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Sensitive Time-Resolved Immunofluorometric Assay of
Thyrotropin in Serum
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We have developed a time-resolved solid-phase immunofluoro-
metric assay for thyroropin (TSH). The assay is performed in white
opaque microtitration wells which are coated with a monoclonal cap-
ture antibody. Serum TSH binds simultaneously to the solid phase
and to a biotinylated monoclonal detection antibody. The degree of
biotinylated antibody binding is quantitated with streptavidin conju-
gated to thyroglobulin which is heavily labelled with the Eu®* chelator
4,7-bis [chlorosulfophenyl] -1,10-phenanthroline -2,9-dicarboxylic
acid (BCPDA). The final fluorescent complex is measured on the
solid phase with time-resolved fluorometry. The assay requires two
incubation steps and can be completed in 5 hours. The detection
limit is 0.03 milli-int. units/L. The present assay was compared with
two immunoradiometric assays and gave satisfactory results.

KEY WORDS: non-isotopic immunoassay; thyroid function
tests; europium chelates; solid-phase immunoassay; biotin-
streptavidin; gated fluorometry.

Introduction

Radioimmunoassays for thyrotropin (TSH) have been
useful for many years in the diagnosis of primary
hypothyroidism in which the serum levels of TSH are
elevated (1,2). These assays have generally not been
sufficiently sensitive to distinguish between normal and
suppressed serum levels of TSH found in hyperthyroid
patients (1,2) unless very long incubation times mea-
sured in days were used (3). The advent of more sen-
sitive two site “sandwich” assays (4,5) coupled with the
use of monoclonal antibodies to increase specificity (6)
has permitted the development of TSH assays which
can be completed in hours. Methodologies based on ra-
dioactivity (7-10), chemiluminescence (11), enzymatic
reactions (12,13) and time-resolved fluorescence (14—
16) have been employed. These assays are sensitive
enough to differentiate between the TSH levels found
in the normal population and those associated with pri-
mary hyperthyroidism and are now being evaluated as
“first-line” thyroid function tests (17-19).

Due to the problems inherent in the use and disposal
of radioisotopes, methodologies using non-isotopic de-
tection systems have gained acceptance. Recently there
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has been increasing interest in time-resolved fluores-
cence using complexes of rare earth metals and partic-
ularly europium (20-22). We have recently described
a new europium chelate, 4,7-bis (chlorosulfophenyl)-1,
10-phenanthroline-2,9-dicarboxylic acid (BCPDA) which
is suitable for use in time-resolved fluorometry (23).
BCPDA can be used to directly label proteins for use
in solid-phase fluoroimmunoassays carried out in mi-
crotitration wells. In the presence of excess europium,
the fluorescence of labelled proteins bound to the bot-
tom of the wells can be determined on the dry surface.
We have reported the use of such a system in immu-
nofluorometric assays for alpha-fetoprotein (24) and hu-
man choriogonadotropin (25) and in fluoroimmunoas-
says for cortisol (26,27).

In this paper we describe a sensitive assay for TSH
which can be used to distinguish the suppressed, normal
and elevated serum levels of TSH associated with hy-
perthyroid, euthyroid and hypothyroid patients, re-
spectively.

