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BRI A 2 7 3 BREmARALAR (B Y & REBRRUMT 5T

SRACEBE I 8 A (BT | BRI AUR)
I W vl BB
(RBAN584E 6 H27H ZA4T)

BRIFE DRREEIE L2 7 3 / B OEREHE S T 2 201z, BEROLRE 21T/, FRH

i3 Wistar BHEMED v b 2V, SEBEESHIC L 0 BRIME S /ERL L%, 96 M, W E{T-o 1.
BIMES w M, 73/ BE2ESELVLIEEE2To1 B- 18, g7 3 /8 (branched chain amino
acids, LLF BCAA :B§) &L 21 2%0THIRT 3 /B OKRE 3 v B-118E, MIROMICHERT
BCAA BI&LEM 38.7% LB <, BEE7 = /8 (aromatic amino acids, AT AAA £B8) BLU, &
W7 2 JBOBESLOENT 3/ BREOH/S SN B-IIE, BCAADAR2EL7 I/ BEEERE S
i B-IVBEAC AT 7., BEEA2TY, 73 /BE2SERCIRKRET>7 v b ERBEEE L, 7XTO
Wzt 15% 27V a— A 5BEELTE Y —LL, 73/ BEETORERBE LS L L, &
DV, £FR, REELE, E@RFHE, BLU, @K THROMEERT 3  RIEBE & 2 ORBEEH
IRE:2 (iliac arteriovenous differences, LT AV-D £BE) ZMET U7z, B- I BT IRERIC EL~EDR
MmO 1TEOT 3/ BOKBEE, AAABLUCBCAAVEELEER2 LY, £ BCAA/AAA LLYEE
REEEEY, RIMEC L3732 77 20EHNED 5z, 72, AAA & BCAA ® AV-D O
SMMETOERSEOHEOTER L 2K BEBL VO 7 2 VERRBEOBAIRB I N, 73/ BR
WD S B, B-MEETE, £F%E, KERVE, ERFEOTTH B- I FICEHEL T, £,
M BCAA BEIL B- I BRCHINER RO o720, 73/ BBEBE L AAA BERERCE#ELZR
L, 2 BCAA/AAA LI ER LT, & b IZNBEDO LV WVIGETE, ROETFTOMHRT 2 /77 L0
FREEINAEANTAD S, LaL, AAA ¥ BCAA OFRMEBRE Y OB RER s hih o1,
ZhIZRL, B-IVEETIE, RIGHEME D D AAA OfHIZ B- [ BICHRTHEBCRA LB Y, BREE
BEEsIEI S N L 2E®R L. LaL, MFORT 2 /8B AAA OFRHER B- 1B ABcED 5
h, RIETO7 3 /277 A0EBRHEESh o7, FOBR, ERFHEIEL, B-118#E X U B-1I#K<
HRTRRETHY, RBERVE L AERD B-I1Hctbtr&FEs b o, —F, B-IETIE, BUniET
OMEF7 /75 LAOEEEREEBLI VD7 S VBOKEREAR L LTHEL T, AFFLUES
higinoiz,

DEoRERLY, WIUETOMFTT 2 /77 20FE2REIEL, ERFHE, FREEVELLCEERS
WET S0, EROERIZEAT BCAA Bi& s 38.7% LB, 2, AAA L &7 3 VBOE
BHOEWT 3/ BEEERSEL Tws tiEmashi.

Key words Sepsis, Amino acid solution, Branched chain amino acids,
Aromatic amino acids.

