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Radioiodine Uptake Studies of the Human Fe 

Titus C. Evans, Ph.D., Robert M. Kretzschmar, m C T 1 O N  
Robert E. Hodges, M.D., and Chang W. Song, Ph.D.:' 

lOU;Cl c i t y ,  l0U;Cl 

In addition to the many excellrnt studies of thyroid function in the animal 
fetus ( l ) ,  ( 2 ) ,  ( 3 ) ,  ( 4 ) ,  ( 5 ) .  earlier reports on test doscs in the human (G), 
t 7 ) ,  ( 8 ) ,  (9) ,  ( lo ) ,  and the measurcwwnt of 1:{11 in the hiiman fetus from fall- 
oiit i 11) ,  ( E ) ,  ( 1 3 ) ,  there is a desirc for further information regarding radio- 
iotline uptake in the human fctal thyroid. This need is recognized by clinicians 
cortfronted with requests for thyroid studies and possible treatment during preg- 
na icy .  l iore  information on human fetal thyroids is of value for radiation pro- 
tcction in Public Health and is of interest to embryologists and endocrinologists. 
O\er  a period of fourteen years we have studied 1:III uptake in 36 human fetal 
tllyroids. We are presenting these data now in brief form and will pihlish more 
ticltnil of particular aspects later. 

MATElUAL AXD XiETIIODS 

Once all arrangements had been made for the surgical removal of the fetus. 
the patient was given a test dose' b y  mouth. This was usually 24 hours before 
the operation, but in a few cases it was 18 to 20 hours. Estimates of age by 
measurements were done by checking length and weight against graphs made 
from the present data plus that in the literature. In earlier studies the thyroid 
was left on the trachea, but in most instances it was dissected free and weighed. 

Gamma counting was utilized and this was done in a well-type detector in 
a volume equal to that used for the reference (aliquot of dose) solution. The 
concentration of the reference solution was such as to give a counting rate ap- 
proximately to that of the specimen. In larger thyroids, the specimen was divided 
into several portions to avoid high counting rates that might result in coincidence 
loss. There was very little difference in the radioactivity of different portions 

',of the same gland, but there were sources of variation such as blood (with its 
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, ,  'This dose varied from about 5OOrCi for the very early stages to 1OOuCi or less for 
the older fetal thyroids. The ;iutoqraphic and chroinatographic btudies inade the reciu;-"" 
doses higher than \vould have been needed for riptnkes alone. 
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‘ 1  
contained l ; ; lI  ) and moisture content (\t~hich affected the measured weight), ,’, 
These \xriables \\-ere controlled as much as v.as practical and it appeared that :: 
differences in contained radioactivity betn.een fetal thyroids of approximately j 
the same stage of development were due to individual variation and not to the 4 
techniques used. .’* 

Radioautographs were made (1) by floating sections on prepared auto. ;; 
graphic “A” or NTB prepared emulsions, or ( 2 )  by clipping the slides into auto- !_ :: graphic liquid emulsion. 

Chromatograins of thyroid hydrolysates were made on Whatman NO. 1 ,, 

paper using -7 butanol-amonium hydroxide ( 3:  1 ) as the descending solvent. ’’ 

Compounds \yere identified by using standards run at the same time and the 
relativc radioactivity \vas determined with a windowless strip counter. Selected- 
rctgioiis i v c w  also coimtcd in a well-type scintillation detector. Radioautographs 
\ \wc  made l)!, placins thc chromatographic strip against X-ray film for suitable 
cxlmsurv pcriods. 

. >  
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RESULTS 

Thirtysix fctal thyroids obtained over a period of fourteen years have heen 
studied and the results are given in Table I. In twenty-one cases, in tiico studies 
\ iwe possihlc and these data arc s l ioi~n in Figure 1. 

Thcw was no dctectahle uptakc in the four thyroids (NOS. 6a and 6b \!ut. 
twins) whose fetal age was less than twelve weeks. Although the glands iwm: 
rc.cognizahle. they uwre rclativc~ly undiffercntiated with only a few acini p rwn;  
in peripheral regions. The thyroidal uptakes of the mothers \yere in euth!.rri2 
range, thus tending to rule out the possibility that the fetal uptakes lt:!-rr. 
negligible because of medication (stable iodine. for cxample). 

The seven thyroids in thc 12 to 13-wc~k group had detectable uptakes. 1 )ut 
tlic: mcnsurrnients were somcivliat inacciirate. The gland was so small that dis- 
scvtion was possil~ly not complete in all cases and the contribution of the l?i-,od 
’:‘‘I contained was \m-ial)le. The autographs dcmonstrated radioactivity onl; in 
lx~ipli(~ra1 arcas where minute follicles with droplets of colloid had been fonned. 
The autographs of thyroid treated with acid preservatives \\-ere very much 
fainter than those preserved in neutral formalin. This phrnomenon \vould i d -  
catct that at this stag<* the ability to bind iodine organically \\-as just beginning. 
Retween thr third and sixth month, follicles were formed throughout the gland 
and tlic I . ’ l 1 1  uptakc was more uniform. The autographs \\.ere positive even in 
acid preservati\vs. The highest concentration (per  cent per gram ) \\-as obstned 
nronntl thc sixth month of gestation. Wc do not have any fetuses from the sirth 
innnth to trrm, and thcse at tenn were anencephalics. Autopsy and histolo@ 
\tudy demonstrated pituitary tissuc in each of the anencephalicxl Two of thew 
thyroids had not suffered postmortem autolysis and had uptakes of 3 and 1.17. 

