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BEPRIN B2 31T B U BRI VERR SR A
b, 7 b RDRZR

HE &

REREERAEARIEERE (5 FREAM EERR)

w F F R

[ZBE] BREBEREOSBRMEZEETZEME LT, FHEREEE, FRoEMEERRELRE L TERFAIREE &
DBBEIZ DOWTHET L7z, HiEL LT S —&FEM Chemiluminescence (CL) 2w TA 7Y = b
4 &> (0Z) B & U N-formyl-methionyl-leucyl-phenylalanine (FMLP) I & 2R3 2 (bEEF
DOTEfE (CL{E) TELU7z, HEBRERD CLEIEE ANBERICOS LEERET (0<0.01) 2R D72, H
FREEDO 3> o — W REBIC X 2 83 IMEE(E 200 mg/dl K, 200 mg/dl LLEDF S L O HbA,c 9.0%
FE, 9.0% L EORBERICB LW TERRZREO M o7, R b Y BBERETO CLEOERERET (p<
0.05) =FZD7z.
In vitro TE¥ NFFERO EILE 7 )V 3 — ZAEILEIC 51T, OZ T CLEOETERA & & 1z,

fE NFHRERD 3-OHBA FRIIALELC 351> C, OZ ##, FMLP ## T CLEQEERET 2oz, v/
—VARTEME CL I & D $EERIR Bl O IF iR ERIG HER R EE R RRE T 3380 & 7z, FERRIRRBIC B 1 5 i I0pE &H

By b UIEOFER, BREFERERELZET S, BREELECLERO—DLE I 6N 5,

&

FEFIR B B 1 % BYME D FIE ILFEICE 5 R
TEELRRXb o7z, T0OHBA VA VEE,
VB ORISR BYYEIC X BIETHNZEL <K
DLz, L LIS LREOESICHIS T,
FRIBRE BT 2 ZBREOMBEIZERK L Ui
BER S, HRERCETIER2 TS Z L85, FERRE
ORBRGPEERT L L Thizk, S$ERBE, MEESE,
HHEESE, FPERERES L BRI TVLEY,
FERREE O S RBMEOREIZ DV T, FHBRE
BEICRIL S h & THRRESE ClELEEYY, HE
BEOD, BREBED DIETHA SN D EHE SN T
WA, RBLRHERE DR kn, —F, BEYE
BHEREEET T Y R =Y ADFERE R B, b
— ¥ AIRREOMFHERBRE DR T 2 b6 T 2 L biF
FanTE ey, BE T, BRRERE DSBS
PR A HE L LT, EEEABEHEO L TEEL
B & 2R OFHERESEEIC DO WT, L3 —VRER
{BEFE AT, FREREERREEEIC D W T

i

WU, 72, invibo CBWTZ)Va—X, 7 b
UEOFEENFRERERBRREICL L IZTHE D
WTHRRETL 7z,

Vil &

1) X%

T RIIERERKFENRIAEF B & U@k
OPERFEZE 14 5] (NIDDM 14 1, 544 10 H&t
4 fl, SEHER 5115 %) #RERREERFLL, &
WO 14 B (B 11 Bzt 3 6, M0 30 £4 %)
EREERE L L CHRET L7z,

PERRIR B AL, PIRREARMIE 5.0+4.2 4, 14
EONFIZ B EEERE 36, RO MmpER T AR
4B, A >R IRFEEE T BITh D, SRR ITE
1% 192480 mg/dl, HbA,c9.5+2.4%TdH -7z,
HIER, SNRBEZATOAL FEABLUIEAT oA
R ETRAERI ORI Touisn,

2) IFREROAER

ZEERE AN ) > I RER I & D 41 10 m] %
6% T F AT VEBBKEEBENL, T4 AR—Y 7L

1995 £ 2 A 8 HEA{F, 199543 A 6 HZH

F—T—F BRI, WS, 7 b o, PR, VS AR EEFE
(BURIEERSE - T 160 HRERHIEXEHTE 6-7-1 HEERKFAREERESE=FHME #HER)
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FEHER O E RIcER T 1 RfEGER, LM
#% )2 % Ficoll-conray WICEE L, LE®REEICK
DIFHRERE L, BA L7RMERIHEIRE M
DA L7z, 8L 7 7 ER I Hepes #8 87
(HBS) (5mM KCl, 145mM KCl, 5.5mM Glu-
cose, 10 mM HEPES ;pH 7.4) W0z 2 [E¥EEL
7z, HIEERTIC 1 mM CaCl, ji HBS i & b #iFHsk
F1Xx10° @/ ml W FHEE L 7z,

