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Injection of aqueous heterologous thyroid 
extract has been shown to induce thyroid 
autoantibodies and thyroiditis in several spe- 
cies (1-3). On the other hand, experim.enta1 
autoimmune thyroiditis cannot be produced 
by the simple injection of unaltered homolo- 
gous thyroid extract (1, 4). Generally, in 
order to produce thyroiditis with homologous 
thyroid extract, an emulsion is prepared with 
complete Freund adjuvant ( 5 ) .  However, a 
variety of other procedures have been tried. 
Among the methods used were thLe coupling 
of thyroglobulin with diazonium derivatives 
of arsenilic and sulfanilic acid (6, 7 ) ,  the 
injection of excess amounts of iodine in addi- 
tion to thyroid extract (8) or the use of 
hypophysectomized animals (9).  I n  addition, 
a variety of adjuvants have been studied (4, 
10). Recently it has been found that the 
adjuvant employed is all-important f x  the 
production of thyroiditis in the rat ( 11 , 12). 
Because of this finding we decided to study 
the effectiveness of different adjuvants and 
adjuvant combinations in the induction of 
thyroiditis in this species. 

Materials and Methods. Animals. Female 
Lewis rats between the ages of 8 and 12 
weeks were used. These animals were pur- 
chased from Simonsen Labs, Gilroy, Calif. 

Antigen. A saline extract (pH 7.2) was 
prepared from Wistar rat thyroids (Pel-Freez 
Biologicals, Rogers, Ark.). The thyroid tis- 
sue was pulverized and this preparation was 
clarified by centrifugation a t  69,OOOg for one- 
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half hour. The protein concentration was ad- 
justed to 30 mg/ml. Except in one experiment 
where the quantity of antigen used was 
varied, the dose of rat thyroid extract: 
(RATE) used was 6 mg (0.2 ml). 

Adjuvants. Complete Freund adjuvant 
(CFA) was prepared by adding 4 mg/ml 
killed Mycobacterium tuberculosis H37Ra to 
incomplete Freund adjuvant (Difco) . Emul- 
sions were prepared with either complete or 
incomplete Freund adjuvant by the dropwise 
addition of an equal volume of rat thyroid 
extract (RATE) to the oil phase while re- 
peatedly drawing the material into a syringe 
through a long cannula and then expelling it. 
Except where noted specifically, the volume 
used was 0.2 ml of adjuvant plus 0.2 ml of 
antigen for each animal. This emulsion was 
administered intradermally into the foot pads 
and intramuscularly into the thighs except in 
a single series of experiments in which the 
intraperitoneal route was employed. 

Pertussis vaccine (Parke. Davis Co.) con- 
taining 200 billion killed organismsJm1 was 
also used as an adjuvant. When this vaccine 
was used as the sole adjuvant, 0.5 ml was 
mixed with 0.3 ml RATE and then injected. 
When it was used as an adjunct to a Freund 
emulsion a volume of 0.5 ml of th.e vaccine 
was injected separately (12). This was dis- 
tributed into the dorsum of the four feet. 

The final adjuvant tested was alhydrogel. 
This is a commercially prepared adjuvant 
(Superfos, Copenhagen) which has properties 
similar to the alum preparations of Proom 
(13) when combined with an antigen. A vol- 
ume of 0.2 ml alhydrogel was mixed wi'th an 
equal volume of RATE prior to injection into 
the four footpads. 

Antibody titration. The thyroid antibody 
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TABLE I. Production of Thyroiditis in Lewis Rats Using Various Adjuvants. 

