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A practical, sensitive, and specific method for the 

assay of serum free insulin ~d antibody-bound insulin in 

insulin-treated diabetic patients has been developed and 

clinically evaluated. Clinical evaluation was carried out 

at the Youngstovm Hospital Association in cooperation with 

the Department of Laboratories and several staff physicians. 

The method for free insulin involves the use of 

aqueous polyethylene glycol which causes the precipitation 

of the free antibody and the antibody-bound insulin with 

little or no precipitation of the free insulin. The free 

insulin in the upper phase was then measured in a simplified, 

but sensitive radioimmunological system. 

Free insulin was found to be completely soluble in 

a 12% v1/v final concentration of 6000 molecular weight 

polyethylene glycol. Two other polyethylene .. glycol so­

lutions with average molecular weights of 1,600 and 20,000 

were studied to determine their ability to extract the free 

insulin and precipitate the insulin antibody complex. Only 

the 6000 molecular weight compound was fpund to be suitableo 
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Particular attention was focused on the use of the 

polyethyl ene glycol extract containing the free insulin in 

the radioimmunoassay (RIA ) sys tem. The pH of the extract 

was f ound to have a r ange of 8 .32 to 8 .52; however vrhen 

introduced into the RIA system, employing a phosphate-
+ s aline buffer, the pH \Vas 7 .40 - 0.02. This pH range was 

considered optimum for the RIA system. 

Studies were conducted on normal serum where insulin 

antibodies were absent to determine the correlation between 

the free insulin method ·and the "Phadebas Insulin" reference 

method. Results of the methods were compared at many 

different insulin levels. In 40 determinations, standard 

deviation, coefficients of variation, correlation coefficient, 

and t test values were determined and found to be within 

acceptable limits. The mean value for the Reference method 

a t all insulin levels on these 40 samples was 61 pU/ml. 

In the same 40 determinations and for the same insulin 

l evels, the mean values for the free method were 60 pU/ml. 

The method for total insulin requires prior treat­

ment of serum with 1 N HCl to break the conjugation of the 

i ns ulin antibody complex. The total insulin is then ex­

t r a cted with polyethylene glycol and assayed in the RIA 

system. The antibody-bound insulin is the total insulin 

minus t he free insulin . 
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The polyethylene glycol extract in the total insulin 

method after neutralization has a pH range of 8 .20 to 8 . 80 . 

When the extra ct i□ introduced into the RIA system employ­

ing the phosphate, s a l ine buffer, its pH was 7.40 t 0.02. 

Studies were conducted on the non-insulin-treated 

patients to determine the correlation between the total 

insulin method and the "Phadebas Insulin" reference method. 

In addition, correlation experiments to compare the total 

method and the free insulin method were performed. In 40 

determinations, standard deviation, coefficients of vari­

ation, correlation coefficient, and t test values were 

determined at all levels of insulin concentration. In the 

same series of 40 measurements described for the reference 

and free insulin methods, the total. insulin method gave a 

mean value of 59 pU/ml . 

Recovery studies of added insulin were performed 

for both the free and total insulin methods. The free 

method gave an average recovery of 85% at all levels with 

better recovery at the 50-100 uU/ml range. The total method 

gave an average recovery of 87% at all levels with better 

recovery at the 100-300 range. 

Clinical studies on insulin-treated diabetic patients 

as well as non-insulin-treated diabetic patients were con­

ducted. In the non-insulin-treated patients, good corre­

lation was ' found by all three methods (reference, free, and 

total ). Mean values ~for these patients by the three methods 

r1ere 22. 7, 21 .8, and 22. 1 yU/ml respectiv'ely. 



In the insulin- treated patients , where insulin had 

been taken for 30 days or more , antibody- bound i nsulin 

l evels were found to be present i n varying amounts depend­

i ng , in par t , on lengt h of insulin therapy and amount of 

insulin ta.~en. The range of all insulin-treated patients 

studied for free insulin was 10 to 440 with a mean of 46.7 

pU/ml. The range for the same patients for total insulin 

vras 67 to 17,920 with a mean of 2,718 pU/ml. 

Two ·patients studied with bound insulin levels of 

4992 and 17,480 µU/ml and who were difficult to control, 
-

V 

were immediately started on pork insulin therapy in an effort 

to reduce their immunological response to the exogenous 

insulin . 

The methods provide a practical approach to follow­

ing the dynamics of insulin therapy in the presence of 

insulin antibody and can be used to quantitate the level of 

antibody present in terms of bound insulin. In addition, 

the Free method could be used to determine the amount of 

endogenous insulin produced by the pancreas in insulin­

treated diabetic children where remission in insulin re­

quirements has occurred. 

I • 
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CEAP11ER I 

INTRODUCTI ON 

A. The Use of Insulin 

The discovery of insulin in 1921 by Frederick G. 

Banting and Charles H. Best, working in the laboratory of 

Professor J. J. R. Macleod in Toronto, revolutionized the 

outlook for the diabetic patient. Prior to this time, 

there was little hope for the diabetic patient, at best, 

he could be maintained through strict diet control. 

Aretaeus1 of Cappodoca (A.D. 30-90) identified the disease 

in his "Of the Causes and Signs of Acute and Chronic 

Diseasen, where he outlined the prominant signs and 

symptoms: "Diabetes is a wasting of the flesh and limbs 

into urine from a cause similar to dropsy. The patient 

never ceases to make water. The discharge is as incessant 

a s a sluice let off. The patient does not survive long, 

for the marasmus is rapid and death speedy. The thirst is 

ungovernable, the copious potations are more than equaled 

by the profuse urinary discharge". During the past half 

cent ury, this terrible disease has been brought under con­

trol , though not cure_d, and t hose afflicted are able to en­

joy f ull, productive lives t hrough the use of insulin. 

1 
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In 192.3 , only two years after the laboratory brea...k­

through , commercial insulin became available to all pl:i..y­

sicians in the treatment of diabetes mell itus. Suffering 

from the disease began to be alleviated, and the hidden 

nature of the disease began to be unfolded. The point in 

time, the discovery of insulin occupies, in the history of 

man's struggle to rule his internal environment is signifi­

cant. Some thirty years later Dr. Elliott P. Joslin1 said: 

11 The finding of insulin by Banting and Best was unusual in 

that it was an anticipatory discovery. Then there were 
-

comparatively fe-w diabetics in the world, because the aver-

age age at death of people was generally around forty years, 

whereas onset of two-thirds of all cases of diabetes occurs 

above the age of forty. Future generations t~erefore will 

rise up and call them blessed even more than those in their 

own generation". 

Diabetes mellitus is a chronic systemic disease 

characterized by disorders in (1) metabolism of insulin 

and of carbohydrate, fat, and protein, and (2) the structure 

and function of blood vessels. Vascular degeneration is 

common in those who have been diabetics for 15 years or 

more a...~d manifests itself in an unusually high incidence of 

arteriosclerotic disease of the heart, retina, kidney, and 

lower extremities. The primary defect in metabolism is de­

creased ability to utilize carbohydrates by oxidation, con­

version to fat, or sJorage as glycogen , because of diminish­

ed output or lowered effectiveness of iniulin. 

- I 



Diabetes e1ellitus ordinarily a_ppea.rs as one of two 

recognized clinical syndromes - the juvenile (youth-onset) 

type or the more common maturity-onset type . The incidence 

of these two kinds of diabetes is shovm in Figure 1, and 

their characteristics are listed and compared in Table 1. 

The Unites States Public Health Service3 estimates 

that in 1970 there were 4 mill ion diagnosed diabetics in 

the United States, approximately 2% of the population. 

Even more startling, is the estimation that about 6 million 

people are undetected diabetics who now have or will develop 

clinical diabetes. Undetected diabetes occurs at- a rate of 

8.1 cases per 1000 people per year. 

The frequency of occurrence for all age groups is 

shovm in Figure 2, which includes both male arid female. 

It is interesting to note that the incidence at all ages 

for females is 16.1 per 1000, and for males of all ages, 

12.9 per 1000. It has been estimated that the number of 

people rrho now have or will develop clinical diabetes may 

exceed 5% of the American population. 

Insulin therapy, as Table 1 indicates, is required 

in approximately 20 to 30% of maturity-onset diabetes, vrhile 

the youth-onset diabetes requires insulin administered on 

a daily basis in every case. The amount of ·insulin required 

for those diabetics who take it is dependent on their 

ability to; .maintain relatively normal blood sugar levels 

and sugar-free urine on a diet adequate to maintain ideal 

weight and nutrition. 

3 
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TABLE 1 

KETOSIS-RESISTANT (ADULT-ONSET) DIABETES COMPARED WITH KETOSIS-PRONE (JUVENILE) DIABETES2 

Factors 
Age of Onset •• • • • • • • 

Type of Onset••. • • • • 
Family History of Diabetes 
Nutri tional Status at Time 
of Onset.•• • • • • •. • 
Symptoms. • •. • • • • • • 

Hepatomegaly. • • • • • • • 
Stability• • • • • • • • • 

Control of Diabetes • • • • 
Ketosis • • • • • • • • • • 

Plasma Insulin (Endogenous) 

·• Vascular Complications and 
Degenerative Changes •• •• 
Dieto • • • • • • • • • • • 

Insulin • • • • • • • • • • 
Oral Agents. • • • • • • • 

Ketosis-Resistant I Ketosis-Prone 
Frequently over 35. • • • • • ~sually, but not always, , 

uring childhood or puberty 
Usually gradual • • • • • • • brupt 
Commonly positive • •• • •. ◄ requently positive 

Obesity usually present • • • 'sually undernourished 
Maybe none. • • • • • • • • • olydipsia, polyphagia, and 

olyuria 
Uncommon.••• • • • • • • • ather common 
Blood sugar fluctuations.• o /Blood sugar fluctuates widely 
are less marked in response to changes in In-

sulin, exercise, and infection 
Easy, especially if patient • Difficult 
adheres to proper diet • 
Uncommon except in the.••• Frequent, especially if treat­
presence of unusual stress or ment program is insufficient 
moderate-to-severe sepsis in food and/or insulin 
Plasma-insulin response may 
be (1) adequate but delayed .jNegligible to zero 
(2) diminished but not absent 

Frequent. • • ••• ••.••Infrequent until diabetes has 
If diet is utilized fully been present for about 5 years 
hypoglycemic therapy may not• Mandatory in all patients 
be needed 
Necessary for 20 to 30 •• • ./Necessary for all patients 
percent of patients 
Efficacious ••• , •. • • •• jRarely efficacious 

\J1 
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T.l- . 
_l, lS obvious from the above stateaent that insulin dosage 

will vary considerably from 1 to 2 lmits per day in recently 

disc over ed youth-onset types or mi ld mat urity- onset t ypes , 

to 100 or more units per day i n aor e sever e cases of bo th 

types of diabetes. In addition, insulin dosage may be 

affected by diet, daily exercise, fever, i nfection, severe 

trauma, and dysfunction of the thyroid, anterior pituitary 

and adrenal cortex glands. In diabetics of long duration, 

Yrhere bovine insulin has been taken over a period of years, 

and high levels of insulin antibodies are present in the 

circulating blood, large amounts of insulin are required, 

sometimes 1,000 or more units per day. 

B. Insulin Anti~enicity 

The term 11insulin resistance" is commonly used to 

denote any situation in which insulin requirements are ab­

n ormally elevated. Two types of insulin resistance is 

recognized: 1) nonimmune res istance; and 2) immune re­

sistance. In nonimmune resistance, the most common cause 

of i ncreased insulin requirement is obesity. Well known 

in clinical practice is the extremely overweight person 

who often requires insulin doses of 100 units or more per 

day. Upon losing weight, the same person may require very 

little ins ulin , in some cases may even be controlled by diet 

alone . Other nonimmune disorders sometimes associated with 

resis t an ce t o i nsulin ar e a cromegaly, hyperthyroidism, 

Cushing 1 s di sease, hemochr omat osis , chr oni c l ymphocyt ic 
SHY 

7 

leukemia , and liver disease .~oUttGSlOVi 
l\BRAR~ 3 11.1~0 

...&."<:_Ind.., 



frrnune insulin resistance results from the binding 

of exogenous insulin by antibodies in the serilln. Berson 

and Yalow4 first demonstrated that antibodies to insulin 

were present in the sera of insulin-treated diabetic patients . 

Furthermore, they demonstrated by electrophoretic and ultra­

centrifugal methods employing insulin-I131 , that in almost 

all human subjects (diabetic or nondiabetic) receiving 

exogenous insulin, antibodies capable of binding insulin 

soon appear. The quantitative agreement between insulin 

antibody levels in the circulating blood and insulin re­

quirements in patients with irMnune insulin resistance, 

further suggests that insulin-binding antibodies are re~ 

sponsible for the observed insulin-resistance. It is 

reasonable to assume that insulin bound to antibody is not 

immediately available to the cells and insulin requirements 

in such cases would be expected to increaseo The serum 

from these patients contains a mixture of free (If) and 

antibody-bound (Ib) insulin together with free antibody. 

These antibodies which neutralize the hormonal 

action of insulin arise spontaneously as a response to the 

antigenic stimulus. The antibodies thus formed are termed 

"specific" antibodies and can react only with the substance 
-

whi ch stimulated its production. Specificity depends upon 

the physiochemical structure of the reacting substances. 

In; immune insulin resistance patients where antibody 

levels are high, the use of pork insulin to replace beef 
~ 

insulin has proven to be effective in maintaining better 

control of the patient on 40-50% of the previous dosage. 



The pork insulin i:dll react rri th free insulin anti­

body present in hmw.n circulating blood ; however , i t may 

not bi nd to the same degree as beef insulin . Dif ferences 

9 

in the type and arr angement of ami no acids i n t he "A" chain 

of pork insulin, more closely resemble human insulin, as vrill 

be shm•m later in Table 3. Thus, pork insulin does not 

stimulate the immunological antibody-producing tissues as 

much as beef insulin5• This amino acid difference may also 

account for the changes in binding to the antibody. 

The half-life of insulin antibodies was studied by 

Sebriakova and Litt1e6 and found to be approximafely 18 ·1 days. 

Others7 have reported a half-1:i:,.fe of twenty days, but both -

are of the same order as that given for human gamma globin, 

namely 13 days8• Table 2 shovrs the decrease in insulin 

antibody over a period of 320 days as determined by 

Sebriakova and Litt1e6• 

M,iny factors contribute to the effect on insulin re­

quirements in the presence of insulin-binding antibodies. 

Berson and Yalow9 concluded that. the important factors were: 

a ) the rate at which insulin-antibody complexes are removed 

f rom the circulation; b) the ratio of bound to free insulin 

a t the free insulin concentration necessary for· control of 

diabetes; c) the extent of saturation of the antibody at 

this ratio; and d) the rate at v1hich · complexes form and dis­

sociate. ,In additi on, i nsulin requirements are dependent on 

fac t ors which effect exogenous free i nsulin as it becomes 

available such as: 



TABLE 2 

DECREASE I N I NSULIN ANTIBODY I NDEX 
I N DIABETIC PA'lTENT , A. S ., AFTER STOPPING 
BEEF LENTE I NSULIN TP..EATHENT. 6 

Days Off Binding Antibody Blood Sugar 
Capacity% Index* µU/ml t3 hr : pp.mg/1 oom: Insulin 

1 94 76,464 149 

4 95 71,300 169 

7 94 56,943 110 

1 1 97 53 ,363 120 

14 94 53,797 80 

18 90 36,450** 132 

20 88 31,208 104 

24 86 25,720 135 

30 86 22,218 152 

70 93 1L1-,894 -
-

166 77 2,001 -
-

257 78 600 -
320 57 303 -

10 

*Significant de crease during first t hi rty days, P<•001. 
**Antibody half- life appr oximately eight een days . 
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1) the solubilj_ty of subcuta.neously injected insulin at the 

pH of body fluids; 2) the rate of hepatic degradation of 

insulin ; 3) the distribution of insulin into extravascular 

spaces; 4) the rate of metabolic, non-hepatic degradation 

of insulin; and 5) the rate of uptake by peripheral tissues. 

All these factors contribute to the half-life of insulin 

vrhich has been estimated by Yalow and Berson 1 O, to be 

approximately 35 minutes or degraded at the rate of about 

2% per minute. Soeldner and Stone 1s 11 data, developed from 

intravenous glucose tolerance tests, indicate that the half­

life of endogenous insulin may be as short as 8 to 10 minutes. 

c. Statement of the Problem 

Since the development of the competitive binding 

assay based on the use of radioisotope labeled ligands in 

1959 by Yalovr aYJ.d Berson 12 , this technique has found ac­

ceptaYJ.ce as the method of choice in the assay of insulin. 

The reasons for such widespread acceptance of this basic 

teclLnique appears to be related to the chemical specificity 

and the high sensitivity permitting quite accurate estimations 

of minute amounts of insulin present in the circulating blood. 

Many modifications have been proposed since 1959· to the 

original RIA procedure for insulin and have led to greater 

simplification and more widespread use in clinical labora­

tories throughout the world. 
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The serum i nsulin levels :L-n patients previo1.,;.sly 

treo.ted rrith ii1sulin , hovrcver , cannot be deternined by the 

or iginal method or by most of the modifications because of 

the presence of human anti-insulin antibodies. These anti­

bodies combine with the added radiolabeled insulin and inter­

fere in the competitive reaction between radiolabeled 

insulin, endogenous insulin present in the seru..m, and guinea 

pig anti-insulin antibody. 

Results of the RIA assay for insulin in the presence 

of insulin antibodies are completely unreliable and may, in 

fact, be misleading in interpretation of high patient 

insulin levels. The analyst cannot determine from the data 

that antibodies were present and are affecting the assay. 

The exception vrould be when high l~vels of insulin-a11.tibody 

are encountered, and the limits of the system are exceded. 

This conceivably could alert the analyst to review the 

patient history for the possibility of previous insulin 

therapy. 

The RIA method for insulin assay has been used 

primarily along ·with the glucose tolerance test to determine: 

1) the degree of pancreatic insufficiency or damage in sus­

pected diabetics; and 2) the importance of the metabolic 

factors as a cause of the decreased glucose tolerance. 

