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Glucagon @ Radioimmunoassay (Z 33} 5 FEEERI A &t

o H

fn A

BEE I VVH I OREFERRER SO TEBIRMNZ 1TV, FrLWEREREL L.
AT WEHERL S L 2 4B B3V T PEG #iT tale ¥, 2 3Tk, dextran coated charcoal #d 3
FEZWLBRIERES TH Y, Lr b REFER. FEFRIE PEG OEMBEED 10.07,~12.57%, (w/w) T

IE’:.:JT&) 7.

TR LSl 2 4°C T 48 mefdlnliciRin s &,

ZO®REHI N T EHRML S HIC TO AT 2 B

FEOBAIC X D EEMRORBERICS T 20AEEY, RESIUCRKERMEL..

DAL DR BREST L7 2 BEE B XU PEG #:& VW JIER O FoMRHBRET 16 pg/m/, HIMEX
Intraassay OZEEMFEEL 1.9%~5.4%, Interassay Tix 6.3%~11.3%, FEHENLRIT 96.7%, FIR#HR Tix
2~ S fERIR THEMRMEEZ R L. SOWERTRE, EEMEAEL, BREOBEICERLEL LR,

L xZLC®Ic

TN A I DPRIEESERE T v 7 2R R
IZFEA T AHLE (Unger s 0 30K) BB ICAFET
E5koicny, EHECEAOFETHESH
BEOCS N, BRI N D T DL
W D L HIREOEE &l 7o 0 BURTEMER
B, EF0ORERCBITHMMEI NI T E
DIEPEMEITIK <, FSEE (precision) 13 F847 T Z
EWRBW. ZOD—FICHREL LT 02ml ©
MEESHVLRTWS., EHT preincubation
AT, BV T UEMAS 2BEICX
DR T DR R L OUREE (sensitivity) 245, %
DOFERMRERIT 0.1 ml THROWEFTREL 72 o 72,

AR (B: bound) LiERERI (F: free) v b =
VBRI L TREAOFER Z S AT W 3.
Unger 5% i3 dexiran coated charcoal (DCC) ¥
#iToTW52, DCC HEIiZEIRER LU

* ZEKEEFTERRARE =
(FE BUBE—EED
ZH 5341 46
BHFE=ft 5343 A9H
BIRIEESRSE  SERETIFB 2 TR 174 Fih (B514)
ZERFEFHERG AR FHE
A B f1 F

MEEz LELTIREANDD. BETIE, £H&
D& E v @ radioimmunoassay (RIA) iz BiF 3
B:F SyEtEOHR T ZoOREDDEVWE Bbh s
polyethylene glycol (PEG) MRS 22H 5
23 zofh, 2k tale R ED 4 HED
B-F Bk biL, &5ic PEG HEiconT
R ARET LT,

Zh b4 DRBERE L VIRIBE 2 BRIETITV,
B - F yfftic PEG # fiv» 5 RIA OJIER % RESL
LD THRET 5.

I BEBIUFE

L A

1) 0.2 M glycine buffer (GB): Z4:1fiiE7 V7 2
v (BSA: bovine serum albumin, Armor fraction
V) % 0.5%, IFEH¥IfmE (NSS: normal sheep
serum, Miles Laboratories) # 1 9% DEEEIC/2 5 X
5izhn%, INNaOH < pH OfiE%4Tv 02 M
glycine buffer, pH 8.7 Z {Ef L 7=.

2) 0.04 M phosphate buffered saline (PBS):
0.5 M NazHPO4 & 0.5 M NaH2POs & CHRE L/
pH 7.4 0% vy, 0.85% NaCl, 0.01% sodium
merthiolate, 0.5% BSA, 1% NSS #&is 0.04 M
PBS % {ER L7z,
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960 BE%¥

3) PEG: Polyethylene glycol # 6,000 (3231
%) BERAVEBEKT25% (w/w) & Li.

4) Aprotinine: ARIZEME LT Trasylol £7-
X Antagosan (10,000u/m/) Z{&Ef L7-.

5) EDTA-Aprotinine j§: Na2-EDTA % Apro-
tinine TAME L 12 mg/ml DO EEEIZ L7-.

6) Z i = HfA : Unger BFZERio 30K %
{58, PBS T 100 fZiz #HIR LMY LTIRTE, HIE
B & 512 PBS T0fZICHIR L7z,

7) 1E# 7V = : Behring werke AG ! (b
U RE 92~168 pCi/pg) % GB T 125 pg/ml O
BECEL, ARRIOB LANICER L.

