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ITTLE attention has been paid to the penetration of thyroid hormone
into cerebrospinal fluid (CSF), although the marked effect of thyroid
hormone on the growth, development and function of the central nervous
system is well documented. Congenital absence of thyroid hormone may
result in the permanently impaired intellect of cretinism. Even adult
myxedema results in marked dulling of mental activity, personality
changes and occasionally frank psychosis (1). Conversely, overabundance
of thyroid hormone, as in Graves’ disease, results in mental agitation and
occasionally manic or toxic psychosis (2, 3).

In myxedema, cerebral blood flow is decreased and cerebral vascular
resistance is increased (4, 5). Whether there is a decrease in cerebral
oxygen and glucose consumption is in dispute (4, 5). Myxedema causes
characteristic changes in the electroencephalogram, consisting of a low
voltage, slow frequency, absence of alpha waves, and absence of reaction
to light stimulus (5).

In hyperthyroidism, cerebral oxygen and glucose consumption are un-
altered (4, 6, 7). Increased cerebral blood flow and decreased cerebral
vascular resistance have been reported (4, 6), but not by all workers (7).
Abnormalities in the electroencephalogram in hyperthyroidism have been
demonstrated (8).

The iddine content of CSF has received relatively slight attention.
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Gildea and Man (9) found an average CSF total iodine concentration of
0.2 v per 100 ml. in 6 normal human patients. In 8 other patients, after the
ingestion of Lugol’s solution, when the total iodine of serum was increased
to more than 100 v per 100 ml., only a 1 to 6 per cent rise occurred in CSF.

Greenberg and associates (10) studied in dogs the passage of radioiodide
and other ions from the serum into CSF. The order of permeability into
CSF of the various halides was found to correspond inversely to the order
of their ionic diameters, (Cl->Br—>1-). Todide concentration in cisternal
CSF achieved a constant level in one to two hours. When at apparent
equilibrium with serum iodide, CSF iodide showed a concentration of only
12 per cent of the serum value.

The concentration of thyroxine and triiodothyronine in brain tissue has
been found by several workers to be‘extremely low compared to the con-
centrations in most of the other body tissues (11, 12, 13). The problem of
thyroid hormone in brain tissue is, however, quite distinct from that in
CSF, and will not be considered here in detail.

No reports are available concerning the identification of thyroid hor-
mone or other organic iodine compounds in CSF. The purpose of the
present study is to measure the concentration in CSF of inorganic iodide
and of any organic iodine-containing compounds that may be present.

METHODS

Samples of radioactive CSF and blood were obtained from patients at the Memorial
Center who had received radioiodine (I'*) for the treatment of thyroid carcinoma, hyper-
thyroidism, or heart disease. The patients with thyroid cancer received doses in the
range of 50 to 300 millicuries. Those with hyperthyroidism or heart disease received 20 to
30 millicuries. Clinical data on these patients are given in Table 1. Spinal fluid (10-25
ml) was withdrawn by lumbar puncture. Serum protein-bound iodine (PBI) deter-
minations were made by a modification of the method of Barker (14, 15).

In 5 patients the metabolism of inorganic iodide was studied. Samples of serum and
CSF in this group were withdrawn within the first eight hours after administration of the
isotope.

In 6 other patients, blood and CSF samples were withdrawn forty-eight hours after
administration of the isotope, for the study of organic iodine compounds. In general, the
patients who received the larger doses of radioiodine were included in the latter group,
since the techniques for organic analysis demanded somewhat higher levels of radio-
activity. )

Two patients with mammary carcinoma who were clinically euthyroid received tracer
doses of radioactive l-thyroxine intravenously. Samples of blood and CST were with-
drawn at forty-eight hours.

To determine at any time the ratio of total radioactivity in CSF compared to that in
serum, an aliquot (1-3 ml.) of CSF was counted in a well-type scintillation counter
against an equal volume of a 1:50 or 1:100 dilution of the serum.

To determine the fraction of radioactivity in CSF which was dialyzable, a measured
sample (3-5 ml.) of a 1:10 dilution of the fluid was dialyzed by the method described
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subsequently for the concentration of CSF. The loss of radioactivity from the samples
was evaluated by measuring them in a scintillation counter, using as standards, identical
but undialyzed volumes of the same solution.

For the analysis of organic compounds, CSF was concentrated 50- to 100-fold. From
8 to 20 cc. of CSF was dialyzed in Visking tubing for twenty-four hours at 4° C. against
two 3-liter volumes of a potassium phosphate buffer, 0.001 M, pH 6.6. The dialyzed
fluid was lyophilized and the resulting white powder dissolved in 0.1 or 0.2 ml. of dis-
tilled water.

