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RADOIMMUNOLOGICAL ODETEAMINATION OF FREE TOTAL INSULIN AND
C-PEFTIDE N INSULIN-TREATED DIABETICS
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ABSTRACT

A gimplified method for meaauring free, tofal and C-peptide in
insulin dependent diabetics with circulating insulin antibedies was
studied The free insulin and C-peptide were extracted from the plasma
with 25 per cent PEG solutwon (polysthylene glycol, Carbowsx 6000)
Total 1rsulin was extracted from the plasma with 25 per cent PEG solu-
tion after dissociation of the antibody-antigen complex with dilute
HC1l Aliguots of the extracts were used in the insulin and C-peptide
radicimmnosssay system The sample from normal controls arm duabetlces
on chlorpropamide (CP} the i1nsulin ard C—peptide were determined
wilthout prior extraction

() Paper preserted at XI Congreso de la Asoclacion Latinoameri-
cene de Sociedad de Biclogia y Medicina NMuclear - ALASBIMN, held
in Santlago-Chile, Oct ©OH - 11, 1989



DETERMINACAD RADIOTMUNOLOGICA DE INSULINA LIVRE, TOTAL E
C.PEPTIDEC EM DIABETICOS TRATADOS COM INMSULINA*
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RESUMO

Descrevemos um metodo aimples pars a medida de insuline laivre,
total e C—peptides em diabeticos insulinc—dependentes com anticorpos
antiinsulina cireulantes Insulina livre e C-peptidec m8o0  extraidos
do plasma ecom uma sclucas de PEG 25% (polietilenc giieol, Carbowax
6000) Insulina total e extrauda do plasma com solugao de PEY 28%
apos dissociacas do complexo antlgeno—snticorpo com HCl diluido Ali-
quotas dos extratos seo usadas nos sistemas de radloimmoensalo para
Insulina ¢ C-peptidec A concentragao em smostras de plasme de indivi
duos normals e diabericos tratados cam clorpropamida (CF), insulina e
C-peptideo foram determunados sem extr'ﬂf;ﬁn previa

{*) Trabalho apresentade no "XI Congresc de la Asoclacicn lati-
noamericana de Socledades de Bleologla y Medicina Nuclear-ATlASBIMW
Santiage-Chile, de 08 a 11 de outubro de 1988



TMNTHOIRICTTON

The demgnstration of an wrpaured insulin secretion in
Diabetes (Yalow and Berson, 19602} hag focused considerzble attenticon
on the regulalory mecharuasms in the function of the beta cell Since
trese authors (1960F) introdured the radioimmmolopic method for the
determination of plagma wsulin from normal and dizhetics adbjects,
this aszay hag been widely used, elther in 1ts original form or in
form modified Nevertheless plasma insulin from disbetic patients
treated with commercial insulin preparations for pericds langer than
few weeks has circulating 1nsulin antibodies {Berson and Yalow, 1962)
which rnterfere with the insulin radiclymanoassay The antibodies must
be removed from the diabefic plasma before immooreactive determination
can e performed  In this situation, besides sinee C-peptide 18
secreted from pancreatic beta cells 1n eguimolar concentrations with
insulin [ Horwitz et al, 1975} C-peptide levels can e uzed as a gmade
to endogenecns 1nzulin production

