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Sepsis ) early stage iZ 517 % SHLEEIEE & /HAME Y L 0 — ZOFIEBRICOWT, EEBREICRE
Ltre EBREMIZ wistar B FE'/ v b EAY, BERBEREILICE - T, sepsis #1ER L, mMEEHE, mE
422 AE, LA TUAE, MC e 2 — AR SR OERHHCO, EREINE, “C v a— 2D
T, SRR, BIEESANOBITEERHEL, 4 A Y YHEOMRICDOWT, EEEO control B & L
L 7z. Sepsis {ERtt: 24 BifflOBE T, 4R, —AMOSmEHE S, MEA >RV >#, [
#7015 I {HIT control BEICERES L CEBHLIIEAR L. Sra -2 0581, 0.8g/ke, 168/
kg, 2.4 g/kg D IERE L LA, wiFhoBEgIcsWwTh, BEHC 0, AMEILFIL, sepsis #EZ

BulEELRLEZ. Zra—2A lg IHLUTIBADOVXFaS—A VAU Y %HFHET 2 L, sepsis BT
i, 73— 24 g/kg EDHED H, FEGHYC O, AREINF QRIS R & 4171243, control T
LAY YO E T Y, H%FP“C O.ZRENR I 3EENR o ek o/, S a—2AKEE
DA AN 5L, sepsis KBWTITHEL TWAIZE b 5, BILEFEEKEIIZ, control BEXL D
EEAERLLH, 4> A0 ORI & D ERLWEHED 51, sepsis REX BT Y, KFEDS v
AU SR ThhE, FEAEEERE LB b0 eEL . FCSHT34CoEIER, 7V
a—-ADEER b 5T, sepsis B8 control BEL D Dot 4 YA VEHET B &, WEHE
ELAMTAEERBAL, BREOZER/NEL ot BRBCAHTICOEEZR, Fra—2D
BEEIZhhb 5T, sepsis B control BEL DSt o7248, 41 YAV VEHET R L, ARHELOHET
EEEINL, MEMcERR 2 { ko7 BRI T 2 C 0EIE IR, sepsis BES control
BIOEEERLLY, A VYRAVYOHRACLZBERAONE o,

Key words Sepsis, Glucose metabolism, Cumulative withdrawal rate of

expired “#CO,.

T, AR B LT, FINFEEB X Ui,
MEEEOESIC LD, FHEOIHANR IR TY
A, TR CEIHEORE bEBLTED,
TR, sepsis IWETH T 2L AWML 205 5. 2
DX LEE, Bha) —Ee L o T, FEEEEEHS
fIbhad 2 En%L, 2RI L - T, — iR BEOME,
OB 2T 2 FEFIAKEE L 2 p10D, —
By, B & ATRESEEE F O 0iz, KEDAL >R
SREHIZE T, Moy b - LnEEET, K
5T L — A B BT LI DRI E T 29 2
CLRETHB, fEo T, sepsis W BT 2 A OV

— OIS DV T, BE»SrN, BRO2ET
flitz2nTH, ELOHEMN BT ENTNEIO 2 2
TEHL, OB EBCE3 S ra—A %508
R RET 5 128, Wichterman?, & 590 F ki
L, 7y MCERIBEEL 2ERL, FLLT, 7
Na—ADFRAME, 1 A0 REORL LD
WTHETEINA, 2, 3ORKDIMAEBLOTH
EHT 5.

HEE L URE
KEREHY)

Experimental study of the utilization of glucose in spesis. Tsukasa Ohto, Department
of Surgery (1I), (Director: Prof. I. Miyazaki), School of Medicine, Kanazawa University.
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U =¥ NENERS X UAEATHE LK
H 250 g Bk v 4 A5 —RIEMET v M REVL, KRBT
T AAEELD 24 RERIRT D SHER E LTe,

I, EBRETNVOUEE )

Wichterman? D iz ¥ L, T—7 L (ether) &K
BTTo v OB 1.5cm OREYIBEI£INZ TR
B, EREEEACRY HL, ESMEEOmE R 5-0
FA v AT, YIEEL, [HEEEN, SBIEED
HEB L NBHRORE2AFRCEBRCEESY,
FERICEEN LI L RER LR, 3-08RTER
RS, WaT I8 — Y OEHET, 2 LFT2ERl,
EHLUCHEEEZ R E S ek, EERCER B
BEL7:. Tk sepsis TN (ARMEBEBELRIERET
W) kL7, control 7V (HEEMEEF V) 1, Rk
OFIRCHE, BEEERMCIRYBL, ZOBREH
LizbDEe L.

0, EBEORTE

BEAEREO BERFBEMS -0, %7 sepsis,
control @ 2 B4, 24 BERSEIEE U HBBE L iz,

WEZ N I—ZARUA YR »BEOBELRET
5781z, sepsis BER U control x5/ Vva—R B

Lv¥ad—4 Ay (UTRI) OffEOERKIL
EoT, UATOD 6Bz,
1. Sepsisfif
1) Zra—x08g/kg
9) Zra—21.6g/kg
3) Fra—A24g/kg

4) Znra—208g/kg  RI0OSu/kg
5 Zra—RLl6g/ksg RIL6u/kg
6) Zna—RX24g/kg  Rl2.4u/kg
2. Control
Sepsis BRiC[E U

IV, AEHEE L EHE
1. SepsisicB 2 MBEE, mME >R fE, @
®INAH T E
BRimiz 1E&E»s 1EROEL, 2T 5 -0
(nembutal) 40 mg/kg DOBERE TS 15 SO EAR
BT ORET, AR, Eb cEENABR:E
H L, EEORBEBIIRIC BT 38O 23 ¥ YD
JOESHREE A, 1 40 BRI TII#E % 6~7 ml FREL,
E®iZ, 3,000r.p.m.T10 AFHELL T, MFB LG
mEEEsEEL, UTORECHEL:.
1) [ubEE
Glucose oxidase ¥z & DEIEL 72
2) MEA AV fE IRD)
Sephadex [& #§ ¥ & & % radioimmuno-
assay THIE L 7-.

il

3) m#EsnAhaE (IRG)
Dextran - charcoal ¥ & X 3 radio.
immunoassay THIE L 7.
2. WEHUCO,ORMEMNEIL L 2 /Lo~
1%
1) BEZVI-ABOFHLBEHE

“C- glucose (Glucose D - [*C (u) ] - HO4CH, [v
CHOH] “CHO, NEC-042 H) 05ml (Echisfss )
uci) % 20% 2 v 32— AVAHE 80 ml B UF 30 %7 L3~
AV 80 ml ICBAL,0.625uci/ml &5 &5 HN

(hot D7 V23— R REIX cold D7 VI —RBizHL,
B TORERIDERLL.) Lz, £8582020~
dml O L% % & 5 EBRBEKTREL T, B58:
LEHERELTELIED:.

BEEAVER S X UHIEAER 16 BEEDS v b2
W, BIEEOUC 7V a — AW %, ERET RS,
SH 20 ENG, Trvay b TEELT.

2) FE&KHMC O,ENERE

REHUC O, mINEEER, H1IRTISiE, A,
V%745 (sodalime) ADZ7AE (EKHOC
0.k%) B, 7v¥or—%— (5 v MI&) C, BFE
AV EOEY (FEHOH,0BRE) D, “CO,RE%
BAOVB 7723 [CO.BER LTI, £/ 2%
/=17 & > (monoethanolamine) 2\, £/ x4/
— W7 EVRUTIFUIIYA—NE ) AFNI~TF
Jv (ethylenglycolmonomethylether) #3, &L 1 3742
LB EOESLEDO® 100m FNB]E, DI
BL F, BWERY7 (ME 500 ml/min. &% 5 &
SIHEE) ZA-B+-C+D+E - FOEK, E=—
NETERLLbORERLL. 1REILE, §6
El, 6FME%®T, D, E»5%&1.0ml F o008
L7z,

3) “CHEHNEMHED 2 14C 0, RRENEOHE

bz (toluene) ¥ ¥ F b —%F — [Jeffay 6
OFECEL, =FVv PV a—LE) AFLI=T
Ny, by, B=% 4+ 2+ FY 7 A (disodiumethyl:
endiaminetetraacetatedihydrate) »3%H.Z#H, 500 ml,
1,000mlL 9.0 g DR B L S, BEEELLLO)
SRR, WEYyFr—yarayry— (LSC
67153 R 047) %F3\», AUTO, EXTERNAL, 147
vy b, HEIEHK1ET, ¢ p.om BEELL @E
B, £E/1¥ /) —NF7 Iy, TFLVYTYa—NE/
AFNI—F N, PLZYOERTROFRLI 1
7310 % B), Wi, 20 %MC 73 — AP 1.0ml
BU 30 %“C N2 —AERK 1.0 ml £2h N 995%
I /— (ethanol) L FEIL 159 LB LI
BREBL, £01L0ml RFIEO Y v F L —F —icH#
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s, ABROFET, BIELL VI —REBRD c.p.
m PRELL. HWT, “C quenching correction

curves %Fﬁlﬂc CHANNEL
14 C. p. m.
DPM= EFFICIENCY X100
oRicE D DPMEHEEL, BRMC 0.0 REEINER

#ROI,

3. Sepsis KBWBINI—ARFI VIR, L
Fa2d—4rA) rREBOIEE mEA >~
A AE, M7 NH T AE

W, 2, 1) LA FET, 7V a— g (cold 7
pa—-AWEIR) EEE, 545, 164, 304, 1HERS,
opsis, 4ABSME, 6REFRE, IV, 1 LEROFIE, B
Bl (B 15 AT A > 77— 0 mg/kg 218
Bz TS, Bimn, BRU, FEL s b niE
RUMmEEE LT, UTORZECHL:.