The concentrated CSF was analyzed by paper chromatography and electrophorests.
Ascending one-dimensional chromatography was conducted on Whatman No. 1 filter
paper in two butanol solvent systems, one acid, and one ammoniacal, as previously de-
scribed (16). A third system consisted of collidine:water, 100:35.5, in an atmosphere of
concentrated ammonium hydroxide. Stable amino-acid carriers were streaked at the
origin of the chromatograms and 0.01-0.02 ml. of concentrated CSF was then applied.
In a few instances unconcentrated C3F was chromatographed by delivering 0.25-1.00
ml. of the fluid to the paper by multiple successive applications of untreated CSF. The
chromatograms were run overnight, dried, and sprayed with Ninhydrin for localization
of the stable carriers. Radioactivity on the strips was measured with a thin mica-window
Geiger-Mueller tube and a continuously recording counting rate meter. It has previously
been shown that a direct proportionality exists between the area under each peak of
radioactivity and the amount of radioactivity in that area of the strip.

Zone electrophoretic analysis of concentrated CSF was conducted on Whatman No. 3
paper strips in barbital buffer at pH 8.6 for twenty-four hours at 100 volts, as previously
described (17). The volume of concentrated CSF delivered was about 0.02 ml., which
contained approximately 1 milligram of protein, the equivalent of 2 ml. of untreated
CSF. The electrophoretic strips were counted for radioactivity in the same manner as the
chromatograms described, and the proteins were then stained with bromphenol blue (16).

Identification and quantitation of todine components

1. Iodide. The percentage of radioiodine as iodide in serum was estimated by planim-
etry of iodide areas in the radioanalysis of serum chromatograms. The percentage of
radioiodine as iodide in CSF was considered equivalent to the dialyzable radioactivity,
assuming negligible losses of any organic iodine compounds during analysis. This estima-
tion was confirmed by chemical iodide analysis. It was also in agreement with values for
iodide in whole CSF, derived by applying large volumes of untreated CSF directly to
the chromatographic strip.

2. Thyroid hormone. The percentage of radioiodine as thyroxine and triiodothyronine
in serum and in CSF was estimated by planimetry of areas in the radioanalysis of chro-
matograms. .

3. Thyroglobulin and other compounds. The detection and quantitation of thyroglobu-
lin discharged into serum from I'¥'-irradiated thyroid tissue, and of other organic radio-
iodine compounds in serum and CSF, will be discussed.

RESULTS

The ratio of total radioiodine concentration in serum compared to CSF
in different patients at various times after oral administration of the iso-
tope is indicated in Table 1. It appeared to be unrelated to the size of the
dose administered. In the 5 patients included in the inorganic iodide

The Endocrine Society. Downloaded from press.endocrine.org by [${individual User.displayName}] on 12 November 2015. at 19:03 For personal use only. No other uses without permission. . All rights reserved.



Volume 15

. RALL

o
Vi

J. B. ALPERS AND J. 1

1486

‘UIXO0I£Y}-] JO 3SOP J9DBI) B PIAIROY |

"pareMmOE) }

(3x9)
928) [BLIABW paylueplun="7 ‘(sulqqoy)xpunodwod=7 ‘uinqo[doify}=97] ‘ouIu0ILYjopon} ==y, "oUIXOILY)="'], ‘IPIPOI=_7T .
BwapaxAw
- ¢'e 0°62 0°0I 0 0°¢s 0°09 0 0" €¢I 80 ploxdyy, “Hy
“BurapaxAur
— 10 09 0 €€ 0 0L 0'%¢ 0 — B ploIdyy, “sTu
8D 198 Z X °L EL "L -1 (ASD/ "195)
‘qar I "10%
:EHM%M\%V Jo w0y ut SO pazfiynip ul ] JO 9D Iag mﬁ_oﬁdm
ASO Ul 1] 91UB3I0 g
¥290°0 0 0 0 0 98 9°¢I €' ¥8 ‘proafyjne
6°¢ 0 0 0 0 9'%6 1Y ‘re) svoug 1°0°d
€80°0 0 0 0 0 09 oy
Ul 0 0 L 4 018 001 L726 SIp (SeABID) Ty
ce1°0 0 0 0 0 143 99 G L6 "proadysns rs1p
gL 0 0 0 0 ¥ 18 9°8L J1edy "wnayy Y'Yy
1600°0 01 L0 0 €0 ¢ € ¢'v6 BRS¢ “ewapaxAu
1 0 ¢'9 G L2 0 ¢y ¢ 19 Sw) proafyy, Il
9€00°0 G L 8¢ 0 0 LIt 012 0'00% . “BUapaxAw
¥l 0 14 9'2S 0 0" LT 00T ) ploadyy ‘N'H
1480 PG | 4SO g | 4SO g | 48D MBS | SO e { AS8D Py | ASD 188 (A80/ " 105) .
('w 00T/4) Y X °L L "L -I wnmw jusnpR g
1dd jo onyey

