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Introduction

The importance of nutrition especially protein nutrition in the field of surgery has
been especially emphasized due to the profound effect on the operative result and wound
healing. A specific post-operative metabolic change especially in protein metabolism due
to the operative insult has been repeatedly pointed out by many investigators. Recent
progress in the method of determination of amino acid has gradually led to the study of
individual amino acid due to operative insult. Since amino acid preparations became
readily available, the importance of studying the relationship between the administration
of such preparation and amino acid fluctuations became evident. No definite findings
have yet been obtained.

Concerning the amino acid preparations, Elman!~* in 1939 for the first time admin-
istered a mixed solution with addition of tryptophane, methionine, and cystine in living
body and observed the equilibium of nitrogen balance, decrease in albumin concentration,
and a diminution in the degree of body weight decrease, as the first application of amino
acid in the field of clinical surgery. Using the regeneration of blood protein of dogs as
the index, Madden®~'” and Whipple studied the effect of administration of solutions of
amino acid crystals with various composition and prepared the Vuj mixture, which proved
to be clinically effective. Werner' used this Vuj mixture following gastrectomy and
found a positive effect on improving the nitrogen balance. Howe!® subsequently improved
it to prepare Vuj-N mixture. As the standard amino acid composition, the composition
of FAO published in 1957 are available. Both of these formulas are in widespread
clinical use at present.

In the field of peroral nutrition, daily requirement of each essential amino acids
has been established. According to Rose’s™ study, the whole egg has the composition
of amino acids most close to that of the ideal crystalline amino acid mixture to maintain
nitrogen metabolism. However, a standard composition of amino acids in the fluid for
intravenous administration to be used in patients in whom oral administration is impos-
sible has no been established. Only studies by Everson', Matsushita'®, Cryssel'®, and
Oishi'” are available since Howe. For the purpose of classifying the amino acid metabo-
lism in gastrectomized subjects, the effect of administration of these amino acid prepa-

rations on the postoperative amino acid metabolism was studied. Some new informations
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were obtained in the ratio of mixture of amino acids.

Materials and Methods

Experimental Subjects

Twenty-one cases of gastric cancer and 11 cases of gastric ulcer, total of 32 cases of
gastrectomy hospitalized at the First Department of Surgery, Sapporo Medical College
Hospital were studied. Cases in which only exploratory laparotomy or gastroenterostomy
was carried out were excluded. Only those with normal values in preoperative liver
function and adrencortical function tests were selected.

As an additional study, vitamin B; concentration was determined for the purpose of
studying the relationship between amino acid fractions and vitamin B; concentration in
20 patients hospitalized at the First Department of Surgery.

Fluctuations in amino acid fractions in postoperative patients were studied in 3
groups. As shown in Table 1, group 1, 2 and 3 in which amino acid was added in

patients with group 2 as seen in the Table were used.

Table 1  Transfused Amino Acid Constitution (mg/dl)

‘ Group 3 (added group 2)
‘GrouPlbrouP“‘LT\TS\TT KF‘YS\SO}SI‘SY‘KD
Lys 192 1,440 750 750 750 | 750 ‘ 500 500
Thr ‘ 700 | 640 | 175 105 | 105 140 105 | 0 ‘ 70
Met 680 960 60 60 60 40
Try ‘ 300 320 15 {
Leu 1,000 1,090 | ' 30
Meu 660 960 ‘ ‘ ‘ | ‘
Phe 960 640 | 1 w
Val 640 | 960 | |
Arg ‘ 1,090 1,000 | 500 | !
His ‘ 470 500 ‘
Gly 600 1490 | | ‘
Sorbitol | 5,000 5,000 3 ; i i
Total amino acid | 9,400 } 10,000 | | ; ;
Ronoldaree o | o -

In group 1, 200 m¥ of fluid was given parenterally once daily, while 600 m¢ was given
daily for 7 days in groups 2 and 3. In order to make the experimental condition as
constant as possible, 50 mg of vitamin B;, 50 mg of vitamin B,, 500 mg of vitamin C,
50 mg of vitamin Bg, 1mg of vitamin By, 30 mg of vitamin K;, 300 m¢ of Glyco-Algin,
200 m¢ of electrolyte mixture, and 200 m¢ of 5% glucose solution were given intra-
venously. In groups 2 and 3, 100-200 mg of vitamin B;, 100-150 mg of vitamin B,, 500-
700 mg of vitamin C, 120 mg of vitamin Bg, 2mg of vitamin By, 100 mg of vitamin K,
125 mg of Durabolin, 300 m# of glucose solution, and 300 m¢ of Glyco-Algin were given
intravenously by dripping.
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In addition the fractions of additional amino acid was determined in group 5 and

the proportion to the normal value of amino acid concentration was calculated in % for

each amino acid, and 2 or 3 acids showing the minimum concentration were selected.
Total protein was measured by Hitachi proteinometer. Protein fractions were

determined with Tiselius electrophoresis and A/G ratio was calculated from these results.

Results
1. Amino Acid Fractions during Operative Insult

In order to observe the changes in the amino acid fractions due to operative insult,
5 patients subjected to gastrectomy with normal preoperative liver function and A/G
ratio were selected for study.

GOF anesthesia was always used to keep the operative stress to the minimum.
Blood samples were obtained 30 minutes after the end of the operation.
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individual amino acid, lysine, cystine,

serine, leucine and aspartic acid showed high rates of decrease, while alanine, valine,
tryptophane and aspartic acid show low rates.

The time required for operation was not particularly related with the method of
operation or A/G. In 4° with far advanced cancer, the rate of decrease of lysine, cys-
tine, serine, leucine, and aspartic acid in response to surgery was high, indicating the
presence of some relationship.



Table 2 Amino Acid Fractions upon Operative Insult (r/mé)
\ T.M T.T KM S.Y \ T.H
Name iPre. ope‘ Post. o. ‘ CV% |Pre. ope! Post. o. g CN% [Pre. ope} Post. 0.| CV% |Pre. ope[ Post. o. ' CV% |Pre. ope} Post. 0.1 CV%
Cys » NH;, ) 0.50 0.48 96.00 0.80 0.70 1 87.50 J 0.38 0.32 84.21 0.33 0.51 | 154.54 0.58 0.53 91.37
Asp 0.14 0.121 85.71 0.25 0.14 56.00 0.14 0.10 71.42 0.51 0.52 | 101.96 0:33 0.30 90.90
Thr 25.51 20.50 80.36 25.30 21.80 86.16 27.50 18.10 65.81 26.34 18.01 68.37 14.54 13.89 95.52
Ser 13.50 13.10 97.04 14.15 9.85 69.61 14.60 12.30 84.24 15.08 11.10 73.60 11,32 9.50 83.92
Glu 4.50 448 99.56 3.90 3.01 7717 4.85 3.20 65.97 7.12 4.27 59.97 6.40 5.50 85.93
Gly 4.30 4.00 93.02 15.80 12.40 78.48 8.70 7.00 80.45 12.32 10.93 88.71 18.19 16.00 87.96
Ala 6.50 8.90 | 136.92 16.00 18.10 | 113.12 20.60 19.00 92.23 16.19 15.75 97.28 11.85 13.20 | 111.39
Cys 3.05 2.85 93.44 1.70 1.10 64.71 4.45 3.30 74.15 4.23 | 4.31 | 101.89 2122, 1.05 47.29
Val 13.42 14.20 | 105.81 5.05 7.80 | 154.45 9.00 9.90 10.00 19.97 14.49 72,95 18.26 17.89 97.97
Met 0.80 : 0.68 85.00 1.40 1.30 82.85 1.75 1.00 BT.14 1.50 1.35 90.00 1.81 0.90 68.70
Ileu 2.35 1.98 84.25 4.65 4.00 86.02 3.75 2.50 66.67 2.3, 1.80 77.58 3.16 3.00 94.93
Leu 5.00 4.70 94.00 6.52 5.20 79.75 7.70 7.20 93.50 5.40 4.25 78.70 9.22 8.10 87.85
Tyr 4.56 360 76.75 4.80 4.20 87.50 3.49 2.84 81.37 | 4,90 4.50 91.83 3.95 277 70.12
Phe 3.54 5.50 | 155.36 4,94 3.90 | 126.66 1.42 0.95 66.90 8.20 6.28 76.58 4.65 3.87 83.22
Lys 16.14 12.45 77138 14.05 9.50 67.62 12.06 11.85 98.25 13.06 9.85 75.42 20.92 15,22 7275
His 5.85 4,34 ‘ 74.18 4.20 3.70 88.09 4.25 2.80 65.88 4.30 2.34 54.42 4.59 0.50 88.03
Try 4.50 3.42 76.00 1 3.85 3.00 77.92 4.10 3.40 82.92 2.96 1.75 59.12 2.50 ‘ 292 | 116.80
Arg 4.80 6.05 | 126.04 6.85 6.65 97.08 | 1.60 1.90 18.75 i 7.69 5.68 | 73.86 5.35 | 4.20 78.50
’arn(’)lgilo acid | 11896 | 105.77 88.91 | 134.21 | 116.35 1 86.69 }‘ 130.34 | 107.66 82.59 ‘ 152.42 " 117.69 77.21 | 139.34 } 123.34 88.52
grisiir(l)ti:};id 71.26 63.43 ; 89.01 65.76 ; 56.50 85.91 67.28 54.90 ! 81.59 [! 79.75 ‘ 5778 ii 72.45 74.56 65.79 88.23
Ope. tisadall B0 90 | ‘ 70 ( B ‘ | 60
Ope. Method|  BI 1 | ; BII ; } B 1 BI | ‘ BI
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2. Changes in Postoperative Amino Acid Fractions due to Administration
of a Small Amount of Amino Acid (Fig.2 Table 3)

