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SUMMARY

Clinical and immunological studies of two patients with marked insulin resistance
are reported. In the first case, the siriking and life-saving effect of corticoid suggested
that resistance to insulin could be related to an immunobiological mechanism. However, no
neutralizing antibody could be detected in the circulating blood. The puzzllng question of
the possible existance of a mechanism of neutralization at cellular level is discussed. In
the second case neutralizing or blocking antibody (against exogenous insulin) could be de-
tected in the blood during the resistant phase by a radioimmunotechnique, Disappearance of
the clinical resistance coinciding with the administration of ditiazanine iodide (a poor so-
luble diazine) and hypoglicemic drugs (chlorpropamide), was followed by a striking change
in the electrophoretic pattern of commercial labelled insulin, This new pattern gave support
ive evidence that both drugs were able to destroy or inactivate the antibody or simply to
promote the cleavage of the insulin~antibody complex and decrease resistance to the action
of exogenous insulin, The marked and persistent reduction of the urinary daily volume, which
was out of proportion with the diabetic condition, has been explained by the antidiuretic ef
fect of chlorpropamide on true diabetes insipidus.

Different types of insulin resistance have been reported.
in the literature. As far as 1926, Mauriac and Aubertin(l) sug-
gested that, beside infections, coma or other stresses and factors

associated with hypophysis, adrenal, thyroid or liver, there could

1. Estudos imunobioldgicos em dois casos de diabetes insulino~resistentes, Terapeutlca cor=
ticoide bem sucedida em um caso com acidose progressiva, sem circulagao detectavel de an
ticorpos, Efeito antidiurético da clorpropamida em outro c¢aso com diabete insipido nasso
ciado. / Etudes immunobiologiques en deux cas de diabete insulino-résistants. Succes de
1o thérapie corticoide dans un cas avec acidose progressive, sans circulation détectable
d'anticorps. Effet antldlurethue de la chlor ropamlde dans un autre cas avec diabetes
insipidus associé. Apres. para pub. em 16/10/69; aprov. em 24/11/69,
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be mechanims of neutralization of insulin which, de per se, would
be responsible for the onset of diabetes. After introduction of
insulin , unusual cases of high resistance to treatment, fortunat

ely rare, were observed. In some patients(z’s)

the requirement may
exceed several hundreds or even thousands of the current daily
dosage. The existance of an immunoBiologic mechanism was discover
ed and the presence of anti-insulin antibodies detected by a

method first used by Banting et al.(g)

in a case of diabetes re-
sistant to the hormone. This fact led to the introduction of new
and ingenious methods of research aiming to direct detection of
substances, (probably anti-insulin antibodies) in serum of patients

(10’12). Burrow et al. in 1957(13)

previously treated with insulin
were able to demonstrate in cases of insulin-resistant diabetes
(but not in normal and non-resistant) that insulin forms in serum
a complex which migrates in the leading edge of gamma-globulin

fraction on electrophoretic paper.

The opportunity we had to follow two cases of high re-
sistance to insulin and peculiar response to treatment respectiv
ely with corticoids and ditiazanine iodide, led us to some inter

esting immunologic research.

CASES REPORT

v Casebl - R.P., male, white, catholic priest, &9 years
old, teacher, from Campos, Rio de Janeiro. Admitted to the Hospi
tal on~March‘¥5; 1960, His symptoms began in 1950. He lost 4 Kg
weight in the first fours years. Since 1954 he suffered from diz
ziness, weakness and fatigue at work, feeling better, however,
on more-active life. Treatment with regular insulin, 20 units
before each meal, started in 1954. During this year he respond .
end well to insulin treatment and carbohydrate restriction, re-
ﬁaining free of symptoms, but -for mild sporadic hypoglicemic

crises. In 1955 he abandoned treatment until Jan. 1959, in spite



of eventual moderate polyuria and polydipsia. At this time, dizzi-
ness, weakness and fatigue at work reappeared. These symptoms were
markedly aggravated by emotional upsets. Insulin treatment was resu
med in doses of 30-35 units of NPH daily..In Oct., after an episode
df diarrhoea lasting three days, he began to lose weight and experi
enced intensification of the symptoms. In February, 1960, in spite
of insulin treatment, the patient had an episode of ketoacidosis,
"high" doses of insulin and saline infusion being necessary to coxr
rect the metabolic disturbance. One week later a new and more in-
tense crisis of kgtoacidosis and coma required "much higher" doses
of insulin. Then the patient learned how to recognize the onset of
acidosis because of pyrosis and marked dryness of mouth and throat.
On thése occasions he increased the totai amount of insulin up to
180 units per day, preventing the aggravation of the disease. To
try a better control of diébetesifﬁe patient came to S. Paulo. His
past medical history is noncontributory. The parents and twelve
siblings were in good health. Two paternal uncles had died and

the cause of death was attributed to diabetes. Since thé beginning
of symptoms he complained of poor vision. On physical examination
he appeared in good general conditions and well nourished. He wei-
ghed 70 kg and was 1.75m tall. Blood pressure 170 x 98mm Hg. Neu-
rologic examination revealed absence of the knee and ankle jerks.
Fundi showed moderate retinopathy and mild vascular lesion. Uri-
nalysis from a sample collected at admission revealed no ketonic
bodies. Sugar 4+*. Blood glucose 280mg per 100ml. (Folin-Wu). He
was given 160 units of regular insulin in four separate doses

from March 15 to 16. The totai urine volume was 6.620 ml with

a total sugar loss of 367g. Fasting blood sugar on March 16 was
292mg per 100ml. On march 16 the insulin was increased to 200
units in four divided doses. At noon, just one hour after the
second injection, he felt worse, complaining of malaise and