Widespread avallability of the human C-peptide 1mmmnc-
assay has been hindered by several factors First, because of the
cross—reactivity bebtween human C-peptide and all the other C-peptides
studied (Rubenstein et al, 1970), hwman C-peptide must be used for
standard, radicactive label and as antigen for the production of
antibodies Synthetic C-peptide was used as the standard because no
natural peptide was available (Yanahara et al, 1970} Natural human
C-peptide 15 limited 1n 1ts avaarlebility because extensive post mortem
degradation takes place in the pancreas (Natain et al, 1975) Second,
humen C-peptide has a relatively low molecular weight (3021 daltons)
and thus terds to be a poor antlgen when coupled to large proteins,
immenization with C-peptide does not consistently result 1n a high
titer antisenan rabbits or guinea-pigs Probably a lack of rigid
secondary or tertiary structure (Frank and Veros, 1968, Markussen,
1971) renders this peptide poorly immamogenic Third, 1n ovder to
iodinate the C—peptide to high specific activity & tyrosyl residue
must to be =dded because there la no tyrogine or histidine residuve In
any of tne known natural peptides (Melanl et al, 1970) As C-peptide
has no biologlcal activity, the radiocimmuncassay is the only analytical
techrique avsulshle for its determnatlion Despaite of the difficultles,
a nurber of irnvestigators have succeded In developing assays suitable
for measurang the concentraticn of human C-peptide serum (Melanl et al,
1970, Block et al, 1872, Faber et al, 1976, Heding, 1975) However,
there are mary problems with these methods Heding (1975 has drawn
attention to additional potential sources of error in the determinatlion
of serum C-peptide She has gown that there is considerable variation
in the displacement of the tracer fron different C-peptide antisers by



serea from long-term insuiin treated juvenile disbetics As certain
antlsera gave zero values with these senum samples, 1t seems probable
that some entisera to human C-peptide are capable of reacting to
varying degrees with substances in serum that are different from C-
peptide and proinsulin {(Heding,1975) Simlar results were cbtained
by Faber et al, 1876 Further, Heding (1975) and Kuzuya et al {1977)
have obtained evidence that imnnmoresctive seram C-peptide may exist in
more than one form Thos, since the immmnoreactivity of thies peptide
differed markedly when assayed with various antisera, this could
explain partially at least the wide range 1n serum C-peptide concentra~
tions reported by different lrwestigators

Bince the development of & reproducible radicimmmncassay
for bugan C-peptide, this technigue has provide a simple method for
evaluation of the bets cell function in insulin-requiring disbetics
desplie the presernce of circulating insulin antibodies (Block et al,
1372, Block et al, 1973) However, although insalin-entibodies do not
interfere wrth the human Cpeptide assay, they do bind endogenecus
prownsulinn whach has an insuiin molety and greatly retard its
cleargnce fram the clroulation Becauwse most C-peptide react to &
greater or lesser extend with mman proinsulin, this peptide may become
& major determinant of serum total C-pepfide wmmoresctivity in many
insulin-requiring disbetic patients (Horwitz et &1, 1976) In this
regard Kuzuya et al (1977) have evaluated the use of polyethylene glycol
for precipiting insulin antirbodies from sera followed by measurement of
C-peptade in the supematant This simple procedure cen alsg be vsed for
the determination of free insulin levels and has considerable potential

for the evaluation of beta cell fimction in Insulin requiring diabetic

patients In contrast to insulln very little C-peptide 18 metabolized
by the liver {katz and Rubenstein, 1973) Thus, the simdtaneous
measurement of 1nsulin and C-peptide concentretions in peripheral blood
engbles "1in vive" estimatlicn of both hepatie inszlin extraction and
ingulin secretlan by the pancreas

The purpose of our study was to evaluated the feasibility
of the polyethylene glycol precipitation method (Nakagawa et al, 1973:
Kazmuaya et al, 1977) to remove insulin-antibodies from the insulin-
treated diabetics plasmma in the radlolmmmoassay system for the
measurement of free, total and C-peptide levels

MATERTAL AND METHCDS

Frecipitation of insuldin-antibodies in plasma, with
polyethylene glycol (FBG)
- Extraction of free spnsulln and C-peptide Free insulin

and C-peptide were routinely extracted from plaana with PEG as follows



Pipette 300 ul of plasns Into a test twbe Pipette 300 pl of ecld
25 per cent PEG soluticoh {Carbowax 6000) Mix immediately (Vortex type
for 1 mn) Centrifuge {2 500 to 3 000 rpm for 30 min } in a
refrigerated centrifuge model PR-2Z (Intermational Equipment Co)} Use
100 pl of the upper phase, which contalns the free insulin andfor C-
peptide, directly in the respective radicammuncassay