Serum total amino acids decreased on the 1st and 3rd postoperative day, followed
by a gradual increase on the 5th and 7th day. In 2 cases the level on the 7th day was
higher than the preoperative level while the recovery did not reach the preoperative level
in 6 others.

Changes in Individual Amino Acids will be Described Next.

Blood concentration of leucine increased on the 1st and 3rd post-operative day
followed by a gradual decrease on the 5th and 7th day, but the return to the normal
value did not take place. In 2 cases, a gradual increase was noted on the 5th and 7th
day. Valine increased on the 1st day, followed by a decrease in 2 cases, increase by the
3rd day and then decrease in 2 cases, increase by the 5th day and decrease in 2 cases,
persistent decrease until the 7th day in 1 case, and persistent increase until the 7th day
in 1 case. Return to the normal value did not take place in any of them.

Isoleucine decreased after an increase on the 1lst day in 4 cases, after an increase
until the 3rd day in 1 case, after an increase until the 5th day in 3 cases, and continued
to increase until the 7th day in 1 case. In each case, the variation was rather wide
with a marked difference from the normal level.

Tryptophan increased until the 3rd postoperative day in 5 cases, and until the 5th
day in 3 cases. Among these cases, a gradual decrease followed the increase in 7 and
a rapid increase in 1, so that the values became close to the normal value by the 7th
day.

Lysine was already much lower than the normal value already at the time of admis-
sion in almost all cases. On the first postoperative day, these values decreased further,
and started to rise again slowly from the 3rd to 5th day but failed to reach the pre-
operative value.

Methionine showed a tendency to decrease in almost all cases from the first to the
third postoperative day in almost all cases. Slow and gradual decrease persisted there-
after until the 7th day in 4 cases, an increase was seen in 4 but normal values were not
reached.

Threonine showed a rapid decrease from the day of operation to the third day in
almost every case in which the preoperative level was close to the lower limit of normal.
Further decrease until the 7th day was seen in 4, and a gradual increase was seen in 4.
The values only reached the range close to the lower limit of normal.

Phenylalanine decreased on the 1st day in 4 cases, and increased in 4 cases. Sub-
sequent increase from the 3rd to the 7th day was seen in 5, and a gradual decrease was
seen in, but scarcely any of them reached the normal level.

Alanine increased on the 1st day and decreased on the third day, followed by
a gradual return by the 7th day but none of the values reached the normal range.
However, in 2 cases a gradual increase during the 7 postoperative days was seen in 2
cases.

Serine decreased on the 1st and 3rd day and subsequently continued to increase by
the 7th day. The values did not return to the preoperative value or normal level.
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Cystine decreased on the 1st day followed by a gradual increase in 4 cases, gradually
increased following a decrease until the 3rd day in 5 cases, and gradually increased fol-
lowing a decrease by the 5th day in 1 case. Values did not return to the normal range.

Glycine showed a gradual decrease from the 1st to the 7th day in almost all cases
in which the value at admission was less than normal. In only one case a gradual
elevation was noted.

Glutamine showed a tendency of decrease by the third day in most cases. The
value was sustained until the 7th day with no tendency of recovery.

Histidine decreased until the 1st day in 1, until the 3rd day in 2, and until the 5th
day in 1, followed in each case by a gradual recovery. In 2 cases a gradual and per-
sistent decrease was found from the day of operation until the 7th day. In 2 cases in
which values higher than normal was obtained at the time of admission, temporary
decrease was found on the 3rd and 5th day followed by an elevation.

Arginine kept increasing until the third day and showed a tendency of decrease
until the 7th day. Fluctuations under the normal level were seen in many cases. In 2
cases a gradual increase was seen by the 7th day.

Cysteic acid showed an elevation on the first postoperative day rather than the time
of admission in 1 case and showed a decrease by the third day in 1 case. Decrease
followed in each case giving a value lower than at the time of admission. However, in
2 cases a decrease was seen until the 3rd and 5th day followed by an increase.

Tyrosine decreased until the third day followed by an increase until the 7th day in
4 cases, while an increase was seen until the third and fifth day followed by a decrease
in 3 cases.

Aspartic acid showed a decrease or an increase on the 3rd day, showing a consid-
erable elevation over the level at admission on the 7th day.

3. Postoperative Fluctuations of Amino Acid Fractions Following an Administration
of a Large Amount of Amino Acid. (Fig. 3 Table 4)

Serum total amino acid values decreased on the 1st and 3rd post-operative day,
followed by an increase on the 5th and 7th day. As compared with group 1, the rate
of decrease on the 3rd day was smaller and the rate of increase on the 7th day was
greater.

Total essential amino acid showed a smaller rate of decrease on the first and the
third day as compared with group 1, slight decrease being seen on the 3rd day in 2 cases
and on the 5th day in 2 cases. A decrease was noted on the 7th day in 2 cases but all
other cases showed a recovery to or above the preoperative value.

Total non-essential amino acid decreased on the 1st and 3rd day followed by
a tendency of increase on the 5th and 7th day, returning approximately to the preopera-
tive value.

Changes of Each Amino Acid will be Discussed.

Leucine increased until the 1st and 3rd postoperative day followed by a decrease
until the 7th day in 5 cases. A decrease continued until the 3rd day in 1, and a wide
variation was seen in 1.