3) I/ —IURFMIEFERAEE

VS — )VEEIRIE 1 mM  Luminol in N/100
NaOH % HBS B I1c TAHARL T 2x10~* M &
e LT L, FMLP A OFH%13 N-foumyl-
methyonyl-leucyl-phenyl alanine (FMLP) 3x10~°
M % HBS 2T 10 fE5ARL, BE3IXI0"M L
THEALR, A7V =1 €9 (0Z) OFRE
BAMBE S DHEICHEL, zymosan A (Sigma) *
FEE K2 T 10 mg/ml & LT 100 cc 30 S-fE b,
Hanks babenced salt solusion (HBSS) 1z &b 3 [
Bedr, A7V =3 e PME 2R L
Zymosan 1% @ &l& < 37°C 30 4 K i & &,
HBSS 12T 3 [El¥#, —80°C fR7F L, OZ % HIERE
gL 10 mg/ml & THEHL 2.

4) Chemiluminescence I

1X 108 @ /ml 12 SFHEE U 7= fF FR BRI 0 9% 100 el &
Luminol EHW 100 ul 2 KV = F 1 > F 2 Xy b
(750 mm) 12T, 37°C5 43 incubate L72%, #
g & LT FMLP (10 gl/ml), OZ (10 mg/ml)
2z, £hZhOR% Lumiphotometer TD-
4000 (ZRY A = A) 12T 37°C, Level X100 12T
10 R IE L, (bFEFREOTEE (CL E) T
# U7z, H{71X relative light unit (rlu) THRL 7z,
7% B S NI IFHFERO viability i3vw3ihd Y
T NW—FET OB LA ETH 5 7z,

5) FERBBAEE & EBEE D CL mllE

FERRIR BB Lo IRBEOIF R ER %, OZ (10 mg/ml)
BLUFMLP (10 xl/ml) TR L CL fE%HIE L
7z.

6) FERBBREOMEED bO—IREE CLD

HIE

PERIR R E OIS 3 > b o — 0V RRRIC X 5 IF Bk
O CL 253 27280, FERBEREZUTOHE
L OB AT 5 7z,

a) ZEJERF S ME 200 mg/dl R WGEE & 200 mg/dl
DL EFE

FEH  FEROR R W B U B PP ERIE IR R AL RE L RILAE, 7 N v RORE
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Fig. 1 Chemiluminescence response to OZ (10
mg/ml) or FMLP (10 #1/ml) by neutrophils
from control subjects and diabetic patients.

b) HbA,c 9% KimEE & 9% LA L#F

c) R b R L et

BEEL DB R, OZ R, FMLP Rz &
Y CL{E%HIE L7,

7 In vitrolZHITHT7NA—RET b FD

CL X ¥ 2528

a) 73— & % CL O

B L TR ANFREREER 2 5.6 mM, 16.7
mM, 33.3mM, FEEDI NI —AEHEML 545
B & U 60 43, 37°C {HHEAE I T incubate L, OZ R
BB & O FMLP Rl#0c & 2 7Bk CLE % HlE
L7z,

b) 7 b ARG & % CL OHIE

10 mM - 3hydroxy-butyl-acetate (3-OHBA) %
FHEELC, EEANFRREERICRML 508X 0
30 43, 37°C 1E¥EAE1Z T incubate L, OZ HliE# &
O FMLP #ll#0c X 2 #7pEko CLE % JIE L7z, [/
Bz, SHEEEE LTr b BJESSIng CL E % HIE
L, 7 b IERImEcnd %2 CL 2% TRL TR
BL7e, &, HEHFEIMES X Student t test %
ALz,

L xR

1) FERIREBEF X CL

B PR 9P FE B o CL B 1 OZ Il 3 T 13 o HR 7
23.7+6.6(rlu) 1oxf L 18.2+4.7, FMLP ®l# T
SR 14.445. 1 L8.9E3. 3 E AEIWET
(p<0.01) %7 (Fig. 1),

2) HERBREFOMEED > bO—ILREEE CL

I % 200 mg/dl % i & 200 mg/dl LA L @ 2 B
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Fig. 2 Chemiluminescence response of neutro-
phils from diabetic patients to OZ or FMLP
in diabetic stated according to FBS level.
Low : FBS <200 mg/dl, High : FBS =200 mg/
dl
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Fig. 3 Chemiluminescence response of neutro-

phils from diabetic patients to OZ or FMLP
in diabetic stated according to HbA,c level.
Low : HbA,c<9%, High: HbA,c=9%

