
Do not submit this document for the 
Human Studies Project. 

. c-/i!~. Sci. (1966) 31, 415421. 

WRG 11/11/94 
S T R U C T U R A L  A N D  F U N C T I O N A L  D E V E L O P M E N T  

O F  T H E  H U M A N  FOETAL T H Y R O I D  

S.  A.  A B O U L - K H A I R ,  T. J .  B U C H A N A N ,  J. C R O O K S  A N D  ! 
A. C. T U R N B G L L  

Dc.pur.triisiis 0-f' ,Ilnterici ;\[cdicii ( i t i d  Tiicrcipcwrics, Afctlical Plij,sics, nrid 
Obstetrics mid t i j ~ i c i c ~ d o y j . ,  C'iii\.o..sirj. (IJ' Abertlecii 

i 

- .  
. .  3 (Rccciwii 29 .VOW,,I~CY 1965) 

I 

S U X I  hl A R Y  

1.  Certain aspects of the functional iind pli! sical development of the foetal thyroid 
gland haw been studied in thirty-seicn Iiunian f'oetitses after administration of I 3 ' I  

to the mother at wrying times bcforc tcrminntion of' pregnancy. The radioactivity in 
differcnt intra-uterine tissues was also nwsured. 

2 The growth and iodine-trapping function of the human foetal thyroid gland was 
found to be age-dependent. ccrt:linly up  to the 13rd week of gestation, while the 
estimated biological half-life of radioiodine w s  much shorter than that of the adult 
up to the 19th week of gestation. 

3. The data obtained were used to calculate irradiation doses to the foctal thyroid 
and gonads produced by isotopes of iodine entering the maternal circulation. 

The use of radioiodine in clinical and experimental medicine is now well established and the 
short-lived isotope of iodine 13'1 has becn used by a number of workers studying thyroid 
function during pregnancy (Pochin, 1952: I-ialnan, 1958; Aboul-Khair ct 01.. 1964). Although 
the doses used by these investigators wvre described as being.within permissible limits (in ' 
respect of irradiation to the foetal thyroid and gonads) the data on which this view was based 
is inadequate primarily because of our jfnorance of the biological half-life of iodine in the ' 
foetal gland. The investigation reported in this paper was designed to study how the human 
foetal thyroid gland develops its capacity to trap iodine and so obtain more accurate estimates! 
of irradiation doses to the foetal gonads and thyroid following the administration of radio- 
isotopes of iodine, either by accident or intention, to pregnant women. 

M A T E R I A L S  A N D  METHODS 

The study was carried out in thirty-seven patients with normal pregnancies in whom thera- 
peutic termination was performed on medical or psychiatric grounds. No foetus showed any 
developmental abnormality. 

Correspondence: Dr J. Crooks, Department of Materia Medica and Therapeutics, Medical School, Forester- 
hill, Aberdeen, Scotland. 
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In tiienty-nine of the patients hysterotomy \vas cJrried out at vargnp time intends (3, 6, 
i2. 21. 1s. 96 or 1 U  hr) atier the intravenous injection of 3 - 4 0  !rCi of '"1 in the form of 
canier-fre sodium iodide. During the operative procedure 20 ml uterine venous blood 
remcved and care taken to obtain the uterine contents without rupturing the membranes. In 
the tnsnty-nine cases foetal length and weight \vere measured and foetal age derived from 
Khtje measgrements together with consideration of the menstrual data. The period of gestation 
ranged from 13 to 23 ~ v e e k s .  The foetal thyroid gland HBS dissected out. weighed on a torsion 
b a l ~ ~ ~ t .  and homopoized in a polythene tube containing 5 mi of 3 wsodium hydroxide solution. 
The radiaactivity in the homogenate wasmeasured by counting for 100sec. Counts of thebomo- 
penate were checked against 3 standard and the percentage uptake of r ad io idne  per milligram 
foetal thlyoid !vas calculated after allowing for background radiation. The thyToidectomized 
foetus \I J j  then homogenized. an aliquot neighed and the rndioactiviq counted for 100 s e ~ .  By 
checking against 2. st3nd3rd and correcting for bsckground counts. the percentage concentra- 
ticn ~7f  radioiodinc per gram cT foetal body weight \vas cdcuiated. The same procedure \US 

