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ABSTRACT

This paper studies the kinetics of the thyroglobuline reaction
with its specific antibody immobilised on the inner wall of the
reaction tube, and the subsequent binding of the immunocom-
plex formed with a second 125I-labelled antibody. These reac-
tions are used in the immunoradiometric determination of
thyroglobuline. Independent variables were analyte and
labelled antibody, temperature, viscosity, and the medium’s
ionic strength. For the global process, mono-exponential
kinetics were found to be dependent on the concentrations,
such dependence fitting with the models discussed in the
paper. Viscosity results clearly indicate its negative influence
on the direct reaction rate. Ionic strength shows noticeable,
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but not too relevant, effects, which suggests that the variation
caused by the glycerol addition is not due to the influence of
the dielectric constant of the solutions used. The effect of
temperature shows activation parameters similar to the
viscous flow energy of water, which suggests diffusion control
for the global process.

INTRODUCTION

The determination of thyroglobuline (Tg) serum levels is highly perti-
nent to the follow-up of thyroid cancer. In patients without metastasis or
tumour relapses, and without residual thyroid tissue, Tg values are lower
than 2 ng/mL in 97% of cases. However, Tg determination in patients with
non-tumour thyroid pathologies is quite different. In a healthy individual,
the Tg serum level is about 2–70 ng/mL, whereas in non-malignant thyroid
conditions such values are found to be higher.

Immunoradiometric assay (IRMA) is used in thyroglobuline assess-
ment. It is based on the determination of an analyte by using a labelled
antibody.[1] This technique may be competitive or not but, in this particular
case, the non-competitive model has been chosen; thus, the sample or cali-
brated solution is incubated in a test tube whose inner wall is antibody-
coated. Next, a second labelled antibody is added, thus making a ‘sandwich’
in which the radioactivity retained increases with the presence of the antigen
in the sample. This antibody is aimed at a second antigenic determinant of
the antigen molecule, i.e., the antigen will bind to both antibodies through
different molecular areas.

Kinetics and equilibrium in antigen–antibody reactions are determin-
ing factors in the sensitiveness and accuracy of the immunoanalytical tech-
niques.[2–4] In previous research,[5–20] different characteristics have been
studied in relation to the antigen–antibody reactions used in analytical tech-
niques, that employ radioactivity as a measurable parameter. The results
suggest diffusive control in this type of process. An application model for
reactions occurring in the solid–liquid interphase has been proposed,[21–24]

and an equation was provided with four parameters that indicated
diffusional influence.

Equilibrium data analysis is used, to a great extent, in determining
the capacity of a substance to bind to one or several receptor
populations. Nonetheless, detecting two binding sites through such an
assay requires the ligand to have very different affinity for the two binding
sites.[25]
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The distinction between single-site binding and two-site binding
models was in many cases impossible through equilibrium analysis while,
at the same time, it was indeed feasible on the basis of kinetic experi-
ments.[26,27] The latter proposed a method which was applied to the study
of the binding of titriade Noscapine (antitussive) to guinea pig brain
homogenate, which can have a general application for single and double
site binding model receptor populations with ligand excess. This would
allow for the discrimination between binding models and the study of
binding parameters by using kinetic data only.

The association and dissociation reactions of Hen Egg Lysozime
(HEL), with two of its specific antibodies (HyHEL-5 and HyHEL-10)
under pseudo first order conditions for the association, was studied, and
diffusion control was found.[28,29] The decrease in the reaction rate constants
as a result of viscosity turned out to be more drastic than theoretically
expected, this aspect being attributed to potential osmotic effects. In addi-
tion, rate constants were found to be approximately double when ionic
strength goes down from 500mM to 27mM, which indicates that the
process occurs between species with opposite charges that affect the orienta-
tional requirements for association.

A diffusion-controlled process must meet some standard require-
ments, such as a considerable reaction rate decrease when medium viscos-
ity is greater, and slight temperature influence with a reduced energy
demand with regard to activation, this causing activation enthalpy
values to be of the same order as the solvent’s viscous flow energy
(5000 cal/mol for water).

