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Insulin is known to be antigenic in man
(1,2) as well as in animals(3,4). It was
recently shown that guinea pigs may produce
two types of 7S gamma globulin antibodies
against the same antigen with different bio-
logical properties(5-8). It seemed of inter-
est to determine if similar antibodies could
be produced when guinea pigs were immu-
nized with beef insulin. Moreover, an at-
tempt was made to establish whether the

* This investigation was carried out under the
support of Grant AI 03075 of Nat. Inst. Health.

t Career Scientist, Health Research Council of
City of New York, under contract #I-415.

t Career Scientist, Health Research Council of
City of New York, under contract #I-140.

oxidized B-chain of insulin had the charac-
teristic antigenic determinants of the entire
intact insulin molecule.

Materials and methods. Antigen. The in-
sulin used in immunization of the guinea
pigs consisted of zinc crystalline beef insulin
(Eli Lilly Lot No. 535664).

Iletin, a mixture of zinc crystalline beef
and pig insulin, was used in the serological
reactions for characterization of antibodies.

Insulin B chain was kindly provided by
Dr. William Konigsberg, Yale University,
New Haven, Conn. in the form of pure oxi-
dized B chain and prepared according to
Craig et al(9).

Animals. Hartley strain albino guinea pigs
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of either sex weighing 300-500 g were used
for immunization as well as for passive cuta-
neous anaphylaxis (PCA) (10).

Immunization. Anti-bovine insulin sera
were obtained from 9 guinea pigs immunized
in the following manner: An emulsion of
insulin in equal parts in Freund’s complete
adjuvant (Difco Lab Inc., Detroit), contain-
ing 0.5 mg/ml of insulin was injected in
the foot pads of the animals in 0.125 ml
amounts (0.250 mg of insulin per guinea
pig). This was followed by an intraperitoneal
injection of 5 ml of a 5% glucose solution
in water, repeated 3 times at 4-hour inter-
vals. In preliminary experiments some ani-
mals died of hypoglycemic shock in the
absence of glucose injections.

Two weeks later, the animals were in-
jected intradermally with 0.1 ml of a 1
mg/ml solution of insulin in saline in 4
sites of their freshly-shaven back. This pro-
cedure was repeated once a week for 3 weeks
and the animals were exsanguinated 7 days
after the last intradermal injection under
nembutal anesthesia. The sera were kept
frozen until used. All antisera were tested by
PCA reaction, double-diffusion in agar gel,
immunoelectrophoresis, hemagglutination and
passive hemolysis.

Skeep cells (Probio, Inc., New York) kept
in Alsever’s solution were used a few days
after bleeding.

Veronal buffer as described in Kabat and
Mayer(11) was used throughout in comple-
ment fixation experiments.

Complement. Lyophilized guinea pig se-
rum (Hyland Laboratories, Calif.), was re-
constituted in water to the original volume
and adsorbed by packed sheep cells for 10
minutes in an ice bath, centrifuged and used
at a dilution of 1/10 in veronal buffer.

Double-diffusion in agar gel was carried
out as described by Ouchterlony(12).

Immunoelectrophoresis.  The  modified
method of Scheidegger(13) was used. Elec-
trophoresis was performed in 1.29 agar gel
in phosphate buffer, pH 7.6, 0.05 ionic
strength.

After completion of electrophoresis, insulin
in saline 0.050 to 0.100 mg/ml was placed
in the troughs and the plates were left in
a humid chamber for 24 to 36 hours at
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room temperature. The gels were washed for
24 to 36 hours in physiologic saline which
was changed several times, dried, and stained
for up to an hour, and the non-specific stain-
ing was removed in a decolorizing bath as
described by Grabar and Burtin(14).

Zone electrophoresis on starch was carried
out as described by Kunkel(15) using veronal
buffer pH 8.6 ionic strength 0.1. It was
performed for 24 hours at 400 V. Cuts of
one-half inch were made and numbered 1
to 12 starting from the cathode. The frac-
tions were eluted with saline, dialyzed exten-
sively against 0.005 M pH 7.3 phosphate
buffer, lyophilized and "diluted in saline to
an equal concentration of 0.4 mg protein per
ml.