Experimental Study on the Optimal Composition of Amino Acid Solution in Sepsis
Treatment. Kazuo Hirose, Department of Surgery (II), (Director : Prof. I. Miyazaki), School
of Medicine, Kanazawa University.
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EEE, SMRMEEITI, FREOERCHEN, R
EEPHECEET BBENBINL THwa 2, ZOART
b, BUEGREFENE L, FRSEETEB
b, FOFRPRESLFHEL 2> T3, EROWE
kB r, BUMEF T, BECHE > FhFy
T BREEIRIENIEL T b, EEOTR
LE—BESZHIIEALTWE —F, BE, B,
B e 7 /BB, B rSREERL -
Twa, flb, HiLHHRETE, EADHE, E
ey b kBT AL F-BE e UCHEN RIS
n, REABRE  Hisnzoel, ROETT
i, chodTaAVF—HEL L THBERAEsnT,
REQ, B, BRBOEAMNHELZANLF L
THES NS, HEOHEOBZELCSET I /RO
3%, valine, isoleucine, leucine ® A7 3 /&
(branched chain amino acids, JT BCAA L&)
i, BHSNT, B, BLAROCZALF -
nHh, REHEMTRHBsSnLW? 2 2 BIiE, FirE
PRES CEEREAOCHEA~OERCHA SN
399, L L, BUMECHE ) BiERREORKR, md
R s hIRIC AR E N A T 2 BRI, HTL L
REMBEOEE L Z—HLEWwT YNNI AL b0
T, BB L > TLIELIEEE L 45 Z LaMEfan
T 59 I tyrosine, phenylalanine, tryptophan
Luo e FHERET 2 /B (aromatic amino acids, LA
T AAA EBg) % cystine, methionine % ¥ DEFH 7 2
JEBIERTTIELACRBES LR VYD, ZORKE
DREFBINE COREAMRBEOBREE 2529, Z
W7 2 /BOMPEED LR, BlEz LidL
WEHT MBS CHMEORRE L 45 Z e RESH
’CL)Z)N'HB).

IDEHIE, WETTO7 3 /BOLHLERI
KEwy, FHEEMLEMC, HEEDOT 3 BEe
53 256 3R PHEEN S, s, BE, —8
IR THER s LT 2 AIME B EHERK, INEER,
HHOE AR b £ T CHRY & 2 BRI, &
FTLHMMIED 7 2/ BAEEAPBERCHEGEL Tw
HLiE 2wy, MINFEORBICELT I /8
A AR O BRBR AT TR b S LT U P9I,

BT O M@~z £ 2 &, BCAA i FHiHRH, 4
&, &2 iFiEz &, ERO catabolism DFTE T
SRET TR sheBaiciE, BRIEBVWTERE,
Bt s h, HiBapgEsBERsEs 2, HEA
Bl ERES 2L, bW, ATO alanine,
glutamine D &K # N L T TORFELRES €5
kLD, BEM L anticatabolic effect 26T
HLEMHEMELE-TER, L2L, BRILETOD

BCAA DRENEMICE 2 2R EE, 7 3 /B#
& BCAA OEIEREEL, 5%\ i3, BCAA M4
D7 2 /BESOMRLE LT o20TiE, R, +49%
BRI S TRy,

ZIT, EEE, Jy  ORMEEFLEINL,
BCAAFEAZ CHEBRORL 2 7 3 /BB % H1T
L, ZOMREMFLLER, ETORKRDLOR %
BrOTRET 5.

s & UHE

1. REBW

£ vy VERARS L CAGEKTHEE s itk
B 300~370g DV 4 AF —RHEMET v bRV, EE
E 7 AAERD 16 T SR L L.

II. £8REFILOERE

7w b % Nembutal ® (pentobarbital-Na) o
WHES (3~5 mg/l00 g &H) = & 2 5B T Bk
L, Wichterman 59 KFODFEI L, BB
BERIC L AR R FR L CRULEE TV & L,
—7, FRROREE THEBE*1ITo2 b0 2 BEE<
T Lz,

EF VAR L RIRFIC, Steiger &R EE® D FIEIC
L, WKLY LABRCY Y av AT —T LR
AL, R#@tr — YN T 6 RERFREE 2T o7z, R
T, e eREE L (’1).

. MiRoEm : RBRBORE (R1)

FEEREE, WDEFHOEE L BREBRIC LD, B
TS BT

1. ABECNEEE: HEEE7 VT S /BEE
7 W R 1T o 1B

2. B-18 : EET VIS, 7S/ BES TR0
Wi 21T o 1o B

3. B-1 8 : BUME ® 7112 FAO/WHO g

(1965) 1 ® L DL HRD T 3 /BigwRE Y Fur®

Wistar rats (male, 300~370g)

------ Fasting for 18 hr
Operation

(1) Cecal ligation and puncture

(2) Jugular vein canulation
Continuous fluid infusion for 96 hr in metabolic
cage

d

Blood samples were obtained 2 hr after the
infusion ended

Fig. 1. Experimental protocol.
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Table 1. Amino acid compositions of the solutions used in experimental groups

