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ABSTRACT

The activity in the equilibrium after the displacement of 21-T4 and %] -
digoxin by the T4 and digoxin ismeasured. Theresults adjust to avariant
of the four parameters equation that includes the influence of the
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concentration of tracer and the temperature. Such variant isused to predict
the calibration curves used in the determinations of these substances by

radioimmunoassay.

INTRODUCTION

Radioimmunoassay(RIA) isacompetitivetechnique
inwhich the antigen molecul eto be determined(AQ)
competeswith aradioactivetracer(labd led antigen: Ag’)
in order to bind to aspecific antibody(Ab) that reacts
to both antigensuntil equilibrium isreached for both
immunocomplexes-the radi oactive one and the non-
radioactiveor ‘cold’ one- to coexist!Y:

Ag+Ab+Ag* <(Ag—Ab)+HAg—AD)*

By keeping tracer(Ag’) and antibody(Ab) quantities
constant, the higher or lower proportion in the
immunocomplexesformed will solely depend onthe
amount of coldantigen(Ag) inthesampleto beanadysed.
If the tracer behaves similarly when bound and not
bound, then the separation of thebound and freefractions
isessential. In thetechnique observed inthisresearch,
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separation is accomplished by fixation on asecond
antibody coated onthetubewal

The determination of the samplesconcentrationis
madeby meansof itsreading inthe corresponding curve
of calibration, whichisawaysdecreasng, Snceagresat
amount of substancein thesamplewill tend to saturate
theantibody, reasonwhy theitsactivity will below. If
theamountissmall, will happentheopposite.

Almost all the analyses with great amounts of
samplesinclinical chemistry usethe cal cul ations of
automated results, what increasetheyield by diminating
themanud process, lowering theerror of the observer
and diminishing the presence of thetrascription errors.
Thecalibration curve, based in the points obtained by
measurement of standard samples, needsan adjustment
whosequality conditionsthe exactitude of the obtained
result.
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Thenonlinear modd most used inRIA isthelogigtic
mode of thefour parameterd?, that calculatesthereslts
by application of eq 1:

y=D+(A-D)/(1+(x/C)B) (@)

y=Activity(cpm) bound to antibody, x=Concentration of the
sample, D=non specific binding (NSB). It agrees with the
activity corresponding to a sample with infinite concentration,
A=maximum activity, corresponding to a sample with zero
concentration. C=concentration of a sample to which it
corresponds y=(A+D)/2, B=parameter that depends on the

process characteristics

Figurel:Plot of four parameter smodel

Thismode hasbeen successful becauseit smulates
the physical characteristics of radioimmunoassay
systems. However, until the widespread use of
computers, eg.1 wasnot used directly. Itsuseresultsin
alinearization by meansof theinput of anew varigbleY
defined as.

Y=(y-D)/(A-D)
Fromwhichitisobtained:
In (Y/(1-Y))=logit (Y)=In (¢*) -b-Inx @)

Accordingtoeg2aplot of logit (Y) versusinx must
belinear, whichfadilitatesthegraphica cdculation.

Inour previousresearch®® different featuresrd ative
to the kinetics of antigen-antibody reactions used by
immunoandytica techniqueswereanaysed. Theoretica
models were prepared for an application to the
immunocomplex formation processesproducedin RIA
(Radioimmunoassay) and IRM A (Immunoradiometric
assay). Wed so studied thefitting of equilibriumresults
toseverd pre-set equations, and amathematica deduction
that justifiesthem theoreticaly was obtained.
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We seek to devel op agenera model applicableto
competitiveimmunoassaysincluding theinfluence of
severa variables. Itsvalidation comesfrom thefitting
of theresultsto the equations obtained. Themodel s of
Stenberg, Rabany, and those of Zuber refer to the
formation of theradioactiveimmunocomplex but not to
the competition between labd led and unl abelled antigen,
whichisthebasisof competitiveimmunoassays. Such
model sdo not determinetheinfluenceof thevariables
studied here.

Inlinewith theaboveresearch, thispaper aimsto:

- Obtain equationsshowing theinfluenceof thetracer
concentration(m) and thetemperature(T) on the
equation parameters.

