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TRIIODOTHYRONINE UPTAKE MEASUREMENT IN SERUM BY TIME- 
RESOLVED FLUORESCENCE IMMUNOFLUOROMETRY 

Yok K. Tan, Vipin Bhayana, Anastasia Papanastasiou-Diamandi, 
and Mohammad J. Khosravi 

CyberFluor Inc., 179 John Street, Toronto, Ontario, Canada M5T 1x4 

ABSTRACT 

A solid phase competition-type fluoroimmunoassay for triiodothyronine (T3) 
uptake in serum is described. In the assay, exogenous free T3 binds to the 
unoccupied binding sites on serum thyroxine binding proteins while the remaining 
unbound T3 competes with immobilized T3 for binding to a soluble biotinylated 
anti-T3 monoclonal antibody. The bound biotinylated antibody is quantitated by the 
addition of streptavidin labeled with the europium chelator 4,7- 
bis(chlorosulfopheny1'- 1,lO phenanthroline-2,9-dicarboxylic acid (BCPDA) in the 
presence of excess europium. The fluorescence signal of the final complex, which 
is directly proportional to the number of unoccupied binding sites on thyroxine 
binding proteins, is then measured on the dried solid-phase with a puked-laser 
time-resolved fluorometer. The assay requires a 10 p1 serum sample and a total 
incubation time of 90 minutes. The coefficients of variation for within-run and 
between-run assays ranged from 2.0 to 5.7%. Results obtained by the present 
method compared well with those determined by two commercial 
radioimmunoassays (r > 0.9). (KEY WORDS: time-resolved fluorescence 
immunoassay; fluorometer; T3 uptake; thyroid tests; monoclonal antibody; 
europium chelate) 

INTRODUCTION 

Thyroxine binding globulin (TBG) is primarily responsible for the storage 

and transportation of thyroid hormones in serum (1). Because of the relatively high 
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124 TAN ET A L .  

binding capacity and affinity of TBG for thyroxine (T4) and triiodothyronine (T3). 

the total levels of these hormones are influenced by changes in serum concentration 

of TBG which occurs in response to a host of physiological and pharmacological 

stimuli (2-6). To correct for alterations in TBG levels, T4 values have been 

normalized by calculating the Free Thyroxine Index (FTI) which relies on 

simultaneous measurement of total T4 and an estimate of T4 binding capacity of 

serum proteins. The latter has been traditionally performed by a variation of the T3 

uptake test originally introduced by Hamolsky et al. (7). A number of investigators 

have recently questioned the value of the T3 uptake test for its being an indirect 

measure of TBG and for its reported inability to correct the serum T4 for the effects 

of high TBG concentrations (8- 11). However, despite these controversies, the FTI 

is still one of the most widely used methods of thyroid assessment and it has been 

shown to correlate well with both the clinical status of the patients and the free T4 

concentration (1 2- 17). 

Methods for the measurement of T3 uptake have involved exposure of the test 

serum to a fixed amount of radiolabeled T3 and to a variety of solid-phase materials 

including ion exchange resins, coated charcoal, silicate, macroaggregated albumin 

and solid-phase anti-T3 antibodies (1 8-22). Newer methodologies have 

incorporated enzymes, chemiluminescent, or fluorescent probes as labels in a 

variety of homogeneous and heterogeneous assay designs (23-26). 

The fluorescent europium complexes have a number of advantages as 

immunological tracers compared with isotopic and other nonisotopic labels (27- 

30). Because the fluorescence emitted from these complexes is long lived, the tracer 

can be selectively detected by a gated fluorometer after the background fluorescence 

is allowed to resolve. The synthesis of 4,7-bis(chlorosulfophenyl)- 1 , l O  

phenanthroline-2,9-dicarbxylic acid (BCPDA), a new europium chelator, has been 

described recently (31). BCPDA exhibits a number of attractive properties which 
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TRIIODOTHYRONINE UPTAKE MEASUREMENT 125 

have been successfully explored in developing a streptavidin-based universal 

detection reagent for time-resolved fluorometry. Complemented with biotinylated 

antibodies, the detection reagent has found wide application in time-resolved 

immunofluorometry of a variety of analytes (30,32-35). 