Group

A & B-1 B-11 B-T1 B-v
L-isoleucine - 98 215 840
e L-leucine - 219 220 820
& | lysine - 192 92 -
'g L-methionine - 61 15 -
% T‘: L-phenylalanine - 164 7 -
E | € | L-threonine - 114 70 -
_§ L% L-tryptophan - 23 16 -
«‘E L-valine - 79 208 791
g L-alanine - 109 196 -
E - L-arginine - 174 214 -
'Q E L-aspartic acid - 67 5 -
2 | 2| Lcysteine-HCI-H,0 - 25 5 -
5 § L-glutamic acid - 114 - -
8 | L-histidine - 142 72 -
§ L-proline - 58 124 -

n
25’ L-serine - 39 61 -
Z | L-tyrosine - 6 14 -
glycine - - 126 -
BCAA/all amino acids (%) 0 21.2 38.7 100

Total nitrogen concentrati(()l?l ¢/ 0 9.66 9.82 9.72

Group A is a control group which received a simple laparotomy. Group B-1, B-II,

B-Il and B-IV are sepsis groups which received cecal ligation and puncture.

Abbre-

viation: BCAA, branched chain amino acids (valine +isoleucine +leucine).

(FFTFRusE, BCAA RIS 21.2%) #&5 LI

4. B-IIEE : BfEE 7z, 7 3 /B THE®

(HTH, BCAATAL 38.7%) #&RE L H#,

5. B-IVE: : BMfE<E 710, BCAAD A& &L
7 I MR (SRKEEZERbREAIERE,
BCAA FR&L 100%) #5718

B-11, B-III, B-IVE£D 7 JBREIEhOREREBE
12, FhER, 2.66, 2.82, 2.72mg/dl LiREELL
%D ESHAEL, TRTOHOBEMKZIE, Sra—
A% 15% k%5 k5 iCEA L. NaiEik 30 mEq/
1, KR 17.5mEq/l, ¥ & & 250 ml/kg/24
hr, 5% o) —i3150Cal/kg/24br &t —E &L
7o, fE-T, 73/ EE¥EETH 5 B-11, B-1II, B-1V
HOWMWwBOy v ) —EFKL(H o) —/ERE, L
TF Cal/N H &8 i3, #h £ 225, 212, 220 &3

EL WL RLIZH ST,

V. AERE

1. &ER

2. REB L UKRSHIMN

ARSI, —ERR R OBEE - REO&EE LT
BHHL .

3. REE{FE

BePoKECERB %, TFARROKEL
100% & LIz ESFETRRLT.

4. EFRFHE

24 B, BE T I /BoRERE L SRhoESR
BOEL L TEH L 2RPOERE L, Rappaport
EEMZ X DHEEL .

5. MEE¥ERE

WP T & 0 2 BRI, Nembutal® BEEENEH
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wE AHETICHEL, KEks L CRBERRIRS: D
FERCRmL, UTFOEEEREL 2. 12250, @I
73 /MO BNES 2 ERICAN, FRILZECF%S
B & 1R 9 RFOBICIT o 72,
1) MAEEMT 3/ BRE
73/ BEBSEPIC L DHIEL 2, Blb, Aot
) CERMEE, 7272 B BELE L (3000 rpm, 15 S
FAVHHELZ0.5mIOMBEEZTREDS BANLT +
+)FABTHREAL, Bon bt o—5)—x
NE VY —F —% T 30~35CO K E T iz &K E
L, pH2.2 07 = EEERICTEEBL, 7 3 /85
#et (7~ —ERs &4, MLC-703 ) % Al THH L,
BT 17HEO7 3 /BROBE+RIEL 72 : Aspartic
acid(Asp), Threonine(Thr), Serine(Ser), Glutamic
acid (Glu), Proline (Pro), Glycine (Gly), Alanine
(Ala), Cystine (Cys), Valine (Val), Methionine
(Met), Isoleucine (Ile), Leucine(Leu), Tyrosine
(Tyr), Phenylalanine(Phe), Lysine(Lys), Histi-
dine (His), Arginine (Arg).
7B, KBRS £ B EERIRIDO K
HizowTitn, &7 3 /BOBIRIEBE & ik
EDE IBEBEIREZE iliac arteriovenous differ-
ences, AT AV-D I8 #EHL, T v MERERMHEHE
BB L7 2/ BROMY, £2VIZERYD ZAHDIER
&L,
2) MEHREE (total protein, LIT TP L E§)
Biuret &* THIE L 7z,
)7 V7 2 > (serum albmin, AT Alb &)
BCG ™ THIEL 72,
4) [k
glucose oxidase 2 THEIE L 72, HIE ix BRI & &%
RO H iz Dw»THrn, AV-D #EHL, v bk
BRI TO 7L 2~ AFHOMBIEE L0,
5) MEA > AU 1 (IRID)
ZHiAEEC L 4 radioimmunoassay Y CHRIE L 7z,
6) ImiEIEE
#av 275 o— (total cholesterol, LA'F Tch &
W), thPElENG (triglyceride, LAF TG L W8), HeifAs
Wi (free fatty acids, LAT FFA &0%) ZBEFREW
KEDHEL 72, 8, FFAIZ2DW T AV-D 2#E H
L, SR D O FFA BUROIBIE L L1,
o N EOMEHILEE, THRECE-7, 72
L, BHFFICDWTE, PRELZHW.

