
SOLID-PHASE IMMUNOEXTRACTION FOLLOWED BY LIQUID CHROMATOGRAPHY-TANDEM MASS SPECTROMETRY FOR 
THE SELECTIVE DETERMINATION OF THYROXINE IN HUMAN SERUM
Víctor Vállez-Gomis1,2, Juan L. Benedé2, Audrey Combès1, Alberto Chisvert2, Valérie Pichon1,3

1Department of Analytical, Bioanalytical Sciences, and Miniaturization, UMR 8231 Chemistry, Biology, and Innovation, ESPCI Paris, PSL University, CNRS, Paris, France
2GICAPC Research Group, Department of Analytical Chemistry, University of Valencia, Spain

3Sorbonne Université, Paris, France

email: victor.vallez@uv.es

CONCLUSIONS
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RESULTS AND DISCUSSION

INTRODUCTION
Thyroxine (T4) is a tyrosine-based hormone produced by the thyroid gland, whose main function is to regulate biological processes in humans such as growth and development, basal metabolism, or
reproduction [1]. The normal serum concentration of total T4 ranges from 60 to 160 nM (i.e., 47 to 124 ng mL-1) [2]. However, people suffering from thyroid-related diseases present abnormal levels of T4,
causing hypo- or hyperthyroidism. Several health conditions can induce these disorders, such as autoimmune diseases (e.g., Hashimoto or diseases) or thyroiditis. Therefore, the monitoring of
T4 is important to show the proper functioning of the thyroid gland.
The objectives of this work are the synthesis and characterization of two T4-specific immunosorbents (ISs) by the immobilization of two different monoclonal antibodies on the surface of a CNBr-
activated-Sepharose® 4B support and their application as selective extraction phase in solid-phase extraction (SPE), followed by liquid chromatography-tandem mass spectrometry (LC-MS/MS) [3].

The successful immobilization of the antibodies on the CNBr-activated-Sepharose® 4B has been demonstrated by means of the high grafting yields obtained (i.e., > 90%)

The immunosorbent has been fully characterized in terms of extraction and synthesis repeatability, and capacity

The need of the immunosorbent was evidenced by comparing the LC-MS chromatograms of both eluate after the SPE method and filtered supernatant after protein precipitation without applying the
immunoextraction method

The optimized immunoextraction method was applied to a pooled human serum sample in order to evaluate its performance, showing accurate results
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SYNTHESIS & GRAFTING YIELD

SAMPLE PREPARATIONTHYROXINE (T4)

Analyte
LOD

(ng mL-1)

LOQ

(ng mL-1)

Accuracy* Precision

(% RSD)Added (ng mL-1) Found (ng mL-1) Relative recovery (%)

Thyroxine
(T4)

0.15 0.5

0 68 3 - 4
5 72 1 81 7 9
30 97 2 96 5 5
60 132 2 107 3 3

Validation of the proposed SPE method

Elution profile Capacity of the IS Blank serum LC/MS chromatograms

Extraction repeatability (n=3): RSD < 8%
Comparable performances for both ISs

Estimated capacity of T4: 104 ng per 35 mg 
(3 µg g-1)

Efficient clean-up of the sample by 
selective extraction of T4

Anti T4 Antibodya

or Immunoglobulin G (IgG)b
CNBr-Sepharose® 4B

35 mg
Immunosorbent

1-mL SPE cartridge

% Grafting yield (n=3): Bicinchoninic acid (BCA) assay

Antibody 1: 94 2%

Antibody 2: 91 3%

Control (IgG): 91 4%

Successful covalet bonding of Antibodies to
the CNBr-Sepharose® 4B solid support

Conditioning

4 mL H2O

Thyroxine

Interference

Interference

0.5 mL 
serum

5 mL diluted 
supernatant

+ 0.5 mL ACN

Vortex, 30 s

Centrifuge

6000 rpm

5 min

1) 0.5 mL supernatant

2) + 4.5 mL H2O

Percolation Washing Elution Regeneration

5 mL diluted

supernatant

1) 0.75 mL H2O

2) 0.75 mL ACN:H2O 30:70

0.5 mL MeOH:H2O 80:20

(formic acid 0.2 M)

1 mL H2O

4 mL PBS 0.1% NaN3

LC-MS/MS CONDITIONS
Column: Atlantis® dC18 (150 mm, 2.1 mm, 5 µm)

Mobile phase: MeOH:H2O 70:30 (0.1% formic acid)

Flow: 0.25 mL min-1

Retention time: 3.7 min

Polarity: ESI+

MRM transitions: 777.7 731.7 (20 V) Q

                                 777.7 633.6 (20 V) q

                                 777.7 604.9 (35 V) q

Higher base line
Complex extract

Lower base line
Cleaner extract

TIC: m/z 50 800

* Mean of three replicates standard deviation

a Two different purified monoclonal antibodies specific for T4 were tested since information about the epitopes used to
produce each antibody was not provided by the supplier
b The IgG IS was used as control in order to study the selectivity of the specific ISs
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