presenting deep breathing and psychomotor restlessness. He was

%, Clinitest



then given 100 units of regular insulin aubcutaneously, later
intravenously (i.v.) each hour, and continuous infunsion of fluids
(fig. 1). Because of persistence of ketonuria and aggravation of
symptoms the doses of insulin were increased to 200 units i.v. in
progressively more frequent injections; the patient received a
total of 2,250 units in seven hours. From 2.30 P.M. to 6.25 P.M,

he received 2,600ml of fluids (as isptonic glucose lactate and
saline); infunsion was temporarilykinterrupted because of occur-
rence of pulmonary edema and resumed slowly a few minutes later .
Despite all these measures, acidosis persisted and the general con
dition of the patient became progressively worse. Finally he fell
into a frankly psychotic state (disorientationm, deliriﬁm, halluci-
nation and delusion). 100mg of cortisol hemisuccinate added to a
final fluid infusion, during eighteen minutes at a rate of 5,5ml
per minute, led to marked improvement of his condition fifty minu-
tes later: consciousness was rapidly regained, he became calm,
ketonuria dropped to 2 + or 1 +. Insulin was reduced to 50 units
i.v. each half hour. On March 17 the patient received 360 units
i.v. and 75 units s.c. Ketonuria disappeared at 11.30 AM. and
glycosuria was absent at 6 P.M. The patient remained mentally well.
About 38 hours after the administration of cortisol there was a
relapse, with growing intensity, of glycosuria and ketonuria, lead
ing to increase of insulin requeriment. On March 18:the patient
was given 50 units of NPH and 50 units of Regular insulin. On
March 19 the administration of 100 units NPH and 300 units of Regu
lar failed ﬁo prevent ketoacidosis (fig. 2). A second i.v. in-
jection of 100mg of cortisol was followed again by improve&ent i;
symptoms and reduction in glycosuria and disappearance of ketbnuria,
A tendency to a new relapse of ketoacidosis occurred 30 hours later.
The patient was then given 20mg daily per os of prednisone in four
divided doses (fig. 3). Rapid weight loss was then observed coincid
ing with elimination of fluids accumulated during hyperhydration

(fig. 3). Two weeks after the beginning of corticotherapy (April 4)
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Fig. 1 - Influence of cortisol, as hemisuccinate, added to a final fluid infusion, during
eighteen minutes, on the clinical and metabolic course of ketoacidosis, Note the
abrupt decline in the ketonuria and glycosuria and disappearance of mental disturbance,
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Fig, 2 - On March 19, the administration of 100 units NPH and 300 units Regular insulin

failed to prevent ketoacidosis. A second intravenous injection of 100 mg of
cortisol was followed again by improvement in symptomsz, reduction in glycosuria and disap
pearance of ketonuria,

it was decided to mantain a constant dose of insulin (100 units
NPH before breakfast and 150 units of regular insulin respectively

at 11.00 AM. and 6.00 P.M. before meals). Under this treatment
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Fig. 3 - During prednisone administration a rapid weight loss was observed, coinclding

with elimination of fluids accumulated during hyperhydration, The nsed for
insulin fell from 650 %o 300 units per day; glycosuria came down to relatively low level
and the weight increased progressively without edema.

and a diet consisting of 398 gm of carbohydrate, 100 gm of protein,
108 gm of fat and a total daily caloric intake of 2,970 calories,
glycosuria persisted on a relatively low level, being present after
meals and absent at night. The actual beneficial effects of steroid
on therevolutiog of diabetes was clearly proved on two different
o;caéidns,}&hénféﬁejprednisone was intentionally discontinued: from
April 21:t’di24rv(f’ig.f_}4)_'aniévlb‘Ma’y'IZ'i‘:o' 16 (fig. 5); the total
glycosurié:réﬁé;ﬂthe weight fell ‘and intensification . of diabetic
symptoms was dbSéfVed. It seéms advisable to stress that diet, doses
and interVals‘of'admihistration of insulin were not changed. On dis
charge the patieﬁtfﬁés receiving 100 units NPH and 150 units regular
insulin before heAIS‘daily, and 10mg of prednisone every 12 .hours.,
He was oriented to ﬁgiﬁtain basically the same therapy and d@?t' at
home. Re—examinati§n 6f the patient in the Out-Patient Clinic " has
been done periodically. buring the first year after discharge the
patient referred marked redﬁ#ion in insulin requirement and, peri-

odically, reduced and af;timéS'totélly suppressed ‘the prednisone
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Fig. 4 and 5 - From April 21 to 24 and May 12 to 16, the interruption of prednisone

. therapy was followed by a rising in glycosuria, a plateau or tendency for

decreasing weight and intensification of diabetic symptoms.

therapy. Finglly, the need for prednisone disappeared and since

1963 he has made no use of this steroid. On recent examination
(11/23/66)

he was fairly well controlled of diabetes, but urea



i
was somewhat elevated (84mg/100ml) and blood pressure higher

(180 x 100mm Hg). The weight was inaltered. The approximate need

for insulin was 40 to 80 units NPH per day.

Immunoassay methods and results

Blood was collected six days after prednisone with' drawal
(5/17/60), about 12 hours after the last regular insulin injection,
to lnvestlgate antl-lnsulln antlbodles eventually present 1in the

serum of the patlent, in an attempt of c1ar1fy1ng the mechanism of

)

re51stance. Accord1ng to the Banting method( starved mice were

injected with serum mixed with an amount of insulin wich, when
injected with normal serum (or saline) caused convulsions in 90-100
per cent of the mice. The serum of the patient showed no neutraliz

ing activity. The hemagglutination and gel~diffusion tests were

(12,13)

also negative. Finally, the radioimmunotechnique was perform

*
‘ed for detection of anti-insulin antibody. Commercial insulin was

(14)

labelled with 1311 according to Banks technique

(13)