B #
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BUERER 2D, BORR, TERHRED ST,
D, #ETHCRENEEL, ZREzD, 24~48
HEUBIZZEC T2 boasR o, Biicky, HHEE
3, EROH 3 EBEK BEOLEL S, AFHEMHE
[ER DO ROETRD &z,

ZHEFL, €T NAFRE 24~48 BERE % 5 I PRI
RESEME LITEISESR L 2 0, FIRDSESNT, 96/
MERBLCHEFETZLDONE SN, FEMEFO
MRRR TR, PEOEAERD2HDD, BWIBICHE-
e, AEOK - BREE - B L v Eitsh
FREMEDIBE £ TR L T/,

BEEZ v Tk, EFAERBERL D RRSE
B RFICR N THAZRIRSE SR, 2FlbE
Tl BOROBEBEMRECLEE 2B/,

II. £%%

7 NAERIE 06 IR E O ATERIZ, B-1 #(n=24)
T 66.6%THY, ABE (n=16) © 100%ztt~, B
BoBEERLL:, SHICHL, 78/ BBEEETI,
B=11# (n=17) 82.3%, B-IIE (n=16) 100%, B
-IVEE (n=14) 92.8%THo7. ZDOHE, B-II#E
(BCAA BI& L 38.7%) Tlx, B-18#(7 s /BIEL
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Fig.2. Survival rate at 96 hr after operation in
four sepsis groups. Four groups were respectively
administered with one of the infusion solutions
shown in table 1. %—*, p<(.05.
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pofc (K2).

M. RES & UKFHM

96 BERS D BRE 5 & AL, Wiy, B
SIBEMO 4O EREREERR DR, o7,

V. SEER

MR TEROAEZLRIE, A BH—6.8910.35%

(meanxS:E. M., L TE U), B-1 B #—-5.65=%
0.58%, B-113¥23—3.48+0.76%, B-TIEEA —3.02%
0.48%, B-IVEEH —5.28+0.68%TH D, TN TOH
THERERY B0, BIERO S 5T, B-IIHO
RERAIE, B-1HE LU B-IVEICHAFREICNS
otz ZHhICRL, B-IEOEER W B- 1 it
~NEBIZ/NE oz, BAIVEIZEAS LS ER
Exndhol, i, B-IVEOKERSE, B-1RL
HARTHEERER 2T ooz, -T, 78/
BIRSBIC B 2 ERERS I, B-IIETRLNZS,
B-IVEETRLAE L7 (H3),

V. BRTH

RO RRMERFH T, AR —652.4128.2
mg nitrogen (mean+S. E. M., A FR L), B- I Bf»s—
619.4+33.0, B-II %A1 —397.2+31.7, B-IHF»—
316.2+31.6, B-IVEEA —523.1+23.7 &, $XRTOH
TEOES £ -, RIUERO 5 & Tk, B-II#I&

Group
B-I B-II B-ll B-N
(h=11) (n=11) (n=11) (n=12)
A =20
[«
@
S
o —40F
fu kg
- oL
: —6.0f LI
> skskk
'g w
@ _got

Fig. 3. Body weight change at 96 hr after opera-
tion in four sepsis groups.
Body weight change was defined as :
B.W. after operation- B.W. before operation

B.W. before operation

Abbreviation : B. W., body weight.
Each group represents the mean+S. E. M.
se—% and % k——% % %, p<0.05 ; "—
*, p<0.005 ; Ye—%* * * and *——>% * %, not
significant (n. s.).