Through this measurement, the course of the disease can be 

better for'eseen. The insulin response to a glucose load 

allows classificatio;n of diabetes into 3 major types: 



1) latent diabetes associated vrith obesity rrhere there is 

decreased glucose tolerance with full insulin response; 

13 

2) diabetes with partial insulin response where there is 

decreased glucose tolerar1ce, but the rise of insulin is not 

proportional to the rise of blood glucose. Most cases of 

adult-onset diabetes are found in this catagory with va:ry­

ing degrees of response; and 3) diabetes without insulin 

response where there is significant absence of pancreatic 

response to glucose challenge. This type of diabetes is 

usually found in youth-onset ·or in severe forms of adult­

onset diabetes. 

The insulin - RIA is also of importance for the . 

diagnosis of ins·ulinomas, as the measurement of glucose 

levels alone does not allow one to differentiate them from 

other glucose-lowering processes. The use of insulin - RIA, 

together with the measurement of blood glucose, has made 

possible the diagnosis of most of the insulin-secreting 

tumors. 

The need for measuring free insulin levels in insulin 

treated diabetics to follow the dynamics of insulin therapy 

may be advantageous and has led to development of several 

RIA methods. Berson and Yalow13 described a method employ­

ing an ultracentrifuge in the sepa:ration of free insulin from 
-

the antibody-bound complexes. The ultracentrifuge, while 

providing an excellent method for sepa:ration, is not readily 

available in most cl~nical laboratories. Other methods have 

been proposed, including acid-ethanol anct neutral ethanol 

extraction , talc absorption, dioxane extraction, and 
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ultra.filtration methods . None of these methods have found 

rridespread use because of : 1) the difficul ty in performance 

of the test or in obtaining materials ai."1.d apparatus; 2 ) the 

unsatisfactory results obtained; and 3) the poor clinical 

correlation observed. 

In 1971, Desbuquois and Aurbach14 reported on the 

use of aqueous polyethylene glycol (PEG) as a means of 

separating heavier molecular weight antibody-bound peptide 

hormones with little or no precipitation of smaller molecular 

weight free hormones. Their .preliminary investigations 

suggested that PEG could be applied advantageously to sepa­

ration of phases and that the PEG hormone-rich upper phase 

could be used directly in various RIA systems. 

Nakagawa et al. 15 reported _a simplified method for 

determining free and total insulin levels in insulin-treated 

patients using PEG to separate the free hormone from insulin­

antibody complexes and free antibody present in the serum of 

insulin-treated patients. The PEG extract was used directly 

in the RIA system as described by Desbuquois and Aurbach14. 

V/hile the technique of this procedure for separating the free 

insulin from insulin-antibodies appears to be good, the RIA 

system is rather difficult and time consuming and does not 

lend itself to widespread clinical usage. In addition, the 

recovery of unlabeled insulin from normal serum for the free 

method rras 1 '75%, and by the method for total insulin, ·was 78% 

indicating that the analytical procedure may not be as 

sensitive as desired. 



The purpose of this investigation therefore, was an 

attempt to utilize the PEG e;rtraction technique as proposed 

in 1971 by Desbuquois and Aurbach14, and study the possi­

bility of using the PEG directly in a simplified, more 

practical RIA system. Development of the free insulin 

method as proposed would permit the measurement of free 

circulating insulin in insulin-treated diabetics to be 

simplified sufficiently so as to become useful to the 

clinical laboratory and the practicing physician in study­

ing the dynamics of insulin therapy. Also, development of 

the total insulin method as proposed would allow the 

measurement of insulin-antibody levels to be followed in 

insulin therapy. The ability for the physician to dis­

tinguish between immune insulin resistance and other types 

of insulin resistance could be extremely desirable. 

I. 
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CHAPTER II 

THEORY 

A. Insulin Biosynthesis 

Insulin belongs to that group of biological sub­

stances 1r..novm as protein hormones. These hormones se­

creted by the pituitary, the pancreas, and the parathyroid 

glands, all are protein in nature. Hormones, in general, 

are defined as any substance normally produced by- special­

ized cells in some part of the body and carried by the 

blood stream to another part of the body from which it 

affects the body as a whole. 

Insulin, sometimes called the antidiabetic hormone 

is produced in the pancreas by the beta cells of the islets 

of Langerhans. It is lmown that the islets of Langerhans 

consists of at least t wo types of cells, the "A" or alpha 

cell and the 11B11 or beta cell and that these cells can be 

differentiated from each other in sectioned tissue by 

special stains. One method makes use of chrome alum hema­

t oxylin phloxine which stains the granules of the beta cell 

a deep blue. In contrast, the alpha-cell granules stain 

r ed and appear to be much finer than the be t a-cell granules. 

Beta cells1 ·outnumber all other islet cells. 

16 



It is generally agreed that insulin is formed from 

the proteolytic transformation of proinsulin into insulin 

and C- peptide . Proinsulin, then is considered an insulin 

17 

precursor. This proteolytic transformation occurs within 

the beta cells of the islets of La~gerhans, probably with­

in the Golgi apparatus and in newly formed secretory 

granules as shovm in Figure 3. Kemmler and Steiner16 , 

postulated the intracellular beta cell events associated 

with insulin production in 1970. The conversion of pro­

insulin to insulin and C-peptide appears to be a complex 

process that occurs in the Golgi apparatus and requires the 

participation of several enzyme?• The products of trans­

formation are then stored within the secretory sacs of the 

beta cell and discharged into the circulating blood in re­

sponse to the metabolic signals that trigger insulin release. 

Since insulin as stated earlier, is a hormone, it 

must be released by the beta cell into the circulating 

blood and carried to another site of the body where it can 

function to control certain metabolic activities. To reach 

these sites of action, it must first break out of its 

capsule and leave the beta cell. This process of insulin 

ejection from the beta cell is called "emiocytosis11 • The 
. 

me chanism of emiocytosis is not completely understood, 

however it does appear to involve the- fusion of the beta 

cell plasma- membrane and the storage granule sac followed 

by rupture at the point of fusion. As a result, a passage-
~ 

·way is provided for the insulin granule to escape from the 

beta cell. 



-

THE . BETA · CELL 
(SCHEMATIC) 

' . 

Figure 3. Schematic Representation of the 
i-forphological Organization of the Biosynthetic 
and Secretory Apparatus of the ~ancreatic Beta Celi.17 
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The insulin granules , at the time of emiocytosis 

appears to tmdergo a transformation. The free granules 

found in the storage sacs of the beta cell containing many 

molecules of insulin are not found outside the beta cell. 

it is believed that insulin is ejected from the beta cell 

in a non-granular form, or may even be in the soluble 

state, perhaps bound to protein. 
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Although insulin is the main product of the prote­

olytic cleavage of proinsulin, C-peptide, the other product 

of proinsulin transformation is also stored in the beta cells 

and secreted along with insulin in essentially equal molar 

equivalent amounts. At the present time, no physiological 

functions can be ascribed to the C-peptide17, although it 

has been proposed that it plays so~e regulatory role in the 

biosynthesis, conversion, storage, or secretion of insulin. 

The chemistry and nature of C-peptide will be considered 

later in this section. 

B. The Chemistry of Proinsulin 

Proinsulin consists of three polypeptide chains, 

linked together and containing a total of 84 amino acids. 

The C chain forms a loop connecting the glycine residue at 

position Al with the alanine residue at position B30. 

Tvro cysteines join the A and B chains by S-S bridges be­

t-ween positions A7 and B7 and between positions A20 and 

B19. In addition there is an internal S-S bridge between 

positions A6 and A11 of the A chain . See Figure 4. 
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Figure 4_,. 

AMINO ACID SEQUENCES OP PROINSUUNS Al','D JNTERMEUIATE.!l 
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':L1he Amino Acid Sequence of Porcine Proinsulin. 19 
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~:he connecting polypeptide li11king the COOH terminus of the 

B chain to the NHz terminus of the A chain is the C-peptide 

portion. Chance and Ellis18 isolated porcine proinsulin and 

found it to have a molecular weight of 9,000. Danowski and 

Lombardo20 isolated samples of proinsulin from porcine and 
+ human sera and folu1d the molecular weight to be 1 O, 600 -

1, ooo. 

Structural analysis of mammalian proinsulin has 

shown that the polypeptide chain is arranged as: NR2-B 

chain-Arg-Arg-C-peptide chain-Lys-Arg-A chain-COOR. The 

pairs of basic amino acids linking the C-peptide to the A 

and B chai...n.s of the insulin por-tion of the molecule serve 

as acceptable sites for proteolysis by several enzymes as 

shovm in Figure 5. 

The transformation of proinsulin can be accomplished 

in-vitro by a mixture of trypsin and carboxypeptidase B vri th 

the liberation of the pairs of basic residues as free &~ino 

acids and the normal conversion products of insulin and 

C-peptide. The converting enzymes present in the beta cell 

for in-vivo transformation of proinsulin is still specula­

tive and further study will be required to isolate these 

proteolytic enzymes. 

Kemmler, et al. 17 proposed 2 partly cleaved forms 

of proinsulin, Figure 6, found to be present in crystalline 

preparations of bovine insulin. These intermediate forms I 

and II of bovine proinsulin could conceivably be possible 
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Figure 5. Structure of Bovine Proinsulin Shov1ing 
Sites of Cleavage by Trypsin.17 
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PROINSULIN CONVERSION -

~ 

INTERMEOIAJE · X 

PROtNSUUN 

INSUUH AHO C-PB"1ltn: . 

~ 

1NraMEOIATE. II 

Figure 6. Proposed Conversion of Proinsulin to 
Insulin by the Concerted Action of Trypsin and Excess 
Carboxypeptidase B. Intermediates I and II ax·e the 
Viajor Partly Cleaved Forms of Proinsulin Pre9.ent in 
Crystalline Prepa.ra:tions of Bovine Insulin. 1 / 
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in the proteol ytic enzyne systeD using trypsin and carboxy­

peptidase B. 

Proinsulin has a very low level of metaboli c 

activity , much less than insulin. Recent studies indicate 

that vrhen proinsulin is injected into animals it has a 

biological activity equivalent to 15-20% of insulin36• 

Intermediate or partially cleaved forms of pro­

insulin together with single chain proinsulin account for 

less than 5% of the total circulating insulin in bovine 

and porcine sera. The highest concentrations were observed 

in the basal stateo 

Proinsulin and intermediate forms have also been 

found in human circulating blood in small amounts. Recent 

investigations21 have shovm that proinsulin-reactive anti­

bodies are present in diabetic patients treated with com­

mercial insulin. This can be 1L~derstood since ·proinsulin 

crystallizes together vii th insulin during the manufacturing 

process; thus allowing variable ax.11ou.nts to be included in 

the insulin preparation. Proinsulin and insulin are both 

antigenic and induce antibody formation both in e.nimals 

and humans. 

c. The Chemistry _o_f Insulin -

Insulin, the antidiabetic hormone is a polypeptide 

consisting' ·of 51 amino acids and having a minimum molecular 

vreight of 6,000. Tb,.e insulin molecule is composed of 2 

polypeptide chains designated 11A11 and 1tBi't as depicted 

scher:.iatically in Figure 7. · 



AMINO ACm 
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IALA 
9SER 
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"A" CHAiN 

COOH 
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PHe-i)'NH, 
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Figure 7. Schematic Representation of Beef 
Insulin Showing Two Polypeptide Chains _Connected 
by Trrn Disulfide Bridges. 2 . 

I. 
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The "A" and "B" chains are connected by 2 interchain di­

sulfide bridges of cysteine. In addition, the HAU chain 

of insulin contains an intrachain disulfide bridge with­

in which a species difference in amino acid composition 

occurs, primarily at positions 8, 9, and 10. Pork, dog, 

and human insulin have a similar amino acid composition 

at these positions while beef insulin has alanine rather 

than threonine in the 8 position. Table 3 shows the 

differences in the amino acid sequence in mammals. 

The "A" chain is an acidic peptide with glycine as 

the N-terminal amino acid. It contains 21 amino acids with 

a molecular weight of appro:icimately 2,750. The "B" chain 

is a basic peptide with phenylalanine as the N-terminal 

amino acid. It contains 30 amino acids and has a molecular 

weight of approximately 3,700. 
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Recent work by Hodgkins22 employing electron density 

maps suggests that insulin crystals contain 6 insulin mole­

cules held closely together around 2 zinc atoms to form a 

spheroidal unit. Within each spheroidal hexamer, one can 

see 3 individual molecules of insulin attached to each of 

the 2 zinc atoms, with no attachment between the zinc atoms. 

Zinc has been considered to form an integral portion of the 
-

insulin molecule, although neither the exact manner in which 

it is bound or the exact function is ·known with certainty. 

The zinc content of crystalline insulin has been shown to 

vary from 0.3 per cent to 0.6 per cent dependi~g on the pH 
~ 

of crystallization. 



T.f-1..BLE 3 

SPECIES DIFFERENCES IN AMINO ACID 
SEQUENCE OF M.AJ·1M.ALI.AN INSULINS. 2 

Positions 
Species "A" Chain 

8 9 10 

Beef .Alanine Serine Valine 

Pork Threonine Serine Isoleucine 

Human Threonine Serine Isoleucine 

Other Species 

Dog Threonine Serine Isoleucine 

Sperm Whale Threonine Serine Isoleucine 

, 

Rabbit Threonine Serine Isoleucine 

Horse Threonine Glycine Isoleucine 

Sheep .Alanine · Glycine Valine 

Sei Whale Alanine Serine Threonine 

~ 
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"B" Chain 

30 

-
Alanine 

Alanine 

Threonine 

Alanine 

.Alanine 

Serine 

Alanine 

Alanine 

.Alanine 



The zinc content of human pancreas ranges from 18.5 to 

30.4 mg per kg of f r esh gland2• 
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The activity of insulin is destroyed by alteration 

of the free NH2 groups as by reaction with formaldehyde, 

or by the reduction of the disulfide linkages between the 

"A" and "Btt chains and within the "A" chain by such 

chemicals as cysteine, thioglycolic acid, or leucomethylene 

blue. Insulin is inactivated by pepsin and chymotrypsin, 

but is resistant to trypsin.digestion. Digestion of insulin 

with proteolytic enzymes also inactivates the hormone, and 

for this reason it cannot be administered orally.- Insulin 

is comparatively resistant to d~naturation by organic 

solvents and dilute acids, but may be irreversibly denatured 

with alkali. The activity of insulin is also destroyed in­

vivo by an insulin-inactivating enzyme, insulinase. 

Insulinase is found primarily in the liver, but to a 

lesser degree in kidney and muscle and is responsible for 

the short half life of insulin, about 35 minutes. In plasma, 

insulin destruction proceeds very slowly since insulinase 

is not present or present in such small quantities that it 

has very little degrading effect. 

Most commercial insulin preparations in this country 
-

are made from a combination of beef and pork insulin in 

approximate ratio of 70% beef and 30%. pork. It has been 

estimated that 1 pound of pure zinc-insulin crystals can 

be produced from about 10,000 pounds of raw pancreas23o 
~ 



Insulin preparations are standardized by measuring 

their effect in the blood sugar of experimentai a..nim~ls 1 

usually rabbits. One unit of in$ulin is the amount re­

quired to reduce the blood sugar level of a normal 2 kg 

rabbit after a 24 hour fast from 120 to 45 mg per 100 ml. 

More recently, an international standard preparation of 

zinc-insulin crystals has been maintained at the National 

Institute for Medical Research in London. One unit of 

insulin is 1/24 mg of this standard preparation. Origi­

nally the unit of insulin was based on the physiological 

reaction of rabbits, but now to insure greater uniformity 

among insulin manufacturers and researchers, it is based 
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on an absolute weight of insulin prepared from a recrystal­

lized sample. The USP standard and the International 

standard are the same. 

Over the years, forms of insulin have been developed 

to obtain the desired effect in the treatment of diabetes. 

Fast and long acting preparations were developed to meet 

the needs of all diabetics and additionally, to reduce the 

number of injections required per day. The basic principle 

involved in the prolongation of the action of insulin is 

that of a material with low solubility at the pH of body 

fluids. Relative insolubility of different -modifications 

has accounted for the various intermediate timing charac­

teristics pbserved. 
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Five forms of insulin are commercially available in 

this country and other parts of the world: 1) Regular 

insulin made from zinc-insulin crystals is a clear solution 

and has rapid action. It is usually administered subcu- , 

taneously 1/2 to 2 hours before a meal so that its physio­

logical effects will coincide with the absorption of glucose. 

If only regular insulin is used in controlling diabetes, it 

may be necessary to administer several injections because 

of its short duration as shown in Table 4. 2) Protamine­

zinc insulin is a preparation made by mixing insulin, prota­

mine, and zinc in a buffered solution. The resulting pre­

cipitate when injected subcutaneously has poor solubility 

at the pH of body fluids and is slowly absorbed from the 

site of injection. Thus, the depot of insulin is slowly 

available over a period of 36 hours with peak action at 14 

to 24 hours. 3) Globin, another basic protein has been 

used to modify the solubility of insulin. It is available 

commercially, as Globin insulin, but has not found wide= 

spread use because of its failure to prov.i_de slow insulin 

release over a 24 hour or longer period. 4) NPH .i_nsuJ.in 

was developed in an attempt to obtain the advantages of 

regular and protamine zinc insulin, yet reta.i_n the optimum 

timing of release so as to protect the patient from one day 

to the next with only one fujection. At the Hagedorn 

laboratories fu Copenhagen, it was discovered that careful 

control of the rati~ of protamine and insulin made it 

possible to produce crystals in which the amounts of 



TABLE 4 

TYPES OF INSULIN AVAILABLE IN THE UNITED STATEs.24 

Duration Zinc Content Protein 
Type of Insulin Appearance Action (Hours) (mgm/100 Units ) Buffer Type mgm% 

Regular 
0.016-0.04 Crystalline Clear Rapid 5-7 None None -

Semilente r.rurbid Rapid 12-16 0.2-0~25 Acetate None -
Inter-

Globin Clear mediate 18-2L~ 0.25-0.35 None Globin 3.8 
Inter-

' NPH Turbid mediate 24-28 0.016-0.04 Phosphate Protamine 0 . 5 

, Inter-
Lente Turbid mediate 24-28 0.2-0.25 Acetate None -
Pro ta.mine 
Zinc Turbid Prolonged 36+ 0.2-0.25 Phosphate Protamine 1.25 

I 

Ultralente Turbid Prolonged 36+ 0.2-0.25 Acetate None -

\.N _. 



protamine and insulin approach stoichiometric proportion. 