Valine showed an elevation on the 1st day followed by a decrease in 3 cases,



Table 3-a Changes in Post Operative Amino Acid Fraction Due to Administration
of a Small Amount of Amino Acid Group 1 (r/ml)
Name K.M T.T T.M S. 8
Dy Al \ s s |7 |al1]s]s ‘ 7 | A ‘ 1| 3]s 7| A | 1 ‘ 3
Cys-NH, | 039 044 040 032 028 08) 065 060 055 073 0.52[ 051 058 059 050 016 014 014
Asp 015 012 010 012 015 720 015 012 021 031 012 011 015 018 019 031 045 050
Thr 2250 24.00 200 1850 17.00, 24.23 2351 14.20] 1520 1834 2477 23.97 2240 1270 19.46 25.17| 24.80 20.20
Ser 1460 1260 1240 1350 1170 1237 1130 1190 910 11.30 14.60 1259 900 980 1354 1540 1340 820
Glu 540 410 400 350  3.00 385 290 220 280 240 445 570 350 302 385 450 620 7.80
Gly 970 860 7.00 820 700 1479 991 941 1400 1320 431 490 420 442 480 920 910 800
Ala 2160 1150 17.20 1500 1200 17.21] 1950 19.00| 2050 22.90 6.45 10.90 1250 1350 1540 13.72| 1340, 12.85
Cys 4.60 130 240 990 140 167 090 1.00 080 0.0 294 262 170 165 275 201 225 145
Val 910 620, 1050 1250 1050 656 1140 1320 14.00, 11.40] 1351 1445 1410 13.20 1361 1151 1110 11.82
Met 190, 050 042 180 240 138 148 148 142 100 069 068 079 098 138 191 120 135
Tleu 360 2200 4100 480 400 452 903 825 750 450 208 396 245 375 281 590 620 890
Leu 7700 1140 1100 980 1020 641 1600 1400 1300 1280 489 566 575 490 463 1060 1250 1400
Tyr 379 359 260 265 387 494 450 480 420 390 356 354 258 350 448 390 370 280
Phe L1120 098 205 410 563 489 234 425 410 589 434 380 350 342 432 630 850 12.00
6.98
Lys 13.06) 11.80 1210/ 1235 12.80 1250/ 1250 10.00] 1050 9.40| 1502 1250 20.00| 1800 1620 11.63 18.50 15.00
His 4300 202 260 3200 442 404 519 270 285 289 614 998 870 7.25 759 369 280 285
Try 436/ 170, 3.75 3.60 363 379 379 420 441 379 451 358 660 670 206 198 250 270
Arg 170, 080 200 200 204 665 830 200 150 416  4.30 105 750 805 998 316 346 645
}irgiilo acid | 12957 10385 9662 116.84: 112.02; 137.89“ 1325 123.31 126.64 129.51! 117.20 12350 126.00] 115.77 127.55 137.80, 116.08 138.29
Essential | 6334 5878 45.92 67.45; G661 64.28!‘ 79.95 6958 70.13 67.12‘] 69.81 68.60,J 75.59" 6365 6447 7521 8530 8597
I‘;‘r’;’igfje;;fg‘: 66.23% 4507/ 50.70 49.39| 4586 7361 63.30 53.73;‘ 56.51 62.39"1 47.39 54.90{ 50.41‘ 5212 6308 6250 3078 52.30
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Table 3-b
Name s.s | N. I } S.T \ S. Y LA
Day s |7 a1 ]s]s]z[alv]s|7|a|1]s|7|a]1]s]7
Cys-NH, | 016 018 | 015 012 018 010 044 032 020 017 l |
Asp 047 057 074 082 091 114 090 080 076 090 062 094 082 073
Thr 27.30 28.83 22.20 19.00 1850 11.85 11.60 2555 27.25 2512 2349 2690 2420, 1200 21.30 2289 2235 20.86 19.28
Ser 9.00 990 1230 920 850 9.10 12.40 14.805 1320 1300 1190 1440 1210 1180 1150 11.05 13.85 10.75 12.40
Glu 750 700 7.60 540 400 360 390 431 440 338 303 460 390 350 370 2220 211 140 270
Gly 700 460 900 800 760 750 84l 1670 1430 1010 1220 1520 1450 1300 1280 1203 1323 1170 1150
Ala 1270 1396 14.67 1450 10.50| 14.10 13.28 24.60 18.00 11.11 17.60 21.80 22.10 1200 11.90 1321 16.39 1440 16.02
Cys 2.30 2.17‘% 780 140 100 120 150 384 365 223 317 375 250 261 225 267 277 1512 225
Val 11.80 1210 7.25 1125 1382 950 774 17.10 1410 1380 1000 1520 1480 1810 1300 1364 1519 1425 1232
Met 190 152 080 070 060 050 070 231 231 242 262 150 090 080 080 086 078 080 058
Ileu 1110, 990 4.0 620 700 7.80 1080 630 7.80 410 320 320 410 460 230 185 294 242 172
Leu 1380 1630 706 850 785 870 1170 1440 920 840 710 610 780 920 4.20'3 372 658 570 550
Tyr 360 540 267 234 248 290 250 499 451 345 335 350 420 450 250 216 227 221 344
Phe 105 11.60 349 410 425 382 405 770 980 7.90 580 490 510 310 270 570 338 311 232
1172 17.02 18.55 | ’
Lys 1500 1280 16.13 1538 1400 1378 1416 1550 1350 1250 1203 1280 1100/ 1200 10.60 1557 16.13 1640 16.08
His 655 491 153 102 084 072 113 583 480 3.20 254 600 570 480 352 848 1043 940 13.79
Try 378 379 231 630 7.00 640 490 482 521 510 303 341 450 470 227 449 342 520 3.60
Arg 580 308 119 095 099 101 138 120 191 201 175 141 18 210 116 1732 820 1001 9.68
‘
aTIﬁfﬁlo acid | 14250 160.33 137.12!123.42 116.49“ 109.04 214.57 183413‘! 218.96/ 105.24 124.05‘.1 145.91; 140.37) 108.91) 109.10/ 180.02 140.96 130.94 133.91
f;slf]r(‘)“;‘il 4| 8573 96.84} 63.34‘ 71_43‘ 73_025 62.35 65.65 93.68 89.17;‘ 66.92 67.27% 74.01“ 7240 6450 57.17 68.72 70.77 6874 61.40
Do eosentiall 56.77) 6349 73.78 51.99 43.47‘ 46.69“ 148.92 89.45 129.79," 38.32 56.78: 71.90‘ 67.97\ 4441 51.93 111.30‘ 70.19" 62.20 7251
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elevation on the 3rd day followed by a decrease in 3 cases, and kept increasing until
the 5th day followed by a decrease in 2 cases. As compared with group 1, the value
was far lower than the controls.

Isoleucine showed an increase on the lst day in 2 cases, kept increasing until the
3rd day in 4 cases, and kept increasing until the 5th day in 2 cases, followed by a de-
crease. In both of the 2 cases in which a decrease was seen on the lst day, subsequent
increase was noted. The width of fluctuation was larger than in group 1.

Tryptophane increased until the 3rd day followed by a decrease in 3, and continued
to increase slowly until the 7th day in 4. The difference from normal values was greater
than in group 1.

Lysine decreased on the lst postoperative day in all cases, followed by an increase
on the 3rd and 5th day and a slow decrease by the 7th day, showing subnormal values
in all except one. The range of variation was, however, smaller than that in group 1.

Methionine decreased until the 3rd day in each case and increased on the 5th day.
Increase was continued until the 7th day in 4 cases, while a decrease was again seen in
4 cases. Values were closer to normal range in all cases.

Threonine decreased on the 1st postoperative day in all cases, followed by a gradual
increase around the 7th day, reaching the preoperative value and approaching the normal
value.

Phenylalanine decreased on the 1st and 3rd day in most cases, followed by a gradu-
al increase by the 7th day. The fluctuation was smaller than in group 1, approaching
the normal range.

Alanine decreased on the 1st and the 3rd day and gradually increased on the 5th
and 7th day, but did not reach the normal value. The difference from the normal value
was greater than in group 1.

Serine decreased on the lst day in 6 cases, and increased in 2 cases. In 3 cases
further decrease was noted on the 3rd day. Increase was again seen on the 5th and
7th day approaching the normal value. As compared with group 1, a tendency of
increase was noted from the 3rd day, approaching the normal value.

Cystine decreased until the 3rd day in 3 cases, and until the 5th day in 2 cases,
followed by an increase in each instance. Subsequent fluctuation was larger than in
group 1.

Glycine decreased until the 3rd day and then gradually increased until the 7th day
in 4 cases, while a persistent and slow decrease from the 1st to the 7th day was seen
in 3. No great difference from the preoperative value was noted. Fluctuations were
smaller than in group 1.

Glutamic Acid decreased until the 3rd day in most of the cases, followed by some
increase by the 7th day. As compared with group 1, recovery towards the preoperative
value was better, approaching the normal value.

Histidine decreased on the 1st and 3rd day followed by a gradual increase until the
7th day. As compared with group 1, the fluctuation was smaller. In many instances
values higher than normal were seen on the 7th day.