8) E#ES NI LillyttoEER I Vv S
vE Vv GB T4ng/ml OEEICHRE LN LT
—20°C CRFEL . BIERIZIE GB TEEMIR
L7z,

9) Pool serum: A{VFEHRERME | ml izo&
EDTA-Aprotinine # 0.1 m/ iz 7z. Z @ serum
@ r-globulin #EEIT 11.2 mg/ml/ T - 7z.

B. % f*

1Mm#% 1 ml 3 7- Y EDTA-Aprotinine jig% 0.1 m/
ANTOKBRBRE ICRILL, BMEBEFEUKKFRIC
R L 3REEILAIANIC 4°C Tl dEsrBE2 1T > 7. L
HIREET —20°C 2 TH 7 ARBRE CHREFL
iz,

C. REHE

itk X Y BEHEHEORE £ T TOHIET
FAH G L < ix 4°C TfFW, Fig. 1l o L =R
FNh v gz 0.1 ml jz Aprotinine 0.05
ml, i (1:2,000) 0.05m/, GB 0.2m!/ #jnx,
* 4885 preincubation 3. L RBRFEHOKRE
COWTIIERFEEERD 27120, Hilkes
¥ 72\ PBS 44 » blank 0RERE % {ES. Prein-
cubation 1%, EH S H v E0Iming, X5
IZ T0RERIRIR 21T 5. B« F R TIHEREYRIC
1% pool serum %, MmiERXEHzIZ GB 2 Z2hFh
01mlfnz, FERBREOMBEELZELLTS. K
1z 25% PEG 0.6 m!/ # #hn L T vortex mixer Cig
BT 5. ZO%05HKEL TRHEELE 2,000 g
T00MfTV EEEREIBRE L. 1 BRBREOK

15% 78 (1978)

Glycine Buffer 0.2 m/
Antiserum 30K (x 2,000) 0.05 m/
Aprotinine 0.05 m/ l
Sample of Standard 0.1 m/ 1
2
Incubation for 48 hr.
' |
125]-glucagon (125 pg/ml) 0.1 m/ \
2
Incubation for 70 hr.
3
1 Glycine Buffer for Sample 0.1 m/
| Pool serum for Standard 0.1 m/
P E G (25%) 0.6 m/
3
Incubation for 20 min.
: 2
Centrifugation at 2,000 g for 20 min.
Aspiration
.
Count

Fig. 1 The assay procedure of glucagon

HeSHEE (T) 13 1,150~2,100 pCi T 8 43I 2HHI L 7=.
EBRBEIFRNF = — T2 AV

D. #®i1EE

BRIEE 1) LY 6) ¥ T3 ERRER DMK T,
preincubation %7z < L7z, 72 BB L 96 BT
b=l 7':.

1) FEOHRE  HEOREEREREAR DD K
WHFEIRR (final dilution) 2.5x 103~1.28 x 108 |2
WLk E# I v = 12.5pg 2Nz 7z,
DTz R 3 ZBAEMBOR L YV EOFKEEREIE
Lz,

2) BRERR g v h =0 (12.5pg) Lk
L OREE Y A% L VIREM% E TR . T
1% 2,500 fZIcFER L, 2@ 0.05 ml (B#FHIRE
25,000) f£# Fv 7z,

3) FEAREIB X UEHERI SV I O5BEC R
iF % 4 FEORE 2 HiREE RV 2 3 HEkiE B
F SHirric FRBREOMER LS L { L. PEG
Wit FEREBEROFEIC L 5. Tale HiI#HS
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Glucagon ¢ Radioimmunoassay iz 33(F % E syt 961

590 FEICHE T 10% D A i % & 0.05M bar-
bital buffer, + # > #fF 0.05, pH 8.6 % 2ml 55
Ah, WKic talc 1 § (50 mg, ¥4 F Ky +ih) %
A, 105[HLE Uitk 2,000 T 20 55 fEmED
WLEATY, WEORITHE X D TR & 3R L7z,
HARIIRAREEL DX VR, 2HikkE
B—T A Y b — 7RIS 2 ik 2 A, ER
FKIRMIES L U5 2 fifkE PBS TZhEhS0fE,
10f5I2fIRL 0.1 ml 3oz, &5ic 24 Bk
B L7z, BEEOE 2,000 g T 20 55 BT VA E
#EH L7z. DCC #ix 0.5% charcoal (Norti A)
B X 110.25% dextran 70 (Xeran) # &t GB %
L, #ARBREIC 0.6 ml iz HEHL%ASHIKE L
fz. 201 2,000 T2 5 MHBERLE TRV,
talc % L [AlfRIC L TRERTIZ R 7.