Hemagglutination of  insulin-sensitized
erythrocytes. The method using erythrocytes
treated with bis-diazotized benzidine (BDB)
as described by Pressman e? al(16) and ap-
plied to the detection of insulin antibodies
by Arquilla and Stavitsky(17) was employed.
The latter method was applied as described
for detection of hemagglutination of insulin-
sensitized BDB-treated sheep erythrocytes by
antibodies contained in whole guinea pig sera.
Two series of doubling dilutions of each anti-
serum ranging from 1/10 to 1/1280 were
prepared and to each tube of one series
0.1 ml containing 10 ug of insulin was
added in order to inhibit the agglutination,
and buffer of 0.1 ml was added to the other
series. Hemagglutination was read by the
pattern of the sensitized erythrocytes at the
bottom of the tubes as well as by tapping
the tubes and observing the agglutination
under a magnifying glass.

Hemolytic titration of anti-insulin anti-
bodies. A. In whole guinea pig serum. Pas-
sive immune hemolysis was studied using the
same series utilized for detection of hemag-
glutination. The sensitized and agglutinated
erythrocytes were spun down at 1500 rpm
for 5 minutes and the supernatant removed.
The cells were washed in veronal buffer and
resuspended in 0.6 ml of the same buffer.
To each tube 0.5 ml of complement diluted
1/10 was added and the tubes were incubated
at 37°C for one hour with constant shaking.
The cells were spun down at 1500 rpm in a
cold centrifuge, the supernatant decanted and
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hemolysis was read in a Beckman DU spec-
trophotometer at 541 mu.

B. In electrophoretic eluates. Doubling
dilutions of antiserum fractions obtained by
zone electrophoresis in decreasing concentra-
tion from 0.400 mg protein/ml to 0.0015
mg/ml protein were made in a volume of
0.5 ml of ice cold veronal buffer. Diluted
guinea pig complement, 0.5 ml, and 0.05 ml
of insulin-sensitized erythrocytes were added

e i

GUINEA Pic ANTI-INSULIN ANTIBODIES

to all tubes which were incubated for one
hour at 37°C with constant shaking. Hemo-
lysis was read in a spectrophotometer as indi-
cated above.

Passive cutaneous anaphylaxis (PCA) was
performed as previously described(10). Four
animals were used in each experiment. Dif-
ferent amounts of insulin varying from 1
#g to 100 pg per animal were used for
challenge.

FIG. 1. Double diffusion in agar. Upper wells contain 3 different guinea pig anti-insulin

sera. Lower wells contain insulin 0.1 mg/ml.

FIG. 2. Immunoelectrophoretic analysis of 2 guinea pig anti-insulin sera developed with
insulin 0.1 mg/ml. A double arc of precipitation is visible in gamma globulin region.
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TABLE I. Pattern of PCA in Guinea Pigs Challenged with Various Amounts of Insulin.
—————— Diameter of PCA reactions (mm) —————
Dilutions of serum 1:100 1:200 1:400 1:800 1:1600 1:3200
Insulin 0.100 mg/animal 20 18 16 16 10 10
0.050 mg/animal 20 20 20 12 12 12
0.005 mg/animal 20 18 16 14 10 10
0.001 mg/animal 18 16 15 neg -  neg neg
Note: Average of 4 animals.
TABLE II. Hemagglutination and Passive Hemolysis of Insulin-Sensitized Cells Obtained
with One Guinea Pig Antiserum in Presence and Absence of Excess Insulin.
Dilutions of serum 1:5 1:10 1:20 1:40 1:80 1:160 1:320 1:640 1:1280
Preincubated with
10 ug insulin
Hemagglutination Pos pos neg neg neg neg neg neg  neg
Pagssive lysis (0.d.) 0.215 0.200 0.0175 0.145 0.108 0.075 0.060 0.050 0.050
No insulin added
Hemagglutination pos pos pos pos pos pos neg neg neg
Passive lysis (0.d.) 0.260 0.260 0.255 0.240 0.190 0.160 0.175 0.108 0.070
Results. Identification of anti-insulin anti- dilutions up to 1/1280 (Table I). When

bodies in whole guinea pig serum.

1. Double diffusion in agar. A single line
of precipitation was obtained in all cases
(Fig. 1).

2. Immunoelectrophoresis. A distinct pre-
cipitin line was obtained with all antisera.
The line had a typical double-arc profile
(Fig. 2) similar to that obtained with other
systems(5,8). Among 9 guinea pig antisera
tested, 5 gave weak reactions. No precipitin
line was ever obtained when oxidized B chain
was used instead of whole insulin.

3. PCA reaction was obtained with all
antisera at serum dilutions varying from
1/400 to 1/3000 (Table I). Equally good
results were obtained with insulin from S5
to 100 pg/animal while 1 ug/animal seemed
insufficient to provoke skin reactions with
high serum dilutions. No PCA reaction was
obtained when the animals were challenged
with chain B of insulin even when 1000
pg/animal was used.

