
of and quantitation of the small amounts of iodinated

compounds found in biologic fluids has been wide
spread (4â€”6). A method has been devised using
radioactivity as the means of identification and quan
titation in the absence of iodide contamination. Par

ticular concern has been directed in the present study
to the problems of peak identification, separation and
quantitation, and a technique for handling has been
devised so that these chromatographic strips could
be analyzed without prior bias as to what com
pounds would be present. Unfortunately, strip
scanning techniques using gamma-sensitive 2@r de

tectors sacrifice sensitivity. Reasonable, statistically
significant data cannot be obtained with tracer doses
of much less than 500 @Ciwith such methods. Even
4'ir geometry is probably not as sensitive as the

method described here, although specific counting
data were not available for ready comparison. The
combination of a miniature ion-exchange column
(7) to concentratethe labeled organic iodinated
compounds in the absence of inorganic iodide, a
Packard Liquid Scintillation Counter Model 666 for
detection and a computer program of data analysis
has made it possible to identify and measure re
liably with some estimate of error the small amounts

of iodinated compounds appearing in plasma follow

ing a tracer dose of only 100 @@Ciof 1311.

METHOD

Preparation of resin and packing of column. The
resin, analytical grade Dowex [50-W-x8(200-400
mesh)], is prepared by washing, first in 1 N sodium
hydroxide followed by 2 N hydrochloric acid and
then distilled water, until chloride free. The resin is
stored on the shelf in an airtight container.

For use, 600 mg of resin is suspended in 10 cc
distilled water. A miniature glass column 1 cm in

diameter is plugged with glass wool and stoppered:

2 cc water are added. The slurry is poured into the
column and allowed to settle for 20â€”30 mm. The
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There are many methods using chromatographic
separation whereby iodinated organic compounds

are partitioned from a complex mixture (1 ) . To
identify and quantitate these compounds by chemical
means as they exist in biological solutions, relatively
large amounts of solution must be used and usually

a medium other than paper is required. While there
are a number of methods for paper chromatographic
partitioning and identification of the small amounts

of stable monoidotyrosine (MIT) , diiodotryrosine

(DIT), 3, 5, 3'-triiodothyronine (Ta) and tetra

iodothyronine (T4 ) in blood, the chemical identifi
cation used in most of these methods lacks specificity
(1,2). Oversprayingof the ceric
acid-treated chromatogram with methylene blue and
ammonia does not increase specificity (3) . There
fore, the use of radioactivity for both identification

FIG. 1. Apparatusforcolumnseparationpreparatorytochro.
matography.
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column is set up with a small U-shaped piece of glasshydroxide and 30 cc water (TBu) . The chromato
tubing and allowed to drain (Fig. 1) The columngrams are placed in the solvent systems inascendingis

then washed several times with 2 cc aliquots offashion and allowed to remain overnight ( 16hr).water,
taking care that the level of water remainsThey are then removed from the solvent anddriedslightly
above the upper level of the resin bed.in air at room temperature. With every run of un

Preparation of blood specimen. Two aliquots ofknowns, one identical chromatogram is madeof5
cc plasma are processed for each specimen. Toplasma to which is added enough stable MIT,DIT,each

5-cc aliquot of plasma are added 25 mg ofT3 and T4 to allow for chemical identificationwiththiourea
and approximately 7 cc 8 N acetic acidceric sulfate-arsenious acid reagent. The Rf valueofto

achieve a pH of 2. The acidified plasma is pouredeach â€œstandardâ€•is thereby established for thatrun.into
the column and allowed to drain. A flow rateThe chromatographic strips containing theunknownof

at least 1 cc in 5 mm is maintained by the useplasma samples are prepared and countedaccordingof
gentle pressure from a hypodermic syringe fittedto the method of Horwitz et a! (8) . Thistechniquewith

a rubber tube inserted through the rubberinvolves cutting the chromatograms transverselyintostopper
which seals the top of the column. The col strips 1 cm in width; each strip is placed into a sepa

umn is washed with 3 cc of 5 N acetic acid and thenrate polyethylene counting bottle. These bottlesarewith
2 cc water.then prepared in the usual manner for liquid scm