D CLE%R A% &, OZ B B\ THHREE23.7+
6.6 b L, IM#EME 200 mg/dl i 0 # T 17.8+
4.0 L EEZET (p<0.05) %, F/-00#EE 200 mg/
Al I EOBETIZ 19.0+46.6 S {ETFEAZED /2, M
PEE 200 mg/dl K5EE &, 200 mg/dl LA EEED MijEE
Fﬁﬂiﬁ%ﬁ%mw 7o 72, FMLP #l# o CL &
I, NHEEE14.445.1 L, [IHEE 200 mg/dl R
iﬁ@ﬁ“@S 3£3.2 LHERET (p<0.05) %, 200
mg/dl L EDEET 10.2+3.7 LR FIER 258
Fio, MM BOTIIEEEER zsbt;z»ot(Flg.
2).
HbA,c 9%Kiti & 9% LA ED 28D CLER # %

K ¥ M EREHELS
2 %10z 5 ¥ FMLP
[0} ——p<0.05 [0} ———p<0.05
e — peNS T 2w — p=NS j
> >
d 25 hp<005~| d 2% ;—p=NS-I
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Fig. 4 Chemiluminescence response of neutro-
phils from diabetic patients ot OZ or FMLP
in diabetic stated according to Ketonuria.
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Fig. 5 Effect of incubation time with glucose
consentration on CL response Chemilumines-
cence response obtained following the addi-
tion of OZ (10 mg/ml), FMLP (10 xl/ml) to
neutrophils.

&, OZRIBIC B W THERERICEL U 9% R DB I
17.9+3.9 L HERET (p<0.05) %, 9%LL LD
Tl 18.3+5.6 AR FEMEFRD /2. &7z, 9% K
D EIRUEDOHETIEEEZRRD SNk d >
72. FMLP #l#z & 5 CL fEiZ, SR EE L 9%
WEE, 9% EREItIC 7.343.1, 10.243.2 L HER
BT (p<0.05) 27z, Fiz, W ITEES

3RO s o7 (Fig. 3).

PR b AR L B MERE O CL B, OZ Rl
BB UBMRET 18.9+5.3, BMEET
14.6+1.6 EWEEHICEERET (p<0.05) 250
7z. FMLP R D CLE B b U e tEie T
9.5+3.2, BMEET 7.543.9 LR ICEELET
BRUTc, £ b RBERE L BEREO CLE
b, BB TERICEEEZRLE (p<0.05) (Fig.

(3)
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Fig. 6 Effect of Ketone bodies on CL response
Chemiluminescence response obtained fol-
lowing the addition of OZ (10 mg/dl), FMLP
(10 £1/ml) to neutrophils.

4),

3) In vitro TO&ST

a) ZNa—AEI & % CL O

TN A —AWMZEECLANDEER A D L
(Fig.5), 5.6 mM, 16.6 mM, 33.3mM O 7' )L 32—
APEEIZIB T 543 E D incubate 12 & 5 CL H1Z,
OZH ¥ Tix5.6mM T 41.4+6.6, 16.6 mM T
42.6+3.9, 33mM T 42.0+3.8, FMLP RE T
5.6mM T 18.8+7.9, 16.6 mM T 19.1£5.2, 33
mM T22.1+10.8 b WINLBEEREZRD L,
27z,

60 23 incubate 1= & 3 CL &, OZ #¥ T3
5.6mM T42.5+7.5 % L, 16.6 mM T 35.6+
13.5, 33 mM T 35.849.2 L EiRE V)L 2 — AR
WEEC CLEOIE T ERZ A S iz, 72 FMLP
R TiX, 7 Vva—2AZBEETCCLECERZIZR
D oIz

b) 7 b RGN £ % CL O#IE

7 b >4k (10 mM 3-OHBA) #RINALEE U 72 iR ER
@ CL %, FEAIIEES 100% & 3 5 &, 5 430D incu-
bate 128 \>T, OZ ¥ T 90.5+0.1%, FMLP F#
T85.8+22.1% L WwINbIETEANA LN, £
72 30 43FE @ incubate 12 B> T, OZ FIEL T 66.5+
16.1%, FMLP R¥ T 69.5+12. 4% Lt EEZIET
(p<0.05) %7z (Fig. 6).

