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Since the first application of effective goitrogens, numerous authors
have been engaged in the experimental induction of thyroid tumours. Biet-
schowsky [4], later Hall [13] and Paschkis et al. [21] administered in addi-
tion to the goitrogens acetylaminofluorene for that purpose and succeeded in
accelerating thyroid tumour development in rats. According to Gorbman [11],
no such effect of acetylaminofluorene can be seen in mice.

The view has been generally accepted that a low iodine diet and the
administration of goitrogens cause tumour formation by reducing the level
of thyroid hormones in the blood and thereby increasing the thyrotrophic
hormone production of the anterior pituitary [5, 24, 15, 19].

The action mechanism of the carcinogen used simultaneously with the
goitrogens has not been satisfactorily explained (Napalkov, 20). Esmarch
[7] induced thyroid tumour by injecting methylcholanthrene directly into
the thyroid. 9-10 dimethyl 1-2 benzanthracene used in combination with
goitrogens also produced thyroid tumours (Gnatishak, 10).

In the present studies the various phases of thyroid tumour development
have been examined by morphological and biochemical methods. A low
iodine diet, a goitrogenic substance and 2-acetylaminofluorene (2-AAF)
were applied simultaneously to induce cancer, and the individual effects of
the above-mentioned factors have been examined separately.

Methods

In the course of the experiments 185 inbred albino rats of the Debrecen and CB strains,
of both sexes, each weighing 130 g on the average, were used. Their age ranged between 2%
and 4 months. They were divided in 5 groups. Group 1 served as a control. Group 2 was main-
tained on alow iodine diet as described by Hal1 [13]. Group 3, in addition to the diet, received
drinking water containing 0.01 per cent4-methyl-2-thiouracil (MT) and food made up with such
water throughout the experimental period. Group 4 received, in addition to the low iodine diet,
2.5 mg 2-AAF suspended in water through a stomach tube three times weekly during the first 6
weeks of the experimental period. After the initial 6 weeks only the diet was maintained. Group
5, the largest of the lot, was maintained on a low iodine diet following the initial 6-week 2-AAF
treatment and was in addition treated on the same lines as Group 3 (see Table 1)

Starting three months after beginning the experiments, rats belonging to the various
groups were killed at intervals of 4 to 6 weeks. Their thyroid glands were weighed and worked
up partly for biochemical, partly for histological examination. One hour before killing the
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Table 1
Group Type of Treatment No. of Animals

| CONTrOIS s 20
2 low iodine diet .., 10
3 low iodine diet -f- M T .o, 25
4 low iodine diet -f 2-AAF (for 6 weeks) 30
5 2-AAF (for 6 weeks) + low iodine

diet -f- M T 100

animals, 50 [Jc 131l was injected into the tail vein. In the course of the histological preparation
the thyroid glands were fixed for 48 hours in 4 per cent neutral formalin orice-cold acetone and
subsequently embedded in paraffin. Sections 7—8 [i thick were made and autoradiographic
pictures taken of the unstained specimens. Subsequently the specimens were stained with hae-
matoxylin-eosin. Simultaneously the periodic acid — Schiff (PAS) reaction and in some cases

Cpm.

1000.

500-

Fig. 1. Radiochromatogram of butanol extract of rat thyroid. Colums represent the radio-
activity of different parts of the chromatogram (cutting 1 cm. in width). TG — thyreoglobulin,
I- — inorganic iodine and iodide, JT — iodthyronines
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Gomori’s alkaline phosphatase reaction, Kossa’s calcium reaction and Gomori’s silver impreg-
nation were applied.

Histological work usually lasted a week. It was found that the correct exposure time for
autoradiographs of the section was 24 hours. It was noted during the autoradiographic proc-
ess that in the course of histological preparation (alcoholic-aqueous treatment) all the
active materials contained in the thyroid sections were dissolved with the exception
of those bound to protein. The radioactivity traces shown in the autoradiographs mark the
1311 built into the thyroglobulin.

For biochemical work a minimum of 30—40 mg of thyroid tissue is required. Such a
guantity was not usually available from a single rat, so the thyroid glands of 2—3 animals
belonging to the same group were worked up simultaneously. The thyroid glands were homoge-
nized in 0.5 ml of distilled water to which was added one drop of saturated Na2520 3. The pH
of this mixture was set to 3 by adding HC1. Subsequently the mixture was extracted three times
each with 5 ml of butanol. The combined extracts were evaporated, paying attention all the
time to prevent the temperature rising over 40°C. The residue was taken up in 0.2 ml of
ethanol.

The material obtained was subjected to chromatography according to Gross and Pitt-
Rivers [12], Taurog, Chaikoff and Tong [27] and Tong, Taurog and Ciiaikoff [28].

0.1 ml of the residue dissolved in ethanol was chromatographed on Schleicher and Schiill
paper No. 2043/b in n butanol—dioxan —2n ammonium hydroxide, 4 : 1 :1, at 19°—20° C.
The chromatograms were stained with ninhydrin and cut up into rectangles measuring 1 cm
by 4 cm. The radioactivity of each of these rectangles was determined by an end-window GM
tube with the positions kept constant throughout. The number of transmutations per rectangle
per minute (Cpin) was expressed in the percentage of the Cpm for the whole chromatogram.

The chromatogram can be divided into three characteristic areas from the point of view
of radioactivity. These are:

(1) At the spot where the material had been applied, the portion between Rf —0.05
and -fO.05 corresponds to the thyroid protein remaining at the start line (TG).

