+ 38
CH 25 302+057 34.2+34 3777+ 51%
5 day CH 50 341+0.47 32.7+59 3626+ 66
CH 75 325+0.37 356+53 3517+ 7.1
CH 100 317+045 36.2+4.1 3460+ 9.2°

"Diet treatment by the ratio of casein and casein hyrolysate as dietary nitrogen source: C 100 is C : CH=100 : 0(C:casein,
CH: casein hydrolysate), CH 25 is C: CH=75:25, CH 50 is C: CH=50:50, CH 75 is C:CH=25:75, CH 100 is C: CH=0: 100
2)
Mean*SE
3)a,b,c values within the same day groups with different superscripts are significantly different at p<0.05
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Table 5. Effects of diet treatments and the lapse of final injection on serum total protein, albumin and a-amino
N in rats with duodenal ulcer

Day after final injection Diet”(n=6) Total protein(g/dl) Albumin(g/dl) a-Amino N(uM)
Cc 100 6.38+£0.137 410%0.16 9.48+0.31
CH 25 6.40£0.26 4331024 9.35+£0.34
1 day CH 50 6.62+0.23 436+0.24 9.28+0.32
CH 75 6.67+0.15 450+0.16 10.02£0.59
CH 100 6.99+0.23 458+0.08 9.60+0.39
C 100 7.11+0.24° 466+0.24° 8.7010.31
CH 25 6.95+0.18° 469£0.13° 8.84+0.27
3 day CH 50 768+0.13° 5.02+0.12%® 8.90%0.13
CH 75 7.65+0.20° 523%0.15° 850+0.40
CH 100 7.78+0.15% 4.86+0.10° 8.84+0.44
Cc 100 831+0.13 420+0.42 9.38+0.27
CH 25 791+0.23 397+0.14 915+0.19
5 day CH 50 '7.90+0.36 432+017 9.38+0.12
CH 75 851+0.30 429+0.23 867028
CH 100 7.89+0.19 404+0.28 965+0.28

“Diet treatment by the ratio of casein and casein hyrolysate as dietary nitrogen source: C 100 is C : CH=100 : 0(C: casein,
CH casein hydrolysate), CH 25 is C: CH=75:25, CH 50 is C: CH=50:50, CH 75 is C: CH=25:75, CH 100 is C : CH=0: 100
Mean+SE
a,b values within the same day groups with different superscripts are significantly different at p<0.05
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Table 6. Effects of diet treatments and the lapse of 1933 5 Foll A= 2+ Ao F7kell BAA A -2 2
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Day after Diet” BUN(mg/dl) Blood

final injection (n=6) g creatinine(mg/dl) S HA ALYJoZE A Je R B TS A
C 100  850+072°°  1.69+0.08° s oA el 7L BEAVE] L oF & o oe _
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CH 25  867+061 202+052° 57l A B AgAlold Al -0 7} gl ch
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UDiet treatment by the ratio of casein and casein hyrol- AT e Al FlpRa e uge] BLSE
ysate as dietary nitrogen source: C 100 is C : CH=100 —
1 0(C: casein, CH: casein hydrolysate), CH 25 is C: CH= 7= Ao
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N =| N = =
(Ol 100 is C: CH-0:100 23 A ChAMES By
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Table 7. Effects of diet treatments and the lapse of final injection on urinary urea nitrogen, creatinine and hyd-
roxyproline in rats with duodenal ulcer

Day after final injection Diet"(n=6) Urinary urea nitrogen Urinary creatinine Urinary hydroxyproline

(mg) (mg) (ug)

C 100 3298+ 5917 5931133 60.73% 1.93%

CH 25 3176+ 7.43 5971081 89.03* 8.18®

1 day CH 50 34.42+10.38 487122 8647+ 370"
CH 75 3355% 6.76 5.66+1.05 69.05+ 7.30°°

CH 100 39.63* 9.24 783090 102.42+18.92°

C 100 7407%16.79 1167+1.16 21627+ 2776

CH 25 90.87+30.24 10.86+0.97 310.35+2253°

2~3 day CH 50 6295+ 499 11.90+0.19 469.45+59.68°
CH 75 4930+ 385 1051+1.73 309.50+52.59°

CH 100 5655+ 591 9.17+1.11 47430*59.05"

C 100 437.00+38.46 12.96+ 159 177.30+41.13°

CH 25 44568+57.17 10.14+1.36 22375+ 42.32%

4~5 day CH 50 392.35+86.63 10.02+1.91 439.82+51.3%°
CH 75 268.68+35.74 1221+1.36 190.02+29.83

CH 100 306.00+76.57 1256+ 1.48 254.40+54 58

"Diet treatment by the ratio of casein and casein hyrolysate as dietary nitrogen source: C 100 is C: CH=100: 0(C: casein,
CH: casein hydrolysate), CH 25 is C: CH=75:25, CH 50 is C: CH=50:50, CH 75 is C: CH=25:75, CH 100 is C: CH=0: 100

YMean*SE

3)a,b values within the same day groups with different superscripts are significantly different at p<0.05
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Fig. 4. Effects of diet treatments and the lapse of final
injection nitrogen digestability and biological va—
lue of dietary nitrogen in rats with duodenal ulcer.
Values are mean® SE(n=6).

Different letters within the group are significantly
different at p<0.05 by Duncan’s multiple range test.
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