Burrows el al. . Carrier-free 1311 was supplied by the Institute

modified by

of Atomic Energy, S. Paulo, Brazil. Labelled insulin had low spe-
cific activity and the total insulin per ml was always more than
10mg - 0,05 ml of labelled insulin were incubated with 0,200ml
of normal and diabetic sefum. After a few minutes of incubation at
‘room temperature  0.02 ml of each mixture and the insulin solution
were applied on electrophoretic paper. Total amount of insulin
applied on the origin of the electrophoretic strip was always
over 50 micrograms. Horizontal open strip method employing
conventional type of equiﬁment has been used for electrophoresis | ”é
at room temperature, in buffer veronal, pH 8.6, ionic strenght |
0.05. The types of filter paper for electrophoretic developmentv
are specified in figures. Electrophoretograms were dried in an
oven at 120 C for 10 minutes and then stained with amidoschwartz
10 B for 20 minutes. When 0.02 to 0.04 ml of the solution of la-

belled insulin was applied, the electrophoretogram eventually show
¥ Crystalline Zine Insulin, ARG-44-B, Lilly.




Fig. 6 - a) The radioautogram obtained with 16 hours electrophoresis strip after 19 days
hours electrophoresis strip after 19 days contact with X-ray film. - Note that
insulin -131T alone or mixed with normal serum (SN) migrates in the 01 -albumin zone on
Whatmann n? 1 paper. In mixture with the patient serum the labelled insulin shows the
same mobility indicating probable absence cf neutralizing antibodies in circulating blood.
b) Electrophoretogram stained with amidoschwartz to show the albumin and y —globulin zone
after 16 hours electrophoresis.
ed a spot. This was due to human albumin used to prevent adsortion
of labelled insulin in the glassware during the process of prepa~
ration. Fig. 6a shows the radioautogram obtained with 16 hours elec
trophoretic strip after 19 days contact with X-ray film. Insulin
131 . . .
I alone and in mixture with normal serum were used as controls.
Fig. 6b shows the electrophoretogram stained with amidoschwartz.
. 131 . e s . ]
Insulin-"""1 with low specific activity, mixed with normal control
serum migrates in the al~albumin zone on electrophoretic paper
, 15 .
Whatmann n® 1. According to Kallee( ), amounts of insulin lower
than 0,2 ug, applied on Whatmann electrophoretic paper remain at
the site of application whether or not in mixture with the serum.
By adding an excess of stable insulin due to the saturation of the
sites of application, the labelled insulin moves in the albumin or
pre-albumin zone, In mixture with the patients serum, the labelled
insulin showed the same mobility indicating prohable absence of

neutralizing antibodies in circulating blood(l3).f Figure 7 shows a
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Fig. 7 = The activity was measured by an autoscanner before and after 16 hours electro-

phoresis of the same serum, whose radioautogram was shown in fig. 6. Experi~
ment was perfermed three years later, The serum was stored frozen, As shown in the figu
re the labelled insulin migrates in the q1~albumin zone., Insulin-131T alone (fig, 10
and mixed with normal serum (fig. 11) were used as controls of this experiment,

second experiment made on the same stored frozen serum, three
years later. Insulin—l311 was prepared by the same method, the ac
tivity being measured by an autoscanner before and after 16 hours
of electrophoresis on Whatmann n? 1 filter paper. As shown in the
figure t?;llabelled insulin migrates in the al-albumin zone,

Insulin-"""1 alone (fig. 10) and mixed with normal serum (fig.12)

were used as controls.

Case II - I,F.D.F., married, white, 48 yeras old woman,
admitted on June 13, 1960. She was known to have diabetes since
early 1952. After a few days of low dosage of insulin she a-
bandoned tratment, remaining free of symptoms until 1559. Re-
lapse of symptoms (polyuria, polydipsia, vulvar pruritus) occur-
red on May 1959. On this occasion symptoms subsided after ome
month of treatment with 20 units NPH insulin; she continued

treatment with chlorpropamide (250mg/daily) without dietary re-
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strictions. The diabetes was well controlled until May,1960. Tests
for glycosuria, made periodically, were negative. Just one month
prior to admission she complained of abrupt marked rise in |
diuresis, insatiable thirst, losing 10 to 20 liters of urine per
24 hours. In view of negative tests for glycosuria the . diagnosis
of diaﬁetes insipidus was suspected. She was then admitted in the
ward. Hér past medical and familiar history is noncontributory. On
physical examination she appeared well nourished. She weighted 71
Kg and was 1,64 m tall. Blood pressure 180 x 105mm Hg. Electro-
cardiogram revealed slight changes in ventricular repolarization.
Cataract was present at the right, and slight narrowing of
arterioles was seen in the left eye. Water restriction test
starting in the morning led the patientfto lose 4 per cent of her
body weight in six hours and maximal specific gravity was 1,004.
Oﬁ Sept. 23, the patient was discharged under 5 wunits of va-
soﬁressin»daily, with an average diuresis of 2 liters of ..c...
aglycosuric urine. On January 12, 1961, because of a positive
test for glycosuria, the patient was placed on a low carbo-
hydrate diet and 250 mg of chlorpropamide daily. Vasopressin
tanate was maintained. On January 28 she was losing 170g of glu
cose per day and NPH insulin was substituted for chlorpropamide
in doses of 30 units per day. On February 2, the insulin was
increased to 40 units dai1y°~From March 10, 1961 until Nov.
1962 she had been again fairly well controlled under chlorpro-
pamide alone; during this interval hydrochlortiazide was substi
tuted for vasopressin. The mean diuresis during this period was
5 liters and glycosuria fluctuated between 20 to 40 gr per day..
A relapse of symptoms occurred during Nov. 1962, On Nov. 7
urinalysis revealed 284 gr of glucose in a 8 liters volume per
24 hours. Chlorpropamide and hydrochlortiazide were suppressed
and she was given progressively higher doses of NPH 1insulin,
from 20 up to 60 units per day. On February 11, 1963 - the