4) PEG BE :10% (W/w) 7 535% o PEG %
assay volume LEE®D 0.6 ml/ FIMLESTROLE
Bk,

5) B-F SyBficsi} 5 y-globulin 5N : £
FIfiiE % 0.19 pl/tube-200 pljtube ML 7=, 723
100 pl/tube K D ML iFHRINEE CixifiF% GB <
IRL, Th#z100pl fixz7z. KWT, bovine
r-globulin (Cohn fraction II, Sigma) # GB
0.02 mg/m/~160 mg/ml D PEEFIZFEfEL, 0.1 ml
nx THRE L.

6) PEG {SIMRRZORLSEE £ T 0 i ER
i 1 KAKHIZ 0~60 Sy HE L ic 8 D AR 0%
Bhx FH<7.

7) Preincubation : ¥ ¥FHA L EHEHBE L L L
I HERENE 4 B © T2RERRT X 0 RS S &,
Z DREEH TV 7 = v R RN LIRS 2 10TV,
YR, ML h = IOV TR .

8) FEAERNMRDOKEEE (precision), FREF (sensitivi-
ty), &fd (slope): Triplicate T 9 [EIHIE L7z &ER
VR, FEMBOMERE, RESHEE (D,
FREOHARIBSEYE (B), BB
% blank OHEHEEM (N) 235K, (B-N)/(T-N)x
100 % F%$( 2 7 71z plot L7=. Interassay nD¥E
B SD.=v[1/(k—)x(TXi—X)?] X VR 7z,
T Z T k=assay DE|¥), Xi=assay HOFKBET

DEHEMFEER, X=HRHE T o FHHEEAERE
7%, Intraassay DOFFEEIX

S.D.=+/[1/(n—k) x & L (Xi;—X1)?]
LUk, I T n=FKEETORIESL,
k=assay OE$, xy=FRREOHEMBEE, x=
assay OIS E/BERETRT Y. REXED -
TeBBED TN I FMENC BV TI5% DIEHE
ETHARCRITE 2#A%RE t VIS12+S52)2]
X ORD, FEMROERBEMNI VGER IV
VETERDL L0, 22 Tt=1.96, Si, S2 134
BETORELZTRT. AT assay BOd -7z
Th 2 BERICBT 5EEEROEL VKD,
ZDOFEBER L OERERZE S.D) 2R Lk,

9) MiERRIOREEE, MRphHR, [ERE M
R 7T 2 MR SRR O A B Bk S
(Bp) 3 X O blank D sHEM: (Np) & Y EO#ES
F (Bp—Np)/(T-N)x 100 Z Rk, IEAEMARL Y
FiA L olc. Intraassay OFFEIX RGO 1 EER,
BHERE D 2 EF], TAX = ARREO 1ERIC 2
WTI10~I12AHIE L7-. Interassay DFFEEIL %k
R, BhfERE, 7AX = CARREO 3EFICONT
duplicate T 6~9 BIOWEXIT o 7. WHEEL b
BRI (CV) THb Uiz, FIRdHIT i
LT VX = v AREmEEE GB T 2,4, 8 {ZICH
RLU TR, ERRIZO>WTIE GB THMEL 72
EH 7V 5 = 31.3 pg/ml~500 pg/m/ % 0.1 m/
WLz, L RIFRMBEELERESE LT 5®
BN R A RBREICi1E GBi2 0.1ml L L.

O R &

1) kL oA | PUR L EERR L TR
ThhIv L DfERER<I-0MNFig.2 Th 5.
B MR E2.5x10° T 5 A& F [B/Tx100] ik
74.6%, BEO#EAE [(B—N)/(T-N)x100] ik
69.6% Th -7z, BEDFEEEN0Y% & 5 HRR
349 22x104 TH Y, FEFR T FHRK 2x 104
RV,

2) IR¥REFRE : Fig. 3 1ZiBREEEI 2 0, 4, 8, 12,
24,48, 72, 96 BEfil L 4 1B <€ T, B-F 4
BE T o BRORBEROLEH 2 RT. BEFK o
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70+

60}
o 50}
=4
x 40}
Z 30f
o
XZO-
Z10}

1 1 1
02505 1
Dilution of antiglucagon serum

1 1 1 1 1 1
2 4 8 16 32 64 128
(x10000)

Fig. 2 Percent 325]-glucagon precipitated as a function
of antiglucagon dilution.