- Extraction of totzl insulln Total insulin was
extracted from plasma with PEG as follows Papette 300 pl of plasma
nto 2 test tube FPapette 60 pl of 1 ON of HCL with a precision pipette
and mix Allow the mixture to stand at room temperature for 1 b
Fipette 60 ul of 1 O N NalH with a preclsion plpette into the plasma-
ac1d mixture and mix Pipette 420 wl of ¢old 25 per cent FEG solution
1into the test tube mix for 1 man Centrifuge {2 500 te 3 000 rpm for
3 min ) The supernatant fluid should ke clear If turbidity is
naticed, slight adjustment of pH to 8 O £ O 3 1s necessary Use 100 pl
of the upper phase, which contaans the total insulin, in the
rad1o1miroassay

RADTOTNMUNOASSAY

A modification of the polyethylene glycol method of
Desbugquois and Aurbach {1971) was used for the lnsulin radicimmancassay
The ethannl method of Heding (1975) was used for the C-peptide
rafi olmmurcassay

- Insulin radioummnesssay  The radloimmunosssay
provedure was as follows First reaction (ovemight, 49C) to
duplicates of 100 ul of standard sclutions (containing fram 3 to
200 W of insulin per ml} or samples was added 100yl of antiinsulinguin
pig serum diluted 1 30 000 It was obtaired in our laboratery from pork
insulin Second reaction {overrdght, 4°C) 100 wl of 125I-ipmilin
(50pg) were added It was performed 1n our laboratory by lodinmating
pork insulin with 1251 according to the general method of Hunter and
Greermood (1962) {chioramire T) with modificstions recammended by
Freychet et al (1971} After another incubation period st 49C, 300 pl
of cold 25 per cent PEG solution was added in order to separate the
free and antibody-bound insulin  After centrifugation at 4°C the
precipitates were coutted

— C—peptide pradipipmuncassay (reagents donated by Dr
1ige Headirg from Novo Lab , Dermark) First reaction (overnight, 4°C)
to duplicates of 100 yl of standard soluticre (contalning fram to
008 to 1 O poele of humn synthetic C-peptide per ml or ammples was
added 100 pl of antisera to human C-peptige M=1230 The antlsera M1230
was obtalned from a guinres—pig repeatedly iImmnized with a preparation
of eymthetic hnman C-peptids coupled to alwrmin (Faber at al, 1976}




Second reaction {overmignt, 49C} 100 ul of 1951—hnﬂsy1ated C=peptide
{0 03 pmol} was added 'This tracer was radiciodinated according to the
chloramine T method of Hunter and Greerwood (1962) modified by Naitham
et al (1979) After another incubation period at 4%C, 1,6 ml of ethanol
was added in order o Separate the free and the antibody-bound C-
peptide After centrifugation at 49C the precipltates were counted
Observation For both redloymmnoasssy systems, 125y
insulin, '*21-Tyr—C-peptide, antiinsulin and anti-C peptide sera were
diluted 1n phosphate buffer (0 04, pH 7 4) containing human albumin
{1g/1) All standards and =amples were dissolved and diluted in
phosphate buffer (0 04M, pH 7 4) containing NaCl {(6g/1) human albumin

Calcularions The count-rates for each of the standards
and urknowh samples were sxpressed as a percentage of the mean count-
rates of the "zero" samples The standard curves were prepared by
plotting the walues obtaaned for the standards (expressed as
percentages) as the logarithm of concentration on linear log—graph
peper The concentration was read directly from the curve for each of
the plagma samples

If plasma 12 used in this procedure withoul pretreatment,
the concentration was read from the standard curve with no further
caltulaticyn Free insulin and C-peptide concentratlonz were galculated
oy miltiplying the reading from the standard curve by 2 0 The foctor
2 0 18 used to correct for the dilution of plesma with PEG

The total insulin in the PEG extract was calculated oy
multipiying the resxiing from the stardard curve by 2 8 which corrects
for the dilution of plasma with FEG

The arntibody--bearid insulin may then be ecalculated Boumnd
inmuilin = total insulin — free 1nisulin

