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tbstract

%@ificant difference in the microscopic dose distribution due to 1257
and 11T in the thyroid gland is reported. Its radiobiologicsl significence
is studied using verying doses of these two radionuclides in one month old rats.
The totel body weight increase, thyroidal retentivity of radioiodine, 2/ hour
uptake and the thyroid weight at the end of the treatment are measured in both
the treated and control groups. Thyroid weight is taken as an index of thyroid
cell population and any reduction in its increase with age compared to that in
controls(which is talen as 100% cell survival)is considered as due to the irpa-
irex‘i?;; of proliferative capacity of the thyroid cells. Aversge gland doses due
to and 137I for 50% cell survival are 40500 end 18500 red respectively.
The 24 hour uptake is significently reduced in 71 ugi 131I treated rate whereas
in @11 other treated ones there is no chenge compared to controls. Body weight
increase is impaired in both the trestiments, more so with 125T. These diffe-
rences are explained in te of differences in dose distributions across a
thyroid follicle dus to 12T and 1311,

Irggducﬁm

For the same acf]oi ity administered the mean dose to the thyroid gland is
2-3 times less with 2% compared to 1311, Microscopic dose distribution
across a id follicle, which is a basic wmit of the thyroid gland, shows
that with the dose at the colloid~cell interphase is 2-6 times and 4-10
times that over the nuclus and that at the basal membrane respectively depend-
ing upm% ;.he colloid content in the gland whereas with 1311 it is practically
uniformi=J,

The radiobiological significance of this difference in microscopic dose
distribution was studied in the adult rat thyroid by different workersé=6.
However, the normal adult rat thyrcid has a closed, well differentiated cell
system with 1ittle proliferation and upon irrsdistion(with about 500 rads of
X-rays) shows little change as judged by weight, cell counts or INA and RNA
content?. So to see the effects of irradiation on thyroid cell population,

particularly on its proliferative capacity, it is necessary to promote the
cell miltiplication artificially, say by administration of methyl thiouracils

Instead, youmg rats of one month age were chosen for the pregent investi-
gation, At this age their thyroid cells are rapidly proliferaﬁng7 and the
thyroid weight increases by a factor of 2-3 within a spen of 2 months. So a
study of the radiation effects is pogsible without the administration of a drug.

giaterials and Methods

(ne mmth old Holtzmen strain male rats were used for the study. They were
fed with standard dry pellet Hindustan Liver rat food and tap water ad libitum.
5 rats were taken for each dosage. (ne of the following doses in a volume of
0.2 ml was :Lnjeg?;d intraperitoneally to each %roup:100, 50, 25,12.5 and

2.5 uCi of Na'®?I; 71, 242 and 4.8 uci of Nal3'I. Two groups of 5 rats each
served as respective controls for the two radionuclides. The total body weight
and thyroid retention of radioiodine(by in vivo cownting with an end window
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G.M. Comter over the tlyroid) were measured periodically.,

When the ra?g attain 3 mmnths age they were injected intraperitoneally a
tracer dose of 125 for measuring the thyroid uptake st the end of the
treatment. 24 hours after administration of the tracer the rats were sacri-
ficeds The two lobes of the “thyroid from each rat were taken out and weighed
correct to 0.2 mge The thyroidal activity was obtained using a Nuclear
Chicago Autogamue well counter and was expressed as the pereantage of the
injected activity per wmit thyroid weight.

Results and Discussion
Variation of Thyroid weight and Radioiodine Uptake with Age:

Fig.1 shows the variation of thyroid weight and 24 hour radioiodine uptake
as a function of age. The mean thyroid weight of 30 4 old rats is 6.8+42.3 ng
for a mean body weight of 45.247.3 g while that of 100 d old ocnes is P4.24+2.6mg
for a mean body weight of 210+T8.1 g corresponding to an increase in the ~

thyroid weight by a factor of 3.5. However, the variation in thyroid weight
expressed as a fraction of body weight is only from 0.154+0.006 at 30 4 to
0+11540,006 at 100 d. The 24 hour thyroid radioiodine uptake expressed as a
percentage of the injected dose per wmit thyroid weight in mg varies from
0405940.0049 to 0.016+0.0049 with the age of the rat. Higher uptale per wmit
thyrold weight in the one manth old rats indicates the hyperactivity of their
thyrolds.

Biologicel Half-life of Radioiodine in Thyroid:

The in vivo thyroid activity is monitored periodically for all the animals
and Fig.? gives the retention pattern in arbitrary wnits as a fimetion of time.
In case of 1251 » the retention could be expressed as a single exponential with
a half-life of 10-13 d, irrespsctive of the dose administered. So only the
data corresponding to 100 uGi group is presented in Fig.2. The patitem of
retention of 1311 was more complex, consisting of at least two components., The
gize and half-life of the two compments depended an the dose administered. The
half-life of the fast compment inecreased and that of the slow component
decreased with the decrease of dose.