patient was admitted again. Under low solutes and high carbohy-
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drate diet (Kempner's rice diet éOnsisting of 453 gm of carbohy -
drate, 27,3 gm of protein, 2,4 gm of fat and 1.39 mEq of sodium)
from Feb. 25 to April 13 (figura 8) water volume fluctuated be-
tween 7,100 and 14,900 ml, averaging approximately 10,000ml per
day. Weight increased slightly. Glycosuria remained, in general ,
below IOOg'pgf-day.VShe was receiving previously 70 units = NPH
insulin at breakfast and 40 units-Regular insulin in two divided
doses? before meals. These doses were increased p;ogressively to
80. and 90 respectively. Frbm}April,la to June 17, under standard
but hyposodic diet (336gm of carbohydrate, 89.7gm of protein,
85.8gﬁ of fat and 19mEq of sodium) yieldingylarge solute . load,
urinary volume rose, fluctuating between 12,750 and 22,975ml, ex-
cept on the 15th, 16th and 17th May, when vasopressin was adminis
tered. During this period, excluding those three days, the mean
urine volume was approximatély 15,000 ml per day. Glycosuria rose
markedly, attaining values above 400gm per day. From May 8 on ,
the patient was receiving a total of 190 units of‘insqlin,clearly
inadequate for compensating her diabetes. Suspition of increasing
resistance to insulin due to antibody mechanism led to the col-
lectlon of blood “for immunoassay. Blood was then collected 24
hours after discontinuance of insulin 1n3ect10n (R 6/7/63).Froﬁ
22th June to :14th July the patient was put on rice diet again.
Due to the'presence of Strongyloids stercoralis in the faeces the
‘patlent was given ditiazanine 1od1de, 600mg per day,during twelve
days. A surprLSLngly abrupt decrease in urinary volume and .....
glycosuria was then observedk(flg. 9); the former fell - from 12,000
to below 4,000ml and glycosuria disappeared. Insulin was then sup
pressed. Blood QaS‘collected,for antibody assay when glycosuria :
and water diuresis'were'miﬁimal (S , 7/12/63)' From 15th July:- oﬂ,
the patient recelved standard diet. Urinary volume and glycosuria
rose agaln above 18 000 ml and 300gm respectively.: A second re-~
s;stant blood serum sample wasdrawn on 8/9/63 (Rz). A new period

of ditiazanine iodide-therapy’was“attempted, the patient’ Vbeihg
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Fig. 8 ~ Under low solufes and high carbohydrate regimen water volume fluctuated between
7,100 and 14,900 ml per day. Glycosuria, in general, remained belew 100gm per day.
Glycosuria, in general, remained below 100gm per day under largs solute load, urinary volu
me rose, fluctuating between 12,750 and 22,975 except cn the 15th, 16th and 17+h May when
the patient received vascpressin injectiong. Glycosuria increased markedly attaining values
above 400 gm per day. The need for insulin increased progressively, In spite of reselving a
total dose of 190 units of insulin the patient lost more than 200 gm of glucose per day. On
6/2/63, 24 hours after the last insulin injection, blood was drawn for immunoassay (serum
R 1 :
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Fig, 9 — From July 4 to 15 the patient received ditiazanine iodide due to the presence of

Strongyloids stercoralis in the faeces, Note the abrupt decrease in urinary volu
me and glycosuria; the former fells from 12,000 tc below 4,000 ml and glycosuria desappeal
ed at all. Insulin was suppressed. Blood was collected for assay (serum S1). Decompensa~
tion of diabetes follows withdrawal of therapy. A second "resistant" blood serum was drawn
on 8/9/63 (R2). Note: the evident, but not so siriking response, when ditiazanine was re-
~instarted, A fall of urinary volume and glycosuria was observed after chlorpropamide and
phenethylbiguanide therapy. Blood sample _R3) was drawn before starting therapy and another
sample (So) obtained 10 days later for immuiioassay,

.
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kept on standard diet; the metabolic response although evident
was not so striking as observed when the patient was under Trice
diet. Because of intolerance symptoms exhibited by the patient
(nausea) the treatment could not be sustained. Starting Sept. 10

the patient was given chlorpropamide (500mg) and phenethyl ......
blguanlde (75mg) daily. A third sample of blood for immunoassay
(R ) was collected 1mmed1ate1y before this last period of therapy.

A fall of urlnary volume and glycosurla to below 4 liters
and 100gm respectlvely was then observed; a fourth sample of blood
2 9/18/63). Under this

treatment the patient was discharged, being revised periodically

was obtained after remission of symptoms (S

in Out-Patient Clinic. Recently (August 1966), water diuresis was
below 3 liters, glycosuria was absent and no symptoms due to car
bohydrate disturbance were present. A retinian hemorrhage occurred

a few months ago, the patient being under ophtalmologic care.

Immunoassay methods and results

I - Blood collected during the insulin-resistant phase
(R). Assay for serum insulin antibody according to the radio-
immunoassay method was performed. Applying amounts greater than 0,2

microgram on paper strip Whatmann N. 1, the insulin—1311 plus albu~

min or mixed with normal serum migrated in the albumin or ay - albu

min zone after 16 hours of electrophoresis (figs. 10, 11). Mixed
with patient's serum the insulin migrated with gamma-globulin ....
fraction (fig. 12). Using the McFarlane method for preparatlon of

131 (16)

insulin - I of high spec1f1c activity and applying amounts
below 0,2 microgram on strlp of Whatmann 3MM filter paper alone or
mixed with normal serum the peak remained at origin or moved ....
slightly awaj from the side of application (fig. 13, 14); when
mixed with the serum of the patient the peak of acti&ity moved to
gamma or beta-gamma globulin interzone (fig. 14) These results

were repeatedly confirmed with the same serum and serum from some



other resistant phase.