Elution of column. The resin retains the MIT,tilationcounting.DIT,
T3, T4 and other free amino acids. Proteins,Presentation of chromatography countingdata.peptides,

sugars and electrolytes including iodideThe data obtained from the counting system,31pass
through the column. The iodinated tyrosine de points of discontinuous type information formostrivatives

and free-plasma amino acids are eluted fromchromatograms, were written onto magnetictape.the
resin by the addition of 4 cc of 2 N triethylamineFor clear interpretation of chromatographic datain(TEA)

prepared just prior to use from 7 cc reagentthe form given by the measuring process, somemeansgrade
TEA and 25 cc 20% acetone in water (vol.!of data smoothing was necessary; to this endthevol.).
Each drop of the eluate is tested with pHmethod of Fourier series was used. The basic prob

paper and discarded as long as the pH remains be 1cm was to find a continuous function torepresentlow
7. When the pH of the eluate becomes basic,the data. The general form of this functionisthe
eluate is collected in a small evaporating dish.

The eluate, containing iodinated organic compounds
and amino acids, is evaporated to dryness. The resinm

â€”co â€˜@
f(x) =@ Cmexp@@ (1)

m = â€”co (Lcan

be used repeatedly provided care is taken to pre
vent channeling and drying. The resin is reconstituted
by passing a solution of 2 N hydrochloric acidwhere

Cm the so-called expansion coefficients are
given by theintegralsthrough

until the eluate is acid, followed by washing
with distilled water until the wash ischloride-free.(2)Chromatography.

The residue is taken up in 150
@Llof 1/ 1 mixture of methanol and 1 N ammoniumIn the present application the Fourierexpansionhydroxide

and spotted on Whatman No. 4 filterwas treated in a more familiar form,i.e.paper

for standard partition chromatography. The
container is rinsed with two additional 100-pi ali
quots of methanol-ammonia which are applied onf(x)

=@ +@ AmCOSm@x
2 m = 1Ltop

of the original spot, taking care to maintain a
spot size of no more than 10 mm. Solutions of stable

MIT, DIT, T3, T4 and iodide (20 mg/100 ml dis

oo m xE BmSillf (3)
m =Isolved

in methanol-ammonium hydroxidesolution)are
prepared. Five microliters ( 1 @g)of each stand

ard are applied to a separate spot on the same chro
matogram with the residue from the blood specimen.

Duplicate chromatograms are prepared fromthe(4)two
aliquots of the same plasma and run inseparatesolvents.

The systems used consisted of 120 ccAlthough there are mathematical restrictionston-butanol,
30 cc glacial acetic acid and 30 cc waterthe use of the above analysis, they do not affectthe(BuAc)

, and of 160 cc tertiary butanol, 60 cc chlo treatment of the problem ofinterest.roform,
15 cc ethanol, 7 cc concentrated ammoniumFor analysis of experimental data, f(x), the func

1 d+2L fim@rxl
Cm @-Jf(x)@ dx.

d + 2L
Am @ff(x) cos@ dp;

m@x

d

1 d+2L
Bm Eff(x) sin L dx.
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The Fourier fit was then used to estimate the per
cent of total activity associated with each chroma
tographic peak. This was accomplished by fitting to
each peak a normal distribution and calculating the
area under the distribution in fractional units of the
total area under the function (see Fig. 2A) . Some
cases arose in which the peak was not symmetric

with respect to the maximum; in this event an ap
propriate â€œhalf-normalâ€•curve was fitted to the as
cending and descending portion of the peak, the
area under which was taken to be the sum of the
respective half-areas. The location of the peaks was
determined from the first derivative of the fitted
function (Eq. 1) . This procedure was continued un
til 95 % of the area under the curve was accounted
for. Since the original data points followed a Poisson
distribution, the values of the function fit possess
the same random error plus an â€œincompletenessâ€•
error, discussion of which appears below. With the
distribution governing the error in the original data
points known, one can assign this error to the Fourier
fit and compute at any desired level of confidence the
associated â€œareaerrorâ€• estimate for each peak
(Fig. 2B).

