—
},?\

| DR

S

IR 7 v PO BBERIIMIC ST s v a—2
BLVERFB L OF 4 v R ) v 2kt

BH RE

B4 ERBOBRBORHEO 152 LT, 1 ¥ 20 VT B EAKOMAN ST bRBH, LMY
RET5BENT, EREMT v P X DRR LA REIRERE AT, £ YR Y YD s 3 — ARMERES
BELUAVAY VEEFCOWTHBE L, A YA U YD 7z — = BLREREBIL, 37°C 60 SR
(1-4C) FAa—RALDFEETD “CO; OR%R, 1 VRV YEEML, 37°C 6045[% 721224°C 9058
waTH B4 vA) vEY, ThZhEBREDCA VA Y VEETTHET S Ltk bRk, B
JEAiaR B ) DA 2 — ABMLIERE, A VR Y VEEETRIVOFEETEMTES » + 03 5 2 3EE
7y PCHLEBCET LTk, - v 2§ VEEAEIDWTIE 37°C 5L 24°C OFEL&ET &
LEBBEDA VAV VEETTET v  OMICABZRRD bhish otc. BAXEHEFOL VR Y v
SREREOVTIH/T v F OB THERZRRD bhish o

DLEOREC L b, EREH S » + BB TR /A 2 ~ ABEERCBE LTA v 2 U VIRH A
HBobhdh, Thi3EELLTA VYA Y VIEK-T S responsiveness DIETFIZL 23D THD, Lk, 1V
AV U ERBEOEE LOBRRMCEROELED bRT, HRERO A v A ) VIEHEN A v R Y vk

LA#E (postreceptor) DOBBOELICL VAU T3 EATREI W,
Key words: @ /v =2 —ABLIEA, @ (v 2 ) vREF, @ B © FET 5 ¢
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[FL®IC

TR OERB OB DO 1 2L LT, 1 VA Y VI
HEDOWMRTEZ LNBITFOLhBYD, Z DR
VB OBAIEIRR LIE LIRS bh 5 8RS
RELFCBREDD EEZ DhB. flE, EiRE
RIFOREPHERFR EHHERC S 2 AR NOET
e, 4 vRY VIEFIBEOEANZORERO—H
T EEZLRTH3Y, L, EEKRDOS v 2Y
VIR AOBFEICE LT, BET THELRE
B SR TV IR,

AR T, FERO A v R ) VIRFEBKOEE
ERHITT B BT, EIEBHS » b O MBI
REFT, 4 vAY YD 7Ar 2 — ABLIREFER S
L0 v R ) v BEGORITLT, Hic, IEREO
AVAY VIERESEHERTLED bR B 2 L S
By ELT, FRHA VRY VEREOEID &S

—_—

CHDOBES eV RERLDIBRE 2T - 1.

PO

V4 AE—FRMETFy b E 5~ TEACTTEL, X
EBYEENAOBETFOFELEC I VR LL. RS » b
AEESGH (BAx2 vy, CE2)%HmicERX ¢,
ERE ERL7T~200) ERCAV-1:. F—E4S
DIFFEIRT » F X ERCET I TERYT, 7
- ABLERORFC TR, 1 v A ) vEREADR
s s o PRV,

WREX

BRI 74 2 — 2 B{LVERA 12, Rodbell®
ZEL, A-4C) 7r2—R X hFET 5 UCO, %l
ETHIELRIDFML, 1R Y vZRIKIZ, Glie-
mann 5% ¥ T, gy Ry v O R~ DR
ERERDB LI DIE LA,

SEAYEEHEMAS (TSI4 RHTFRE 2 T BI74EH)

R R R84 1 A17H
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BT 8 ~10BE DRI T v + DM A —E LI
L, FEHIOIEEEOEEREL v, Rodbell®
DHBEE Lizh\, 25475 —¥ (54 711, Wor-
thington #£) % i\~ TR Mia AR Lic.

buffer 1, NaCl 1.35, KCl 2.2, CaCl, 2.5,
MgSO, 1. 25, Na,HPO, 2.17, KH,PO, 0.45, Hepes
10, D-glucose 2 (mMol) oD OHFHL, 2 5
o —ERBOBEILY vIET A7 ¢ v (Fraction
V, Armour #, LIFBSA) % 4 %¥ML, EhlE
DERRICIE BSA % 2 %, bacitracin (Sigma #) %
0.05% %Lz, pH i35 HED NaOH FHEHx AV
T, 37°C B\ 7 41T FRE L,

72— AFSLfER, BEENRRMias ~1577 @ &
(1-4C) 7 =2 — 2 (New England Nuclear #) 0.2
pCi BIUKBREEDOA v A v (REEO0, 0.03,
1, 5, 25ng/ml) #R T (BE 2ml), 37°C T60
FRCHFEET S 1*CO, % hyamine (I
TR, TORMNELYREY v FVv—Ya vy
vE—TRETH L bR L.