In this report we describe the first time-resolved immunofluorometric assay 

for thyroid hormone binding capacity in serum. In the assay a known amount of 

exogenous T3 added to serum sample binds to the available binding sites on thyroid 

hormone binding proteins. The remaining unbound T3 competes with T3 

immobilized on white microtiter wells for binding to a soluble biotinylated 

monoclonal anti-T3 antibody. After washing, the biotinylated antibody bound to the 

solid-phase T3 is quantitated by a bridge reaction with the streptavidin-based 

detection reagent in the presence of excess europium. The fluorescence of the final 

complex on the dried solid-phase is then measured using an automated time- 

resolved fluorometer. 

MATERIALS AND METHODS 

Chemicals and Reagents 

Streptavidin, bovine serum albumin, bovine globulin, and bovine 

thyroglobulin were from Sigma Chemical Co., St. Louis, MO 63178. 

Sulfosuccinimidyl 6-(biotinamido) hexanoate (NHS-LC-Biotin) was from Pierce 

Chemical Co., Rockford, IL 61 105. Europium (111) chloride hexahydrate was from 

Aldrich Chemical Co., Milwaukee, WI 53233. White opaque microtitration strips 

(12-well) are products of Dynatech Laboratories Inc., Alexandria,VA 223 14. The 

europium chelator 4,7-bis(chlorosulfophenyl)-l, 10 phenanthroline-2,9- 

dicarboxylic acid (BCPDA) was synthesized as described previously (31). 
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126 TAN ET AL. 

The assay buffer was a 0.05 mol/l Tris solution of pH 7.8 containing 9 g 

NaC1, 1 g BSA and 0.5 g sodium azide per liter. The streptavidin-europium buffer 

was a 0.05 mol/l Tris solution of pH 7.2 containing 9 g NaCl, 40 g BSA and 0.5 g 

sodium azide per liter. The wash solution was a 9 g/l NaCl solution containing 0.5 

ml of polyoxyethylenesorbitan monolaurate (Tween 20) per liter. Stock free T3 (10 

mg/l) was made in NaOH, 100 mmol/L. 

Calibrators 

For calculating unknowns, three levels of human serum-based calibrators 

corresponding to low, normal and high T3 uptake values were used. Calibration 

curves were constructed by plotting established % T3 uptake values versus 

fluorescence units. These calibrators were products of Scantibodies Laboratories, 

Santee, CA 92071. 

Monoclonal Antibodv and Biotinvlation Procedure 

A monoclonal antibody to T3 was purchased from O.E.M. Concepts Inc., 

Toms River, NJ 08755. The antibody was stored at 4 OC in 0.1 molh phosphate 

buffer containing 0.05% sodium azide until use. 

The biotinylation procedure has been described previously (32). After dialysis 

against a 0.1 molh bicarbonate solution containing 0.5 g sodium azide per liter, the 

biotinylated antibody was tested at various dilutions to determine the optimal 

concentration for the assay. The stock antibody is stable for at least 12 months 

when stored at 4 OC. 

Preuaration of the Tracer ~Streutavidin-Thyrodobulin-BCPDA-Eu3+) 

The preparation of BCPDA-labeled streptavidin-thyroglobulin protein 

conjugate is described in detail elsewhere (34). The working solution of the 
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TRIIODOTHYRONINE UPTAKE MEASUREMENT 12 7 

BCPDA-labeled streptavidin-thyroglobulin conjugate contained 0.3 mg/l 

streptavidin and 40 pmol/J EuC13. 