»JO WIOJ Ul JQ) 10 WINIAS UT 1] [BI0} JO JUSD I

dSD puUe WNISQ UI (5] 3PIPOI Y

RdVETHT 1] HALAV SUNOH §F ALIAILOVOIAVYE J0 NOLLAHINISI(] °Z &LV ],

The Endocrine Society. Downloaded from press.endocrine.org by [${individual User.displayName}] on 12 November 2015. at 19:03 For personal use only. No other uses without permission. . All rights reserved.



December, 1955 IODINE METABOLISM IN CEREBROSPINAL FLUID 1487

study (samples withdrawn within eight hours after isotope administration),
the serum/CSF ratios lay in the range of 44/1 to 113/1. The value of 44/1
occurred In a patient with increased intracranial pressure due to cerebral
metastases and should be considered in that light. Serum/CSF iodide
ratios calculated for 3 other patients at forty-eight hours after radioiodide
administration ranged from 23.2/1 to 99.5/1.

When organic radioiodine was present, the serum/CSF ratios fell in the
range of 50/1 to 150/1 with few exceptions. A single much higher value
of 400/1 was observed in Patient R.N. This case did not differ clinically
from other cases of thyroid carcinoma.

Organic compounds in CSF

Thyroxine was detected in the serum and CSF of all patients in whom
organic analyses were performed.

Table 2A shows the percentage distribution of serurn and CSF radio-
iodine in inorganic iodide and various organic iodine compounds in 5
patients.

Thyroxine accounted for 4.5 and 17.0 per cent, respectively, of the total
serum radioiodine at forty-eight hours in the 2 patients with thyroid
cancer who were at that time myxedematous. A euthyroid patient (R.R.)
had 21.4 per cent of serum radioiodine residing in thyroxine at forty-eight
hours. The value was 81 per cent in Patient A.L. with Graves’ disease. The
percentage of CSF radioiodine as thyroxine was in a similar range to that
of serum. It constituted less than 20 per cent of total CSF radioiodine in
the myxedematous thyroid cancer patients, and a higher percentage in
the euthyroid and hyperthyroid patients studied.

Utilizing these percentages and the serum/CSF ratios for total radio-
iodine, the relative concentration of thyroxine in CSF as compared to
serum was calculated:

Assuming that the specific activity of all iodine in CSF approximately
equals that of serum, then

c ¥

c ¢
= — or — = —
Cc 8 s ¥
where
C, S=concentration of stable iodine in CSF and serum, respectively, and
C’, 8’ =concentration of radioactive iodine in CSF and serum, respec-
tively.
Since there were several radioactive compounds and the ratio of only one
of them is desired, correction for this must be made. Where '
T =the fraction of radioactivity in CSF present as thyroxine, and
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Ts.=the fraction of radioactivity in serum present as thyroxine,
then

C' Ter PBICSF

S’ Ts  PBI ser

or

C Te

PBI-CSF = —.— PBI ser.

S, Ts' ‘
With knowledge of the serum PBI level, a value for PBI in CSF can then
be obtained. The results are indicated in Table 24, final column.The values
ranged from 0.0036 4 per 100 ml. in a patient with myxedema to 0.122 vy
per 100 ml. in a euthyroid patient.

In a patient who received intravenous thyroxine and in whose serum
and CSF nearly all radioactivity at forty-eight hours was still present in
thyroxine, the PBI concentration in CSF was 0.0674 v per 100 ml. (Table
2A).

Thyroxine-protein assoctation wn CSF. Contrary to reports of other
workers (18), the patients with myxedema in this study showed no eleva-
tion of the CSF protein (Table 1).

The proteins of concentrated CSF, separated by zone electrophoresis
in this and numerous other studies (19, 20, 21) provide a pattern similar
to that of the serum proteins. A well-defined albumin and the various
globulins are present in proportions more or less like those in serum. A
consistent finding in this study was the presence of a small component
with mobility faster than albumin, which has been reported by numerous
workers (19-22).