1317 INSULIN + HUMAN ALBUMIN

80041 BEFORE

CPM

800 AFTER ELECTROPHORESIS - 16 NOURS

o 3 10 15 CM

Fig. 10 - Electrophoresis of 131I-Insulin on paper Whatmann n? 1; Gamma activity was
weasuced by an autoscanner before and after 16 hours of electrophoresis.
Note that insulin moves toward albumin zcne,

1311 - INSULIN + NORMAL SERUM
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Fig, 11 - Mixed with normal serum the 13}I-Insulin migrates in®j-albumin zone.
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Y3 1 - INSULIN + SERUM FROM RESISTANT PHASE (Ry~6/7163)

BEFORE

o 5 L] 15 CM

g §.8

AFTER
ELECTROPHORE SIS - 16 HOURS

CPM
[
o
©

Q0

[ s 4 . 15 CM

7

Fig, 12 —~ Mixed with patients serum the 1311 insulin migrates with gamma~globulin frac-

tion, indicating the presence of anti~insulin antibody. Controls are shown in
the figs, 10 and 11, ‘
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SUCTROPHORE SN - W NoVES
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Fig. 13 - Applying 131I-insulin of high specific activity on strip of Whatmann 3MM filter
paper alone or mixed with normal serum, the peak of activity remained at origin
or moved slightly away from the site of application,
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-11

WA R fe

L JEN N0 N SN S

. [ '
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¢ QLECTNOPHORERMN - |8 HOURS

IV ANIULIN + REGISTANT SEAUE R /9/00)
CLECTROPHORESIS - 18 NOURD

N

Fig, 14 - Mixed with the serum of the patient, during the apparent resistant phases
(R2, R3), the peak of activity moved to gamma or beta-gamma globulin inter
zone, Compare with control shown at the fop of the fig. 13.

II ~ Blood collected during insulin-sensitivity phase
(8). During the non-resistant phase which occurred after ditiazanine
and chlorpropamide-biguanide treatment, both techniques were again

employed:

- a) Applying amounts greater than 0,2 microgram on strip
of Whatmann N? 1 filter papef for 8 hours électrophoresis,the 1311
Insulin mixed with normal serum migrates in the albumin zone (fig.
15); the same was observed with mixture of 131I--Insulin plus non-

resistant serum (ffge 16).

b) Applying amounts below 0,2 microgram alone or plus
normal serum on strip of Whatmann 3MM filter paper for 16 - 18
hours, the 131I—Inau1in remained at the originrdf'mqvéd away from
the site of applicatién;‘but fixing befofe,gaﬁma4globﬁlih (fig.17).

‘ : o 131
The same was not observed when amounts below 0,2 microgram of I
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Fig, 15 - Using 13 . Tyeulin of low~specific activity the peak moves toward albumin
zone, when mixing with normal serum,
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Fig, 16 - Using 13 Insulin of low-apecific activity the peak moves toward albumin
zone when .mixing with serum from non-resistant phase,
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Insulin mixed with serum from a non resistant phase was applied on
filter paper. In this case labelled insulin moved in - interbeta-
alpha-2 or interalpha zone (figs. 17, 18, 19), clearly apart from
the gamma or the interbetagamma globulin zone. Figure 20 shows the
electfophoretic pattern of 131I—Insulin mixed with serum from a
diabetic young woman receiving 60 units of NPH plus 30 units  of
Regular Insulin: the peak of activity moved in interalpha zone; no
discbntinuance of therapy"wés‘done in this case. Figﬁre 21 shows
the electrophoretlc pattern of 1311 ~Insulin mixed with serum from
a diabetic young woman receiving 60 units of NPH plus 30 units of
Regular Insulin (30-30-25): the peak of activity moved - slightly
away from the site of appliéation, there being a clear protein free
zone between l3lI—Insu1in radioagtivity and the slowest migrating
gamma~-globulin protein; in this case, the insulin therapy was sup-

pressed(24 hours before the blood collection.

0.
-
® 300
:... BIZ-IMBULIN + HUNAN ALBUMIN
. .
© 100. N SLECTROPHORESIS = 1T HOURS
© 1 2 3 4 B 6 T 8 8 ® U & B K 56 TN
; 004 N
400, 1H1- INBULIN ¢ NOK RESITANT SERUN (8, T/ 1848}
a
H LLECTROPHORENS - 47 KOURS
@ 1 3T s a4 & € T € % 0 u w13 4w e FCh
v [ 4 4 "
e THLANSULIN ¢ MORMAL SERUM
-
T e FLECTROPHORE SIS ~ (7 HOURS
s
LI T 2 TV DN 2 2L 2 T T L L L
S et

Fig, 17 - 1 Insulin of hlgh specific activity mixed with serum from non-resistant

phase (81) moved in interbetaalpha~2 -orwinteralpha zome, clearly apari from
theasgamma or the 1nterbe'tagamma globulin gzone. The 131T-Insulin alone or plus normal
gerum remains at the origin or moves away from the site of application, but fixing
before gamma-globulin,



Fig, 18 — Identical result with $S) serum, in another experiment (see text fig.
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19 - The same result with S, serum was obtained as compared with Sy serum, both

from non-resistant phase, See text of fig. 17.