Thc iiptakcs at  term wcrc the highest of all of the fetal thyroids, b u t  the 
percent per gram was lower than at the five to six month period. The fo!liL’l~~ 

- - 

l\\’cs iirr intlc4)tctl to hlr. I. C. Peterson, a \ophomore medical student, Summer F< !!on. 
for niakiny tlic Imtologicxl study. 
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at term \yere \\,ell formed and filled v i th  colloid. The epithelium was moderately 
flattened and did not show signs of hyperactivit!.. 

It thm appears that although tlie ability of the fetal thyroid to concentrate 
iodine increased at a rapid rate from the third month, the maximum per cent 
p(1r gram \vas reached at about the sixth month as from this time the gland 
increased more rapidly in mass. The concentration of radioiodine increased 
from 1.255 per gram during the three to four month period to 1.7 for the follow. 
ing month. and reached a peak of about five near the sixth month. At term, the 
per cent per gram 1 1 ~ s  only two. We had only two usable anancephalic cases and 
whether their thyroid function was normal could be questioned. However, a 
lower concentration a t  term has been reported for the monkey i 3 ) ,  and the one 
anencephalic of our cases that lived for a few days after birth had a 21 hour 

.\ctuall!., thc concentrating abilit!, of the fetal thyroid is very Ion as com- 
p a r d  to the nen.\)orn for tlie first three or four days. This has been found to be 
as high as 705;, i Van \Iiddlcs~vorth. 1954 ( 14 ) .  Ogborn, et a].. 1960 (151, Mart- 
mer ct ai.. 1056 (17).  Fisher. ct al., 1962 (18.1. and Xiorrison, et al., 1963 (21) )  
rindcr certaiii conditions. A diagram of thesr fetal yalues is shown in Figwe 2 
along \vitli estimates from o u r  cxpu-iencc nnd from the literature for the \xlucs 
during childhood and adult life. 

In instances \\.here i t  was not certain that the fetus \vould have to be 
rcmovcd. we did not give radioiodine to the mother. 1\70 were able to obtain 
the thyroid ill good condition and were al)lc. to incubate it in Tyrode's balanctd 
salt solution urith glucose. We were not able to estimate from the incubxtion 
what thc ?A uptakc would have been i n  uico lwcauscb of the many difference,,; in- 
cluding the non-uniform permeation of thcb isotope in the i n  citro condirion. 
IVhere penetration was uniform. good radioautographs were obtained \vith : ome 
organification in that the I:<lI persisted e\wt after acid presemation. This ihe-  
nomenon showed that had Na 1-131 been @\.en iti  t k o  under usual condil,ons. 
definite uptake h y  the thyroid \vould have occurred. 

Our chromatography studies revcalcd. as foiiiicl by Yamazaki. et nl ( S ) tlint 
at the time of earliest uptake the thyroid did not bind l:'II to thyroglobulin. Ry 
thc twentieth vvek however, 1311 was found in the organic fractions although 
most \\'as i n  monoiodotyrosine. Later. there was an increase in the relative 
amoiint in  the diiodotyrosine, triiodothyronine. and tetraiodothyronine fractions. 
These results are summarized in Table 11. The relative radioactivity is indicated 
only roughly as the more exact calculations in percentage of the total have not 
becm completed. 

, uptake as high as that of the usual nen-born. 

SUSISIARY 

Thyroidal uptake of 1x11 in 36 human fetuses has been studied. There was 
no detectable uptake before the third month. From the third to the fourth 
month the uptake varied from 0.001 to 0.04': per gland with an average of 0.025. 
or approximately 18 per gram of thyroid. During the next month, the per rent 
per gland averaged 0.2 and the percent per gram of thyroid averaged al!iiost 
two. Tlw highest concentration was 5% per gram for the five to six month pc~iod. 
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During this time, the uptake per gland was about 1%. Near term, the percent 
per gland increased to two, but the concentration was less than at the sixth 
month. The maximum concentration was about five times that of the adult 
thyroid, but this concentration is much lower than that found for the first few 
days after birth. 

TABLE I I 

CHROMATOGRAPHY RESULTS 

Fetal I Relative 1311 Content 
Fetal .Age i Number  i I JIIT DIT T3 TJ 

~ 20 \veeks 33 + ++++t +t+f - 1 -  

2 2  \\ eeks‘ 
(In vl lro)  2 0 +++t+ ++ f -  

+++t ++++ - 24 \\eeks -- ? ?  ++ 
Anencephalic I 

.~iienceph,ilic 
‘it term? 

I 

- ~ 

- 
I 

at term I 31 ++ +t+ ++++I f * 
I 

+ + + I  + f 
I i ++++ ++ 

Anencephalic I 2x I I 
I 

1’. 1’. 1 neck 3o I i- ++t +++++ + 
I 
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