1) fusEE

W, 1, DEEC

7 BOLEGRE (KE)

Lundbaek!™iz fE vy, 7 0 0 — A BTFHOME T ki
BERNET 77 THODL, I3 — AEER 10 5
BOMEBHED 2 50 1127 28 (half time, t ¥4)
¥k
K= e X100
DRIV KEEEH L, BLEEHE L.

3 mEA AY)E (RI)

v, 1, 2@EL

4)" Insulinogenic Index (I.1)

IV, 3, DRUIV, 3, 3)&b, FNa—A%EE
1% 30 40 IRIEME (A IRD RUTIESMNE (A

BS)&ks, AIRI£ABS THLLME-SRL (44

A B c

Fig.1. Apparatus for collection of expired CO,.

di/ml.mg) THeb L, i g MK A >~ R >4
DEEL L.

5) M7 % 7E (IRG)

vV, 1, EL

4. MC N a—RDEBASH

IV, 2, 1) EERRO FET, “CTANa—RABHE %
EL IR, IV, 1 LRk, 207y — e
BTWHEL, 2375 Y0/ et 2 BA L ThiL >
DM, MEARERE € A ¥ — T CTER L, i
RZEGilrs 2. /AKXt E D, 0°COEERIEK 60
ml TIBO B EHEITL, 8 THRITE L -, &
VT, BIEERER ORISR AR O 5Pk
BEELRURL, # MK, KSEBRELRE,
A BRI I AT OALER % MEfT L 72 .

D RS mT s CoRlE

VIBRan7-FFiEL D, PIOR, FFAME%, Bnselks@
DI 1.0g 28EL, 0°COLEBEEEAS5.0ml 20
ZATHYILE,20ml F 7 a0y ked+ L =T 0°C
WEHIL 285 2,000r. p. mT 24 ES+4 XL
oo RELA—1 0.5mlicNCS [Solubilizer for
liquid scintillation counting(AMERSHAM
CORPORATION. A SUBSIDIARY OF THE R-
ADIOCHEMICAL CENTER)EUIFNCS LHB8] 4.5
ml 2Nz, RELC 24 BEKREL, REREL-bO
D1.0ml 21V, 2, 3) L AKRIEHEEY > FLr—vay
AT —=iZnld, 7xrvFoSBECE->TDPM
EEELL. SO TRESBRBINT 2HE2ELRT
Rtz

2) BRI T 24C ORIE

VIS N B ERR 0.2 g 12 0°CO = MEAEK 1.0

A: CO, in the room air was removed by soda lime.

B: Rat was put in chamber.

C: H,0 in the expired gas of rat was removed by conc H,SO,.
D: CO, of expired gas of rat was adsorbed with solvent (Monoethanolamine + Ethyl-

englycolmonomethylether).
E: Same as D.

F: The volume of flowing air was adjusted to 500 m] per minute by air pump.
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Table 1. Blood sugar levels after operation

Blood sugar levels (mg dl, MeanzS.D., n=6)

N . T —
Time in hours after opration
Group 0 2 4 6 8 12 14 16 18 20 22 2
Sepsis* n.d 235450 34497 233150 12413 1IBE34 4628 132449 14140 145532 170123 144%25 15.6:57\
Control" U110 117+ 8 142+26" 14819 14121 n.d. 131x16 nd 134=11 n.d. 128x14 n. d. 12414
a, Sepsis group of rats; b, Control group of rats. -
c—d: p<0.01.

In the sepsis group of rats, their caeca were ligated and perforated so as to produce peritonitis. In the control group of rats, their caeca were pulled out

ang then replaced.

Qe

J8r

operation

001

Blood sugar levels after operation(mg/dl)

Time in hours after operation

Fig. 2. Blood sugar levels after operation.
@, sepsis group: O, control group.
In the sepsis group of rats, their caeca were
ligated and perforated so as to produce peri-
tonitis, after fasting for 24 hours. In the control
group of rats, the abdomens were opened, their
caeca were pulled out and then replaced.
Each point represents a mean =+ S. D. of 6 rats.
* % - % % p<0.01.

ml 0L THEIL, Bz NCS 4.0 ml 202 EHIRE
Ldsh, BB 2o T 2 BAKEL . Ry
TZO1.0ml B, A EFCDPMEEEL
Teo W THIAMER 1.0 g KHHT 24 CORERER
MY BEEEESETRDI.

3) fERHESC AT AU COHIE

IR an Bl # 0.2g W 0°Co A& AEAL.0
ml 2002 THIYIL, BEieNC S 4.0ml 2N EERE
Lads, SEWEET 2 3 THRRMBEL L. R»
TZD1.0ml ZIREL, e EFECDPMEEEL
Teo OTHRRFER L.0g C T 214 C o, BERE
ENTREEREAETRD .

B SN EOHEHMER, TRTTREZE 7.

A #

1. Sepsis {ERE#HO#RE
1. &8WR
1) Sepsis 7 v b

BERIERE, 4~53TEEL, L& 8kiy
FEEZEEEZRLLY, 5~6BMHE»s LEvESR
WRELD, 10~12 BREGTR, ROPER, TERMH
BEDH SNz, 20 R EZA L -E» &, iR, B
WIEEMNED HNE LI KED, AROHBICHT2
58, BT 56 08H 60T, £ 48 EM%
BET, EFETB L0 AN, 7B 20 BEEGRT
T L7z y M R»SEA L.

S VER T, 16 RFRICRIBE L 72 & &%, M
HRWEBEVHOBEAN 1 ~2 ml L, EENHY, B
BARIELACERT, BEOEBRRDSLT, B
RETHEL, BELLEBRR, BRI Tw:,

2) Control 7 v b

AR, 4~54THEL, DRITEK #KEky
ERLBEERL, R2REEEALCHRETTIH0
127 <, BAlEE: 16 BRI IC B W T Y, EERRIR
HEROBMoL.

2. Sepsis 2317 5 IMEEE, MES ~ AV VE 0

GGV e Y -

1) IyEE (&1, H2)

JLBRTOMIFEE I 111210 mg/dl TH 3, sepsis
Tk, BEAERELSL, 4RMBICE, E-20
304+49 mg/dl L BHLBMMEEELRIETL, 88K
BT 124+13 mg/dl &7 b, BI#kid, 118+34 mg/dl &
& 17023 mg/dl DEFEOE I #:F L7z, Control BT
1k, 6% 6 BERIEIC 14819 mg/dl L BED LRETR
Lizdt, 2B L7ZLICTREL, 24 BT 1242
ldmg/dl £z o7,

2) M4 A M (F2, H3)

BEI QM A > R Y HIZ, 36.8+17.5,u/ml Th
%, Sepsis BT, BIEARIER 2 BRI T, 283114
5pu/ml EEECET LB ERL, 6BHTI.5L
140pu/ml Q¥ —2 &R H, 10 BT 40.2£17.
Opw/ml & T—HEd Lz RO CEERL, 12HHT
90.4440.0u/m}l (23 U727, 90.4+40.0pu/ml 25
154.925.5u/ml OHEFTHERS L 72 control BETH,
QLB 2 BRI C 23.0+8.64u/ml & sepsis B & FIBRIC
BERD LTz, 0%, 68T 58.5+30.8¢u/ml D
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Table 2. Serum insulin levels after operation

Serum insulin levels (ug/ml, Meants.d., n=6)

Time in hours after operation

Grom 0 2 4 6 8 10 12 u 16 18 20 2 2%
Sepsis 28.3 481 955  58.4 402 90.4 9.1 9.9  93.0 13176 1549  123.2
nd. + + + + * + * + * + + +
145 346 140 2.7 170 40.0 81  40.0 3.0 4.0 255  50.0
6.8  23.0 5.1  58.5  34.3 32.14 363" 22,7 2.2
Control £ Y * ¥ + nd Y nd £ nd s nd £
175 86 2.0 308 3.7 10.0 6.3 7.2 4

g~h, i~j: p<0.01; a-b, c—d, e—f: p<0.05.

