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Development of Modeling System for Assessing Essential Amino
Acid Requirements Using Surgically Modified Rainbow Trout
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A new technique combining forced-feeding and dorsal aorta cannulation was developed to monitor con-
centration of nutritions in the blood circulation and their metabolites in rainbow trout. To study the effect of
dorsal aorta cannulation on stress, 30 rainbow trout (523=5.4 g; Mean+SD) were divided into 6 groups of 5 indi-
viduals each. A group was anesthetized and blood samples were taken at 0, 3, 6, 12, 24 or 48 h after dorsal
aorta cannulation. Hematocrit peaked at 6 h and returned to 0 values by 12 h after dorsal aorta cannulation.
Plasma cortisol and glucose concentrations also peaked at 6 h and returned to 0 values by 48 h after dorsal aorta
cannulation. Based on the plasma cortisol and glucose concentrations, the rainbow trout recovered from the
operation of dorsal aorta cannulation within 48 h. To compare the patterns of plasma free amino acid con-
centrations after force-feeding in the fish with dorsal aorta cannulation, 5 dorsal aorta cannulated individuals
(511%6.2 g) were kept in a cage. After 48 h starvation, they were anesthetized and blood samples were taken
at 0, 4, 8, 12, 24, 36 or 48 h after forced-feeding. The concentration of all plasma free amino acids, except iso-
leucine, leucine, phenylalanine, and tryptophan, also peaked at 4 h and returned to 0 values by 24 h after feed-
ing. The combined technique allows forced-feeding and repeated sampling of blood in rainbow trout with
minimum stress.
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Table 1. Composition of the basal diet'

Ingredient Dry Matter (%)
LAA? 17.27
NEAA® 12.36
Casein® 5.00
Gelatin® 2.00
Dextrin* 27.97
Dextrose’ 5.00
Cellulose* 8.20
Fish oil® 10.00
Carboxymethy! cellulose* 1.00
Ca(H,PO4),H.0 3.00
Choline bitartrate® 1.20
‘Vitamin mixture® 3.00
Mineral mixture’ 4.00

'Diets were neutralized with NaOH to give a final pH 6.6
-EAA=Essential amino acids, Ajinomoto, Tokyo, Japan
‘NEAA=Non-Essential amino acids, Ajinomoto, Tokyo, Japan
“United States Biochemical (USB), Cleveland, Ohio
‘Ewha Oil Company, Busan, Korea
‘Vitamin mixture(mgkg' feed unless indicated otherwise): A,
5000 1U; Ds, 2400 IU; E, 120 TU; menadione sodium bisulfate, 6; B;-
HCl, 15; By, 30; Be-HCl, 15; B2, 0.06; C, 300; calcium pantothenate, 150;
nicotin amide, 150; inositol, 150; d-biotin, 1.5; choline chloride, 3000; pan-
creatin, 12.5. Individual vitamins purchased from USB, Cleveland, Ohio
‘Mineral mixture (mg-kg' feed): MnSOs, 320; ZnSO., 270; FeSO.,
750; CuSO4, 60; CoSO4, 7; MgS0;, 17.3; KSO4, 212; Na(l, 519; K-HPO,,
36; NaSeOs, 0.01; KI, 0.15. Individual minerals purchased from
sunsei Chemical, Tokyo, Japan

‘Table 2. Amino acid composition of the basal diet (% of dry diet)

Amino acid +Caseir} Crystallipe Total!
gelatin amino acids

'DAA

Arginine 0.353 1.924° 2.277
Histidine 0.194 0.725 0.919
isoleucine 0.252 1.674 1.926
.eucine 0.493 2.702 3.195
_ysine 0.502 1.904 2.406
Viethionine 0.152 1.030 1.182
1"ystine 0.019 0.172 0.191
Phenylalanine 0.271 1.742 2.013
‘Tyrosine 0.270 1.335 1.605
‘Threonine 0.221 1.601 1.822
Trptophan 0.065 0.462 0.527
Valine 0.350 1.999 2.349
JAA