125]-f v = Y v ¥ Freychet B0 ke L, Ch-
loramine T (fHAL2E#E ), Na 121 (New England
Nuclear #) 3 J¢f pure pork insulin GEKELIZE)
HWTESLL, % © specific activity {3 60~120
uCi/pg OEEITH - e,

18- v A ) vEEE SRR, BEERRRFfIE 10~2075
B &I v 2 ) v (FEBRE 0.2ng/ml) kXU FEE
A v A Y v (RIEEO, 1, 5, 10, 25, 50, 100 ng/ml)
PR (@8 1ml), 37°C T605H % #1224°C T
GEDA v 2=V avDic, YIVa v A4
(Efbar, LEO0.97) » Av-iomiic X b Bals#iia
% buffer X HpREL, REMEROBHHEY Y = A+ H
YUF VU= a VAUV ER—TRHETHIERIDT

ot JEEERA YA ¥ 100 pg/ml FAETTO WL
4 vAY vORBR~NOEAELIFFRE G E &
L, FhasA VA VRETERGS WA v Ay
VOREAEL hELEE, LT oMV, ¥,
4 vFatev g vEED B4 VR Y VOSREL L
Y 7w LERERC X B TRIBEES 1 X b RdTe, 5

Wi o EER, BIMEY 2 %42 37 ABRER
(Merk #) CRERE L BIc A ARK TI00ICHR
L, @renicEBRLoD 80p 2L, LOF !
CEEnBEHHAOREY AT A F 75 A LTHET
BT ERIDITote. B, MlADERE%L Dynascope® -
(Vision Eng. Ltd) %3 UM X DETHRIL, :
50~1008 D E RO FHER Kb,

W BERSIC BB L7 [fifE @  immunoreactive  insulin
(UTF IRI (BEd) BIO/va—RiE, FhER
radioimmunoassay kit (7 / FEIEK) IV mu-
tarotase-glucose oxidase ¥ 12 X % kit (F1JE #f 38
B CHIE L.

HiaF2epte st Student’s t test I X o7,

w R

1. ERCHERALET v FOER
ERES » MEIEERET v PREL, AERSIVES -
BEHKREL, M7V a—AEXFRCEEZ R L
fo. La L, FElfilaoBEEs L omiE IRL Eeo
WTIE, MEDORICEEZIRD bt »7z(Table
1).

2. HEIREMRAOS L 21—XELER

EES v P BLOIEEES » P Ed, A VAV VD
HImz X v (1-4C) 7= — A0 Beds S h,
MR LA v A Y v 25 ng/ml FRNEHICITAEDR
5o bT5.TUE, FFIEIRS » 1 T5.65(5 L, IZERE

" Table 1 Characteristics of the subjects

nonpregnant pregnant
n=7 n =13 n=7 n =13
body weight (g) 191.0£12.5 195.3+12.0 267. 9 £20. 2%* 278.0+24, 1%*
food intake (g/day) 22.9+4.6 21.5+4.3 25.7+4. 1N.5, 25.1+3.7*
cell diameter (u) 77.1+9.6 78.1+8.0 75.1+6.8N.5, 75.8+8.6N.5,
glucose (mg/dl) 140.04+11.2 139.54+19.2 104.6£17. 3** 93.4+18.3%*
insulin (gU/ml) 28.0+14.7 32.9+13.9 26.8+13. 8N.8. 31.64+19.4N.8,

mean + S.D.

n=7 : used for glucose oxidation, n=13 : used for insulin binding

** : significantly different from nonpregnant (p<0.01)
* : significantly different from nonpregnant (p<0.05)

N.S. : not significant
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ISR T » b OBEEIEMIIIC BT 2 7 v = — ABMLER R L0 v 2 ) YREROKREN

golEErRb b, ¥l 42 Y~ 1ng/mlD
RIMC X D, TEL D BERKCECRELD R RD
phic. UL, 4 vR ) VERINES X OEBERE
DA VAV VIRMEEE S, EIRS v P OGN ECEE
CEW %R L (Fig. 1.

