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Mie University School of Medicine
Tsu, Mie, Japan
(Director: Professor Youichi Sugiyama, M.D.)

Insulin receptors on erythrocytes were studied in normal and diabetic pregnant women
to clarify the mechanism of insulin resistance in pregnancy. The assays of insulin receptors
were performed according to the method of Kobayashi, which is a slight modification of
the method of Gambhir. '*Iinsulin binding showed no significant differences between
normal pregnant women during the first (n=18), the second (n=15) and the third (n=54)
trimesters and nonpregnant controls (n=52). There were also no significant differences
between the values before and after delivery (n=8). Reticulocyte counts significantly in-
creased in pregnant women during the second trimester and during the later periods. There
was a positive correlation between '**I-insulin binding and reticulocyte counts in late
pregnancy. These findings suggest that reticulocyte counts should always be considered in
estimating erythrocyte insulin receptors in pregnancy.

Then, insulin binding in late pregnant women with reticulocyte counts below 10%
(n=20) was studied. The value was slightly decreased as compared to that in the nonpregnant

125 Linsulin binding in gestational diabetes

controls, but the difference was not significant.
(n=6) was decreased, but that in overt diabetes (n=4) was not. Patients with overt diabetes
had been receiving insulin therapy. Insulin resistance in normal pregnancy cannot be ex
plained by the changes of insulin receptors from this study. It may be due to some post-
receptor abnormalities. But decreased insulin binding might be one of the factors that

manifest or deteriorate gestational diabetes.
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AEFNS54E 9 A & N BERIS7E4E 3 A ofic, ZBERFEFIMBRITER AT CB# L 2 EFERi
PRANEA18HY, IEARFHAISH), EHIRERISAF]) B & UTIMERE RS (ERIRVERE 6 #1, $ERBmAs
AR Exdge L, 27, ERFERGINELMEE L THCW, EEFERE L CES
BERRIC DV T, RE (EWEROBHEIIHEIRATARE) A RERE ((F5(em)—100)X0.9 (kg))
N120% % B 2. 5 BEEHE ISR L 72,

2) REH

pure pork insulin (FE/KBE I 1 #2HL) bovine serum albumin(Fraction V,Sigma), Na 125]
(New England Nuclear), Lymphoprep(Nyegaad&Co.As.Oslo) # B v>, di-n-butyl phthalate,
Chloramine T,8 & 20l b RERIL, P EFESKBENLHE2HEH L7,

3025 ] -insulin DEH!

Freychetﬂ LDFEICHE, Chloramine TEZHWTA R >3 —F{tEiT-72, HBoHi
72128 _insulin @ specific activity (360~ 120uCi/ug DEHIZH » 72,

4) buffer

Gambhir 68> 12k Bbuffer GEHFHAL 72, £ D#KIX, Tris 50, HEPES 50, NaCl 50, KCl 5,
MgCl, 10, CaCl,10, EDTA 10, Dextrose 10 (mMol) TH %, 1% bovine serum albumin#
whnig, 235%E NaOHIZ TpH £8.01cF#BUL 72,

5) FRMPRIZHER DA

BHERzefgrk~ <) > 5 ~ 7 ml %1,000g TLOME L L, M3 L Nbuffy coat 2FEH &
2EBRNEBEEKTHERL 22, £ % 2ml ? Lymphoprep LICEE L, 400g T4 PR E TEL
L7z, i, BEIK% 5 Lymphoprep B35 & Ubuffy coat %% L, buffer |2 THE’1E, FEbuily
coat #HE L, 2FEED buffer M2, HBEERICHW,

6) FRMIKESL & UBRFMERF N EE

FRMERIZHEE O AR MERST, YRR Neubauer MERSF B A% v CHEE L, MBI MRS B
$E7A % methylene blue TYefa L, 1,000~2,000ME »FRIMEKZ 2 2, %O diz & 2 #HKRLED
HEEHEEL 2,

725 -insulin DFRMIK~ DS EER

Gambhir &% D F k& K& L 72k S DRI BV, 15 [-insulin 0 7 LBk~ O RS AEBRE1T7
720 RFO—LBORBE (LA XF2—7) I RMBEHERA004], # [-insulin50ul (KBE
0.4ng/ml), JERESA > 2 50l (#BEEO, 1, 5, 10, 25, 50, 100ng/ml) ZiBL, 15CF
TI.5MFMEL 2, 1RMILICFTHREZIREL, 3.5BMOMENE, B 110021 2+
buffer200u1 & di-n-butyl phthalate 10041 # EJ& L /2 micro-centrifuge tube (Z& 840011, K ”‘%
FLoB) MIZEBL. 1,500g1 T 5 SMELT 52 2ic k), RbskaR TR, di-nbir™
phthalate "I, buffer A FRBICHGHEINZ DT, FRBN(LE T micro-centrifuge t”be?
U TIMT L, FRMEROBEEEE well type scintillation counter (Aloka) (2 T @5 L 72 'i’,‘:
SEOIFERA > 2 ) v (KBEI0ug/ml) %BUHEAERLZFATL TITZw, %Vﬁ%é‘mmp
insulin DRMER~DFER T IFFRUFE L L 72,