THE SAMPLES

They were collected prior {0} and up to 3 hours (30-60-
90-120-180 min) after giucose load 1n 8 non disbetics, 4 maturity onset
diabetics on chlorpropamide and 4 maturity onset insulin-dependent
diabetics

The samples fram non diabetics control and didpetics on
chlorpropamide (CP)}, the insulin and C-peptide were determined without
prior extracstion

RESULTE

1 Hon diabetics - Bassl Insilin values were between O 012 to




0 087 pmol/ml The peak insulin levels at the 30 or 60 mimites
saple had a mean values of O 522-0 €656 pmol/ml respectively
Fazting C-peptide concentration ranged between 0 10 and O 33 pmol/
ml After the administration of glucose, the levels rose & to

1f fold, the mean maxisum level of 1 768 pmol/ml belng observed
at the 90 min sample C-peptide levels were significantly greater
at all times (Table 1}, except for hasal wvalues

Maturity onset disbetics on chlorpropamide (CP) - The results of

the oral glucose tolerance tegts are ghown in Tsble 2 The insulin
levels were signdficantly greater at 180 min sample corresponding

to a delayed mean pesk of the same magnitude as that in the contreols
The {CP] patients had normmal insulin but not C-peptide regponslvencas
te plucose load

Maturi ty-onset, insulin deperdent diabetics - The basal free G-
peptide levels were at the limit of sensitivity of the assay and
no respanse to either glucose could be detected (Table 3)

TABLE 1

Inmulin and C-peptide levels {(mean and SD) durdng GTT in
& non dlabetica

Time Insulin C-peptide
min pmol /fml 8D pmal/ml SD
| O 034 O D08 0 212 O 023
an 0 o222 oo 1 383 0 106
60 0 656 o 102 1 712 0 065
0 0 490 0 039 1 768 O Ohd
120 o 404 0 037 1 625 0 093
180 0 268 O 0OBh 1 300 G 162




TABLE 2

Insulan and C-peptide levels {mean and SD} during GIT in 4 maturity
onset diabetics on chlorpropamade treatment (CP)

Time Insulin C—peptide

min ool /ml 8D pmol fml D
O O 073 o Q27 0 202 0 059
A0 017 0 072 g 430 0121
&0 0 373 O 092 O 445 0 08S
ap O 546 0 155 0 737 0 335

120 O 548 o 08 O 842 0 19%

180 O &19 0 oM D 535 0 145

TABLE 3

Total, free insulin ad C-peptide levels mean and S0 durnng GIT in
4 matiraty-onget Inmulin dependent-abetics

Time Total imsulin Free insulin C-peptide {Free)
min pmal/ml sD pool fml SD prol/ml sh

o 1 622 i O 78 O 035 O ol14 0 04l 0 005
3o 1 542 0 704 o o7 O 022 g 115 0 Q31
o0 1 541 0 516 0 098 o 040 0 110 0 0as
8 1 454 O 4b4 C 138 a o73 113 0 038
120 1 966 0 706 0 124 o 053 0 156 C 49
180 1 237 0 518 0131 O 076 0 1le2 a &7




DISCUSSION

The antizera to huyman C-peptide M1230 revealed & mesn intra-
assay ccefficient of variance of 3 2 and 9 6 per cent respectively
{Faber et al, 1976} It 1is i1nteresting to note that, with the same
antlsera, our results intre-assay was 1n good agreement with those
ford by these authors, but in the repeated determainetions of C-peptide
in different assays in the same control plasma the values were
systematically lower at each rnew assay When the storsge was avolded a
good results were obtained We determined the concentration of C-
peptide on the radiolmmunoassay system in plaswe sample instead serum
as 1ndicated in the literature For these studles only a fresh plasma
was uged

These results indicated that radicimmrmoasssy system for G-
peptide was shown to be qunte suitable for the measurement of low and
high plagma levels such as those gbtained 1n normal controls,
diabetics or insulin dependent digbeties

The C-peptide radiocimmmoassay had opened up the possibility
of continuously monitoring beta cell Nunetion during the evolution of
the diabetic syndrome irrespertive of the mode of therapy
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