= ES
BEPRIF 85 D R ERBERE W BE L TR BEREIC D 1>

FEFH BRI RE W 5 U B IF P ERE R REE R RE L SIIURE, 7 b RO
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T, ITEEEBRELEL S ORERZEA T
21014 G PRI R O B R 2 I % H
BTA 7Y =¥ 4 =¥ > (0Z2) Wi N-
formyl-methionyl-leucyl-phenylalanine (FMLP)
D 2 DORE %5 2 TIFHEROEEREFEELECD
WT IV S — VR TEM Chemiluminescence (CL)
PHIELWINHET 2B O, OZ 3iFhEki
JED C3b v 78 — %4 U CIRMEER R 2 A& 2 R
THEENTEDY, £/ FMLP 3&EAZ#ED T
v 27y — %N UEEBREERRIE TS L 3h
T3 DI embEZ 5 L, BRFEEEDFH
ROEHERFEEROET IR 7y —DEE X
D b RIS O MIEEEN TOEMRREE DR T
£z 60 %, Shah!? 5% OZ fl# & phorbol myris-
tate acetate (PMA) R & 0 HERBEREOFH
BRO CLEAHRE LEES LRBICETLTWAE
EREOTND,
EEIIFERRO 3 > b o —WAREBIC & - TR
BEENZ LT 290 £ 5 » 2 415 HEY T REIZe R I
PEAE A% 200 mg/dl K i D B & 200 mg/dl DA L o %
WA TR LM CEEE 3RO o
7z, & 512 HbA ¢ 9.0% R DFEE 9.0% LI EDEE
WA TRRET L7z SRR IC B R Z 1350 o e o
o7, TOEPSFERKFD Y b o —REDO B
TIIFFROEEERELRICELD 2 LIV AR
Motz UL URYT b ARBEMEO BEF CHERL
OBy b RO BERIC KL OZ R B4,
FMLP fl# o wvw3h s TCLEDBEERET MR
DENTENS, 7 b EOTFRE, BT 2 3
FRIFD a > b v —WARED IR CL B K
T ENRBE N, BEIRY BHERRRE TS
BEAHMROERBIIEFEAEOMCEEREZ I 2V
23, BERES L OEHBREARIERECETLT
BY, RERE, EEBRELREOETIZ HbA, Bic
HbA cED LR EEBEOHBENSH > 7z EHEL T
W3, ESRD IFERBEO 2 >~ b — VIR
RERBEEE IS W ICEE L TWw B 2N BT
CL JHfE & HbA,c & OMHEE 25T L, FERBEE D
CLEREEHICILLERICET, HbA, O R
£ CL oZ LR L EROADMRE, Bl HbA, @
B L CLEDSEINT 2 /A2 HEL T 5,
213 In vitro DIFRERC O 2 SEEOBEED
Va—R %545 MB & U60 ML T CLIE %
ET L7z, 5 MmincidvwiholEEcy, 0Z,
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FMLP OFi#l# & b i CLEICEERE2RO R
Mmotz, Lo L 60 5OFEMTIE FMLP JRE Cldw
FTHOBETH CLECEEERAE»o7:0%, 0Z
HEOC L D EEE S )L O — AWTILERE T CLED
{ETERDERD 57z, Wilson 5 1, HEREESE
OFFFERIZD % PMA f#c T CLEZHIEL, 50
mM/l OEWEE 7NV a— AT CLEMET L &
WELTBY, BEES VI — ARG THEFRERD
EUEBREERENE T T 2ENRB N, 08
FHDRAE T OZ F CIETERA %~ L, FMLP ®li#%
TIHEBEEN P o722 s, HEERIEHENC X
3 BIERREIC B T 2 KIGDE WL EZ bz,
EHDORETRF 7 b BB EOFEREEE TIF
FER CLEOBEBERE T 2RO, 7 M7 ¥ F—
YATRMPTEIML Tw 3Dk 3-OHBA TH
B0 % Z TIEFRERIC 3-OHBA HIIALER % 1T\ 17
RERIE MR R E AR B BRET L 7228 OZ i, FMLP
RO WFh by T5SMORMNTIE CLEOETE
B%, 30 HOENTIE CLIEOEERET 2570
Tz, 7 N AROBEIME 5 REEYD VEEEIEED A AV
VK HEEZ D— D TH % phospho fluctokinase
OWEMEEIEI T 2 HEE, K4 —VRE»TTHEL
NADPH 23RZ 3 % Z L SIEMBEELFE DK
TRELS T HHMED H3H 5, Sato'® S1Fs b v
A28 NADPHoxidase %12 & % iR Ak 2 fH
EJLHEERL, —FH, STuLF VY —YE
PEFEEL ZWELT WS, OHERBE LT NAD-
PHoxidase 2% Plasma membrane WCFHET 5 &
Ene, 7 UEORBERZTHEE LTV, &
FHORETIZ OZ R, FMLP o => 0D #Ex 5
v &7y —%2H4 L TCCLEMETFLEELD, 7
bR X AHIfEEE L £ Y —ADEELEZ R
L, BBIDEARZOWLTIESTFLVRLVTDE SRS
B RETH S, FERRCBIT 2 5B, &
mygizd &L, MEESE, BES, HwREEERE
DR DEFHER T b—Y R, ¥ T YR —Y AR
EWRBRYYEDOMTECHSEG L, FERBCBIT 5 RRG
MEOREEZSISICHEEICILTwE I EnEZ SN
3,