Coating Microtiter Wells with Globulin-T3 Coniueate 

The T3-globulin conjugate, synthesized according to the procedure of 

Alexander and Jennings (36), was immobilized by adsorption onto the wells of 

microtiter strips as described in (35). 100 p1 per well of the T3-protein conjugate in 

the coating buffer at a protein concentration of approximately 5 pdml was used for 

coating. 

Specimens and Comparative Methods 

Clinical serum samples stored at 4 OC for no longer than 5 days were obtained 

from The Toronto Western Hospital, Toronto, Canada. Lyphocheck immunoassay 

control sera (human) levels I, 11, and 111 were from Bio-Rad, Clinical Division, 

Richmond, CA 94801. Ligand control sera (human) levels A, B, and C were 

obtained from Ciba Coming Diagnostic Corp., Irvine, CA 92714. 

Correlation studies were performed using two commercially available kits., 

the Coat-A-Count@ [1251J T3 uptake (Diagnostic Products Corp., Los Angeles, CA 

90045) and the GammaCoatTM [1*5I] T3 uptake kit (Dade, Cambridge, MA 02139). 

These kits employ anti-T3 antibody coated tubes as the secondary binder. 

Radioactivity counting was performed with the LKB 1272 Clinigamma counter 

(Wallac Oy, Turku, Finland). TBG contents were measured by time-resolved 

immunofluorometry (37) using the FIAgenTM TBG kit (CyberFluor Inc., Toronto, 

Canada, M5T 1x4). 
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128 TAN ET AL. 

Immunoassav Procedure 

Before commencing the assay, dilute the stock T3 and the biotinylated anti-T3 

antibody solutions in the assay buffer to produce a final concentration of 8 ng/ml 

and SO0 ng/ml respectively. Pipet 10 p1 of samples in duplicate and 100 pl of the 

assay buffer containing diluted T3 and the antibody into the T3 conjugate coated 

wells. After the wells have been shaken for l h  at room temperature, remove the 

reaction mixture and wash the wells 4 times with the wash solution. Add 100 p1 per 

well of the diluted tracer solution and incubate the wells for 30 min at room 

temperature. Wash the wells as above and dry for 10 minutes using cool air. The 

fluorescence of the final complex on the dried solid phase (bovine globulin-T3- 

antibody-biotin-streptavidin-thyroglobulin-BCPDA-Eu3+) is then measured on the 

CyberFluorm 615 Immunoanalyzer (CyberFluor Inc., Toronto, Canada, MST 

1x4). 

RESULTS 

Assav ODtimization 

Effects of samDle size. antibodv and free T3 concentrations. We examined wells 

coated with T3 conjugate (500 ng/well) for binding to increasing concentrations of 

the biotinylated antibody in the presence of a varied amount of exogenous T3 and a 

constant volume of sample (10 to 50 pl). We observed increased binding of the 

antibody to the solid-phase when the relative amount of the exogenous T3 was 

decreased. Conversely, decreased binding occurred with increasing concentrations 

of the exogenous T3. As expected, the assay response was also related to the 

volume of sample used. A proportional increase in antibody binding was observed 

when the sample volume was increased. Finally, using a sample size of 10 pl, a 
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TRIIODOTHYRONINE UPTAKE MEASUREMENT 129 

Percent T3 Uptake 

FIGURE 1. Typical calibration curve of the proposed T3 uptake assay. Each point 
represents the mean fluorescence of duplicates. 

concentration ratio of 1 (exogenous T3) to 62 (biotinylated antibody) was found to 

be the most favorable combination in terms of linearity of the assay response and 

sensitivity of the standard curve in distinguishing between normal, hypothyroid and 

hyperthyroid samples. A typical standard curve of the assay is shown in Figure 1. 

Effect of incubation time. We also investigated the effect of incubation time on 

assay performance. Using a 30 min second incubation step, there was a progressive 

increase in fluorescence signal when the antibody binding step was increased from 

30 to 120 min. However, as Table 1 indicates, the T3 uptake values obtained for 
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130 TAN ET A L .  