Our paper focuses on the kinetics of the reactions between thyroglobu-
line and its specific antibodies, and studies the influence of the concentration
of the reagents for both the global reaction and its stages, as well as the
effect of temperature. As a complementary factor, the influence of viscosity
on such processes is analysed, which requires them to be studied in media
with different compositions. The media have different dielectric constants
which—should the reaction occur between charged species—would give way
to an effect that would overlap with that of viscosity. In order to indirectly
estimate this potential influence, reactions are studied in media with differ-
ent ionic strengths.

Our target is to characterise immunoradiometric reactions and,
in particular, those used in Tg measurement, based on the following
steps:

1. Obtaining integrated rate equations for the overall process.

2. Rate comparison for the different process stages in order to estab-

lish the potential reaction mechanism.
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3. Setting up the possible diffusion control through the study of
viscosity and temperature influence upon reaction kinetics.

4. Complementary study of ionic strength with a view to either
including or ruling out the effect of the electrical charges.

EXPERIMENTAL

Reagents

A solution of 125I labelled monoclonal antithyroglobuline mouse
antibodies. Tubes coated with polyclonal antithyroglobuline rabbit anti-
bodies. Thyroglobuline standard solutions. All the reagents were included
in the DYNOtest� Tg-S thyroglobuline immunoradiometric assay kit
manufactured by Brahms.

Instruments

LKB Gammamaster Automatic Gamma Counter. Brookfield DV-II
digital viscosimeter. Viscosity measurements were performed at 60 rpm with
a UL adapter at 26.5�C.

Experimental Procedure

Reaction kinetics were studied by placing the reagents in the coated
tubes and letting them react for different times: 0, 15, 60, 120, 180, and
300min, and at 48 h, this being considered infinite time. Once the reaction
time elapsed, radioactivity was measured for each tube by the gamma
counter.

Twenty-five experiments were performed, arranged as follows:

Experiments 1–7

Study of the influence of Thyroglobuline (Q) and tracer (M ) concen-
trations upon the global reaction. Fifty microlitres of Q and 250 mL of M
from different concentrations were left to react.
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Experiments 8–10

Study of the influence of the concentrations of the previously men-
tioned factors upon the first process stage, i.e., upon the binding of Q to the
antibody bound to the tube wall (P). Q-coated tubes were incubated at
different times; later on and once washed, M was added, and it was left to
react for 24 h.

Experiments 11–13

Study of the influence of the same factors upon the second process
stage, namely the biding of M to the PQ immunocomplex. Tubes and Q
were left to react for 24 h, and once washedM was added, and it was left to
react at different times.

Experiments 14–17

Study of the influence of temperature. Four experiments were carried
out at constant Q and at four different temperatures.

Experiments 18–21

Study of the influence of viscosity at Q andM constant concentrations
using four solutions prepared as per the table below (quantities in mL). In
the experiments, 250 mL of the solutions were taken and left to react with
50 mL of Q. Final viscosities of the solutions obtained in this manner were
determined by comparison with a calibration curve drawn from standard
glycerol–water mixtures.

Final � (mPa�s) 1.368 1.462 1.589 1.770

Tracer 1.0 1.0 1.0 1.0

Glycerol 0.0 0.2 0.4 0.6
Distilled H2O 1.8 1.6 1.4 1.2
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Experiments 22–25

Study of the influence of ionic strength at Q and M constant concen-
trations, using 4 solutions prepared as per the table below (quantities in mL).
In the experiments, 250 mL of the solutions were taken and left to react with
50 mL of Q. Final ionic strength of the reacting mixes obtained in this
manner are shown in the table.

Data Analysis

The Statistica programme was used with specific non-linear regression
equations. As the statistical criterion that allows a choice from different
equations, AIC was observed (Akaike’s Information Criterion), expressed
as AIC¼N � lnSþ 2 �P, where N is the number of points, S the addition of
residual squares, and P the number of parameters in the equation. The
fitting with the lowest AIC must be chosen.

Symbols

P Antibody bound to the tube wall.
Q Thyroglobuline
M 125I-labelled antithyroglobuline antibody.
PQ Immunocomplex made of the antibody bound to the

tube with the Thyroglobuline
PQM Sandwich-type radioactive immunocomplex
[P], [Q], [M], mol/L concentrations

[PQ], [PM]
P0, M0, Q0 Initial concentrations in arbitrary units
Z Cpm activity measured in each tube after reaction

(Z¼ZspþZ0). A sub-index is added in the tables,
indicating the experiment number.