One problem remains : that of spurious peaks that
can occur due to the fact that only a finite number
of terms can be used in representing the experimental
data. In the practical case the function

k

f(x)@ m=1 AmCO5@+
m@x

. m@,xE Bmsin
m=I

A

Â£@X4'-

y
2

(5)

must be used since it is impossible to enumerate an
infinite number of A@,'s and Bm'S. This â€œincom

pletenessâ€•leads to spurious higher order â€œharmon
ics;â€•consequently it is necessary to distinguish these
â€œpeaksâ€•from those which bear chemical signifi
cance. One means of detecting these bogus peaks is
to perform multiple analysis of the data using suc
cessively larger values of k in Eq. 5. The false peak
will tend to change its abscissa value as well as its
amplitude with changing k, while the genuine data
peaks will tend to remain fixed in abscissa as well as
amplitude. Experience indicates that spurious peaks
have an amplitude less than the average value of
the Fourier fit; this affords an upper limit in ampli
tude as to which peaks are to be studied during the
variation of k. The changes in amplitude and abscissa
versus k which will constitute rejection of one of these
smaller peaks as spurious is still under investigation.
A typical printout for the peak analysis is shown
in Fig. 3.

B
axe. Change from original curve of @j@jh@ 1/2 attitude

2

B

FIG. 2. Representativepeakandassociatedmathematicaltreat
ment.

tion sought, requires that one use means other than
the integrals in Eq. 2 and Eq. 4 to represent the
function (Eq. 3 ) . Several numerical methods are
available for this and involve a vast amount of com
putational labor for required accuracy; however, with

the availability of a digital computer, these analyses
can be carried out efficiently on a large number of
chromatograms in a short period of time. A standard
Fourier coefficient routine was employed to corn
pute the Am'Sand B@,'s.These coefficients were used
to evaluate the function at 100 uniformly spaced in
tervals.
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AREA UNDER CURVE.300S aÃ§4ui

â€œ'1.@
@t ;

â€¢if@.;... .@

OBSERVED DATA DATA NORMALIZED TO 2@

AREA UNDER CURVE. 3003 nc/rn
85*3.5 (FesiierRt)

3*23 .

.. 4*17

C

FIG.3. Typicalprintout.Upperleftcorner:observeddata;
* = Â±2 s.d.; x = corresponding observed data and confidence
limits coincide. Lower left corner: same data with expanded ordi
nate. Upper right corner: observed data normalized to zero to 2,

RESULTS

Column recovery. The column step was first tested
for recovery of gross radioactivity. Plasma obtained
from each of seven subjects given 100 pCi of â€˜@â€˜I
72â€”120hr earlier was counted in a gamma-sensitive
well counter and then poured over the Dowex col
umn. The various fractions were collected and later
recounted in a gamma-sensitive well counter. A
mean recovery value of 101 % of added activity was
obtained when the sum of activity found in the TEA
eluate, pooled washes and the column eluate was
compared to that present originally.

Plasma, to which had been added solutions of
various commercially prepared iodoamino acids
labeled with 1311,were also poured over columns,
and the individual recoveries were estimated. All
standards were purified by preparatory chromatogra
phy the day of study. The activity was measured in
each of three fractions : ( 1) the TEA eluate (con
taming amino acids and amines), (2) the column
eluate plus wash solutions (containing proteins and
inorganic ions including iodide) and (3) an aqueous
suspension of the washed resin. When MIT was the
standard (mean of six studies) , 80% of the activity

31 points. Lower right corner: Fourier fit of observed data, 100
points normalized to zero to 2. Numbers Â± a number represent
percent of activity under entire curve present under that peak
with error in units of percent of that percent.

was recovered in Fraction 1, 1% in Fraction 2 and
17% in Fraction 3. When DIT was the standard
(mean of 12 studies) 73, 2 and 26% of the activity
was found in Fractions 1, 2 and 3, respectively.
When T3 was the standard (mean of 21 studies),
the values for each fraction were 36, 39 and 22%.
When T4 was the standard (mean of 15 studies)
there was 35, 43 and 24% of the activity in the
various fractions.