Materials and methods
CHEMICALS

The europium chelator 4,7-bis (chlorosulfophenyl)-1,
10-phenanthroline-2,9-dicarboxylic acid (BCPDA) was
synthesized as described in (23). Bovine serum albumin
(BSA, RIA grade), bovine globulin, thyroglobulin and
streptavidin were purchased from Sigma Chemical Co.,
St. Louis, MO 63178. Calstan™-1I standard and human
choriogonadotropin standard (hCG) were from Cal-
biochem-Behring, San Diego, CA 92112. Affinity pu-
rified follitropin (FSH) and lutropin (LH) were pur-
chased from Scripps Laboratories, San Diego, CA 92131.
Gentamicin was purchased as a 50 mg/mL solution
from Gibco Canada, Burlington, Ontario L7P 1A1. Sul-
fosuccinimidyl 6-(biotinamido) hexanoate (NHS-LC-
biotin) was from Pierce Chemical Co., Rockford, IL 61105.
EuCl, hexahydrate was purchased from Aldrich Chem-
ical Co., Milwaukee, WI 53201. TSH standards in a
serum matrix were purchased from Bio-Rad Labora-
tories (Canada) Ltd., Mississauga, Ontario L4X 2C8.
The monoclonal antibodies used are shown in Table 1.
They are available from CyberFluor, Inc. All other
chemicals were from Sigma. White opaque 12-well mi-
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TaBLE 1
Monoclonal Antibodies Tested
Monoclonal
Antibody Code Specificity Affinity
001 Whole TSH 2 x 101
002 B-TSH 3 x 10
003 Whole TSH 6 x 10¢
004 Whole TSH 2 x 101
005 Whole TSH 2 x 10°
006 Whole TSH 2 x 10°
007 Whole TSH 1 x 101
008 Whole TSH 5 x 108
009 Whole TSH 3 x 10%
010 not available 5 x 10°
011 not available 2.5 x 108
012 not available not measured
013 not available not measured
014 not available not measured
015 B-TSH 1 x 10"
016 B-TSH 2 x 10"
017 Whole TSH 2 x 10"
018 B-TSH 2 x 10
019 B-TSH 2.4 x 10°
020 B-TSH 5.5 x 108
021 B-TSH 2 x 10%

crotitration strips are a product of Dynatech Labs, Al-
exandria, VA 22314.

COMPARISON METHODS

For comparison studies we used two assays; the
EchoClonal™ TSH immunoradiometric assay (IRMA)
from Bio-Rad Laboratories (Canada) Ltd., Mississauga,
Ontario 14X 2C8 and the Allégro™ HS-TSH IRMA from
Nichols Institute, San Juan Capistrano, CA 92675.

INSTRUMENTATION

Time-resolved, solid-phase fluorescence measure-
ments were performed on the Model 615 Immunoana-
lyzer available from CyberFluor, Inc., Toronto, Canada.
This instrument is a gated fluorometer using a nitrogen
laser as an excitation source and measures surface or
solution fluorescence in microtitration wells. Specially
designed software allows for automated data reduction
by spline smoothing techniques.

Radioactivity was measured with a 1272 Clini-
gamma counter (LKB Wallac, Turku, Finland).

METHODS
Solutions

For antibody selection, TSH standards were prepared
from Calstan™-II which contains TSH, FSH, LH and
growth hormone (hGH). It was diluted in 50 mmol/L
phosphate buffer at pH 7.6 containing 9 g NaCl and
5 g BSA per liter (PBS-BSA). Biotinylated antibodies
were diluted in testing buffer which consists of 50 mmol/
L Tris-HCI at pH 7.8 containing 9 g NaCl, 5 g BSA,
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0.5 g bovine globulin. 0.1 mL polyoxyethylenesorbitan
monopalmitate (Tween 40) and 0.5 g NaN, per liter.
In the final assay, TSH standards at concentrations
of 0.3, 1.5, 5.0, 25.0 and 100.0 milli-int. units/L were
prepared in a Tris buffer solution (50 mmol/L Tris-HCI
at pH 7.8) containing 50 g BSA, 0.5 g NaN,;, 0.1 g
thimerosal and 0.1 g gentamicin per liter. Biotiny-
lated antibodies were diluted in Tris assay buffer (50
mmol/L Tris-HCl at pH 7.8) containing 9 g NaCl, 111.9
g KCl, 5 g BSA, 0.5 g bovine globulin, 0.5 g NaN, and
5.0 mL normal mouse serum per liter. The streptavidin-
europium buffer was a 50 mmol/L Tris solution of pH
7.2 which contained 40 g BSA and 0.5 g NaN, per liter.
Four mL of a 1 x 1072 mol/L EuCl, stock solution
prepared in 0.01 mol/L HCI were added to 100 mL of
the solution above to complete the preparation of the
streptavidin-europium buffer. The wash solution con-
tained 9 g NaCl, 0.5 ml polyoxyethylenesorbitan mon-
olaurate (Tween 20) and 0.5 g NaN; per liter.

