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Summary

A pancreatic glucagon and  gastrin radioimmunoassays emn-
ploging specific antiseruns were developed at IPEN. Both of the
hormones were radioiodinated by the chloramine T technique and
purified on QAE-Sephadex A2 to a specific activity of around 25
uCi/ug.

The standard curves allowed measurements from 2 to 4150
pmol/1 with acceptable intra and inter-assay precision.

Fagsting glucagon levels determined in diabetics, obese sub-
Jects,  acromegalics  and patients with Cushing 's  syndrome wers
greater than in normals (6.3 & 26 pmols/1; mean + BP). Fasting
gastrin values estimated in chagasics, patients with pernicions
anemia, chronic renal failure and an unique patient with Zollin-
ger-Ellinson ‘s  syndrome were greater than in normals (1é.4 + 45
pmol/1y,. while in the patients submitted to gastrectomy the gas-—
trin leves were very low, as expected.
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INTRODUCTION

Although glucagon had been the second hormone measured by
the radioimmunclogical technique of Berson and Yalow in 495% L ¥
only after a decade it became possible to measure this hormone in
the human circulation with valid results (2).

The . reasons by which the development of glucagon ABSAY wWas
delagyed were itg degradation, weak antigenicity and cross—reac-—
tion between the pancreatic and the gut hormone. These technical
obstacles were eliminated by the use of an antienzyme to prevent
any hormonal degradation and by the production of highly sensiti-
ve and specific glucagon antiseruns (3-5).

The development of a radioimmunoassay for pancreatic gluca-—
gon  at  IPEN in the begining of 1980 's (&) was made possible by
the support that authorities in this field provided in training
and  supplying of biological reagents. Thus, the contribution of
Drs. 8R Bloom from the Royal Postgraduate Medical School, London,
LG Heding Ffrom Novo Research Institute, Copenhagen and RH  Albi-
querque  from Sarah Kubitscheck Hospital, Brasilia,deserve parti-
cular citation.

The standardization of glucagon radioimmunoassay at our la-
horatory was followed by other specific assay developed for gas-—
trin (7). This radioimmunoassay was initially established in 1968
(8,9) and set up by other workers in 1970's ({@e-12).

The present report describes the highly sensitive and speci-
fic glucagon and gastrin radioimmunoassays developed in the last
dears at IPEN, employing carefully prepared tracers (13-1%) with
great stability after QAE-Sephadex purification and specific an—
tiseruns. In addition, the validity of the assays was confirmed
by its ¢linical application measuring fasting levels of those
hormones in patients with different disorders in comparison with
normal subjects.

These radioimmunoassays were developed in cooperation with
the Endocrinology and Gastroenterology Departments of the Medical
School of S8o Paulo University (FMUSP).

HMATERIAL AND METHODS

The radioimmunoassays were developed according to principles
described by Dr. 8R Bloom's group (5,i2), employing twice crys—
tallized porcine glucagon (Novo Research Institute) and synthetic
human gastrin, hGLi7 (Research Plus Laboratories) for iodination.
The standard hormones were supplied by the Medical Research Coun-
cil (porcine glucagon &9/194 and synthetic hGi7 48/439). The spe-
cific antiseruns (C terminal reagents) raised in rabbits were
supplied by Drs. SR Bloom for glucagon (RC5%) and JH Walsh for
gastrin (16414).

These hormones were radioiodinated by a modification of the
chloramine T technique and the monoiodinated hormonal components
were purified by anion exchange chromatography in QAE - Sephadex
A 25, (6,14).
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The assays were routinely performed in a total volume of 9.8
ml, wusing a veronal buffer, pH 8.¢. Increasing concentrations of
standard hormones (from zero to 100 nmol) diluted in hormone Free
plasma in @ volume equal to the unknown zamples (2.2 ml) were
used in the standard curve. The free plasmas were prepared from
pooled, t ime-exp ired hlood bank plasma treated by repeated free-
=ing and thawing and then incubated at 5620 for 3@ min to lower
the glucagon content or ewtrated with 5% charcoal (Merck Reinst)
to eliminate the endogenous gastrin. A volume of @,L ml anti-se-
Funs  with appropriate dilution and @.i ml of the [ 11 hormones
were added to the reaction misxture and éncuhated For 4 to 9 days
at  4el. The antibody bound and fres C12 T1 hormones wWwere separa-
ted ba adsorpt ion of the latter o the charcoal. The percentage
of ri 511 hormones bound to its ant iseruns was calculated in ve-
lation to the total radioactivity.

