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Immunization with homologotis or autolo- 
gous thyroglobulin is followed in a high pro- 
portion of experimental animals by a chronic 
inflammatory reaction in the thyroid gland. 
which bears some resemblance to human 
chronic lymphocytic thyroiditis( 1 . 2 ) .  It has 
been established that thyroglobulin is an an- 
tigen capable of producing t his experimental 
autoimmune disease. IVhereas much inves- 
tigation has been devoted to the question of 
the antigenicity of thyroglol)ulin, the serolog\. 
of antithyroglobulin antibody and the course 
of this experimental immune thyroiditis. the 
pathogenetic mechanisni has not heen e1uc.i- 
dated( 3.4).  c‘irculating antibody directed 
against t hyroglobulin has been considered to 
be an important pathogenic factor: however. 
the correlation between circulating antibodies 
and incidence or degree of thyroiditis is a t  
best vague. In addition. i t  has been impos- 
sible to transfer the disease passively with 
massive doses of high titer antithyroglobulin 
serum. 

The experiments descritied herc were tle- 
signed to study the problem of whether in t i -  
dence of experimental immune thyroiditis i n  
the guinea pigs bears a closer relationship to 
formation of circulating antibodies or to de- 
layed type of hypersensitivity against thyro- 
globulin. Use was made of the fact that 
when minimal amounts of the immunizing 
antigen are heavily conjugated with a hap- 
tene ( picryl chloride). serum antibody pro-  
duction is decreased without interfering with 
the ability of the antigen to induce delayed 
type of hypersensitivity. 

Materials and methods. Thyroglobulin 
was prepared according to t lie met hod of I )er- 
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rien ( 5 j as modified by Roitt. Thyroid glands 
of 80 guinea pigs were frozen immediately 
after removal. The tissue was cut into very 
thin slices while maintained in a frozen state. 
One part of thyroid tissue was placed in 3 
parts by weight of physiological saline and 
kept overnight a t  4’C. The  saline extract was 
subsequently filtered through surgical gauze 
and centrifuged at 8000 g for 10 minutes at 
room temperature. One hundred ml of the 
clear supernatant was brought to 42% am- 
monium sulfate saturation by the dropwise 
addition of 72.5 ml of saturated ammonium 
sulfate solution a t  room temperature. The 
42y) saturated ammonium sulfate extract was 
stirred for 30 minutes and the precipitate was 
then centrifuged a t  6000 g for 10 minutes at  
room temperature. The  supernatant was dis- 
carded and the precipitate redissolved in 50 
nil of a 45% saturated ammonium sulfate so- 
lution. Subsequently, the ammonium sulfate 
concentration was slowly decreased by drop- 
wise addition of 10.75 ml of distilled water to 
a final ammonium sulfate saturation of 37%. 
The suspension was continuously stirred for 
2 hours. then centrifuged at 6000 g for 10 
minutes. The thyroglobulin left in the super- 
natant was precipitated by dropwise addition 
of 4.1 ml of a solution of saturated ammo- 
nium sulfate (final saturation = 42 %). The 
precipitated thyroglobulin was finally cen- 
trifuged a t  6000 g a t  room temperature for 10 
mintues and the supernatant subsequently 
discarded. The precipitated thyroglobulin 
was dissolved in saline and dialyzed against 
saline. Nitrogen content was determined by 
the micro Kjeldahl method (6.8 mg N/ml). 

I’rrparcition oj pirrylnted thyroglohulin. 
0.1 g of crystallized picryl chloride was dis- 
solved in acetone and mixed with 1.9 g of 
cellulose ( Hyflo-Super-cel, Johns Manville, 
t‘OMPOC’ (lalif.) . The acetone was evap- 
orated and a concentration of 5% picryl 
chloride adsorbed on cellulose remained. 
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Twenty-five ml of a 4 mg/ml solution of 
guinea pig thyroglobulin was brought to pH 
8.5 by dropwise addition of a solution of 10% 
sodium carbonate. This solution was mixed 
with 300 mg of the picryl chloride cellulose 
powder (equivalent to 15 mg of picryl chlor- 
ide). This procedure results in slow picryla- 
tion of thyroglobulin. With increasing picry- 
lation of the protein, the pH of the solution 
falls. The pH was continuously adjusted to 
8.5 by dropwise addition of 10% sodium car- 
bonate. Picrylation was continued for 6 hours 
with constant stirring of the solution. At  the 
end of this period, the solution was centri- 
fuged and the supernatant withdrawn. The 
powder was suspended in an equal amount of 
distilled water and recentrifuged. The super- 
natant was mixed with the previous one and 
dialyzed against distilled water for 2 days(6). 