5) Lente insulin preparations were developed based on the 

concept of combining the insulin with increased amounts of 

zinc and eliminating the modifying protein such as globin 

or protamine. By using an acetate buffer, a higher concen­

tration of zinc could be made to combine with insulin in 

such a wa:y that the resulting product was very insoluble 

at pH 7.4. Two physical forms can be produced :by careful 

adjustment of the pH. The crystalline form, Ultralente, 

is more insoluble and consequently very long acting. 

The amorphous form, Semilente, presents more surface area 
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to the body fluids and therefore is more quickly absorbed. · 

Clinical evaluation suggested that perhaps the best prepa­

ration could be achieved by mixing the Semilente and Ultra­

lente together in ratio!s of 30% and ?0%. This mixture, 

designated Lente insulin has almost the same characteristics 

of NPH insulin except that Lente is free of a modifying 

protein. 

During the past 10 to 15 years, the most commonly 

used concentrations of exogenous insulin of all forms were 

U-40 and U-80, indicating 40 and 80 units per ml. Syringes 

for injection we-e made and clearly labeled with either 

U-40 or U-80 to prevent patient error in prescribed dosage. 

Insulin dosage units are interchangeable providing the 

proper syringe is used for each type of insulin. The cali­

bration of the U-80 syringe is such that 80 units of insulin 
~ 

is contained in one ml. It is important , to use U-40 
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syri nges with U- 40 insulin and U-80 syr i nges with U-80 

i nsulin. It has been esti mated that pati ent errors in 

ad.ministration of i nsulin may be as high as 58 per cent . 

Much of the error is due to a misunderstanding of the 

amount and concentration the patient has been told to use. 

Some patients become confused by the availability of 

numerous types of color-coded insulin vials and the variety 

of single and douple-scale syringes. 

Recently a new concept in insulin therapy based on 

a standardized and simplified delivery system has been 

approved by the American Diabetes .Association and- is becoming 

the method of choice recommended by most physicians. The 

new concept is based on the development of U-100 insulin, 

a purer and more concentrated preparation of insulin. U-100 

contains 100 units per ml and is the concentration most 

suitable for all insulin-dependent diabetics. It may soon 

replace U-40 and U-80 insulin preparations and may lead to 

a reduction in the frequency of mistakes in the patient 

administration of insulin. 

U-100 is available in all formulations including 

Regular, Protamine-Zinc, NPH, Lente, Ultralente, and Semi­

lente. To make it easy to use u-100, new syringes have been 

developed with improved design and markings. It is im-
-

portant for patients to use U-100 syringes with U-100 

insulin to' · avoid dosage error which may result in hypogly­

cemia or hyperglycenp.a. Other benefits derived include: 



1) less volume per injection because of increased potency; 

thus, less discomfort to the patient; 2) high dosage 

insulin users may not need additional injections during 
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a 24 hour period; and 3) because of improved manufacturing 

processes, less impurities are found leading to reduced 

local reactions and systemic allergic reactions following 

administration. 

In the early literature on insulin chemistry, it 

seemed unusual to many researchers that such powerful and 

biological effects should be · controlled by a molecule con­

taining only the common amino acids present in many other 

molecules. Today following 50 years of research and de­

velopment and with our expanded knowledge of its structure 

and amino acid spatial configuration, it still seems un­

usual to many that we cannot understand its mode of action. 

n. , The Chemistry of C-Peptide 

The products of proinsulin transformation as 

earlier described are insulin, C-peptide, and pairs of 

basic residues as free amino acids. C-peptide is the 

connecting peptide in the insulin precursor linking the 

COOH terminus of the HB11 chain to the NH2 terminus of the 

11A0 chain. The co~mecting peptide of :porcine proinsulin 

before cleavage contains 33 amino acids and is larger than 

the "A" or "B" chain of porcine insulin as shown in Figure 

4. C-peptide has a ~molecular weight of approximately 3,000 

and shows a species difference in number; type, and sequence 



35 

arrangement. The human C-peptide fragment after cleavage, 

is similar to that of the 26 residue bovine C-peptide and 

the 29 residue porcine C-peptide, except for the presence 

of 31 amino acids as shown in a comparison chart, Figure 8. 

Recent work by Rubenstein25 has confirmed the fact 

that C-peptide is stored in the beta cell and secreted 

along with insulin 1n essential molar equivalence. Circu­

lating C-peptide was found present in small amounts in serum 

of humans and cows in the fasting state. After glucose 

administration in both humans and cows, the C-peptide level 

was significantly increased over fasting levels. The evi­

dence appears to favor the concept that C-peptide is stored 

with insulin in the storage granules of the beta cell. 

Subsequent liberation of the entire granule by eraiocytosis 

releases stoichimetric amounts of insulin and C-peptide, 

as well as small amounts of proinsulin and proinsulin inter­

mediates. 

Following the development of an immunoassay for 

human C-peptide, Rubenstein25 found the level in healthy, 
+ fasting subjects to be 1.0 - 0.23 ng/ml. In these same 

patients 60 minutes after oral glucose, he fotmd a mean level 

of 3.1 ng/ml. The C-peptide immunoreactive assay (CPR) can 

be nsed to measure beta cell secretory capacity in insulin­

treated patients where the presence of antibodies makes the 

RIA procedure for insulin tmreliable. 



Human 

Monkey 

Pig 

Cow, Sheep 

Dog 

Human 

Monkey 

Pig 

Cow, She-ep 

Dog 

Amino acid sequences of proinsulin C-peptides 

I 2 3 4 :5 6 7 8 9 IO II I2 , 13 14 I:5 16 

Nf4-G!u • Ala. Glu • &p. Leu. Gin --Val • Gly ·Gin· Val. Glu ·Leu· Gly • Gly. G!y. Pro . 

NH.z-Glu - Ah • Glu • Asp • Pro • G!n • Val • Gly • Gln • Val • Glu • Leu • Gly • Gly • Gly • Pro 

NH2-Glu - Ala • Glu • Asn • Pro - Gin • Ala • Gly • Ala • Val • G!u • Leu • Gly - Gly • G!y • Leu 

NH2-Glu • Val • Glu • Gly • Pro • Gin • Val :· Gly • Ala • Leu • Glu • Leu • Ala • Gly • Gly • Pro 

NHz·&p • Val • Glu - - - - · - - - - Leu • Ala • Gly • AJ;r . • Pro 

17 18 r9 20 21 2:z 23 24 2:5 26 27 28 29 30 3r 

Gly • Ala • Gly • Ser • Leu • Gin • Pro • Leu • Al~ • Leu • Glu • Gly • Ser • Leu - Gln-COOH 

Gly - Ala • Gly • Ser - Leu • Gin • Pro • Leu • }.fo O Leu • Glu • Gly • Ser • Leu • Gln-COOH 

Gly - Gly · - Leu • Gln • Ala • Leu • Ala • Leu • Glu • Gly • Pro • Pro - Glo-COOH 

Gly • Al:i • Gly - - - - - Gly • Leu • Glu • Gly • Pro • Pro • Gln-COOH 

Gly : Glu - Gly • Gly - Leu • Gin • Pro • Leu • Ala • Leu • G!u • G!y • Al:i • Leu • Gln-COOH 

Figure 86 Comparison of the Amino Acid Sequences of Proinsulin 
C-Peptides From Human, Monkey, Bovine, Ovine, Porcine and Canine 
PancreaG. All the Differences Shown Can be Accounted For by Single 
Nucleotide Replacements Except For Positions 4 (Asn-Gly), 9 (Gln-Ala) 
and 29 (Ser-Pro-Ala), Vfhore at Least 1:l."wo Nucleot:Lde Replacements 
IIav8 Occurred. 17 

vJ 

°' 
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At the present time, no physiological function has 

been ascribed to the C-peptide~ It has baen pi-oposed that 

it may play some regulatory role in the biosynthesis, con­

version, storage or secretion of insulin. Yet, the most 

important role of C-peptide may be in its ability to serve 

the function of holding the "A" and ttBtt chains of proinsulin 

together and thereby promote the correct S-S bonding between 

the two. It is clear that more information is needed to 

clarify the physiological role of C-peptide and also the · 

function it serves in its role as a connecting polypeptide. 

Et, The Chemistry of Polyet~ylene Glycol 

Polyethylene glycols, of the general formula 

HOCH2(CH20CH2)xCH20H are readily available as polymers of 

different molecular weight. These compounds that are a­

vailable and have been studied for their protein precipi­

tation properties are polymers with average molecular 

weights of 1,500, 4,000, 6,000, and 20,000. All are soft, 

white, waxy solids with good storage characteristics. 

Polyethylene glycol {PEG) compounds do not hydrolyze or 

deteriorate easily on storage and will not support mold 

or bacterial growth. PEG compounds show good solubility 

in H2o at 20° C with values ranging from 500/4 for the PEG 

{20,000) to 7CY/o fo~ PEG (1,500). 

Many investigators26,27 have demonstrated the 

ability of high mol~cular weight linear polymers such as 

polyethylene glycol, dextran, polyvinyl alcohol, and 
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polyvinyl pyrrol idone to precipit ate proteins. Of thos e 

studied, Pol son26 , f olllld that polyethyl ene gl ycol (mol. wt. 

6 ,000) appeared to be the most suitable protei n precipi tant 

because its solutions were less viscous and caused virtually 

no denaturation at room temperature. Further, it was found 

that quantitative precipitation of a protein will occur over 

a wide range of concentration when the low molecular weight 

polymers are used. (less than 6,000 mol.wtJ With a resultant 

increased overlapping between the different fractions. 

Many investigators have studied the interaction be­

tween a protein and a polymer and have proposed several 

explanations; 1) that the prote~ and polymer form a complex· 

which leads to precipitation; 2) that the polymer sterically 

excludes the protein from part of the solvent and that this 

brings the protein solution to its solubility limit. 

Cesk.a27, in 1969, concluded that the ·precipitation of protein 

by polyethylene glycol polymers may be due to their strong 

hydrogen-bonding affinities. A competition for H20 molecules 

among proteins and polyethylene glycol polymers may be the 

important feature. The absence of highly charged groups in 

polyethylene glycol polymers suggest that their interactions 

with protein molecules occurs through hydrogen bonding. 

In the course of a study by Debuquois and Aurbach14, 

they found that aqueous PEG causes precipitation of higher 

molecular weight antibody-bound hormones but that smaller 

molecular weight free hormones remain in solution. 
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Several factors were found to affect the solubili­

ties of free and antibody-bound hormones~ 1) The minimum 

concentration of PEG required to assure complete precipi­

tation of the antibody-bound hormone was 10% w/v.; 2) Solu­

bility of the free hormone in aqueous PEG varies somewhat 

depending on the nature and concentration of the proteins. 

As the protein concentration increases, there is a slight 

increase in the precipitability of free hormone. This 

observation may be due to physical trapping of the hormone 

in the protein-precipitate; 3) There is no precipitation 

of antibody-bound hormone in serum albumin. Serum albumin 

is not -precipitable by PEG at pH 7 or higher; 4) The nature ­

of the hormone contributed to its behavior in PEG. It was 

found that precipitation of antibody-bound hormone was 

complete irrespective of the complex involved, but that 

solubility of the free hormone varied. Insulin and vaso­

pressin remained completely soluble, whereas growth hormone 

and parathyroid hormone showed some precipitation; 5) The 

effect of pH on insulin solubility was negligible from pH 

7 to 9. Precipitation of the antibody-bound hormone was 

not affected over the 7 to 9 pH range. 

The use of PEG appears to offer advantages to 

separation of phases in RIA. It can be used to precipitate 

antibody-bound ligands as v,ell as gamma-globulin. It can 

be used to'· determine bound to free ratios for many hormones 

present in the circulating blood. 



The use of PEG in the determination of free and 

antibody-bound insulin levels ap~ea.rs to provide a simple 

approach to measurement of insulin in the presence of 

insulin-antibodies. In addition, the polymer provides a 

practical method for clinical laboratories to measure 

insulin antibody levels 
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CHAPTER III 

Materials and Apparatus 

A, :Materials 

.All chemicals used were reagent grade or best 

available from the manufacturer as in the case of poly­

ethylene glycol and the insulin RIA reagents. 
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HCl and NaOH solutions were prepared from reagent 

grade chemicals, then titrated and adjusted again~t primary 

chemical standards to exactly 1.0 N concentration. The 1.0 

N reagents were then titrated against each other and adjust­

ed if necessary to insure proper neutralization in the test 

system. 

Polyethylene glycol, of the general formula 

HOCH2(CH20CH2 )xCH20H in 3 different molecular weight com­

pounds were obtained from J. T. Baker Company, Philipsburg, 

New Jersey. The PEG polymers had average molecular weights 

of 1,500, 6,000, and 20,000 with molecular weight ranges of 

1,300-1,600, 6,000-7,500, and 15,000-20,ooot respectively. 

All 3 molecular weight PEG polymers were made to 25% (w/v) 

aqueous solutions • .All 3 materials require .little mixing 

to dissolve since all show good solubility in H20• 

Solubilities range from 509b at 20° C for the 20,000 

molecular weight PEG, to 7CJ/o for the 1500 PEG. The so-
~ 

lutions were stored at refrigerator temp~rature (2° to 8°C) 
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unt i l needed. The stability of PEG solutions i s exceptionally 

good at eit her r·oom temperature or refri gerator temperatu:r-e. 

These l inear polymers do not suppor t mold or bacterial 

growth and show very little deterioration from oxidation 

or hydrolysis. 

The insulin reagents were obtained from Pharmacia 

Laboratories, Inc., Piscataway, New Jersey as the nphadebas r-: 

Insulin Test" kit. Each kit contains the following re­

agents, sufficient for 100 insulin determinations: 1) 

phosphate-saline buffer, pH 7.4, 50 m.mol/liter: 1.52 g 

of disodium hydrogen phosphate (Na2HPOLt2H20), 0.2 g of 

potassium di-hydrogen phosphate (KHzP04), 1.8 g of NaCl, 

and o.6 g of human serum albumin; 2) sephadex-anti-insulin 

complex, lyophilized; 3) insulin s~andard, porcine (320 

microunits/ml after reconstitution), lyophilized; and 4) 
1251-labeled insulin, porcine, 8 ng, 3 Jl Ci (at date of 

manufacture). 

Preparation of the reagents involves very little 

time and can be accomplished in 15 to 20 minutes prior to 

setting-up the test as follows: 1) buffer solution: 

dissolve the buffer powder in 200 ml of redistilled H2o. 
This provides a buffer solution of pH 7.4; 2) sephadex­

anti-insulin complex: transfer this material quantitatively 

to a 200 ml erlenmeyer flask containing a magnetic stirring 

r od using '100 ml of buffer solution in portions; 3) 125r-

1abeled porcine insulin: reconstitut e the lyophilized 

material by adding 10 ml volumetr ic pipet t e ; and 4) insulin 
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standard: reconstitute the lyophilized material by adding 

Lr ml of redist illed H2o with a volumet ric pipette. From 

t his s tock solution , working standards are prepared by 

diluting wi t h t he buffer to final concentrations of o, 5, 

10, 20, 40, 80, 160, and 320 microunits/ml. The doubling 

dilution technique as shovm in Table 5 may be used to ob­

tain the above concentrations~ 

The recommended storage temperature for the unopened 

reagents is between 2° C and 8° C with shelf life approxi­

mately 4 months. For storage conditions and shelf life 

of reconstituted reagents, see Table 6. The reagents are 

carefully matched for optimal efficiency and lyophilized 

to promote good stability. The stability of the labeled 

insulin limits the shelf life of the entire reagent system, 

but good results can be obtained for up to 4 months from 

date of manufacture providing a gamma-counter with high 

efficiency and low background is used. 

B. Apparatus 

All solutions were prepared from crystalline re­

agents using a Gram-atic Hettler balance available from 

Mettler Instrument Corporation, Hightstown, New Jersey. 

T'ne readability of the balance was 0.0001 grams. Volu­

metric flask.sand pipettes were employed to prepare all 

solutions to final volume. 



TABLE 5 

DOUBLING DILUTION TECHNIQUE FOR PREP.ARIHG 

WORKING ST.AJ-JDARD CURVE 

Insulin Content Final Insulin 
Concen:;_ration Standards ml Buffer ml Insulin f 1,TT ;-,, l \ 

A. 

B 
C 

D 

E 

F 
G 

H 

' - 1.0 320 
0.5 0.5 of A 160 
0.5 0.5 of B 80 
0.5 0.5 of C 40 
0.5 0.5 of D 20 
0.5 0.5 of E 10 

0.5 0.5 of F 5 
0.5 - 0 

TABLE 6 

SHELF LIFE AND STORA.GE TEMPERATURE OF 

(PH.ADEBAS) RECONSTITUTED REAGENTS 

-

Final 
Volwi1e 

( m l) 
' 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
1.0 

0.5 

Reagents Shelf Life/Temp. 

Sephadex-Anti-Insulin Complex 4 months at 2-8°c 

Buffer 4 months at 2-8°c 
. 

2-8°C Insulin Standard one week at 

Insulin- 1251 
4 r:10nths at -20°c 
one vrnek at 2-8°C 

; 
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TABLE 5 

DOUBLEW DILUTION TECHNIQUE FOR PREPP.JlIHG 

WORKING STJ\J-JD.ARD CURVE 

Insulin Content Final Insulin 
Concen:;ration Standards ml Buffer ml Ins ulin f 1, TT .,.., 7 \ 

A 

B 
C 

D 

E 

F 
G 

H 

,-

- 1.0 320 
0.5 0.5 of A 160 
0.5 0.5 of B 80 
0.5 0.5 of C 40 
0.5 0.5 of D 20 
0.5 0.5 of E 10 

0.5 0.5 of F 5 
0.5 - 0 

TABLE 6 

SHELF LIFE AND STORAGE ~L1EHPERATURE OF 

(PHl'i.DEBAS) RECONSTITUTED REAGENTS 

-

Final 
Volwi1e 

f ml) 
' 

, 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
1.0 
0.5 

Reagents Shelf Life/Temp. 