Final I (mol L�1) 0.024 0.049 0.073 0.097

Tracer 1.0 1.0 1.0 1.0

ClNa 0.410M 0.2 0.4 0.6 0.8
Distilled H2O 1.6 1.4 1.2 1.0
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Zsp Activity specifically bound to the tube wall, directly
proportional to the radioactive immunocomplex con-
centration.

Z0 Value of Z obtained at t¼ 0. Corresponds to unspe-
cific binding.

Z1 Value of Z obtained at t infinity.
Ze Value of Zsp at equilibrium (Ze¼ Z1�Z0).
t Time (min)
T Temperature (K).
v0 Initial rate
k Rate constant.
K Equilibrium constant.
� Viscosity (m Pa � s).
I Ionic strength (mol/L).
z Charge of chemical species.
r Correlation coefficient.
s addition of residual squares.

RESULTS

Global Reaction. Influence of M and Q Concentrations

The results obtained in the global reaction for different M and Q
concentrations were studied in Experiments 1–7, whose results and correla-
tion equations are shown in Table 1, Fig. 1.

Stages. Influence of M and Q Concentrations

The results of the two stages in which the global reaction can be
divided were studied in Experiments 8–13, whose results are shown in
Table 2.

Influence of Temperature

This was studied in Experiments 14–17, whose results and correlation
equations are shown in Table 3, Fig. 2.
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Influence of Viscosity

This was studied in Experiments 18–21, whose results and correlation
equations are shown in Table 4, Fig. 3.

Influence of Ionic Strength

This was studied in Experiments 22–25, whose results and correlation
equations are shown in Table 5, Fig. 4.

Figure 1. Z values observed in Experiments 1–7 (Table 1) vs. values predicted
for Eq. (1).

Table 2. Stages (Influence of M and Q Concentrations)

t

(min) 0 15 60 120 180 300 1

M0

(%)

Q0

(ng/mL)

Stage 1

Z8 3010.7 13 647.5 18 885.6 26 364.5 30 073.0 42 816.5 44 153.2 100 165

Z9 2130.7 10 941.5 14 889.8 19 429.4 25 196.2 33 594.2 34 416.5 50 165

Z10 1031.0 2420.1 3667.1 5578.0 5571.4 7702.2 8150.8 100 4.0

Stage 2

Z11 2517.9 8169.9 17 180.4 24 109.4 28 991.0 35 562.5 47 871.1 100 165

Z12 2903.0 6883.2 12 838.2 18342.7 23 367.6 28 177.0 35 424.3 50 165

Z13 1011.5 22 376.5 3164.2 4317.3 4668.4 5785.2 7088.0 100 4.0

KINETICS AND EQUILIBRIUM IN IRMA 355

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
3
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

T
a
b
le

3
.

In
fl
u
en
ce

o
f
T
em

p
er
a
tu
re

([
Q
]¼

1
6
5
n
g
/m

L
)

t
(m

in
)

0
1
5

6
0

1
2
0

1
8
0

3
0
0

1
T
(K

)

Z
1
4

9
3
5
.0

2
7
8
6
.5

4
3
1
6
.8

7
6
9
4
.1

1
0
6
9
5
.8

1
7
1
0
9
.3

5
4
9
1
1
.8

2
7
8

Z
1
5

4
8
6
.8

1
4
1
9
.6

6
2
8
3
.4

1
1
8
7
5
.0

1
6
1
2
3
.5

2
2
5
0
1
.2

5
0
5
4
2
.1

2
8
6

Z
1
6

8
2
3
.6

1
8
6
9
.3

6
6
8
3
.2

1
1
4
2
1
.9

1
6
2
3
4
.0

2
4
5
9
2
.0

4
0
2
9
5
.5

2
9
5

Z
1
7

1
0
7
6
.5

2
4
4
2
.4

8
1
7
9
.3

1
2
5
4
6
.3

1
7
9
1
8
.7

2
6
6
2
8
.8

4
0
7
0
0
.3

3
0
0

G
lo
b
a
ll
y
,
th
e
v
a
lu
es

fi
t
w
it
h
th
e
eq
u
a
ti
o
n
:

Z
¼

a
0

ex
p
ð�
b
0 =
T
Þ
�

1
�
ex
p

�
c0
�
T
�
ex
p

�
d
0

T

�
�

�
�

�
t�

�
þ
e0

ð2
Þ

w
h
o
se

p
a
ra
m
et
er
s
a
n
d
co
effi

ci
en
ts

a
re
:

a
0

b
0

c0
d
0

e0
r

s

3
5
5
.1

1
4
0
8

1
.9
2
3

3
6
0
9

6
4
9

0
.9
9
8

2
7
.0
�1
0
6

356 GARCIA GOMEZ AND MORENO FRIGOLS

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
3
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

DISCUSSION

Global Reaction and Stages. Influence of

M and Q Concentrations (Tables 1 and 2)

This is the global process:

PþQþM!PQM This can be broken down as follows:

PþQ ,
k1

k�1

PQ ðquickÞ and PQþM ,
k2

k�2

PQM ðslowÞ

The second stage is slower, as can be seen in Table 2. If it is assumed
that quick equilibrium is reached, then:

½PQ


½P
 � ½Q

¼
k01
k�1

½PQ
 ¼
½P
0 � ½Q


½Q
 þ ðk�1=k
0
1Þ

Likewise, once equilibrium is reached, the following is applicable to
the second one:

½PQM


½PQ
 � ½M

¼
k02
k�2

½PQM
 ¼
½PQ
 � ½M


½M
 þ ðk�2=k
0
2Þ

Figure 2. Z values observed in Experiments 14–17 (Table 3) vs. values predicted
for Eq. (2).
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from which we get:

½PQM
 ¼
½P
0 � ½Q
 � ½M


ð½Q
 þ ðk�1=k
0
1ÞÞ þ ð½M
 þ ðk�2=k

0
2ÞÞ

ð5Þ

The rate of the second stage is:

d½PQM


dt
¼ k02 � ½PQ
 � ½M
 � k�2 � ½PQM
 ð6Þ

The experimental data encompass activities as an indirect concentra-
tion measurement. By applying suitable transformations, Eqs. (5) and (6)
become:

Ze ¼
P0 �Q0 �M0

ðQ0 þ ðm=k1ÞÞ � ðM0 þ ðn=k2ÞÞ
ð7Þ

dZsp

dt
¼ k2 � ðQ0 � ZspÞ � ðM0 � ZspÞ � k�2 � Zsp ð8Þ

The previous treatment implicitly acknowledges that

½Q
 � ½PQ
 þ ½PQM


Figure 3. Z values observed in experiments 18–21 (Table 4) vs. values predicted
for Eq. (3).
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The integration of Eq. (8) provides the following:

Z ¼
Ze � f1� expð�ðQ0 þM0 � 2ZeÞ � k2 þ k�2Þ � tg

1� ðZe2=ðQ0 �M0ÞÞ � expf�ððQ0 þM0 � 2ZeÞ � k2 þ k�2Þ � tg
þ Z0

which, taking Eq. (7) into account, becomes:

Z ¼
P0 �Q0 �M0

ðQ0 þ ðm=k1ÞÞ � ðM0 þ ðn=k2ÞÞ

�
1� expf�ððQ0 þM0 � 2ZeÞ � k2 þ k�2Þ � tg

1� ðZe2=ðQ0 �M0ÞÞ � expf�ððQ0 þM0 � 2ZeÞ � k2 þ k�2Þ � tg
þ Z0

which can be reduced to:

Z ¼
P0 �Q0 �M0

ðQ0 þ ðm=k1ÞÞ � ðM0 þ ðn=k2ÞÞ

� ð1� expf�ððQ0 þM0 � 2ZeÞ � k2 þ k�2Þ � tg þ Z0 ð9Þ

If, in Eq. (9) the approximation Ze ¼ j �Q0 is carried out (valid if
Q0 � P0), then, after simplification, we have:

Z ¼
P0 �Q0 �M0

ðQ0 þ ðm=k1ÞÞ � ðM0 þ ðn=k2ÞÞ

� 1� expfð�ðk2 �M0 � e �Q0 þ k�2ÞÞ � tg þ Z0 ð10Þ

Figure 4. Z values observed in Experiments 22–25 (Table 5) vs. values predicted
for Eq. (4).
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which can be written as follows:

Z ¼
a �Q0 �M0

ðM0 þ bÞ � ðQ0 þ cÞ
� ð1� expð�ðd �M0 � e �Q0 þ f Þ � tÞÞ þ g

This is identical to Eq. (1).