carried o x  fpr placent3 3nd membranes together. The radioactivity 5 ml amniotic fluid and 
5 mi rndcernal plasma were counted. each for 100 sec. the latter being counted before and afrer 
passing thrcugh an ion-eschange resin. After checking against a standard and correcting for 
bxkground. the percentage concentration of radioiodine per miUilitre of amniotic fluid and 
marern31 plasma was estimated. The counts on the samples and standard were obtained by 
csin: a Panax Scintiilation Counter USC .B. fitted \vith a \ve l l -~-pe  crystal. 

In  two patients h!.;terotomy \\as carried out at the 8th and 9th weeks of pregnancy. In these 
c:1sej 20 !tCi of radioiodrne M . ~ S  administered 12 hr before termination. Since the foetal th>+oid 
gland could not be identified in either case eiich faetus was homogenized in 3 s - s d u n  
hydroxide solution. The pxcentase concentration of radioiodrnc per ,@am of foetal ~ ~ ! i g h t  
n3s estimated rlnd did not differ si-rmificantly from zero in either case. 

I R  the remaining six patients no radioiodine was administered prior to termination. Histo- 
logical sections uere made from the foetal [hyoid glands obtained and strained a i th  haem+ 
toxylin and eosin. The foetal age in these cases ranged from 12 IO 25 weeks. 

Radialion ro JhJa! gortads 
Radiation to the foetal gonads is estimated from the five sources listed below. In all c3jej 

the dose is referred to an administered activity of 1 pCi. 
1. Gwmta-radiation dose j rom inorganic iodide it1 niarernal and ureritte iissries. IVe h3vc 

taken as 3 model a system in which the initial concentration is the maximum concentratian 
idling off with a half-life of 6 hr. Our results ior the concentration of *-"I in foetal tissue. 
amniotic fluid and placenta show high concentration at our earliest measurement 3 hr after 
injection falling off with a half-life between 4 and S hr. Extrapolation of our measurements 
back to the rime o i  injection gives a spread from 0.001 to O~oCrto ,e. and u'e hnve taken 0402f 
as the average. 

N3th these rigures the appropriate formula is (Hine & Brownell. 1956) 
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where g body shape factor = 175 for region of foetus, 
r = 2-18 r/hr/mCi at 1 cm from source, for 13'1, 

= 11.8 r/hr/mCi at 1 cm from source, for 1 3 2 1 ,  
p = tissue density- 1,  
C, = 2.5 x lo-' pCi/g, 

z = physical half-life= 192 hr for I 3 ' I ,  2.25 hr for 1321. 
1 

2.  Gamma-radiation dosefiom radioioditte labelkrl thyroxine. We assume that the conccntra- 
Lion of radioiodine labelled thyroxine increases with a half-period of 3 days and dies awny 
with a half-life of 6 days for 13'1. 

With these figures the formula I S :  

Co IS derived from Halnan's value for the maximum concentration of thyroxine in the plasma 
.ind assuming that the mean tissue concentration is one-fifth of this. 

When the appropriate figures are inserted for 1321 the dosage contribution is found to be 
-1egligible. 

3. Gainina-radiation from radioiodrtic in foetai thyroid. The foetal thyroid concentrates iodine 
o an increasing extent from the 13th week onwards. The dose to the gonads from this source 

will therefore be zero before about 13 weeks and will increase as the foetal age increases. We 
have made a rough estimate of the distance between the foetal gonads and foetal thyroid 
For a 23-week-old foetus and from this, with a correction for tissue absorption, have calculated 
the dose received by the gonads. 

Dose to foetal gonads = 

where A,, = peak activity in thyroid (mCi), 
d = distance from foetal thyroid to foetal gonads (cm), 
t = effective half-life of activity in foetal thyroid (hr), 

= 144 hr for I 3 ' I ,  

= 2.25 hr for I3'I. 

