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USE OF COMPUTERS IN THE ANALYSIS OF PLASMA HORMONES . RESULTS WITH INSUL IN ..,.L__
- .

~~~

(~pport do 1’jn forvnatique a Panalyse des hormones dan lcy lasma . ,Resultats
~oncernant 11insuline - /

— —————.—.———.———-—---———- .—- .— .—.-.—- - . ,.— — - .

~ALLERON ~~~~~~~~~~~~~~ ,~ OSSELIN

(Translated by Phebe W. Summers) 

~~~~~The radioimunologic method of analysis of protein hormones in complex

med ia (1) presents an interesting advance in diabetology and endocrinology.

Severa l centra l laboratories have resolved the problems with regard to

levels of protein hormones in pia4a during analysis annually of several

thousand samples. We present here~ results obtained by information analysis

of plasma hormones work? carried out during a ptud y of epidemiologic order
af.~~~~ ’

in a large group of heal thy subj ect~~ (2-4). 9The informational study was

• applied to determinations of insulin using separation on adsorbant powder.

It can be applied equally well to automation of determinations of other

hormones such as somatotropic hormone/~~~~and lute inizing hormone .~~~Z~

will  not discuss here the problems posed by automation of the manipu~~tJ.ons ,

we will discuss automation of the necessary calculations for control of

quality and management of the results.

ilateria l and Methods

I. Technique of Sampling

The blood samples are drawn and centrifuged using conditions reviously

described (6). / i’._;~ .
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II. Method of Dcterniin ation Used

0 . The radioimmunologic assay of hormone is carr ied out using separa tion

on silicate following the genera l principles previously presented (7) . The

• 
. technique described for insulin (6), somatotropic hormone (8 , 9) and

• luteinizing hormone (10, 11) have been presented by others. Only the

• general principles in the informational problem app licable to this method

will be mentioned.

Free hormone is absorbed by sil icate and af ter cen tr ifugation, its

radioactivity is measured in an automatic counter. Control tubes are

measured at the time for a reference or standard curve and for the plasma .

They are given as the quantity of iodized hormone adsorbed by the silicate

in the absence of ininune serum. In the usua l experimenta l conditions, the

controls (T) represent 90Z of the total radioactivity. It has been verified

that this percentage decreases under some conditions thus distorting the

results: alteration of the hormone used as tracer at the time of iodination

or detsaturation of the iodinatad hormone at the time of incubation. When

the iod inmted hormone is bound to an excess of antibody, the percentage

• of radioactivity is of the order of lO7~.

The tubes of the norma l or standard curve are ob tained by cross-

quantities of unlabeled hormone or cold in the presence of the same system

of iodinated hormona-antihormone antibody. Under these conditions , the

quantity of iodinated hormone adsorbed on the silicate (F) increases and

the activity present in the superna tant in the form of a antigen-antibod y

comp lex decreases . The ratio of PIT of th. quantity of iod inated hormone

to the activity of the controls increases as a function of the quantity of
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cold hormone. Based on the technique used for separation, it is necessary

that the mean of the standard curve should be identical to the mean of

plasmas determined. To attain this condition, the curve can be incubated

• in plasma without hormone, or even a quantity of plasma known to contain

small quantities of hormones is added just before the separation replacing

an equivalent amount of the incubation mixture. These two techniques, with

the immune serum that we used, give similar results. Also, it is easiest to

obtain plasma containing a little insulin than plasma not containing all the

insulin, the procedure regularly used is that which consists of adding

plasma low in hormone before the separation.

III. Calculation Techniques

The programs for treatment of the data have been written in Fortran

IV with the exception of the program for decoding the perforated tape

coming from the scintillation counter, Classical statistical methods (12)

have been used, adjustment of the polynoineals of least squares on obser-

vations equally spaced which is utilized for several repetitions in the

program was described in particular by Bennet and Franklin (13).