Immunization of guinea pigs. Two groups 
of guinea pigs were immunized with picry- 
lated thyroglobulin, emulsified in an equal 
amount of complete Freund’s adjuvant. One 
group of guinea pigs were immunized with a 
total of 5 0 0  pg of thyroglobulin, the other 
with 50 pg administered in each case in 2 
series of injections separated by a 7-day inter- 
val. Initial injections were in the 2 front 
foot pads, the second injections in the rear 
foot pads. The material was administered in 
a 0.1 ml volume in each foot pad. Seven to 
10 days after the second injection, the ani- 
mals were skin tested by intradermal injec- 
tion of 50 pg thyroglobulin in 0.1 ml of nor- 
mal saline. The skin reaction was read and 
graded at  the end of 24 hours as described 
elsewhere( 6). The presence of circulating 
antithyroglobulin antibody was determined 
by the passive hemagglutination technic ( 7) .O 
The animals were sacrificed after the skin 
tests were read and blood was removed for 
antibody determination. Complete autopsies 
were performed and sections of thyroid gland, 
liver, spleen, adrenal, lung and kidney were 
taken. Hematoxylin and eosin stained sec- 
tions were made of both lobes of the thyroid 
gland and sections of the other organs were 
examined in most animals. 

6 The authors wish to acknowledgc thanks t o D r .  
Noel R. Rose, Univ. of Buffalo School of Medicine, 
for checking the titers of many sera in his laboratory. 
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Other groups of guinea pigs were immu- 
nized in a parallel series of experiments with 
tissue homogenates of the adrenal, liver and 
kidney emulsified in Freund’s adjuvant as 
described above. Untreated animals main- 
tained under the same conditions with iden- 
tical housing and diet served as an additional 
control group. 

Examination and evaluation of thyroid 
gland. Both lobes of the thyroid gland were 
examined in each animal and compared with 
control animal groups. The lesions were 
graded according to the following criteria: 
( + ) Focal collections of inflammatory cells 
with some swelling of scattered follicular epi- 
thelial cells. Occasional desquamation of epi- 
thelial cells and macrophages within the fol- 
licles. No gross alteration of colloid. (++) 
Confluent areas of inflammation consisting 
principally of lymphocytes and plasma cells, 
but without extensive derangement of the 
normal follicular architecture. Moderate to 
marked colloid depletion associated with a 
varying degree of alteration was noted. 
(+++) Gross disruption of the normal 
follicular pattern with generalized involve- 
ment of both lobes. Areas of granulomatous 
inflammation in which no recognizable normal 
structures could be identified. 

At the end of the experimental 
period the animals immunized with thyro- 
globulin were in good condition and appeared 
to have gained weight at approximately the 
same rate as the control groups. 

In the group of animals immunized with a 
course of 50 pg of picrylated thyroglobulin 30 
of 43 or 69% developed delayed type of hy- 
persensitivity to thyroglobulin. Of these 8 
had strong reactions while 22 had weaker 
though distinctly positive reactions. Two of 
the 43 or 4.7% had circulating antithyro- 
globulin antibody. Twenty-five of the 43 
animals developed thyroiditis. In the ani- 
mals immunized with 500 pg picrylated thy- 
roglobulin, incidence of delayed type of sensi- 
tivity was 74% (47 of 67 animals). Ten oi 
these displayed a strong skin reaction to thy- 
roglobulin while 37 had somewhat weaker re- 
actions. Twenty-one of 67 animals or 31% 
had demonstrable circulating antibody, 38 of 

Results. 
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the 67 developed thyroiditis. These data iirc 
summarized in Table I. In addition, inci- 
dence of circulating antibody was approsi- 
mittely the same in the animals with thyroi- 
clitis (9 of 31) and those without any lesion 
( 9  of 29). The percentage of animals with 
titers above 512 was slightly higher in tho 
former group (Table 11). Of a total of (It 
animals with thyroiditis in both gr~ups .  50 
or 82%, had a positive delayed skin test. 
Sisteen of 61 animals or 26:h had stronglj- 
positive reactions in this group. In a grotq) 
of 45 animals without thyroiditis 6254 or 2s 
of 35 had positive skin reactions. Only one 
of these animals had a strongly positive skin 
test (Table 111). 