It is not apparent why all of the original activity
was recovered from the column eluate plus wash
plus TEA eluate with endogenously labeled material
while some 20% of the exogenous label stayed on
the column regardless of the standard used. One
possibility is that binding of the amino acid to plasma
proteins is different under these two circumstances.
This might allow for retention of amino acid-bound
label by the column when exogenous standards are
used. Deiodination obviously occurs as a result of
column passage, and the amount seems to be pro
portional to the starting amino acid iodine content
(T4>T3 >DIT>MIT). Other investigators using
analytic methods for thyroxine determinations have
described similar results (9) . However, slightly bet
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ter recovery from resins for these compounds has
been reported (10).

When the TEA eluate obtained in a specific study
with T., was evaporated to dryness, redissolved in
acid solution and reapplied to a Dowex column im
mediately, an average 42% of the newly applied
radioactivity was found in the TEA eluate (compared
to 35 % originally) . When a pooled solution con
taming column eluate and wash radioactivity was
extracted with acid butanol, 47 % of the activity in
that fraction, Fraction 2, passed into the butanol
phase but did not migrate from the origin during the
chromatography with TBu, demonstrating the ab
sence of T4 in Fraction 2. When the washed and
eluted resin residue was extracted with acid butanol,
25 % of the activity that had remained on the column,
Fraction 3, went into the butanol phase and, on sub
sequent chromatography, appeared with an RI value

of 0.32. This suggests that some T4 may be retained
by the column after elution with TEA. When â€˜4C-
labeled phenylalanine and 14C-labeled tyrosine were
passed over a similar column, more than 80% of
the activity was recovered in the TEA eluate.

Because relatively large fractions of added stand
ard T4 activity appeared in the column eluate and
wash solutions, recovery studies were repeated using
ioresin (anion exchange resin supplied by Abbott).
The ioresin, after appropriate washing, was found
to bind 38 % of the added radioactivity while only

44% was recovered in the acid butanol extract of
the pooled supernate solutions. This suggests that
over 50% of the T4 activity was lost using this par
ticular resin. When the pooled supernate solutions
were evaporated to dryness, redissolved in saline
and mixed again with ioresin, only 28% of the ac
tivity originally present in the supernate could be
recovered in the new supernate: 72% stayed with
the resin. These data are similar to those found using
the Dowex resin and suggest that deiodination again
occurred. Acid butanol did not extract activity from
the washed ioresin in any instance. Continued ex
traction and column elution would eventually lead

to total deiodination. The addition of stable T4 did
not alter the results.

Peak Identification and recovery from entire sys..
tern. The chromatography systems were next tested
for reproducibility of peaks, for separation of specific
peaks and for recovery of radioactivity. The Rf
values for iodide, MIT, DIT, T3 and T4 in the Thu
system were 0.37, 0.06, 0.01, 0.52 and 0.32, re
spectively, and, in the BuAc system, were 0.30,

0.58, 0.69, 0.87 and 0.91, respectively. Both systems
were used in all studies in order to make the tenta
tive identifications of the iodocompounds more se
cure : identification depended solely on RI values.
Sharp peaks for the tyrosines were obtained in BuAc,
and broad peaks were obtained in the Thu. When
thyronines were studied, sharp peaks were found with
TBu and broad peaks with BuAc. Therefore, actual
calculations for the recovery of tyrosines were car
ned out only with results obtained with the BuAc
system, and thyronine calculations were based on

results obtained with the TBu system. No iodide peak
amounting to more than 5% of the activity under
the fitted curve was seen when the Dowex column
was used. All counting was normalized with a chlo
ride standard to minimize error introduced by fluc
tuations in counting equipment sensitivity.