Hemagglu tina- 
tion titer (log2) Thyroid histology 

Duration Index of 
Ad j uvant (days) Mean Range 0 + 2+ 3+ 4+ pathology" 

Incomplete Freund 

Complete Freund 

Pertussis 

Alhydrogcl 

Incomplete Freund 
+ pertussis 

Complete Freund 
+ pertussis 

Complete Freund 
+ pertussisb 

Complete Freund 
+ alhydrogel 

7 '  
10 
14 
21  
28 
35 

10 
14 
21 
35 

7 
10 
14 
21 
28 
35 

7 
10 
14 
21 
28 

7 
10 
14 
21 
28 
35 

7 
10 
14 
21 
28 
35 
49 
70 

7 
10 
14 
21 
28 
35 

14 
21 
28 

0 0 6 
0.3 0-2 5 
2.3 0-4 6 
0 0 5 
0 0 5 
0 0 5 

0 0 3 
3.6 3-7 8 1  2 
2.7 0-9 8 2  
0 0-<2 1 1 3  

0 0 4 
0 0 5 
0 0 4 
0 0 4 
0 0 9 
0 0 4 

0 0 4 
0 0 4 
0 0 4 
0 0 5 
0 0 4 

0 0 4 
3 2-7 5 
0 0 2 1 1  
2 0-4 1 2 2 2  
0 0 1 2 2  1 
1.2 0-2 2 2 

0 0 7 1  
0.7 0-2 4 2  
2.2 0-7 2 2 3 2 1  
1.0 0-3 3 3 2  
3.7 3-6 1 3  
0.3 0-2 1 1 3  
0 0 2 3  
1.7 0-7 2 2  

0 0 9 
0 0 13 
0.3 0-2 5 1 
0.1 0-2 3 2 
0.1 0-2 4 1  
1.1 0-4 3 1 1  

4.5 4-8 4 
6.5 6-7 1 3  
6.5 5-8 1 2 1  

0 
0 
0 
0 
0 
0 

0 
0.4 
0.1 
1.4 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
1.2 
1.7 
1.0 
0.5 
0.1 
0.1 
1.8 
1.9 
2.7 
1.4 
2.6 
2.5 

0 
0 
0.3 
0.4 
0.1 
0.3 

0 
0.4 
0.5 

aIndex of pathology was calculated by obtaining the mean of thyroid pathology using the 
following numerical values: 0 = 0 ;  f = 0.5; + = 1; 2+ = 2 ;  3+ = 3;  4+ = 4. 

Injections were given intraperitoneally. 
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titer of final bleedings was measured by 
tanned-cell hemagglutination (14). This ti- 
tration was performed with microtitration 
equipment purchased from Cooke Engineer- 
ing Co., Alexandria, Va. 

Thyroid histology. Thyroid tissue was fixed 
in phosphate-buffered formalin solution. 
Representative sections were mounted and 
stained with hematoxylin and eosin. Thyroid 
pathology was graded as previously reported 

Results. The groups of animals in which 
either incomplete Freund adjuvant, pertussis 
vaccine, or alhydrogel was used as the sole 
adjuvant did not develop thyroidal alter- 
ations during the time periods studied (Table 
I ) .  Except for some animals in the group 
treated with incomplete Freund adjuvant, no 
circulating thyroid antibodies were detecta- 
ble. 

When CFA was used alone the results were 
quite variable as previously reported ( 1 2 ) .  
The development of thyroiditis was not pre- 
dictable from one experiment to the next. 
However, thyroiditis as well as thyroid anti- 
bodies could be produced occasionally using 
this adjuvant alone. The significant index of 
pathology at  35 days (Table I )  may indicate 
that this adjuvant takes a longer period to 
produce thyroiditis and perhaps the animals 
were observed too soon after immunization. 

Combinations of adjuvants were generally 
more effective in inducing thyroiditis than 
any individual adjuvant tested. When aque- 
ous pertussis vaccine was administered in ad- 
dition to an emulsion of incomplete Freund 
adjuvant and RATE, thyroiditis was found to 
develop by 14 days. 

The most consistently severe thyroiditis 
was elicited using an emulsion of CFA and 
RATE plus separate aqueous injection of per- 
tussis vaccine. Reference to the index of path- 
ology for this adjuvant combination readily 
shows that it was superior to all others 
tested. In  addition, the groups of animals 
which were sacrificed at 49 and 70 days indi- 
cated that, at least with this treatment, the 
thyroid pathology is not quickly reversible. 
The same adjuvant combination injected in- 
traperitoneally rather than into the foot pads 
and thighs was considerably less efficient. 