Alanine 0.345 1.741 2.086
Aspartic acid 0.483 3.280 3.763
Slycine 0.538 0.758 1.296
Glutamic acid 1.298 3.616 4914
Proline 0.790 0.568 1.358
serine 0.374 2.398 2.772

The amino acid profile simulated that of 35% whole chicken egg
protein (Robinson et al., 1981).
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Table 3. Hematocrit (Ht), hemoglobin (Hb) and red blood cell (RBC) from rainbow trout after dorsal aorta cannulation'

Time (h) after dorsal aorta cannulation Pooled
0 3 6 12 24 48 SEM?
Ht (%) 25.7° 29.2% 30.0° 27.8° 26.3° 254° 3.23
Hb (g/dl) 25.0 25.5 215 23.1 25.8 23.7 2.16
RBC (x10°ell/ul) 1.30 1.21 1.34 1.42 1.45 1.32 1.01
'Values are means (n=5) where the means in each row with a different superscript are significantly different (P<0.05).
*Pooled standard error of mean.
Table 4. Plasma cortisol, glucose and total protein levels from rainbow trout after dorsal aorta cannulation'
Time (h) after dorsal aorta cannulation Pooled
0 3 6 12 24 48 SEM?
Cortisol {ng/ml) 35¢ 123° 195° 109° 82¢ 38¢ 11.2
Glucose (mg/ml) 71 97° 1220 79° 98® 63¢ 7.68
Total % Protein (mg/ml) 36 40 35 31 34 32 2.14
'Values are means (n=5) where the means in each row with a different superscript are significantly different (P<0.05).
*Pooled standard error of mean.
Table 5. Plasma osmolality (OSM), Na, K and Cl levels from rainbow trout after dorsal aorta cannulation’
Time (h) after dotrsal aorta cannulation Pooled
0 3 6 12 24 48 SEM?
OSM (mOsm/kg) 295 312 332 284 303 286 15.6
Na (mEqg/1) 135 132 131 124 129 131 7.21
K (mEq/1) 34 4.8 32 2.5 34 2.9 1.64
Cl (mEq/1) 96 89 88 78 87 86 5.43
'"Values are means (n=5) where the means in each row with a different superscript are significantly different (P<0.05).
*Pooled standard error of mean.
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Fig. 1. Plasma cortisol and goucose concentrations at the com-
mencement (0 hr) and increments after dorsal aorta cannulation.
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Table 6. Plasma free amino acid concentrations (nmol/ml) from fish with dorsal aorta cannulation after force-feeding the basal diet'

Amino acids Time (h) after force-feeding Pooled
‘ 0 4 8 12 24 36 48 SEM”
EAA
Arginine 102° 668° 354° 245° 195° 145° 212° 36.2
Histidine 141° 327° 150° 93 94> 91° 135° 14.6
[soleucine 113¢ 654° 465° 327¢ 273 216° 175¢ 333
Leucine 152° 738 688° 612° 275¢ 254¢ 310¢ 441
Lysine 6370 1,257 1,019 7677 707" 417¢ 7530 50.7
Methionine 273° 628° 515° 5228 277¢ 218 272° 423
Phenylalanine 132¢ 792° 672° 534¢ 232¢ 194¢ 212¢ 47.8
Threonine 253¢ 641° 437° 3920 274¢ 252¢ 206° 27.2
Tryptophan 8° 31® 27° 19¢ 12¢ 11¢ 12¢ 2.12
Valine 175° 4322 318° 233° 195¢ 154¢ 176¢ 19.2
NVEAA
Alanine 567° 1,105° 984° 842° 727¢ 682¢ 593¢ 38.3
Aspartic acid 563¢ 1,087 872° 784° 813t 721¢ 594¢ 31.7
Glycine 653¢ 582¢ 472¢ 899° 724° 632° 474¢ 27.5
Glutamic acid 351° 1,171° 983° 725¢ 513¢ 4794 4524 54.4
Serine 251¢ 914° 783° 561° 541° 4114 3954 47.2
Tyrosine 81¢ 4012 195° 212° 105¢ 93« 87¢ 22.6

'"Values are means (n=5) where the means in each row with a different superscript are significantly different (P<0.05).

*Pooled standard error of mean.
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