8) ﬁﬁ‘%ﬁ_ﬂ s> TBLNHBROBFEE
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Flob-> T, TNTREBNEARLHAY, ARV BRI ERD T VR ) FESHES
HEEWRT S, F72, FPRIESHEIIRMIR2 4XI0MEH 2D OEICHEREL 72,

AALEYERNLVECERERLOBEORELELETAIEZ LT, 2EREEBAEN 2 2H'F
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AHEIVFEZEHRL T7oy FTHL0T, BLNEROEE LB, ERELERLL
BAOWME OREL ) SHERELFTHTES
9) m#E, IRI OBIE

M¥E T mutarotase-glucose oxidase HEIC L5 X v I (FIALEE) % H vy, MEEP D glucose BE
L5 L7z, MAEIRI (immunoreactive insulin) (fradioimmuncassayic kb X v+ (U4 / X8l
B EROTRIEL
10 Heatpnias

unpaired Student t test 72,

B B &

1) E-25:4: 02 ]
EBHARER, F—E BT LY 3BEDIM % 4T7% >, interassay variation ##5t L72(Fig. 1 ),
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) Fig. 1. Interassay variation of ***I-insulin binding to erythrocytes determined
by 38 times separate assays on one healthy man. Coefficient of vari-

ation = S.D./mean.
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BL, 4 A RIBES L D) SREEE T, 4 -‘&ﬁa‘?’ BOEDOHENEILEDH LNl -1,
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SHHNEMRBRHIEIF I BT, IRET & oifkiE 5 ~10H 2, FRMIR~MD2 [~insulin D& &+ R
—ATHELZ, Fig 4 1R L 72k 512, MEMIIEAREDEENLIIIED sk 12,
4) BEIR ZEFHR, EEARHERIC B AR FMBRE
Fig. 5 (2R L 72 & 912, BRI 5 THE (P<0.01) I #RRILERE AL T,
5) MR RMIRE & A & OBE
422 0. dng/ml IBIE TS BT 2 RMER~ D128 [_insulin DIEEE &, FRILIRIFE I W Ok
HRMERE & AR %, IIRIBIMEIRIC BV TRET L 72 (Fig. 6 ), BB E I v =0.096x +3.766, A1H
Bfity=0.38 %1, BE (P<0.01) OEMM%EH,
6) MR FRMIREL A 10260 AT DITIRBHITIR (Z 5 (F B HRMER~ D5 [~ insulin DS
EHFERC L BEORAFEORTHER 2 R L HETII 2 »72 (Fig. 7 ),
7) IEIRFERAIEIR S & UHERBEHHIERIC 5 (7 5 RO~ 0 » I insulin &
6 ZOUTIRVERIG & & 2 LN IEREB L U4 ZOWERIB AT - &, FRILER~0) % [-insulin
WEaEREPRE L, 22 TOIFEHERR (gestational dlabetes) Lz, i&&&ﬁﬁ?f M THRRASN
BRI E ORI RE H T, BAMRBROSRE,» WHO HFIBELEE" 1= £ 51GT (impair-
ed glucose tolerance) % 7211 diabetes mellitus ic#HY L, SEFWETIY F o— A WhETHZ
FEF & L7z, 4 BOVERBAIHIHRO ) b3 K134 > 2 ARERHERK (IDDM) & # 2 5 il
#E4 > R ) > FRERMR (NIDDM) 2% 2 5 1B 8BTH LD, wFd ) v inll
ﬁf'of\n 2, Fig 81TRL 72 & 912, IEMRVERMIEIR Cl3 s &0k T 25 b 1L, 477
Y ARIBERIC BV CIERIFEIRIC L HE (P<0.01) OEAED L7, W AHHER T3
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8) EHIE1R, ERFREEITRE, FRERBER, BRABSHEROMR
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BEIHERIZ BV TERIHER, MIRENEHC LA B S, -7,
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Fig. 2. '**L-insulin binding to erythrocytes from pregnant and non-

pregnant women.
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Fig. 3.  Scatchard analysis of '? I-insulin binding to
erythrocytes from pregnant and nonpreg-

nant women.
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Fig. 4. '**IL.insulin binding to erythrocytes before and after
the delivery.
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Fig. 5.  Reticulocyte counts in nonpregnant, preg-
nant and puerperial women.
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Fig. 7. = '**Linsulin binding to erythrocytes from late pregnant

women with their reticulocyte counts below 10%so.
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Fig. 8. '**Linsulin binding to erythrocytes from pregnant

women with abnormal glucose tolerance.
G .D.M.: gestational diabetes mellitus
D M.: pregnancy complicated with diabetes mellitus