Table 3. Plasma glucagon levels after operation

Plasma glucagon levels (pg/ml, Mean+S.D., n=6)

Time in hours after operation

Group 2 4 6 8 10 12 14 16 18 20 22 24
Sepsis 49 131  304* 328 250 325 260 317¢ 273 355 433  364°
nd. =* + + + + =+ + + + + + +

38 45 124 142 95 164 19 111 102 143 105 133
Control 24 45 48 61> 1424 160 158¢ 125k 1401
+ + * x + nd + nd. + nd * nd =+

6 30 34 27 71 23 44 45 31

a—b:p<0.01;c—d, e—f1, g—f, g—h, i—j: p<0.05.

operation

1081

Serum insulin levels after operation (uu/ml)

Time in hours after operation

Fig.3. Serum insulin levels after operation.
®, sepsis group; O, control group.
Each point represents a mean + S. D. of 6 rats.
*ok-k ok dedke-dod: p<0.01; *k-%, de—ok, -
¥, : p<0.05.

=27 %R U Tehs, sepsis BECHB L T LRIZEBETH
o, 8T 34.3:: 3.7, u/ml L ALERIEI & CHEIE
Ly BhUBEERT 2 Z cdnp o7,

9 M NAHTAE (3, K4)

WEROMEE S N » 2 B, 24+6 pg/ml TH 5.
sepsis BETIE, BB AR o REC LA L, 8 iFf
T 3284141 pg/ml i3 L, BRI 250295 pg/ml 5
433£105 pg/ml OFEEDEI 28 2 VA T AREED R
#L 7. Control BT x, LEH 8 R T 142+ 71 pg/

(i1 4

S00

00+

znn’-

operation

Plasma glucagon levels after operation (pg/ml)

Time in hours after operation
Fig.4. Plasma glucagon levels after operation.
@, sepsis group ; O, control group.
Each point represents a mean *+ S. D. of 6 rats.
kok-ck ok p<0.0l; %-%, %%, -7, A-A:
p<0.05.

ml 75 158 =44 pg/ml OFEHOE 7\ # I A RER R
U7zh8, sepsis BEICHIIRL TRETH - 7.
I, ZVa—ARUVISNVI—~X, VFaF—( ¥
2 R EROEN
1. BEEHHCO,0RMEINEC L2 7/ Vva—28
{b¥
F4ARUBS i, o —RA B 58T % sepsis,
control THEED 6 K & T, ML HC O, REE X
ERLTW3, 6 FFMIBOETIX, 7V 2 —X 08g/kg
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BE50 LD T, sepsis B8 49.0+3.1%, control #47
41.9+1.6 %, 7V a—R 16 g/kg 85D L DT, sepsis
BEDS 43:9+1.0 %, control BE48 33.0+2.1 %, Zva—
2 24g/kg &5 Db DT, sepsis B 39.9+3.2%,
control BEA328.4+13% L TFhOFEEEIZBLTY,
sepsis $£45 control BEIZ HLEE L TE{bDITHE AR LIz,

%7z, sepsis, control MfL b, &5/ va—&E
ORE r 3z, Bbahd 2 a— AR EIZIEM
LEts, B6WRT &I, £0OBERIRECET
LT:o Z DELEE T OFRE, sepsis FED A control
BEO/NE L, sepsisBETIE, SOV KRED I VI —A %
BbT28Eh0H b Z L 2R LI,

B 71d,sepsis 7w FZBITBA A AR S
Fha—ABPBERLERLLLOTHS. Ira
—2 08 g/kg HE5DHDT 6 BEIDHC O, REENLER

&, Svo - ABMEESET, 49.0£3.1%, 1 A Y

il

CHEREET, 51.1%2.6%, VIR L6g/kgfis
DHDTE, 7L I—ABMEESHT, 43.911.19,
42 SHREET,43.924.8% L HEE IR o
oz, LpLZLa—2R2.4g/kg BED DT,
JNa— B ERET, 39.953.2%. 4 YR o
HBET, 46.014.1% &, 1 ¥ AU YHFHICED, 70
1—ADB{LROFESED ST,

B4 8 %, control 7 v biZBU B4 » A ) LHEOY
RERLTWS, 7ra—-20.8g/kg¥E50H0T,
6 FEEDC O BHRINEIZ, 7' 0 — 2 #hisp
T. 41.9%1.6%, 1> 2 Y HRART, 41.0+4.0%,
Tha—2R1.6g/kgBEED LD T, 7V a— 28
BERT, 33.012.1%, 1 AU VAT, 32.0+
48% L ERSED Nk o, £, Fa-
R 2.4g/kg 5D LD TYH sepsisFEELIZRLY, 70
O — R ERET, 28.421.3%, 1 VR Y LAHAR
T, 31.8+4.5% EHEERTAED oz o,

Table 4. The cumulative withdrawal rate of expired *CO; after injection of *C-glucose

The cumulative withdrawal rate of expired “CO; (%, Mean®S.D., n=6)

Time in hours after *C-glucose administration

Group 1 2 3 4 5 6
Sepsis, G. 0.8g/kg® 12.8+2.4  26.0%2.8 34.2£3.5 40.2%13.0 44.6%1.7 49.0%3.I°
Control, G. 0.8g/kg 12.5%2.2 24.1+1.5 31.4%£1.1 35.0%1.1 38.2%1.2 41.9+].¢
Sepsis, G. 0.8g/kg" 17.14£0.9  29.5+2.4 38.3%£1.4 43.6+2.6 47.5%2.2 51.1+26
RL 08u/kg

Control, G.  0.8g/kg 13.4%2.7 24.8+2.7 31.4%3.2 35.6%3.5 38.4%3.9 41.0t4.0
RL 08u/kg

Sepsis, G. l.6g/kg 13.7£3.9 27.4%5.2 33.1%4.7 35.8%2.7 39.8%2.5 43.9%fLI°

Control, G.  L.6g/kg 10.2%£1.2  19.0%1.1 24.3%1.1 27.5+1.6 30.0%1.7 33.0%2.1

Sepsis, G. l6g/kg 11.6%1.6 24.3%2.7 31.1%£2.6 35.9+3.6 39.4%4.4 42.9%4.8
RI. l6u/kg

Control, G.  1.6g/kg 11.0=%1. 20.0%£2.9 24.1%£3.5 27.0£3.9 29.4%4.2 32.0%4.8
RI. 1l6u/kg

Sepsis, G. 2.4g/kg 1.1 18.2%1.7  26.0%2.2 32.5+2.3 37.4%2.3 39.9%3.%

Control, G.  2.4g/kg 2+1 15.8%1.6 21.2+1.5 24.5+1.9 27.2%1.6 28.4%1.3

Sepsis, G. 24g/kg 11.741.5 25.4%2.1 32.7+2.3 38.3%3.1 42.243.2 46.0%4.1
RL 24u/kg

Contral, G.  2.4g/kg 9.8+2.2 19.8+3.5 24.0%3.6 27.4+3.9 30.0%4.1 31.8%4.5
RL 24u/kg v

a, G. 0.8g/kg means that *C-glucose was administered by the ammount of 0.8g/kg; b, G. 0.8g/kg, RL
0.81/kg means that C-glucose and regular insulin were administered by the ammount of 0.8g/kg and
0.8./kg respectively.
c—d, e—f, g—h: p<0.01; g—i: p<0.05.
14C-glucose with or without regular insulin was administered by intravenous injection to sepsis and con-
trol groups of rats. )
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70 d a r . b
G.0.8g/kg G.1.6g/kg G.2.4g/kg

60 - - -

4} , B i
30} i I N

20} - -

Time in hours after l4C-glucose administration

Fig.5. Rate of oxidation of administered **C - glucose. 16 hours after operation, C -
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20

glucose was administered to each rat by intravenous injection, and then the rate of
oxidation of administered "C - glucose was determined by cumulative withdrawal curves
of expired **CO,. a, “*C - glucose (0.8 g/kg) was administered to rats; b, “C - glucose (1.6 g/
kg) was administered to rats; ¢, *C - glucose (2.4 g/kg) was administered to rats.

@, sepsis group ; O, control group.

Each point represents a mean + S, D. of 6 rats.

* k- ok, Wk -k ok, Wik-Yie : p<0.01.

Fig.6. Rate of oxidation of administered *C -
glucose during 6 hours after injection. The

- absolute amounts of oxidized glucose were

increased according to the amounts of ad-

ministered glucose, but the rate of oxidation

was low. This tendency was more pronounced

in the control group than in the sepsis group.

- @®, sepsis group; O, control group.

' Each point represents a mean * S. D. of 6 rats.