Arginine increased on the 1lst postoperative day in 3 cases, and increased until the



Table 4-a Changes in Postoperative Amino Acid Fraction Due to Administration

of a Large Amount of Amino Acid Group 2 (r/m)
Name TY Y5 IH .Y
Dy | A 1 \ 3 ‘ 5 | 7 | A | 1|3 |s |7 A 3 | s 7 | A 1 | 3 5
Cys-NH; | 012 0.15‘1 0.16 015 015 034 030 040 068 073 049 0.45 041 083 047 013 010 011
Asp 068 040 050 0.42 037 013 020 0.25 ().27‘ 031 031 035 028 026 o.:;o‘ 0.13 o.m! 0.11
Thr 1280 1720 1480 2520 27.90 29.40 18.00 21.00 2200 1690 22.80 1800 31.00‘ zz.r)o} 1700 2168 2336 192 20.89
Ser ‘ 11.19‘ 11.10’ 11.25 12.10\ 12.85 1130 14.50 15.00‘ 1600 1380 1250 1050, 13.10 11.00 1150 9.40 1484 1224 1276
Glu 6.70.  6.25 5.00‘ 550 688 650 350 450 550 570 570 z.oo] 180 250 800 418 477 :a.ﬁ:—ai 3.56
Gly 12,52 1365 1082 9.65 997 1120 1150 1100, 9.80 9.60 9.00l 15.00 14.8()l 1780 1920 1258 12.78! 10.89  12.02
Ala 16.20) 1850, 11.00 1200 10.82 2540 18.00 1.50 15_00‘ 1830 1620 1320 1420 17.00! l()‘.()()i 1157 1250 1039 1072
Cys | 181 1321 100 161 1144 165 250 145 171 142 420 380 200 180 420 3421‘ 234 144 277
Val 1528/ 11.50) 1315 12.80) 1115 12.30 11.05 1250 12.10 11.:;7i 11.40 1:;00} 9.00 12.(><)i 9.80 12.071 1510 13.47 1365
Met 165 145 090 150 133 125 120 110 180 138 238 240 1.65‘ 1.21“ 1.:;3‘ 218 268 241 2.84%
leu 249 425 328 201 139 125 150 1700 1260 1360 900 17.20 19.00 1050 4.50‘ 544 808 926 1118
Leu 434 578 550 333 216 130 17.00‘ 1950 1800 16.00 1600 1420 920 900 640 1367 15.87‘ 2255 28.12
Tyr 372 261 310 401 539 302 334 350 270 299 490 320 410 455 490 681 9.93 1192 11.22§
Phe A8 325 425 410 396 475 382 540 470 479 489 464 358 570 389 607 ﬁ.:&zi 6.94  7.26
a _— | o | | | |
Lys ‘ 16,66/ 14.30 13.00 14.10i 1224 14320 13.20 1280 1340 1344 1563 1480 1490 13.50 1:;.44‘ 15.16 1:;.22i 1549 1516
His 976 625 530 420 4.94: 6.40  5.40 520 780 9.23 750 600 580 590 7.501 496 418 680 830
Try 409 423 400 398 443 150 270 110 320 379 379 421 550 415 568 267 234 475 507
Arg | 7.76‘ 820  8.00 7,4:;‘ 7.98! 856 820 7.50 5.:;(){ 4.16% 416 450 512 600 743 419 1456 914 8.60
aln(ifl’;lo acid | 13353 142.28“15.01‘138.58: 125.35‘155.44;158.42 15382 12502 14751 15085 147.45 14544 14525 13364 202.38 16320 160.84 174.35
E;ﬁi%“;iid} 61.99 57.711j 58.88] 67.02 64.56 64.57 68.47 940 6026 8127 8589 88.45‘ 83.38 78.06 5909 7894 86.97) 9419 10418
Non essential 7y 5 6342 69.76 65.14 6496 5000 GL61 67.19 7455 12344 7623 6665 70.17
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Table 4-b
Name | H.Y K. KT T.M K.S
Day 7 A 1 3 7 A1 3 7 A |1 3 5 7 A 1 | 3 5 7
Cys - NH, ‘ 015 045 050 012 0.24 064 051 023 073 024 030 040 031 034 099 092 086 072 081
Asp | 043 030 020 0.253 025 028 015 010 030 031 025 020 025 031 028 024 031 016 012
Thr 26,82 24.60 2310 2150 26.40 3500 3100 2850 24.10 2246 2382 2391 1440 1657 2416 2380 2365 2440 2555
Ser ‘ 1131 1050  9.80 10.50! 1460 1000 800 7.50 660 1440 1200 1050 1400 1380 13.60 1520 1280 1300 1470
Glu 268 4.50! 3.00 3.50 :;901 4.00 5_30‘ 410 420 521 48.5(); 495 400 414 400 3.20% z.rso} 300 6.80
Gly 13.38 950 1020 1280 10.80 1500 1180 9.20 1120 953 820 845 895 896 750 820 680 600 960
Ala 1412 2050 17.50 16.00 17.50‘ 2800 2450 1920 1880 1411 1351 942 920 1034 1270 1240 1125 1040 12.90
Cys 230 320 150 200 250 200 4_80! 360 2.10 250 300 401 402 590 620 640 510 650
Val 1249 1150 1100 800 680 900 1050 850 1230 9.0 500 1500 1200 1140 121 820 134 1450 1230
Met 228 228 210 207 225 100 058 040 150 138 137 096 106 130 230 280 180 250 230
llew | 940 750 500 600 450 800 9.50 z.5<>f 450 900 1050 1100 980 9.001 (s.:so‘ 450 7.80 950  6.80
Leu 1957 800 750 510 640 500 7.80 8.5()i 640 640 840 1050 1100 1280 930 9100 1100 980 800
Tyr 1012 490  3.200 300 rs.9o§ 320 312 340 490 490 470 375 380 399 350 410 520 4.00‘ 4.90
Phe 6.89 9.00‘ 580 620 452 680 672 4.:;(3! 6.45 445  4.10 500 350 479 890  7.00  7.50 9.10! 6.70
‘ | 1 ‘ | 0.95 ‘ - 1LI6
Lys 1393 14.26 12.00 17.863 1219 1326 1292 1481 1281 1188 1150 1170 1290 12.81‘ 15.()8i 1310 1333 1380 12,56
His 578 620 425 382 462 262 320 215 115 577 480 310 3.80 508 340 280 270 320 396
Try 222 326 286 210 317 265 120 2.10* 1.89‘ 480 520 6.1()% 640 658 303 478 510 250 284
Arg 6.01 4,100 3.50 7.8(): 4.99 542.'3‘ 460, 2.50 (3.(55‘ 6.40 6.68 7.00 7.20 7.43‘ 3.24 3.04 1.05 2.00 %33
Total | 15088 112,96 113.11] 12862 130.53 15168 146,10 121.65 126,58 13034 127.63 132.24 200.38 13371 137.77 127.58 12149 11685 140.76
amino acid ‘ | | [ | ‘ ‘
Erflsli’(‘)“;ild 93.60 58.2(5; 59.4(33 6883 66.23 80.71 80.2 69.67 69.95 6947 69.89 8217 7106 7525 70.28 73.28 7152 8.10 6598
Non essential g og 54.70‘ 5365 5979 | 7097 6588 5198 56.63 5779 5007 13832 5846 6749 5430 4997 3075 7478
| |

amino acid | \

64.30
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3rd day in 1, followed by a decrease until the 7th day in all cases. In 2 cases,
a decrease was seen on the 3rd day followed by an increase until the 7th day on the
contrary. Values closer to normal were seen as compared with group 1.

Cysteic acid decreased on the 3rd and 5th day followed by an increase until the 7th
day in 5 cases, while an increase was seen until the 3rd day followed by a decrease until
the 7th day in 2 cases.

Tyrosine decreased on the 1st day followed by a gradual increase until the 7th day,
approaching the normal value.

Aspartic acid increased on the 3rd day and decreased on the 7th day in 3 cases, and
decreased on the 3rd day and increased on the 7th day in 3. All of them approached
the normal value.

4. Vitamin B, Concentration and Amino Acid Fractions (Table 5, 6)

In order to study the interrelationship between vitamin B, concentration and amino

acid fractions, both were determined simultaneously.