Sephadex-Anti-Insulin Complex 4 months at 2-8°c 

Buffer 4 months at 2-8°c 
. 

2-8°C Insulin Standard one week at 

Insuli n- 125I 
4 months at -20°c 
one week at 2-8°C 

; 
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In the clinical test phase of the project, all blood 

samples were drawn using B-D Hul tiple Sample Va.cutaine:t­

Systems with color-coded, red stoppered, pla.:in tubes for 

obtaining serum. These vacutainer tubes were 16 X 100 mm 

and have a 10 ml capacity. All B-D equipment is available 

from Becton-Dickinson Company, Rutherford, New Jersey. 

In addition to the "Phadeba.s Insulinu kit, the RIA 

system required plastic or siliconized glass centrifuge 

tubes with round bottoms. In these experiments, polystyrene, 

12 X 75 mm, disposable tubes were used. All tubes were ob-
-

tained from Scientific Products Company, McGaw Park, Illinois. 

The small volume of sample and labeled insulin need­

ed in the test procedure required a micro system of pipetting 

with good accuracy and precision. In addition, because of 

insulin adsorption on the walls of glass pipettes, the use 

of semi-automatic micropipettes with dispisable plastic tips 

is recommended. All pipetting employing 0.2 ml sample or 

less was done using a 50, 100, or 200 Jll ML.A precision pi­

pette with disposable tips. These units are manufactured 

by Medical Laboratory Automation, Inc., Mount Vernon, New 

York and distributed by Scientific Products Company, McGaw 

Park, Illinois. 

Centrifuging was accomplished by using an Inter~:~ 

national Model UV, non-refrigerated centrifuge and an Inter­

national Model PR-2 refrigerated centrifuge. Both were ob­

tained from International Equipment Company of Needham 

Heights, Mass. Speeds employed were between 2,500 and 3,000 
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RPM depending on number of carriers, t ubes, a.lld type of head 

employed. The terupe:rature of the refr igerated centrifuge 

was maintained bet ween 2° and 5° C while t he Model UV 

centrifuge was oper at ed in an air conditioned laboratory 

maintained between 25° to 27° c. 
11 Beckman .Hodel 76 Expandomatic pH meter was used 

with a Corning semi-micro combination electrode for measur­

ing pH of all samples. The Model ?6 pH meter was obtained 

from Beckman Instruments, Inc., Fullerton, California. The 

meter has a pH range from Oto 14 or expandable over any 2 

pH range. Stated accuracy, relative to buffer solution is 

! 0.05 pH for any value in the standard 0-14 range and!. 

0.01 pH for values in the expanded 2 pH range. All pH values 

measured in this project were obtained on the 0-14 standard 

pH range. The combination semi-micro electrode with Ag/AgCl 

internals is manufactured by Corning Glass Works, Scientific 

Instrum:ents Division, Medfield, Mass. The use of this 

electrode allowed minimum sample volume, often as little 

as 0.3 ml. The triple purpose glass membrane employed per­

mits measurements over the full 0-14 pH range with fast 

response time. The combination electrode is said to result 

in more accurate readings due to minimized polarization 

effects and electrical pick-up noise • 
.. 

:l\70 different gamma counters were used during the 

course of this study. Initially, a Baird-Atomic, Model 530 

Spectrometer in conjunction with a Baird-Atomic Model 810 C 

Well Scintillation Detector was employed; The Baird equipment 
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was obtained from Baird-Atomic, Cambridge, 1-'Iass. The well 

detecto:c- has a i-3/4 inch diameter X 2 inch thick, solid 

NaI crystal and ,:photomul ti,:plier tube. The sta11.dard source 

for calibration of the Baird System is 137csCl. The single 

well was satisfactory for initial test development; however, 

during the experimental and clinical phase, where many 

samples were being processed, it became necessary to use 

an instrument which permitted automatic counting at preset 

times. 

In the later phase of this project, a Packard Model 

5320 Auto-Gamma Spectrophotometer System was used- with 300 

sample capacity. Other features included controlled tempe~ 

ature, automatic operation, and teletype output. This unit 

was obtained from Packard Instrument Company, Do'Wilers Grove, 

Illinois. 

Results were comparable using either instrument, 

thus no basic technique changes were necessary. Both instru­

ments provided differential or integral windows, a low-level 

discriminator and window and low -level reject and back­

ground -'Subtract. Background cormts were approximately 20X 

higher for the Baird Instrument and could not be reduced; 

hm~•.ever, since background subtract was automatically em­

ployed, no problems were encountered by this relatively high 

background. 

Laboratory Data Manager (LDM) computer manufactured 

by T & T Technology pf Madison, Wisconsin was used for 

statistical computation. The LDH employs a Nova 1200 CPU 



with 24 K of 16 bit memory. In addition a 0.5 megabyte 

disk and a 120 colurn.n, 300 line per minute p:e·inter inter­

acting with the Nova 1200 CPU were utilized. The statis­

tical programs for determining mean values, standard 

deviation, coefficient of variation, regression data, and 

regression coefficient were written in real time disk 

operating system (ROOS) assembler language. 

48. 



CHAPTER IV 

RESULTS AND DISCUSSION 

A. Experimental Organization 

The efforts of this investigation were directed 

towards utilizing previously reported methods15 for free 

and total insulin extraction with PEG and using these 

extracts in the "Phadebas" insulin RIA system. 
-

The "Phadebas" method was used as the reference 
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procedure in evaluation of methods and data for the free 

and total insulin. Slight modification of the reference 

method was made and evaluated and found to improve the 

reproducibility of the procedure. Studies were conducted 

to determine precision of the reference method at 3 differ­

ent concentration levels of insulin. In addition, within­

run precision, between-run reproducibility and insulin 

recovery studies were conducted. · The standard insulin 

curves run with each test batch were compared to establish 

mean values, standard deviation, and coefficient of vari­

ation. 

Procedures for the free and total methods were 

developed and results compared to the 11Phadebas" reference 

method. Studies were conducted for the free and total 

methods to determine. correlation at 3 different concen-rc. 

t ration levels of insulin with the reference method. 



In addition, s t udies to establish within- run precision, 

between- rtlll reducibility and insulin recovery for both 

t he free and total methods wer e performed. Fi nally, t he 

aff ect of the PEG on the "Phadebas" reference method was 

investigated to establish the influence of PEG on all 

phases of the RIA system. 
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Clinical evaluation of the 3 methods using normal · 

subjects, non-insulin-treated diabetics and insulin-treated 

diabetics was carried out to a limited extent. Patients 

just starting insulin therapy as well as patients of long 

duration therapy were selected to determine an.d compare 

insulin-antibody levels. Several patients were selected 

to follow the dynamics of exogenous insulin release from 

intramuscular depots throughout a 16 hr. period in the 

absence of and in the presence of insulin binding anti­

bodies. 

B. Methods 

1. Blood Sample Collection 

Blood samples were drawn in 10 ml B-D vacutainer 

tubes and allowed to clot for 1 hr. at room temperature. 

After centrifugation, the serum was separate.d from the clot 

and placed in either glass test tube~ or polystyrene tubes 

and stored until assayed. The serum harvested from the 

clot was sufficient to test by all three methods described. 

Short term storage, less than 24 hrs., was at refrigerator 



temperature (2-8°c). Long term storage, where the assa:y 

could not be sta:r:ced for 24 hrs. or longer was at -20°c. 

51 

Feldman and Chapman28 have reported good stability 

of insulin in serum at room temperature for up to 4 hrs., 

however, their experimental data did not extend beyond this 

time period. They also reported good stability of insulin 

in serum stored at -15°c for up to 30 days and suggested 

that long term storage exceeding this period may result in 

significant insulin loss, as much as 59% in 18 months. 

The use of polystyrene tubes for storage of serum 

is said to avoid insulin adsorption to the walls of glass 

tubes. This phenomenon is observed with pure aqueous in­

sulin standards, but not observed to arry significant degree 

in serum containing protein. Reference29 is made to the 

use of plastic tubes for serum storage in several reports, 

but no data is given as to actual studies conducted. 

2. 11Phadebasst Reference Method 

The analytical procedure, was routinely performed 

using the following technique: 

a) Pipette 0.1 ml of standards or unknown samples in 

dupli.cate into 12X75 mm polystyrene tubes. 

b) Pipette 0.1 ml of 125r-labeled i.nsulin futo each tube. 

c) Pipette 1.0 ml of Sephadex-anti-insulin immunosorbant. 

Adequate mixing of the suspension while dispensing is 

necessary. 
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d) Stopper the tubes and incubate for 16 hrs. (overnight) 

at room temperature, keeping the particles in suspension 

by rotation of the tubes in a vertical rotator. 

e) Centrifuge the tubes at 2,500 to 3,000 rpm for 10 

minutes, then carefully remove the stoppers and aspi­

rate the supernatant dovm to within 8 mm of the bottom 

where the Sephadex particles are packed. An adjustable 

collared suction nozzle attached to a laboratory vacuum 

line or a water aspirator may be used. 

f) Pipette 2.0 ml of 0.9% (w/v) NaCl into each tube without 

splattering and centrifuge for 10 minutes. · 

g) The washing procedure should be repeated 3 times to 

remove all unbound 125I-labeled insulin. Extreme care 

must be used in the washing procedures to avoid removal 

of the particles. Loss of particles will result in 

lower counts and give falsely elevated insulin levels. 

h) After the last washing, withdraw the supernatant and re­

stopper the tubes. Determine the radioactivity in each 

of the tubes using a gamma-counter with high efficiency 

and low background. Counting times of between 2-5 

:minutes may be used. 

i) Calculation: Express the count rates (C~) for each of 

the standards and unknowns as a percentage of the mean 

count-rates (MCR) of the 11zerou samples. If automatic 
I. 

background subtract is not a feature of the gamma-

counter, signific~ant background counts should be sub­

tracted manually. 



y = 
(CR) of standards or unknowns 

( MGR) of ttzeros1' 

X 100 
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( 1 ) 

Plot the percentage values obtained for the insulin 

standards against the logarithm of insulin concentration on 

lin-log paper and construct a standard curve (Figure 9). 

The percentage values (Y) obtained for the insulin standards 

may also be plotted vs. insulin concentration on linear 

graph paper and a standard curve drawn (Figure 10). As 

an alternative to lin-log and linear plots, the percentage 

values (Y) for the insulin standards can be :plotted on 

legit-log paper which gives a virtually straight line curve -

(Figure 11). 

Read the concentration of insulin directly from the 

curve (in microunits/ml) for each of the unknown samples. 

3. Free Insulin Method 

The extraction of free insulin from serum with PEG 

was performed routinely as follows: 

a) Pipette 1.0 ml of serum into a 16X100 mm glass test tube. 

b) Pipette 1.0 ml of cold 25% (w/v) polyethylene glycol. 

c) The mixture is immediately mixed on a vortex mixer for 

one minute. 

d) Centrifuge the tubes at 2,500 to 3,000 rpm for 30 minutes 

in either a refrigerated or non-refrigerated centrifuge. 

e ) The upper phase is then used directly in the 11Phadebasn 

RIA system. 
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f ) The RIA system is f ollowed exactly as described under 

reference method with the exception of using the 0.1 

ml PEG extr act in place of the 0. 1 ml of un.knov-m serum. 
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g ) Calculation: Express t he count rates (GR) for each of 

the unknowns as a percent age of the mean count rates 

(MGR) of the zero samples (equation 1). Read the con­

centration of insulin directly from the standard curve 

prepared as described under reference method. Any one 

of the 3 types of standard curves may be used. The free 

insulin level in the serum is then calculated as follows: 

free insulin= µU/ml insulin from standard curve X 2 (2) 
(µU/ml} 

The factor 2 corrects the value for the 1:2 dilution 

of serum with PEG in the extraction procedure. 

4. Total Insulin Method 

The extraction of total insulin from serum with PEG 

is performed routinely as follows: 

a) Pipette 1.0 ml of serum into -a 16X100 mm glass test tube. 

b) Carefully add 0.2 ml of 1.0 N HCl and mix. 

c) Allow the mixture to stand at room temperature for 

one hour. 

d) Carefully add 0.2 ml of 1.0 N NaOH to the serum-acid 

mixture to neutralize and mix. 

e ) Pipette 1.4 ml of cold 25% (w/v) PEG into each unkno.wn 

tube. 



f) The mixture is immediately mixed on a vortex mixer f or 

one minute. 
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g ) Cent r i fuge t he t ubes at 2 ,500 to 3,000 rpm f or 30 minutes 

i n either a refrigerated or non-r efrigerated centrifuge. 

h) The supernatant should be clear, free of globulin type 

proteins. If turbidity is noticed, slight adjustment 

of pH to 8.5 t 0.3 is necessary. One small drop of 0.5 

N HCl (less than 0.05 ml) will adjust the pH to the de­

sired range for clearing of the material. Renuxi ng and 

recentrifugi.ng are again necessary to obtain the final 

clear extract. 

•i) The supernatant is used directly in the trPhadebasu RIA -

system. 

j) The RIA system is followed exactly as described under 

reference method with the exception of using 0.1 ml 

PEG extract in place of 0.1 ml unknmm serum. 

k) Calculation: Express the count rates (CR) for each of 

the unknowns as a percentage of the mean count rates 

(MCR) of the zero samples, (equation 1). Read the con­

centration of insulin directly from the standard curve 

prepared as described under reference method. Any one 

of the 3 types of standard curves may be used. The 

total insulin level in the serum is then calculated as 

follows: 

total insulin = JlU/ml insulin from standard curve (3) 
(pU/ml) ~ X 2.8 
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The fac t or 2.8 corrects the value for the 1:2.8 dilution 

of sel:'um with HCl, NaOH, and PEG in the extraction pro­

cedure. 

1) The antibody-bound insulin level may then be calculated 

as follows: 

bound-insulin = total insulin - free insulin (4) 
(J1U/ml) (pU/ml (µU/ml) 

The bound insulin reflects the amount of human insulin 

antibody present in circulating blood. Berson and Yalow9 

conclude from their experimental investigation? that in­

sulin is univalent in its reaction with antibody and that 

binding of more than a single antibody molecule at 

different possible antigenic sites is conceivably pro­

hibited by steric hindrance. 

c. Results 

1. The Effects of PEG on the RIA System 

Studies were conducted to determ:i.ne any interference 

in the RIA system by PEG. 

The effects of PEG on 125r-insulin solution was 

determ:i.ned by comparing duplicate counts of 0.1 ml labeled 

insulin (R-tube) and duplicate counts of tubes c·ontaining 

0.1 ml labeled insulin and O.l ml PEG (RP-tubes). The R-tube 

mean count1 was 24,909 counts/2 min. (SEM = 141) and the 

RP-tubes mean was 24,, 983 counts/2 min. (SEM = 186). The 

difference between the 2 mean counts is 74 and falls well 



within the 95% confidence limits for the standard error of 

the mean fort.he refe:r-ence method. 

The e.ffect of PEG on the "zero" tube (H) was de­

termined by comparing duplicate counts on the H-tubes 

containing 0.1 ml buffer, 0.1 ml labeled isotope, and 1.0 

ml of antibody-Sephadex complex with duplicate counts on 

the "zero" tubes (HP) containing 0.1 ml PEG, 0.1 ml label­

ed isotope, and 1.0 ml antibody-Sephadex complex. The H­

tube mean was 4,602 counts/2 min. (SEM = 80) and the HP­

tubes mean was 4, ?37 (SEM = 60). The difference between 

the 2 mean values is 135 and falls well within the 95% 

confidence limits for the standard error of the mean for 

the reference method. 
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The affect of PEG on the RIA system in the presence 

of unlabeled insulin is reflected by the degree of corre­

lation between the reference method and both the free and 

total insulin procedures in terms of final insulin concen­

tration. These figures will be presented under "Correlation 

of Method.a". The PEG could not be added to the reference 

method tubes in which 0.1 ml serum was added since the PEG 

precipitated the globulin fraction of proteins present and 

made the test unreliable. In view of this, mean counts 

could not be compared on an equal basis as was the case with 

the Rand H tubes. It then became obvious that correlation 

of methods ·in terms of recovered insulin could be used to 

demonstrate any int~rference by PEG on the RIA assay. 
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On t he basis of the 3 studies conducted and the data 

obt ained, i t was concl uded that PEG in t he volume and concen­

tration added did not interfere in t he "Phadebas" reference 

method. In addition, the us e of PEG to extract free insulin 

from serum with use of this extract in the reference method 

proved to have a reasonable degree of correlation. 

2. Recovery Studies 

Studies to determine the recovery of added standard 

insulin to serum were carried out by all three methods. 

Recover:y was attempted at 3 different levels of insulin for 

the ranges norm.ally encountered. in clinical testing. 

A pool of serum was prepared by mixing low level 

insulin serums from patients previously tested. The pool 

was assayed by the reference method in triplicate and found 

to contain 16 pU/ml of insulin. Further, the pool was tested 

,for insulin-binding antibodies and found free of these anti­

bodies. The pool was then divided into 3 parts and standard 

porcine insulin (320 ,uU/ml) was added to adjust the total 

value of insulin to: Pool #1) 44µU/ml; Pool #2) 89 JlU/ml; 

and Pool #3) 169 µU/ml. The base pool serum and the pool 

miA>tures were then assayed by each method and results com­

pared to determine percent recovery of theoretical value 

and correlation between recovery of all 3 procedures. Table 

7 shows the volumes of serum and standard used in preparing 

t he mixtures and Table 8 shows the results of "the recovery 

s tudy in terms of pU/ml insulin for each ' method and mixture 

and percent recover y based on theoretical value. 



TABLE 7 

SHOUN ARE THE VOLUMES OF BASE SERUM AND 
STANDARD I NSULIN USED I N PREPARING P..ECOVERY 
STUDY SPECIMENS AND THE THEORETICAL VALUE OF 
EACH OHE. 
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Base Pool Pool #1 Pool.#2 Pool #3 

-
ml of serum 6.0 4.5 5.0 

. 
. 

ml of 320 pU/ml 1.0 2.5 0 
standard . 

ml of 640 JlU/ml 0 0 2.0 
standard 

µU/ml insulin 16 14 10 11 
from serum 

µU/ml insulin 0 45.7 114.3 183.0 
from standard . 