Estimation of Average Gland Dose:

The average gland dose, D, is estimated for each treated rat from the
lmowledge of its 24 hour uptake, U, the thyroid weight, m, in g and the
effective half-life, T, in h using the well lmowm equation

D= 1444 AUT ZLA-L¢L/m. rad

where A is the activity administered in uci, X the sumetion sign, @i , the
equilibrium absorbed dose constant in g-rad/uCi-h, and @3, the absorbed frac-
tion in the thgroid gland for i th component. The value of £aigiis caleulated to
be 0.0506 for 1297 uging the values of Ai and @; listed in MIRD pamphletsd=11
and includes both pemetrating and non-penetrating components, For 131I the
contribution dus to photons is neglected. (onsidering the thyroid as a sphere
the absorbed fraction for 12T beta radiation is obtained using Berger's tabue-
lation of @ for different sphere sizes. The value of @ is about 0.8 for the

rat thyroia0,

The mean gland dose corresponding to 100 uCi 1257 treated group is 34322+
9560 red. The value for 71 uci 1311 treated group is 218204403/ rad.
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Body Weight vs. Deys after Administration of Activity

Figs. 3 and 4 give the ratio, Y, of the body weight on the dey of observa-
tion to that on the day of the administration of activity, plotted against the
time,X,elapsed from tho day of administration of activity for the 1251 and
1311 treated groups respectively. The data in each case is statistically anal-
ysed and the respective regréssion equations, correlation coefficients, r, and
the stendard errors, Syy, are given in the same figures.

The data shows that there is a reduction in the body weight ratio of the
treated groups in comparison to the control groups end the reduction is more
pronowced in the case of 125T. The reduction in the body weight indicates
that there is probably a disturbance in the release of the right amownt and
right type of iodinated compounds which affect body growth and that the
disturbance is pronowced with 1251,

2/, hour Radioiodine Tptale at the end of Treatment:

The 24 hour uptake was obtained for all the treated and control groups by
adminigtration of a tracer dose of 128;, just one day prior to sacrifice., The
results are given in Table 1. The uptake value for all the treated groups
(except that of 71 uci 131I) is the same as that of the correspending comtrol
group(C). The lower upteke of 71 uci 131I group may be due to a damage of the
iodine trapping mechanism and/or due to a decrease in the mumber of follicular
cells per it thyroid weight.,

Table 1: Redioiodine Uptale at the end of 1251 and 1311 treatments

1257 treatment 1317 treatment
Mean Gland 24 hour Mean Gland 24 hour
Dose(rad) uptake Dose(rad) uptake
34322(100uci) 0 .0289_0 0059 21800(71uci) 0402040 0094
12604( 25uci 0+03040.0078 2500( 4 «8uci) 0 +04440 J0047
6182(12.5u0i) 0402540,0073 c ) .037'-_0-'_0 0047
1299( 2.5uci) 0.0320.011
c 0.02940.0065

Percentage Cell Survivel vs. Average Radiation Dose to the Thyroid:

In Fig.5 the Spercm%‘c?re cell survival is plotted against the average gland
dose for both 1251 and 1311 treated groups. The thyroid weight at the end of
the treatment normalised to the then body weight is taken as an index of cell
survival, The percentage cell survical is calculated by the following
equation:

g cell survival = (m/H)J x 100/ (/M)

vhere (wi); = X, (mi3/% 5)/ 0y and (WMo = 2° (mo/Mio)/ Mo

Here 3 smd Mi;} are the thyroid and body weights of the ith rat in jth
treated " grouwp consisting of ny number of rats. mjo and Mj, are the thyroid end
body weights of ith rat in thé control group cansisting of ngy rats.

The values of Dsp(the gland dose for 50% cell survival) for 1211 ma 1251
respectively are 18 eand 40500 rad. Their ratio, 0.46, suggestethat RBE
for 1251 compared to 1311 ig less then one which 48 contrary to expectation.
This may be explained in terms of the differences in microscopic dose
distribution across a thyroid follicle due to 1271 and 1311,
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Using Berger's sceled absorbed doge distributions!2, the dose distribution
across a thyroid follicle was computed assuming colloid mass as 50¢ of the
gland mpss. In each follicle it is cansidered to be in the form of & sphere of
25 um radius sorrowunded by follieuwlar cells of length 9 um with their nuclei
3 un away from the apical membrene. In Fige.é, the ratio of dose rate at any
point Rg, to that at the center of the colloid, R,, is plotted against the
distence s. The values of Rg/R, at the colloid cell interphase, over the
nucleus and at the basal membremne are 0449, arownd 0425 and 0.14 respectively.
The average gland dose corresponds to that at colloid-cell interphase as the ‘
colloid content is assumed as 504 of the totel gland mass with a1l the thyroid
iodine concentrated in itR.

0 in case of 1271 treatment, the nuclei of the folliculer cells at 50%
cell survival leyel received only about 20000 rad as against the gland dose of
40500 red. For 1311, however, dose distribution across the follicle is more or
less uniform and so the gland dose (18500 rad for 50% cell survival)itself is
the dose to the nucleus. Thus, if the dose to the nucleus is considered the
504 survivel dose is same with both the nuclides.