- Predict the calibration curves based on such
vaiables

- Maketheresultspotentialy applicabletothedesign
of immunoana yticd techniques

Theor etical moddl

Thefour parametersequationis:
y=D+(A-D)/(1+(x/C)?) )
Term ‘D’ representstheactivity correspondingtoa
sampleof infiniteconcentration. Supposingthet thisterm
isdirectly proportiona totheactivity of tracer (m), itis
hed:
D=d'm ©)
Theterm ‘A’ corresponds to the maximum activity
bound to theantibody. Therefore, dsoit canhopethat it
isdirectly proportiona am. In addition, it must contain
theequilibrium congtant corresponding to theformation
of inmunocomplex. Expressngthisconstant infunction
of thetemperatureby meansof thevan’t Hoff equation®,
itresults
A=am-exp(e/T) 4
It s;emsreasonable to supposethat the quotient x/
Cincludesthe relation between the concentrations of
andyte(x) and tracer(m). Theexponent ‘B’ isrdated to
thedegree of cooperativity of the process. An exponent
different to B can beassigned to m, withwhich Cisin
theform:

C=cm' (5)
Introducing (3), (4) and (5) in(1) itis:
y =d-m+(a-m-exp(eT)-d-m)/(1+(x/(c:m))°) (6)
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Assuming d=~0, f=0, eq 6 becomes:
y = (am-exp(e/T))/(1+(x/c)") )

EXPERIMENTAL

I nstruments
ILKB gammamaster automatic gammacountey.
Reagents

PT=Plastictubeswithrabbit anti-digoxinimmuno
globulin or rabbit anti-T4(Anti-Thyroxine) immuno
globulinimmohilizedtotheinddewal, DM=solution of
125)-| abelled substance(Digoxin or T4) in aprotein-based
buffer, DQ=digoxin or T4 standard solution

These reagentswereincluded in the cot-a-count
digoxinkit or cot-a-count T4 provided by DPC

Experimental procedure

Several tube series were prepared as per the
TABLE1

TABLE 1: Preparation of tubes

PT 1 2 3 4-10
DM(mL) 025 05 075 1
H,O(mL) 075 05 025 0

They were | eft to react overnight. The next day,
they weredecanted and washed with 2ml ditilled water.
Activity was measured us ng agammacounter.

Solutionswereas per the TABLE 2
TABLE 2: Composition of solutions

Solution 1 2 3 4
DQ(uL) 25 50 75 100
H,O(mL) 7.975 7.950 7.925 7.900

Reaction kineticswere studied by placing 1mL of
the previously mentioned sol utionsintheplastic coated
tubes and letting them react at 24hours, this being
congderedinfinitetime. Eachtubewaswashedtoremove
any unbound | abelled antibody. Any radioactivity present
in the remaining bound labelled antibody was then
measured us ngagammacounter.

For T4, 10 experimentswere performed, arranged
asfollows:

- Experiments1T4, 2T4, 3T4, 4T 4. Study of the
influence of T4 concentration(x) upon the global
reaction using tubes4,5,6,7 and solutions 1,2,3,4

- Experiments5T4,6T4, 7T 4: Study of theinfluence
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of 12]- T4 concentration(m) upon theglobd reaction
usingtubes1,2,3and solution 4.

- Experiments 8T4, 9T4, 10T4: Study of the
influence of temperature(T) using tubes8,9,10and
solution 4.

For digoxinapardld serieswasperformed, following
the same procedure experimental. The experimentsfor
thisseriesarerepresented as 1Dig-10Dig

Data analysis

The Statisticaprogramme(Copyright © StatSoft,
Inc:, 1993) was used with specific non-linear regresson
equations. Asthedtatigticd criterionthat dlowsachoice
from different equations, SS and corrected Akaike’s
information criterion(AIC ) was used, expressed as

AIC. = N-In(%)+2P+2££Lpﬁ)

where N is the number of points, SS the addition of residual
squares, and p the number of parametersin the equation. The
fitting with the lowest AIC_ must be chosen. In order to
di stingui sh equati ons from monoexponential and biexponential
models, AlCc and ANOVA (F test) were used®,

RESULTSAND DISCUSSION

T4results

Theresultsof experiments1T4-10T4 areshownin
TABLE3
TABLE 3: yvaluesfor experiments1T4-10T4