x— —x Buffer, antibody( + )
o——e Plasma, antibody (+)
o-----o Buffer, antibody(-)

oy — X
x— X

x—

40F /

00--0--0- =0 == 0= ==~ - P— )
104

Percent 125I-glu<:agon precipitated

o

1 i i 1 1 1
048162 36 48 72 96
Incubation time (hours)

Fig. 3 Percent 125[-glucagon precipitated as a function
of incubation time

154 7% (1978)

®? 70}

3

[e] p

2 60

2 50

=

g 40

5

T 30

§ 200 o pEG e

o o----o talc

A 1ol X 2nd antibody
o----a DCC

0

1 1 1 1 1 1 1
0 312 625 125 250 500 1000 2000

(pg/ml)

Fig. 4 A comparison of the standard curves obtained
from various method of B. F. separation. Each
point represents the mean+S.D. of triplicate
determination.

Unlabeled glucagon

BEREL L b 4mERI T TIc LA L, 48RFFILMRIZ
121% plateau |25+, Blank {fix 15% #iif% TI6HE
& CiREENL 5 - 7.

3) 4A5EDPB-Foft Fig 4oL, 7
H = 0OBETORARIT PEG #0364% T4 5
B0 L T—FmL, 2HEEFSTY% &KL - 7.
0 JEEA & 2,000 pg/ml £ TORELSROKT
R: PEG #: 34.0%, talc 3 36.9%, 2k
37.1%, DCC #: 38.5% Td »7-. DCC {Eiz—&
TRENK X &, 60 pg/ml O PEEEN 5 E AR H
bhb.

Table 1 Specific and nonspecific percent bound of buffer and plasma samples

Bound-free separation method

Sample Antiserum
PEG Talc 2-antibody DCC
Buffer (+) 64.0-+0.69 60.84+-0.25 57.3+£0.97 59.84+0.20
=) 24.54+0.75 17.04-0.21 15.44-0.60 14.5+0.21
Plasma K (+) 51.5-+-0.38 49.1+£1.99 43.5+1.01 50.24-0.75
(-) 20.64-0.44 18.44-1.86 9.54+0.70 16.74-1.31
Plasma L (+) 52.341.04 50.44-0.64 45.9+1.31 52.44-0.44
(-) 18.9+1.04 17.240.80 9.840.40 16.04-0.68
Plasma M (+) 56.1+0.81 54.94+1.15 50.64+0.70 54.54+2.30
(-) 21.04-0.36 17.2+0.81 10.4+0.51 16.34-1.21

Each point represents the mean=+S. D. of triplicate
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Glucagon ¢ Radioimmunoassay iZ 3313 % JERERIER ST 963

Table 2 Glucagon value of plasma obtained by four
bound-free separation method

B/F separation method

Sample
PEG Talc 2-AB  DCC
Plasma K 165 170 135 98
Plasma L 130 140 103 76
Plasma M 90 70 50 62

Each value was tested in triplicate and represents pg/ml.

Table 3 Variance of each bound-free separation

method
B/F separation method
Sample
PEG Talc 2-AB  DCC
Standard 0.934 1.028 0.815 0.719
(f=20)
Plasma 0.548  1.736* 0.432  2.072%*
(f=12)

Significantly difference from PEG at the level of
*p<0.05 and **p<0.01

SHEEOMIEEZZREFRD 4 FHEICE VRIEL
7ofE 5% Table | ([Z7n ¥, #EARIT 3 EEO M
L% PEG #2355 < DCC EMNMEN - 72, Zhi
Fpn Iy 0 BECHKARLFTHERICHS. £
nZho B-F 5yl THz 7 v h = VA% Table
2z7%¥. PEG, talc, 2 Hifks: T iEE 2
R, DCCETIHEMETH -7z, 4 HETO
triplicate DO X H2& % kT 5720 HNEH)
1/(n—k)x 52 xij—X)? 23RD72?. ZZ T n=
WEASL, k=triplicate CORIEME, xy=%
RBREOFEAR, Xi=triplicate D FIFEARE R
3. Table3 0 L {EEHE TIIVWTHhOKE
EBWTLEEER R 7208, mifFREcik2
HifkiE, PEG V& <, tale 3, DCC #EASK
%7)) ST,