X100%

b OIEL BIFRfEA L, B-1#8 LU B-IVEIz
LB BIF RS & o, B-IIBRCHERS LR
BELEH L, oL, AL, B-IVEEE, B-18
ICHEREBFCBIFTH -1, B-1EEB XU B-1I#
IZHERB L HBIRRTH -2 (H4).

VI, MiR&{L¥RE

1. BpfRMbomiEEat7 2 BRE (R2)

B-18Tix, 17807 3 /BOBRMLLT, 873
7 B & B%) 13 2129.5+63.1 nmol/ml (mean+S. E.
M., UFTRUC)THD, ABED 1957.6+£35.2 I kb~RE
FhEME T LT, B AAA (Phe, Tyr) O#FI(A
F, BAAA ¥ 18) 12103.0x8.4TH D, AFOD
81.5+4. 5 KHABEELHEMELERLL AAADIBT
i Tyr WEELZEM %R L. BCAA(Val, lle, Leu)
OWMFI(LLIT, ¥ BCAA L)X 212.3£14.2THY,
ABO IS TEILICHREELZSMER R L,
BCAA @3 5 Tii, Val, Ile, Leu DT X THEEL
EEE RS, B BCAA 2 AAA O (8 BCAA/
W AAA, LA FBCAA/AAALL & B8) (31.82%
0.06 (mean+S.E.M.) TH D, A D2.28%
0.09 (mean+S.E.M.) iCHAREFELEMEERLL.
#Fofth, B-1 8T, AFHCEN, BERET 2 /BT
$2 Glu, Lys, Arg WEELRELERL (H5).

- Group

2 B-1 B-I B-ll B-N
~ (n=12) (n=10) (n=11) (n=11)
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Fig. 4. Cumulative nitrogen balance during 96 hr
after operation in four sepsis groups.
Nitrogen balance was defined as : (administered
nitrogen quantity in fluid)-(excreted nitrogen
quantity in urine)
Each group represents the mean+S. E. M.
Ye—k, so——* * and * x—% * %, p<0.
001 ; *—3* % %, p<0.005 ; yv—* * *, p<0.
05 ; *——% %, n. s
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Table 2. Arterial plasma amino acid concentration at 98 hr after operation in 5 experimental
groups
Arterial concentration (n mol/ml, mean + S.E.M.))
Group
A (n=9) B-1 (n=10) B-I (n=11) B-Ml (n=9 B-V (n=9)

aspartic acid 4.20+0.58  5.53%£0.43  4.16£0.38" 4.29%£0.23" 5.82£0.47
threonine 553.8437.0 550.5+14.3 512.8+14.17 491.9%+ 9.0% 573.8+10.3
serine 160.5+15.7 173.8% 7.7 139.5+11.0° 142.4% 7.1% 183.3% 6.0
glutamic acid 66.4+ 3.0% 82.5+ 1.3 70.0% 2.4% 81.3+ 2.9  90.3% 4.4
proline 68.4% 2.4  69.0+ 3.8 56.6% 4.4 65.5% 2.6  96.8% 4.7%
glycine 236.8+ 8.8% 157.8+12.8 157.8+11.7 133.3%+ 6.8 97.1% 3.6%
alanine 215.8+13.8 233.0+16.8 219.7+11.6 204.3%10.9 355.0%10.8%
cystine 27.0% 3.5  34.4% 0.8 33.8% 0.7 31.5% 1.8  26.3% 2.6"
valine 66.8+ 4.1° 92.2+ 6.3  96.3% 4.5 127.1% 4.5% 227.2+% 9.4%
methionine 28.7+ 0.8 27.5+ 1.0  30.0+ 1.8 25.9% 1.6  35.3% 0.6%
isoleucine 33.74 2.4 48.9% 3.0 53.8% 1.9  50.6% 2.5  72.9% 2.8%
leucine 58.1+ 4.8 74.2% 5.0  88.8+ 3.1  74.7+ 3.9 122.5% 5.4%
tyrosine 240.0% 1.1% 44.4% 2.6 43.1% 0.7  23.7+ 3.0% 30.9% 1.0%
phenylalanine 545+ 3.5  61.3% 7.2  46.8% 2.6  45.9+ 4.0 58.5% 1.1
lysine 184.7+14.1% 289.9%16.5 265.9% 8.2 203.2+18.4% 242.7%11.5"
histidine 73.9%+ 5.8 65.4% 1.8 59.9% 1.4° 59.4% 1.6+ 60.1% 0.8"
arginine 57.24 2.1% 715+ 1.3 71.5%& 2.7  72.8+ 2.7  90.2% 2.2%
BCAA 158.7+11.1% 212.3+14.2 244.0+ 7.9 235.2% 8.5 411.7+12.3%
AAA 8154 4.5 103.04 8.4 93.2+ 2.6 70.6+ 5.97 88.7% 1.7
EAA 1176.2£25.7 1223.1+26.9 1232.4+23.9 1140.6+31.9 1552.1%£35.9%
NEAA 809.1+417.6 862.6441.8 683.1+£18.2 707.5429.3+ 886.6426.9%
Total amino acids ~ 1957.6+35.2" 2126.5%63.1 1989.3437.9 1808.2%48.5%2412.8%62.8"