+x: significantly different from nonpregnant (P<0.01)

Table 1. Characteristics of the subjects.

n age body weilght IRI FPG reticulo-~
weight| gain cyte
(yr.) | (kg) (kg) [(uu/ml)|(mg/dl); (%)
nonpregnant 54 24.3 50.3 9.6 84.3 6.7
+5.3 +5.7 - +2.1 +9.4 +2.8
ax e -
late pregnant 52 29.5 49.0 11.7 10.9 79.1 11.8
+3.6 | +5.7 | +2.8 | 4.4 +9.2 +5.7
X X P
G.D.M 6 31.4 59.6 8.0 9.0 88.6 12.9
£1.5 | +8.2 | 7.3 | +4.8 | +9.9 +9.0
## #
* '
D.M 4 25.8 47 .4 5.4 _ 96.8 21.6
+3.0 +5.3 +4.2 +8.2 +17.4
## ## #

G.D.M.: gestational diabetes mellitus

D.M.: pregnancy complicated with diabetes mellitus

IRI: immunoreactive insulin

FPG: fasting plasma glucose

*(P<0.05), *x(P<0.01): significantly different from nonpregnant
#(P<0.05), ##(P<0.01): significantly different from late pregnant
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Fig. 9.  Scatchard analysis of '?% I-insulin binding to

erythrocytes from a diabetic pregnant
woman before and after the insulin treat-

ment,
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SFHERDOFMICRMERE VB Z L IZWRETIE v e H 2 5 b,
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26§, Scatchard analysisiz & - TLBIMMES L S REIZERA L LMD LN L h 5 1
(Rgz,hg3 Fig.4), L2 L, IEgEHHLIEE CTIRRMERRMEREA A EIZ AL CB D (Figs)
70, BERIC BT LR R B & AN TEORB AT B 2 X AR SN0 T(Fig. 6 ), 4
KﬁﬁW%U%K‘T%4/ZU7%6%@@ﬁl$uf@,M%Wm%@%%@ukhéﬁﬁﬂ
HBEEZLND, 2T, BHFGRILEREY, EWIEERELIDIEREEE 25121050 ToKr
%%Mﬂ@m%uwof4yzuy%%%%ﬁﬁtt&:%(ﬂgﬂ,E%#ﬁmeL%ﬁ%
OFETORETHIE %3872, LoL, BEEBORLD2ENRENIELHY, BEZ2EDH L2
ESNPR A/l A

422 ERKOBOAFGRTO—28 L TR A > 2 BENHY, ¥>m¢4/x
Vo EAEREB L, Z DAL iz&”t’(i%‘?ﬁxz&d) A Th B =k hEE” RT3,
FEIRRHC 12— RSB A > 2 Y A D 52" @“C‘ FLARERIC A4 > ) AR Jk/}ﬁhé
ZEMVEIFEEND, FRUCL b LT, IREHC A 2 R Y SEREEIT S L0 ) g

,ﬁﬂmﬁﬂhhwL%%ﬁﬁﬁmﬁﬂmﬁ&ﬁ%mbﬂ&#ﬂkﬁ@@ﬂﬁtLf,ﬁ%%
DEA AN CENRES FMIEREE LI ENDITFLNE, 4 22 o BERENHED
FREELS, BEABIFFO insulin area £ 1) L4 L AZEMB N 4 > 2 1) P fE L B CAEAT B = aﬁ%ﬁl
T3, SERE L ZERERE SRR oficiy, ZEIRICEL CEEREED LILL
ho 72,

RICTHHERERE & - IR O ME T, EIRERF IR THABNRTHES D & 1, R
ICHL, A2 VERBERICBCCHEELREDL (Fig 8), 4 > A »EBEBIC 3 VT3
EOBICHEZEL RO L » 20, FOFERO—234 > 2 > BBEBIZ BT 2BEENIE S
ENKREVZI LD EELLND, LEh-T, ERKEERICANS L, SEDREMD &I
IRVERBIEIRIC BT 2 HAENBETHHRIMENETIC L 2 LO»ZEFEREOELSICLD L5 o0
FMETAILIIB LB bNE, Larl, winicel, SBENLEBECKEVA > Y RS
IS B TRHAEIETL TR Z L, 1 2) VISP AKSEE2—RICH B #2511
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