TABLE 1 

Effects of Antibody Incubation Time on the T3 Uptake of Sera from Hypothyroid, 
Euthyroid and Hyperthyroid Individuals 

Percent Uptake (% T3U) 
Sample 30 min 60 min 90 min 120 min 

1 23.0 23.9 22.6 25.2 
2 30.8 30.4 33.2 35.0 
3 32.7 30.5 34.2 32.5 
4 37.7 35.9 36.4 38.1 
5 45.0 42.3 42.9 41.4 
6 47 .0 49.8 50.0 47.5 

normal, hypothyroid and hyperthyroid serum samples remained relatively constant. 

We selected a 60 min duration for the first step because the fluorescence signal 

generated was relatively high and the rate of its increase was somewhat slower with 

further incubation. The time course of the second incubation step was also 

examined. Binding of the labeled streptavidin increased continuously with 

incubation time up to 30 min. As the rate of increase was much slower with further 

incubation, the 30 min period was selected for the tracer addition step (data not 

shown). 

Precision 

The precision of the assay is shown in Table 2. Within-run precision was 

determined by assaying 24 replicates of clinical samples and control sera in a single 

assay. Between-run precision was assessed by performing repeat analysis of the 
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TRIIODOTHYRONINE UPTAKE MEASUREMENT 131 

TABLE 2 

Within- and Between-run Precision - 
Sample n Mean SD cv (%) 

Within-run 
1 24 23.4 0.89 3.8 
2 24 32.5 1.28 3.9 
3 24 36.3 1.28 3.5 
4 24 45.7 0.93 2.0 

1 20 17.3 0.96 5.6 
2 20 21.3 1.22 5.7 
3 20 30.0 1.13 3.8 
4 20 36.0 1.27 3.5 
5 20 40.8 1.54 3.8 
6 20 50.3 2.18 4.3 

Between-run 

samples in duplicate on 20 different occasions during a two week period. The 

overall coefficients of variation ranged from 2.0 to 5.7%. 

Interference Studies 

Serum samples supplemented with hemoglobin, lipids and bilirubin were 

tested for possible effects on assay performance. We found no significant 

interference at concentrations up to 10 g/l (hemoglobin), 20 g/l (lipids), and 200 

mg/l (unconjugated bilirubin). 

Relation between TBG Concentration and Percent T3 Uutake 

To assess the rate of change in T3 uptake at various TBG concentrations, 

we assayed samples from 126 euthyroid patients with TBG concentrations ranging 
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FIGURE 2. Relationship between percent T3 uptake and TBG concentration in 
sera from euthyroid patients. 

from approximately 8 to 66 mg/l. As shown in Fiqure 2, there is a typical 

hyperbolic relationship between the two measured parameters, with the assay 

demonstrating a sufficient change in response to a wide range of TBG 

concentrations. 

Correlation Studies 

To assess accuracy, we analyzed 95 clinical samples by the present method 

(y) and by two commercially available radioimmunoassay procedures (x). As 
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134 TAN ET A L .  

shown in Figure 3, there is good correlation between the results of the present 

method and those of the comparative kits. 

Reference Range 

We analyzed 114 clinically normal serum samples obtained from a mixed 

population of euthyroid individuals for T3 uptake values. The values ranged from 

25.2 to 41.0%, with a mean and standard deviation of 32.9 and 3.23% 

respectively. The median was 32.6%. The proposed reference range of the present 

assay defined as the mean f 2 S.D. was 26 to 39%. 

DISCUSS ION 

Time-resolved fluoroimunoassays are recognized as a practical alternative to 

the traditional methodologies involving radioactive labels in both clinical and 

research laboratories. A number of reports have recently reviewed the merits of this 

technology (27-30) and its application in the immunoassay of a diverse group of 

analytes has been described (29,30,32-35). The potential of the fluorescent 

lanthanide chelate complexes as versatile immunological and nonimniunological 

tracers is further demonstrated by their recent application in the development of 

double-label (38) and homogeneous time-resolved (39) immunoassays. 