The binding of CSF thyroxine by CSF protein is demonstrated in
Figure 1. The upper portion shows a butanol-dioxane-ammonia chromato-
gram of CSF from a patient with Graves’ disease, indicating that all the
radioactivity in the dialyzed CSF is present as thyroxine. In the electro-
phoretic separation of this same CSF (Fig. 1, bottom) the thyroxine is
separated into two peaks, one corresponding to the albumin component in
the CSF protein, the other to an alpha-globulin. This pattern of thyroxine
distribution, resembling qualitatively the binding of thyroxine by the pro-
teins in serum (23), was seen also in the CSF of Patient R.R. (euthyroid),
where thyroxine was similarly the sole organic iodine compound ; but in the
2 patients who received intravenous radiothyroxine, the electrophoretic
separation of the radioactivity differed from this example. The serum
in these patients exhibited an entirely normal electrophoretic pattern for
thyroxine, but in the CSF the radioactivity was bound by virtually all
of the CSF proteins (Patient B.C., Fig. 2).
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| BUOH-DIOX-NH3
CHROMATOGRAPHY
'
BKG.
GLOBULINS
PRE-
ALBAB o« B ¥
pH 86 : -
ELECTROPHORESIS

/

, v o """‘*74/ ¢
BKG., .

F1c. 1. Paper chromatography and electrophoresis of radioiodine in dialyzed CSF
from Patient A.L. (Graves’ disease), who received 20 millicuries of I3, Recordings of
radioactivity are mounted beneath the paper strips.

Trviodothyronine was noted in small amounts in the serum and/or CSF
of 4 of the 6 patients in whom organic analyses were performed

Thyroglobulin, discharged from I'¥-irradiated thyroid tissue, was de-
tected as radioactivity which remained at the origin in all the chromato-
graphic systems, and which in zone electrophoresis had a mobility between
the alpha-1 and alpha-2 globulins of serum. Radioactivity fulfilling these
criteria was detected in the serum of all patients who received doses of
radioiodine of 50 millicuries or more. Its presence in CSF could not be
demonstrated.

An rodinated compound (X), previously detected in the serum of some
patients with thyroid carcinoma (24, 25), was noted in the serum of all
the patients with that diagnosis included in this study. Like thyroglobulin,
this substance remains at the origin in paper chromatography, but it has
an electrophoretic mobility corresponding to that of serum albumin. This
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l GLOBULINS
I SERUM ALB. ol o2
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| GLOBULINS
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|
v J : v
- 4BKG.

Fr1c. 2. Paper electrophoresis at pH 8.6 of serum and dialyzed CSF from
Patient B.C. (euthyroid), who received intravenous radiothyroxine.

compound was also present in the CSF of these patients. Indeed it could
be detected in concentrated CSF in most cases more easily than in the
serum, where its concentration relative to thyroglobulin was often small
(R.N. and L.L., Table 2A). In CSF, however, thyroglobulin was evidently
not present, and virtually all of the radioactivity remaining at the origin
in chromatography could be accounted for in the CSF albumin fraction
by electrophoresis, and was thus attributable to this thyroid cancer com-
pound.

An additional unknown substance was detected in the concentrated CSF
of thyroid cancer patients who received radioiodine doses greater than 100
millicuries. It was not noted in the serum of these patients. This compound
had an Rf in butanol-dioxane-ammonia chromatograms of 0.08 to 0.09,
which is like that of mono- and diiodotyrosine. In collidine-water the Rf
was 0.53, just in advance of mono-iodotyrosine; but in butanol-acetic acid,
the substance moved well beyond the iodinated tyrosines, and was poorly
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separable from the broad peak of thyroxine which was also present. The
actual Rf for this compound in butanol-acetic-acid, detected by a two-
dimensional technique (electrophoresis and chromatography) was 0.87.
Binding of this compound to CSF proteins, as shown by electrophoresis, is
not certain; in the 4 patients in whom it was detected, no consistent pat-
tern was evident, but elution of electrophoretic strips in butanol-acetic
acid chromatography suggested that its mobility is like that of the CSF
“pre-albumin’ (Fig. 4). To characterize this CSF compound further, the
portion of a butanol-dioxane-ammonia chromatogram (from Patient
L.L.) which contained the unidentified radioactivity in question was cut
out and attached as the origin of an ascending chromatogram, in a system

—

BUOH-
DIOX.—NH3

v
BKG.}

BUOH-HAC

COLLID-Hp0

Fig. 3. Paper chromatography in three solvent systems of dialyzed CSF from
Patient I5.G. (thyroid carcinoma), who received 125 millicuries of I,
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1492 J. B. ALPERS AND J. E. RALL Volume 15

consisting of ether, glacial acetic acid, and water; 150:30:5. All of the
radioactivity in this chromatogram advanced to a single peak at the sol-
vent front.