In Table 1 the results with individual labeled iodo
amino acid standards, singly and in combination, are
presented so as to evaluate the factors listed before.
The difference between 100% of the area under
the fitted curve and the sum of the areas under mdi
vidual peaks (expressed as percent activity under
total fitted curve) represents activity lost to back
ground counts as a result of smearing. The difference
between 100% of the added radioactivity and the
sum of the areas under individual peaks (expressed

as percent added 1@1I) represents the estimate of
net recovery of radioactivity. By and large iodothy

ronines are relatively insoluble in aqueous solution
and recovery of pharmacologic amounts from solu
tion is poor (9) . Small amounts can be recovered
with 75â€”85% efficiency (11).

TABLE 1. IDENTIFICATION OF STANDARDS

lodidet

(2)
MITt

(4)
DITf

(4)
TsI!

(6)

T.II
(8)

T,, T,, III
(2)

94 (0.30) 88 (0.30)

82 (0.58)
6 (0.30)
62 (0.52)
22 (0.32)
6 (0.40)
7 (0.52)

76 (0.32)
50 (0.52)
36 (0.32)

4 (0.40)

83 (0.58)
6 (0.30)
39 (0.52)
13 (0.32)
3 (0.40)
2 (0.52)
27 (0.32)
35 (0.52)
20 (0.32)

2 (0.40)

C Both chromatography systems were used but results were

reported only for one in each instance.
t Meanvalues.
t BuAcchromatographysystem.
IITBuchromatographysystem.
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As noted in Table 1 about 90% of the radioactiv
ity under the total curve was located under peaks
which had known statistical significance, regardless
of the standards used. Only runs employing MIT
as the standard demonstrated the predicted single
significant peak, even though the standards were
all purified the day of study by prior preparatory
chromatography. While the results from DIT and
T4 runs suggested that some deiodination had oc
curred after use of the column, the T3 results were
not explained that easily. With T3 there was always
a peak moving with Rf of about 0.30. Sequential
elution of the T3 spot from chromatograms of a
labeled T3 standard always provided this satellite
peak plus T3 when rechromatogramed. However,
when the satellite peak was eluted and rechroma
togramed, migration of activity revealed only a peak
of 0.32. Others have reported spurious and/or satel
lite peaks generated during chromatography of 131!..
labeled iodocompounds under conditions of varying
pH (12â€”14). Therefore, chromatography of T3
standards was carried out according to, the method
of Tata (12) under the various conditions of pH
noted in Table 2. A sizable spurious peak moving
with an RI of 0.32 was always observed when chro
matography was carried out in the pH ra*ge from
8.6 to 11.5. The error introduced in the O@32peak
is only a concern when the â€˜F3peak is appceciable
and the real T4 peak relatively insignificajit@It is
probable that chromatography of unknown sam
ples in Thu, performed according to the @current
method, is carried out at a pH between that -of
methanolammonia and the Thu system (between
10.8 and 11.7) . Chromatography of standards is
probably carried out at a pH between that of 20%
propylene glycol and Thu (between 7.3 and 11.7).
The spurious peak would, therefore, be greater with
standards and least with unknown solutions.

Another finding was that, under the conditions
of these studies, no exchange of label occurred be
tween iodide, T3 and T4. When these labeled ma
terials were all added in equimicrocurie amounts
(see Table 1), only a minimal iodide peak was
identified; the T3 peak contained the anticipated
fraction when expressed as percent of activity under
the curve while the T4 peak contained only three
quarters of the expected fraction of activity. The
failure to recover more activity as T3 than 1/ 1 ratio
of added activity, with T3 and T4 both present, is
not apparent. It may be that the expected differences
are of such magnitude that the error of the method
obscures them. Absolute recoveries expressed as
percent of added activity were similar for T3 and T.,
when added alone or in combination.