The present assay integrates a universal detection system based on BCPDA 

labeled streptavidin derivatives with a biotinylated monoclonal antibody in a 

competetive assay format for T3 uptake in serum. The procedures for multiple 

fluorescence labeling of streptavidin with BCPDA through a protein bulking agent 

(thyroglobulin) and use in time-resolved fluoroimmunoassays are detailed 

elsewhere (34). 
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TRIIODOTHYRONINE UPTAKE MEASUREMENT 135 

The performance characteristics of the proposed assay are comparable to those 

reported for the most commonly used T3 uptake assays (16, 40). The assay is 

precise with coefficients of variation ranging from 2 to 5.7%. We did not observe 

any significant interference from hemoglobin, lipid or bilirubin on assay 

performance. Furthermore, varying the incubation time of the assay did not 

significantly influence assay results. 

In comparison to the previously published methods (16), the present assay 

exhibits a marked change in response to a wide range of TBG concentrations (from 

approximately 8 to 66 mg/l). The rate of change in uptake values is more 

pronounced at lower TBG concentrations but slows down in response to elevated 

TBG levels (Figure 3). The linear regression analysis demonstrated a good 

correlation between results obtained by the present method and and those of two 

commercially available radioimmunoassay s. 

The preliminary normal range expressed as percent T3 uptake established in 

our laboratory for a mixed population of euthyroid males and females was found to 

be 26 to 39%. This is similar to the normal range reported for T3 uptake tests by 

other investigators (40). 

In summary, we have described a new nonisotopic immunoassay for routine 

monitoring of T3 uptake in serum. The assay exhibits good performance 

characteristics and has a protocol which is easy to perform. It works with a 10 pl 

sample volume and requires a total incubation time of 90 min. 

Requests for reprints should be sent to Dr. Mohammad J. Khosravi, 

CyberFluor Inc., 179 John Street, Toronto, Ontario, Canada M5T 1x4 

REFERENCES 

1. Gershengorn, M.C., Cheng, S.Y., Lippoldt, R.E., Lord, R.S. and Robbins, 
J. Characterization of human thyroxine-binding globulin. J. Biol. Chem. 
1977; 252: 8713-8. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



136 TAN ET AL. 

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9.  

10. 

11. 

12. 

13. 

14. 

Franklyn, J.A., Sheppard, M.C., Ramsden, D.B. and Hoffenberg, R. Free 
triiodothyronine and free thyroxine in sera of pregnant women and subjects 
with congenitally increased or decreased thyroxine-binding globulin. Clin. 
Chem. 1983; 29: 1527-30. 

Helenius, T. and Liewendahl, K. Improved dialysis method for free 
thyroxine in serum compared with five commercial radioimmunoassays in 
non-thyroidal illness and subjects with abnormal concentrations of thyroxine- 
binding globulin. Clin. Chem. 1983; 29: 816-22. 

Tanaka, S .  and Starr, P. An euthyroid man without thyroxine-binding 
globulin. J. Clin. Endocrinol. Metab. 1959; 19: 485. 

Borst, G.C., Osborne, R.C., O'Brian, J.T., Georges, L.P. and Burman, 
K.D. Fasting decreases thyrotropin responsiveness to thyrotropin-releasing 
hormone: a potential cause of misinterpretation of thyroid function tests in the 
critically ill. J. Clin. Endocrinol. Metab. 1983; 57: 380-3. 

Engbring, N.H. and Engstrom, W.W. Effects of estrogen and testosterone on 
circulating thyroid hormone. J. Clin. Endocrinol. Metab. 1959; 19: 783. 

Hamolsky, M.W., Goledtz, A. and Freedberg, A.S. The plasma protein- 
thyroid complex in man. 111. Further studies on the use of the in vitro red 
blood cell uptake of 1311 L-triiodothyronine as a diagnostic test of thyroid 
function. J. Clin. Endocrinol. Metab. 1959; 19: 103-16. 