&

PERRIF R O BRI O A RE 2 IR 5 5 HIY T,
IFrREREEBEIC DT CLEIIC £ D RRET L7z,
1) PBEREEHE O F P ERCLE X, OZH #,

" E B K

v

S B3 EHELS

FMLP R CHERE L D EBEICE T 2007z,

2) FERREFEOMmEE 2 > ~ — V- REE 200 mg/dl
PAEEE, 200 mg/dl Kmats & U HbA;c 9.0% 2L L
B, 9. 0% RiMEEDEEOMIC CLIEOE 2RO L h
-7z,

3) fEE ANFHEROEIRE 7L 3 — AL
BT, OZFET CLEQK TER» A 57z,

4) B NIFFBR O 3-OHBA MRANALEIZ BT,
OZ ##%, FMLP f#dtiz CLEOEERET 27
Bz,

PLE, BEERFIREBIC B 2 BI0EE, 7 ~ o E0F
I, FHERESEBEEEEOE T2 b5 LEESH
REMRERE 2 ET ¥, FRM2EC2ER/RD
—DorEZ 5N,

X DEE X, B8 EHAREEZSICTHERL
7z,

B

Farikz zwchlzy, B, HREEBD L
7o BETRRE A MBI I EE e LR T, S EEE
e, HBISTES £ LHEAWRBIBIZICE < B
Wiz LE9,
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Effects of Hyperglycemia and Ketone Bodies upon Active Oxygen Production

from Neutrophils in Diabetic Patients

Nobuo SASAI

Department of Internal Medicine, Tokyo Medical College
(Director : Prof. Hisao ITO)

In order to study the causes of the high degree of susceptibilitiy to infection of diabetic patients, the
interrelationship between neutrophil function, especially the ability to produce active oxygen, and the
diabetic condition was studied. The method employed was measurement of peak values of chemilumunes-
cence, using luminol-dependent chemiluminescence (CL), with stimulation of opsonized zymosan (OZ)
and N-formyl-methionyl-phenylalanine (FMLP). A significant decline (p<0.01) was observed in the CL
values of diabetic patinets as compared with their normal counterparts. Investigations into diabetic
patients under controlled conditions showed the absence of significant differences between one group of
patients with a blood glucose level lower than 200 mg/dl and the other with that of 200 mg/dl or higher.
Also shwon was the absence of significant differences between one group with an HbA, ¢ level lower than
99, and the other with that of 99, or more. A significantly lower level of the CL values (p<0.05) was
observed in a group of patients with positive urinary ketone bodies. In an i vitro study, the CL values
declined with OZ stimulation when they were given high-concentration glucose of neutrophils of normal
subjects. A significant decline (p<0.05) in the CL values was observed in vitro with OZ and FMLP
stimulation by giving 3-OHBA of neutrophils of normal subjects. The use of luminol-dependent CL
indicated a decline in the ability to produce neutrophil active oxygen among diabetic patients. These
investigations led to the conclusion that the existence of hyperglycemia levels or ketone bodies reduces
the oxygen-dependent antimicrobialability, causing the high degree of susceptibility to infection.

{Key words)> Diabetes mellitus, Active oxygen, Ketone bodies, Neutrophils, Luminol-dependent

chemiluminescence.