In Table 3 are data obtained from studies of five

TABLE 2. A SATELLITEPEAK FOLLOWING
CHROMATOGRAPHY OF 131l4J@BELEDT3;

EFFECTOF pH

1.5
4.0
7.3

8.0
8.6
9.2
9.4
9.6

6,510
7,523
8,871

533 8
413 5
436 5 20Â°!.propylene

glycol
10,656
11,054
13,537
7,889

12,791

813
997

2,456
1,327
2,087

8
9

18
17
16 100% propylene

glycol
13,513
8,505
7,433

13,979
10,550
15,527
9,155
9,711

1,653
1,019
1,023
1,064

949
701
652
694

12
12
14
8
9
5
7
7

10.0
10.5
10.8
11.0
11.5
11J
12.2
13.0

methanol-ammonia

TBu
TEA

. Theamountofaddedradioactivitywasnotkeptconstant.

adults and six adolescents, each of whom received
a tracer dose of 100 @Ciof 1311 The answers are
expressed as counts per minute derived from the
printout, and as percent of dose administered to the
patient per 100 ml serum with the error estimate.
To arrive at these answers data were transformed
from counts per minute to disintegration per minute
to microcuries with the dose in microcuries known
(i.e., 100 in all cases).

DISCUSSION

A method has been described which uses chroma
tographic mobility and radioactivity for identifica
tion and quantitation of individual iodinated amino
acids. The method is sensitive enough to permit stud
ies in man with a tracer dose of 100 @Ciof 131!
Using this method, iodide was completely eliminated
from the mixture prior to chromatography. If this
is not done there will be a potentially large error
resulting from the large iodide peak and its con
tamination of the paper. Unfortunately, the resin
used deiodinated the compounds studied to some
extent; this was directly proportional to the iodine
content of the compound. Spontaneous deiodination
during the interval while the sample dries on the
paper prior to chromatography is a factor to be
reckoned with, as noted by Taurog (15). While this
should not contribute to the appearance of a peak
with Rf of 0.32 in Thu, it can be minimized by
the addition of a small volume of dilute solution of
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TABLE 3. ANALYSIS OF CHROMATOGRAPHY RESULTSFROM RANDOM SUBJECTS

NAt

17)
RBt

(15)
BMcCt

(48)

JFf

(68)

23

(24)
23 4.4 3.6 96 47 5 0.28

(96)
40
(24)

36

(24)

18
(72, 120)

â€” â€” 72 T4

T3
MIT

â€” â€” 96 T4

Ts
MIT

5.2 4.2 120
T5
MIT
Rf 0.91 (TBu):

5.0 4.8 96
144 1,

4.8 4.4 96 T4

Ts
. 144 T4

MIT

889 44
54 13

34 7

182 22
14 7
8 5

6-4 15

14 8
10 7
25 15
14 0

222 23
84 6
20 0
37 4

8 0

5.32
0.32
0.20
1.09
0.08
0.05
0.38
0.08
0.06
0.15
0.08
1.33
0.50
0.12
0.22
0.05

JuFrj
(13)

Pst
(13)

JHt

(13)

32

(96)
21

(24)

GB$

(40)

ETt
(62)

Oss
(41)

HRf
(13)

HMcE$

25
(24)

34

(24)

35

(96)
15

72 T4
T3
DIT

72 T@

Ta
Rf 0.59 (TBu):

96 T4
)44 T4
72 T4

35
9
6

77
11
11

2,107
1,293

141

10
6
4

14
6
6

60
41

4

0.21
0.05
0.04
0.46
0.07
0.07

12.60
7J0
0.84

6.8 4.6

13.6 10.2

(24)
10
(24)

2.4 1.8 144
Ts
MIT

120 25
26 12
25 15

0.72
0.16
0.16

. A countingefficiencyof75wasemployedto
t Thesesubjectswererelativelynormalin term@
4:These subjectswere definitelyabnormal clinically.

convertnet countsper minuteto microcuries.
of thyroid function from a clinical standpoint.

serum albumin to the spot. In addition, the syn
thetic iodoamino acids were only 75 % removed
from the column by elution and washing. Substitu
tion of an anion exchange resin commonly employed
for this separation step (i.e., iodoamino acids from
iodide) did not alter the results significantly.