Influence of Temperature (Table 3)

If the following is done in Eq. (10):

k2 �M0 � k�2 � e �Q0

k�2

k2
¼ KDis ¼ i � exp

�b

T

� �
ðvan’t Hoff’s EquationÞ

k2 ¼ k � T � exp
�d

T

� �
ðEyring’s EquationÞ

by putting the constants together and simplifying, then we have:

Z ¼
a0

expð�b0=TÞ
� 1� exp �c0 � T � exp

�d 0

T

�� ��
� t

��
þ e0

This is identical to Eq. (2).
The activation enthalpy for the process is �H¼R �m¼

2�3609¼ 7218 cal/mol, its magnitude order being that of the viscous flow
energy of water.

Influence of Viscosity (Table 4)

For the rate constants, standard theory on diffusion-controlled
reactions[30] provides the following expression:

k ¼
8RT

3�

which is valid for spherical, non-ionic, and similar-radius molecules. In our
case, a good fit to this equation is not found, which is not surprising at all,
as not all conditions can be expected to be met. Kramers[31] pointed out
that rate constants k0 and kv, obtained in the absence and presence of a
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viscosizing agent such as glycerol, relate to the corresponding viscosities
through the equation

k0

kv
¼ Aþ B �

�

�0

which can be reduced to the previous one, provided A¼ 0 and B¼ 1.
Finding the value of kv in the previous equation, substituting it in lieu of
k1 and k2 in Eq. (10), and simplifying, we then have:

Z ¼
a00

b00 � �� 1Þ � 1� c00 � �ð Þð
� 1� exp �

d 00

�
� e00

�
� t

� �� �
þ f 00

�

This is identical to Eq. (3).

Influence of Ionic Strength (Table 5)

The reaction is slower as ionic strength rises, which shows that
the reacting species have opposite charges. The results are quantitatively
justified by doing the following in Eq. (10):

k2 �M0 � k�2 � e �Q0

k1 ¼ k10 � exp 2:344 � z0 � zu � I
1=2� �

k2 ¼ k20 � exp 2:344 � z0 � zu � I
1=2� �

By putting the constants together and simplifying, then we have:

Z ¼
a000

ð1þ b000 � expð�c000 � I1=2ÞÞ � ð1þ d 000 � expð�e000 � I1=2ÞÞ

� f1� expð�f 000 � expðe000 � I1=2Þ � tÞg þ g000

This is identical to Eq. (4).
Parameters c000 and e000 contain the product of the charges of the

reagents, their values indicating that the reaction takes place between species
with small charges and opposite signs.

CONCLUSIONS

Global reaction is a two-stage mechanism: in the first one, thyroglobu-
line reacts with antibody P and, in the second one, theM-labelled antibody
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binds to the PQ immunocomplex. The second stage is slower and, so,
determines the rate of the global reaction.

The concentration of the labelled immunocomplex relates to P0, Q0,
M0 as per a monoexponential rate equation, corresponding to a reversible
second order process that can be attributed to a single type of binding site.

The influence of viscosity on the apparent rate constant for the for-
mation of the immunocomplex is explained by admitting that the approx-
imation stage rate decreases. The resulting expressions are justified by the
introduction of the value of the obtained constant as per Kramers’ equation
in the corresponding rate equations.

Ionic strength has a noticeable influence on the rate constant and the
equilibrium. This suggests that the reacting species have small electrical
charges and opposite signs.

According to this, the kinetic variation resulting from the different
glycerol concentrations used does not seem to be due to the influence of
the dielectric constants of the solutions; hence, it can only be attributed to
viscosity.

The influence of temperature on the equilibrium and kinetics is shown
by van’t Hoff’s and Eyring’s equations, respectively. Activation enthalpy is
estimated to be 7220 calmol�1, with the magnitude order of the viscous flow
energy of water.

What has been described in the last two conclusions suggests diffusive
control for the process.
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