Vitamin B; concentration is shown in the Table 5. On the 3rd postoperative day,

Table 5 Vitamin By (Butyrylthiamine disulfide) and Amino Acid Fractions (r/md)

\ T.H 1 M. Y | T.M
| [
Name ; (};I;)ee. i 1 hour} 8 day grpee } 3 hour% 7 hour ﬁiur ' 8 day ‘ CP)rpee 3 day | 8 day
Cys + NH, ‘ 049 | 049 047 | 097 090 ‘ 097 049 024 024 | 040 | 0.34
Asp | 031| 031 030 031 031 062 031 031 031 020] 031
The 2280 | 1050 1700 2870 | 2850 265 3690 2690 2246 | 2391 | 1657
Ser ‘ 1250 | 11.90 | 11.50 | 13.80 11.30‘ 1440 | 1060 13.20 | 1440 | 1050 | 1380
Glu 570 | 280 | 3.00| 570 610 290 | 570 | 521 | 425| 414
Gly 900 1600 1920 6.00 600 720 600 953 | 845 896
Ala 1620 | 1440 | 1600 | 1440 | 1442 1440 | 1440 1800 | 1411 942 | 10.34
Cys 420 | 420 | 420 420 420 420 402 3.00
Val 1140 | 1600 | 680 | 13.70 1140 2280 910 | 910 | 1500 | 1140
Met 238 | 315| 138 250 | 230 | 250 3.5 280 138 | 096 1.30
Tey 9.00 | 1810 | 450 | 915 850 850 1810 | 850 | 900 1100 | 9.00
Leu 1600 | 2560 640 1600 1590 | 14.80 ; 2560 | 15.40 | 640 | 1050 | 12.80
T 490 | 490 | 490 | 490 490 490 490 490 | 490 375 3.99
Phe 489 | 534| 389 | 380 389 | 38 | 434 380 | 445| 300 | 479
Lys 1563 | 1250 | 1344 | 2500 | 2810 1800 1560 3750 | 1188 1170 | 1281
His | 750 | 693 | 750 289 | 346 280 635 866 577| 310 | 508
T | 379 568 568 189 379 879 379 722 480 610| 650
Arg 416 | 333 | 748 | 665| 449 333 333 582| 640| 7.00| 748
Vitamin B, 1 I ‘ B I
Concentration 72 270 5.4 89 9.1 | 7.0 64 5.4 180 54 12
(My/d¢) 1 | L 1

* TH was administrated 200 mg of vitamin B; at pre-operation.

MY was no administration Vitamin B, at Pre-Operation, but administrated 100 mg of vita-
min B; at 1 hour after operation attack.
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the blood level of butyrylthiamine disulfide was maintained higher than that of thiamine
tetrahydrofurfuryl disulfide. Butyrylthiamine disulfide was therefore used in all cases in
group 2. Blood concentrations in group 2 are shown in Table 13 and 14. Some rela-
tionship with the postoperative amino acid fraction was suggested.

Table 6-indicates the amino acid fraction upon changing the blood concentration of
VB, through intravenous injection. When concentration of vitamin B; was elevated,
concentrations of valine, methionine, isoleucine, leucine, phenylalanine, and glycine
tended to rise, while serine, glutamic acid, lysine, and histidine showed a tendency of
decrease. Concentrations of these amino acid might change according to the method
employed and further studies are indicated.

Table 6 Vitamin By, Concentration (ug/d{)

Niamne] grpe. | g‘l’j“ 13|57 Name grpe \ g‘l’jt- 1 | 3 \ 5 \ 7 \ 10
MK 12.5‘ 120 310| 120 9.1 KI | 290 215 | 360 570 | 10.3 |
KT | 84 12.0 135 Sy ‘ 295 | 245 27.0
i 1 155 78] 1 s$ ‘ 92 97 125 2§o.o 155
G.N 75 6.2 69 56 74 T.N | 165 | 15.0 11.8 | 29.0 115.0
| ss. | 73 8.4 225 |
RK | 101| 53] 155]| 10.3 4.5 Vs ; 97 | ‘ 295 11.0 |
K.I 73| 10.0 TH | 72| \ 950.0 | 54
K.N 8.1‘ 6.0 7.0/ : 9.6 14.0 T.M ‘ 9.6 ! ‘ 54.0 i 12.0
YM| 98| 90| 26.0| 155 54 ST ; 79 54.0 1300.0
F.N 10.5 7.7* 2.8 K.S 3 155 ! ‘ 52.0 | 16.0 1
i e ] MY | 89 1 270 | | 54
administration ot tetra nydro rturtury . S =
disulfide administration of Butyryl thiamine disulfide

i

* I.A‘.’i\’)ys. Gastric cancer K

“G%: i , i
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30 i ]
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Fig. 4 Vitamin B, blood concentration.

5. Addition of Amino Acid as a Counter-Measure Against Changes
in Amino Acid Fractions (Table 7 Fig. 5)
Serum total amino acid decreased on the 1st postoperative day but started to rise
on the 3rd day, unlike group 2. Further increase was noted on the 5th and 7th day,
giving values higher than the preoperative level.

Total essential amino acid decreased on the 1st day and further decreased on the
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3rd and 5th day in some cases but a gradual increase was seen by the 7th day, returning
to the preoperative level.

Total non-essential amino acid decreased on the Ist day in most cases, and showed
a tendency of increase on the 3rd, 5th and 7th day. Increase started already on the 3rd
day unlike group 2.

Changes in individual amino acid were as follows.

Leucine slightly decreased on the 1st day followed by a gradual increase until the
7th day in 5 cases. In 2 other cases, the elevation continued from the Ist to the 7th
day. As compared with group 2, the value on the 7th day was closer to normal and
the width of fluctuation was smaller.

Valine rose on the 1st day and subsequently kept small fluctuations, maintaining
approximately the same level by the 7th day in 7 cases, while a considerable decrease
was seen on the 7th day in 2 cases. The values were closer to normal than those in
group 2.

Isoleucine decreased on the 1st day in 5 cases and decreased on the 3rd day in 1
case. Subsequent rise towards the 7th day approaching the normal level was seen in
both of them. The width of fluctuaion was smaller than in group 2.

Tryptohane gradually increased from the time of admission until the 7th day in 6
cases, and gradually decreased in 2 cases. The difference from the normal value was
greater than in group 2.

Lysine markedly decreased on the 1st, 3rd, and 5th day, followed by a rapid increase
on the 7th day approaching the normal value in 5 cases, a slow and gradual increase
until the 7th day with small fluctuations in 3 cases, and a sustained decrease until the
7th day in 1 case. Wider fluctuations were seen than in group 2.

Methionine showed an increase on the 1st day in most of the cases. Three showed
a decrease on the 5th day, while other 6 showed further increase. Values were closer
to normal than in group 2, representing values at the lower limit of normal range.

Threonine increased on the 1st day showing a temporary decrease on the 3rd day
in all cases, followed by an increase reaching values higher than at the admission on
the 7th day. Values were closer to normal than in group 2. Increase was seen in all
cases in which threonine was administered.

Pyenylalanine decreased on the 1st day in 4 cases, and increased on the lst day in
4 cases. A gradual increase was seen until the 7th day in all except for 1 case. Values
were closer to normal in most of the cases than in group 2.

Alanine decreased on the 1st day, followed by an increase until the 7th day reaching
values higher than the preoperative level. More cases showed normal values than in
group 2.

Serine decreased on the 1st day in 4 cases, followed by an increase on the 3rd, 5th,
and 7th day. Fluctuations were smaller than in group 2.

Cystine decreased on the 1st day in 2 cases followed by an increase on the 3rd, 5th,
and 7th day in all except 1. Values were closer to normal than in group 2, with smaller
fluctuations.