An artefactual peak with an Rf value similar to
that of T4 was seen with the T3 standard alone. This
artefact was consistently recognized only with rela
tively large amounts of T:, radioactivity (0.01 PCi)

in the reaction mixture and probably was related to
the pH at which certain steps in the procedure took
place. The excellent recovery figures for MIT and
DIT, including elution from resin, chromatography
of the eluate and radioactivity counting, may help
explain some of the discrepancies in the literature
concerning the presence or absence of iodotyrosines
in the blood stream (16) ; whatever activity enters
into the tyrosine pools is available for detection,

while some of that in the thyronine pools is lost in
the processing of the serum by deiodination and poor
recovery from the resin when it is used. This may
make the tyrosine fractions appear inordinately
large, as it does in the present study.

The degree of recovery for the iodothyronines is
a limitation of the methodology which must be ap
preciated. It should be noted that no exchange of
radioactivity occurred between the labeled stand
ards and that the standard-related activity was re
covered almost as completely in a mixture as when
alone. These findings allow for comparative quan
titation. However, sensitivity is far from maximal.
The absence of iodoamino acid radioactivity after
a tracer dose of 1311does not mean that no activity
is entering iodoamino acid pools; it only means that
the amount of incorporation, if any, is below the
sensitivity of the method. A recent report by Favino

et a! using thin layer chromatography, a strip scan
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ner with 4@rgeometry and Dowex resin contains
results similar to these under discussion (1 7) . Those
authors noted approximately 93 % extraction rates
from plasma; from 6 to 14% of the activity present
appeared unassociated with the appropriate stable
standards. No recovery studies completely compar
able to those herein reported were recorded. They
noted in one euthyroid subject given 100 @Ci131!
serum T3 components equal to 5 % of the serum

T4 fraction.
The data in Table 3 demonstrate almost a 100-

fold range for T., incorporation values. Whereas these
subjects were all relatively normal from the stand
point of thyroid function, no effort was made to
obtain completely healthy subjects; age and activity
were uncontrolled and the blood sampling times
varied. All these factors will add scatter to the data.
In seven of the 12 subjects, T3 activity was iden
tified in amounts up to 20% of the T4 activity. In
five subjects MIT and in one subject DIT activity
was found in amounts usually smaller than that for
T3. Rates of 1311incorporation cannot be calculated
unless multiple sampling times are employed. The use

of multiple times obviously is indicated: in those
few subjects where this was done, the results were
noted to change quantitatively as well as qualita
tively. These results are not inconsistent with cur
rent thinking about the peripheral existence, relative
protein bondage and fate of thyroid secretory prod
ucts and suggest that with proper methodology and
multiple sampling time, evidence for both T3 and
MIT in the blood of relatively normal subjects can
be accumulated as recently discussed by Rhodes
(18). In all probability the ratios of iodotyrosine to
iodothyronine incorporation values are erroneously
high since the recovery values for the iodotyrosine
standards were approximately three times that for
T4 and twice that for T3. Relatively tight protein
binding of MIT and DIT may account for this. Simi
larly the ratio of T3 activity to T4 activity is spun
ously high : The recovery of the appropriate stand
ards was almost 50% greater for T@.Adjustments
based upon these considerations reduce the T@
moiety to a maximum of 18% of the simultaneous
T4 fraction and MIT no more than 7% of T4. Esti
mation of relative turnover of these various pools
must await further study. Certainly the higher turn
over rate for T3 compared to T4 accounts in part
for the relatively high ratio of T3-to-T4-associated
radioactivity.
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