Burr, W.A., Ramsden, D.B., Evans, S.E., Hogan, T. and Hoffenberg, R. 
Concentration of thyroxine-binding globulin: value of direct assay. Br. Med. 

Attwood, E.C., Seddon, R.M. and Probert, D.E. The T4RBG ratio and the 
investigation of thyroid function. Clin. Biochem. 1978; 5: 218-21. 

McDowell, D.R. An evalutation of serum thyroxine binding globulin as a 
routine test of thyroid function. Ann. Clin. Biochem. 1982; 19: 167-70. 

Gilinoer, D., Fernandex-Deville, M. and Ermans, A.M. Use of direct 
thyroxine-binding globulin measurement in the evaluation of thyroid function. 
J. Endocrinol. Invest. 1979; 1: 329-35. 

Nusynowitz, M.L. Free-thyroxine index. J. Am, Med. Assoc. 1975; 232: 
1050. 

J.  1977; 1: 485-8. 

Howorth, P.J.N. and Maclagan, N.F. Clinical application of serum-total- 
thyroxine estimation, resin uptake, and free-thyroxine index. Lancet 1969; i: 

Stein, R.B. and Price, L. Evaluation of adjusted total thyroxine (free 
thyroxine index) as a measure of thyroid function. J. Clin. Endocrinol. 1972; 

224-8. 

34: 225-8. 

15. Rosenfeld, L. "Free thyroxine index". A reliable substitute for "free" 
thyroxine concentration. Am. J. Clin. Pathol. 1974; 61: 118-21. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



TRIIODOTHYRONINE UPTAKE MEASUREMENT 137 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

Witherspoon, L.R., Shuler, S.E., Garcia, M.M. and Zollinger, L.A. An 
assessment method for the estimation of free thyroxine. J. Nucl. Med. 1980; 

Litherland, P.G.H., Bromage, N.R. and Hall, R.A. Thyroxine binding 
globulin (TBG) and thyroxine binding prealbumin (TBPA) measurement, 
compared with the conventional T3 uptake in the diagnosis of thyroid disease. 
Clin. Chim. Acta.1982; 122: 345-52. 

Mitchell, M.L., Harden, A.B. and O'Rourke, M.E. The in-vitro resin sponge 
uptake of triiodothyronine 1131 from serum in thyroid disease and i n  
pregnancy. J. Clin. Endocrinol. Metab. 1960; 20: 1474. 

Nusynowitz, M.L. and Waliszewski, J. Evaluation of a new surface 
adsorbent triiodothyronine (T3) uptake test. Am. J. Clin. Pathol. 1971; 56: 

Herbert, C., Gottlieb, C.W., Lau, K.S., Gilbert, P. and Silver, S. 
Adsorption of 1311-triiodothyronine (T3) from serum by charcoal as an in- 
vitro test of thyroid function. J. Lab. Clin. Med. 1965; 66: 814-21. 

Witherspoon, L.R., Shuler, S.E. and Gilbert, S. Estimation of thyroxin, 
triiodothyronine, thyrotropin, free thyroxin, and triiodothyronine uptake by 
use of magnetic-particle solid phases. Clin. Chem. 1985; 31: 415-9. 

Coleman, L.H., LeMat, B., Diel, V., Barbieri, A. and Barrett, J. 
Triiodothyronine uptake assay with immobilized triiodothyronine antibody as 
the bound-free separating agent. Clin. Chem. 1977; 23: 938-41. 

Stein, E.A., Chen, I.W., Gau, N., Kaplan, L., Maxon, H. and Sperling, M. 
Spectrophotometric assays for serum thyroxine (T4) and unsaturated T4 
binding globulin for evaluation of thyroid function. Clin. Chem. 1981; 27: 
1070. 