Theoretical value 16 59.7 124.3 194.0 
pU/ml ' I 

~ 

' 



Specimen 
• 

Base serum 

Pool #1 

, Pool #2 

Pool #3 

TABLE 8 

RESULTS OF RECOVERY STUDY SHOWING µU/ml INSULIN 
RECOVERED AND % RECOVERY OF THEORETICAL VALUE. 

Theoretical · Reference Free Insulin 
Value µU/ml % Recov. µU/ml % Recov. 

16 16 10050 12 75% 

59.7 53 89% 37 62% 

124.3 99 80% 127 102% 

194.0 180 93% 193 99% 
I 

Tota l 
µ U/ ml 

13 

41 

117 

197 

Insulin 
% Recov. 

81% 

69% 

94% 

102% 

O'\ vJ 



The mean percent recovery at all levels for each 

method was~ reference, 90.5%; free insulini 84Q5%; a~d 

total insulin, 86.5%. As shown in the chart, the recovery 

for the reference method was 80% or more at all levels with 

the lowest recovery at the 124 pU/ml level. The free in­

sulin method had good recovery at the intermediate and high 

levels, but fell off at the lower level of insulin concen­

tration. The total insulin method had a better overall 

percent recovery than did the free method, but also showed 

a drop in recovery at the lower level. 

The percent recovery obtained for the "Phadebasn 

reference method agrees well with studies published by 

Velasco and Oppermann29, where they report recovery on ten 

different concentrations of crystalline human insulin dis­

solved in a solution of bovine serum albumin and analytically 

determined by the uphadebas" method., They report 60 to 102% 

recovery of insulin in concentrations ranging from 37 µU/ml 

to 235 p.U/ml and show their lowest recovery at levels of 

below 40 ,uU/ml. Velasco and Oppermann29 al.so report a mean 

percent recovery of 94 at all concentration levels with a 

standard deviation of 12.31 and the standard error of the 

mean (SEM) of 3.89. Thus, in their evaluation of the 

"Phadebas" method, 95% confidence limits would mean that 

the average percent recove~y could vary between 86.22 and 

101.78. I. 



Res ults obtained in this pro j ect f or percent re­

covery for the "Phadeba.srr method (Table 8) give a mean 

percent recovery a t all l evels of 91, standard deviation 

of 8.4 and SEM of 4. 19. Thus, t he mean value of percent 

recovery could be expected to vary between 82.62 and 99.38 

for 95% confidence limits. It appears reasonable to con­

clude that performance of the "Phadebasu method in terms 

of percent recovery of added insulin to protein material 

can be shown to be reproducible in the hands of different 

users and that the method appears to be quite specific for 

insulin. 

65 

The free insulin and total insulin method were then 

compared to the ."Phadebas" reference method in terms of 

percent recovery. The free method for the same recovery 

specimens (Table?) had a mean percent recovery at all J. 

levels of 85, a standard deviation of 19.3 and SEM of 9.65. 

Thus, in the free method, the mean value for percent re­

covery could be expected to range betvieen 66 and . 104 for 

95% confidence limits. The SEM for the free method is 

approximately 2X the value obtained for the reference method 

and indicates somewhat less precision and accuracy when 

comparing all concentration levels. If one compares the 

higher levels, the percent recovery improves significantly. 

Studies conducted by Nakagawa, et a115, on the use 

of PEG to ,measure free insulin show an average percent re­

covery at all concentration levels of 75. In the present 

s tudy, with the procedures described, th~ percent recovery 



has been improved to 85%. 

The total insulin method for the same recovery 

specimens (Table 7) had a mean percent recovery at all 

concentration levels of 87, standard deviation of 14.5 and 

SEM of 7.25. The mean percent recovery could be expected 

to vary between 72.5 and 101.5 for 95% convidence limits. 

The total method shows closer agreement with the reference 

method in terms of percent recovery and also a lower SD 

and SEM than does the free method. Nakagawa, et a115, re­

ported percent recovery for their total insulin method of 

78% at all concentration levels with lowest recovery at 15 

pU/ml insulin concentration. Thus, the proposed method, 

appears to offer better overall recovery throughout the 

range or 0-320 _µU/ml than does former methods for PEG ex­

traction of insulin. 

3. Reproducibility Studies 

To investigate the reproducibility of repeated 

assays on aliquots of the same material, between-run pre­

cision studies as well as with-in run assays by all 3 

methods; reference, free, and total were carried out. 
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The between-run study was determined using a pool 

of normal serum. Aliquots of 0.1 ml of fresh pooled .serum 

were pipetted into polystyrene tubes ·and inpnediately stored 

at -20°c up.til used. These tubes were then removed, thawed 

prior to assay, and used in the reference method. Duplicate 

extracts of the same pool were prepared for the free and 
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t otal me t hods. These ext racts were then aliquot ed i nto 0. 1 

ml quantities and sto!'ed in polystyrene t ubes at -20°c 
until used. 

The results for the reference method ranged from 

22 to 50 ,uU/ml with a mean value of 35.5. One standard 

deviation is 8.66 and the COV is 24.4%. For the free method, 

the values ranged from 26 to 44 µU/ml with a mean value of 

33.6. One standard deviation is 5.71 and the COV is 16.9%. 

The total method results ranged from 20 to 39 p.U/ml with a 

mean value of 29.6. One standard deviation is 6.06 and the 

COV is 20.49%. All the data is shown in Table 9 for each 

method and for -each of the 15 between-run assays completed. 

The high COV obtained for all methods did not corre­

late well with published data by Pharmacia Laboratories, 

manufacturers of the "Phadebas" kit or with Velasco and 

Oppermann29. Pharmacia believes that one can obtain pre­

cision throughout the entire range of 0-320 ,uU/ml with a 

COV of approximately 100/4. Velasco and Opperman29 at low 

level ranges of concentration show a COV of 5.7% which is 

in line with Pharmacia. Other studies conducted in this 

investigation show better precision than this between-run 

study. While the free method showed less variability than 

the reference and total methods, all 3 methods show more 

variability than is desirable for insulin assays. In view 

of the data for this between-run reproducibility study, 

further studies shou).d be carried out with other serum 

specimens, preferably at several concentration levels, 



Mean 

1 SD 

2 SD 

'TABLE 9 

BETWEEN-RUN REPRODUCIBILITY STUDIES ON 
HUMAN POOLED SERUM BY REFERENCE, FREE, Al'l"D 
TOTAL I NSULIN METHODS. 
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µU/ml 
Reference 

J1U/ml 
Free Method 

).lU/ml 
Total Method 

-

36 34 34 .. 
22 38 39 
27 44 39 
50 42 20 
38 30 28 
34 . 34 22 
31 34 31 
41 26 27 
39 '28 27 
36 30 28 
48 30 30 
24 38 32 
34 40 33 
36 33 33 
30 32 31 

35.5 33.6 29.6 

8.6 5.7 6.0 

17.32 11 .4 12.1 

c.o.v. 24.39% 16.98% 20.49% 

~ 

' 
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to better establish the between-run precision. 

The limited data of this between-run precision study 

does not suggest less precision when using the PEG extracts 

than when using serum in the reference method. In fact, 

the precision seems to be slightly better in both the free 

and total methods. The preparation of the PEG extract for 

both the free and total methods with subsequent aliquoting, 

freezing, and thawing, does not appear to introduce any 

significant loss of precision over that of the reference 

method where serum is prepared and used as described above. 

It may be that the precision of all 3 methods is adversely 

affected by the freezing, storing, and thawing and should 

be considered in future studies. 

The within-run precision s~udies were performed 

using samples of the same serum for the reference method 

and aliquots from the same extract for both the free and 

total methods. The purpose of this experiment was to 

eliminate multiple extraction samples for both free and 

total methods and determine precision on repeated assa:ys 

from the same free extract or total extract at different 

insulin concentration ranges. 

The results, Table 10, show decreased precision for 

all three methods as one increases insulin concentration. 

The reference method gives expected precision of ( ~ 10%) 

at levels up to 50 pU/ml but decreases in precision at 

50-100 )lU/ml to an average COV of 17.9%. If one compares 

the between-run data with the within-run results for the 



Inqulin 
Range 

0-30 

31-50 

51-80 
I 

81-100 

101-250 

TABLE 10 

TABLE SHOWING WITHIN-RUN PRECISION AT DIFFERENT CONCENTRATION 
LEVELS. ALL ASSAYS WERE FROM SAME SERUM OR SAME EXTRACT I N EACH 
METHOD. 

Reference Method ' Free Method Total Method 

No. SD cov No. SD cov No. SD 

5 2.4 12.9% 5 1.2 6.0 5 2. 1 
'' 

12 4. 1 1 o.6 ' 5_· 6.1 18.3 5 6.2 

5 15.4 19.4 5 9.0 · 13.5 6 18.2 

5 16.4 16.5 6 14.8 15.4 7 23.,0 

- - - 13 20.7 16.5 6 20.7 

. 

cov 

16. 8 

15.2 

23. 8 

23. 8 

18.1 

--:i 
0 



reference method, t he COV percentage differs by 6.4% and 

indi.cates somewhat less variability in the within--z,un 

results which would be the expect ed trend. 
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The within- run data shown in Table 10 for the f ree 

method shows comparable precision at all ranges with the 

reference method except for the 31-50 µU/ml range. Here 

the COV increased to 18.3% which appears to be out of line 

with data at the range of 51-80 pU/ml. It is obvious that 

further with3:n-run studies should be made at this range to 

better establish the correct -precision. The average over­

all COV for the free method is 13.9% which is approximately 

the same average value as found for the reference method. 

The within-run data shown in Table 10 for the total 

method shows somewhat more variability than does either the 

reference or free method. The average over-all COV is 19.5% 

with greatest variability between the 50 and 100 J.1U/ml 

range. The lowest COV which gives least variability is seen 

at the 31-50JlU/ml range which is in contra.st to the free 

method where the highest GOV was observed. 

If one compares the between-run and the within-run 

COV for the free and total methods, the expected lower COV 

of the within-run study is observed for both methods. The 

between-run COV in the free method is 3.0% higher than the 

within-run COV and in the total method, the di.fference is 

1% higher. , . 



4. Comparison o:f Methods 

The three methods were evaluated by several sta­

tistical techniques to determine the degree of correlation. 

Scatter diagrams were drawn showing the relationship 

between the reference and free methods• the reference and 

total methods, and the free and total methods. Figure 12 

shows the scatter of results around the slope derived from 

the linear regression equation where: Y = 1.03 (X) - 3.01. 

The equation is derived from .40 serum samples at all concen­

tration levels analyzed both py the reference and- free in­

sulin methods. 

The regression equation~O was calculated using the 

relationship: 

Y = a+ bX 

where: a = the intercept with the Y axis 

b = the slope of the line or the 

change in Y per unit change in X 

The slope (b) is then found using the equation: 

NR XY - (}j°X) (E Y) 
b = 

N!:X2 - (BX)2 

The intercept (a) is then calculated by the 

expression: 

a= Y - bX 

(5) 

(6) 

Fib.ally substitute the values for (a) and (b) in 

equation (1) and this gives the linear regression equation 

which is the best-fit relationship between the 40 serum 

samples assayed by both methods. 
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Reference Method (X) 

Figure 12. Scatter Diagram Shovfing the Correlation 
Between the Reference and Free Insulin Methods. Evalu­
ation of 40 Serum Samples by Both Methods Yields the 
Linear Regression Equation, Y = 1.03(X) - 3.01. 



In the scatter diagram, the X,Y :points can then 

be nlotted to show the scatter from the line of best fit. 

This graphic d.ispla,y of the X,Y :points allows one to ver<-J 

quickly visualize the degree of correlation between the 2 

methods. 
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In addition to the regression equation, the corre­

lation coefficient (r) was determined for the reference and 

free insulin methods. In this statistical method, the 

coefficient is denoted by 0 r•• and is derived from the 

equation: 

r = 

where: Sx = standard deviation of X 

SY= standard deviation of Y 

N" = no. of sampl~s 

(8) 

The value of 11rn may range from -1 to +1 but will never 

exceed these limits because it is a measure of the degree 

of association found between 2 characteristics or 2 methods 

in a series of measurements where the relationship between 

the 2 methods- is described by a straight line. The value 

of r = + 1, denotes perfect correlation, either in the 

:positive or negative direction, whereas an r yalue of o.oo 
indicates that the 2 methods are uncorrelated. 

The correlation coefficient for the reference and 

free methods is 0.97 for the 40 serum samples assa,yed • 
. 

The test of significance for the coeffic~ent is to test 

whether the value might have arisen by chance. The standard 

error used for this test of significance is: 



1 
s t andard error= ~-, 

''f n-1 

where n = the number of samples assayed 

by both methods 

(9) 

If the coefficient is more than 2X the standard error, it 

is unlikely to have arisen by chance. Thus, the standard 

error of the coefficient (0.97) for the reference and free 

methods is: 

1 

75 

standard error = _-~---- = o. 16 
"'I 40-1 

( 10) 

Since the coefficient is approximately 6 times its standard 

error, it seems possible by this test to accept the corre­

lation coefficient as significant for the reference and 

free insulin methods. 

It is possible to test the magnitude of r needed for 

significance at p = 0.05 (95%) confidence level and p = 0.01 

(99%) confidence level. Tables31 have been prepared which 

indicate, for each population size, the size of r required 

for significance at these 2 probability levels. Thus, the 

magnitude of r needed for significance where p = 0.05 is 

0.312 and where p = 0.01 for 40 samples is 0.401. The 

correlation coefficient of 0.97 for the reference vs free 

methods is well within 95% confidence limits given by the 

probability tables for r values. The value of 0.312 is 

called the critical yalue of rat the level of p = 0.05 

and if the sample correlation coefficien-€ exceeds this 



critical value, then the sample value is significantly 

different from o. It rnay also be said that if the sample 

value exceeds the critical value for r, it is too great to 

have occurred by chance from an uncorrelated population. 

Thus, it can be concluded that there is significant re­

lationship between the reference and free insulin methods. 
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Similar method comparison was performed between the 

reference and total insulin procedures. Figure 13 shows 

the scatter diagram of the X, Y points plotted in relation­

ship to the linear regression curve determined as in 

equation (1). The regression equation which describes the 

curve is: 

Y = o.98(X) + 1.27 ( 11) 

and the correlation coefficient is ·o.945. It should be 

mentioned that the distance the X, Y,points lie from the 

best-fit line of the scatter diagram affects the size of 

the correlation coefficient. If there is a large amount 

of scatter among the points, the distances of the points 

from the best-fit line are greater; thus, the size of the 

coefficient is smaller. On the other hand, if there is a 

small amount of deviation from the best-fit line, the 

coefficient is large. If there is no deviat-ion from the 

best-fit line, the coefficient would be 1.00 or -1.00 and 

the correlation of the 2 methods would be perfect. 
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y = o.98(X) + 1.27 
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Reference M:ethod (X) 

Figure 13. Scatter Diagram Showing· the Correlation 
Between the Reference and Total _Insulin Methods. Evalu­
ation of 40 Serum Samples By Both Nethods Yields the 
Linear Regression Equation, Y = o.98(X) + 1.27 

I, 
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The test of significance by equation (9) ~hows that 

the correlation coefficient 0.945, for the reference and 

total methods is approximately 6X its standard error. In 

addition, since the size of r as given by p = 0.05 proba­

bility is 0.312, the correlation coefficient for the 

reference and total methods is well .within 95% confidence 

limits. 

The correlation between the free and total method 

was also studied and Figure 14 shows the scatter of X, Y 

points along the line of best-fit. The regression equation 

which defines the line is: 

Y = 1.04(x) - o.66 (12) 

and the correlation coefficient is _o.970. The test of 

significance by equation (9) for 40 samples studied shows 

that the coefficient is approximately 6X its standard error 

and is extremely unlikely to have occurred by chance. In 

addition, since the size of r as given by p = 0.05 proba­

bility is 0.312, the coefficient for the free and total 

methods is well ~Tithin 95% confidence limits. 

As another statistical method for comparing two 

procedures, the "t" test30 was used. The t test is a means 

of comparing 2 methods using the variance and mean of differ­

ences between pairs of results. The Student's t test is 

given by the equation: 
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Figure 14. Scatter Diagram Showing the Correlation 
Betwe.en the Free and Total Insulin Methods. Evaluation 
of 40 Serum Samples by Both Methods Yields the Linear 
Regres~ion Equation, Y = 1.04(X) - 0.66. 
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-
(X-m ) 

t = ( 13 ) 

In the case of comparison of 2 methods, them is equated 

to O (m= O) so the equation then becomes: 

X 
t=-Sx 

where: X = the mean value of the difference 

between the paired values 

(14) 

Sx = standard -deviation of the differences 

between the paired values 

In a series of 50 samples studied by the 3 methods, 

reference, free and total insulin, the following t values 

were calculated by equation (14): 1) for the paired values 

of the reference and free methods, t = 0.747; 2) for the 

paired values of the reference and total methods, 

t = 0.484; and 3) for the paired values of the free and 

total methods, t = 1.039. The above calculated t values 

were compared with the tabulated value found in most 

statistical books. 

The t value for 50 degrees of freedom where 

p = 0.05 is~ 2.018. It should be mentioned that when 

using the Student•.s t test, the degrees of freedom is equal 

to the number of paired results minus one (n-1); however, 

no table could be found listing the tabulated value for 

49 degrees of freedom. The t value for 50 paired samples 
~ 



gives a probability that 95% of such samples should have 

Student!s t values oft 2.018 or less. Thus, it can be 

seen that for each of the method comparisons analyzed by 

the t test equation, the calculated value was less than 
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the tabulated value from the t table indicating good corre­

lation. It can be concluded from the data derived that at 

95% confidence limits, the t value for each method compared 

will fall within a!'. 2.018. In addition, it can be said 

that all three methods are statistically equivalent. 

The results of the t ·test are summerized in Table 11 

where a comparison is made between calculated value and 

tabulated value for p = 0.05. 

5. Hydrogen Ion Concentration 

The hydrogen ion concentration was studied for both 

the effects it may exert on the partition of peptide hormones 

and peptide hormone-antibody complexes in aqueous two-phase 

polyethylene glycol systems and the effect it may have on 

the competitive reaction in the RIA system. 