4. Titration of anti-insulin antibodies in
guinea pig sera by hemagglutination and pas-
sive immune hemolysis. Hemagglutination
was obtained at serum dilutions up to 1/160
(Table IT). However, when insulin was added
before addition of sensitized erythrocytes,
hemagglutination was completely inhibited ex-
cept at the higher serum concentrations (1/5,
1/10). Hemolysis was obtained with serum

insulin was added to the antisera prior to
addition of the sensitized cells, hemolysis was
partially inhibited at the higher serum con-
centrations, and completely inhibited at the
serum dilutions between 1/320 to 1/1280.
A typical pattern of hemolysis obtained with
one antiserum in the presence or absence of
insulin is shown in Fig. 3. No inhibition of
hemagglutination or hemolysis was obtained
when insulin was replaced by oxidized B
chain, even at high concentrations.

Separation of antibodies of different bio-

PATTERN OF PAS’SIVE HEMOLYSIS OF INSULIN SENSITIZED CELLS
BY A GP- ANTI SERUM  IN PRESENCE AND ABSENCE OF EXCESS INSULIN

----- = INSULIN SENSITIZED CELLS + GUINEA PIG ANTI SERUM
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FIG. 3. Pattern of passive hemolysis of insulin-
sensitized cells by a guinea pig antiserum in
presence and absence of excess insulin. Hemag-
glutination is represented by bars at lower part
of graph.
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logical activity by zome electrophoresis. A
pool of guinea pig antisera (GP #78 and GP
#79) was separated by zone electrophoresis
on starch.

1. Immunoelectrophoresis of anti-insulin
antibodies separated by zone electrophoresis.
Precipitin lines were obtained with fractions
4 to 12 when developed by the antigen. These

FIG. 4. Immunoelectrophoretic analysis of frae-
tions eluted from starch block electrophoresis of a
pool of guinea pig antisera (guinea pig #78 and
#79) developed with insulin 0.1 mg/ml. A pre-
cipitin line can be seen at an increasing distance
from the origin in fractions #4 to #12,
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FIG. 5. Hemolytic and sensitizing properties of
guinea pig anti-insulin antibodies after zone elee-
trophoresis on starch. Numbers on right of graph
represent reciprocal of dilutions of eluted frae-
tions. :

lines were faint to invisible in the wet state
but were identified after drying and staining
of the plate (Fig. 4). All precipitin lines
occurred in the zone of migration of gamma
globulin.

2. Titration of anti-insulin antibodies by
PCA. All the animals were tested as de-
scribed above and challenged with 100 ug
insulin per guinea pig. Positive PCA reac-
tions were obtained with fractions 9 to 12
with equally good results (Fig. 5). Fractions
1 to 8 were negative.

3. Titration of anti-insulin antibodies by
immune hemolysis. The fractions eluted from
starch after zone electrophoresis were tested
for their ability-to provoke immune lysis.
Veronal buffer was used throughout keeping
the same proportions of fractions to reagents
as described for hemagglutination. All frac-
tions were titrated for their hemolytic activ-
ity from 3 ug protein/ml to 400 ug pro-
tein/ml in 0.5 ml volume. The results are
shown in Fig. 5. Hemolysis was obtained
with fractions 3 to 8 with a maximum in
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fraction 5 (to dilution of 1/128). No hemol-
ysis was obtained with fractions 8 to 12.
Discussion. Precipitating antibodies have
been obtained when guinea pigs were im-
munized with crystalline beef insulin and our
results confirmed similar findings reported by
others(4). A single line of precipitation was
obtained at all times by double diffusion in
agar against insulin. Berson and Yalow have
suggested that the difficulty encountered in
obtaining precipitating antibodies against in-
sulin was due to the fact that insulin is
monovalent(18,19). However, Arquilla et al
(20) have shown that insulin has a multi-
plicity of antigenic determinants. On im-
munoelectrophoresis a double arc was ob-
tained. This confirms the results obtained by
Yagi and Pressman(21,22), who were the
first to show the existence of at least 2 types
of anti-insulin antibodies; however, these
authors did not study the biological activity
of these antibodies. The specificity of these
antibodies for insulin was clearly demon-
strated by the inhibition experiments. Pre-
vious incubation of the antisera with 10 ug
of insulin inhibited hemagglutination in all
tubes except in the first which contained an
excess of antibody. Similar inhibition has
been demonstrated by passive hemolysis.
After electrophoretic separation on starch
block slow and fast migrating populations
of antibodies were demonstrated. These anti-
bodies correspond to the gamma 1 and gam-
ma 2 globulins already described in the
guinea pig(5-7). As it was shown in other
systems, anti-insulin gamma 2 antibodies are
able to fix complement while gamma 1 anti-
bodies have sensitizing properties. Passive
hemolysis was obtained with the slower mov-
ing antibody population only (Fig. 5) which
is similar to the results obtained with guinea
pig anti-DNP-BGG antibodies(7). PCA was
obtained with the faster moving anti-insulin
antibodies only. This is consistent with the
results obtained with the anti-DNP system
(6). Ogxidized B chain of insulin was in-
effective in preventing hemagglutination or
in provoking PCA reaction. This confirms
the studies of Wilson et al(23), who, using
hybrids of isolated A & B chains of insulin
from different species, were able to demon-
strate that the antigenicity of insulin resides
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on the A chain. Insulin is immunogenic in
the guinea pig and gives rise to two types
of 7S antibody populations similar to those
obtained with other antigens.