DISCUSSION

Apparently the resistance to insulin in the first case
(R.P.) could be related to an immunobiological mechanism. Due to
the fat that no detectable neutralizing antibody could be evidenced
in the circulating blood, the only reasonable suggestion to explain
the presence of such mechanism would be the possible neutralization
of insulin at cellular level. If this is true the insulin-like ac-
tivity of the patient serum should be very high during the course
of treatment. The first published report indicative of such a possi
bility, i.e., abnormally high concentration of circulating insulin

(17

activity was that of Davidson and Eddleman » who produced con-

vulsion in mice by injecting the serum of an insulin-resistant

(18) éould later demonstrate a considerg

patient. Presland and Todd
ble amount of circulating insulin in an unusual case of extreme and
prolonged insulin resistance: they showed that insulin resistance
was not due to excessive inactivation of insulin in the blood and
suggested a "defective response'" in the tissues. The electropho ~
retic pattern showed an elevated proportion of the globulins and,
when the insulin requirement diminished, the prdtein spectrum moved
towards normal. The high concentration of blood insulin was clearly
due to the presence of the active exogenous insulin and to its
persistance in the circulation for a relatively long period. So the
insulin would be free and available to exercise its normal effects
because it exerted a characteristic hypoglicemic action in the rat
and stimulated the formation of glycogen in isolated rat muscle.
Presland and Tood suggested that the defect was in the tissues at
the site of insulin's action and pointed out that the investigation
did nor provide evidence which would help to distinguish the
"factors" that might operate at this site to produce insulin re-

sistance. Martin et al.(lg), Glass et~al.(20) reported case of
marked insulin resistance in which no passive transfer or :other

antibodies to insulin could be demonstrated. Marked resistance to
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3)

betic coma in which the patient died in a period of 57 hours in

insulin was reported bu Tyler and Beigelman in a case of dia-
spite of receiving 97.740 units of intravenous insulin. The au-

thors didn't try to use ACTH or corticoids. In this case, Tyler
and Beigelman were able to demonstrate the presence of insulin-
like activity in the serum of the patient and suggested an end-

organ refractoriness.

The resistance to insulin in our first patient could be
attributed to the same cause if steroid therapy had not been insti
tuted. However, the striking life-saving effect of cortisol indi-
cates that resistance of this patient could be related to an im
munobiological mechanism. It should be noted, however, that two
peculiar facts must be taken into account: I) the rapidity of the
clinical and metabolic response to the cortisol that occurred in
less than 60 minutes and II) the failure to demonstrate the
presence of circulating neutralizing antibodies by the available
methods., Yet, as will be dicussed later, there are several infor-
mation pertinent to the clinical and metabolic evolutioﬁ, which
support the conception of the immunological nature of the re-
sistance exhibited by the first patient. To accept this idea we
must admit the theoretical possibility, which cannot be excluded
or proved, that neutralizing activity takes place at cellular
level through a kind of special binding globulin which would be
fixed and activated upon surface structure, at the same sites of
insulin action. Albeit this insulin-binding protein must be
necessarily carried across the circulating blood, it is not active
at this level and no complex antigen-antibody would be formed. If
this is true, additional amounts of exogenous insulin, no matter
how great, will remain free (and theoretically active) but not
metabolizable or available to the tissues, due to the blocking of
the sites for its action by the complex insulin~insulin-binding
proteins fixed at this level. In this way we can explain this ex

traordinarily high concentration of insulin-like activity of plasma
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and prolonged half—life‘of 131I—Insulin in sone patients with the
so called "end-organ refractoriness". Both, exogenous insulin
administered and antibody, whose production it stimuiates, are
kept in the circulation without compléxingb This fact explains the
impossibility of detecting antibody in serum through direct and
indirect methods available. The expected rise in proportion of the
globulins as found by Presland and Todd<18), although not specific,
is in according with this hypéthesis, On the other hand, accept
ing this hypothesis e being correct, one can explain the very
quick clinical and metabolic response observed in the patient to
Cortisol administration. In fact, the steroid could act immedia-
tely (minutes), by releasing the antigen antibody complexes from
the sites of action of insulin, and more slowly (weeks, months)
by reducing and destroying the ability of the tissues for im-

A munoglobulin production. On the other hand, this reasoning being
correct, a somewhat dangerous possibility of the appeérance of
severe episodes of hypoglicemic crisis was to be expected whenever:
the sites of insulin action have been liberated by corticoid thera
PY. Probablf the sustained infunsion of dextrose solution and
marked reduction in insulin administration during the period
which followed the first cortisol injection, when anticipating the
presence of the greatest excess of exogenous insulin, might have
avoided the appearance of hypoglycemia. It should also be con-
sidered that insulin is under the continuous "action of 1liver

(21)

bouts occurred at night, on the l4th, 15th and 16th April, when

insulinase, as demonstrated by Yalow and Berson . Hypoglycemic
the pétient was submitted to continued prednisone therapy and

. constant doses of insulin. To avoid these crises it was decided
to rearrange the time of meals. Up to this time there was to be
expected a progressive decrease 1in the rate of antibody pro-
duction; the aggravation of metabolic disturbance, although
striking after discontinuance of steroid therapy, occurred in fact

about 30 hours after the first and second cortisol injection, 2

-
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days after the first and 5 days after the second prednisone thera

py withdrawal.

As a matter of fact, one cannot consider the patient as
having an endorgan refractoriness, in view of the relatively quick
and dramatic response to corticoid therapy. Indeed the efficiency
of the glucocorticoid as a lifesaving device could be unequivocal-
ly proved in two circunstances: first, when the second intravenous
injection of cortisol was followed by an evident impfovement in
the recurrent ketoacidosis which followed the first dose; second,
on those two occasions, when the aggravation of the metabolic dis-
turbances and clinical deterioration of the patient after the

discontinuance of prednisone were observed.

Another theoretical possibility of explaining the re-
sistapce, still on immunobiological basis, is to hold the binding
of insulin to immunoglobulin fixed on the tissues responsible for
antibody prbduction. In this case, it is hard to explain the reason
for the failure of exogenous insulin to saturate the antibody

system despite of increasing amounts of the hormone administered.