S o  lesions were found in any other organ 
of the animals immunized with iiicrylthyro- 
globulin, with the esception of the liver and 
lung where small infarcts were occasionall! 
noted. In  one instance? a small foreign body 
granuloma In the lung was seen. This was in- 
terperted as a reaction to one of the constitu- 
ents of Freund’s adjuvrtnt. Fig. 1 shows the 
histologic pattern of the thyroid gland of a 
typical control animal. Tnflammatory cells 
were never observed. The control animals in- 
cluded groups immunized with Freund’s ad- 
juvant alone, and others immunized with or- 
gan extracts of liver, adrenal and kidney in 
Freund’s adjuvant. Figures 2 and 3 dernon- 
strate the typical lesion graded as $-+ in ;I 

guinea pig which received a total immunizing 

(lose of 500 p,g picrylthyroglobulin. There is 
niarked atrophy of the parenchyma with loss 
of colloid in addition to a generalized infiltra- 
t ion by mononuclear cells, principally plasma 
cells. lymphocytes and a few macrophages. 

In the group of 3 5  animals immunized with 
liver, adrenal, and kidney extracts in Freund’s 
adjuvant, no lesion which could be classified 
;is + was noted in the thyroid gland. 
T.\ l;r,lC I 11. (loiiip:lrison of Severity of Tliyroid 
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t Strong reaction with marked illduration usually 
( I  iir:i tioa ant1 crythema. 

associated with hemorrhage. 

Discussion. The results of this series of 
experiments clearly indicate that there exists 
a close relationship between incidence of de- 
layed type of hypersensitivity to thyroglobu- 
lin and incidence of immune thyroiditis in 
this experimental model. No such correlation 
could be found with respect to circulating an- 
t i1)oclies. ’I’hese conclusions are based in part 
oil the slwc*ial eslximental conditions, utiliz- 
ing the fact t l ixt  in  the course of inimuniza- 
l ion with rniniinal doses of antigen there is a 
I’hase in the immune response where little or 
110 circulating antibody is demonstrable. -x. No. of animah i n  parentheses. 
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FIG. 1. Thyroid gland, guinea pig. Control ani- 
mal treated with Freund’s adjuvant. Hematoxylin 
:ind eosin. X 60. 

PIG. 2. Thyroid gland guinea pig. Immunized 
with a course of 500 pg picrylated thyroglobulin in 
Freund’s adjuvant over 17 days. Alteration of nor- 
riixl architecture as a result of collapse of folliclrs 
mid apparent loss of colloid. Graded as (++). 
I I cmiatoxylin and eosiii X 60. 

FIU. 3. !l’hyroid gland, guinea pig. Samc gcner;il 
field as Fig. 2 in  area of folliclo cwllapsc. J4cm:i- 
t o s y l i n  niid eosin ,Y 600. 

Were thyroiditis mediated by circulating an- 
tibody little or no evidence of a thyroid gland 
lesion should occur under these conditions. 
This is in contrast to the actual findings in 
these experiments. 

The lack of a positive correlation between 
circulating antithyroglobulin antibody and 
thyroiditis is also apparent from the following 
data. Whereas only 5% of guinea pigs im- 
munized with 50 pg of picrylated thyroglobu- 
lin had detectable circulating antibodies at a 
low range of titers, 31% of guinea pigs 
treated with the 10-fold larger immunizing 
dose exhibited demonstrable circulating anti- 
bodies. If thyroiditis had been a direct con- 
sequence of antibody formation, the incidence 
should be much higher in the latter group. 
However, in both groups the proportion of 
animals with thyroiditis was the same. Fur- 
thermore, among the animals immunized with 
500 pg of antigen the percentage of animals 
with circulating antibodies was almost iden- 
tical in the groups with and without thyroid- 
itis. 