1 1 |
G.0.8g/kg G.l.6g/kg G.2.4g/kg

Experimental group
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Fig.7. Effects of insulin on glucose oxidation in the sepsis group. a, 'C - glucose (0.8 g/kg)
with or without regular insulin (0.8 u/kg) was administered ; b, **C - glucose (1.6 g/kg) with
or without regular insulin (1.6 u/kg) was administered ; ¢, *C - glucose (2.4 g/kg) with or
without regular insulin (2.4 u/kg) was administered.

@, regular insulin, RL (+); O, RL ().
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Each point represents a mean = S. D. of 6 rats.

*-% ; p<0.05.
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Fig. 8. Effects of insulin on glucose oxidation in the control group.

® RI (+); O, RL (-).

Each point represents a mean + S. D. of 6 rats.
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pb ABREE T, 4 R AEFREEO IUEHE I FEE
mE L D EEE £ o7 (F10).

Control BEIZBWT, 4 YA ) Y EROFECLET
2y, EEEE, 15 8BV 30 D5 2R T, 4>
29 YEEIC & D MEEEMEL 22 ERAEHED . &
rroMEmR, SVI—ARTAYRA) CORERD
0, 188 /kg, 218 /kg DL OTEHATH 72 (K 1),

Ina—ARVGA YA Y HEREERO FHRT,
sepsis, control FiRf% HERT 2 &, 088 /g EDY
DT, B 30 5% TIZ, sepsis BAS control & D
EEe L AEAEZED 2, 30 FLURBARHICEEE
yEDED oL, 7z, 188 kg, 28 kg BED LD
), HEEEE2RO o7z (K12).

2) BEMERE (KE) G&6)

7N a2 — R BMEE D O T sepsis, control HEED
KiExH#T2 e, 7 va—20.8g/kg 5D HDT,
sepsis B2 0.25, control #i3 1.56, 72 —2R 1.6 g/
kg&ED H DT, sepsis FEid 1.25, control F#ik 1.73,
2na—2R 2.4g/kg BED b DT, sepsis B 1.39,
control BEit 141 £ 71 0 — A DRERIZ B b 5T
sepsis Bt control B & D EWE% L o7z,

AR HRAOEETKEE KT S &, sepsis B
EBOTH, )38 /g 50 b DT, KIEIE3.65,) 55 /kg
BEOLDT, KIEE3.30, 218/kgBED LD T,
KEk2.83 &4 R Y VORI & 0, BRALERE SR
LzoControl BIZBWT b, 4 YAV YOHHICLD,
DBe/1g 5D b DT, KIEE 2.67, 1 E8/kg 5D b
0T, KIEE 3.47,5 4 %/kg B5D b DT, Kl 3.15
ARV OB LD, BAEREIREL .

3) M4 RV fE

Iha—A#ER, 5457, 1547, 304, 1R, 2
BE, 48R, 6REBOMmES VAV VEERHEL
REET). Zra—ABHMBEROMES A ) VE
%, sepsis, control M THEK T2 &, VI —AD
RERzhdb 59, BE% 3050 F Tl sepsis BEb
control BE L D HE <, 1 RFHILETI, Z OMEMRIXEE
230, B0 oE kol (H13).

Sepsis W BT, 4 YAV VHEAOEETIE A
YAV EORBELE TS L, SVI—RDREH
Kb s ¥, WEIZTIZFEEOMEELD, Ak
Bl (H14),

Control Bz B W T, 4 YA Y YHERAOHE TIE A
YAV EOHB LTS L, 1AV VEMAL
BubOOIES R VEIR, SVa—RA0KRSE
Chbb sy, HEESE» > 6 G s CECHERL
ROEHL, A YR v 2 ERLEZHDOTRE, BEE
BigmEe Ry, 30 H4n0n L L EEEE TR,

BEBETERL, ThERS YA Y Y 2ERLE
Wb O LEEOHER R L. 28 control BC BT 5
AYAVCEERLIZbOD, BEROMEA A Y
EDET IR, BE5T34 VA VOBMEHIAEL
BHECENIEANA SR (K15).

4) Insulinogenic Index(1 « I)( ngRsl )

(®8)

TN a—ABMELED DT, sepsis, control M#E
DL.I 2Tz LE, 7Va—X0.8g/kgfB50H
@ T, sepsis B 1X 2.13 gu. dl/ml. mg, control B i
0.41 zu. di/ml.mg, Va2 —2R 1.6g/kg 5D LD
T, sepsis #1Z 0.57 gu. dl/ml. mg, control #iZ 0.35
pu.dl/mlmg, V3 —~22.4g/kgBREDHDT,
sepsis £ 0.61 gu. dl/ml. g & D A EOfE, control
#030.15 gu. dl/ml. mg W ThO Va2 R E5E
BT b, sepsis FEHS control BEX D BWER L o).

5) M#E7 A AE

Tha—AEER, 543, 154, 3043, 1HeM, 2
R, 4FERE, 6 B¥fBROmMBI VY T UEEREL
72 (R9). Fna—ABEEEROMES VE T E
%, sepsis, control DB THE T 5 &, control H# T
i, Snva—-ABREEE»S 6 FHE E T, {EEICH
B LDz HEE L, sepsis BT, 7 v a—AREEE
DEEWEICHYD, DEBRLEWECERLLS, &E
THEINaA-AEOMEBERONT, M7 VHTE
BETT2ERCH-> (K16).

Sepsis Bl BT, 4 YA ) VERDEETIMEES
NI AERHEET B, 4 VAV Y ERERLRZVY
OOMIET VA T EIR, SNa—AREEED» S
EERL, UL 20 T HEB L. ThIZERT,
AVAYVEREALLbOOMBES VA T EE, #
EEE»S 1520wl 30 SHREEERLZBLAL,
Zra—2R0.8g/kg BEH DT, BER 30 5L,
Zha—R1.6g/kg B50DH DT, BEEE 1 BHE
W, ZNVa—2R2.4g/kg BED L DTIZ, BHER LK
HED»S 2REEET, 1 YAV UV RERALRLHOD
CEBAEEERL, ML, AR U Y EERALEZW
Lok, ZRFABOECHER L. 28, IVva—23
EU4 2 rRE5EROEME 2R TEHDE, #5&
Nl Na—ARUA Y RA) Y OBBETIRONTE
<lrxf (B17),

Control Bz B W, 4 YR ) VEROEECHES
NATAEREETDE, A VAV VEFERLRLD
OOMET VA T ER, TV —ABREERLD 6
% T, ShEMCHEB L. ChHERLT,
A YA UEFERALZLODMmMEET VAT EIE, &
EE L3 LD0D,BIFEL Y OOEBHRE L2 (K 18)
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Table 5. Blood sugar levels after glucose administration

Blood sugar levels (mg/dl, Mean£S.D., n=5)

Time after glucose administration

Group . 5 15 30(min) 1 2 4 6(hr)
Sepsis, G. 0.8g/kg* 437+ 45 239%£43 210E34 205*55 183%£25 18349  140+97
Control, G. 0.8g/kg 492+ 21 35725 271k46 148120 142+20 13322 126+ 9
Sepsis, G. 0.8g/kg® 449+ 26 173%17 100E13 84+14 99+ 6 105%k14 101%20

RL 0.8u/kg
Control, G. 0.8g/kg 500+ 23 361%£48 163%=46 115%£21 14116 149+22 129+)g
"RL 0.8u/kg
Sepsis, G. l6g/kg 609+ 32 564+41 42164 275+29 2331E41 232*k44  133+t14
Control, G. 1.6g/kg 754+ 65 596+35 403%51 197+19 132% 9 146%=16 136*18
Sepsis, G. 1.6g/kg 616+ 38 313%+26 106*11 122*15 176%x17 12019 115%19
RL 1.6u/kg
Control, G. 1.6g/kg 720t 84 354+64 103+£22 109%+10 109%23 143%k18 167%20
RL 16u/kg ‘
Sepsis, G. 2.4g/kg 1139£ 94 717%13 518%t46 424%£39 301x73 27650 154%19
Control, G. 2.4g/kg 1145+ 77 829+65 682E77 38432 179+17 193%12 167+14
Sepsis, G. 2.4g/kg 1002+121 580+70 278+37 216%89 122+30 175+24 154%3)
RL 2.4u/kg
Control, G. 2.4g/kg 1030+ 94 54646 180*38 87+16 101+14 139+24 161+13
RIL 24u/kg

a, G. 0.8g/kg means that glucose was administered by the ammount of 0.8g/kg; b, G. 0.8g/kg, RI 0.8,
/kg means that glucose and regular insulin were administered by the ammount of 0.8g/kg and 0.8u/kg
respectively, Glucose with or without regular insulin was administered by intravenous injection to sepsis
and control groups of rats.

