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In the present work the label of L-Tj and L-T4 with RBITC have been developed by
means of a relatively easy procedure. A purification by TLC, previously optimized, offers the
possibility of obtaining a good recovery of conjugates T3 and T4-RBITC. The immunoreac­
tivity of conjugates was calculated by a formulas especially designed for this purpose. This
formulas could be applied to any molecule labelled with fluorescent compounds.
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The methods currently used for thyroid
hormone measurement rest on the three
commonest variants of immunoassay: ra­
dioimmunoassay (RIA), fluoroimmu­
noassay (FIA) and enzymoimmunoassay
(EIA) (1). Both FIA and ELA are at pres­
ent challenging RIA (2). The FIA for
thyroid hormones presents several advan­
tages over RIA ana EIA i.e. it is an assay
which neither requires separation (3) nor
addition of reagents for the determination
of the end point of reaction. Different
methods of labelling thyroid hormones,
using isotopes, enzymes (1, 4) and flu­

* To whom all correspondence should be ad­
dressed.

orescent (5) and chemiluminescent sub­
stances, have been described. In all cases the
aim was the development of simple meth­
ods for thyroid hormone measurement
based on immunoassay. To date fluores­
cein (3, 6, 7) and tetramethyl-rhodamine
(5, 7, 8) have been used for L-triiodo-
thyronine (T3) and Thyroxine (T4) labelling.
The versatility of fluorescence phenomena
allows several approaches for the detec­
tion of the end point of a reaction while
fluorescence polarization (6) overcomes
one of the most difficult methodological
problems of RIA i.e., the separation step.

In this work Rhodamine B isothiocya­
nate (RBITC) is used for T3 and T4 la­
belling and the usefulness of this label is 
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evaluated in comparison with other re­
ported procedures.

Materials and Methods

All reagents were of analytical grade or
equivalent, LT3, LT4, RBITC from Sig­
ma and chromatographic reagents from
Merck. Antiserum anti-LTj, anti-LT4 and
magnet-coupled antiserum were supplied
by Amersham. The following instruments
were used: a Kontron gamma counter
(model Gammamatic), spectrophotometer
Shimadzu model UV-240 and spectroflu-
orimeter Perkin-Elmer, model 650-1 OS.

RBITC T3 and T4 labelling was carried
out in an aqueous solution of pyridine
(1:1, v:v) at 18 °C and a T3/RBITC, T4/
RBITC molar ratios of 1. The reaction
time was extended for 8 h with contin­
uous stirring. T3-RBITC and T4-RBITC
conjugates were identified by TLC using
5 X 10 cm plates of silica gel and a mix­
ture of isopropanol-ammonia-water
(200:10:20, v:v:v, pH 11.5) as the optimal
development solution. The degree of la­
belling was quantified by direct photo-
densitometric reading (Zeiss, model
PMQ-3) of the chromatographic spots.

Purification of the labelled hormones
was carried out by preparative chroma­
tography on 20 X 20 X 0.1 cm silica gel
using the development solution described
above. Labelled hormones were extracted
from the gel by repeated resuspension in
ethanol. A spectrorluorimetric study was
carried out on all chromatographic frac­
tions isolated as well as on conjugates.

In order to assess the immunoreactivity
of the conjugates this parameter was pre­
viously evaluated by RIA on known con­
centrations of unlabelled hormone. Simi­
larly the concentration of labelled hor­
mones was determined by RIA using
known amounts of these hormones ana
taking into account the change in molec­
ular weight induced in them by the la­
belling process.

Procedure. — T3-RBITC and T4-
RBITC, 0.8 and 0.7 mg respectively, were
diluted to obtain tne concentrations
shown in tables I and II. A solution con­
taining 6.6 g of albumin/100 ml of 0.9 %
saline was used as diluent. T3 and T4 con­
centrations were measured following the
protocol suggested in the kit by Amer­
sham.

The stability of the conjugate was
evaluated by measuring the fluorescence
intensity or 0.1 ml aliauots of pH 7.1
phosphate buffer solutions of T3-
RBITC(4.1 x 10~6 M) and T4-RBITC (3.5
X 10 6 M) at weekly intervals during
65 days. Samples were kept at —20 °C
during this period. The test was carried
out at 18 °C and 552 nm and 584 nm emis­
sion and excitation wavelengths respec­
tively.

Results and Discussion

Several parameters were studied to op­
timize T3 and T4 labelling with RBITC i.e.
medium, molar ratio, temperature and
time of incubation.

An aqueous solution of pyridine (1:1
v:v, pH 10.2) was finally used due to the
poor solubility of both the dye and the
hormone at high concentrations and to the
good stability of the pH throughout the
experiment. Labelling was most efficient
at 18 °C and at . an T3:RBITC and
T4:RBITC molar ratios of 1:1. Although
molar ratios higher than these increased
the yield of conjugate, some nonspecific
binaing, due to impurities and isomeric
forms of the dye, was detected by TLC.
Incubation time was assayed from 1 h to
24 h. Although the highest amount of
conjugate was obtained after 24 h incu­
bation the experiments were performed
with an incubation period of 8 n.

The identification and purification of
the labelled hormone was carried out by
TLC on cellulose and on silica. Cellulose
was discarded due to the poor definition 
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of the spots. Among the media assayed for
development a solution of isopropanol/
ammonia/water (200:10:20 v:v:v, pH
11.5) allowed the identification of the
maximum number of components (nine)
on TLC and was used in all experiments.
two of these components were easily iden­
tified as the labelled hormones by staining
and Rf studies. Ethanol was selected for
hormone extraction from the silica. Dry
hormone extracts were obtained by desic­
cation.