Results

The various informational steps necessary for automation of the

determinations are shown schematically in Figure 1. If one follows it

the plasma sample from the moment of its being taken to the moment where

it results in determination, one can distinguish the following steps:

identification of the sample tube of the series, placing in the memory

the nu~~er of counts , calculation of the quantity of hormone contained

in each tube and storage of the results for later use.

3
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• I. Identification Step

At the Health Center where the sample is taken, one wri tes  for each

plasma samp le , on the left  side of the card shown in Figure 2 , the dates

of sampling, name, first name and number of the subject f i le , the nature

of the assay for which the sample was taken , the eventual result and

finally the num~er which is fixed on the tube . This number is used to

mark the tubes; at the time when they are introduced into the counter ,

the righ t part of the card is filled with the corresponding number at

the place in the belt. This procedure eliminates confusing tubes; it

allows the laboratory liberty to organize the order of determinations.

The second identification problem is.the identification of the series of

determinations in which the preceding sample is included: date of test,

date of incubation, date and specific activity of the iod inated hormone

used , date and specificity of the immune serum , date and number of the

albumin lot, date and lot of the hormone which was used to establish the

standard curve, are noted on a separate card. The group of cards is then

transformed to perforated cards for handling by the computer.

II. Calculation of Results Step

To make the calculations possible, a strict plan must be followed,

the data coming from the scintillation counter have to be interpreted and,

finally, a general program must be written.

A. Protocol of Determination

Preparation of an automation program necessitates definition of a

protocol (Table I). A series of determination has been defined as 200 tubes

4
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or more ; this quant i ty  in adjustable to the equipment available, but it

has been pre fe rable to have a standard curve of this order of numbers of

tubes. When more than 200 tubes must be determined , the same protocol is

• repeated. To establish the standard curve, 8 determinations are used for

each in duplicate to allow assessment of the precision of the curve. The

chosen determinations are in geometric doubling progression. For insulin,

they go from 3~U/ml to 400 ~tU/ml of plasma, or 0.3 to 40 ilJ/ml of incubat?

The control tubes are equal spaced every 10th on the belt and the test

plasma tubes are placed between them..

B. Interpretation of the Data Coming from the Counter

At the end of the counting, numbers of counts corresponding to each

tube are punched on a paper tape and become a par t of the program, other

in formation is punched at the same time. The perforated tape is decoded

and transcr ibed by a special program onto a magnetic tape for later

treatment. The final program uses this magnetic tape for selecting the

useful information (number of counts on the channel concerned , etc.);

at this transcription step from the perforated tape to the magnetic tape,

a list comes to the lab which can briefly verify each item for errors and

damage to the perforated tape.

C. Calculation Step

1) Evaluation of the standard curve.

Table II gives the results obtained in an exaple. From the

difference observed d~ between the 2 percentages corresponding to the

same dose , one can estimate (12) the variancd of the percentage of activity

or silicat, by the quantity

5 
-

_

• 

- 

-

‘
S 

0 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



2 ~ 
8 2 2

= 
~ 

d1. In the examp le treated here one finds s 0.70

X lQ~~ with 8 degrees of freedom.

This supposes that the percentage activity on silicate has a constant

variance whatever the dose , and is a reasonable approximation.

The problem of linearization of the standard curve of a radioimmuno-

assay is often proposed (14). The usual transformations proposed (probit,

logit...) do not suffice to linearize the standard curve in our experience

(5). Finally, the automatization makes it possible to have confidence in

the qual ity of the method of linear iza tion chosen so as to correct the

program for each occurrence . We do not linearize the standard curve but

approach it either by pol ygona l adjus tment or by the polygon of leas t

squares of the 4th degree; the log doses being equally space , the use of

orthogonal polygons allows easy calculation (13), the polynomial of

which can be verified in Figure 3 and fits the facts perfectly. This

is the expression of the standard curve which is used by the rest of

the program for later calculations. In Figure 3 are shown by dashed lines,

the uper and lower limits that can be assigned to the standard curve Y,

sup. and inf. are calculated by the relationship 
~~ 

sup = + t8s
A

and tnt = - t
8
a in which is the value estimate of the standard

curve , and t~ is the Student t for 8 degrees of freedom corresponding to

the chosen probability (for a confidence interval having 95 changes in

100 of containing the true value, one has t8 
2.306). These limits of

the standard curve permit giving for each dosage a CL of 957..
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2) Taking account of the variation of the control tubes