a
G.0.8g/kg

-
d
~
o
E
£ o L . L
2 515 Xme. I o
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]
w
E G.1.6g/kg
£
L]
9
" %0
%) )
S Fig.9. Blood sugar levels after glucose administ-
by U ration.
-5‘.: m‘- IRAARES a, 16 hours after operation, glucose (0.8 g/kg)
: S rCgu— P —— , was administered to rats by intravenous inje-
§ ot : ) . ction; b, 16 hours after operation, glucose (1.6
= ¢ g/kg) was administered to rats by intravenous
s 1000 - G.2.4g/kg injection ; ¢, 16 hours after operation, glucose (2.
5 4 g/kg) was administered to rats by intravenous
2 injection.
= @®, sepsis group ; O, control group.
Each point represents a mean =+ S. D. of 5 rats.
mr * %~k %, kk-kok: p<0.01; *-% : p<005.
/I——}
/r-———-n—/fv;,!n
100
055 oen, 1 I e T

Time after glucose administration
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Table 6. K Value

Group K Value

Sepsis, G. 0.8g/kg® 0.25

Control, G. 0.8g/kg 1.56

Sepsis, G. 0.8g/kg® 3.65
RL 0.8u/kg

Control, G. 0.8g/kg 2.67
RL 0.8u/kg

Sepsis, G. 1.6g/kg 1.25

Control, G. 1.6g/kg 1.73

Sepsis, G- 1.6g/kg 3.30
RL 1.6u/kg

Control, G. 1.6g/kg 3.47
RL 1.6u/kg

Sepsis, G. 2.4g/kg 1.39

Control, G. 2.4g/kg 1.41

Sepsis, G. 2.4g/kg 2.83
RI 2.4u/kg

Control, G. 2.4g/kg 3.15
RL 2.4u/kg

a, G. 0.8g/kg means that glucose was adminis-
tered by the ammount of 0.8g/kg; b. G. 0.8g/
kg, RI. 0.8u/kg means that glucose and regular
insulin were administered by the ammount of (.8
g/kg and 0.8u/kg respectively.

Glucose with or without regular insulin was ad-
ministered by intravavenous injection to sepsis
and control groups of rats.

The assimilation constant was determined from
the K value calculated by the equation

K= 2?% X100 in which t 1/2(min) represents
the time for the blood sugar levels to be reduced
to half the value at 10 minutes after glucose load-
ing on the semi-logarithmic graph plotted with
blood sugar reduction curve after intravenous
injection of glucose.

]
G.0.8g/kg

" .
= —
§- "
# A

N 1 i

Bhe,

G.1.6g/kg

Blood sugar levels after glucose administration (mg/d1)

S R S
sz/k
1000 oderke
m\-
0ok € I: ; ;¥§

] P a—— " -#- 4 -
5 15  30mie, t 2 4 6k,

Time after glucose administration

Fig.10. Effects of insulin on blood sugar levels
after glucose administration in the sepsis group.
a, Glucose (0.8 g/kg) with or without regular
insulin (0.8 u/kg) was administered to rats by
intravenous injection; b, Glucose (1.6 g/kg)
with or without regular insulin (1.6 u/kg) was
administered to rats by intravenous injection ;
¢, Glucose (2.4 g/kg) with or without regular
insulin (2.4 u/kg) was administered to rats by
intravenous injection.

@ RL (+); O, RIL (—).
Each point represents a mean + S. D. of 5 rats.
* % -% % p<(.01.
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Fig.11. Effects of insulin on blood sugar levels

after glucose administration in the control
group.

®, RL (+); O, RL(—). -

Each point represents a mean + S. D. of 5 rats.
% k-3 % 1 p<0.01.
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Fig.12. Blood sugar levels after glucose ad-

ministration with regular insulin,

a, 16 hours after operation, ghucose (0.8 g/kg)
with regular insulin (0.8 u/kg) was administered
to rats by intravenous injection; b, 16 hours
after operation, glucose (1.6 g/kg) with regular
insulin (1.6 u/kg) was administered to rats by
intravenous injection; ¢, 16 hours after opera-
tion, glucose (2.4 g/kg) with regular insulin (24
u/kg) was administered to rats by intravenous
injection.

@, sepsis group ; O, control group.

Each point represents a mean =+ S. D. of 5 rats.
* % -k ok 1 p<0.0L.
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Table 7. Serum insulin levels after glucose administration
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Serum insulin levels (uu/ml, Mean+S.D., n=5)

Time after glucose administration

Group 5 15 30(min) 1 2 4 6(hr)

Spsis, G. 08g/kg®  >320.0 >320.0 238.8+34.6 164.5+57.8 125.9+28.8 109.9%25.6 125.7+d4.4

Control, G, 0.8g/kg 112.6442.8  104.4%36.0  92.0+53.2 124.4+43.3 106.7£53.6 75.5434.4 53.4%16.1

Sepsis, G, 08g/ke®  >320.0 >320.0 147.5£45.2 105.4448.6 79.1+51.8 82.5%30.1 117.3%41.1
RL 0.8u/kg

Control, G, 0.8g/kg >320.0 119.9%49.0 73.4£37.6 65.7t38.5 93.7t27.0 52.8%+17.0 49.8%28.7
RL 0.8u/kg

%psis, G Leg/kg  >320 .0 >320.0 250.3+25.2 200.1£50.8 154.0+33.7 148.5+59.7 133.7%38.3

Cnrol, G. L6g/kg  125.0%39.6  108.3%30.5  131.2%35.3 104.6£35.3 71.3+40.0 67.7+26.4 53.622.6

Spds, G, Logks  >320.0 >320.0 287.0+27.2 185.4+73.1 117.4%36.0 117.1%48.6 139.2:42.6
R 16u/kg

Contrdl, G, 16g/kg  >320.0 >320.0 126,8+45.3 102.8437.0 46.3%34.0 46.7%10.6 43.4%25.4
RI. 1.6u/kg

Sepsis, G. 2.4g/kg >320.0 >320.0 >320.0 159.7£33.4 120.4+18.4 139.6%26.1 103.2%£20.6

Control, G 2.4g/kg 118.9+48.8  119.5%45.2  116.2%36.4 131.2%38.6 125.0436.5 52.4%28.6 60.8%26.7

Sqsis, G, 24g/kg  >320.0 >320.0 >320.0 167.0455.4  66.8+31.8 109.8%31.4 101.640.1
Rl 24u/kg

Cantrol, G. 24g/kg  >320.0 >320.0 >320.0 74.5%23.2  60.7£35.7 49.0%28.7 44.1%12.7
RI. 2.4u/kg

a, G. 0.8g/kg means that glucose was administered by the ammount of 0.8¢/kg ; b, G. 0.8g/kg, RIL 0.8u/kg
means that glucose and regular insulin were administered by the ammount of 0.8g/kg and 0.8u/kg respectively.
Glucose with or without regular inslin was administered by intravenous injection to sepsis and control groups of

rats.

Serum insulin levels after glucose administration (uu/ml)

0
515 30min.

2

Time after glucose administration

Fig.13. Serum insulin levels after glucose ad-

ministration,

@, sepsis group ; O, control group.
Each point represents a mean + S. D. of 5 rats.
*%-% % p<0.01.
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Fig.14. Effects of insulin on serum insulin levels
after glucose administration in the sepsis group.

®, RI (+); O, RL (—).

Each point represents a mean + S.D. of 5 rats.
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e
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Serum insulin levels after glucose administration (uu/ml)

0 5 15 30mia 1

Time after glucose administration
Fig. 15. Effects of insulin on serum insulin levels
after glucose administration in the control
group. @, RI. (+); O, RL (—).
Each point represents a mean = S. D. of 5 rats.

K iz
a
G.0.Rg/kg
A
”ﬁi‘r’@k Table 8. Insulinogenic Index (L I)
" 4 " ék.
Group LI (M—
ml. mg
1.6g/k
Ooenke Sepsis, G. 0.8g/kg® 2.13
3 Control, G. 0.8g/kg. 0.41
] Sepsis, G. 1.6g/kg 0.57
—a Control, G. 16g/kg 0.3
TR T Sepsis, G. 2.4g/kg > (.61
. Control, G. 2.4g/kg 0.15
G.2.48/ke a,G. 0.8g/kg means that glucose was adminis-

tered by the amount of 0.8g/kg.
Glucose was administered by intravenous injec-
tion to sepsis and control groups of of rats.

QALB% the value obtained by dividing the IRI

increase (AIRI) by the blood sugar increase (ABS)
at 30 minutes after glucose loading, was defined
as the Insulinogenic Index (I.I) to represent the
insulin secretion of pancreatic g cells.