4. Beta-radiation dose from inorganic iodide. The time constants and concentrations are thc 
same as for section 1. 

2.25 
24 

where 7 = 6 for I 3 l I  = - for 1321, 

2, = mean 8-ray energy (MeV) = 0.187 for 1311 = 0.49 for 1321. 
5. Beta-radiation from organically bound radioiodine. The time-constants and concentrations 

& the same as for section 2. 

I l b 9 5 9 4  
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:.Dose = 1.6 x 10-*1, 3-7 x 104Co 1 -exp -0.693- ' )}e~p(-0*693&~F rad, 

for l3lI. 
For 1321 the dose, with the appropriate decay-constants, is negligible. 

S .  A .  Aboul-Khair et a / .  
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Radiation dose to foetal thyroid 
The weieht and radoiodine concentrations were measured for each foetal thyroid and from 

this the dose can readily be calculated. The assumption has been made that each thyroid 
gland can be considered as two spheres set a little apart so that p-radiation from the one has 
little effect on the other. The dose from -,--radiation has also beenneglectedasoflittleimportance 
compared with that from 8-radiation. A correction has also been calculated for the finite she 
of the lobes. In the smallest thyroid measured this correction was about 18%. The correction 
\+as negligible for the largest of the foetal thyroids. 

The appropriate formula is (Hine gi BroJinell, 19561, 
51.2 x E, x Teff  x C ,  x K 

0.693 
rad. Dose = 

b 

\\here Teff is the effective half-life of the radioiodine in the thyroid (in days), 
and K is a factor (< 1) depending on gland size: 
C, = concentration (pCi,g). 
C, has been assumed to be the initial concentration in thyroid by neglecting the short uptake 
period. 

In the case of 1321 the uptake half-period is of the same order as the physical half-life and 
the above formula is replaced by 

51.2 x x Tfif x C ,  x K 
Dose = 

u here Tu = uptake half-period (days). 
0.693 x (Tu + Tef f )  

RESULTS 
A table (Ch. Sci. Table 31,'5) giving measured and derived data in respect of stage of gejta- 
tion and foetal thyroid and placental weights has been deposited with the Librarian, R @ y l  
Society of Medicine, London, W.l, from whom copies may be obtained. 

Correlarioii of period of gestation with foetal tlij.roid w i g h t  and radioiodine uptake 
Fig. 1 shows the relationship between foetal thyroid weight and age in twenty-nine cases and 

a positive correlation is present (r  = 0.716). Foetal thyroid weight thus increases with foetal 
age over the age range studied. 

Fig. 2 shows the percentage uptake of radioiodine per miiligram of foetal thyroid in twenty- 
six cases between 3 and 96 hr after administration of the isotope to the mother plotted against 
foetal age in weeks; again a positive correlation was found (r = 0.650). Thus the ability of the 
foetal gland to concentrate iodine increases with gestation. Fig. 2 has two points at  8 and9 weeks 
gestation representing the foetal thyroids which did not concentrate radioiodine. It was not 
until after the 12th week of gestation that measurable amounts of I 3 l I  were detected in the 
gland. 
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Iodine metabolism itz the foetal thyroid 
L'yrake of radioiodine by foetal thyroid against injection-termination period 

Fig. 3 shows the log percentage uptake of 1311/mg in twenty-nine foetal thyroid glands 
plotted against the time between injection of l J I I  into the mother and the termination of 

_ _ _  __ . ___I_- -- 
Foetal  age (weeks] 

FIG. 1. The correlation of foetal thyrold weight with foetal age in twenty-nine cases. 

K) ZL 28 

Foetal age (weeks) 

FIG. 2. The uptake of 1 3 1 1  by the foetal thyroid, between 3 and 96 hr after administration of the 
isotope to the mother, correlated with foetal age in twenty-six cases. r = 0.650; P<OoO1. 

pregnancy. The figure written beside each point is the foetal age in weeks. It can be seen that 
the maximum uptake of I3'I by the foetal thyroid is reached within approximately 12 hr of 
injecting the dose. A trend towards discharge of the radioiodine after that time can be seen 
in the 18- and 19-week-old foetuses while complete discharge was reached within 144 hr in 
the three foetuses aged 13, 14 and 16 weeks. This trend can also be seen by comparing the 

, 
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13- and 14-week values at 12, 48 and 144 hr and also the 16- and 17-week values at 6,48,% 
t and 144 hr. . .'I 

The minimum and maximum biological half-lives of 1 3 ' 1  in the foetal thyroid gland.betw= 
13 and 19 weeks gestation was derived from the two slopes which would best fit tbe *-. 

he estimated range was found to be 16-28 hr. 