The apecific activity of the tracers used in the assays was
determinated by the method of self-displacement (16).

The precision of the radioimmUNOasEsays was analyzed estima-
ting the within and hbetween-assay Feproductibility  of samples
containing high, medium and low hormonal levels.

Fasting  levels of plasma glucagon were measured in 98 indi-
viduals divided into Five groups consisting of 19 normals, 20
diabetice, 1@ obeses, 7 act ive acromegalics and two patients with
Cushing ‘s sundrome. Fasting gastrin values were est imated in 124
individuals divided into six groups of 44 normals, 27 chagasics,
5 patients with pernicious anemia, i3 with chronic renal failure,
14 submitted to gastrectomy and one patient with Zollinger—-E11i-
son s syndrome.

Gratistical analysis were made by Student ‘s t-test for glu-
cagon unpaired observat ions and by the Mann-Whitney 1 test for
gastrin data.

RESULTS

Fractions corresponding to the hatched arga from the peaks
of the anion-exchange chromatograms in the C T hormones puri-
FPication which presented higher bhinding after a hried incubation
with concentrated antiserum, were pooled and stored at ~202C un~-
til use as tracers in routine radioimminoassays (Figaida

Labeled hormones were stable for more than three months and
had similar specific activities ranging from 200 to 200 wli/ug.

The displacement of the tracers by the hormonal standards
prepared in the hormone-free plasmas is showsd in figurs 2. The
lower limit of detection in each assay was 2.0 and 3.5 pmol  of
gastrin and glucagon per ml, respectively. Uesual radioimmunoassaly
standard curves allowed the measurement from 2.0 to 125.0 pmol/l
of gastrin and from 3.9 to 1%0.0 pmnl/s1l of glucagon.

Within-assay precision studies gave coefficients of wvaria-
tion (CV) of 14.9, 5.1 and 6.3 % for glucagon samples of low, me-
dium and high concentrations (n=18), respectively. The correspon-
dents CVs for within-assay gastrin samples were 6.4, 3.4 and 11.9
% (n=R%). In the between-assay analysis, the CVUs determined for
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DISCUSSION

The hormonal  tracers purified by anion exchange chromato-
graphy in QGAE Sephadex A2Y has a long shelf-1iFfz and high speci-
Fic activity suitable Ffor use in their radioimmunoassays even af-
ter 3 months of storage at -2020, without significant alterations
in the binding curves.

Regarding to the hormone-free plasmas prepared to dilute the
hormonal  standards, they ars ity obtainable, producing stan-
dard curves which allowcd the measurement of very low levels with
acceptable precision.

Fast ing glucagon levels determined in normal subjects were
similar to those reported in the literature using the same RCSH
ant iserum (5). Fasting normal gastrin values ranged in rdance
with previous radioimmunos ay report (17) performed with other
antibody  (1294) obtained by Dr. JH Walsh, which also recognizes
all forms of gastrin and to bind similarly to them as compared to
the antfibody (1414) emploved in our assays (48).

The greater bassal glucagon lev rved  in
also  reported by others (5,19), suga BUPPIE
of the alpl 118 to hyperglycemia in dis

e Finding of bhyperglucagonemia in obesity, acromegaly and
Cushing "= syndrome is related to the ir neitivity of alpha-cell
o  insulin action. Seino et al (20) has also described elevated
Fast ing glucagon values in acroneygsly.

The higher fasting gastrin contentrmfionw
are  in cordance with previous studis 22 and are dus  to
the gaq ric acid huposecretion observed in the»‘ pacients (21).
hypergastrinemia rved in the chronic renal  Failure

bllltJ

found in chagasics

ard nicious anemia previous report of raised levels
in ¢ and are A Powith achlobhydria,
have failed to A C Al CONN ion

id secret H rin in patisnts with

thn% r?nal impairment . Thi ﬂaafcd 4 rin Found in patients
with pernicious anemia ¢ art to hyperplas of
and  partly to the lack uF acid inhibition of aastrin
CiEi.

Winalla, the very high
i ome
low

Tes qeved in

tic *umor and the
subjects  valid
srement of & bre

levels o
P e

CONCLUSION

alucagon and agastrin
Fation with clinjoal

.66.



Furthermore, other clinical and experimental applications of
this radioimmunplogical technique in colaboration with other Me-
dical Schools are in progres
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