The seme microdosimetric §$usiderations explain the differemces found in
2/, hour uptake at the end of 11T and 1251 treatments and their respective
cantrols. The percentage cell survivel at which the significent reduction in
24 uptake was observed with 1211 is 4/ e3%s The corresponding gland doses
with 1971 and 1251 are 21800 and 46500 rad respectively. The dose at the basal
membrane(which is congidered as the site for trapping of iodine) of the folli.
cular cell of 9 um length is sbout one f that at the colloidecell inter-
phase, that is, sbout égoo rad in case of 1291, So the absence of reduction

in 2/ howr uptake in 1271 treated groups is due to the inhomogeneity in dose
distribution resulting in only about 12000 rad at the site of trapping compared
to the gland dose of 46500 rad. Since in case of 1211 treated growp the gland
dose(21800 rad) itself is the dose to the basal membrame also the reductiom in
24 hour uptake observed can be expected.

Acknowledgement

Authors are indebted to /s A.Nagaratnam, and H.S, Yadav for many helpful
discussions and to Col S.K. Mazumdar, Director, INMAS, for permission to
bresent the paper.

References

1. F.C.Gillespie, JeS 027 end W.R.Greig, Brit.J, Radiol., Q,Zﬁ,‘l?’foo

2. AJR.Reddy, K.G.K.Sastry, M.M.Gupta and A.Nagereinam,Proc.Symp. on Basic
Mechanisms in Radiation Biology end Medicine,New Delhi, 711, 1971.

3. Y, Feige, A+ Gavron, E. Lubin, Z.lewitus, M. Ben-Poreth, J.Gross, E.lLoewinger,
Proc. Symp. on Biophysical Aspects of Radistion Quality, lucas Heights,
383,1971.

4+ J.Gross,M.Ben-Porath, A« Rosin end M.Eloch, Thyroid Neoplasia
(Bds. 8. Yomg and D.R.Inmen), Academic Press, New York, 291, 1968.

5, WoR.Groig, Jo.F.Be Smd.th, W.P. Duguwid, C.J. Foster, and J.S. Orr,

Inte Jo Radiats BiOlo’ 1_6y 211, 1960.

6. W-Romig’ JeF Be Smith, J£e Orr and C.J. Foster, Brit.J.
Radiol, Q,m’ 19700

7+ J.Logothetopoulos, Endoerinclogy, 13,349, 1963.

8¢ I.Dondach, Brite Je Cencer, 11, 263, 1957.

9¢ L.T.Dilmenn, MIRD parmphalet No.4, 3. Nuc.Med. Supple 1, 1968.

10M.J Berger, Proc. Symp. Medical Radhonuclides, Redistion Dose
and Effects, USAEC, 85, 1970. -

11.M.J.Berger, MIRD pamphle'b N002’ Je fuce Med. Supplo 1, 19680

12.M.J. Berger, MIRD pamphlet No.7, J Nuc. Med. Suppl. 5, 1971,

1159



@ BODY Wt ()
3
£ ® THYROID Wt. (mg)X 1/10
k4
5 s > H
-~ (=3 (-4 [~} (-]
3 :‘"’ T T 1
: st
Sr
>
2
m
©
>
-
|
™~ v
o}
©
4 i J
2 2 2 ?
[~ a - ;
© IHYROID Wi.(mg)/BODY Wi.tg)
@© THYROID UPTAKE/ THYROID Wi,

FIG. 1. Variation of body weight (A), thyroid weight (B), thyroid weight
expresgsed as a fraction of the body (C), and 24 hour thyroid radioiodine
uptake per unit thyroid weight (D) with age of rats.
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FIG. 2. Thyroid retentivity of radioiodine as a function of time in days
after the administration of the activity.

1160



§-0 r ya3:03+0:063 (X—30:43)
T=09%; Syxm 012

0 c
T 5 0fF
[~]
° LI
< 40 F
z

30}
-
o
2 yy= 2°58+0:049 (X=30-43)
200 ™=0-99; Syx'o'”
= e—o 1 100uCi OF %1
8 1o »—x 11 s0uci oF 5]

&——e C CONTROLS
0 1 1 ]
0 28 50 . 75
1
DAYS AFTER THE ADMINISTRATION OF 2> I

INMAS/MISC / 2093

FIG. 3. Variation of the body weight-ratio of 12°I treated groups and the
respective controls as a function of time after the administration of
the activity.
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FIG. 4. Variation of the body weight ratio of !3'I treated groups and the
respective controls as a function of time after the administration of
the activity. .
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FIG. 5. Cell survival curves for '2°I and !3'I treated groups.
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FIG. 6. Dose rate ratio, R_/R , for 1257 as a function of distance from

the center of the colloiﬁ. O At distances below 8 um the ratio is 1.0.
The two arrows point to the positions of Apical Membrane (A.M.) and

Basal Membrane (B.M.) of the follicular cell.

is also shown.
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