4) PEG j§£F :B-F yEtic 813 5 PEG 0F
BB &Rk 5721, PEG O EHKIBEE 0%, 5.0%,
7.5%, 10.0%, 12.5%, 15.0%, 17.5% iz >\ TS
7= Fig. 5 Ths. PEG REFELELLLE
10%~14% D HHE S EIC B b NIBETE,
MmAEEEL & bR D IETRMBELRMBEE L Y B,
TRV H TV ORBEBE~OREICL D LA
bivd. RERRR T OFRIRIE O BETEEL,

»— —x Antiserum added
o----0 No antiserum
o—— Difference _x——X

- N W o
o o o © o

T
1

o

3
S o
T T
\

o
T
N

Percent 15I-glucagon precipitated

- N W > o

o o O o
PO~ T
x

_-o--~

Buffer sample

&— 5 75 10 125 15 175
Final concentration of PEG- (%)

o

Fig. 5 Percent 125]-glucagon precipitated as a function
of final concentration of PEG.

PEG D & IBEENS 5 % & Y #8h01 L10% LA L T pla-
teau |[Z3ET 5. EMFREITIES % bRE L
IR AN L 7. FUARIERINE TR ENE,
MRk E b PEG DBEEL L bictk4ic ERHL
7o, UKL L FERMBEOZEC X VRSN D E
DFEBRRIT, BEHRRE TIX10%~12.5% 1 5
TH Y, MmifEREITIX10%2L T plateau T -
Tz,

5) r-globulin iFhNE : PEG g:TikHifkTd 5
r-globulin L#ER LB IN T 2RS¥
%7-%, r-globulin JBENSRIEIC LS. BEIKR
Bz 3T pool serum % 0.09 pl/tube~200 pl/
tube MLz & EDFEAREN Fig. 6 TH 5. #
AR 12.5 pl/tube TEBC LR T 5. HiEIER
SnEETIix SO pljtube PLETh T 22 ic L L7z,
Fig. 7 g @EugatEhz 0.02 mg/m/~160 mg/m! o
r-blobulin % 0.1m/ {{EML7FETHS. Pool
serum DFA L RIFOEERL, BEFIHE
FRINEE T 1.25 mg/ml, EFRINEE Tix 40 mg/m/ &
Y LH L7z, Fig. 8 i kHc r-globulin 2%
MMUZEETH 223, r-globulin OEE I D,
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he)

:%GOL e—= Antibody added

a ——° No antibody

(8]

o 5

a.

5 40}

3

(9]

E .

7

15 20f

|

-

2

&J_ 0 J——1 1 1 [ B B R
0 019 078 313 125 50 200

(pl/ tube)

Fig. 6 Effect of plasma concentration upon 125]-
glucagon precipitation for buffer sample.

Serum

¢—* Antibody added
°>—2 No antibody

[e2]
o
T

g

(28]
o
T

o

Percent usl-glucagon precipitated

o

008 041 125 5 20 160
Gamma globulin (mg/ml)

o

Fig. 7 Effect of gamma globulin concentration upon
125]-glucagon precipitation for buffer sample

Utoz Xy, B-F HEREAREOMBER
AERZOIm ZThiZRSTH 5.

6) PEG iR o RL4rBE £ T o RER
fl : Tabled » Z & <, |BPEHKIC PEG L OFEA
IXEREh, 605 % TIREEMICX 2HAROE(L
XH o1 o7k,

7) Preincubation : Fig. 3 iR L7z 2k <, ¥
BEHAR K948 8] T plateau (23T 5720 iR
% T0EEf] & L, preincubation % 0, 8, 24, 48, 72

15% 7% (1978)

a1
o

S S S

5 &—* Antibody added
o—° No antibody

Percent 125I-glucagon precipitated
w
o

0 L 1 1 1 [ T
0 008 04 125 5 20 160
Gamma globulin (mg/ml)

Fig. 8 Effect of gamma globulin concentration upon
125]-glucagon precipitation for plasma sample.

Table 4 Effect of time interval between addition of
PEG and centrifugation upon 125[-glucagon

precipitation
Buffer sample
Time (min.)
Antiserum (—) Antiserum (+)
0 21.1+0.59 65.9+0.98
5 21.64-0.98 65.8£1.73
15 21.54+2.00 65.4+0.21
30 22.4+0.68 65.44+0.84
45 21.8+0.86 65.4-£0.74
60 21.840.75 64.7+0.67

Precipitation of 125]-glucagon by PEG is expressed
in % of total radioactivity. Each value represents the
mean+S.D. of triplicate.