Table 9. Plasma glucagon levels after glucose administration

)

/

Plasma glucogen levels (pg/ml, Mean+S.D.,, n=5)

Time after glucose administration

Group 5 15 30(min) 1 2 4 6(hr)
Sepsis, G.  0.8g/kg? 4371149 551+142 5031105 552% 84 427k 86 386k 75  248% 45
Control, G.  0.8g/kg 94+ 35 121+ 43 42+ 6  88=- 33 131+ 81 71k 28 101+ 54
Sepsis, G.  0.8g/kgb 1154+ 47 112+ 28 505+ 91 4072128 251+ 37 313% 83 256% 45

RI.  0.8u/kg
Control, G.  0.8g/kg 49+ 27 39+ 10 32x 5 102* 46 113* 60 161% 39  55% 22
RL.  0.8u/kg
Sepsis, G.  1.6g/kg 237+ 33 395+ 56 360t 28 267+ 80 308% 58 310107 291t 77
Control, G.  1.6g/kg 36+ 10  62% 28 23 4 65+ 27 91k 23  48% 12 54t 15
Sepsis, %.ggﬁg 158+ 60 211+ 56 168+ 33 424+ 55 345+ 85 209+ 43 270% 76
.bu/kg
Control, G,  L.6g/kg 91+ 42 100+ 58 136+ 64 185:t127 149+ 76 108+ 52 154% 61
RL  1.6u/kg
Sepsis, G.  2.4g/kg 204+ 96 350% 66 240% 55 162+ 51 224+ 53 365196 334E1
Control, G.  2.4g/kg 55+ 6 67t 15 43+ 6 65+ 16 105% 33  88% 21 102+ 4l
Sepsis, G. 2.4g/kg 289:+£101 310% 53 188% 54 358+ 84 316+ 44 248% 78  242E1
RL.  2.4u/kg
Control, G.  2.4g/kg 147+ 44 114+ 78 101+ 31 198% 50 149+ 42 142+ 51 102% 43
RI.  2.4u/kg \

a, G. 0.8g/kg means that glucose was administered by the ammount of 0.8g/kg ; b,G. 0.8g/kg, RI. 0.8u/
kg means that glucose and regular insulin were administered by the ammount of 0.8g/kg apd 0.8u/kg re-
spectively. Glucose with or without regular insulin was administered by intravenous injectiontosepsis and

control groups of rats.
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Fig.16. Plasma glucagon levels after glucose
administration.
®, sepsis group ; O, control group.
Each point represents a mean + S. D. of 5 rats.
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Fig.17. Effects of insulin on plasma glucagon
levels after glucose administration in the sepsis
group.
®, RL (+); O, RL (-).

Each point represents a mean = S. D. of 5 rats
Rk ok, Jedk-dkeok, Yede-Yrwr : p<0.01; *
p<0.05.
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Fig.18. Effects of insulin on plasma glucagon
levels after glucose administration in the control
group.
®, RL(+); O, RL (—).

Each point represents a mean + S. D. of 5 rats.
* k- % p<0.01; *-% : p<0.05.
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TNa—ABMBED DT, SVa—20.8g/
kg 85D b DT, sepsis Bt 1.54+0.08%, control
13 2.98+0.22%, Zva—2 1.6g/kg BEDH DT,
sepsis #id 1.66£0.18%, control #i3 2.36+0.10%,
TNI—2A2.4g/kgBEDH DT, sepsis Bz 1.64+
0.19%, control i3 2.17+0.40% L ST 24 C DE|
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CHRIZA YR »2H#BT2 L, ZV3—-20.8g/kg
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0.87+£0.22%, Zra—R1.6g/kgB5D0H DT,

sepsis i 0.8510.03%, control i 0.52+0.08%,
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Fna—ARBBREDOSOTHE, Srva—2A 0.8g/
kg 50 b DT, sepsis B3 0.29£0.03%, control #¥
i3 0.2140.02%, YV a2—A 1.6g/kg®EDHDT,
sepsis B3 0.2420.02%, control B4 0.17£0.01%,
Zra—2R2.4g/kg 5D b DT, sepsis FF 0.29%
0.059%, control Bl 0.22+0.04% £ 34§ 2 C DHE
&1, sepsis B8 control BEX D RE { lxofze, THIZ
£ YAV YEBATSE, 72— 0.8g/kg 5D
b O T, sepsis B 0.35+0.04%, control & 0.31%
0.05%, 7 va—2A 1.6g/kg %50 b DT, sepsis i
W& 0,41+0.01%, control #£id 0.38+0.06%, %]
— 22.4g/kgB 5D b O T, sepsisH X 0.37%
0.07%, control Bti 0.44+0.07% £ 3351 C DE|
S 130T 3 L #tiz, sepsis, control FMEEMICEREE
REDe{ko7z,

3) felsEfiz B ACaqE (®21)

=

I —ARBEESOLDOTIE, 7Vva—20.8g/
kg %50 4 DT, sepsis Fid 0.22+0.02%, control #
12 0.13+0.03%, 7 va—2 1.6g/kg B5D b 0T,
sepsis B3 0.17£0.05%, control #i 0.12+0.03%,
FLa—2R2.4g/kg #E5DH DT, sepsis FEiZ 0.17+
0.049%, control B3 0.11+0.01% L 8T 24Coy
&3, sepsis Bt control BEL D K& B ot Thiz
A VvAYYRHEHATSE, S NVI—20.8g/kg 50
4 DT, sepsis Fid 0.251+0.02%, control i 0.17+
0.02%, Y Vva—2R 1.6g/kg BEDH DT, sepsis B
13 0.15+0.03%, control #x 0.11+0.01%, 712
— 22.4g/kg® 5 D b O T, sepsis B 130.16
0.04%, control B3 0.15+0.05% L7 D, 3§ aH
CoEE, 1AV YOERICLD, BLArgsE
2R,

Table 10. Rate of distribution of C per gram of various tissue

Rate of distribution of C (%, Mean*S.D., n=6)

Group Liver Skeletal muscle Adipose tissue
Sepsis, G.  0.8g/kg® 1.54%0.08 0.29+0.03 0.22%£0.02
Control, G. " 0.8g/kg 2.98+0.22 0.21£0.02 0.13%£0.03
Sepsis, G.  0.8g/kg" 1.04%0.16 0.35£0.04 0.25+0.02
RL  0.8u/kg

Control, G.  0.8g/kg 0.871+0.22 0.31£0.05 0.171+0.02
RI.  0.8u/kg

Sepsis, G.  l6g/kg 1.66%0.18 0.24%0.02 0.17%0.05

Control, G.  1.6g/kg 2.36£0.10 0.17£0.01 0.12%0.03

Sepsis, G.  l6g/kg 0.85%0.06 0.41£0.01 0.15+0.03
RL  l.6u/kg

Control, G.  1.6g/kg 0.52%0.08 0.38£0.06 0.11£0.01
RIL.  16u/kg

Sepsis, G. . 2.4g/kg 1.64+0.19 0.29%0.05 0.17%0.04

Control, G.  2.4g/kg 2.17£0.40 0.22£0.04 0.11+0.01

Sepsis, G. 2.4g/kg 1,15+0.29 0.37%0.07 0.16+0.04
RL 24u/kg

Control, G.  2.4g/kg 0.52+0.19 0.44%0.07 0.15£0.05
RI.  2.4u/kg

a, G. 0.8g/kg means that ¥C-glucose was administered by the ammount of 0.8g/kg ; b,G. 0.8g/kg, RI, 08
u/kg means that C-glucose and regular insulin were administered by the ammount of 0.8g/kg and 0.8u/

kg respectively.

16 hours after operation, C-glucose with or without regular insulin was administered to each rat by intra-
venous injection. One hour after injection, these rats were sacrificed and then ammounts of “C per gram

of various tissue were counted and represented as a per

centage of the total amounts of administered 1C.
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st s¢ SC|S¢ sc S€¢C
G.0.8g/kg  G.1.6g/kg  G.2.4g/kp | G.0.8g/kg G.1.6g/kg G.2.4g/kg
RI,0.8u/kg RI,1.6u/kg R1.2.4u/kg

Rate of distribution of 14C per gram of liver($)

Experimental group

Fig.19. Rate of distribution of **C per gram of
liver. 16 hours after operation, “C - glucose
with or without regular insulin was administer-
ed to each rat by intravenous injection. 1 hour
after injection, these rats were sacrificed, then
amounts of C per gram of liver were counted
and represented as a percentage of the total
amounts of administered “C,

S. means sepsis group of rats; C. means control
group of rats.

G. 0.8 g/kg means that “C- glucose was ad-
ministered by the amount of 0.8 g/kg ; G. 0.8 g/
kg, RI. 0.8 u/kg means that “C - glcose and
regular insulin were admimistered by the
amount of 0.8¢/kg and 0.8 u/kg respectively.
Each group represents a mean + S. D. of 6 rats.
a-bc-d,i-jk-l,a~g,b-hc-i,d-jf-1:
p<00l; e-f e-k: p<0.05.

