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acids and with erythrocyte-plasma systems
from other mammalian species.
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Deiodination of Thyroxine and Other Iodinated Compounds During

Desalting by Electrodialysis.*
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Paper chromatography of thyroxine and
its derivatives in a Ringer solution used for
tissue metabolism studies is often unsatisfac-
tory because the salts lead to training of the
spots. Since desalting of solutions of ordinary
amino acid can easily be accomplished using
the electrolytic desalter of Consden. Gordon
and Martin(1). an apparatus based on their
design (Research Equipment Co.) was tried.
The present study of rapid deiodination con-
firms and considerably extends the alterations
in some iodinated compounds reported by
Smith et @l.(2) and by Jepson and Smith(3}.

Mcthods. The desalter achieves results by
electrolytic reduction of cations which are
amalgamated at the cathode and passage of
anions through a cellophane membrane into
a flushing electrolyte solution. Conditions
were chosen to remove completely the Na
and Cl- from an isotonic NaCl solution, start-
ing with 10 volts D.C. and 5-12 amps. The
operation was finished in 10-15 minutes. as
indicated by decrease in current to 0.2 amp.
About 1 to 2 mg of iodinated substance!

* Supported by grants from U.S.P.HS. and the
Am. Cancer Soc.

t The authors wish to express their appreciation to
the following for furnishing some of the compounds:
Dr. R. Pitt-Rivers (Nat. Inst. for Med. Research,
London), Dr. H. L. Fevold (Travenol Division Bax-
ter Laboratories), Dr. H. Lardy (Univ. of Wiscon-
sin), Drs. R. 1. Meltzer and R. L. Kroc (Warner-
Chilcott Labs), Dr. A. E. Heming, (Smith, Kline and
French Labs.), Dr. N. Kharasch (Univ. of S. Calif.),
Dr. S. Wawzonek (State Univ. of Iowa).

were dissolved in 0.05 ml N NaOH and di-
luted to 4 ml with 0.9% NaCl. Of this solu-
tion. 3.5 ml were treated in the chamber of
the desalter. Aliquots representing before
and after deionization were subjected to as-
cending chromatography, using n-butanol,
ammonium hydroxide, water (230:72:178):
n-butanol, glacial acetic acid. water (78:35:
17): or methanol and 0.2 M ammonium ace-
tate (100:250). The amino acids were re-
vealed with ninhydrin(4, p. 88). phenolic
substances with the Pauly reagent (4. p. 253)
and iodine-containing compounds with ceric
sulfate-arsenious acid(5).

Results. ‘Thyronine, thyrosine and phe-
nylalanine solutions all were desalted with-
out loss of amino acids. The R; values are
shown in Table I. In contrast. mono- and
diiodotyrosine were rapidly deiodinated to ty-
rosine.  3,3’-Diiodothyronine, 3.3,3'-triiodo-
thyronine and thyroxine were deiodinated to
thvronine. although in the last case. some
free iodide remained in the cathode compart-
ment. The iodine was also completely removed
from 3,5-diiodothyronine, but some additional
change was produced, since the product was
clearly not thyronine. Further identification
has not been possible, beyond demonstrating
(Table I) that the material is a. single phe-
nolic amino acid (Pauly and ninhydrin-posi-
tive) not containing iodine. From the: in-
tensity of the ninhydrin and Pauly stains, it
is probable that there was no less of amino
acid itself.

Table II shows the results of desalting car-
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TABLE I. Desalting of Derivatives of Thyroxine.

Rr before Ry after

desalting* desalting*
Original compound 1 2 3 1 2 3 Resulting compound
Nal A1 .78
Phenylalanine 24 .28 24 27
Tyrosine 05 |14 05 .14
Thyronine 34 44 34 43
3-Monoiodotyrosine .28 14 Tyrosine
3,5-Diiodotyrosine 41 13 ”
3,3’-Diiodothyronine 27 .62 28 43 Thyronine
3,5,3’-Triiodothyronine 46 .63 35 41 ”
Thyroxine 29 67 .16 34 41 .78 "
3,5-Diiodothyronine 25 .34 .18 .23 TUnknown

* Solvent systems:
ammonium acetate.

ried out on several thyroxine derivatives
having fatty acid side chains in place of the
alanine. Again, some deiodination was appar-
ent, but specific identification of the products
was not possible because information concern-
ing the non-iodinated compounds was lack-
ing. 3,5-Diiodothyroacetic and 3,5,3"-triiodo-
thyroacetic acids were completely deiodinated
to the same material, presumably 4-(4'-hy-
droxyphenoxy ) -phenylacetic acid. The tetraio-
dothyroacetic acid was partially recovered un-
altered. Since iodide was also encountered,
some of ithe tetraiodothyroacetic must have
been deiodinated to the iodine-free compound
just mentioned, although not in large enough
quantity to give a Pauly stain.
Tetraindothyropropionic acid was only

1. Butanol-ammonia-water.

2. Butanol-acetic acid-water. 3. Methanol-

partly deiodinated, but 3,5,3'-triiodothyro-
propionic was completely stripped of iodine.
With all 5 organic acid compounds, deiodina-
tion was sufficiently slow that traces of in-
organic iodide could be detected in the solu-
tion with the extremely sensitive iodide test.

