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ABSTRACT

Triiodothyronine Sulfate (T3S) may be an obligatory intermediate metabolic of the metabolism
of thyroid gland hormones invertebrates in peripheral during the process of deiodination of the inactive
form of the thyroid gland hormones,thyroxine(T4), into the active form triiodothyronine (1,2).
Construction of a reliable procedure for the estimation of T3S accurately in blood serum will be of great
importance for medical, biochemical and physiological investigations.

In this work we developed a robust method for the production of anti-triiodothyronine sulfate
polyclonal antiserum with good specifications using a derivatised immunogen and a modified
immunization process and a sensitive radioimmunoassay system was designed and developed.

Key Words: Triiodothyronine Sulfate/ Rabbit Anti-Triiodothyronine sulfate/
Immunization/ Radioimmunoassay.

INTRODUCTION

The main secretory product of the thyroid gland is the prohormone thyroxine (T4) (3,4&5). In
peripheral tissue, especially the liver, T4 is metabolized by outer tyrosyl ring deiodination to the
biologically active triiodothyronine (T3) and inner ring deiodination of T3 to the inactive rT3. Further
stepwise deiodination of T3 and rT3 leads to, among other compounds, 3,3%-diiodothyronine (6&7). It
has been reported that a close interaction between the sulfation and deiodination of iodothyronines in
the liver. Although the identification of T3S in humans were reported in 1958(8), sulfation has only
recently been recognized as a unique pathway of thyroid hormone metabolism (9). Sulfation is a so
called phase FI detoxification pathway by which a variety of lipophilic endogenous and exogenous
compounds are converted into water-soluble conjugates to facilitate their extraction in bile or urine.
Also, it has shown that the majority of normal T3 disposal occurs via T3S formation (10,11). Normally,
concentration of iodothyronines sulfates in plasma, bile and urine are low. However, in some conditions
such as administration of prophyl thiouracil or ioponic acid,selenium deficiency, nonthyroidal illness and
fetal development, iodothyronines sulfate accumulate in plasma and bile (2,12).

However, little is known about the potential pathways of T3S. This prompted us to search
for a convenient assay system to further investigate the role of sulfation in thyroid hormones
metabolism. Here, we describe a pilot study for the preparation and characterization of anti-T3S
antibodies as the prime component of radioimmunoassay system of T3S to be useful in this
physiological and biochemical investigations, involving synthesis of T3S, synthesis of the T3S
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Figure 1 Sequential deiodination of thyroxine.
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Eq.{i}: Synthesis of iodothyronine-sulfates via chloro-

sulfonic/DMF reaction.

Eq,\%}\ Conjugation reactions using carbodiimides may be

represented as a dehydration reaction.
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conjugate of T3S hapten coupled with protein carrier bovine serum albumin (BSA), preparation of
T3S immunogen, immunization of the chosen host animals with the prepared immunogen.

MATERIALS AND METHODS

L-triiodothyronin (T3), thyroxine (T4), l-ethyl-3(3-dimethylaminopropyl carbodiimide-HC1
(ECDI) were purchased from Sigma (London, UK).Bovine serum albumine (BSA, Fraction V) was
from Calbiochem (CA, USA). D-diiodothyronine (D-T2) was obtained from Aldrich (London, UK).
Dry heat killed lyophylized Mycobacterium tuberculosis was obtained from the governmental
authority for biological products and vaccines (Cairo, Egypt) and was used for preparation of
complete Freund's adjuvant. Dimethyl formamide (DMF) was obtained from Prolabo (France) and
was freshly purified on alumina. Chlorosulfonic acid was purchased from BDH (UK). All other
chemicals and reagents were of analytical grade or higher purity, and were obtained from either Sigma
or Aldrich.

Synthesis of Triiodothyronine Sulfate:

Esterification of T3 with methanol was performed in a closed glass system purged with pure
nitrogen according to procedure of Ashley & Harington (13) with slight modifications. The obtained
dry powder containing T3 methyl ester compound was purified using preparative paper
chromatography (14).Radioactive labeled I25I-T3 (prepared somewhere else) as well as ninhydrin are
used to identify and visually localize the synthesized compound.

Sulfation of T3-methyl ester was performed using the in situ chlorosulfonic-formamide
reaction (15), as illustrated in Eq. 2. To 600 ul of DMF (cooled to 0o=C),150 ul of chlorosulfonic acid
were dropwise added with continuous stirring. After 30 min. the reaction mixture was added to 150
mg of T3-methyl ester dry powder. Sulfation of T3-methyl ester was continued for 30 min. at 0°C,
after which it was left at room temperature for 16 hr. The formed compound was precipitated by 7.5
mL of bidistilled water at 0°C followed by centrifugation at 2000 rpm for 20 min. under 0°C. The
pellet was dissolved in 1.5 mL of 2 M ammonia followed by precipitation with 7.5mLof 1 M
HCl.The precipitate was washed four times , using 4.5 mL of 0.1 M HC1. The final product was
freeze dried .Sulfated T3 methyl ester (T3-methyl-S) was purified using Sephadex LH-20
chromatograph.y.