o (IMC) 7z —AORBLERENT 5 1 v
2y v ORESREY, TORAHRCKT 58 ETHK
HLicE D, FEIRT v b EIERS v P ORICEE

e nonpregnant (n=7)
o--o late pregnant (n=7)

30

P<0.05

mean s SE .+ P<0.01

(1-'%C) glucose converted to ‘“COZ(nmo\esl\osce\\slhr)

o ) e A
1 5 25
insulin concentration (ng/ml)

Fig. 1 Insulin stimulation of (1-14C) glucose
oxidation in adipocytes from late preg-
nant rats

percent'?5I-insulin bound to 105cells

EXEED Bhish ot (Fig. 2).

3. BEEEFRBIA~D I LR LHEE
FEEEOA VAY VEETR BT 5 P-4 VA
) v OREIR M~ Ok AEIE, 37°C 605MB L
0'24°C OGO vF 2= a VEHETED,
BERZ v b EFEEIRS v P ORI CREBE Y RIS -
2. Fiz, 37°C OBEDIISMN 24°C OBAH T M
L, B4 v A vERERTRECEEE 2R LI
(Fig. 3).

D B4 VRY VEESERO #E B % Scatchard
BIRPR TR Ltk (Fig. 4), 37°C X0 24
°C OWM&HETED, HES v M EFFEERT v + O

Y
<

100}

e—e nonpregnant

o--o late pregnant

501

percent of maximal insulin effect

051 5 25
insulin concentration (ng/ml)

o

Fig. 2 Percent of maximal insulin effect on
(1-14C) glucose oxidation in adipocytes
from late pregnant rats

nonpregnant (n=13)

late pregnant (n=13)

mean : SE

0.2 1

10 100

insulin concentration (ng/mi)

Fig. 3 !®I-insulin binding to adipocytes from late pregnant rats
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e—s nonpregnant

0--0

late pregnant

'bo.und‘lfree x 100

0 0.1 0.2
bound insulin (ng/ml)

Fig. 4 Scatchard plot of 1% I-insulin binding
to adipocytes from late pregnant rats

mean ¢+ SD

|

o
T

>

~

percent of TCA soluble radioactivity

o

24°C 37°C 24°C 37°C
nonpregnant pregnant

Fig. 5 Degradation of 1?I-insulin during the
incubation for the binding study

2, MBOEERIVERBRL vl O HCELT
ERIED bhighofe, ¥z, 37°C OBEDIRS
2 24°C OBHREL, MBOEEIERHLTDH B
LW hoe,

¥, WA VA ) VERERFO B VR Y v
DHBIEIL, 37°C KLU 24°C DA VF o~
a VEETED, ERS v FBIOIEFERS v b DR
THBEY Rk ofe (Fig. 5).

Z =B
IERESIC A v 2 ) VIR EATS Z LRk X

864 —

RO YA VIEFEOREAY BRE SR Ty

DEED? LI VREIh T30, TOBFIh
TR ER DI, ARRILT v bres
EL, A VRY VOEMMRO 10T, IERR oL
BERBCEESRE LT > T 5 LB X DRDIRL
Fax BT, EREED A v A U VIEHMEEA Ol
BoLES>ELEbDTHS. Ty P EEREN,
ELUTRR UL 1 20BEIE, & OB#HICE\ Tig