08

05

03 o

(X08

6,0.8g/kg G.1.6g/kg 6.2.4g9/kg | G.0.8g/kg  G.l.6g/kg G.2.4g/kg
RI.0.8u/kg RI.1.6u/kg R1.Z.4u/kg

Experimental group

Rate of distribution of %C per gram of skelstal muscle(§)

Fig.20. Rate of distribution of “C per gram of
skeletal muscle.
Each group represents a mean + S. D. of 6 rats.
a-bc-d, c-i,d-j, f~1: p<0.01; e-f,a-g,
b-h: p<0.05.

o
w
T

3
~

C.0.8g/kg G.1.83/kg  G6.2.4g/kg | G.0.8g/kg  G.1.68/kg  G.2.4p/kg
RI.0.8u/kg RI.1.6u/kg K1.2.4u/kg

Rate of distribution of !*C per gram of adipose tissue(8)

Experimental group

Fig. 21. Rate of distribution of 14C per gram of

adipose tissue.
Each group represents a mean + S. D. of 6 rats.

a-b, g-h: p<0.0l;i-je-f: p<0.05
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M%7 LA, WREEE, pvidzh
50D b ¥y UMBFIET B IRER sepsis L FEY, HHR%R
D #7553 “a disease of disordered metabolic cont-
rol"? e Fbh AWML, RBRTBLTH, RELKE
B EMeNT VS,

Sepsis 2 EER26R5 &, BU I, BEOM
EET, GHREEOHEM, FEMEEHROETHRS
1% hyperdynamic state £ FEIEN 2 REREL D, 2
DIRFE & 0 WIRETL, EFOEFEENEL{BLD
N3 Lok s, MEERT, MEHERD, Kigm
BTEMO_LEHA 513 hypodynamic state KKE{TT
é 13)143.

RBE &L D # 5 &, sepsis Tld, Fh, BHEKS,
BoOBEOI 0, B ZERERO RV REE
BZBOTYH, ZANF —BEOTUENTDH Hh p 2N,
Ff, SvaanFad R, ATy, Iad
> DIBEIPOD I, i85 Sva—20D
i, Ml REESH, OBFEEELL LE#EET
FEMD, A RN D, L DN v
R H DT, T D7z, BRI BT, BBRG
DILE™D L NG00 D, Fiics 0w T,
FERERE OB IR 6 L5192 & fo, FFC B 3
I a—AFEDQRME LT, HlfEko7 =
HHA SN 39900 0, HEAORLTESRED S
B ERESN TR, ZOLI%R, TAIVF—F
BOWAL V- AHEORE RHE, HEAOR
{b7oHE s, sepsis O early stage DIREETH D, fEHR
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X v B> hyperdynamic state \2—%(9 5.

Z O early stage WBET 5 &, MENABHESE
- C B2 70 g — ADFEMNEE SN,
7V a5 OEBLHEE 2T, RKIBCBITE—HL
fe 70 2 — AFI RO TTED~ D 7z, FERH L A
F-AENEREsh, OER, BE E1RY
VIMFESSBR E N7, Zhii sepsis O late stage,
Bl R R & Y A7z hypodynamic state DEREIRET
b3,

Sepsis D late stage = BWT, SN a—ARUA ¥
AV EBRETHILR, TRT3ZAVF-DOFE
EWSHETEENTHD, REREFIELT, £
3y 7 T AMEREOE» S RN TH>72 LR
tll:x: ER T B 2992028029 .

—%, INa—REEOTE, B4V RY VILED

FH BN B sepsis ¢ early stage WBI BN —AK

T4 Y RY Yy OB5IZOWTIE, BRI, a0
F—16, AREEOE CHERRDZ L0, &S
AN 7N 2 —ADOFBHRSHHPE, 1R~
IZX43 % response QL ¥, RIZFHLZ A%,
BEDAE 5T, X YERICEL - EEBRAORE SHE
ThiLEZOND,

&, BENERICERLETVE, BREE:
BFLE—BLR2VEDH S, =¥ F bFy U EAR
L3 b0, EFOBITIIC L 3 H DO, A OEREN
EAIZE 3 b0, BEOBBENEAI X 2 D
YRR, LVERECNOFREREET 5, BERHE,
FFLIC & 2 FERHB L, AR #R L7 Wichter-
man”, FES99z LhiE, RERLERE, 6KE»
5 8 RTINS B & CRHRIESELBYE
ZT3E3NTHY,sepsis D early stage DEF L &
LTHEY L # 2 5Nz, control X LT, HIELTE
BEEYH L%, WLz ozAv, RFE:, B
BECI2HBEHRT AL BDT,

% 7" sepsis O parameter ¥ LT, HUEEE, MmEA >
AN AH, MEESNVH T ERRIEL, control & HE
L7z, BRI, 2, DIWZRTUL sepsis FEO MEEEHS
BB AR E ¢ LR, E—2 %2R, Z0O% KN
HETEd, Bl 24 B % T, control B & FfRIZ
WL, Zhid, v 28, WbW3TYFhF
Yvvay s OIREETIREW T L 28b LTV 5,.sepsis,
control TBHIZ & &7z ALEE 6 BADOMmE A AU >~
Ho LR, KR, BEOMECL3bOEZLN
B8, sepsis BIZB LTI, 2KMBE LY, BUMmME
AR MEOFHE FRBA SN, £z, MEET
Wi T {HIZ, control BETHERZEENL { HEB L 7-0iz
B, sepsis BETIE, 6 BAIE £ T ERESAS N, Lk

=

LYEEOFETHRLL., UEOBRLY, fugy
BT, LEHRY 6 BT sepsis IRIEHSERL, 2
B DOOREET -1 LER 16 BFHEDS v 1
1%, sepsis O early stage DEE LIRS 2 b0y
WES T,

7 na—A0REE, BEORBERSEEEE
LE&-TWwaBs, B, TCAYA NV, BEE, »
Va—¥vEmR, 7V a—F MBI RATE ks
T&E 2%, SNa—-R0RBOFKEMELTOCO,
CEBL, FEHCO,DRHEENGHREEE T3 2
kb, Zva—AOBEEERNL 7245, Kinney,
Long 513, £ M2V a— A% AEHEEL, Mlian
7214 C O, % ¥ v/ E— 27 FAENEE CREIYL, 4
C ORUREME 2 BT T 2 Z L1z & D, sepsis T,
N3 —ZADOBEDTIHET B LIREL T3 g
FEZBWT b, NI —AQBEMISE T, g
0.1, sepsis BEVHIC control B & D BEZRL TS
D, sepsis BB 1T 2 7 00— A OBLOTTERED &
Nz, E7:, sepsis, control WL b, BET3/0
a—ADEELFKZ, BILEND SNV I -RA0HERE
I 7228, BLREHERIRS L, ZORSERY,
control B BWT XD EHTH 2R ERY . 20
ZEins, EEOBMIELES V2 —ADHKNEOR
ROFESMEEE NS, ZORRIE sepsis Bz i,

FRTZLDEEALNL.

wiz, 4 AV YEHALT, SV a—-20B(LE
PRI UM 4 YA Y »DET S target organ BT,
PR, BERSERTH 5%, T, Fra—A0
A A cBER T, 7)) a—F CEHRORE,
SEOIE, 7S=> X 0DD7 VI~ AFERMHT
BEEHE ST B39 FRE#RTIE, va-
A DSOS, 7V a7 Y ARORE,
SIS 2 18) & 230 S AL T\ B30 JRRFRERT
i, Zra—X0MEEREOER, SYa-FY
EROEE, HBROWME, BMhAk hizSva-R
D DESREE £ DI L HMERINGT 2 @S Mo NT
111539)““3),

Sepsis T, /N2 —ADEKGITA ¥ A Y ¥ EHA
T2L, FLa—R#E50.8g/kg, 1.6g/kgDbOT
RO TTENTED SN T, 2.4 g/kg BEDLOT,
BEDFESED & Nizds, TD T k&Y, sepsis H
BLTh, 4 YR VORBICE-T, ZHI—20
B R LE2 Z Lol s . ZOHRE B
EF2370a—ReA YA VOHELID S, A2
) v OB X B RS L L D EE SR
—75, control BElZ BV T, 7N I —ADRERIE
psF, 4 vR) HEOEET, JvI—ADE
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pECEEERRO R oL, ERTE, 7LvI—
20 over loading Z B4, RIEREDOHF L2,
HEMEDA YA Y REICE VBEES N RHO L
REECHS b O LHHT B ENTES,

g7, MEOBRESEL, LI —ABERS
B0, MEEE, FELEMRE, & >~ 2 Y >fH, Insulino-
genic Index, M7 i I AEERE L.