The decrease of the radioactivity of iodine in the course of dete r-

mination , the fluctuations of the measure of the radioactivity and diverse

events make the number of total counts of the control tubes vary from one

end to the other of the run. One must take into account the systematic

variations of these controls, to eliminate the variations of these 
controls,

to eliminate the variations due to imprecision in the number of counts and

to develop a procedure capable of measuring the very large variations of

these controls which can be interpreted as the smallest number of incidents

able to affect the quality of the determinations. Figure 4 shows the

variations of the controls during the course of one run. The line trace

is the polynomial of least squares. Each sample of plasma will be

reported as a theoretical control which is found at the same place and

whose value will be calculated by the preceding polynomial. Finally,

when the 2 experimental controls on either side of a tube differ one from

the other by 757. of the calculated value of the control, a signal appears

in the results , asking for ver if ication of the origin of this control

variation.

Neighboring controls are very close to each other in value; the

principle of calculation of a theoretical control for each standard tube

is maintained; still, it is a straight line of least squares which is used

for each ca lculation.

III. Expression of the Results

Results are preserved as a printed docun%ent and on magnetic tape for

later statistical treatment. The printed results are divided into 3 parts:

• 
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4
one concerns the calculations related to the standard curve and its

precision , and the estimations of the standard and plasma controls for

each tube ; the second concerns the detailed results (fig. 5) where are

shown all the identification in the middle of the previous determination ,

the estimated qt~antity of insulin and its 957. confidence limits relative

to the imprecision on the standard curve, a recall of the number of . 
-

counts observed in its tube, the neighboring experimental controls and

the calculated control8. The third part is a summary of the results

(fig. 6) and is printed in several copies. Where the controls are too

variable or where an incident has been signaled at the time of manipu-

• lation, the resul t s are marked with “a’ verif ier .” (to verify)

Comparison between the manual estimation of 96 determinations and

the estimation using our program was made : there was very high correlation

(r = 0.99, p < 0.001).

More interesting is the highly significant difference (p < 0.001)

between the 2 estimates. This difference can be interpreted by the

fact that manual estimation does not allow close approximation of the

standard curve and the variation in the controls.

• Discussion and Conclusions

The method of expressing the standard curve which we propose avoids

• all the limi tations iMposed by linearization methods (15) .

• Another factor for our procedure permits controls throughout the
• determinations: identification controls of the tubes, control of quality

of the information recorded from the counter, .control of the stability of

8
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the measure of r ad ioac t iv i ty  in the counter; the confidence interval

calculated for each determination permits comparison of severa l series

• of determinations agains t the same standard curve . The use made of

bis confidence interva l permits ignoring for the f i r s t  ime on the one hand

the error of the hypothesis of equali ty of the variance as a function of

dose (14), on the other , the fact that it is only a reflection of the

imprecision of the standard curve. It will still be necessary to bring

into the calculation of the confidence interval the imprecision on the

number of counts obtained at each determination; this last operation loses

nevertheless its importance from the moment where one compares it to the

previous calculation.

Finally, it should be noted that the informational application to

radioimmunologic determination (15) has the same advantages.as those

implicated in other methods of analysis. These advantages are of parti-

cular interest in radioimmunologic determinations because determinations

can be carried out in a large ser ies when pla sma spec imens have been

stored for several months at -20°C. We note in particular the increase

• in quality of the measurements, the gain in time for the laboratory in

taking the counts and the groupirtg of the calculations.

9
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