Glycine decreased on the 1st day in 4 cases, followed by increase on the 3rd day.
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Table 7-a Changes in Postoperative Amino Acid Fraction due to Administration of a Large Amount of Amino Acid Group 3

Addition of Amino Acid as a Countermeasure Against Changes in Amino Acid Fractions (7/md)
Name G.T ‘ T.8 T ST K.F
Day A}1‘3\5\7iA\1‘3}5‘{7‘A;1 3'5}7"A\1\3!7 Al 1
Cys-NH, | 024 024 027 024 024 012 015 029 007 0.32'} 0.73 0.52§ 041 035 016 012 044 047 051 076 0.35
Asp 031 046 009 031 006 006 012 009 009 006 123 062 019 075 034 040 009 010 015 058 048
Thr 2070 225 20.70 2880 2850 2150 1660 19.70 2310 2870 1410 9142 2160 22.83% 2914 2296 22.34 20.80 26.83 24.41 24.90
Ser 1250 16.30 1300 1600 1420 1300 1200 17.00 1400 14.10 1000 11.10 10.10 1367 1305 1480 1110 1150 1200 1255 1263
Glu 590 690 380 400 550 390 200 090 240 490 390 240 160 451 619 400 290 400 480 308 228
Gly 1120 1240 1360 1240 1120 1600 11.00 1600 1300 1300 1240 1350 19.60 17.47 1826 1490 1170 1500 1570 10.34 1172
Ala 1540 17.20 13.40’ 22400 2360 27.20 22500 2360 22.30 2660 1540 1230 2240 24.76 24.48 1920 11.90 2050 23.60 1529 14.02
Cys 130] 420 420 500 300 400 405 463 420 479 284 317 380 409 465 233 225 263 340 271 261
Val | 12,300 14.60 1680 14.60 1230 1210 1320 1250 1880 1300 6.80 653 1090 1180 10.34 1550 16.80 17.00 17.30 1369 1197
Met | 108 112 204 212 208 m240 238 240 238 240 040 150 0.80 092 173 140 180 170 180 159 1.9
Ileu 450 450 450 450 440 380 240 250 380 380 450 230 450 745 610 320 450 500 590 452 237
Leu 3200 640 820 820 820 7.00 280 520 660 750 640 3.80 770 10.81 9.93 11.60 10.20 11.05 10.50, 8.90 8.32
Tyr 490 4.90 490 450 490 450 475 250 400 450 490 300 390 592 448 400 390 484 480 242 3.03
Phe 489 890 890 450 450 620 620 580 500 670 450 310 670 680 654 720 540 670 7.80 3.19 3.94
Lys 22500 25.60 1940 2250 1940 1560 1690 1500 14.10 1366 1560 940 1230 170 1970 1690 23.80 24.10 2410 18.37 15.74
His 289 404 289 289 231 144 1200 115 115 210 231 190 277 125 140/ 589 444 515 621 850 645
Try 189 1.89 189 189 1.89 114 133 076 057 114 189 188 303 318 687 246 170 1.90 398 556 263
Arg 499 4.99; 582 249 249 266 349 100 050 116 333 191 116 161 179 158 125 1.50% 116 7.44 5.96)
3[?15310 acid | 130.69122.22 144.40%' 157.34; 131.311 142,62 135.87%‘ 131.02/ 136.06 148.43i 111.23 100.35 134,46 | 165. 15‘ 148.44) 136 (71\ 15594\ 170. 54‘ 144,62/ 131, '591
f;fli‘;“;il d" 71.06 65.26“ 82.43 91.51\ 6381 69.74 6381 6386 74.34‘ 7090‘ 5419 49.93 67. 53 3549‘ 90.35 81. 22[ 8(754} 88.25 9041\ 8075 71.86
IZ;;‘!SZSZ';EI\ 50.63 59.96 61.97% 6583 67.50 72.88 72,06 67.16 6171 71. 35 5704‘ 50. 4)\ 6693\ 7439 74, 80‘ 67.22 50.07‘ 65‘69‘ 80.13‘ 63.67 59.53
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Table 7-b
Name ‘ \ Y.S ; . SO K.D SY
Day 3 ‘ 5 7 i Al ‘ 3 17 A \ 1 } 3 | 7 | A ‘ 1 3 | s ‘ 7 A \ 1 | s ‘ 7
Cys » NH, 010 010 036 024 1.02% 0.85 0.75  0.90, 0.68 0.30 044 0.16
Asp 1. 051 003 019 003 009 120 050 045 070 012 0.151 0.15 037 0.49
Thr | 2243 27.78 2140 29.80 2130 2660 1694 1525 24.70 2803 27.60 29‘001 31.80 33.67‘ 25.32,
Ser | 12.26 171 10.503 9.40 1040 1030 930 11.85 1190 1264  7.30 13.00 11.80 10.99  10.92
Glu 3.32 440 260 409 517 503 431 470 445 482 510 4.701 5.40 562 556
Gly 11.06 1394 1180 1170 1310 11.70) 19.22 13.25 1400 1461 1260 12.10 12.40 1133 102
Ala 20.30 2477 1020 1270 1410 1900 1163 1510 1490 2133 1040 18.00 22.60 1057 12.06
Cys | 281 379 440 4.80 434 430 378 343 232 325 308 3.75 4.50 | 240
Val 11.56 1412 1270 1140 1570 1550 1207 14.50 14.00 15.001 12.30 14.50 15.00 11.62 1181
Met | l42 142 105 107 208 =214 211 2221 2/23 215 215 2.15 2.12 241 222
Ileu 448 408 430 490 320 592 203 370 360 398 370 4.40 5.30 212 240
Leu 7.80 854 1250 11.00 11.30 11.08 4.76 450 500 7.67  8.20 9.81 10.20 392 432
Tyr 3.76 455 280 250 200 390 399 371 371 467 200 3.10 4.40 451 471
Phe ‘ 3.69 552 450 090 180 590 804 650 5'123 6.45 1.80 3.00 4_80i 6.89 505
Lys 15.28 1665 20.90 1500 19.10, 1690 230 261 215 1032 1590 22.00 24.60 1370/ 12.01
His 5.81 1022 117 175 117 1.75 3/23) 251 314 693 170 3.20| 4.67 537 538
Try 2/53 3.6()! 0.76 0.38;‘ 152 192 563 315 2.10‘ 159  1.33 2.60, 2.27 218 121
Arg 6.81 521 200 0.583 174 108 661 315 310 262 116 120 1.41 735 579
aTrgfji‘llo acid i136.82 160.81) 123.71) 122.30 128.41;143.35 118.17 111.47 117.62 147.66 1712 146.96j 152.40 163.86 132.62 122.83}
f;ﬁi%“:iid"‘ 59.02 65.64‘ 78.11 74.451 76.005 85.96 53.88§ 52.45 5890 7519 7298 87.46 86‘91‘ 96.09 7651 64.34
1;;’];‘153“"31“:1‘5" 77.80 95.173 45.60 47.85‘ 52.41: 57.39) 64.20 5905 5872 7247 4414 79_14‘ 59.50) (S5.49§ 67.77} 5611 58.49
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Some cases showed a slight decrease on the 5th day but an

ALBUMIN (%)

with group 2, the degree of elevation was greater but values /% Group L

increase was seen in all cases on the 7th day. As compared

failed to reach the normal level.

Glutamic Acid showed a decrease on the 3rd day in most 5o XS_

of the cases, followed by an increase on the 5th and 7th day.

Values were closer to normal than in group 2.

Histidine decreased on the 1st day in 6 cases, on the 3rd
day in 1, and on the 5th day in 1, followed by an increase seo

until the 7th day. Values were higher than preoperative and

normal level. —_

50 F/m——— —_—
Arginine decreased on the Ist day in 8 cases, followed by

further decrease until the 7th day, reaching values lower than

preoperative values. However, fluctuations were smaller than # o/ 2 3 4 & 6 7
i group 2. oo -
Cysteic acid increased on the 3rd and 5th day followed by Graup

a decrease on the 7th day in 4 cases. In 2 cases, a decrease

was seen on the 3rd day and increase was sen on the 7th day.

Values were closer to normal.

Tyrosine decreased on the 1st or 3rd day, followed by I
a gradual increase on the 5th and 7th day in 5 cases while Fig. 6
a slow and continuous increase from the lst to the 7th day
was seen in 3 cases. On the 7th day, values closer to normal were obtained in all cases.
Aspartic acid decreased on the 1st and 3rd day in some cases, followed by a gradual

increase until the 7th day approaching the normal values.