Abbreviations: BCAA, branched chain amino acids (valine +isoleucine +leucine); AAA, aro-
matic amino acids (phenylalanine+tyrosine); EAA, essential amino acids; NEAA, nonessen-

tial amino acids.
*
S

%, p<0.001.

*,

Rz, 72 BEERE OB E B- 1B gL 72,
B-lI#: (BCAA Bi&LE 38.7%) Tk, #7 3 /B3
1808.2£48.5 &, B- I #ficlh~HELEMERL, A
BOL~NLETTRL TOAE., BAAA Y 70.6+5.9
EEEARMEERL, ABOLVARALETTRL Y
L AAADS 5T Tyr O BEENBETH -7,
BCAAD S 5Tl ValDAMNEELRBMEE2R L
#, lle, Leu, 5 XU BCAA R EELERL2RD L
mofz, BCAA/AAA i 3.0410.21 (mean*S. E.
M)THD, B-I1BCHHEABEE2 LD, ABD
VRO BB Tl (K6, BT7).

wand ¥, significantly different from group B-1; *, p<0.05; ¥, p<0.01; +«, p<0.005;

ZizwtL, B-11EE (BCAA BR&LL 21.2%) T,
M7 2 /B, MAAABIUTyr 2 B-I18LEER
MEEFD 2 o7z, Val, lle, Leu ¥ & U8 BCAA
LHBERERER DT,

B-IVE: (BCAA BIE L 100%) Tit, 7 3 /B
2412.8+62.8 £ B-I Bk~ Ta s EEL EE S
Al 7z, Zhid Val, lle, Leu, Ala, Pro, Met, Arg
DERLEBHEICL2bDTH 72, HBAAA L, B-1
BEEEREREADE D o2, 2L, Tyr 368
HEMERLAZDOD, ABHCHEAERE LTEER
H-1:. BCAA/JAAALLIZ 4.41£0.20 (mean=+S. E,
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Fig.5. Arterial plasma amino acid concentration at 98 hr after operation in groups A and B-1.
Symbols : ", group A (control group received infusion without amino acid solution)
group B-I (sepsis group received infusion without amino acid solution).
Abbreviations : TAA, total amino acids ; BCAA, branched chain amino acids ; AAA, aromatic
amino acids ; Val, valine ; Ile, isoleucine ; Leu, leucine ; Tyr, tyrosine ; Phe, phenylalanine ; Glu,
glutamic acid ; Lys, lysine ; Arg, arginine.
Each value represents the mean+S. E. M.
*, p<0.05; *, p<0.01; 5¢, p<0.005; =, p<0.00L.
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Fig.6. Arterial amino acid concentration at 98 hr after operation in four sepsis groups.
Symbols %8, group B-1 ¥77ZZ77h group B-11 ;ERERS, group B-IIT ; [UEM. group B-IV ;

, group A

Abbreviations are same as in Fig. 5.

Each value represents the mean+S. E, M.

¥, p<0.01; %, p<0.001.
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Fig.7. Plasma BCAA/AAA ratio in four sepsis

groups.
‘Abbreviations : BCAA, branched chain amino
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the total of BCAA concentration
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Stippled area is the range of group A.
*—k %, p<0.001.
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Table 3. Iliac arteriovenous differences of plasma amino acid concentrations at 98 hr after
operation in.5 experimental groups.

Amino acids

Iliac arteriovenous differences of plasma free amino acid concentration
(n mol/ml, mean + S.EM.)