B TOEMRIC B I ETREB LR o R
Fig. 9 Th3. SAh=ar 0 BEICRTH/ER
1Z preincubabation |z {R7s { —E T 52.3% T
bote. 125 pg/ml OPWETOFREERIT 0K
45.2%, 4B 44.8%, 8 WM 43.4%, 24 BERH
42.0%, 48 K¢l 41.7%, 72§ 38.5% TH -1z,
500 pg/m! DBEETIFEHBEOEL—BRE L,
Fh*h, 30.6%, 26.0%, 23.2%, 21.6%, 18.4%,
16.0% T - 7. Fig. 9 X » ZER¥fE 100 pg/m! #i
%o TN EZRIET B2 preincubation %
48 e 72\ L T2 W4T 5 o 234F % LV, Table 5
BTN =VARMED X zF—Mi% duplicate
T4 preincubation FERIc X WV HIE LR TH
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5. WFROREICBWTOREZZEI AL 12 8) fEHEMhAR © Fig. 104 triplicate T 9 [FIE
U EDiERSD & Fig. 1 OFEICE Y WEZIT- LIt EORSAROTIES L CRERZEL R L.
7. Table 6 (X5 EEICBIT 2HOKAEOFEY, &

#iRZE, HE FBEMOARS XU OEER
38, REEERIRT. SIEERIZRIT % intraassay DO¥F
EEix S.D. 0.519%~0.97%, interassay Ti% 1.1%
~21%THh -7-. HAEIZ 125 pg/ml~250 pg/ml
THEHZE. 250 pg/ml LR T o RE I 20 pg/ml

94 8
50

40

8 UTFTH Y, BN 16 pg/ml Tk o 7.
X 30
z

Al 4 hrs
X~ 20} *---2 8hrs
X s———= 24hrs
Z| o----a 48 hrs
0 10} »——= 72hrs

o

o

0 " 1 1 1 1 1 I ';

0 31.3 625 125 250 500 1000 2000 o

Unlabeled glucagon (pg/ml) 1

[

Fig. 9 Effect of first incubation time upon standard i

curve. z

1

m

Table 5 Preincubation time and plasma glucagon =

value
Preincubation time
4 1 1 1 1 1 1
Ohr 4hr 8hr 24hr 48hr 72 hr @ 0 31.3 625 125 250 500 1000 200
Value 940 830 860 960 840 840

Unlabeled glucagon (pg/ml)

Fig. 10 Glucagon immunoassay standard curve. Each
Sample was collecied from arginine test and measured point represents the mean=-S.D. of 9 different
in duplicate. assays.

820 780 820 900 740 700

Table 6 Slope, precision and sensitivity of standard curve

Amount of Percent 125]-glucagon Precision Slope Sensitivity
glucagon added bound percent percent over given range
(pg) (mean+S.D.) (S.D.) (mean+S.D.) (pg)

0 58.0+1.4 0.75

31.3 55.3+1.5 0.97 ;;fgz 1‘60‘
62.5 53.0+£1.2 0.81 6‘] :1'4 17
125 46.9+1.8 0.87 “'1;1'2 18
250 35.8-+1.9 0.79 "J_ ’ 25
500 21.742.1 0.82 lg'l;:'g o
1000 12.3+1.9 0.55 5.64-1.0 115

2000 6.7+1.2 0.51 T

Nine curves were obtained in triplicate. The precision is an expression of replicate analysis within each assay,
whereas the standard deviations of the slopes and mean percentages bound express the variations from assay to
assay at each level of glucagon. The sensitivity of the system is expressed as the least amount of glucagon which
is significantly different from zero or represented by the lower standard over each range of glucagon.
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9) s N = U Table 7 1%
OREET H 5. R AR, B, CiXBfER, D
BT AE=VAHHTHY, CV.iX1.9%~54%
T 7. Table 8 I interassay DEETH 5.
Bk E 3480, F @i, Gurrax=v
ARRETH S, CV. 11 63%~11.3%Td -7z,
BRI Fig. 11 0 2 & (EMZR L. |
IZ3BR T 12 31.3 pe/ml, 62.5 pg/ml, 125 pg/ml, 250
pg/mi, 500 pg/m/ % AN L THE L 7z. Table 9 i
ZOREREFT. RIRELSE E 518 K EIRER
ERL, 100% ZETHELH 72 FEIRE
1% 96.7% Tdh -7z,

intraassay

Table 7 Precision in intraassay

Number of Mean+S.D. C.V.
determinations (pg/ml) (%)
Sample A 10 105.7+5.7 5.4
Sample B 12 173.8+£6.2 3.6
Sample C 12 228.74+13.2 5.8
Sample D 12 455.04-8.7 1.9