Labelling of streptavidin

Streptavidin was directly labelled with BCPDA [SA-
BCPDA] as described in (28). Alternatively, strepta-
vidin was conjugated to thyroglobulin which had been
labelled with BCPDA [SA-TG-BCPDA|. This procedure
is described in detail elsewhere (29).

Biotinylation of antibodies

One mL of antibody solution (1.0 mg/mL) was dia-
lysed overnight at 4°C against 4 L of a 9 g/L NaCl
solution. To the antibody solution was added 0.4 mL of
0.5 mol/L sodium carbonate of pH 9.1 and 2 mg of NHS-
LC-biotin dissolved in 100 wL dimethyl sulfoxide. The
mixture was gently shaken for 1 h and dialyzed twice
against 4 L of saline. The antibody was diluted to a 200
ng/mL stock solution with 50 mmol/L sodium phos-
phate buffer at pH 7.4 containing 1 g gelatin and 9 g
NaCl per liter.

Coating of microtitration strips

The strips were coated overnight at room tempera-
ture with 100 L per well of 0.1 mol/L NaHCO, solu-
tion containing 2 pg/mL of antibody. The strips were
washed twice with wash solution and blocked for 1 h
at room temperature with 300 pL per well of 0.1 mol/
L NaHCO; solution containing 10 g BSA per liter. The
strips could be stored with the blocking solution for one
or two weeks at 4°C.

Testing of antibodies

The antibodies were tested in pairs using each as a
coating or as a detection antibody. Calstan™ standards
were diluted in PBS-BSA buffer to 5 and 50 milli-int.
units/L of TSH. “Sandwich” assays were done with pairs
of antibodies as follows: 50 pL of buffer or Calstan™
standards were pipetted into wells coated with 500 ng
of coating antibody. 100 nL of testing buffer containing
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500 ng of biotinylated antibody was then added. The
strips were briefly shaken, incubated for 2 h at room
temperature and then washed three times with wash
solution. 100 wL of streptavidin-europium buffer con-
taining 300 ng of SA-BCPDA were added to each well
and incubated for 45 min at room temperature. The
strips were washed three times with wash solution, dried
with a stream of cool air and then read on the 615
Immunoanalyzer.

ASSAY PROCEDURE

Biotinylated antibody is diluted to 3 ng/mL in assay
buffer (working antibody solution). This solution is sta-
ble for at least one month at 4°C. 200 p.L of standards,
controls and patient samples are pipetted in duplicate
into the coated wells. With a repeater pipette, 50 pL of
the working antibody solution are added to each well,
the strips are covered and shaken for 4 h at room tem-
perature. After washing the strips three times with
wash solution, 100 pL of SA-TG-BCPDA, freshly di-
luted to 250 ng/mL in terms of streptavidin concentra-
tion (29) in the streptavidin europium buffer, are pi-
petted into the wells. The strips are covered and shaken
for 30 min at room temperature. After washing three
times, the strips are dried in a stream of cool air. The
surface fluorescence is determined on the CyberFluor
model 615 Immunoanalyzer which also has data re-
duction capability and constructs the calibration curve
and calculates the results.

Results and discussion
SELECTION OF ANTIBODIES

Twenty one antibodies were tested in pairs in a “sand-
wich” assay as described in Methods. Most antibodies
were tested for either capture (coating) or detection
(biotinylated). Those pairs which gave relatively low
fluorescence at zero TSH concentration and high fluo-
rescence reading at 50 milli-int. units/L TSH concen-
tration were investigated further. In general, the an-
tibodies with the highest affinity performed better as
coating antibodies. When paired with the same capture
antibody, some of the lower affinity antibodies were
more effective as detection antibodies in comparison to
higher affinity antibodies (data not shown).