(12). 

Although alhydrogel did not elicit thyroid 
lesions when used alone, the simultaneous 
injection CFA did produce lesions in a fair 
number of rats. More importantly, this treat- 
ment elicited the highest titers of antibody 
found in any of the groups studied. 

Since complete Freund adjuvant has been 
the classical adjuvant used in producing thy- 
roiditis and since multiple injections of 
RATE and CFA had previously been shown 
to be effective in the rat (15) the present 
studies were extended to determine the effica- 
cy of multiple injections of CFA and RATE. 
Two injections separated by a 1-week inter- 
val were very effective in producing thyroidi- 
tis especially at  the 14-and 21-day intervals 
(Table 11). However, the index of pathology 
for 28, 35, and 42 days indicates a decrease 
from the values ob'tained at 14 and 2 1  days. 
Thus, there appears to be a diminution of 
thyroiditis over the course of time, in con- 
trast to the finding in those animals treated 
with CFA and pertussis (Table I ) .  The use 
of three separate injections did not appear to 
be any more effective than two injections. 

Finally, variation in the quantity of RATE 
injected was investigated. In  this series of 
experiments rats were injected with an emul- 
sion of CFA and various quantities of RATE 
plus the separate inoculation of pertussis vac- 
cine (Table 111). The results indicate that 6 
mg of RATE, the amount used in all previous 
experiments, was the optimum dosage. The 
use of twice this dose did not improve the 
severity or incidence of thyroiditis. 

Discussion. Previous studies on experiment- 
al thyroiditis have shown that except under 
unusual circumstances (6-9) some type of 
adjuvant must be employed to produce the 
disease with homologous thyroid extracts. Re- 
sults of the present experiments confirm ear- 
lier studies of thyroiditis in other species and 
extend them to the rat. 

An emulsion of RATE and incomplete 
Freund adjuvant, lacking Mycobacteriuw tu- 
berculosis, was ineffective in inducing thy- 
roiditis. Similarly, a mixture of aqueous per- 
tussis vaccine and RATE was also ineffective. 
This situation differs from that in allergic 
encephalomyelitis where pertussis vaccine 
plus nervous-tissue extract produces a hy- 
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TABLE 11. The Effect of Multiple Injections of Rat  Thyroid Extract in  Coniplete F r e u d  
Adjuvaii t. 

Hemagglutination 
titer (log2) Thyroid histology 

Index of Number of Duration 
injections (days)" Mean Range 0 + 2+ 3+ 4+ pathology 

_ _ _ _ ~ - ~ ~ -  

2b 14 5.6 47-7 2 1 1 1  1.8 
21  5.3 4-9 5 1 1.3 
28 7.0 4-1 0 1 1 0.5 
35 6.3 5-8 1 2  0.8 

- 3 1.0 42  

3' 35 6.2 4-8 2 5 1  0.9 

- 

Indicates tlie iiuinber of clays after tlie initial injectjoii. 
Iiijections were adininistereil on days 0 and 7. 
' Injections were ndininistered on days 0, 9, m c l  23. 

peracute form of the disease (16). Whereas 
each of these adjuvants used alone gave nega- 
tive results, we found that a combination of 
the two was quite efficient in the production 
of thyroiditis. This combination has also been 
used in the production of allergic encephalo- 
myelitis ( 17, 18). These findings confirm ear- 
lier studies which indicated that oil-in-water 
emulsions are not the sole requirement for 
production of thyroidi,tis. (5, 15) .  

Although complete Freund adjuvant 
(CFA) used alone induced thyroid lesions, 
the results of individual experiments were 
inconsistent, as previously reported ( 1 2 ) .  
The addition of a separate injection of per- 
tussis vaccine to this regimen, however, re- 
sulted in the most consistent production of 
severe thyroiditis of all adjuvants tested. 
Like Paterson and Drobish (1 1) ,  we ( 1 2 )  
have noted the marked enhancement of thy- 

TABLE ITI. The Effect of Dose 

roiditis with the inclusion of pertussis vac- 
cine. Even with this combination of ad- 
juvants there was a striking difference noted 
when the route of immunization was altered. 
Foot-pad injections elicited severe thyroiditis 
but intraperitoneal injection of the same ma- 
terial proved to be a very poor method of 
inducing this disease. 