The preparation of the PEG extract for the free 

insulin method was investigated for hydrogen ion concen­

tration and its affects on the RIA system in altering the 

pH from that of the reference method. The pH of the PEG 
. -

solution (25% w/v) was found to be 5.5 ! 0.1. When 1.0 ml 

of human serum (pH range 7.40 to 7.50) was mixed with 1.0 

ml of 25% PEG, the r~sulting pH was found to be 8.42 ~ 0.10. 

This pH range compares favorably with dafa reported by 



TABLE 11 

THE CALCULATED t VALUES FOR COMPARISON 
OF THE REFERENCE, FREE, AND TOTAL INSULIN 
METHODS. ALSO THE TABULATED t VALUE FOR 
p = 0.05 IS SHOWN. ALL RESULTS ARE FOR 50 
DEGREES OF FREEDOM. 

Calculated Tabulated 
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Method t Value Value at p=o.05 

Reference Vs Free Method + - 0.747 

Reference Vs Total Method 

Free Vs Total Method ::_ 2.018 



Desbuquois and Aurbach14 who studied the solubility of the 

free hormone insulin in PEG solutions. They found that as 

the pH was lowered from 9 to 7 there was no decrease in 

solubility of the insulin hormone. Precipitability of the 

heavy molecular weight antibody-bound hormone was not 

affected by pH over the 9 to 7 range. The free insulin 

hormone is not coprecipitated with other serum proteins 

until the pH drops below 7, with maximal precipitation 

effect at pH 4 to 6. Polson26 reported that between the 

pH range of 4.4 to 5.8, all fibrinogen and globulin could 

be precipitated. Thus, since insulin is bound to"' the 

globulin fraction, it would not be precipitated in the pH 

range 9-7. 

The optimum pH of 7.40 is maintained in the RIA 

system by a phosphate-saline buffer. The addition of 0.1 
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ml of free insulin PEG extract to the reaction tube which 

contained 0.1 ml of labeled insulin and 1.0 ml of antibody­

Sephadex dissolved in phosphate-saline buffer did not stress 

the buffer system and pH was maintained at 7.40 t 0.02. 

The hydrogen ion concentration was also studied in 

the total insulin extraction procedure where prior action 

by 1N HCl was necessary to break the binding between the 

insulin and the insulin antibody. The use of 1N HCl was 

necessary to insure adequate hydrogen ion concentration, 

yet not dilute the sample excessively. It was found that 

with the addition oz 0.2 ml of 1N HCl to 1ml of serum, the 

pH dropped to 2.5 t 0.10. 



The serum-acid mixture was permitted to stand at 

room temperature for 1 hr. to allow cleavage at the 

antigen-antibody binding sites. Again the pH was measured 

and found to be 2.5 t 0.10. Upon the addition of 0.2 ml 

of 1N NaOH, the pH adjusted to 8.5 t 0.3. Finally, with 

the addition of 1.4 ml of 25% w/v PEG, the pH stabilized 

at pH 8.4 t 0.3. Centrifugation for 30 minutes at 2,800 

rpm produced a clear to slightly turbid supernatant with a 

precipitated layer of protein packed at the bottom of the 

tube. The addition of 0.1 ml of this extract to the RIA 

system reaction tube which contained 0.1 ml labeled 
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insulin and 1.0 ml antibody-Sephadex dissolved in phosphate­

saline buffer did not stress the buffer system so that pH 

was ideally maintained at pH 7.40 t 0.02. 

Occasionally in the preparation of the total method 

extract, a serum was encountered which produced an extract 

with considerable turbidity and difficult to separate into 

the 2 phases. F.urther study of the pH on these specimens 

revealed that after addition of the 0.2 ml of 1N NaOH, the 

pH ranged between 9.3 and 9.5 and upon addition of the PEG 

remained at a pH well above 9.0. This high hydroxyl ion 

concentration does not permit the PEG to pr~perly pre­

cipitate the heavY molecular weight protein molecules and 

after centrifugation shows incomplete separation of the 2 

phases with gross turbidity of the upper liquid. portion. 

These specimens can ~e salvaged by the addition of 1 small 



drop (0. 05 ml ) of 0.5N HCl , t o ad j ust t he pH bet ween 8.o 
to 9.0 where precipitation of the heavy molecular weight 

compounds is ideal and s olubility of the lower molecular 

weight peptide hormones is not affected. 
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The use of 1N HCl and 1N NaOH in the preparation of 

the total insulin extract requires extreme care in pipetting 

these two reagents to insure proper hydrogen ion concen­

tration. It can easily be seen how one small drop, more or 

less, of either the 1N acid or the 1N base can tremendously 

affect the hydrogen ion concentration. This difficulty in 

controlling the 0.2 ml of added HCl or NaOH is responsible 

for the occasional non-separation of the 2 phases in the 

PEG extraction rather than the particular serum sample being 

at fault. 

6. The !..nfluence of Time on Precipitation in the RIA System 

In the RIA system, the competitive reaction between 

the antibody-Sephadex, labeled insulin, and free insulin 

present in the serum or PEG extract results in insulin­

antibody complex formation or precipitation. It has been 

reported that incubation times of from 3 hrs. to 24 hrs. can 

be used to accomplish this precipitation~ Velasco and 

Opperman29 investigated the minimum time required to obtain 

the greatest insulin-antibody precipitate in the reference 

method using serum. They concluded that there was an 

i ncrease in insulin-.,antibody complex formed up to 5 hrs. 

i ncubation time and then remained practically constant for 
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24 hrs. 

In this study, it was desirable to dete~mine optimUl!l 

incubation time since PEG extracts were used in place of 

serum and conceivably there might be some differences. 

Twenty-four tubes of zero standard were prepared by 

adding 0.1 ml of buffer, 0.1 ml of labeled :insulin, and 1.0 

ml of antibody-Sephadex dissolved in phosphate-saline 

buffer. At hourly intervals up to 10 hrs. duplicate tubes 

were removed from the rotator and centrifuged. The pre­

cipitates were washed in saline three times as required in 

the procedure and then counted for radio-activity. In 

addition to the hourly samples up to 10 hrs., 16 and 24 hr. · 

samples were determined. The results of these time studies 

are shown in Figure 15 where counts per 2 minutes are 

plotted versus hours for each of the 3 methods. 

The results of the reference method show that at 5 

hrs. approximately 82% of the radioactivity found in 24 hrs. 

had been achieved. In 10 hrs., the percentage had increased 

to 96%, and in 16 hrs. showed some decrease in radioactivity, 

but within the SEM: of! 52 counts. 

The results of the free and total methods which have 

the PEG material in the reaction tubes show somewhat similar 

results in 10 hrs. and 16 hrs. compared to the reference 

method, but show 12°/4 less radioactivity at the 5 hr. inter­

val of incubation. 
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From the experi mental work of this study, it appears 

reasonable to conclude that 5 hr. incubation is not ade­

quate to obtain ma."d.mum precipitation of the insulin­

antibody complex, but that 10 hrs. incubation would include 

90 to 96% of the maximum precipitation found in 24 hrs. 

incubation for the 3 methods. 

7. The Stability of Insulin in Polyethylene Glycol 

Previous methods14,l5 utilizing PEG for antigen/ · 

antigen-antibody complex separations suggested the use of 

refrigerated centrifuges for separating the 2 phases. 

While no explanation or data was given in either method, 

it can be assumed to be related to higher temperatures 

within the centrifuge with possible deterioration of 

insulin • .Albertsson37 described ~tigen-antibody experi­

ments in two-phase systems employing Dextran-Polyethylene 

Glycol systems. His separations were all conducted at 20°c 

and very little data was given in support of this tempera­

ture. Polson26 describes studies with high molecular 

weight linear polymers, including polyethylene glycol, in 

protein fractionation experiments. He maintained a tempera­

ture of 21°c throughout the 15 minutes of centrifuging at 

12,000 rpm. Other experiments by Polson26 using PEG for 

separating various protein factions gave a temperature 

range of 2-30°c as acceptable for precipitation with PEG. 

In fact, Polson lists as one of the advantages of PEG, the 
~ 

fact that it can be used to fractionate proteins at room 

temperature. 



In this study, two different experiments were con­

ducted to determine the stability of insulin in PEG: 1) 

A..~ experiment to determine the stability of insulin in PEG 

when exposed to ambient temperature or temperatures of non­

refrigerated centrifuges for periods of 30 minutes; and 2) 

an experiment to determine the stability of insulin in PEG 

when maintained at refrigeration temperatures (2-8°C) for 

many days. Knowing the stability characteristics of insulin 

in PEG at 2-8°c would be extremely helpful if the RIA portion 

of the free and total insulin procedures could not be per­

formed until several days later. In addition, tlils data 

could be helpful when necessary. to repeat free and total 

insulin assays because of extremely high results or un­

reliable results. If one could repeat the free or total 

insulin assay using the PEG extract previously prepared and 

stored at 2-8°c, a considerable savings in both serum 

sample and time would be realized. 

The experiment to determine the correlation of 

results for preparation of the free and total insulin 

extracts in refrigerated as opposed to non-refrigerated 

centrifuges was conducted using 4 different serum samples. 

The extracts for both free and total methods were set up in 

duplicate on each of the 4 samples. Procedu.re was followed 

exactly for preparation of the extracts, with the exception 

that 1 free extract and 1 total extract for each serum 

sample was centrifuged in a refrigerated centrifuge main­

tained at o-4°c and in a non-refrigerated centrifuge main­

tained at approximately 27 to 30°c. Centrifuging in both 
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machines was carried out for 30 minutes at 2,700 rpm: 200. 

The results at 3 different levels of insulin concen­

tration show no appreciable difference between centrifuging 

at room temperature and using a refrigerated centrifuge 

maintained at o-4°c. Results for the free method for non­

refrigerated centrifuging were 2, 144, 30, and 24 pU/ml of 

insulin as opposed to 4, 142, 22, and 20 µU/ml of insulin 

centrifuged in the refrigerated unit. Results for the 

total method gave values of 8, 86, 28, 34 for non-refriger­

ated samples and values of 3; 92, 25, 25 for refrigerated 

samples. It is apparent in this limited study that the use 

of a refrigerated centrifuge does not appear to improve 

results. 

The experiment to determin~ the stability of free 

insulin in PEG was carried out using 3 different serums 

at different concentration levels. PEG extracts for both 

free and total methods were prepared on day one and assayed 

for insulin concentration. The extracts were placed in the 

refrigerator at 2 to 8°c and analyzed on subsequent days 

for insulin. 

The results as shown in Figures 16 a11d 17 show a 

similar pattern for both the free and total extracts. There 

is a gradual increase in concentration from day one to day 

five, and then a gradual decrease in insulin concentration. 

By the third day, there appears to be an average increase 

in concentration of approximately 25%. On the fifth day an 
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average increase of 32% is seen for both the free and total 

extracts. The decrease as seen by the tenth day is approxi­

mately 7% lower on an average at all concentration levels 

than the average concentration of insulin on the first day~ 

No explanation is offered for the gradual increase 

of insulin followed by a decrease after approximately 5 or 

6 days; however, it can be concluded from the data that the 

refrigerated extracts could be used on the second day if 

necessary, to repeat a lost or questionable result with 

only slight variation in the concentration of the insulin 

present. In addition, the extract could be used on the 

second day to make an appropriate dilution for results that 

were extremely high in antibody-bound insulin and fell out 

of range of the RIA system. 

D. Clinical Evaluation 

1. Clinical Significance 

Most Clinical Laboratories are challenged by the need 

to provide a full complement of easily performed, accurate, 

and reproducible tests for the diagnosis and control of 

diabetes. These tests include glucose in blood, urine, and 

CSF, glucose tolerance and tolbutamide tolerance procedures, 

insulin assays, and other related tests as required by the 

situation.,• 



94 

Insulin assays by RIA have recently become available 

to the Clinical Laboratory and provide very helpful informa­

tion in the diagnosis of diabetes and its sometimes puzzling 

variations. The current methods for insulin assay by RIA, 

are based on the principle of a competitive reaction between 

the free unlabeled insulin present in the serum, the added 

labeled insulin, and the insulin antibody attached to an 

insoluble immunosorbant (Sephadex), see Figure 18. 

The insulin levels in patients previously treated 

with insulin, however, cannot be determined by these methods, 

due. to the presence. of human anti-insulin antibody in the 

serum which combines with the added radioinsulin and inter- · 

feres with the reaction between radioinsulin, endogenous 

insulin, and guinea pig anti-insulin antibody. 

It has been shown that human antibodies to insulin 

can be measured in the circulating blood approximately four 

to five weeks after the beginning of insulin therapy and 

subsequent insulin assays by present RIA methods are com­

pletely unreliable for reasons cited32• 

The clinical evaluation of the free insulin method 

was directed toward 3 types of subjects: 1) normal subjects 

to establish a "normal-rangetr; 2) non-insulin-treated 

diabetics; and 3) insulin-treated diabetics where some level 
-

of insulin antibody was present in the circulating blood. 

Methods for determining the insulin antibody level 

present in insulin-treated diabetics have been available 

but because of their complexity, have no€ found wide use in 



THE SOLID PHASE PRINCIPLE AT. WORK 
IN INSULIN TESTING 
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A. Se;,hadex Anti­
Insulin complel( and 
labei !ed insu:in ar4!t 
mixed with in:sulin 
standard or unknown 
sample. 
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B. Mixture is incu­
bated lor a minimum 
of three hours or 
overnight. Insulin 
in the serum com­
petes with the added 
·radioactive insulin 
for a place on the 
Sephadex Anti­
Insulin complex. 

•o• o o• o•o 

C 

C. Solid particles 
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Figure 18. Schematic Showing the Solid Phase 
Principle in the Competitive Reaction of Labeled 
and Unlabeled Insulin for Binding Sit~s on the .Anti­
Body-Sephadex Complex. 0 Sephadex, ~ Insulin-Anti­
Body, • Labeled Insulin, o Unlabeled Insulin.35 
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Clinical Laboratories. The method proposed in this study, 

appears to be adaptable to clinical needs and may lead to 

greater understanding of insulin resistant patients. 
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The clinical evaluation of the total insulin method 

was again directed toward the same types of subjects as 

described for the free method. In this evaluation, we were 

concerned with the amount of antibody, if any, in normal 

subjects and non-insulin-treated diabetics, as opposed to 

the antibody levels in insulin-treated diabetics. 

Since most of the clinical evaluation was performed 

on hospitalized patients, all parameters were well controlled 

and information such as amount of insulin taken, when taken, 

injestion of food, other medications, and patient history 

were available. Correlation of this information with 

results obtained for the free and total insulin methods 

provided a means for clinical interpretation of the methods. 

2. Evaluation of Free and Total Insulin Methods in Normal 

Non-Diabetic Subjects. 

Blood samples were drawn from a control group of 15 

non-hospitalized, apparently normal people. These subjects 

were screened for diabetes, but no other res~riction was 

considered. All subjects had not eaten for at least 4 hrs. 

and were considered in a fasting state. 

Blood samples were dravm from another group of 17 

non-diabetic subjects. These patients were all hospitalized 
' and were being treated for problems other than diabetes. 



The specimens in each case were considered as non-fasting 

since the patients had eaten within a four hour period. 

The blood samples were dravm in plain, stoppered 

Vacutainer tubes, allowed to clot at room temperature, 

centrifuged, and the serum removed from the clot as soon 
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as possible. The serum was refrigerated at 2 to 8°c until 

the assay was begun. In most cases, the assay was perform­

ed on the day the specimen was obtained; however, in no 

instance was the specimen allowed to stand more than 24 hrs. 

at 2 to 8°C before the assay ·was begun. 

In both groups, the ass;zys were run by all three 

methods; reference, free, and total, since none of the 

subjects had received insulin and no insulin-binding anti­

bodies were present to invalidate the results. 

In the group of 15 normal, .fasting subjects the 

range, mean value, SD, and SEM were 7-28 µU/ml, 17. 1 JIU/ml, 

6.8 µU/ml, and 1.77 µU/ml respectively by the reference 

method. See Table 12. This compares with figures given 

by Boone and Crabtree34 for a study of 500 non-diabetic 

adults. The statistics given for their group of fasting 

subjects ranged from 6 to 24 µU/ml with a mean of 11.3, an 

SD of 3.1 and an SEM of o.86. Other studies29 reported for 

normal, fasting adults give a mean free insul:i.n level of 

19.7 µU/ml with an SD of:!:. 10.3 pU/mi. 

The data from the non-fasting group of 17 subjects 

studied in this exp~~iment is summarized in Table 13. It 

can clearly be seen that the mean values ' for each of the 
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TABLE 12 

THE DATA OF 15 FASTING, NORMAL SUBJECTS USED 
.AS A CONTROL GROUP. RESULTS .ARE SHOWN FOR EACH OF 
THE THREE METHODS. 

Range Mean SD 
Method JlU/ml JlU/ml JlU/ml SEM 

Reference 7-28 17.1 6.8 1.77 

Free 8-30 16.3 6. 1 1.59 

Total 11-25 18.0 4.3 - 1.11 

TABLE 13 

THE DATA OF 17 NON-FASTING, NORM.AL SUBJECTS USED 
AS A CONTROL GROUP. RESULTS ARE SHOWN FOR EACH OF 
THE THREE METHODS. 

Method Range Mean SD SEM µU/ml J1U/ml µU/ml 

Reference 7 ... 37 26.5 9.2 2.23 

Free 12-44 26.6 10.6 2.57 
; 

Total 11-45 25.2 8.5 2.06 

-



3 methods are elevated over that of the f asting group as 

would be expected, since each of the subjects had been 

challenged by food and were showing increased circulating 

i nsulin as a r esult . 

Since no control was maintained on the time of 

drawing the specimen in relation to when the patient ate, 

no particular level of increase could be expected over the 

mean value of the fasting group. The fact that the mean 

value of the free and total methods was almost identical 

to the reference method in both control groups confirms 

once again, the correlation of these methods. The data is 

sho\m in Table 14. In addition, the fact that all three 

methods showed an approximate 7 µU/ml average increase in 

the non-fasting control group over the fasting control 

group indicates the sensitivity of the 3 methods. 
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In this study of 32 non-diabetic subjects, it is 

clear that the "Phadebastt RIA assa:y for insulin can be used 

with human serum or with the PEG extracts from either the 

free or total insulin methods with almost identical results. 