Summary and Discussion

Lurje*” was the first to report on the effect of operative insult on plasma amino acid
level, through his observation on a temporary decrease of plasma amino acid postopera-
tively. According to subsequent reports by Farr®®, Peters®, and Miwa®, plasma total
amino acids decreased immediately after the operation and stayed lower than the preop-
erative value even after the nitrogen balance became positive. Man found a marked
decrease immediately after operation and 4 hours later?. The larger the operative insult,
the greater the degree of the fall in plasma amino acid.

Concerning the fluctuations of individual amino acid in the immediate postoperative
period, Everson®) observed a marked fall in the plasma level of all amino acids especially
threonine, valine, methionine, isoleucine, phenylalanin, tryptophane, lysine, and arginine
immediately after gasterctomy and cholecystectomy. The greatest fall was found in
tryptophane which became 40% of the preoperative value, while leucine show the least
fall of 7%. These changes were said to be due to the increase in the secretion of
adrenaline. Using paper chromatography Yamada® demonstrated a tendency of the fall
of most of the non-essential amino acids immediately after operation, whereas essential

amino acid did not change markedly, probably due to the increase in the demand of
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Jin

glucogenic amino acid due to the insult.

With the use of high voltage filter paper electrophoresis, Miwa demonstrated a
decrease of leucine, isoleucine, and valine fractions and an increase in alanine fraction in the
immediate postoperative period, concluding that these changes were caused by a transient
hepatic hypofunction secondary to a decrease in hepatic blood flow directly mediated by
the endocrine system®. Schreier®® found a decrease of all amino acids except leucine
and isoleucine 3 hours after operation using the method with microorganism, ascribing
such change to the endocrine hyperfunction especially the alarm reaction of Selye!®.

Haki?® observed an increase of leucine and isoleucine postoperatively, while Fuku-
da?® found a decrease of most of the amino acids in plasma from the immediate post-
operative period to the 5th day, except for leucine and isoleucine which showed a slight
increase. According to the present result, valine and alanine tended to increase 30
minutes after the operation, while all other amino acids showed a tendency of decrease.

Little doubt remains on the relationship between the immediate postoperative de-
crease of serum free amino acids and adrenocortical function. According to Sandberg®
and Nogami®V the adrenocortical function reaches its maximum 4 hours after operation,
falls on the first day, returning to the normal level 5-7 days later. The degree of such
change depended upon the degree of insult. Hayasaka®® of our Department obtained
similar results using various adrenocrotical function tests.

Fluctuations of serum amino acids after operation thus appears to represent part of
the reaction of the body to the insult preceding the postoperative changes in adrenoc-
ortical function. According to Takada® of our Department, lactic dehydrogenase (LDH)
and hydroxybutylic acid dehydrogenase (HBD) showed maximum fluctuation 4 to 5 hours
after operation, in close relation with amino acids especially alanine, valine, leucine,
isoleucine, serine, methionine, threonine, glycine, tyrosine, tryptophane, and phenylalanine.
Changes in GOT and GPT also showed a peak at 4 hours after operation with some
relationship to aspartic acid, leucine, isoleucine, valine, and threonine. According to
Ikemoto® of our Department, pyruvic acid reached the maximum postoperatively slightly
preceding LDH and HBD, under a close relationship with alanine, histidine, valine,
leucine, isoleucine, threonine, glutamic acid and serine.

Postoperative changes in amino acids are thus intimately ralated to LDH, HBD,
GOT, GPT and pyruvic acid as one of the reaction of the body to stress.

It might therefore be concluded that the reaction of the organism to stress centering
at the adrenocortical function, including functional changes in the autonomic nervous
system, endocrine glands, liver, and kidney as well as the decrease in nutritional supply
due to operation represent the causes of the fall of serum free amino acid after opera-
tion. Scarcely any reports are available concerning the fluctuations of serum free amino
acids according to the passage of time after operation. Akiyama® stated that all amino
acids especially non-essential amino acids increased immediately after operation as the
degree of operative insult became greater. The amino acids decreased on the 3rd day
and again increased on the 7th day. Changes of glycine, glutamic acid, and alanine
were especially pronounced. According to Tosen,” serum total amino acid concentration

reached the maximum 3-5 days after resection of gastric ulcer, followed by a decrease
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on the 7th day. Essential amino acids such as isoleucine, leucine, and valine played the
main role, while non-essential fractions scarcely increased after operation. The postop-
erative decrease of serum total amino acid after resection of gastric cancer was greater
than after resection of gastric ulcer, the recovery was slower, essential fractions increased
from the relatively early period, and the pronounced decrease in non-essential fractions
such as proline, glycine, and alanine was found™. According to Akai*”, Kuriyama®,
and Miwa®, leucine, isoleucine, and valine reached the maximum on the 3rd postopera-
tive day. The decrease in alanine was always seen, especially markedly after gastrectomy.
Ariti® showed the tendency of decrease of various amino acids 3 days after operation.
These amino acid returned to the preoperative value or higher level on the 7th day
except of isoleucine and histidine. On the contrary., Haki®® found the increase in
leucine, isoleucine, and valine due to operative insult was not as pronounced as expected.
According to Everson®, all amino acids decreased from immediately after operation.
Many returned approximately to the preoperative value on the Ist postoperative day,
whereas lysine retuned on the 3rd and threonine and arginine on the 7th day. Con-
siderable difference was thus found on the postoperative fluctuations of serum amino acid
even without the use of parenteral amino acid supplement.

Various reports are also available concerning the postoperative fluctuations of amino
acid upon the use of parenteral amino acid supplement. Using the parenteral supple-
ment of 30 g of amino acid per day with the composition of FAO, Haki studied the
daily changes of serum free amino acids, demonstrating a marked changes in leucine,
isoleucine, and valine showing a uniform increase. The rate of utilization of various
amino acid was lower than before the operation. By using 400 m¢ of 10% FAO con-
tinuously after the operation, Akiyama® found a decrease in urinary nitrogen excretion,
followed by the change of nitrogen balance into positive on the 4th day. Urinary ex-
cretion of essential amino acids slightly increased but the excretory fractions of each
amino acid did not show a marked fluctuation, indicating a normalization of protein
metabolism as compared with the cases without amino acid supplement. According to
Tosen™, administration of amino acid preparation of FAO composition resulted in
a diminution of the degree of the decrease of amino acid fraction in the early postop-
erative period and an early and marked change into positivity in patients with gastric
cancer. Kuriyama® reported on the increase in amino acid reflecting the composition
of amino acid in the fluid in serum and urine in response to postoperative amino acid
supplement.

In the present study, daily administration of the small dose of 200 m¢ and the large
dose of 600 m¢ were used in the postoperative amino acid supplementation and fluctua-
tions of individual amino acids were determined. Upon administ ration of a small dose,
the concentration of leucine, valine, isoleucine, tryptophane, arginine and cysteic acid
rose on the 3rd or 5th day reaching the maximum. showing a tendency of decrease until
the 7th day, while lysine, methionine, alanine, serine, cystine and histidine decreased on
the 3rd and 5th day and tended to increase on the 7th day. Threonine, glycine, and
glutamic acid showed a slow and persistent decrease from the immediate postoperative
period through the 3rd, 5th and 7th day, while phenylalanine showed a slow increase
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from the immediate postoperative period through the 3rd, 5th and 7th day. On the
other hand, in cases given a large amount of 600 m¥¢, a rise was seen in leucine, valine,
isoleucine, tryptophane, lysine and arginine immediately after the operation, reaching the
maximum on the 3rd and 5th day, followed by a tendency of decrease until the 7th
day. Methionine, threonine, phenylalanine, alanine, serine, cystine, glycine, glutamic acid,
histidine, and tyrosine, on the contrary decreased from the immediate postoperative
period, reaching the bottom on the 3rd and 5th day, followed by an increase until the
7th day. Concerning the postoperative fluctuation of leucine, valine, isoleucine, and
alanine, our results agreed with those of Akai, Miwa, and Kuriyama only with regard
to the administration of a large and small amount of amino acids. When the approach
of the value on the 7th day was taken as the sign of good recovery, methionine,
threonine, phenylalanine, serine, glycine, glutamic acid, histidine, tyrosine, arginine, and
aspartic acid showed a better result upon administration of a large amount, and cystine
also gave similar result despite considerable fluctuations. Valine and lysine showed
a more pronounced decrease upon administration of a large amount than in administra-
tion of a small amount.