These studies show that the efficacy of a 
CFA-RATE emulsion can be improved by 
the use of two or three spaced injections. The 
use of multiple injections of such an  emul- 
sion in rats has previously been advocated by 
Jones and Roitt (15). Even with the in- 
creased number of injections the results were 
not as satisfactory as with the pertussis-CFA 
combination. Another noteworthy difference 
between these two adjuvant regimens was the 
fact that even with repeated injections the 
incidence and severity of lesions appeared to 

of Ra t  Thyroid Extract Used." 

Hemagglutination 
titer Thyroid histology 

Amount of - Index of 
RATE (mg)  Mean Rniige 0 +- + 2+ 3+ 4+ pathology 

0.3 0 0-0 4 
3.0 1 .o 0-4 1 3 
6.0 1.2 0-4 I 4 1 

1 2 . P  0.8 0-5 2 1 2 1 

0 
1.7 
2.0 
1.5 

a The RATE was administered as an eniulsioii with coniplete Frcund :idjuv:wt; each r a t  also 

a The volume of complete F r r u i i i l  ndjuvant used in  tliis experiiiicwt, was 0.4 nil; i n  all other 
received a separate injcvztioii of 0.5 nil pei%ussis vaccine. 

cxperiinents i t  was 0.2 ml. 
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decline with time. This confirms the earlier 
observations of Jones and Roitt (15) who 
also reported reversibility of thyroiditis in 
rats. However, with pertussis added to a sin- 
gle injection of CFA and RATE, lesions w.ere 
present even 70 days after injection with no 
reduction of severity. 

In  studies of rabbit thyroiditis it has been 
shown that alum-precipitated homologous 
thyroid extract elicited antibody formation 
but no lesions. Addition of mycobacteria or a 
complete CFA emulsion to the alum prepara- 
tion, however, elicited lesions as well as anti- 
body (5,  10). Results of present investiga- 
tions using the adjuvant alhydrogel, which is 
comparable to alum precipitation, are similar 
but not identical. Alhydrogel alone elicited 
nei,ther lesions nor antibodies. Addition of 
CFA to the treatment elicited a slight degree 
of thyroiditis. Interestingly, this combination 
elicited the highest level of circulating thy- 
roid antibodies found in our studies. Previous 
work also showed that the combination of 
alum and CFA elicited very high titers of 
antibody ( 10). 

Finally, an experiment was performed to 
quantitate the amount of RATE required to 
induce thyroid lesions. A combination of 
CFA and pertussis adjuvants was employed. 
The amount of RATE used in all preceding 
experiments was 6 mg. Use of either half or 
twice this amount gave very similar results. 
However, 0.3 rng elicited neither antibody nor 
lesions. Jones and Roitt (15) ,  with purified 
thyroglobulin rather ithan the crude saline 
extract used in these studies, found that they 
needed slightly less than this amount to in- 
duce thyroditis but the values were within 
the same range. 

Summary. Use of either incomplete 
Freund, alhydrogel, or pertussis vaccine as 
adjuvants together with rat thyroid extract 
(RATE) elicited neither antibodies nor thy- 
roiditis when injected in,to Lewis rats. A com- 
plete Freund adjuvant emulsion with RATE 
gave inconsistent results. Multiple, spaced in- 
jections of such an emulsion elicited a severe 
thyroid reaction. Combination of pertussis 

vaccine with either incomplete Freund ad- 
juvant or alhydrogel elicited moderate thy- 
roiditis. The most marked thyroiditis was ob- 
tained using a combination of CFA and 
RATE emulsion and a separate injection of 
pertussis vaccine. 
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