No particular advantage exists, however, in preparing a PEG 

extract in non-diabetic patients since no antibodies are 

present to interfere in the antigen-antibody reactions of 

the RIA. The insulin present in the circulating blood of' 

non-insulin-treated subjects is considered "free" or 

"unbound" and is not complexed by insulin-binding antibodies. 
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TABLE 14 

RESULTS SHOWING THE CORRELATION STATISTICS OF THE REFERENCE, 
FREE, AND TOTAL INSULIN METHODS IN 27 NORMAL SUBJECTS. THIS 
GROUP INCLUDES FASTING AND NON-FASTING SUBJECTS. 

Method Regression Correlation a 
Equation Coefficient (r) 

Reference Vs. Free Y , = 0 • 90 ( X) + 1 • 84 o.834 

Reference Vs. Total Y = 0.56(X) + 9.43 0.682 

Free Vs • . Total Y = 0 • 48 ( X) + 11 • 22 0.640 

' 

~The significant value of rat p = 0.05 is 0.3809 
The significant value oft at p = 0.05 is 2.060 

(t) Testb 

0.343 

0.228 

0.044 

I 

_. 
0 
0 



3. Evaluation of Free and Total Insulin Methods 

in Non-Insulin-Treated Diabetics. 

In some diabetics, especially of the ttadult-onsetu 

type, good control can be maintained by diet and oral 

hypoglycemic agents such as tolbutamide. The use of these 

hypoglycemic agents allows the diabetic the luxury of not 

having to inject insulin into the arm or leg _tissues once 

or twice daily. 
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The reference, free and total insulin methods were 

evaluated in a group of 16 hospitalized non-insulin-treated 

diabetic patients to determine: 1) if any insulin-binding 

antibodies were present in these patients; and 2) to deter­

mine if factors present in diabetes, other than insulin­

binding antibodies, may affect the·correlation of the 3 

methods. 

Table 15 shows the range, mean, and SD for this 

group of 16 patients. The blood specimens were not fast­

ing, thus the results should be somewhat higher than the 

normal range for fasting subjects. The mean value for this 

group shows almost the identical mean value as for the non­

diabetic, non-fasting control group shown in Table 13. The 

correlation data for the 3 methods, shown in Table 16, are 

all significant and show correlation at p = 0.05 (95% 

confidence limits). 

As expected, the total method shows no antibodies 
~ 

present int.his group of diabetic patien~s and further 

establishes the fact that circulating insulin is in the free 
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TABLE 15 

THE DATA OF 16 NON-FbSTING 3 NON-INSULIN-TP.EATED 
DIABETIC PATIE1-TTS , ALL OF WHOM WERE BEING TREATED 
WITH ORAL HYPOGLYCEMIC AGENTS. RESULTS ARE SHOWN 
FOR EACH OF '.11HE THREE METHODS. 

Range Mean SD 
Method pU/ml pU/ml µU/ml SEM 

Reference 7-83 26.3 21,.7 5.4 

Free Insulin 12-80 25.9 18.4 4.59 

Total Insulin 8-84 25.4 18.3 - 4.59 

TABLE 16 . 

CORRELATION DATA FOR THE REFERENCE, FREE, AND 
TOTAL INSULIN METHODS IN A GROUP OF 16 NON-FASTING, 
NON-INSULIN-TREATED DIABETICS. ALL PATIENTS IN THIS 
GROUP WERE ON ORAL HYPOGLYCEMIC AGENTS. 

-

Method Regression Correlation t test Equation Coefficient(r) 

Reference Vs. Free Y= 0.80(X)+ 4. 73 0.947 0.274 

Reference Vs. Total Y= O. 78 (X)+ 4. 75 0.923 0.471 
/' 

Free Vs. Total Y= O. 94(X)+ 1 .OO 0.945 , 0.289 
... 
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form and can be measured by all three methods. 

The use of the oral hypoglycemic agent, tolbutamide, 

does not appear to affect the results of the3 methods as 

would be expected. Its role is to stimulate the production 

of insulin by the beta cells of the pancreas; further, since 

tolbutamide is not a protein, it does not stimulate pro­

duction of antibodies which bind the circulating insulin. 

4. Evaluation of Free and Total Insulin Methods in Insulin­

Treated Diabetic Patients. 

-
Evaluation of the 2 methods was performed on a group 

of 21 insulin-treated diabetic patients. The patients ranged 

in age from 9 to 82 yrs. with a mean age of 49 years. The 

group included patients that had been on exogenous insulin 

for as little as 1 year and as long as 30-35 years. Patients 

that had just started insulin therapy, less than 4-5 weeks, 

were included in another group and will be discussed later. 

The insulin dosage of these 21 patients ranged from 3 to 80 

units of either U-80 or U-100 insulin with a mean dosage of 

36 units. As discussed earlier, the units of either U-80 

or U-100 insulin are equivalent since the increased or 

decreased volume required is compensated for in the syringe 

used to administer the insulin. Thus, it is important to 

always use the proper syringe with each of the different 

insulin concentrations available. 

It is evide~t from the data for the total method, 

that all 21 patients in this group have ueveloped some level 
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of insulin-binding ant i body. In spite of the i naccuracy of 

the reference method because of the antibodies present in 

t hese patient s , all specimens were assayed by the t hree 

methods to more dramatically demonstrate the non-correl­

ation of each of the methods; and further, to show that the 

results of t he reference method when performed in the 

presence of human antibodies to insulin can be extremely 

misleading. 

Table 17 shows the results of the 21 insulin-treated 

diabetic patients by all three methods • .As indicated above, 

the results of the reference method should not be- considered 

accurate and no statistical analysis has been attempted to · 

compare the free and total methods to it. 

The free insulin method shows a range of 10 to 440 

JlU/ml of insulin with a mean value of 47. The blood speci­

men procurement time was variable, ranging from 8:00 AM to 

3:00 PM and would have some influence on the level of free 

circulating insulin as measured by the free method. 

The insulin measured in this group of 21 diabetics, 

unlike the other 3 groups studied, is primarily all exoge­

nous insulin which is derived from the intramuscular in­

jection taken some time during the day, usually early A.M. 

These patients, especially the juvenile-onset type, are not 

capable of producing endogenous ins ulin which is the insulin 

derived from the beta cells of the pancreas and released into c 

the circulating bloo.d. Thus, the free insulin measured in 
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TABLE 17 

CHART .SHOWING P.ESULT.S OF REFERENCE, FREE , AND 
TOTAL I NSULH~ METHODS HJ 21 I I-I.SULIN TREATED DIABETIC 
PATIENTS WITH LIMITED PATIENT HISTORY. 

Age/Sex Units Insulin/ Reference Free Total 
Yrs. Taking J1U/rtl J1U/ml p.U/ml 

17/F 3U/3 90 10 263 
16/F 65U/2 210 28 1500 
9/M 27U/6 280 24 740 

., 

65/M 4ou/10 >400 50 4090 
55/F 35U/2 75 12 340 
62/M 25U/2 97 14 238 
46/F 3ou/15 >400 40 2968 
55/F 

' 
4ou/10 >40Q 26 6450 

49/F 35U/14 270 24 630 
18/F 20U/10 33 28 154 
56/F 3ou/5 160 10 150 

59/M 38U/6 >400 12 1333 
31/M 80U/10 >400 72 9520 

55/F 70U/35 >400 48 5040 
82/M 7ou/15 >400 440 17020 

45/F Lt0U/3 250 30 1610 

23/F 25U/6 >400 12 2228 

70/F 5u/3 75 44 75 
77/F 35u/7 55 .26 67 
62/F 25U/10 135 18 476 
79/F 25U/12 185 14 1300 

I, 

-

~ 
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this group by the free method would be exogenous insulin 

primarily, •with some small amount of endogenous insulin, 

depending on the patient. The concentration of exogenous, 

circulating free insulin measured at any given time is 

dependent on a combination of factors which include: 1) 

the amount and solubility o:f the exogenous insulin and the 

rate of release from the depot at the site of injection; 

2) the level of insulin-binding antibody present in the 

circulating blood as opposed to the concentration of free 

insulin present. It is known that the binding of insulin to 

antibody is a reversible process; 3) the rate of degradation 

of insulin by the liver; and 4) , the requirements of the body 

to supply energy from carbohydrate and fat metabolism. 

The free insulin levels obtained in these 21 patients 

does not appear to correlate with the amount of insulin taken. 

There does appear to be some correlation between elderly 

patients and higher free insulin levels, but in this small 

number of samples, the conclusion can not be made as other 

factors may be responsible. The data also suggests some 

correlation between high levels of insulin antibody and in­

creased amounts of free circulating insulin. This mey be 

possible since the binding of insulin to antibody is a 

reversible process and the law of mass action is applicable 

to these reactions. Berson and Yalow9 described transient 

state studies where association reactions to determine the 

rate of for~ation of~insulin-antibody complexes were per-
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formed and the reverse reaction, dissociation, where the 
1251-Insulin was dissociated from. the preformed insulin­

antibody complex. This transient nature of the insulin­

antibody complex has been observed by Berson and Yalow in 

cases where acute increases in insulin requirements occur, 

as during infections, and when after a short period of time 

of increased insulin therapy there follows a period of re­

peated insulin reactions where the patient is in a hypogly­

cemic state due to the sudden increases in circulating free 

insulin. The increase in free insulin has been interpreted 

as due to gradual release of insulin from dissociating 

insulin-antibody complexes following the accumulation of 

high concentrations of insulin in these complexes. 

In spite of the fact, that no correlation seems 

evident between the free insulin level and exogenous in­

sulin dosage, there may be some correlation of free insulin 

with dosage when interpreted in light of the insulin-a~ti­

body present. In 11 patients where the total insulin was 

over 1,000 y.U/ml indicating a high level of insulin-binding 

antibodies 1 the free insulin was elevated in 8 cases, while 

3 patients had normal free insulin levels. These 8 patients 

were all on rather high insulin dosage, ranging from 30 units 

to 80 units per day. In terms of normal, fasting, circulating 

insulin concentration of 0-20 _µU/ml, ·the 30 to 80 units of 

exogenous insulin would be equivalent to 30,000,000 to 

80,000,GOO pu. If ope assumes an apparent 6 liter volume 
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distribution of circulating blood, the dosage then becomes 

5,000 to 13,333 µU/ml if all the exogenous insulin were 

released at one time. Because of its low solubility at the 

pH of body fluids, the insulin is slowly released into the 

circulating blood and the peak. of exogenous insulin in this 

group probably never exceeds 208 pU/ml to 555 µU/ml if one 

assumes that the insulin is released equally over a 24 hr. 

period from the depot at the site of injection. Remembering 

that the- insulin antibody complex formation is reversible, 

if this large concentration of free insulin were present, 

the equilibrium would probably favor the associatlon 

reaction where the complex would be formed, thus binding the 

free insulin. When the complex level is high, the equili­

brium would favor the dissociation reaction, thus increasing 

the free insulin. In addition one would have to consider 

other factors such as insulin degradation, the rate of anti­

body synthesis as well as the rate of antibody destruction, 

and the rate at which complexes form and dissociate. It is 

evident that many factors contribute to the level of free 

insulin present in insulin-treated diabetics where insulin­

binding antibodies are present. 

The free insulin in the 21 insulin-treated diabetic 

patients ranged from 10 to 440 pU/ml. If the one result of 

440 pU/ml obtained on patient E.B. ivere discarded, the range 

then would·be 10 to 72 µU/ml with a mean value of 27 pU/ml. 

These specimens were~ obtained primarily at 11 A.M. and 3 P.M. 
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therefore they cannot be considered as fasting. The mean 

value and range certainl y wil l be i nfluenced by the vari­

ables discus s ed earl ier and canno t be compared to published 

res ults for free i nsulin on f asting patients . In a s mall 

group of 5 fasting, insulin-treated diabetics studied, the 

mean value was 17.6 with a range of 10-28 uU/ml. This is 

somewhat higher than the fasting free insulin levels in 

insulin-treated diabetics given by Nakagawa, ·et ai. 15, as 

0 to 20 p.U/m.l range with a mean value of 7.3 JlU/ml. 

The one case of free insulin found to be extremely 

high (440 pU/ml) was associated vrith a high titer of insulin 

antibody, 17,480 p.U/ml in terms · of JlU of insulin bound. A 

number of specimens were taken on this patient on different 

days with the following results fox_- free insulin: 1) result 

of 6/1/74 taken at 3 P.M. was 286 JlU(ml; 2) result of 6/4/74 

taken at 3 P.M. was 202 pU/ml; 3) result of 6/9/74 taken at 

3 P.M. was 230 pU/ml; and 4) result of 6/10/74 taken at 

3 P.M. was 440 p.U/ml. The free insulin values over a period 

of 10 days on this patient remained high ranging from 202 

to J+L.~o µU/ml with a mean value of 278 pU/ml. Table 17 shows 

that this patient (E.B.) was an 82 year old male, taking 70 

units of insulin daily for a long period of time and in whom 

a high level of insulin-binding antibody was found. All of 

the above facts contribute to the high level of free insulin 

as discussed earlier in this section. 
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It has been suggested by some investigators15 that 

the determination of free insulin in insulin-treated 

diabetics may be useful in studying the dynamics of insulin 

throughout the period of hospitalization when the patient 

is being regulated. To determine the usefulness of this 

suggestion, 2 patients were selected, one normal subject and 

one insulin-treated diabetic in which a rather high level 

of antibody titer was found. The results of .the study are 

shown in Figure 19 and in Figure 20. The normal subject, 

(W.G.) was not a hospitalized patient and had no symptoms 
-of diabetes. He was used only as a normal control in the 

experiment. The insulin-treated diabetic, (J.V.) was a 

31 year old male who had been a knovm diabetic for 10-12 

years. He was hospitalized by his_doctor in an attempt 

to better regulate his diabetic condition. At the time of 

this study, patient J.v. was taking bet\veen 70 to 80 units 

of U-100 NPH insulin. 

Figure 20 graphically shows the fluctuation in both 

subjects as to free insulin measured by the free insulin 

method and blood glucose measured by the copper neocuproine 

method. It should be pointed out that the interconnecting 

lines are dra\m from point to point when in fact there may 

be considerable variation up or dovm within the time frame 

of these points. Table 18 shows the comparison for both 

subjects by the 3 methods, reference, free, and total 

insulin. The reference method for patient J.V. cannot be 



r 

17 
rl 
E 
s15 

:::l.. 
~ 

;:I 12 
;::1 
Cl] 

~ 

H10 
(l) 
(l) 

$-i 
I=-! 

7 

5 

2 

1 1 1 

250 
+.'l 
Cl] 
Cc> 225 c;-; $-i 

7d ~ (l) 
{.) ~ 

(l) ~ ~ 
$-i ;:3 ·rl 200 fXl ~ i::i 

1 1 l 175 

0 
f-' 

1 5d=; 
0 
Cfl 

<D 

12~ 
Qq 

z 
10~ 

75 

50 

Insulin 5 

0 
1 12 2 4 10 12 2 

AM PM AM 

Time in Hrs. 

Figure 19. Changes of Free Insulin and Glucose 
Levels at Various Time Intervals in Relationship to 
Ingestion of Food. Data is From a Normal Subject. 
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Figure 20. Changes of Free Insulin and Glucose 
Leve1s at Various Time Intervals in Relationship to 
Insulin Dosage and Food Ingestion. The Data is From 
a 31 ;Year Old Male Patient Tala;:ing 70-80 Units of In­
sulin l'lith an Insulin Antibody Level of 10,000 pU/ml 
of Bound Insul=i,n. 
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TABLE 18 

RESULTS OF ONE NORNAL SUBJECT .AND mm INSULI::f­
TREATED DIABETIC V/ITH HIGH Al'-TTIBODY TITER, SH01.'/ING 
THE VARIATION OF FREE INSULIN AND INSULIN ANTIBODY 
OVER .A 15 HOUR PERIOD. DATA FOR THE REFERENCE , FREE , 
AND TOTAL METHODS IS SHOWN EVEN THOUGH THE RESULTS OF 
THE REFEP.ENCE METHOD ARE NOT VALID FOR PATIENT (J. V. ). 

Patient/ _gU/ml _gU/ml 11U/ml 
Specimen Time Reference Free Total 

(J.V.) 8 A. M. 400 72 9520 

1 1 A.M. 400. 72 8400 

3 P.M. 400 68 10,640 

8 P.M. 400 88 1 o, 080 

1 1 P.M. 400 82 8,400 

(W.G.) 8 A.M. 7 8 11 

11 A.M. 7 8 14 

3 P.M. 27 24 . 22 

8 P.i'1I. 18 16 18 

---
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considered valid since insulin-binding antibodies were 

present and was used only to show the unreliable results 

obtained when compared to the free insulin method. As can 

be seen from Table 18, the total insulin method for patient 

J.V. is consistently elevated in all five specimens indi­

cating a high level of insulin-binding antibody. 

The results for normal subject, (W.G.) by all three 

methods should be similar since no antibodies are present. 

The total insulin method provides a means to deter­

mine the presence of insulin.:.binding antibodies, and to 

quantitate them in terms of JlU/ml of insulin. As indicated 

in Table 17, insulin-binding was present in all 21 patients 

studied. In addition, no insu.lL"l-binding was found in 

patients, diabetic or normal, who had not received insulin 

for 4 to 5 weeks before being tested. 

No consistent relationship could be demonstrated 

between insulin antibody level and the insulin requirements 

of patients in this group of 21 patients. As shown in Table 

17, some patients receiving 35 or 40 units of insulin had 

insulin-bound antibody levels of less than 500, while others 

taking the same amount, showed levels as high as 4 or 5 

thousand. Apparently the higher levels of insulin required 

in patients with low to moderate antibody levels is related 

more to the needs of the patient in controlling carbohydrate 

metabolism .than to binding by insulin antibodies. 
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The data does suggest correlation between yea:.rs of 

taking insulin and the level of antibody. As shown in Table 

17, with the exception of 2 patients, all others having 

values above 1,000 µU/ml had been taking insulin for 6 years 

or more. On the other hand, not all patients taking insulin 

6 years or more had high insulin-antibody levels above 1,000 

µU/ml. Thus it appears that all patients show some antibody 

response to the introduction of animal insulin in their body; 

in addition, some patients develop more antigenic response 
. . 

than others over a given time span and some even to the 

point of insulin resistance. 