In the initial screening studies, 11 antibodies were
used for coating. Each coating antibody was paired with
each one of 17 different biotinylated antibodies. Thus,
the possible number of pairs tested was 176. When the
fluorescence signal obtained with a certain pair was
very low, we concluded that these antibodies bind to
the same or to some overlapping antigenic site of TSH
and are unsuitable to be used as a pair in a two-site
immunoassay system. From those pairs which gave high
fluorescence signal at 50 milli-int. units/L and low sig-
nal at 0 milli-int. units/L TSH (background), we finally
selected a pair which gave results for patient sera that
correlated best with an immunoradiometric assay. The
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chosen pair was code no. 002 (capture) and code no. 006
(biotinylated).

ASSAY OPTIMIZATION

The coating of strips was optimized for antibody con-
centration, coating pH and blocking protein. For the
standard range chosen (0 to 100 milli-int. units/L TSH),
the fluorescence signal increased as the amount of an-
tibody per well was increased up to 100 ng. No further
increase in signal was observed up to 500 ng/well of
coating antibody. Therefore 200 ng was chosen to be
optimum.

Using 200 ng/well of coating antibody, the assay was
optimized for biotinylated antibody concentration. In-
creasing fluorescence signal was observed as the bio-
tinylated antibody added was increased to 100 ng per
well. Additional antibody did not give a higher signal.
Therefore 150 ng biotinylated antibody per well was
chosen to be optimum.

Calibration curves were constructed under optimum
conditions by incubating the sample in the coated strips
with biotinylated antibody for 1, 2, 3, 4 and 6 h. Assay
sensitivity was increased by increasing the incubation
time up to 4 h. Since more precise results were obtained
if the strips were rapidly shaken during incubation, we
chose to incubate for 4 h at room temperature by shak-
ing on a microtitration plate shaker.

It is known that rheumatoid factor and anti-immu-

Eud+
Eud+

Thyroglobulin

Streptavidin

S

Figure 1—Schematic representation of the final complex of
the TSH time-resolved solid-phase sandwich assay. The solid
phase is coated with a monoclonal antibody (shown in black).
The second antibody is biotinylated. Streptavidin coupled to
thyroglobulin which has been labelled with BCPDA is used
for detection. The figure has no quantitative meaning.
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Figure 2—Calibration curve and precision profile for the TSH
assay. The fluorescence of the zero standard has been sub-
tracted from all other readings.

noglobulin antibodies can cause erroneously high re-
sults in monoclonal antibody sandwich assays by acting
as a bridge between the coating and detection antibody
(10,30,31). It has been reported that non-immune serum
from the species in which the antibodies were raised
can reverse these effects (10,30). For this reason, 5 mL
normal mouse serum was incorporated per liter of assay
buffer.

A schematic diagram of the final fluorescent complex
in the well is shown in Figure 1.

ASSAY CHARACTERISTICS

A typical standard curve for the assay is shown
in Figure 2. The data shown have been calculated by
subtracting the fluorescence of the zero standard, typi-
cally 150 arbitrary fluorescence units, from the read-
ing of all the other standards. The first standard, 0.3
milli-int. units/L, gives approximately a 3-fold higher
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Figure 3—Linearity of results after serial dilution of three
different samples with horse serum.

reading than background. On a log-log plot the
curve is linear up to 25 milli-int. units/L of TSH and
shows a slight flattening between 25 and 100 milli-int.
units/L. At very high analyte concentration, sandwich
assays often exhibit a high dose “hook effect” in which
the detection signal decreases with increasing analyte
concentration. In this assay the curve flattens between
200 and 500 milli-int. units/L TSH. No hook effect is
observed up to at least 5000 milli-int. units/L; the flu-
orescence is still greater than that observed for the
highest standard (100 milli-int. units/L).

The detection limit of the assay, defined as the con-
centration corresponding to the fluorescence reading of
the zero standard plus three standard deviations, is 0.03
milli-int. units/L.