With Patient L.L., further analyses were performed in order to define
more conclusively certain features of the CSF organic iodine content. The

RADIOAUTOGRAPH OF —
ASCENDING ELUTION
(BUOH-HAC) FROM
ELECTROPHORETIC STRIP

'o—> BUOH-HAC

ORIGINAL ELECTRO-
PHORETIC STRIP (pH 8.6)

RADIOACTIVITY IN ORIGINAL
ELECTROPHORETIC STRIP

RADIOACTIVITY IN ELECTRO-

PHORETIC STRIP AFTER
BUOH-HAC ELUTION . ,nmm_wq

Fig. 4. Two-dimensional radioanalysis of dialyzed CSF from Patient L.L. (thyroid
carcinoma), who received 200 millicuries of I''. The electrophoretic strip was eluted in
BuOH-HAgc; the resulting chromatogram is mounted above the strip.
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CSF of this patient exhibited four radioactive compounds by chromato-
graphy. The patterns resembled those of Patient E.G. (Fig. 3; Table 2B).
Thyroxine and triiodothyronine constituted 68 per cent of the organic
radioiodine activity; compound X accounted for 13 per cent; and the
unidentified substance (Z), 19 per cent. The electrophoretic pattern of this
same CSF (Fig. 4, middle) showed three peaks, corresponding to pre-
albumin, albumin, and inter-alpha globulin. The upper portion of Figure
4 is the radioautograph of the activity which was eluted upward from the
electrophoretic strip, when it was utilized as the origin of an ascending
chromatogram in the butanol-acetic acid system. Radioactivity with the
Rf of thyroxine has ascended from the alpha-globulin region; a smaller
amount with similar Rf has ascended from the albumin component; and
from the pre-albumin, activity has ascended to a position just beyond that
of thyroxine. The lower portion of Figure 4 indicates the distribution of
radioactivity which remained in the same electrophoretic strip after the
elution. Considerable radioactivity was removed from all the components.
(In addition, 40 per cent was lost due to radioactive decay). In the albumin
portion, significant radioactivity 'remained, which presumably cor-
responded to compound X. Nearly all of the radioactivity in the alpha-
globulin portion was removed with the elution of thyroxine. If radio-
activity had remained in this position, it would correspond to thyro-
globulin, which has an electrophoretic mobility like that of the thyroxine-
binding protein. These data and similar considerations in the cases of
E.G. and R.N. indicate that thyroglobulin is not present in CSF.

DISCUSSION

The presence in CSF of very low concentrations of iodine in several forms
is confirmed in these investigations. The values reported here are generally
lower than those reported by other workers. For example, CSF iodide
concentration in this study averaged 1.35 per cent of the serum value
compared tora value of 12 per cent found by Greenberg and his co-workers
in dogs (10). Similarly, for total iodine, CSF concentrations in these pa-
tients were 0.26 to 2.3 per cent of those in serum; whereas Gildea and Man,
in 8 euthyroid patients, found values ranging from 1.6 to 4.5 per cent of
the serum values.

Because only a single CSF sample was procured from each patient it
was impossible to construct a time curve for the entry of radioiodine or its
various forms into CSF. In the values for the serum/CSF iodide ratio,
there is considerable variation (Table 1, final column). The data might at
first suggest that the CSF concentration of iodide relative to serum was
still increasing at four hours after radioiodine administration, but this is
controverted by the values for M.D. at eight hours (serum/CSF =113.0),
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and L.L. at forty-eight hours (serum/CSF =99.5). It is probable that a
steady state for iodide is achieved within two hours after radioiodine
administration, and that the data reflect a rather wide individual variation
in the relative concentration of iodide in serum and CSF. The work of
Greenberg (10) and others indicates that the relative ease of entry-of the
various halides into CSF is in the inverse order of their ionic diameters.
It is unlikely, however, that the ready passage of iodide across the blood-
brain barrier is prevented primarily by its larger ionic size. If it is assumed
that larger molecules such as proteins enter CSF by transudation from
serum (and the major spectrum of CSF protein resembles that of serum),
then it may also be assumed that the iodide ion is not excluded from CSF
on the basis of its size. The very low concentration of iodide in CSF sup-
ports the argument that diffusion alone cannot account for the composition
of CSF, but that energy is expended, either in the selective secretion of cer-
tain substancesinto CSF, orin the maintenance of a concentration gradient.