Group
A (n=9) B-1 (n=10) B-II (n=11) B-lil (n=9) B-NV (n=9)

aspartic acid  —0.07240.790 + 0.94=0.68 — 0.12£0.34 —0.003+0.365 — 1.62%0.48"
threonine _18.5+10.3° — 76.1%18.9 — 70.2416.6 — 41.9% 9.1 — 18.7%17.2"
serine 107+ 9.2% — 36.3% 7.4 — 9.75£11.50 — 7.04%+3.70" — 18.3% 3.2°
glutamic acid ~ +6.5244.56 + 17.6% 3.9 -+ 13.0%£ 3.7 + 12.5% 1.9+ 14.3% 3.1
proline —7.1842.05 — 14.1+ 3.2 — 4.26£1.67° — 11.7% 1.4 — 5.52+2.84
glycine —40.4+ 6.2 — 33.7+ 8.8 — 38.1% 5.3 — 35.3% 3.6 - 22.3% 2.9
alanine _39.8+ 9.6 — 42.3410.6 — 42.9% 6.8 — 42.4% 6.1 — 34.8% 8.5
cystine 4+9.9145.06 + 1.68£1.95 + 1.78+1.95 + 0.82+0.65 — 0.11%1.35
valine —2.00+£1.99 — 7.0842.10 + 0.43%2.817 — 5.2% 2.7 + 4.8%4.45°
methionine —4.9541.82 — 5.60%1.15 — 4.36+1.39 - 3.25+0.81 — 4.63+1.30
isoleucine 1734120 — 5.1441.02 — 1.16£1.63 — 1.1621.24" — 2.23+1.40
leucine —1.5341.67° — 1.1+ 2.2 - 1.7542.80° — 3.88+1.85  — 3.72£2.09
tyrosine —1.9340.94° — 5.06+1.10 — 3.80%1.94 — 3.56%0.56 — 3.22%0.94
phenylalanine —0.7411.99* — 8.58+2.58 — 5.82+3.10 — 12.0%£ 5.2 - 1.66j:1.41*
lysine —1.0244.10 — 14.4% 6.2 — 24.0% 7.2+ 2.2344.62 + 1.17£7.55"
histidine —2.56+£0.83 — 4.59%2.16 — 2.47+1.11 ~— 4.81£1.09 — 1.31%0.89
arginine —5.5652.00% — 15.4% 2.4 — 7.25%2.51" — 9.95%2.42 — 10.0% 2.1
BCAA _5.2644.62 — 18.9% 4.9 — 4.90%6.00 — 7.87+5.70 + 2.45%+7.60
AAA 0. 77+2.60° — 14.3% 3.3 — 11.2% 4.4 — 9.40%£5.60 — 4.56%2.30"
EAA _30.4421.8" —174.3%35.2 —107.9426.1 —113.4%21.0 - 56.8+40.9
NEAA —71.3+24.6 —116.6225.0 — 78.9£17.3 — 92.0£16.2 — 63.6%17.2

Dol T 53044608 —323.3571.7 18104440 —213.1¥43.8 —125.2358.5

Iliac arteriovenous differences were defined as: (iliac arterial concentration—iliac venous con-
centration) of each amino acid. Abbreviations are same as in Table 2.
*, % wand?; significantly different from group B-1; =, p<0.05; *, p<0.01; #, p<0.005;

%, p<0.001.

B- I 8 T3 46.5+6.9 4 U/ml(mean*S. E. M., LA
THRU) THY, ABD27.5£7.9 CHABEL L -
b, HEZEREDshk»ol, 73/ BWEED
35 TCld, BCAABEILOR K\ B-T1HA26.7+
2.7&, B-IBIZHAEELEMERRL 7248, B-NEE
BLUB-IVETE B- I BLEE2Twiahok (K
11¢).

7. MERYE

Tch i, B- I B#Tid 45.012.7 mg/dl (mean=+S. E.
M., UTREUC)THD, ABD 3718 KH~NEE
LEEERLL. 73RO S b Tlk, B-HIEF

#337.2£1.1 &, B- I B~ EEL{EEERL, A
BED L AASET VT Wiz, L, B-IIHEB LU B
SIVBTI B-T By BB R e -7 (H12a).

TG %, B- [ BT 68.6+5.0 mg/di(meantS. E.
M., UFRIL) THD, ABED 26.5+2.9 1 ~HE
REEERRLE. 73 BEREEO S b T, B-11#f
5344.7+2.8, B-1IEEL 48.922.6 TH Y, WA DB
STBRICHNEE R EEE R U, ARG
TR UCEESR &> Twiz, —7, B-IVEETCI B-1
BMLrERZTDR,o (K12D).