Within run precision was determined by analyzing
five control sera samples 12 times each. The day to day

TABLE 3
Recovery of TSH Added to Serum

TSH, milli-int. units/mL

TABLE 2
Precision of the TSH Assay Initially Present Added Recovered % Recovery
TSH milli-int. 0.05 4.85 4.65 95.9
units/L 14.60 10.79 73.6
Mo o~ 0.98 4.85 5.13 85.6
Sample Mean S.D. % CV 14.60 15.70 100 8
Within-run (N = 12) 1.14 4.85 5.74 95.9
1 0.11 0.02 19.6 1.42 4.85 6.73 109.5
2 0.34 0.04 12.3 14.60 18.06 114.0
3 1.07 0.10 9.5 3.51 4.85 8.65 105.8
4 9.07 0.67 74 14.60 19.22 107.6
5 33.10 2.24 6.8 3.66 4.85 10.17 135.5
Day-to-Day (N = 10) 14.60 20.89 1184
1 1.20 0.11 9.3 3.66 4.85 9.30 116.3
2 9.94 0.69 6.9 16.70 4.85 20.91 86.8
3 36.13 3.60 10.0 14.60 34.97 125.1
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. TABLE 4
Comparison of the Proposed TSH Assay to Two Immunoradiometric Assays
Comparative Range
Method milli ITU/L Slope Intercept r N
Bio-Rad EchoClonal™ 0-6 0.963 0.1352 0.94 173
0-100 0.985 0.1543 0.99 183
Nichols Allégro™ 0-7 0.813 0.0223 0.97 78
0-50 1.033 -0.3285 0.99 80

precision was assessed by analyzing three serum con-
trols 10 times over a period of two weeks. These data
are shown in Table 2.

We assessed the linearity of the method by diluting
three patient sera containing TSH in the range 4 to 45
milli-int. units/L with horse serum and reassaying them.
The data are shown in Figure 3.

The recovery of added TSH was determined by adding
a known amount of TSH to pre-analysed serum controls
and patient sera. Recoveries were in the range of 74—
135%. The mean value (+SD) was 105 * 16%, where
n = 14. These data are shown in Table 3.

The possible interference by hemoglobin, bilirubin
(unconjugated) and triglycerides (olive oil) was also as-
sessed. We have spiked three serum controls and two
patient sera with hemoglobin (2.5 and 10 g/L), bilirubin
(0.62 and 2.5 g/L) and olive oil (25 and 100 g/L) and
reassayed them. The recovery of TSH was from 72 to
111% (mean 92.8%) for the hemoglobin spiked samples
and 82 to 107% (mean 95.6%) for the bilirubin spiked
samples. We conclude that the effect of both substances
is minimal. With 100 g/L of olive oil we observed a
recovery of TSH of 68 to 85% (mean 78.9%) and with
25 g/L of olive oil we recovered 83 to 100% (mean 87.5%).
Severely lipemic samples might therefore be underes-
timated by 10-20%.

We assessed the cross reactivity of the assay with the
other glycoprotein hormones. Because many prepara-
tions of lutropin (LH) and follitropin (FSH) are contam-
inated with traces of TSH we used affinity purified hor-
mones. Human choriogonadotropin (hCG) and affinity
purified FSH and LH were diluted with standard buffer

units/L

nt.

in milli

FIA

EchoClonal™ in milli int. units/L

to the appropriate concentrations. At the highest con-
centration of FSH and LH used (2500 int. units/L), we
observed 0.05% and 0.03% cross reaction, respectively.
Cross reactivity with hCG was negligible; even at the
highest concentration assessed (50,000 int. units/L). At
this level the fluorescence value was equivalent to 0.04
milli-int. units/L TSH (data not shown).

The accuracy of the assay was assessed by comparison
with two commercial immunoradiometric assays. The
results are summarized in Table 4 and Figures 4 and
5. The agreement between results is satisfactory in both
cases.