The derived values for PBI concentration in CSF (Table 2A, final
column) were lowest in myxedema. The value for the patient with Graves’
disease (0.083 v per 100 ml.) was only moderately higher than that for a
clinically euthyroid patient who received labeled thyroxine (0.067 v per
100 ml.). It is surprising that the highest value (0.122 v per 100 ml.)
occurred in a euthyroid patient. In general, however, comparison between
levels of serum PBI and CSF-PBI indicates a reasonably constant relation-
ship, and suggests that CSF levels of thyroxine are a reflection of serum
levels.

It is not understood why, in a euthyroid patient (R.R.) and in one who
was hyperthyroid (A.L.), thyroxine in CSF was bound primarily by inter-
alpha globulin (presumably the same as the thyroxine-binding protein of
serum) and by albumin; whereas in the ‘euthyroid patients (B.C. and
M.W.) intravenously 1n3ected radlothyroxme was bound by virtually
all the CSF proteins.

The serum alpha-globulin that specifically binds thyroxine seems to be
present in CSF. Its actual concentration in either fluid is too small to be
estimated by present techniques. jWhereas thyroxine concentration
in CSF is 1 to 2 per cent that of serum, protein concentration in CSF is
less than 0.5 per cent the serum value. If it can be assumed that the
specific thyroxine-binding protein constitutes a roughly similar fraction
of the protein in both fluids, then in CSF a given quantity of thyroxine is
provided only one quarter as much specific protein for binding as it is in
serum. It may be that in certain patients (e.g., B.C., and M.W.), for rea-
sons not understood, the relative concentration of thyroxine-binding
protein in CSF is even lower than estimated by these calculations. This
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would result in a considerable degree of nonspecific binding, even for low
values of CSF thyroxine.

The data in Patient B.C. (Fig. 2) suggest that thyroxine can enter
CSF, at least in part, independent of serum protein, since in CSF thyroxine
exists in association with protein components that do not bind it in serum[,
including at least one (pre-albumin) which is not even present in serum.

The results indicate that compound X can penetrate the blood-brain
barrier, whereas thyroglobulin discharged from I'!-irradiated thyroid
tissue cannot. This can be understood in terms of the relative size of these
compounds. The former substance, according to sedimentation studies in
the ultracentrifuge (26), has a molecular weight of about 60,000, and
could be secreted by the cells of the choroid plexus in the same way that
serum proteins are presumably secreted. Thyroglobulin, on the other hand,
is in a size-class (ML.W. 650,000) (26, 27) much larger than that of the
serum proteins, and may well encounter difficulty in transfer on this
basis.

The new iodinated substance (Z) detected in chromatograms of CSF in
the present study remains unidentified. Its behavior in the chromato-
graphic systems studied does not correspond to that of the amino acids
ordinarily found in thyroid tissue or in biologic fluids. Glucuronic-acid
and acetic-acid derivatives of the thyroid hormone may be excluded on
the basis of their Rf’s in certain solvent systems (28, 29), as may the
alpha-keto forms of thyroxine and triiodothyronine (30). Thyroxamine
has been similarly excluded. Its Rf in the butanol-acetic acid system, de-
tected by the diazotized sulfanilamide method (31), is 0.87, which would
be compatible with that of the unidentified substance. In the butanol-
dioxane-ammonia system, however, the Rf of thyroxamine is 0.91, whereas
that of the unidentified substance is 0.08-0.09. '

The origin of substance Z is not clear. It was noted in each of 4 patients,
all with thyroid cancer, all myxedematous at the time of the treatment,
and all treated with radioiodine doses larger than 100 millicuries. Because
it was not detected in serum it is presumably produced within the central
nervous system. Moreover, its absence from the serum of these patients
suggests that it is not a characteristic product of irradiated thyroid
cancer tissue, particularly since central nervous system metastases were
not present. If the material is a central nervous system metabolite of
thyroid hormone it should be detectable in the CSF of all patients, al-
though the possibility exists that only in those who received the larger
doses of radioiodine was the activity adequate to permit detection by the
present methods. On the other hand, the absence of this material in the
CSF of Patients B.C. and M.W., who received intravenous radiothyroxine,
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militates against this likelihood. A third possibility, still unexplored, is that
the substance is produced by the central nervous system in profound
myxedema.