Table 8 Precision in interassay

Mean+S.D. C.V.
(pg/ml) (%)

Run Replicate

Sample E 9 2 151.0+13.0 8.6

Sample F 6 2 221.9+14.0 6.3

Sample G 9 2 687.84+77.6 11.3
IvV. # =

—Iz v A = URIBIC B W THAAOFIRIL,
TN = 0 BEICB T BREARNI30%~50% &

15 7% (1978)

900 |

800 +

(pg/ml)

700

600 |

500

400 +

300

200 -

Glucagon measured

100

Ve 1/2 1
Plasma dilution

Fig. 11 Effect of dilution on apparent glucagon
concentration in plasma. Each point represents
the mean+S.D. of triplicate determination

n5 X0 EFRELHAVOR S, RRERTIE
FHOREICR T 2BELED 72012, Hifko
FIRBEE L, BHEFHRE 203104 2 {7z,

9 [EIIE T OB EERE (Bo) OFHEEERIZ
58.0% T - 7z.

PURSUA RIS T ORI 7 N 7 = i RIB AR
flL &N LARRFRELARRIT plateau (235 %
72, HIESR TR Z T0 T - 7=,

B F SBEE TR 2HUREIREL LW, &
BIZHKRABBORBBLETH Y, E/cb bom

Table 9 Recovery of unlabeled glucagon added to plasma

Sample H

Sample I

Sample J

Added o Mean
g(lgl)l;?rﬁ?)n value recovery value recovery value recovery rec(?,Yery
(pg/ml) (% (pg/ml) (%) (pg/ml) (%) o
0 103 — 173 — 191 — —
31.3 130 85.0 199 83.1 219 89.9 86.0
62.5 155 83.2 228 88.5 252 97.1 89.6
125.0 220 93.6 298 100.2 315 99.2 97.7
250.0 352 99.6 444 108.3 454 105.1 104.3
500.0 657 110.7 737 112.8 660 93.8 105.8
Mean

recovery (%) 97.0 98.6 94.4 96.7

Each point was tested in triplicate.

Presented by Medical*Online



Glucagon ¢ Radioimmunoassay = 33\ % sLRsayiRat 967

EERA L 2HG L OFFRBEELZ2OND &
ORENH 52, Talc LM 2 EE S 55
SEMALLLOT, @mOmEEC XD AL
MinicE, LEORENESTH D, FEHEMRT
KB EIC B TTREESROWF SRS B 5 53,
triplicate N TOIF L DX N AR E SEENRE B 2.
DCC HEIFRER X UREOEENLKTHDHZ L
BB TWAS, Lizhs > T DCC iRMEELSY
Bt E TORE 2 RIS IC—EIC LT R 55w
KREDD D, EHOR TIIEERROKEE
ERWTREZ W, mifEs v h o AR
FECBARMEZRL, MR RBREE o
EHoENKEN-72. PEG HiZEOSBEE T
DRI OREN 1 {, FALELICHELZOR
BRRETH -1z, ERBEERLEL, RBREH
DIELSE LRV, TRALDEMS PEG #Ei
FT<him B F ot vz k.

PEG BB iZfho svEL @ RIA 2BV TH
125% AW bR B 32, KHER TOEDR
£343 PEG O Fi&BEE 10.0%~12.5% TEET
HY 12.5% v,

Fig. 7125/ L7z X 912, PEG o & Y &8I 200
BE¥5I101 rglobulin OFEENLETH Y,
1.25 mg/ml X Y &%z FH L, 10mg/m/ LI ET
XI0fEDBEIZ 78 - THLEOEARIIAREGHEL
ML LA V. Pool serum DA LI ERIEE
DL %5 L 100 pljtube THLYTh 5. MmiEstEt
TiX y-blobulin IEMOBFEIC LD LT, HE
ROWLBRFSH NS, Lich - THRUMERT
BERBRELVELVWBEL LD L), EEY
&z pool serum % m#fEstkhzix GB &Nz 7.