A time resolved immunofluorometric assay for TSH
has been previously described (14) and is commercially
available from LKB Wallac, (DELFIA™). Although the
proposed assay and the DELFIA™ method are both time
resolved immunofluorometric assays, they differ in
principle. In the DELFIA™ gystem, the detection an-
tibody is labelled with Eu® . In the first step of the assay
this antibody binds to TSH captured on the surface of
antibody coated microtitration wells by the bound cap-
ture antibody. In the second step, a mixture of Eu*-
chelators is then added in excess to remove Eu®" from
the antibody and form a complex in solution of which
the fluorescence is determined. With the DELFIA™
system care must be taken to avoid any Eu’" contam-
ination arising from skin, dust, etc. In the present assay
the streptavidin is labelled with the chelator. The flu-
orescent complex is formed on the solid-phase by the
immobilized BCPDA covalently bound to the strepta-
vidin through the thyroglobulin carrier and excess of
Eu®-. Thus, it is a contamination free system. The flu-
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Figure 4—Comparison of the time-resolved immunofluorometric TSH assay to the Bio-Rad EchoClonal™ TSH assay plotted for
the concentration range 0—6 milli int. units/L (A) and 0-100 milli int. units/L (B).
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Figure 5—Comparison of the time-resolved immunofluorometric TSH assay to the Nichols Allégro™ TSH assay plotted for the
concentration range 0—7 milli int. units/L (A) and 0-50 milli int. units/L (B).

orescent complex on the surface is stable for long pe-
riods of time (weeks to months).

In conclusion, we have developed a time-resolved as-

say for TSH which can be used to distinguish the sup-
pressed, normal and elevated serum levels associated
with thyroid disease. It requires two steps and can be
completed in approximately 5 h.

References

1.

10.

11.

12.

28

Tietz NW. Textbook of clinical chemistry. Philadelphia:
WB Saunders and Co., 1986.

Gornall AG. Applied biochemistry of clinical disorders.
Philadelphia: JB Lippincott Co., 1986.

Spencer CA, Nicoloff JT. Improved radioimmunoassay for
human TSH. Clin Chim Acta 1980; 108: 415—-24.

. Miles LEM, Hales CN. Labelled antibodies and immu-

nological assay systems. Nature (London) 1968; 219: 186-
9

. Addison GM, Hales CM. In: Kirkham KE, Hunter WM.,

eds. Radioimmunoassay methods. Pp. 481-7. Edinburgh:
Churchill Livingstone, 1971.

. Kohler G, Milstein C. Continuous cultures of fused cells

secreting antibody of predefined specificity. Nature (Lon-
don) 1975; 256: 495-17.

. Rattle SJ, Purnell DR, Williams PIM, Siddle K, Forrest

GC. New separation method for monoclonal immunora-
diometric assays and its application for thyrotropin and
human choriogonadotropin. Clin Chem 1984; 30: 1457—
61.

. Helenius T, Tikanoja S. A sensitive and practical im-

munoradiometric assay of thyrotropin. Clin Chem 1986;
32: 514-8.

. Heyningen V van, Abbott SR, Daniel SG, Ardisson LdJ,

Ridgeway EC. Development and utility of a monoclonal-
antibody-based, highly sensitive immunoradiometric as-
say of thyrotropin. Clin Chem 1987; 33: 1387-90.

Odell WD, Griffin J, Zahradnik R. Two-monoclonal-an-
tibody sandwich-type assay for thyrotropin, with use of
an avidin-biotin separation technique. Clin Chem 1986;
32: 1873-8.

Weeks I, Sturgess M, Siddle K, et al. A high sensitivity
immunochemiluminometric assay for human thyrotro-
pin. Clin Endocrinol 1984; 20: 489-95.

Tseng YC, Burman KD, Baker JR Jr, Wartofsky L. A

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25

CLI

rapid sensitive enzyme-linked immunoassay for human
thyrotropin. Clin Chem 1985; 31: 1131-4.

Imagawa M, Ishikawa E, Yoshitake S, ef al. A sensitive
and specific sandwich enzyme immunoassay for human
thyroid-stimulating hormone. Clin Chim Acta 1982; 126:
227-36.

Lovgren T, Hemmila I, Pettersson K, et al. Determination
of hormones by time-resolved fluoroimmunoassay. Tal-
anta 1984; 31: 909-16.

Paterson N, Biggart EM, Chapman RS, Beastall GH.
Evaluation of a time-resolved assay for serum thyroid
stimulating hormone. Ann Clin Biochem 1985; 22: 606—
11.