SUMMARY

1. Todine compounds in cerebrospinal fluid (CSF) were studied in 11
patients who received therapeutic doses of radioiodine, and in 2 patients
who received tracer doses of radioactive thyroxine.

2. CSFiodide concentration in 8 patients ranged from 0.9 to 4.3 per cent,
of serum values, with an average of 1.3 per cent.

3. Thyroxine was detected in the CSF of all patients in whom organic
analyses were performed. The average concentration in 5 patients was 1.1
per cent of serum values. Calculated values for the concentration of pro-
tein-bound iodine in CSF ranged from 0.004 microgram per 100 ml. in a
patient with myxedema to 0.122 microgram per 100 ml. in a euthyroid sub-
ject. In a patient who received intravenous radiothyroxine, the value was
0.067 microgram per 100 ml. The specific alpha-globulin that binds
thyroxine in serum seems to be present in CSF in low concentration. Small
amounts of triiodothyronine were detected in the CSF of 3 patients.

4. Thyroglobulin discharged from I'*-irradiated thyroid tissue was not
detected in the CSF of any patients.

5. In the CSF of 4 patients with thyroid carcinoma the presence of a
compound, (X), which is associated with certain cases of thyroid cancer,
was demonstrated. An unidentified substance, (Z), was also detected in the
CSF of these patients. Its behavior in three chromatographic systems
was unlike that of the commonly observed iodinated amino acids or the
metabolites of thyroid hormone.

Acknowledgments

Thanks are due to Drs. William L. Money and Rulon W. Rawson for their valuable
suggestions and encouragement, and to Miss Helen Hagopian for excellent technical
assistance.

REFERENCES

1. AsHER, R.: Myxoedematous madness, Brit. M. J. 2: 555-562, 1949.

2. Dunwap, H. F., and MoErscH, F. P.: Psychic manifestations associated with hyper-
thyroidism, Am. J. Psychiat. 91: 1215-1238, 1935.

3. JamrisoN, G. R., and WaLL, J. H.: Psychoses associated with hyperthyroidism,
Psychiatric Quart. 10: 464-480, 1936.

4, SensenBAacH, W.; MapisoN, L.; E1seNBErg, S., and Ocas, L.: The cerebral circula-
tion and metabolism in hyperthyroidism and myxedema, J. Clin. Invest. 33: 1434—
1440, 1954.

5. SCHEINBERG, P.; SteaD, F. A, JR.; BRannoN, E. 8., and WarreN, J. V.: Correlative

The Endocrine Society. Downloaded from press.endocrine.org by [${individual User.displayName}] on 12 November 2015. at 19:03 For personal use only. No other uses without permission. . All rights reserved.



December, 1955 IODINE METABOLISM IN CEREBROSPINAL FLUID 1497

observations on cerebral metabolism and cardiac output in myxedema, J. Clin. In-
vest. 29: 1139-1146, 1950. )

6. SokoLoFF, L.; WecHSLER, R. L.; ManNcowp, R.; BaLLs, K., and Kery, 8. 8.: Cere-
bral blood flow and oxygen consumption in hyperthyroidism before and after treat-
ment, J. Clin. Invest. 32: 202-208, 1953.

7. SCHEINBERG, P.: Cerebral circulation and metabolism in hyperthyroidism, J. Clin.
Invest. 29: 1010-1013, 1950.

8. Conbon, J. V.; Bicka, D. R., and Gisss, I, A.: Electroencephalographic abnor-
malities in hyperthyroidism, J. Clin. Endocrinol. & Metab. 14: 1511-1518, 1954.

9. GiLpEa, E. F., and Man, E. B.: Distribution of iodine in blood serum and in cere-
brospinal fluid, Arch. Neurol. & Psychiat. 49: 93-97, 1943.

10. GrREENBERG, D. M.; Amrp, R. B.; Botrrer, M. D. D.; CampBeLL, W. W.; CoHN,
W. E., and Muravama, M. M.: A study with radioactive isotopes of the permeability
of the blood-cerebrospinal fluid barrier to ions, Am. J. Physiol. 140: 4764, 1943.

11. Gross, J., and LesronD, C. P.: Metabolism of the thyroid hormone in the rat as
shown by physiological doses of labeled thyroxine, J. Biol. Chem. 184: 489-500,
1950.