Tetraiodothyroacrylic acid proved to be
far more stable than any other material, re-
sisting alteration completely. In contrast, 3,
5-diiodothyroacrylic and tetraiodothyroformic
acids not only were completely deiodinated,
but were both sufficiently altered that no
Pauly reaction was obtained. This suggests
that there may have been reduction of the hy-
droxyl or more drastic alteration of the ring
structure.

Table III shows the effects of desalting sev-

TABLE II. Desalting of Fatty Acid Analogues of Thyroxine.

Ry before Ry after
desalting* desalting*
Original compound 1 2 3 1 2 3 Resulting compound
3,5-Liiodothyroacetic 33 .88 .61 33 .88 .44 Non-iodinatedt
A1 .77 Nal
3,5,3"-Triiodothyroacetic 50 .88 .53 33 .89 44 Non-iodinatedt
Jd1 .79 Nal
Tetraiodothyroacetic 47 85 45 41 86 .44 Tetraiodothyroacetic
A1 .79 Nal
3,5,3"-Triiodothyropropionie .57 .88 .53 48 87 .53 Non-iodinatedt
A1 .83 Nal
Tetrziodothyropropionic 43 .85 .32 41 .90 Non-iodinatedt
A1 .76 Nal
3,5-Diiodothyroacrylic .67 — None detectable
Tetraiodothyroacrylie 46 46 Tetraiodothyroacrylic
Tetraiodothyroformie .53 — None detectable

* Same solvent systems as Table 1.

t The same non-iodinated, Pauly-positive compound in all 3 instances; probably desiodothy-

roacetic acid.
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TABLE 1II. Desalting of Various Todinated Compounds.

Ry before Ry after
desalting™ desalting*

Original compound 1 2 3 1 2 3 Resulting compound
O-Methyl thyroxine B3 .61 42 .48 Deiodination
Thio-ether analogue of thyroxine .35 .75 33 .71 ”
Thyroxamine 85 .79 90 .76 ”

3, 5-Dichloro-3,5-diiodothyronine .30 .73 18 48 ”

3%, 5-Dibromo-3,5-diiodothyronine .19 .79 25 .38 Deiodination (thyro-
nine?)

2,6-Diiodophenoxyacetie 10 Nal

3.5- ” 10 2

Tetraiodophenolphthalein D694 A3 94 No change

* Same solvent systems as Table L.

eral other iodinated compounds. some deriva-
tives of thyroxine and others quite different
in structure. Since none of the deiodinated
products is available. it is only possible to
consider that loss of iodine and change of
Ry demonstrate at least deiodination. Other
alterations may be produced. similar to those
found in 3.5-diiodothyronine (Table I1).
O-Methyl thyrosine. the thio-ether ana-
logue of thyroxine and thyroxamine were all
deiodinated. the last much more slowly. Since
3".5"-dichloro- and 3'.5'dibromo-3.5-diiodothy-
ronines were dejodinated, it is probable that
dehalogenation was complete, but the R;’s
obtained after treatment are not truly the Ry
of thyronine. Tetraiodopheno]phtha;lein was
completely stable. Two iodophenoxyacetic
acids did not react with the ceric-ar;enious
acid reagent before treatment, but did show

the presence of some inorganic iodide after-
wards,

Conclusions. 1) Use of electrolytic desalter
to remove inorganic ions from solution, re-
sults in removal of iodine from aromatic link-
age, including thyroxine, triiodothyronine, di-
iodotyrosine and several of the fatty acid
side-chain analogues of thyroxine. 2) This
prevents use of apparatus for preparation of
salt-free solutions in thyroid studies. The pro-
cedure might be useful in preparation of vari-
ous dehalogenated derivatives where the par-
ent compounds are readily available.
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proliferating malignant neoplastic cells has
been found greater than LD activity of blood
plasma from which the serous effusion is de-
rived. It was postulated that the greater en-
zyme activity might be due to its accumula-
tion in serous fluid as a result of either multi-