Leucine, isoleucine, alanine and cysteic acid also gave wider fluctuations and poorer
results upon administration of a large amount than in administration of a small amount.
When such a comparison was carried out between administrations of large and small
amounts keeping other conditions constant, most of the amino acid behaved better upon
administration of a large amount, although valine, lysine, leucine, isoleucine and alanine
gave poorer results. This is naturally due to the composition of the administered amino
acids, being not exactly adequate for the demand of the body. Althouge the author has
attempted the study of prescribing each adequate amino acid in the parenteral fluid
during the last few years using high voltage paper electrophoresis, inability of measuring
individual amino acid precluded the success™.

As stated before, even administration of potent amino acid mixture was able to
change the amino acid fractions only slightly in patients with gastric cancer showing an
amino acid fractions characteristic to gastric cancer, and the percentage was scarecely
changed. When certain amino acid fraction showed a pathological decrease below the
normal level, the metabolism of this substance in the tissue is either increased or stop-
ped regardless of the amount of urinary excretion. The requirement of amino acid
fraction by individuals is thus influenced by the minimum amino acid showing a patho-
logically low level. Consequently the limiting factor in the parenteral fluid varies from
person to person. Administration of amino acid mixtume of identical composition
therefore seems to be a waste. In group 3, therefore, two or three such minimum
amino acids were added to raise the threshold of such limiting factor to improve the
supplementary effect. In group 3, leucine, alanine, serine, cystine, glycine, glutamic acid,
histidine and tyrosine decreased on the 1st day followed by an increase by the 7th day.
while isoleucine and aspartic acid showed a decrease on the 3rd day followed by an
increase. Methionine, lysine, tryptophane and phenylalanine showed a persistent increase
from the 1st day while a persistent decrease from the 1lst to the 7th day was seen in
arginine.
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Threonine increased on the 1st day, temporarily decreased on the 3rd day followed
by an increase. Valine showed an increase from the immediate postoperative period until
the 3rd day, maintaining the similar value subsequently. The behavior of these amino
acids was slightly different from that in group 1. Valine, leucine, isoleucine, lysine, and
alanine which showed a poor result in group 2. approached the normal value, showing
excellent results together with other amino acids. On the contrary, histidine, aspartic
acid, and tryptophane showed poorer results than in groop 2, tryptophane showed poor
results in both groups 2 and 3. Arginine kept decreasing from the immediate postop-
erative period until the 7th day, suggesting poorer level than the normal values together
with aspartic acid, although the constant and smooth movement of urea cycle under an
intimate relationship with the TCA cycle might well lead to paralleled lower values of
aspartic acid and arginine. In any case, the values of these amino acids apart from
normal might provide a problem for further study. As the 2 or 3 minimum amino acid
added, lysine, threonine, methionine, arginine, aspartic acid, and tryptophane were mainly
selected. The addition of these amino acids gave favorable effect on the corresponding
amino acids in serum, but not always a good effect on others. The effect on arginine,
histidine, aspartic acid, and tryptophane especially gives a problem on the ratio of

amino acids.

In case the addition of amino acids creates an imbalance for the body, this amino
acid fluid represents an unbalance for the body. According to Takeda of our Depart-
ment™, a certain ratio exists among acid, neutral, and alkaline amino acids. This ratio
must be maintained upon parenteral amino acid supplementation. The problem of ad-
dition will therefore become an important problem together with the problems of
imbalance and unbalance. In the initial stage of the studies on parenteral amino acid
supplementation, Peters®, Willkinson®, Moore®™, Riegel®®, Grossman®” and Brown® were
of the opinion that parenteral nutrition is not able to prevent the postoperative nitrogen
loss even with the use of high caloric, high protein fluid, and the early turning to
positivity of nitrogen balance is impossible. However, along with studies on amino acid
metabolism, Akiyama®) was able to change the nitrogen balance into positivity on the
4th postoperative day with the use of only 400 m¢ of fluid containing amino acids.
Ariti® reported the facilitation of postoperative anabolism in an early stage with the
combined use of growth hormone. Takayama®*” and Higasa'* reported on the neces-
sity of intravenous fat emulsions as the indispensable means of inducing early change
into positivity of nitrogen metabolism in the postoperative state. Takayama'® suggested
the combined use of anabolic hormone as indispensable together with administration of
a large amount of amino acid from the preoperative stage. Elman* pointed out the
participation of electrolytes especially K in the assimilation of amino acid. Takayama®®
demonstrated the uselessness of the administration of a large amount of amino acid in
hypomagnesemia, even if other conditions were satisfactory, in his studies on postopera-
tive magnesium metabolism. From the standpoint of protein sparing reaction, Maeda'®
obtained a favorable result with sorbitol than with sugar”*. We have also reported the
necessity of the presence of certain amount of various vitamins for a significant treat-

ment. The relationship between vitamin B; and amino acid was demonstrated in this
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paper. Aoyama'® of our Department studied the relationship between each amino acid
fraction and serum vitamin By, the indispensable nature of which in the postoperative
stage was emphasized. Takayama® and Kodeki®®® reported on the necessity of aspartic
acid and ornithin, non-essential amino acids, for the purpose of improving the rate of
utilization of the infused amino acids. Takayama® stressed the importance of cytochrome
on the postoperative assimilation of amino acids.

The present experiments in 2 group has demonstrated the occurrence of postopera-
tive changes in amino acid fractions even upon administration of a large amount of
amino acid in the presence of all the factors required for the assimilation of amino acids.
Nakayama®™ reported a favorable result in postoperative aasimilation obtained by the
addition of glycine a non-essential amino acid, to Moriamin-S prepared according to the
Vuj standard. Tosen™ pointed out a diminution in the postoperative fluctuatuations of
amino acid and decrease of each amino acid as well as the early onset of the change to
increase upon the use of amino acid mixture with addition of lysine. Kuriyama®
removed leucine, isoleucine, valine from the commercial amino acid preparation and
added glycine and obtained a favorable result. Hirai®” pointed out the decrease of
threonine, lysine, and cystine in the plasma of patients in the terminal stage of cancer
and administered amino acid preparation with addition of lysine and tyrosine, achieving
an approach of the plasma amino acid fractions of patients in the terminal stage of
cancer to normal. This represent the closest method to our concept.

Despite such a large number of reports, individual amino acid has not been discussed
until the present report. Determination of each individual amino acid and addition of
2 or 3 minimum amino acid seems to be most desirable.

Fukuda®® also pointed out the difficulty in correcting the disorder in amino acid
fractions in each disease with the conventional crystal amino acid solution alone. Some

day amino acid solution should be prepared according to the individual diseases.

Conclusion

No definite conclusion has been established concerning the effect of operative insult
on the changes in amino acid fractions. No treatment has yet been established for such
postoperative fluctuations.

The authors have studied these problems and obtained following conclusions.

1) Due to the operative stress, most of the amino acids decrease.

2) In the group with postoperative administration of a small amount of amino acid,
the level of leucine, valine, isoleucine, tryptophane and arginine rose on the 3rd and
5th day reaching the peak, followed by a decrease until the 7th day. Lysine, methionine,
alanine, serine, cystine, and histidine decreased on the 3rd and 5th day reaching the
minimum level, followed by an increase by the 7th day.

3) Even if a large amount of amino acids was administered together with all the
facotors required for the postoperative assimilation of amino acids, an unfavorable in-
fluence was noted in valine, lysine, alanine, leucine, isoleucine, and cysteic acid as com-
pared with the group given a small dose, while a beneficial influence was noted on

other amino acids.
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4) A favorable response on individual amino acid other than arginine, tryptophane,
cysteic acid, and aspartic acid was noted upon addition of 2 or 3 minimum amino acids
selected by measuring the concentration of individual amino acids and calculating as the
percentage of the normal level.
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Teiichi Sasaki, Associated Professor of Department of Central Clinical Laboratory, respec-
tively, are gratefully acknowledged. The author thanks Drs. Yoshito Takada, Tadaaki
Takeda, Sononori Yoshimoto, Toshikazu Ikemoto, Naoyoshi Aoyama, Setsuo Watanabe,
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