Radiation doses to foetal gonads and rliyroid 

calculated from the data shown in Table 1 and the results are summarized in Table 2. 
The radiation doses (rad) to foetal thyroid and gonads from fi- and y-irradiations were 

Biobgical ha l f - l i fe  ( J b  1 of 13'1 tn foetal thyrold 
" %  Tb [ foetal thyrold 1 z 16-28 hr 

T, [adult thyroid) 1 1L88 hr 

1 
jmOi *23 *I9 

*I4 

3 6 12 2G 96 1U 
L e  Time lhr) 

FIG. 3 .  Log uptake of '''1 by foetal thyroid plotted against 'isotope injection-termination period' 
to derive estimates of minimum and maximum biological half-lives of '"I in the fwtal gland. 
16 and 28 hr respectively. Compare with adult value of 1488 hr. The foetal age in weeks is shown 
beside each point. 

Concentration of I I in maternal blood, amniotic j u i d ,  thq'roi~ectontiieci foetus. placenta at? 
nienibraties 

Fig. 4 shows the concentration of '"I in these fluids and tissues plotted against the isotor 
injection-termination period and since each point represents the mean of the values shown i 
Table 2 it is a composite picture of the distribution of radioactivity between the 13th and 24t 
week of gestation. It shows that the concentrations of 13'1 in extrathyroidal foetal tissue 
amniotic fluid and placenta are highest 3 hr after injecting the dose and fall off with a hall 
life between 4 and 8 hr. 

Histo Iogy 
The histological appearances of the thyroids from six foetuses between 12 and 25 weeh 

gestation showed a structural gradation between the poor development of the follicles, tight1 
packed cells, scanty colloid, and poor vascularity of the youngest to that of well-forme 
follicles, much colloid and rich vascularity, comparable to the adult thyroid. in the oldest. 
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DISCUSSION 
has been shown by a number of workers that the thyroid gland of the human foetus begins 
trap iodine about the 12th week of gestation (Chapman et al., 1948; Hodges et al., 1955) 

nd the present study confirms this view. The data of these workers, obtained from a relatively 

\ ;ABLE I ,  Concentration of radioiodine in foetal thyroid and foetal environment as a percentage of a dose given 
o the mother at 3, 6, 12, 24, 48, 96 and 144 hr before termination of pregnancy (foetal age in weeks shown 

in parentheses) 

Time before Foetal thyroid Inorganic Organic Placenta Foetal body Amniotic fluid 
termination (;; uptake/mg) iodine in iodine in (% of dose/g\ (% of doseig) (% of doseiml) 
of pregnancy ( x lo3) maternal blood maternal blood ( x  lo3) ( X  103) ( x 103) 

(hr) (:< of doseiml) ( y; of dose/ml) 
( x  103) ( X  103) 

3 

6 

12 

24 

48 

96 

144 

1.00 (17) 
1,10(18) 
2.20 (18) 
2.20 (1 9) 
1.90 (15) 
1.50 (17) 
1.30 (17) 
0.60 18) 
5.70 (23) 
1.10 (13) 
1-90 (15*) 
0.64 (15*) 
1-60 (14) 
5.00 (19) 
0.08 (1 3) 
0.80 (1 5) 
2.70 (18) 
1.50 (19) 
0-96 (19) 
0.50 (14) 
0.90 (16) 
1.00 (17) 
2-00 (18) 
1.40 (19) 
1.20 (16) 
0-67 (17) 
0.00 (1 3) 
003 (14) 
0-18 (16) 