In contrast to the data with respect to cir- 
culating antibody, a good positive correlation 
was noted between delayed type of sensitivity 
to thyroglobulin and experimental thyroiditis. 
In  both groups of animals, incidence of de- 
layed hypersensitivity as well as incidence of 
thyroiditis was the same (Table I). The pro- 
portion of more severe thyroiditis seemed to 
be slightly higher in the group immunized 
with t.he higher dose, but the difference was 
relatively small. Table I1 shows the rela- 
tionship between thyroiditis and delayed hy- 
persensitivity from another aspect. The pro- 
portion of weak skin reactions is particularly 
high in animals with mild thyroiditis. If one 
focuses on intensity of the skin reaction as a 
point of reference, it is interesting to note, 
that out of 57 animals with a weak skin test, 
33 (58%) exhibited thyroiditis, whereas in 
the group of 19 animals with a strong skin 
test (marked induration with hemorrhage), 
1 7  (895%) of the animals exhibited thyroid- 
i tis. 

also quite high in the 45 animals without thy- 
roiditis (62 %), although weak reactions were 
predominant in this group. Does this finding 
contradict the thesis that delayed hypersensi- 
tivity to thyroglobulin is the pathogenetic 
pathway of experimenal thyroiditis? If this 
relationship is correct, then the first stage 

The percentage of positive skin test- 3 was 
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would be the development of delayed hyl)er- 
sensitivity to thyroglobulin and thyroiditis 
woulc l  appear only subsequently. The find- 
ing of a relatively high incidence of clelayt.cI 
type of hypersensitivity in animals without 
thyroiditis is. therefore. consistent with the 
hypothesis. This raises the question whether 
a critical level of sensitivity or some addi- 
tional factor is necessary to elicit the im- 
munologically mediated tissue damage. 

1. Among each of 2 groups of 
guinea pigs immunized with 50 p g  and 500 
p g  of picrylated thyroglobulin in Freund's ad- 
juvant respectively, 57.2% ( 6 3  of 110 mi- 
mals) developed thyroiditis 1 7 days following 
the initial dose of antigen. Delayed skin re- 
activity to intradermal thj*roglobulin was 01)- 
served in 7 2 . 7 y  of the animals. There was 
no significant difference in incidence of thy- 
roiditis and delayed skin reactivity in the 2 
groups of animals. However, circulating an- 
tithyroglobulin antibody as determined by 
passive hemagglutination, was found in 4.60/( 
( 2  of 43 animals) in the low antigen group 
and 30% (18 of ti0 animals) in the high a n -  
tigen group. 

Sumnzary. 

2. The incidence of thyroiditis and delayed 
skin thyroglobulin reaction were positively 
c m d a t e d ,  while no such correlation between 
thyroiditis and circulating antithyroglobulin 
mtibocly was apparent. 
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Various parameters have been studied in 
the progeny of irradiated humans( 1,2), dogs 
( 3 ) ,  and rodents(4.5), but we are not aware 
of any studies on the radiation sensitivity of 
progeny from irradiated large mammals. Some 
change in radio-sensitivity might be expected 
for life shortening effects have been reported 
in offspring of irradiated mice(6) and rats 
(7). The present report concerns the radia- 
tion response of offspring from parent swine 
exposed to the mixed gamma-neutron fux  
from a nuclear detonation. 

Material and methods. Offspring from 3 
parent categories of predominantly Landrace 

swine were studied. The Progeny of Irradi- 
ated Parents group was composed of 89 pigs 
sired by a boar surviving exposure to  268 rads 
( 55*% LD 50/30). The sows had received 
doses from 268 rads to 515 rads (mean dose 
351 rads, 72% LD 50/30). Conditions of ex- 
posure for the parent swine have been de- 
scribed (8,9). Progeny of an Irradiated Male 
consisted of 44 offspring resulting from mat- 
ing an irradiated boar (268 rads) with sows 
which had been placed as controls during field 
studies on the effects of a nuclear detonation 
(8,9).  Dosimetric data indicated that these 
sows received less than 1 rad during the field 