Experiment y X m T
1T4 13578.0 25 100 318
2T4 126901.5 50 100 318
3T4 7667.8 75 100 318
4T4 5208.4 100 100 318
5T4 1745.4 100 25 318
6T4 4196.0 100 50 318
7T4 5826.1 100 75 318
8T4 7393.3 100 100 310
9T4 11542.4 100 100 305

10T4 16672.5 100 100 299

Theresultsof TABLE 3arefitted to theequation
y =d-m+ (a-mrexp(e/T)-d-m)/(1+(x/(c-m))°) (6a)

Itsparameters, coefficient of corrdation (r) and sum
of squaresof residuals(ss) are: d=34.6 a=6.41-10"°,
€e=8299 ¢=391, f=-0.365, b=4.47 r=0.991, ss=
3.62:10°

Theeq 6aisidentical to eq 6. The adjustment of
the datato eq 6acan beseeninfigure2
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Figure 2 : y values observed in experiments 1T4—
10T4TABLE 4) vs. valuespredicted for equation (6a)

Conclusion 1-Theequation (6a) predictsthevaluesof y with a
mean deviation that can be estimated as: (3.62-10%/10)"=
602cpm. Thisrepresentsarelativedeviation of about 9%

Digoxinresults

The results of experiments 1Dig-10Dig are shown in
TABLE4:

TABLE 4: yvaluesfor experiments 1Dig-10Dig

Experiment y X m T
1Dig 9168,3 25 100 318
2Dig 8888,3 50 100 318
3Dig 7740,6 75 100 318
4Dig 6058,6 100 100 318
5Dig 1650,6 100 25 318
6Dig 3087,5 100 50 318
7Dig 4564,8 100 75 318
8Dig 6961,9 100 100 310
9Dig 8829,4 100 100 305

10Dig 10350,6 100 100 299

The results of TABLE 4 are fitted to the equation
y = (am-exp(e/T))/(1+(x/c)°) (7a)
Itsparameters, coefficient of correlation (r) and sum of squares

of resduds(ss) are:a=0.01609, e=2752, c=117.6,b=3.72,r=0.998,
s5=34310°

Theeq(7a) isidentica to eq(7). Theadjustment of
the datato eg(7a)can be seeninfigure3.
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Figure3: y valuesobserved in experiments 1Dig-10Dig

(TABLE 4) vs. valuespredicted for equation (77)

Conclusion 2-Theequation 7a predictsthevaluesof y with a
mean deviation that can be estimated as: (3.43-10%10)"=
185cpm. Thisrepresentsarelativedeviation of about 3%

Prediction of calibration curves
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y valuesare cal culated by aplication of the eq (6a)
and(7a) for different x v uesasisplottedinthecdibration
curvesof RIA. Figures4,5,6,7 represent such curves
and they show theinfluenceof thestudied variables
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Figure4: Calibration curvecalculated with theeguation 6a
for different %|-T4 concentrations (m). Series 1: m=100
u.r., Series2: m=70u.r., Series 3: m=30u.r
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Figure5: Calibration curvecalculated with theequation
(6a) for T4 at different temperatures. Series1: T=45°C,
Series2: T=37°C, Series3: T 30°C
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Figure6: Calibration curvecalculated with theequation
(7a) for different %1 -digoxin concentrations(m). Series
1: m=100u.r, Series2:m=70u.r, Series 3:m=30u.r.
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Figure7: Calibration curvecalculated with theequation
(7a) for digoxin at different temperatures. Series 1.
T=45°C., Series2: T=37°C., Series3: T 30°C
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Conclusion 3-Thecurvespredicted by theequations(6a)
and (7a) show greater dopefor high valuesof M. Hence,
the sensitivity of the method is greater if high
concentrationsof tracer areused

Conclusion 4-Thecurvespredicted by equations(6a) and
(7a) exhibit larger slope for lower temperatures.
Therefore, thesenstivity of themethod isgreater if the
incubationiscarried out at room temperature. M oreover,
it will be necessary to increase the incubation time,
becausethe processbecomess ower

Conclusion 5-Theactivity correspondingto concentration
zeroincreasesat low temperatures. It suggeststhat the
displacement of tracer by theanalyteisan endother mic

processin both casesstudied
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