RIA OREZED B HEL LT, 1) RiREERH
DIEE, 2) EOFR, 3) PR L HEOREL,
4) 2 BER—RICm bR TV A, BIA48EEE LA
PRIz BV TREARITIREE LA LA¥ ¥ (Fig. 3), &
Er*ED2TbbTIRThAS5. HikoRRIIL
MIZHEERP TR B0, FERE L TEREMRRIC
B 2HAROBETRIMNEL Y, BREIDLT
PLABELTRETAY. EFEsLEVIITR
» 92 pCi/pg~168 pCi/pg % 57253, HHETEE

B LHIEMOELE ST, TORE
D BDORIVEVDbRD, EH7 Vb2 ik
—Ji%iz 10 pg/tube~20 pg/tube AV 6 B4, T
AU EICRIRT 2 L RBREBE~ORERIH
D, EBEHEEORERBMEICES. Zh
SOBEIG 2BRETHVWDZ itk b, Eikh
MRCIZERR LI sE 7 2 D4 Hi$ % 62.5 pg
m/~1,000 pg/m/ OHFHHETEHWAEH x Hh, W
RTE5RE, BEOWERNVHELTE . &/
MRHRREE T 16 pg/ml TH Y, ZOREE, RifmE
EiZ01lml/ THELHTH-T.

V. ¥ &

TN =2 v OFREEHRAIERIC BV TEA DR
FtEmx 2 BREoRERZMHL L.

1) HEHERER 4°C 12 3\ T48rEREILIEIE
¥ plateau T - 7-.

2) B-F T4 J5ike b6 0 R
BMEH 2, PEG HRIIBIENAEST, LbHE
ELiRTE .

3) PEG i COHEDFEARIT PEG ORHIBE
10.09%~12.5% TH#E Tdb »7-. r-globulin &ix
0.1 ml/ftube D I1JE THLIY TH -7z,

4) Preincubation{z X Y EEAEhAR O KR EIHRIC
BWTHRENSELZY, BREVPEE k.

5) AWIERITB/IMRHREE 16 pg/ml T RREE,
KB, BEUNR, FRABRL ERTWRTE .

6) MiEHMERIZ0ImI THRLYTH 7.

b D ICEEATHRYE, HEEE D - BRI ILE—
SRR S L RLET ‘

X AR A OBIBYE 215 - AT RS RET
JBEBhEER, FEKSEE 2 NRIBGHOEEL, AFHR
SR AR H TR E IR L E T

EBARTOES T W1 52412 B 10 B R TR
Shi- AAMESSE 22 EHE 5 31 BiEaRMS
SITTHREKL.

X W
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Summary

Fundamental Research on Glucagon Radioimmunoassay

Kazuhira MURATA

Department of Obstetrics and Gynecology, Mie University, School of Medicine, Tsu, Japan
(Director: Professor Youichi Sugiyama)

Various factors and techniques concerning the
glucagon radioimmunoassay were extensively
studied and a new assay system was devised.

The antigen-antibody reaction reached:a pla-
teau of maximal binding after 48 hours of in-
cubation at 4°C. The uses of PEG, talc, double
antibody and dextran coated charcoal to separate
free and bound glucagon were compared. Although
each method was possible to measure the plasma
glucagon, PEG method was most convenient
and satisfactory in precision in both standard and
plasma samples. Time interval between addition
of PEG and centrifugation showed no detectable
effect. The net percent of immunoprecipitation
was maximum at the PEG concentration of 10.0%
—12.5%. By means of preincubation of samples
with antiserum for 48 hours before addition of
125].glucagon, the slope of standard curve was
sharpend at lower levels of glucagon. As the result,
the sensitivity and precision were improved.

The established radioimmunoassay procedure
is as follows. The mixture of standard solution
or unknown sample, 0.1 m/; antiserum diduted
(1/2,000) in phosphate buffered saline or buffer

alone, 0.05m/; aprotinine, 0.05m/; and glycine
buffer, 0.2 m/ was preincubated for 48 hours.
Following 0.1 m/ of 125I-glucagon (125 pg/ml) was
added and the mixture was incubated for 70 hours.
It was necessary to adjust protein content to the
same level in all tubes before precipitation of the
glucagon-antibody complex. Polyethylene glycol
# 6,000 (final dilution 12.5%) was dispensed into
all tubes. Then the tubes were centrifuged and the
supernatant was aspirated.

Sensitivity of this assay was 16 pg/m/ over the
range of 0-31.3pg/ml, and 25pg/m/ over the range
of 250 pg/m/-500 pg/ml. Precision for intraassay
was 1.99%-5.4%, (C.V.), and for interassay 6.3%—
11.3%,. Recovery of exogenous glucagon added to
plasma was satisfactory. Measurement of glucagon
was possible in such low level as 1/8 of basal
levels.

This assay system, utilizing 2 stage incubation
technique and PEG for separation of bound from
free fraction, is very sensitive and reliable and
considered very useful for clinical study.

Key word: Radioimmunoassay, Glucagon,
Bound-free separation, Preinculation.
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