ThH5.
EE, A A VO ERERC BT 5
L, A v 2 ) VEFHEL T T « ORIELDT 1 v
U VRRES DR VA Y VIEROE X b EHT IR
OOk D, EREED A v A ) VIEFEEA OB
LTh, ZOHHL Y OBEFRIELLRTVEH, %
OREILNT L —HK LT 5Bbhs, 3
RO A v 2 ) vREFCBILTIE, b bR
FIAIARMER T, B4 VR ) VOFEEGRINMET T 51
ETBHED LETLAWETIHRED 0 55, |
e MIRBSMIBC DV T, ERRHIC (P11 v R ) g
EEMETTHOLHREI TS, ERBMICO
Tit, 5 v b ERERIAEY 3 X OFFARRER T T4 v R
) VEESENERTHECISBRENDHBN, Ty M
MRE S~ v AABMRP TET T3 LV 5 REL
Rohs. 1
IEIRBE DB T 5 1 v 2 ) VIERIRDV T,
5 v b RIS X OBRRSAIR CRE DAL ¥ 71Ol
DRBHA v AY VIEFE TR LUFET TETLT,
WHEGCIBED, Ty MFERER TEOR AL
ETB4 v AY) VOREFRFMET LTV D L)
HEWHDBH, —F, T v FERHERDCHAN T
By B R ot b T HEL A5,
CDL A, RO A VR VEREE XU VY
A9 VERCH L TRREROB®D —8x BT, ¥
T, AFROLHWA Y RY vEEELA YA AE,
FoOBEL BT LG dinn & Bbh s, :
AR RV, ¥, BERhMEo s -
ARBCIERID, 4 A U VIETRINERES X O A IR D
AvRAY VRIMEEL S, BERT v P TETLTY,
B tvBELMC L (Fig. 1), (1-#C) s7ar=a—A
I hRETH HCO, 1T, (1-MC) 7= — 22 Hil
EAEBLTHE, v b-AEEYE> TREIND:
TERIDEUBIDEIRTVAY, LidioT, |
:@ﬁ%m,ﬂﬁsyb@ﬁmmmfmﬁ»:—xq
EEEBD B\ X FEDOBD Y b — AEIKOBIEHET
LTHY, ThbETo4 VA ) vOFALETL
TWHZ LEERTHLDLEL RS, ;




Kahn® @ X AE, 4 v 2 Y v OEYSERgRE 14 v
Y v EORDOBRE—FICHBROBC LD, 12y
/RS responsiveness( S IRIE) D{E T & sensitivity
(RFH) DET LS 2 00BERCHFTELS L
LMTED L &N T 5%, responsiveness {11 A Y
i L ABRKBROBE X », sensitivity 1T KEHE
CEDHE TELERA VA ) VBEC X - TEHlish
5. LT, IBIMlaD X 57 “spare receptor” (fig
AT YA YBA VA Y REEDT I b
104 ETHERERROPHRIE LI, KDY
o4 v A Y VEERKIL “spare receptor” k FEE fC
Wwh) ¥ETAMBETIE, 1 v AR viESEOELIX
sensitivity DBE(LICKIGET S E IR T35,

LEIEBRI., A vAYvE QMC) 12 - R
B{LIEA & OMDBE-FUGHE (Fig. 1) o5 —v
ko, 7, @RS o b OBBMRTIRA v AY Vv
/o535 responsiveness DK TA3H 5 LI h s,
X 5z, sensitivity DIETHESTHBENE I %R
RBHfDIE, BE—RIGHEY 1 v A ) vORKHR
T HEETERRLIZEZA (Fig 2), FRB LV
RS v P OB BEOEIRD bhith -7, L
1o, RS v P OIRBMRCE TR A v A Y v
EHPELE sensitivity DETFIC X B DT/, £&
LT responsiveness DIEFIC L B2bDEE2 b5,

RCITRS v + OFERFRIRAICR\TA v 2 Y VEE
K] DB E LT B0 E 5 0% B bavicd
Hlowiz, B4 v 2 Y vORHBRNORKERLE
Flic (Fig. 3). &I, 1AV v ZEEARERKO
1vFa~v a3 vORECX ) ERCHEDOH S AT
B RIS M e DT, KPFFER Tk 37° & 24°C
DEHHDBETA vVE .= a2 VEF, FERE
CIIENE 5 o b DRERSMIRE~D 121-f v R ) VISR
Lz, L, M4 vFa—vavE&lTE
by MRS v b EFRIEIRT » P ORIKARERYRVH
FTLLRTEEh o,

Bl-Af v R Y v OREESEBROBIEY Scatchard plot
TERLCHED, HFRESIOEERS v FO/T
RO & 35 T OHIROIERMR & x Bh & DITAIBI L
- TERIRD bhich otz (Fig. 4). HgoEE 4
AV CRBEORMEY, HROERRE v HED
REDEEBREEET L ShTLB0T, ORI
iR L OFEIEIR S » L ORIICA v A ) vEEEDOE
s L OB AGBIB LT, Hrlboino by
RELDL#ELZ BhB, ¥, AvFa~<—vavi
EDi\ iz X % Scatchard plot Z{kIL, = & L TR
ROE X OIfic X5 & HWFSh, 37°C Ti% 24°C

IEREH Z » + OBBERBMICRITS 7 2 — ABMEIER R O v R Y vEREOKRER

T LEBEOBFEIMET L TS0 LEL bR
5.