23— ARSI B 5 MEEE, B5% 1
IR, sepsis B¥A3 control BEL D& SHERBL, 272,
7 a— A BB SR OFUEREKED, Sra—
AQREE T > b 5T, sepsis #4S control & D {E
EeRL. 2O LAMHERETORR: LT, A
vAY VRBOET 54 2 AV Y EOEIMD &7z
SOEFHWEEEND, FERTOS VI -5
DA > A Y EIZE I sepsis HETEEE L D,
Insulinogenic Index #2 & &7z 4 Y A Y Y FURIELE
HETEERL Tk, —A, Jid YA Y U RvEr
Th3 7 vAh T lL, sepsis BEIC BT, # 2§ control
BO4~5BrnS ERALEMER L DD, Sra—
A 2.4 g/kg BERFIT, 0 WHMHIE & 4 2 18m 2R
TH0O0, MFEHEE OIS v AY YicRehiz &
5 pBAREYR & D TR e o7z, BLEDESEIZ, sepsis FF
KB ATHEERIET ORED, 4 YR Y WEOfE
Bebd L ®2RLTWEY, ZOLIRAAY >
STEREC, BeHEEDOS R ) v 25U T
by WLT, BRRFRE20RLEBLITHS I .
TORKROBENTEEL, A YAV VYE2HALRLIV
-GTTRRATD, TOERTI, sepsisBHIZBWT
bKEOEH L WE &« MEOR TSRS L, ke
DEFTLTWS sepsis REEIZBWTH, Hi4A »AY ¥
WEOERZ L3O VR Y vRERT A,
EAZORRERELNZ LD LHEINT.

LIBAT, BEINEI VI —-ADELTH, CO,.
Bahzbytnl, SHBTHR2RBES T2
CEMHISNT WD, 22T, ISNa—ABER 1
HToy b2BRL, FFW, SPEm, PEpasic s
BT a4 COE& % LB Lz,

MERFRIC B T2 70 3 —ADE Y AHRLHREO
~RiM ey, FETOZ LI -0 AHDK
B3, Sna—rriceRanBgans®, 1,
sepsis B, IFBBIC B8V Tz o b o O SR ANE] &
RO, R R ST T 2 1O L i X T\ B
REBCR, N a—AQBMIEET, FCHET
BUCOBIEI, sepsis BED 7% control BE & 1 {EuE
BLolesl, T, control BT, BREZ SV —
ABTY 3 =5 e LA B S 1B 55, sepsis B
T, FMCBI 2700 —2AOMY AARHEML T

Wik, SV a—F RS A ENEND R
Kohklbrt#HESTLIIENTES, —FH, 41 VRY
»OPFA LD, sepsis, control Mgk & b I c 34
THUCOEBIET Likcds, ZOHRRE, Frigcsir
2422 vyD7 Y a—rrBREEEELNIE, —
RAABTHS. LorL, 4 YA) ORI D,
RETOI NV —RAIWD AL, £LDS v
— A%, FBIZBWT, 7V a—5VIicER FHS
Nl EZNERATE e NTES,
BREICBT DI AVE -], ELFV a5y,
PUZVEI4 FOETIHESLTED, EHcEL
Tk, £9°7Y a5 OIF[NEESEZD, Ky
TrIZV w54 N, MPOEBRIBIERS & Uik
NA—=ZAEZANVF—-RELTRBET2 I L8660
T3 Fla—AQBEMEET, ¥ sepsis BT
BOTHPEBC AT 24 COEIGHEhofcz b X
D, sepsis iCBWTIR, TANVF-BEOTEN-D,
BB 3703 —XOWMD ABIEINT 2 b0 LH#E
flahi, T4 AV U2 HBT5 L, sepsis,
control FEE L b AT B CDEEHEINL 7203, 4
YAV VOERT, BHRCBIT L S Lo — A0S
EMENTTHEL, Fra—AB7 ) a—FreEfiihn
T, BRSPS L2 EE6 ML b 0 L #E
fl& Mt B, sepsis, control FEEE H, 41 YA
YOBECED, AT BUCOEEIITIEELL LD
ZENTEDONH, DI b, sepsis FICBWT
b, IYAV VORI E- T, BREKTOS va
—ARBPBERLENDZ EEZDZZ LM TE LI,
FERSRER T, Vo —ADEMIEE T, /T M
COEIEX, #IZ sepsis BEdS control X Y BiE %R
Lk, 2h D, sepsis TRES SNz S va—X
OB, FERFEER T, TR a—
7 ERE NI E LA ERHH LR E N,
Fl, A VAU YOBERII & - T b, sepsis, control i
By O0mT a4 CoEEREIZYS L, sepsis BEns
control & D BWERARBEbLS R DI kX
D, KERIZBIF S/ >R YOFERIZ, IERFHEEC
BBV I—ZORBICRBHEES LW D LHE
mani,

## #

7 v b ERY, ERPEBERICL S sepsis TF L%
YERC L, sepsis O early stage 2B} % 7L a2 —2 04
WHEREL, UTOHERSBES 7.

1) Sepsis 7 v b Tid, 24 B OBET, B VA
Y YIMERUE VA T MUHE & —BEO S IENER
» izt
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2) Sepsis BT, FEEH"C Q. ARMENED S R
feZnva—ABtoREREDOSh, IhidfAY
COHEICEY, BRITET LI L HEIL. &7
MWL bBENa—ABOHEEL b, B
3700 —ZDMINBIZEML 7228, BRI

CBIET L .

3) Sepsis B Tid control F & b, v a—AgE#
DA VA V3E, TELTBY, FERCEBRLS
TNh T MFERE> T, A VAU >OHFARS
WED, WTFROBCBWTY, FIHHORMEEIE»
KHBL, BAEREKED LEBRR SN, £z
BINHTUEE, ARV YOERIELD, BT
ZEABR SN,

4) KT 31 CoEER, 7 va— B
5713, sepsis B control Bk D A dr o T, 4 ¥
AYOBEICED, BEL D CIRBY L, MRk
ElxdLkoda

5) MBI TAUCOEER, Fva—RR
Jhi% 5 T3, sepsis A3 control BEL D %< iz 3 A%

B, A VAV COHH LD, TWEEE b, HHT
CoEE ML, MEMrEBNR s ko,

6) BEIFEBCAmET2COEER, Zva—RE
5 T3, sepsis BESS control Bk D & A EEE
Bl BBA VAV YOHAITE>TH, “CHHD
HEa3wEEZIah o1,

MEDERD &, sepsis BETIE £ O early stage 128
WTRE, ZVa—R0BERTEL TS, £
BO7NVa—-ZABREBSLETHY, A YAV VWE
DI & ATEEOETIZNL T, KBOA VA
Vo BERERTHS LEX SN, 2BIFE, R
VIBRSEEE T, 4 YAV Y ORREEEIFTOSN
e, FOBBEILOVTIR, SHRORMBLBELEZ
Y (VAR

TR 2 &, RIAERRE 2 2 e L 8 BHL Y
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HBHE, B ETE & £ L BRASEE L0 5 BE
LET.
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Abstract

The glucose metabolism and utilization of administered glucose in the early stage of sepsis
were studied using male Wistar rats. Animals were divided into 2 groups; a sepsis group with
experimentally induced peritonitis by cecal ligation and perforation and a control group whose
abdomens were opened, caeca pulled out and replaced. The blood sugar levels, serum insulin
levels, plasma glucagon levels, cumulative withdrawal rates of expired * CO, of administered
4 glucose and distribution rates of ¥ C in the liver, skeletal muscle and adipose tissue were
measured to comparatively investigate the effect of combined administration of insulin with
glucose in both groups. Evaluation during 24 hours after experimental manipulation showed
hyperglycemia 4 hours after the operation with a marked elevation of serum insulin and plasma
glucagon in the sepsis group. The dosage of glucose was varied to 0.8g/kg, 1.6g/kg, 2.4g/kg. The
cumulative withdrawal rate of expired 4 CO, of administered 14 C-glucose was higher in the
sepsis group, regardless of the dosage. Combined administration of regular insulin with glucose,
one unit per gram of glucose, caused an increment of the cumulative withdrawal rate of expired
€0, only in the sepsis group with 2.4g/kg glucose+2.4U/kg regular insulin dosage, as compared
with the 2.4g/kg glucose group without insulin. No increase occurred in other sepsis and control
group even under insulin treatment. Despite significant enhancement of insulin secretion after
glucose administration in the sepsis group, the assimilation constant-K value was lower in this
group which was, however, significantly improved by insulin treatment. Administration of a
sufficient amount of insulin seemed to improve glucose assimilation even in a septic state. 4 C
distribution in the liver was lower in the sepsis group than in the control group, regardless of the
amount of administered glucose. Insulin treatment reduced *C distribution in both the sepsis
and the control group, making the difference between them smaller. ¥ C distribution in the
skeletal muscle was higher in the sepsis group than in the control group, regardless of the glucose
dosage. Insulin treatment, however, increased its distribution in both the sepsis and the control
group, especially in the latter with eventual loss of difference between them. *C distribution in
the adipose tissue increased in the sepsis group regardless of the glucose dosage. Insulin treat-
ment failed to produce any change in the difference between the sepsis and the control group.
Insulin thus proved effectless on ! C distribution in the adipose tissue.