_ The present case is reported just to call attention upon
the possibility of occurrence of a probable immunoresistance to
insulin without any detectable circulating antibody, thus simulat-
ing end-organ refractoriness. In spite of the specﬁla;ive charac-
ter,ofAthe;discuSSion, it was our intention to try testing a new
possibility’in the field of immunology. Perhaps only two cases of
proved end-organ refractoriness were reported in the literature.
The first one is that of Field el al.(6>, who reported a  young
female with uncontrolled diabetes for one year receiving up to
38.000 units of insulin daiiy in the Hospital, without appreci-
able effect on her coﬁstant hyperglycemia and aéé;qnuria; beef,
pork and sheep insulfn, phenethyl-biguanide, metahexamide and
hydrocortisone were tried ﬁithout modifying her insulin resistance;

her clinical conditioﬁ'remaingd4essentia11y the same when  all
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medication was stopped. As long as three months = after her last
insulin injection, insulin-like activity was detectable in her
plasma equivalent to at ieést 4,000 times that of normal subjects
(rat hemidiaphragma technique). In this case it is suggésted that
diabetes resulted from an apparent failure of peripherical' tis-
sues to respond to insulin. The intimate cause for such end organ
refractoriness persists unknown. Another case of marked re-

sistance associated with the presence of high insulin-like activi

(8)

ty in the plasma was reported by Tucker et al. . Ektraordiharily
large amounts of insulin were given to the patient (a 25 year old
Negro woman), 194.100 units during 48 hours treatment of acidosis
and 177,500 during 24 hours at a later date without acidosis. The
authors tried the use of prednisone, chlorpropamide and phenformin
alone and in combination with insulin, but no effects on glucose
utilization were apparent., They suggested that loci of resistance
existed beyond the plasma, either at the cell membrane or within

the cell, The cause for such a tissue resistance 1is unknown.

In our second case (I.F.D.F.) neutralizing or blocking
antibody cduld be detected in the blood during -the resistant
phase (R) with the radioimmunotechnique. The disappeéfance of the
clinical resistance coinciding with  the administration of ....
ditiazanine iodide [é poor soluble tiaéine (Sl):l and  hypo-
glycemic drugs (S2) was followed by a striking change in the electro
phoretic pattern of labelled insulin. In facé, I) .when a mixture
of 131I—Insulin highly concentrated and of low specific activity
with normal serum and serum from a non-resistant phase (S1, S2)
was applied on filter paper, the radioactivity moved with
albumin. This new pattern suggested that the ditiazanine iodide
(serum S1) or hypoglycemic drugs (serum S2) were able to destroy
or inactivate the antibodyvor simply to‘ptomete the cleavage‘ of
the 1nsu11n—ant1body complex, I1I) when tracer amounts of ;31
Insulin mixed with serum from the non—re51stant phase (S) run on

Whatmann N? 3MM paper the peak occurred repeatedly in interbeta-
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alpha " or interalpha zone (fig. 17, 18,'19), whereas mixed with
normal serum it remained at or near the origin, there being a

protein-free zone between the 131

I-Insulin radioactivity and the
slowest migrating gamma-globulin protein (fig. 17, 18, 19). The
occurrence of the peak between the beta and alfa-2 proteins was

(12), when the papér was

eventually observed by Berson et al.
soaked with insulin at origin prior to electrophoresis, and it is
due to the saturation of the binding sites of the paper. Theses
results indicate that in presence of high concentration of free
insulin in plasma of the patient during treatment, the labelled
insulin moves far from the origin. Thus, besides confirming the
absence of active antibody as demonstrated by the former method
(I) the latter one (II) led to assume that, during treatment, the
plasma of the patient must contain a very high concentration of
insulin which is liberated froﬁ the complex antigen-antibody ....
through the action of the drugs. In order to confirm this = as-
sumption, serum from two insulin sensitive diabetics receiving
relatively high doses of insulin were collected. From the first
one, a young female diabetic receiving 60 units NPH insulin plus
30 units of Regular Insulin, blood was drawn without discontinuan
ce of therapy. The electrophoreﬁic pattern was entirely super-
posable to those obtained in experiment II when tracer amounts of
131I—Insulin were used (fig. 20). In the second case,when insulin
therapy was discontinued and blood collected 24 hours after the
last insulin injection, the electrophoretic pattern was similar
to that obtained with normal serum (fig. 21). Presumably in the

latter case the concentration of insulin in the plasma was not

sufficiently high to permit saturation of the paper.

In favour of the hypothesis that exogenous insulin could
be liberated from the antigen-antibody complexes through  the

action of the drugs is the experiment of Hasselblatt(zz)

» who was
well succeeded in promoting the liberation of insulin with ......

tolbutamide in vitro, Indeed, this binding could be prevented by
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Fig. 20 - Electrophoretic pattern of 131 TInsulin mixed with serum from a diabetic young

-woman receiving 60 units NPH plus 30 units of Regular Insulin, No digcontinu-
ance of therapy was done in this case. Note that the peak of activity moved in inter-
alpha zones

addition of tolbutamide. On the supﬁosition  that hypoglycemic
drugs could promete a similar action in human resistance to
insulin, the patient was given chlorpropamide to inhibit the
binding of exogenous insulin and decrease the resistance of the
patient to treatment. Biguanide was given in conjunction with
chlorpropamide - to increase glucose uptake by peripheral tisues
and decrease hepatic gluconeogenesis; This treatment was well suc
ceeded, yielding satisfactory and sustained compensatiqn for
diabetes, independently of the administrgtion of éxogenous
insulin. The striking effect of chlorpropamide on the glycosuria
in absence of insulin administration must be due to its pharma-
cological action on beta cell, increasing—thef endogenous pro-
duction of insulin, which presumably does not cross-react - with
gamma globulin anti—exégenous insulin. The study of the effect in

vitro. of ditiazanine iodide, and chlorpropamide upon  antigen-
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Fig., 21 - 1317 Tnsulin mixed with serum from a diabetic young woman receiving 60 units

NPH plus 30 units of Regular Imsulin. In this case the insulin therapy was
suppressed 24 hours before the blood collection, Note that the peak of activity moved
slightly §Yay from the site of application, there being a clear protein-free zone ....
between L3!T-insulin radioectivity and the slowes migrating gamma-globulin proiein.

antibody complex presumably present in the patient's serum, was
not well succeeded owing to the fact that incubation of these
drugs with 311—Insulin alone or plus normal or resistant serum
has always been followed by molecular lesion, promoting the appea
rance of a multitude of peaks of activity throughout the elec-
trdphoretié pattern. The marked and persistent reduction of the
urinary daily volume which was out of propértion with = diabetic
state, could be explained by the antidiuretic efect of hypoglicemic

(23)

drugs on true diabetes insipidus .