BI-f v A Y VOREEERFD 154 v R ) VR
RIMERS LOIER S v P ORcEEER (Fig
5), FREOHENEERROBBCHEYR L 1T
LcHE I Wt E X BB,

AVAY VEREORYHAFT LR FDO 1 DL
LTA VRV VBEELRDY, BEEOEA Vv AY vV
MAE%x 23 3R TIEA v R ) vERERORWAOD
PEZE I T\ 5 (down regulation), [EIREFIC 1T —f%
CEA VYR VIMFERY AT L I T B DT
Z ® down regulation =X h 4 v R Y VEERAEHH
BATHZ i hs, La L, SEOBK TIiE
R A v 2 Y vERGEIRDT5 L\ 5 g g
bhighote, 70 1 20FERIE, SEFER UCEE
BLIOFEERS v + ORI, MiE IRI {BhEs
BEDbhieh ol btk % & Bihh s (Table 1).
L LEREEA VA Y VIEOER NS YAV 5k b
& A VAV VEBEESRRDTB L\ D RESE S
HBPREEITFEHD, TOHELTE, 1 VAY v
fERIC s\ C sensitivity DETFTHEEIRB $ 0 &
Bbhs. '

SEOFBCENT, FRELOHERS v + DS
2, Fra—ABLERRT5 4 v 2 ) YERIBILT
sensitivity DZENED bR ofc &1L, 1BI-4 v
A Y VERRICENRRD bhich -7 2 & L BRI
FELEV., ZLT, RS v F I %\ T respon-
siveness DIEFHEEET DA v A Y VIEFENTD
bRz i, FERD A v R ) VRSN & LT
AV AY vREELE (postreceptor) o B D ZF{k
CEISZEERELTWSEBbhS,

DL ERIED A v A Y VIEHIM R B X kT
ERIoWTE, BRATE IXNEL2CELAIACE
Ty, BRI CCRER S v 2 Y VIEH
HEHRHRE IR TVWBHRAEE LT, IEE U025
Fohda, SEMAVES v b TREFRMROERN
RIS JOFRIER 7 v F DR THEREED ¢ { (Table
D), F1oBLA v R ) VOBERICLLEDRED AL
W ki EXh, HREEO A VR Y VIEHIEOE S
FRE%Y, BEEPCHSC I ki BERECETC iz
HHrLWEBbha, 8L, HERCHENT %
Borrev, LE2ZiIEAT w4 FiRAE v, HPL,
2NF Y =N EDE BN TR D A v R Y v
BHAEBEKORERRY LTV ADTHS S LEEIR
B0, ZORCELTUL, SOERHNYETL LA
TH5,
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Abstract

Glucose Oxidation and Insulin Receptors in Isolated
Adipocytes from Late Pregnant Rats

Nagayasu Toyoda

Department of Obstetrics and Gynecology, Mie
University School of Medicine, Tsu, Mie, Japan

Increased insulin resistance is one of the characteristics of metabolism during pregnancy. We stu-
died the action of insulin on glucose oxidation and the insulin receptors using isolated adipocytes pre-
pared from late pregnant rats in order to clarify the mechanism of the insulin resistance. The insulin
action on glucose oxidation was estimated by measuring the amount of *CO; converted by adipocytes
from (1-“C) glucose during 60 min at 37°C. The insulin receptors were assessed by measuring the
125]_insulin bound to the adipocytes during 60 min at 37°C or during 90 min at 24°C. The glucose
oxidation was significantly decreased in the pregnant rat adipocytes with or without insulin. The
amount of 14CO, converted from (1-14C) glucose by adipocytes from pregnant and nonpregnant rats
was 2:81+0.49 and 4.62+0.54 without insulin, and 16.04+2.10 and 26.1+3.43(n=7, mean+SEM)
with 25 ng/ml insulin, respectively. There was no significant difference in the 1?%I-insulin binding at
each insulin concentration between the pregnant and nonpregnant rats. There was also no significant
difference in the degradation of !%3I-insulin during the incubation time.

These results suggest that isolated adipocytes from late pregnant rats are resistant to insulin on

glucose oxidation and that this insulin resistance is due to certain changes at the postreceptor sites.
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