16.80 (17) 
1,80 ( I  8) 
1.30 (18) 

0.90 ( 1  5) 
0.80 (17) 
1-30 (17) 
050 (18) 
1.00 (23) 
0.18 (13) 
0.19 (15*) 
0.00 (19) 

010 (13) 
013 (15) 
0.04 (18) 
002 (19) 
000 (19) 
0.02 (14) 
006 (16) 
0.00 (1 7) 
0.00 (18) 
0.03 (19) 
014 (16) 
0.04 (17) 
006 (13) 
'0.24 (14) 
0.00 (16) 

040 (17) 
0.00 ( 18) 
0.00 (18) 

0.00 (I 5) 
0.00 (17) 
0~00  (1 7) 
0.00 (18) 
0.00 (23) 
0.00 (13) 
000 (15*) 
000 (19) 

0.00 (13) 
0.00 (I 5) 
007 (18) 
0.05 (19) 
0.00 (19) 
018 (14) 
0.08 (16) 
0.04 (17) 
034 (18) 
011 (19) 
0.08 (1 6) 
016 (17) 
0.31 (13) 
0.30 (14) 
003 (16) 

9.00 (17) 
660 (18) 
7.00 (18) 
0.90 (1  9) 
040 (15) 
0.50 (17) 
070 (17) 
030 ( 18) 
5.00 (23) 
0.20 (13) 
0.19 (IS*) 
0.28 (15*) 
0.20 (17) 
0.16 (19) 
0.06 (13) 
000 ( IS )  
014 (18) 
0.00 (1 9) 
003 (19) 
0.00 (14) 
0.08 (I 6) 
0.06 (17) 
012 (18) 
0:07 (19) 
000 (16) 
0.00 (17) 
0.00 (13) 
000 (14) 
0.00 (1 6) 

0.84 (17) 
0.92 (1 8) 
0.79 (18) 
0.98 (19) 
0.90 (IS) 
0-70 (17) 
070 (17) 
0.24 (18) 
5.60 (23) 
0.12 (13) 
0.13 (15*) 
0.12 (15') 
0.30 (17) 
0.20 (19) 
000 (13) 
017 (IS) 
0.40 ( 18) 
0.00 (19) 
013 (19) 
040 (14) 
021 (16) 
0.14 (17) 
0.24 (18) 
0.44 (19) 
0.12 (16) 
0.34 (17) 
000 (13) 
000 (14) 
0.08 (16) 

6.30 (17) 
0.50 (I 8) 
0.75 (I 8) 
1.10 (19) 
0.30 (15) 
0.70 (I 7) 
0.90 (1 7) 
0.40 (18) 
1.00 (23) 
0.43 (15*) 
0.33 ( I  7) 
050 (19) 

0.16 (13) 
0.10 (15) 
0-40 (I 8) 
0-40 (19) 
0.70 (19) 
0.13 (14) 
0.09 (16) 
0.05 (17) 
0.06 (1 8 )  
0.03 ( I  9) 

- (16) 
000 (17) 

0.00 (14) 
0.05 (16) 

- (13) 

* Twins. f 

small number of cases, also suggested that the capacity of the foetal gland to concentrate 
iodine increased as gestation progressed and this deduction has also been amply confirmed in 
the present study. The increasing efficiency of iodine trapping with foetal age has also been 

* demonstrated in the macaque monkey by Pickering & Kontaxis (1961). The increase in the 

G 
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iodine trapping capacity of the human foetal gland may be explained on the basis of the 
structural differentiation which occurs, resulting in larger numbers of well-formed acini and 
an increase in both colloid and vascularity. This structural differentiation has also been 
demonstrated by Shepherd, Anderson & Anderson (1964). Alternatively there may be an 

TABLE 2. Radiation doses to foetal thyroid and gonads 

Dose (rad) Dose (rad) 
to foetal thyroid to foetal gonads 

Y B Y B 

From 5 flCi 1 3 1 1  0 0 4 1 5  0~00055 OC0060  

From 5 pCi 13zI 0 M . 3 4 5  000060 040013 

From natural radiationlyear 

-0~00070 

-0.00070 

(U.N. Committee, 1957) 0 07-0.17 

\ \: 

Time (hrl 
FIG. 4. The concentration of 1 3 1 1  in various extra-thyroidal foetal and maternal fluids and tissues 
plotted against 'isotope injection-termination period'. 0. Maternal blood (inorganic IS1I); 
m, maternal blood (organic lal!); +, amniotic fluid; 2, placenta; x , thyroidectomized foetus. 

intrinsic increase in the capacity of the individual acinar cells to trap iodine. It is not incon- 
ceivable that both structural and metabolic development may progress together. 