The excitation and emission maxima of
RBITC-Tj are shifted 3 and 6 nm, respec­
tively, towards relatively shorter wave­
lengths than those of RBITC. The shifts
for RBITC-T4 were of 5 an 7 nm respec­
tively. These variations could be due to
the thiocarbamylic covalent bond pro­
duced between RBITC and the hormone
which changes the physico-chemical mi­
croenvironment surrounding the fluoro­
chrome. Although these shifts were sig­
nificant they were not large enough to al­
low the identification of both compounds
in the same solution.

The fluorescent characteristics of the
conjugate were studied at weekly intervals
on frozen samples (—20 °C) for a period
of six months. No changes were observed
in the absorbance or emission maxima or
in the intensity of fluorescence during this
period.

In order to establish whether immu­
noreactivity of the hormones was last after
labelling, a fraction of conjugate, extract­
ed from TLC and desiccated, was assayed
by RIA and the value obtained by RIA
was compared with that of the extracts.

In order to calculate the immunoreac­
tivity of the conjugates when dry extracts
were obtained, the following formulae
were developed:

P/MFxM/P'=Z; M7Zxl00=% I
where P is weight of the labelled hor­
mone; MF is the molar factor obtained by
dividing the molar weight of the conjugate
by the molar weight of the unlabelled hor­

mone; P', is the weight of unlabelled hor­
mone and M is the measure by RIA of P';
Z refers to the percentage of conjugate
showing immune activity. M' is the con­
jugate determined by RIA. I % represents
the loss of immunoreactivity expressed as
a percentage.

The change of molecular weight of the
hormones that the labelling involved was
evaluated. Taking into account that the
molecular weight in daltons of the com­
ponents considered are: T3-RBITC, 1180;
T3, 651; T4-RBITC, 1305 and T4 776 a
correction factor was introduced to eval­
uate the quantity of immunologically ac­
tive hormone. These factors were 1.81 for
T3-RBITC and 1.61 for T4-RBITC.

Another factor related with the immu­
noreactivity studied was the measure­
ments by RIA of known concentrations of
unlabelled T3 and T4, in order to assess if
the hormones used in the labelling process
and those determined by RIA had any
quantitative variation. It was observed
that the concentrations of T3 evaluated by
RIA were 50 % of the amount evaluated
by weighing. This figure was 90 % for T4.
These unexpected results are of special rel­
evance when calculating the immuno reac­
tivity of the conjugate.

Taking into account all these factors it
is noticeable that for each 100 weight units

Table I. Percentage of bound hormone (B) related
to maximum binding (BJ at different concentrations
of T3 and T3-RBITC, and loss of immunoreactivity of

TrRBITC.

Tj
nmol/L

t3
B/Bo x 100

T3-RBITC
B/Bo x 100

T3-RBITC
% loss

immunoresclivity

50.00 35.32 79.39 68.13
25.00 62.26 88.44 69.36
12.50 85.48 95.91 71.83

6.25 92.40 97.34 73.44
3.12 96.20 99.66 69.87

r = 0.994 r = 0.994
p =£ 0.001 p 0.001
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Table II. Percentage of bound hormone (B) related
to maximum binding (BJ at different concentrations
of T4 and TrRBITC, and loss of immunoreactivity of

T4-RBITC.

Tx
nmol/L

T«
B/Bo x 100

TvRBITC
B/Bo x 100

T4-RBITC
% loss

immunoreactivity

200 5.24 45.22 42.19
100 53.85 70.72 37.50
75 64.74 77.36 36.44
50 75.74 84.48 36.02
25 90.50 93.30 29.47

r = 0.999 r = 0.998
p =£ 0.001 p ss 0.001

o£T3 it is necessary, first to divide by 1.81
as molar correction factor and second to
deduct 50 % as deficit of immunoreactiv­
ity of the unlabelled hormone. Therefore,
of each 100 weight units of conjugate only
24.5 are possibly immunologically active.
Applying the same principles to T4, this
was found to be 50.3.

Considering these corrections and after
measuring the labelled hormones (tables I
and II) it was calculated that the loss of
immunoreactivity of the T3-RBITC was
about 70 % and that of T4-RBITC about
36 %.

It can be concluded from this study that
the ease of labelling and purification of
thyroid hormones with RBITC, the
maintenance of the fluorescence proper­
ties of the conjugate and the high degree
of immunoreactivity obtained with this
technique can be developed as an alter­
native (2) to RIA and FIA (with other la­
bel) for the measurement of thyroid hor­
mones. This would be favoured by the
characteristic of the fluorochrome used.

RBITC has a high quantic yield, a factor
which significantly influences its sensitiv­
ity and whose maxima of absorption and
emission are far from the possible inter­
ference normally experienced with biol­
ogical fluid. The application of this tech­
nique offers the possibility of an improve­
ment over the isotopic and fluorescent
methods used at present.

Resumen

Se describe un metodo relativamente facil de mar-
caje de L-T3 y L-T« con RBITC. La purificacion por
TLC, previamente optimizada, ofrece la posibilidad
de obtener una buena recuperacion de conjugados de
Tj y T4-RBITC. La inmunorreactividad de los con­
jugados se calcula utilizando una formula disenada
para este proposito, la cual podria ser aplicada a cual-
quier molecula marcada con compuestos fluorescen-
tes.

Palabras clave: L-Tiroxina, L-Triiodotironina, Iso-
. tiocianato de rodamina B, Inmunorreactividad.
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