Kaihola HL, Irjala K, Viikari J, Ninto V. Determination
of thyrotropin in serum by time-resolved fluoroimmu-
noassay evaluated. Clin Chem 1985; 31: 1706—9.
Ericsson UB, Fernlund P, Thorell JI. Evaluation of the
usefulness of a sensitive immunoradiometric assay for
thyroid stimulating hormone as a first-line thyroid func-
tion test in an unselected patient population. Scan J Clin
Lab Invest 1987; 87: 215-22.

John R, Evans P, Scanlon MF, Hall R. Clinical value of
immunoradiometric assay of thyrotropin for patients with
non-thyroidal illness and taking various drugs. Clin Chem
1987; 33: 566-9.

Ratnaike S, Goodwin M, Deam D. Anomolous thyrotropin
values. Clin Chem 1987; 33: 1212-14.

Soini E, Kojola H. Time-resolved fluorimeter for lan-
thanide chelates—a new generation of non-isotopic im-
munoassays. Clin Chem 1983; 29: 65-8.

Lovgren T, Hemmili I, Pettersson K, Halonen P. Time-
resolved fluorometry in immunoassay. In: Collins WP, ed.
Alternative immunoassays. Pp. 203—17. Chichester: John
Wiley & Sons Ltd., 1985.

Diamandis EP. Immunoassays with time-resolved fluo-
rescence spectroscopy. Principles and applications. Clin
Biochem 1988; 21: 139-50.

Evangelista RA, Pollak A, Allore B, Templeton EF, Mor-
ton RC, Diamandis EP. A new europium chelate for pro-
tein labelling and time-resolved applications. Clin Biochem
1988; 21: 173-8.

Chan MA, Bellem AC, Diamandis EP. Time-resolved im-
munofluorometric assay of alpha-fetoprotein in serum and
amniotic fluid using a novel detection system. Clin Chem
1987; 33: 2000-3.

. Khosravi MdJ, Diamandis EP. Inmunofluorometry of cho-

NICAL BIOCHEMISTRY, VOLUME 22, FEBRUARY 1989



26.

27.

28.

TIME-RESOLVED IMMUNOFLUOROMETRY OF THYROTROPIN

riogonadotropin by time-resolved flyorescence spectros-
copy with a new europium chelate as label. Clin Chem
1987; 33: 1994-9.

Reichstein E, Shami Y, Ramjeesingh M, Diamandis EP.
Laser-excited time-resolved solid-phase fluoroimmunoas-
says with the new europium chelate 4,7-bis (chlorosul-
fophenyl) 1,10-phenanthroline 2,9-dicarboxylic acid as la-
bel. Anal Chem 1988; 60: 1069-74.

Diamandis EP, Bhayana V, Conway K, Reichstein E, Pa-
panastasiou-Diamandi A. Time-resolved fluoroimmu-
noassay of cortisol in serum with a europium chelate as
label. Clin Biochem 1988; 21: 291-6.

Diamandis EP, Morton RC. Time-resolved fluorescence
using a europium chelate of 4,7-bis (chlorosulfophenyl)

CLINICAL BIOCHEMISTRY, VOLUME 22, FEBRUARY 1989

29.

30.

31.

1,10-phenanthroline 2,9-dicarboxylic acid (BCPDA). La-
beling procedures and applications in immunoassays. JJ
Immunol Methods 1988; 112: 43-52.

Diamandis EP, Morton RC, Reichstein E, Khosravi MJ.
Multiple fluorescent labeling with europium chelators.
Application to time-resolved fluoroimmunoassays. Anal
Chem 1989; 61: 48-53.

Howanitz PJ, Howanitz JH, Lamberson HV, Ennis KM.
Incidence and mechanism of spurious increases in serum
thyrotropin. Clin Chem 1982; 28: 427-31.

Kato K, Umeda U, Suzuki F, Hayashi D, Kosaka A. Use
of antibody Fab’ fragments to remove interference by
rheumatoid factors with the enzyme-linked sandwich im-
munoassay. FEBS Letters 1979; 102: 253-6.

29