12. Jounson, H. W., and ALBERT, A.: The excretion and distribution of I'3 following ad-
ministration of physiologic amounts of labeled iodide, diiodotyrosine and thyroxine
in the rat, Endocrinology 48: 669-681, 1951.

13. VaNArspeL, P.; Hoeness, J. R.; WiLuiams, R. H., and Ercig, N.: Comparative
distribution and fate of Il-labeled thyroxine and triiodothyronine, Endocrinology
55: 332-343, 1954.

14. BARKER, S. B.: Determination of protein-bound iodine, J. Biol. Chem. 173: 715-724,
1948.

15. NesH, F., and Peacock, W. C.: Use of radioactive iodine in microdetermination of
protein-bound blood iodine, Analyt. Chem. 22: 1573, 1950.

16. RosBins, J., and RaLL, J. E.: Zone electrophoresis in filter paper of serum I after
radioiodide administration, Proc. Soc. Exper. Biol. & Med. 81: 530-536, 1952.

17. Avurers, J. B.; Rossins, J., and Rawr, J. E.: The hydrolysis of rat thyroglobulin by
thyroidal enzymes, Endocrinology 56: 110-119, 1955.

18. Tuompson, W. O.; THompsoN, P. K.; SiLveus, E., and DamLey, M. E.: The cere-
brospinal fluid in myxedema, Arch. Int. Med. 44: 368-373, 1929,

19. BukecHER, T.; MarziLt, D., and PerTE, D.: Papierelektrophorese von Liquor cere-
brospinalis, Kltn. Wchnschr. 30: 325-330, 1952.

20. Esser, V.: Die elektrophoretische Untersuchung der Liquoreiweisskoerper und ihre
klinische Bedeutung, Miinchen. med. Wchnschr. 94: 2313-2318, 1952.

21. Mies, H.J.: Einengung von Liquor cerebrospinalis als Vorbereitung zur Papierelek-
trophorese, Klin. Wchnschr, 31: 159-161, 1953.

22. Fisk, A. A.; CHanuTIN, A,, and Kuineman, W. O.: Observations on a rapidly mi-
grating electrophoretic component of cerebrospinal fluid, Proc. Soc. Exzper. Biol. &
Med. 78: 1-3, 1951.

23. RoBains, J., and RaLy, J. E.: Thyroxine-binding capacity of serum in normal man,
J. Clin. Invest. (in press).

24. RoBBINS, J.; RaLy, J. E., and RawsoN, R. W.: A unique serum iodine component in
certain patients with thyroid carcinoma, (abstract) J. Clin. Endocrinol. & Metab.
13: 852-853, 1953.

25. Rosmixns, J.; RaLr, J. E., and Rawson, R. W.: A new serum iodine component in

The Endocrine Society. Downloaded from press.endocrine.org by [${individual User.displayName}] on 12 November 2015. at 19:03 For personal use only. No other uses without permission. . All rights reserved.



1498 J. B. ALPERS AND J. E. RALL Volume 15

patients with functional carcinoma of the thyroid, J. Clen. Endocrinol. & Metab. 15:
1315-1331, 1955.

26. RosBiNs, J.; PETerMANN, M. L., and Ravry, J. I5.: Thyroglobulin in serum after I'3
therapy. IT. Sedimentation in the ultracentrifuge, J. Brol. Chem. 208: 387-393, 1954.

27. HeipeLBERGER, M., and Peperson, K. O.: The molecular weight and isoelectric
point of thyroglobulin, J. Gen. Phystol. 19: 95-108, 1935.

28. Tavurog, A.; Bricags, F. N., and Cratkorr, I. L.: I¥-labeled I-thyroxine. IT. Nature
of the excretion product in bile, J. Biol. Chem. 194: 655-668, 1952.

29. Pirr-Rivers, R.: Personal communication.

30. Rocug, J.; MicHEL, O.; MicHEL, R., and Tara, J.: On the products of hepatic and
renal elimination of thyroxine and trilodothyronine labeled with iodine-I'3!, Harwell
2nd Radioisotope Technical Conference. New York and London, Oxford University
Press, 1954, vol. 1, pp. 325-329. )

31. Brock, R. J.; Durrum, E. H., and ZwEeig, G.: A Manual of Paper Chromatography
and Paper Electrophoresis. New York, :Academic Press Inc., 1955, p. 95.

The Endocrine Society. Downloaded from press.endocrine.org by [${individual User.displayName}] on 12 November 2015. at 19:03 For personal use only. No other uses without permission. . All rights reserved.