The difficulties inherent in an adequate study of the functional activity of the human foetal 
thyroid other than iodine trapping, are well demonstrated in the present study. Because of 
our ignorance of the time when maximum uptake of radioiodine would be reached and of t h t  
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rate at which the isotope would be discharged it  was necessary to have a large number of 
‘injection-termination’ intervals. Furthermore, because of the nature of the clinical material, 
the disadvantage of the varying and uncontrolled foetal ages had to be accepted. In spite of 
the limitations of this type of data it is clear that the foetal thyroid gland metabolizes iodine 
in a very different manner to the adult gland over the foetal age range observed. Apparently 
radioiodine is discharged from the foetal gland with a ma.~itnuni biological half-life of 28 hr 
compared to the adult value of 1488 hr (Rotblat & Owen, 1954). The three observations made 
in the 144-hr group are critical to this estimate. This small number of key observations must 
be viewed against the considerable problems in this type of investigation. However, the general 
hypothesis that radioiodine is discharged more rapidly by the foetal thyroid than by the adult 
gland gains some support from the trends shown in cases of comparable gestation at different 
‘injection-termination’ times. 

I t  is possible that our finding of a rapid discharge of radioiodine from the thyroid glands 
of the foetuses studied might indicate a progressive development of the mechanism for thyroid 
hormone synthesis as suggested by the results of Costa et al. (1965). The iodine released might 
be inorganic or incorporated in thyroid hormone precursors. An alternative explanation of 

-the rapid rate of discharge of iodine might be that the rate of thyroxine excretion is higher 
‘ than in the adult. Yet another possibility is that the progressive increase of colloid (and thus 

storage capacity for thyroid hormone) with foetal age could result in a loss of iodinated pro- 
tein in the younger human foetus. 

Doubts concerning the metabolism of radioiodine by the foetal gland do not affect the 
calculation of irradiation doses to foetal thyroid and gonads derived from the data obtained 
in this study and it is interesting to compare these dosage estimates with those of Halnan (1958). 
Halnan quotes the results of Chapman et ai. (1948) who found uptake of radioiodine to be 
absent before 14 weeks and then to vary from O.OSO,’,/g at 14 weeks to 4*8%/g at 32 weeks, with 
an uptake half-period of 3 hr. We have found uptake to be observable from 13 weeks onward; 
the measured concentrations varied from 0 (before 13 weeks) to 5.7%/g, and the uptake half- 
period was estimated to be between 2 and 6 hr. These figures are in satisfactory agreement 
with Chapman’s and it might therefore be anticipated that Halnan’s dosage figures would 
agree with ours. But Halnan, in his calculations, uses the physical half-lives of 13’1 and I3’I 

as equivalent to the effective half-life of radioiodine in the thyroid. While this is admissible in 
the adult thyroid our results show a very rapid discharge of radioiodine from the foetal 
thyroid and the dosage calculations must take this into account. This makes little difference in 
the case of 13’1 which has a very short physical half-life and in fact our results for 13*1 are in 
good agreement with Halnan’s. In the case of I 3 l I ,  however, the effect’of the rapid discharge 
from the foetal thyroid has a large effect on the dosage calculations and the result is that 
Halnan’s estimate of dose is much greater than ours. The difference in the values taken for 
the effective half-life of radioiodine in the foetal thyroid makes Halnan’s calculated values for 
‘”I about seven times our calculated dosage values (after making allowance for the different 
peak concentration of the radioiodine in the foetal thyroid). 

I 
! 
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