Bellet, N., Winfrey, L., Hortan, A, et al. Development of homogeneous 
fluorescence rate immunoassays for thyroid function testing. Clin. Chem. 
1981; 27: 1071. 

Schall, R.F. Jr., Crutchfield, T., Kern, C.W. and Tenoso, H.J. An enzyme- 
labeled immunoassay for the measurement of unsaturated thyroid hormone 
binding capacity in serum and plasma. Clin. Chem .1979; 25: 1078. 

Jaklitsch, A.P., Greenwood, H.M., Peterson-Brown, A.C., Lavine, J.E. 
and h u n g ,  D.K. Serum T3 uptake by homogeneous enzyme immunoassy. 
Clin. Chem. 1977; 23: 1123. 

Soini, E. and Kojola, H. Time-resolved fluorometer for lanthanide chelates-a 
new generation of non-isotopic immunoassys. Clin. Chem. 1983; 29: 65-8. 

Hemmila, I., Dakubu, S., Mukkala, V.M., Sittari, H. and Lovgren, T. 
Europium as label in time-resolved immunofluorometric assays. Anal. 
Biochem. 1984; 137: 335-43. 

21: 529-39. 

523-5. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



138 TAN ET AL. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

Soini, E. and Lovgren T. Time-resolved fluorescence of lanthanide probes 
and applications in biotechnology . Crit. Rev. Anal. Chem. 1987; 18: 105-54. 

Diamandis, E.P. Immunoassays with time-resolved fluorescence 
spectroscopy: Principles and applications. Clin. Biochem. 1988; 21: 139-50. 

Evangelista, R.A., Pollak, A., Allore, B., Templeton, E.F., Morton, R.C. 
and Diamandis, E.P. A new europium chelate for protein labelling and time- 
resolved fluorometric applications. Clin. Biochem. 1988; 21: 173-8. 

Khosravi, M . J .  and Diamandis, E. Immunofluorometry of 
choriogonadotropin by time-resolved fluorescence specuoscopy, with a new 
europium chelate as label. Clin. Chem. 1987; 33: 1994-9. 

Khosravi, M.J., Chan, M.A., Bellem, A.C. and Diamandis, D.A. A sensitive 
Time-resolved immunofluorometric assay of ferritin in serum with 
monoclonal antibodies. Clin. Chim. Acta 1988; 175: 267-76. 

Diamandis, E.P., Bhayana, V., Conway, K., Reichstein, E. and 
Papanastasiou-Diamandi, A. Time-resolved fluoroimmunoassay of cortisol in 
serum with a europium chelate as label. Clin. Biochem. 1988; 21: 291-6. 

Diamandis, E.P., Morton, R. C., Reichstein, E. and Khosravi, M.J. Multiple 
fluorescence labeling with europium chelators. Application to time-resolved 
fluoroimmunoassays. Anal. Chem. 1988; 61 : 48-53. 

Alexander, N.M. and Jennings, J.F. Radioimmunoassay of serum 
triiodothyronine on small, reusable sephadex columns. Clin. Chem. 1974; 20: 
1353-61. 

37. Tan, Y.K., Khosravi, M.J., and Diamandis, E.P. Time-resolved 
immunofluorometric assay for thyroxine-binding globulin in serum. J .  
Immunoassay. 1989. (in the press). 

Hemmila, I., Holttinen, S., Pettersson, K. and Lovgren, T. Double-label 
time-resolved immunofluorometry of lutropin and follitropin in serum. Clin. 
Chem. 1987; 33: 2281-7. 

39. Hemmila, I., Maliminen, O., Mikola, H. and Lovgren, T. Homogeneous 
time-resolved fluoroimmunoassay of thyroxine in serum. Clin. Chem. 1988; 

38. 

34: 2320-2. 

40. Szpunar, W.E. and Block, M. Triiodothyronine uptake test in which antibody 
coated tubes are used compared to two other tests in which precipitation 
separations are used. Clin. Chem. 1978; 24: 1616-7. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1