In an attempt to confirm this hypothesis the patient was
admitted to the Hospital on March 17, 1967. She was put on standard
diet for diabetes and 50 units NPH insulin daily. The oral ...
hypoglycemic drugs she was receiving before admission were kept
unchanged (250mg“chlorpropamide; 75mg biguanide). Withdrawal of

oral hypoglycemic drugs on March 28 was followed by a marked
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rise 1in urinary volume, in spite of maintainance of insulin ad-
ministration. Increase in water diuresis was out of proportion
with the glycosuria change. As can be seen 1in figure 22, adminis
tration of chlérpropamide alone was followed , initially by a
dramatic fall in urinary volume without correspending change in
glycosuria, Insulin administration (April 25) followed by
chlorpropamide withdrawal (May 2) did'nt prevent the rising in
urinary volume. Water diuresis decreased again after chlor-
propamide resumption without corresponding change in total

glycosuria which persisted inaltered for about two weeks.
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Fig, 22 - See texi,

The antidiuretic effect of chlorpropamide was confirmed
consecutively in April, May and June, Resistance against insulin
treatment was clinically observed during May and June, when in-
creasing amounts of insulin up to 80 units daily were clearly
insufficient to reduce the glycosuria, which increased markedly
after chlorpropamide with drawal. The striking effect of chlor-

propamide alone and in conjuction with biguanide could be observed
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in July and August when the glycosuria disappeared at all and
urinary volume came down below 3 liters per day, just before dis

charge.

RESUMO

’. Estudos 1munoblologlcos em dois casos de diabetes insulino-resistentes, Terapeuclca
corticdide bem sucedida em um caso com acidose progressiva, sem circulagfic detectavel de an-
ticorpos. Efeite antidinrético da clorpropamida em outro caso com dlabate insipido associado,

Sao relatados os estudos CllnlCOS e 1munologlcos de dois casgs de marcada resistén—
cia & insulina, No primeiro casc ngo foi possivel d§monntrar, pelas técnicas disponfveis, a .
presenga de anticorpos circulantes, Entretanto, o nitido efeito benéfico da -hidrocortisona
sobre a evolugao da acidose diabética tornou pogsivel relacionar a resisténcia a  insulina
exibida pelo paciente, a um mecanismo iminobioldgico.

No segundo caso foil p0351ve1 ‘evidenciar a exlsten01a de anticorpo bloqueador oy new
tralizador (contra a insulina exogena) durante a fase de resist@ncia, pela tecnica radlo-
imunobicldgica, 0 desaparecimento cl{nlco da resisténcia coincidente com a administragfo do
iodeto de ditiazanina %dlazlna de pouca solubllldade) e de drogas hipoglicemiantes, foi se-
guido por marcada alteragao do Eadrao eletroforético da insulina radioativa, Sste ndvo  pa-
arao de comportamento eletroforetico forneceu ind{cios de que ambas as drogas eram capazes
de destruir ou inativar o anticcrpo ou, simplesmente, promover a cliyagem do complexo insuli
na~anticorpo, assim diminuindo ou fazendo desaparecer a resisténcia a _agao da insulina exoge
na, Neste segundo caso foi comprovada tombém a existéncia de associagdo de diabetes ingipi-
dus com o digbetes resistente a insulina. A marcada redugao da diurese, fora de  proporgao
com a glicosiria, foi explicada através do efeito antidiurético da clorpropamida sdbre o dia
betes insipidus,

RESUME

Ftudes immunobiclogiques en deux cas de diabete 1nsu11no—res1stantoa Sucees de la
theraple corticofde dans un cas avec acidose progressive, sans circulation détectable d'tanti
GOrps, Effet antidiurétigue de 1la chlorpropamide dans ua autre cas avec diahetes insipidus
associé,

Les auteurs communiquent des études cliniques et :mmunolog1ques sur deux cas de ré-
sistance marquée a lfinsuline, Dans le premier cas il n 'a pas été possible, avec les techni
ques disponibles, de détecter la présence d'anticorps circulants, Pourtant, 1'effet net—
tement favorable de la hydrocortisone sur l'evolubion de 1'1c1dose dlabethue permet de rela
tionner 1'1nsullno—res1st1nce présentée par le patient & un nécanisme immunobiologique,

Dans le deux1eme casy; on a pu évidencer, par la technique ~ radioimmunobiologique,
1lexistance d'un anticorps bloguant ou neytralisant 1'insuline exogene, pendant la phase de
résistance, La cessation clinique de la r°51stance, coincidant avec 1l'administration de icdu
re de ditiazanine (diazine peun so%uble) et dg¢ drogues hypog]ycrmlantes, fut suivie d'une re=
marquable altération du standard electrophorethue de l'insuline radioactive, Ce nouveau
standard de comportement electrophorethue a fourni des indices dans le seng que les deux
drogues seraient capables de détruire ou d'inactiver 1'anbicorps, ou, simplement, de produi-
re le cliyage du complexe ipsuline-anticorps, ce qui faigalt diminuer ou dlsparaltre la vé-
sistance ssl'action de l'insuline exogéne, Dans ce deuxiéme cas, on constata aussi 1'existan
cexd'yne association de diabetes insipidus avec le diabéte insulino-résistant. -La  remarqua-
ble rpduvtmon de la diurése, hors de proportion avee la glycosurie, est expliquée par 1lef-
fet antldlurethue de la chlopropamide sur le diabetes insipidus,
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