As discussed earlier in· Chapter II of this thesis, 

the ability to easily measure the insulin antibody level 

in difficult-to-control or insulin .resistant patients may 

provide the doctor the necessary information to properly 

distinquish between immune and non-immune insulin resis­

tance. In addition, the periodic measurement of these 

antibodies in insulin-treated diabetics may be justified 

in following the progress of each patient throughout their 

life span. The need for larger and larger doses of insulin, 

or the sudden periods of hypoglycemia may be better under­

stood if the year to year antibody response were kno1m. 

It has been established by many investigators, in­

cluding the data of this clinical evaluation that human 

antibodies ; to insulin are not present in persons not taking 

insulin. Further, that circulating antibodies are first 
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detected in insulin-treated patients approximately 5 to 7 

weeks after insulin therapy is begun. Sebriakova and Litt1e6 

found an average time of 7 weeks when they first detected 

circulating antibodies to insulin. Skom and Talmage35 

report the figure of 4 weeks as the minimum time before 

circulating antibodies are detected. In a very limited 

study conducted as part of this project, 4 patients just 

started on insulin therapy were evaluated by the reference, 

free, and total insulin methods to determine if antibodies 

were present. The time ranged from 2 days to 2 weeks from 

the beginning of insulin therapy and the dosage varied from 

15 to 40 units for the 4 patients. No significant increase ~ 

in the total method over that of the reference and free 

methods was observed in any of the 4 patients. Unfortunately, 

these :patients were discharged from the hospital and follow­

up studies could not be completed in determining the mini­

mum time when antibodies could be detected. 

It has been suggested that the difference between 

insulin resista~ce and non-resistance in insulin-treated 

patients is primarily a quantitative one based on the level 

of insulin-binding antibody. Berson and Yalow9 further 

suggest that antibody levels from diabetic non-resistant 

patients are less than 10 units/liter plasma (10,000 µU/ml), 

whereas binding capacities of 500 units/liter (500,000 

µU/ml) and; ·greater have been observed in serum from insulin­

resistant patients. ~ 
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In the group of 21 insulin-treated patients studied 

in this project, only 2 patients fell into the insulin­

resistant category as defined by Berson and Yalow. Both 

of these patients were indeed somewhat difficult to control 

and required 70 to 80 units of insulin. Both patients could 

be classified as slightly to moderately resistant to insulin 

based on their clinical history as supplied by their 

physician. Two other patients in this same group, (D.M.) 

and (M.s.) had total insulin levels of 4,090 a.lid 5,040 

µU/ml respectively, well below the 10 unit per liter level. 

These patients were difficult to control and exhibited con­

sistently high glucose levels even though increased dosages -

of insulin was given. Thus, in spite of their somewhat lower 

level of antibody, these patients were classified as insulin 

resistant by their physicians and were switched to . pork 

insulin as a means of better control. It should be under­

stood that the level of 10 units per liter of insulin anti­

body serves as an average value to classify immu.."le resistance 

or non-resistance and not as an absolute value. 

The use of porcine insulin in insulin-resistant 

patients has been recommended as a means of better control 

and in most cases with less dosage. The porcine insulin 

because of its amino acid composition and structure more 

closely resembles human insulin and is less antigenic than 

beef insulin which is most commonly used. Palumbo, et al.32 

described several pqtients whose insulin requirements were 
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100 to 300 units per day prior to the use of porcine insulin. 

Upon treatment with porcine insulin, the daily insulin re­

quirements were reduced 20 to 58% of the original dosage 

with apparently good control. In addition, they reported 

significant reduction in insulin binding by one patient but 

no apparent reductio~ in 2 other patients. 

In the group of 21 insulin-treated diabetic patients 

studied in this project, 3 patients who were taking standard 

insulin preparations, (70% beef, 30% pork) were started on 

pork insulin. In all 3 patients, dosage was reduced to 

approximately 50% of previous requirements to maintain good 

control. Unfortunately, the patients were released from 

the hospital within 10 days,_ and no detectable change in 

insulin-binding antibody was obse~ed in this time span. 

Further studies on these patients will be made at various 

intervals as a follow-up in evaluating the use of porcine 

insulin and in the reduction of high levels of insulin anti­

bodies after beginning porcine insulin therapy. 

In the course of this clinical evaluation, 2 subjects 

not included in the 21 insulin-treated diabetic group were 

found to be taking porcine insulin and volunteered to have 

samples of their blood assayed for free insulin and insulin 

antibodies. 

Subject (D.M.), a 26 year old male had been . an 

insulin-treated, juvenile-onset type diabetic for approxi­

mately 13 years. The first 10 years, he had taken in-
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creasingly larger doses of standard mixed insulin (70% beef/ 

3Cf/4 pork), but during the past 3 years, had been put on pork 

i nsulin as a means of better controlling his diabetes. The 

exact details of insulin resistance due to high antibody 

levels could not be obtained in his history; thus, it was 

impossible to establish the change in antibody level during 

the period of porcine insulin therapy. It can be assumed, 

that after 10 years of beef insulin, a significant amount 

of circulating antibody was present and especially so, if 

his physician felt porcine insulin was required. 
-

The serum was assayed by the reference, free and total 

methods, and gave insulin concentrations of 25, 14, and 22 

µU/ml respectively. If one considers the average GOV for 

the 3 methods (see Table 9) as 2Cf%, the data indicated that 

the results are not significantly different. The variation 

of the 3 results are within the limits of precision. This 

apparent lack of insulin-binding antibodies in the serum of 

this person is indicative of: 1) complete loss of antibodies 

during a 3 year interval while maintained on porcine insulin; 

and 2) no further development of antibodies to the porcine 

insulin. The other subject studied was an 18 year old 

female, juvenile-onset type diabetic. She had taken lente 

type insulin (mixture of 7Cf/o beef and 3Cf% pork) for 9 years 

and required approximately 70 units daily. During the past 

year, her doctor on the basis of clinical history, loss of 

good control in spite of high dosages of insulin, and 



evaluation of the insulin-binding antibody level by the 

Cli:ri...ical Research Di vision of Eli Lilly Company, placed 

her on porcine insulin as a means of controlling her 
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apparent insulin-resistance. The value of her insulin­

binding antibody level was reported as 3,400 pU/ml. Porcine 

insulin therapy was started August 10, 1973 and continued 

until the present study. Blood samples were taken :March 3, 

1974 and asseyed by the free and total methods to determine 

free insulin and insulin-binding antibodies. The free 

insulin vras 28 pU/rnl while the insulin-binding antibody level 

was 126 µU/ml. In 7 months, the antibody level was lowered 

by 3,274 µU/ml to 126 uU/ml. Since only one test was done -

7 months after porcine insulin therapy began, it can not be 

said with certainty that the antibody level was still falling. 

It is conceivable that a minimum level was reached and the 

level was rising again in response to the porcine anti­

genicity. 

The half-life of insulin antibodies has been reported 

by Sebriakova and Litt1e6 to be approximately 18 days and 

is of the same order as that given for hU1i1an gamma globulin, 

approximately 13 days.8 
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Conclusions 

The use of polye t hylene glycol to selec t ively 

extract insulin from serum in the presence of heavier 

molecular weight insulin-antibody complexes appears to be 

a simplified, yet effective approach to this difficult 

problem. 
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Other methods have been proposed for the determi­

nation of free insulin in insulin-treated diabetics, such 

as the ultracentrifuge method, extraction techniques em­

ploying neutral ethanol, the talc absorption method, the 

dioxane extraction method, and the ultrafiltration method, 

but none have been found to be clinically useful in the 

measurement of free insulin and insulin-binding antibodies. 

The use of PEG to prepare the free insulin contain­

ing extracts has been found to be extremely simple and does 

not require specialized equipment unavailable to an average 

Clinical Laboratory. In addition the 6,000 mw PEG is 

easily obtained, inexpensive, extremely soluble in water, 

and unusually stable both in solid form and in aqueous 

solutions. 

Further, it has been established that· PEG in final 

concentration of 12% w/v causes precipitation of the insulin­

antibody complex, but that the smaller molecular weight free 

insulin remains in t,he upper aqueous phase with little or 

no precipitation loss. 
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The use of PEG to measure insulin-binding antibodies 

involves prior hydrolysis with 1 N HCl to release the 

insulin hormone from the antibody, followed by neutrali­

zation and finally extraction of the total insulin (free 

plus bound) in PEG with simultaneous precipitation of the 

antibody. The insulin-binding antibody level is the total 

insulin minus the free insulin measured in pU/ml of insulin. 

It has been shown in this thesis study that the PEG 

extract for both the free and total methods can be intro­

duced into a simplified radioimmunoassay system with no 

adverse effects. The Phadebas insulin method, obtainable 

from the Pharmacia Company in the form of a 100 test "kit" 

contains all the necessary reagents including the 125r_ 
Insulin, the antibody attached to~ insoluble immunosorbant, 

and the pure insulin standard necessary for proper calibra­

tion. The ability to obtain lyophilized reagents which are 

difficult to prepare and standardize insures the Clinical 

Laboratory of a higher degree of reliability in performance 

of this very sensitive procedure. 

The classical, RIA is based on the competition for 

antibody between radiolabeled and unlabeled antigen. 

Insulin determination ca.~ be performed quite accurately in 

circulating blood in non-insulin-treated persons by RIA. 
-

The presence of insulin-binding antibodies in serum renders 

the results of the classical RIA unreliable because the 

human insulin antibudy present in the serum also competes 

for the radiolabeled antigen. 
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The use of PEG extracts in the RIA system replaces 

the serum, but allows all other reagents to be used in the 

same volume and concentration. The same concentration of 

standards can be used to establish the calibration curve. 

PEG was included in the standard tubes, the zero concen~ <·· : 

tration tubes, and the radiolabeled insulin tubes to de­

termine its effect on the RIA system. No significant 

change was observed in comparison to the same tubes without 

PEG. The phosphate-saline buffer employed in the RIA main­

tained the pH at 7.40 t 0.02 ·throughout the incubation 

period for optimum competitive reaction between the labeled 

and unlabeled insulin for binding sites on the antibody 

attached to the immunosorbant (Sephadex). The incubation 

time employed for all assays in thl:s study was 16 hrs. In 

most cases, incubation was started at 4 P.M. the day the 

sample was obtained and allowed to continue overnight. 

Final washing and counting was done beginning at 8 A.M. the 

second day. This overnight incubation period was found to 

be convenient and did not cause undue delay in obtaining the 

results. 

Time studies were conducted to determine minimum 

incubation periods to facilitate the use of this procedure 

in clinical applications. It was found that 90 to 96% of 

the gamma counts obtained in a 24 hr. incubation time could 

be obtained when using a 10 hr. period. Thus the test could 

be done- in one day if necessary by shortening the incubation 

period with little loss in total counts. 
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The basic Phadebas RIA procedure was studied f or 

other f actors which could either inf luence or be i nfluenced 

by t he PEG material. Included in this evaluation was : 1) 

pipe tting of the PEG extract . Since the PEG has a rather 

high viscosity, measuring the 0.1 ml volume becomes rather 

critical. The use of a semi-automatic pipetting unit with 

disposable plastic tips is recommended; 2) the centrifuging 

and washing with saline. Centrifuging initially after in­

cubation, and between each of the 3 saline washes was carried 

out for 10 minutes. The 3 minute period recommended in the 

Phadebas method for the regular method was not found to be 

adequate when using the PEG extracts. Variable results and 

loss of accuracy were attributed to loss of the radiolabeled 

insulin bound to the antibody-Seph~dex complex. The washing 

of the precipitate for all assays in this study was performed 

3 times to insure maximum accuracy and precision. It was 

determined that 1 washing gave variable results and could 

not be relied on but 2 washings gave consistent, acceptable 

results. The specimens washed twice gave slightly higher 

counts since all the unbound labeled insulin had not been 

removed; however, the results were consistent from one batch 

to the next. 

Recovery, between-run, and within run precision and 

accuracy studies were performed at different levels of 

insulin concentration throughout the range of Oto 320 pU/ml. 

Recovery of added insulin to antibody-free human serum vras 
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determined at 3 different concentration levels , 44, 89, and 

169 µU/ml , and by each of t he 3 methods. The reference 

method gave an average r ecovery a t all l evels of 90 . 5% 

with bet t er recovery a t low and medium levels than a t hi gh 

l evels. The free method gave an average recovery at all 

levels of 84.5% with better recovery at medium and high 

levels than at low levels. The total method gave an average 

value of 86.5% recovery which was somewhat better than the 

free method, but also showed decreased recovery at the low 

levels. 

The between-rm1 precision was determined using a pool 

of normal serum. Aliquots were frozen and assayed by the 

three methods on 15 different days to determine between-

rW1 precision. The reference method gave a mean value of 

35.5, an SD of 8.66 with a COV of 24.4%. The free method 

gave a mean value of 33.6 µU/ml, an SD of 5.71 and a COV of 

16.9%. Finally, the total method gave a mean value of 29.6, 

an SD of 6.06 and a COV of 20.5%. 

The within-rWl studies uere conducted for all three 

methods using the same serum for the reference method and 

the same free and total extracts for the other methods. 

The reference method gave a 10% .COV at levels up to 50 µU/ml, 

but an average GOV of 17.9% at all concentration levels studied. 

The free method gave an average COV of 13.9% at all levels 

and the total method gave an average COV of 19.5%. As was 

expected, the COV f~r all methods is higher in the between-

run study than in the within-run study. ' 
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The free and total insulin methods were statistically 

compared to the reference method by the use of scatter 

diagrams a.~d the regression equation. The regression 

equation for the line comparing the reference method vs. 

the free method is Y = 1.03(X) - 3.01. The equation for the 

line comparing the reference method vs. the total method is 

Y = o.98(X) + 1.27. The regression equation was also 

generated for the comparison of the free and total methods 

and found to be Y = 1.04(x) - 0.66. 

Statistical correlation was also made by use of the 
-

correlation coefficient and the Student !,s "t" test. The 

correlation coefficient was derived for the comparison 

between thet 1) reference and free method and found to be 

0.97; 2) reference and total metho~ and found to be 0.95; 

3) free and total methods and found to be 0.97. In all 

comparisons, the value obtained for r was significant and 

exceeded the value for p = 0.05 indicating that statistically 

the methods give comparable results. 

The Student's 0 tn test was used as another method 

of comparing the 3 tests. The ttttt value derived for the 

comparison between the methods is: 1) the reference vs. 

free method, t = 0.747; 2) the reference vs. total method, 

t = 0.484; and 3) the free vs. total methods, t = 1.039. 

The "t" value from the probability tables is: 2.018 for 

50 degrees ' of freedom, where _p = 0.05. Since the calculated 

t1t 11 values in each case were less than:!:. 2.018, the corre­

lation of the methods was considered significant. 
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Clinical evaluati on was performed on f our di f f erent 

groups of normal and diabetic sub j ects . The normal control 

group consisted of 15 f asting subjects. Thes e s ubjects 

showed a range of 7-28 pU/:ml of insulin with a mean value 

of 17.1. The other normal control group consisted of 17 

non-fasting patients. The range for these patients was 

7-37 pU/ml of insulin \!Tith a mean value of 26.5. All 

specimens were assayed by the reference, free, and total 

insulin methods to determine correlation since no antibodies 

were present to invalidate the reference method. The 

correlation was determined by the correlation coefficient 

and the Student!s "t" test and found to be significant for 

95% confidence limits. 

The 2 abnormal groups studied were all diabetic 

patients who had been admitted to the hospital and were 

undergoing tests. One group consisted of 16 non-insulin­

treated patients who were either controlled by diet, oral 

hypoglycemic agents, or both. These patients were evaluated 

by the reference, free, and total methods to determine the 

free insulin present and to establish the fact that no 

insulin-binding antibodies were present. The range of free 

insulin in these patients was 7-83 vii th a mean value of 

26.3 pU/ml. These patients were not considered fasting; 

thus, the mean value is influenced by food ingestion and 

the endogenous insulin ·whose production and release from 

the beta cell of the pancreas has been enhanced by the oral 

hypoglyc emic agent. 
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The other group consisted of 21 insulin-treated 

diabetics with an average age of 49 years. Since each 

member of this group had some level of insulin-binding 

antibody present in their serum, the reference method was 

not accurate and could not be used in evaluation. The free 

and total methods were not comparable in this group of 

patients since the total method measures the free insulin 

present plus the insulin-bound to antibody which was re­

leased by the action of HCl in the total extraction pro­

cedure. The free insulin in .this group of insulin-treated 

diabetics ranged from 1 O to 440 µU/ml ,vi th a mean of 47. 

The total insulin in this group· of patients ranged from 

67 to 17,920 µU/ml. Little correlation could be shown 

between the level of insulin-bindi~g antibody a~d the free 

insulin present. In cases of extremely high antibody 

levels, the free insulin was elevated, but the amount was 

variable. 

Finally, several cases of porcine insulin-treated 

diabetics were studied and found to be relatively free of 

insulin-binding antibodies. One patient, after 3 years of 

porcine insulin, showed no significant level of antibodies 

as measured by the reference, free, and total methods. 

The other patient, after approximately 7 months of porcine 

insulin had a reduction in insulin-binding antibody of 

96.3%. 
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.An improved radioimmunoassay fo r serum free insulin 

in the presence of i nsulin-binding antibodies and a simpl i­

fied method :for quantitating i nsulin antibodi es in terms of 

bound i nsulin has been present ed. The t echnique of PEG 

extraction of the free hormone with simultaneous precipi­

tation of the antigen-anti body complex has been coupled 

with an easily performed RIA system. The methods have been 

shovm to compare statistically with the basic Phadebas 

insulin method. 

Studies for between-run and within-run precision were 

performed for both methods and fotmd to be of the same order 

as the reference method. Clinical evaluation on normal and 

diabetic patients gave expected results, within the limits 

of precision and accuracy, for bot~ groups. Insulin-

binding antibodies were found to be present in all insulin­

t~eated diabetics. 

The two methods appear to be useful in following 

insulin therapy in long-term insulin-treated patients and 

to quantitate insulin antibody levels in immune insulin 

resistance. Both methods are easily performed a..~d can be 

routinely used in the Clinical Laboratory. 
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