Synthesis of T3-methyl-ester Protein Conjugate :

Conjugation of the haptenic T3-methyl-ester sulfate to BSA was performed using ECDI
method of Erlanger (16). 50 mg of dry T3-methyl-ester-S were dissolved in 8 mL of cold DMF. 100
mg of protein carrier BSA dissolved in 60 mL H2O were admixed with the ester sulfate solution and
the pH was adjusted to 5.0 using 100 mg of 1 N HC1, ECDI-HC1 ,divided into two equal portions
dissolved in H2O, were dropwise added ;allowing 3 hr elapse between the two portions. Thereafter,
the reaction was let to continue for 16 hr at room temperature. Reaction by-products, along with
unreacted small molecules were removed by dialysis against distilled water. Dialyzer membranes of
12,000 - 18,000 molecular weight cut off were used with six times change of distilled water. The
final product was lyophilized and the protein epitope ratio was determined using UV spectrum
analysis (17), as depicted in Figure 2
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Immunization and Antiserum Production :

A group of five New Zealand male white rabbits at 3 months age, and weighing on average 3
Kg, were used as host animals and immunized with T3-methyl-S: BSA conjugate, as immunogen , to
raise T3-S antisera.
Immunization regime was as follow :3mg of T3S:BSA conjugate added to 5 mgof dry heat killed
Mycobacterium tuberculosis were dissolved in 1.5 mL of water. The aqueous portion was emulsified
in oil using double hub syringe. Emulsion was injected subcutaneously at multiple sites on the back
and around neck of each animal. Animals were immunized twice, 13 weeks apart (primary
immunization). Two booster immunizations using the above mentioned procedure were carried out.
following the subsidence of immune response. Development of immune response was monitored for
each animal in blood samples withdrawn weekly from marginal ear vein. Titration of antibody
obtained of each individual bleeding was performed on the basis of dilution of antiserum that bind
50% of added I-labeled T3S(prepared somewhere else). Antiserum collected from each animal was
evaluated for specificity by allowing the antibody obtained to cross react with some
iodothyronine.antigens of closely related structure using RIA.

RESULTS AND DISCUSSION

Establishment of a potent radio immunoassay system forthe thyroid metaboliteT3S, decree
necessarily the production of an avid, highly specific and high titer antibody.T3S compound , having
haptenic nature ,will not provoke immune response per se, following administration of a host animal.
Consequently , conjugation to an immunogenic protein is a must to obtain the proposed antiserum.
However, chemical conjugation of the iodothyronine T3S to protein carrier using the water soluble
ECDI involves formation of a peptide bond under proper conditions, and owing to the iodothyronine
molecule bears both carboxylic and amino groups, inter- molecular conjugation prevails. To overcome
such problem and sustain the immunogenic determinants, protection of carboxylic group of the
iodothyronines molecule via esterification reaction was performed using ester formation with a short
chain alcohol (methanol). A high ester yield of approximately 70 - 80 % was obtained. The purified
derivative prepared was found to haven't further structural changes as shown by infrared and
ultraviolet spectrometry (Figs 2 & 3). IR spectra indicated that esterification has occurred as shown by
asymmetric stretching band at 1155 cm"' along with asymmetric stretch at 1300 cm"'and possible
carbonyl stretch at 1735cm"'. BSA conjugate of T3 methyl ester-S showed UV absorption
characteristic to T3 molecule at 325 mu (Fig.3). The calculated average hapten / protein ratio for T3
methyl-S : BSA was 39 : I.

Tabie(l): Triiodothyronine-methyl ester : BSA antiserum cross- reactivity with main iodothyronines
which might expectedly interfere with radioimmunoassay.

Competing compound

-Triiodothyronine sulfate (T3S)

-Tri iodothyronine (T3)

-Reverse Triiodothyronine (r-T3)

-Thyroxine (T4)

Cross-reactivity (%)

100

<0.1

<0.01

<0.01
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Two weeks after second booster immunization , all rabbits showed positive response
immunization technique followed. However, three out of five animals gave usable titer (over 1 / 5000,
initial dilution') in RIA, One out of the three positively responded animals gave a titer as high as over
1 / 12,000 (initial dilution). Meanwhile, highly immunospecific antisera were obtained. The obtained
antisera were evaluated for cross reactivity with some iodothyronines which were expected to
interfere with radioimmunoassay, as shown in Table 1. It should be pointed out that the low cross
reactivity obtained in the present study might be due to protection of the carboxylic function on the
parent iodothyronines sulfate compound.

The protective ester formation effect obtained in the present study might be related to
existence of intact carbonyl groups of the iodothyronine sulfate compound for positive recognition by
antibody forming T and B lymphocytes. Additionally, reaction of unprotected T3S with BSA could
result in linkage of a considerable portion of the hapten via carboxylic groups to amino groups in BSA
lysine residues. Such steric hindrance arrangement would render the attached hapten sulfate molecule
hidden from exposure to T and B lymphocytes.
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