Summary. 1. Precipitating antibodies to
insulin have been demonstrated in the guinea
pig. 2. Two types of 7S anti-insulin anti-
bodies were separated by zone electrophoresis
and were shown to have different biological
activities. The slower moving gamma 2 anti-
bodies provoked hemagglutination and hemo-
lysis in presence of complement. The faster
moving gamma 1 antibodies gave PCA re-
actions in the guinea pig. 3. Oxidized B chain
of insulin did not share antigenic determi-
nants with the intact insulin molecule.

We wish to express our thanks to Dr. W. Konigs-
berg, Yale University, for providing us with the
oxidized B chain of insulin and to Eli Lilly Co. for
the generous gift of crystalline beef insulin. We are
grateful for the skillful technical help of Mr. Csaba
de Szalay and Mr. William C. Hayes.
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Comparison of *Zr and %Nb Distributions in Maternal and Fetal
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The fission products ®Zr and *Nb form
a radioactive “parent-daughter” pair whose
metabolic behavior in animals and man is of
interest because of their appearance in the
environment following the detonation of nu-
clear devices. Peaks in the concentrations of
95Zr-**Nb on airborne particles were observed
during early 1962 and 1963(1), and these
nuclides have been identified in food(2) and
humans(3,4). The early work of Hamilton
and associates(5) and others(6,7) has shown
that small but measurable amounts of %Zr-
9%5Nb can enter the mammalian body vig in-
gestion and inbalation. %Zr and ?*Nb both
emit gamma rays, but their energies (0.72-
0.76 Mev) are so similar that it is imprac-
tical to assay the amounts of each nuclide in
a mixture by vy-scintillation spectrometry.
This has made it difficult to compare the
metabolic behavior of the parent %5Zr to that
of the daughter %Nb, in the carrier-free con-
dition. Sastry et al(8) approached this prob-
lem by determining the effective physical
half life of y-activity in tissues obtained from
rats following intraperitoneal administration
of 95Zr-%Nb. They utilized the fact that the

* These studies were supported by Contract
AT(04-1)-GEN-12 between U. S. Atomic Energy
Commission and University of California at Los
Angeles.

physical half life of %Zr is 65 days while
that of %Nb is 35, and reported that bone
tissue accumulated more %Zr than %Nb.
However, we have found no published data
on the transplacental movement and subse-
quent disposition of these isotopes between
a pregnant animal and its fetus. The purpose
of the work now to be reported was to com-
pare the distribution of %Zr and **Nb in an
adult mammal to that in the growing fetus.

Methods. Five pregnant Dutch rabbits,
estimated to be within one week of comple-
tion of full term, each received an intrave-
nous injection of approximately 50 uc carrier
free 9°Zr-Nb as oxalates in normal saline
solution. The %Zr/%Nb ratio was 1.38 ex-
pressed in terms of gamma activity of each
nuclide after separation by ion exchange as
described below. Twenty-four hours later
each was killed with intravenous barbiturate
and weighed samples of the following tissues
were obtained; muscle, liver, kidney, tibial
metaphysis and tibial diaphysis from the ma-
ternal body; the same tissues pooled from
3-4 fetuses of the liter; and placental tissue.
All tissues were ashed at 600°C and dissolved
in 15 ml of 12 N-HCI containing 0.2 ml of
concentrated HNQj. The Zr was then sepa-
rated from the °Nb in each sample by slow
addition of the acid solution to an anion ex-