FFA i3, B- 1873 0.2840.02 mEq/l(mean*S.
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Fig. 8. lliac arteriovenous differences of plasma amino acid concentrations at 98 hr after operation

in groups A and B-I.

Symbols :[—__1, group A (n=9) ;

, group B-I (n=10).

Abbreviations : Thr, threonine ; Ser, serine ; the others are same as in Fig. 5. Each value represents
*, p<0.05; *, p<0.01; ¥, p<0.005.
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Fig. 9. Arteriovenous differences of plasma amino acid concentrations at 98 hr after operation in four

sepsis groups.
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M. *, p<0.05,
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Fig.10. Serum total protein (Fig. 10a) and serum albmin (Fig. 10b) at 98 hr after operation in four
sepsis groups.
Each group represents the mean=S. E. M.
Stippled area is the level in group A,
a-c, p<0.001 ; a-b, e-f and e-g, p<0.005 ; a-d, c~-d and e-h, p<0.01.
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Fig.11. The levels of blood glucose (Fig. 11a),their arteriovenous differences (Fig. 11b), and serum
insulin (Fig.1lc) at 98 hr after operation in four sepsis groups.
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operation in four sepsis groups. Stippled area is the level in group A. Each group
represents the mean+S. E. M. (n=11).

a-c, p<0.05 ; e-g, p<0.005 ; b-c, c-d and e-f, p<0.001.
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Fig.13. Serum FFA levels (Fig. 13a) and their iliac arteriovenous differences (Fig. 13b) at 98
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Experimental Study on the Optimal Composition of Amino Acid Solution in Sepsis Treat-
ment  Kazuo Hirose, Department of Surgery (I), School of Medicine, Kanazawa University,
Kanazawa, 920 — J. Juzen Med. Soc., 92, 556 —574 (1983)
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Abstract

An experimental study was made to determine the optimal composition of amino acid so-
lutions for the treatment of sepsis, by using male Wistar rats. After sepsis had been induced by
cecal ligation and puncture, fluid infusions were continued for 96 hr. Septic animals were
divided into 4 groups according to infused amino acid solutions: group B-I, a solution containing
no amino acids; group B-II, a commercially available solution containing 21.2% branched chain
amino acids (BCAA); group B-III, a solution containing 38.7% BCAA with reduced quantities of
both aromatic amino acids (AAA) and sulfur amino acids from that used in B-II; group B-IV, that
containing BCAA only. The control group of the animals received simple laparotomy and
infusion without amino acids. All the solutions contained 15% glucose and had the same caloric
value, and the total nitrogen concentration in the three amino acid solutions was the same. The
following parameters were examined; the plasma-free amino acid concentration, their iliac
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arteriovenous difference (AV-D) after infusion, survival rate, body weight (BW) change and the
nitrogen balance. Group B-I revealed plasma aminogram change that was induced by sepsis; a
significant rise in the concentrations of the total 17 amino acids (TAA), BCAA and AAA, and
also a decrease in the BCAA/AAA ratio (the sum of BCAA/ the sum of AAA) as compared with
those in the control rats, Furthermore, the AV-D of AAA and BCAA showed a significant
negative increase, suggesting an increase in amino acids efflux from peripheral tissues due to
augumented muscle-protein breakdown during sepsis. In the three groups infused with amino
acids, only group B-III showed a significant improvement in the survival rate, BW decrease and
nitrogen balance compared with group B-I. Moreover, not only did the concentrations of TAA
and AAA significantly decline, but also the BCAA/AAA ratio increased, while the concentration
of BCAA was not different from that in group B-I. Therefore, the aminogram change in sepsis
tended to return to the control level, though the peripheral efflux of AAA and BCAA did not
decrease. In group B-IV, the peripheral AAA efflux significantly decreased compared with that
in group B-I, indicating a suppression of muscle-protein breakdown. Nevertheless, group B-IV
showed no improvement in plasma aminogram change, survival rate or BW decrease, and the
nitrogen balance was worse in group B-IV than in B-Il and B-IIl. Since in group B-II both plasma
changes and peripheral efflux of amino acids still persisted, the survival rate was not improved.
Therefore, in the treatment of sepsis, an amino acid composition, richer (38.7%) in BCAA and
lower in both AAA and sulfur amino acids than those in generally used solutions, is necessary to
improve plasma aminogram changes, nitrogen balance, BW decrease rate and survival rate.