(2) The activity at Rf 0.4 constitutes the area of the inorganic iodide and iodine.

(3) The activity at the area between Rf 0.45 and 1 contains the iodine compounds with
thyronine structure and various other non-determined iodine compounds. As characteristic of
thyroid function has been considered the ratio of the activities of areas No 1 and No 2 [18]
(Figs. 1 and 2). Fig. 2 indicates that in spite of the wide scattering, in most control animals the
amount of inorganic 131l did not significantly exceed that of 131 built into TG. A functional
alteration was inferred to in case of a significant change in the relation TG/I.

Percentual distribution of 113" activity in butbanotic exracf of
untreated rat thyroids

Percentual distribution of /131 activity

43119* Ne TG U' JT Ne TG J' JT
126 47 15 11 39 33 17

2 78 7 7 12 22 45 25

3 49 25 12 13 52 25 21

27113 4 29 36 19 14 54 18 22
22H2' 5 38 30 22 15 38 10 43

6 48 25 12 16 35 14 41

7 40 26 20 17 20 33 39

8 86 3 2 18 21 36 45

9 62 26 12 19 15 37 33

TG JJT 10 34 51 18 20 54 8 24

*SD = Standard Deviation

Fig. 2. Characterisation of thyroid function by the ratio of activities of the three areas
(TG, J-, JT)
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Results

The thyroid glands of the control rats maintained on a normal diet
weighed 10to 18 mg, and were composed of wide follicles filled with homogeneous
eosinophilic colloid and lined with low cuboidal epithelium. The autoradio-
graph showed intensive focal 13U uptake corresponding to the follicular areas
(Figs. 3a, b). The ratio between the respective activities of thyroglobulin,
iodide, and iodine compounds with thyronine structure is shown in Figs.
1 and 2. Specially characteristic of thyroid function is the ratio between
the iodide built into TG and the unbound inorganic iodide. Under normal
conditions the radioactivity ofunbound 1311 does not exceed the radioactivity
of the 13l built into the thyroid proteins.

As aresult of the low iodine dietthe weight of the thyroid gland increased
moderately, to 12—56 mg, showed diffuse hyperplasia, with acini lined with high
cuboidal epithelium and containing little or no colloid. According to the
autoradiograph, 131l uptake slightly decreased but corresponding to the retained
follicular structure the distribution of radioactivity was of focal character
(Figs. 3c, d). The paper chromatogram indicated a slight decrease in the amount
of 131l built into thyroglobulin.

Under the effect of MT the weight of the thyroid gradually increased
(70— 400 mg) and pronounced diffuse hyperplasia occurred. The follicular
epithelium became high cuboidal and then vacuolated cylindrical. The follicles
were constricted and practically free of colloid. In the enlarged glands extensive
vascularisation occurred. During the observation period of more than 400
days a circumscribed microadenoma was detected in one rat of the 22 belonging
to this group.

The autoradiographs showed decreased and rather diffuse radioactivity
which had lost its follicular character (Figs. 4a, b). According to the chromato-
gram, no 131l was built into TG (Fig. 5a), the quantity of inorganic iodine
was several times that of 131l built into TG.

On treatment by 2-AAF in combination with a low iodine diet the
weight of the thyroid moderately increased (16—80 mg; mean, 48 mg).
The follicular structure disintegrated in some areas, the epithelium of the
persisting follicles was high and cuboidal, as in Group 3, but contained some
colloid. 131l incorporation was intense. Later on the epithelium underwent
desquamation in many places and a number of acini became poor in colloid.
In other places, basophilic concrements of concentric structure appeared in
the dilated follicles; these concrements gave a positive Kossa’s reaction and
a negative one after decalcination. The rate of 131l incorporation hardly
decreased in spite of the morphological changes (Figs. 4c, d).

Paper chromatography showed a slight decrease in 13l incorporation,
and a slight increase in inorganic 13l uptake (Fig. 5h).
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Figs. 3a and b. Thyroid of control rat: a — histological picture: wide follicles filled with homo-
geneous eosinophilic colloid and lined with low cuboidal epithelium. H. E. 85 X b — auto-
radiograph: intensive focal 131l uptake corresponding to the focal areas
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Figs. 3c and d. Thyroid of rat kept on low iodine diet (No. 9, duration of experiment: 118

days), ¢ — histological picture: diffuse hyperplasia, with acini lined with high cuboidal epi-

thelium containing little or no colloid. H. E. 85 X d — autoradiograph: slightly decreased
131l uptake showing normal follicular distribution
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Figs. 4a and b. Thyroid of rat treated with MT (No. 28, duration of experiment: 258 days)

a — Histological picture: pronounced diffuse hyperplasia. Constricted follicles lined with

high cuboidal epithelium and free of colloid. H. E. 85 X b — autoradiograph: decreased
diffuse 1311 uptake
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Figs. 4c and d. Thyroid of rat treated with 2-AAF. (No. 16, duration of experiment: 258 days).

a — Histological picture: disintegrated follicular structure. The epithelium of persisting folli-

cles is high cuboidal. In some areas the epithelium is desquamated or shows a fibrous swelling.

In other places concrements of concentric structure containing calcium are seen in colloid-

free dilated acini. H. E. 85 X d — autoradiogram: hardly decreased 131l uptake showing
some loss of follicular character
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Fig. 5. Percentual distribution of total activity in areas TG, J" and JT of radiochromatograms,
after treatment with a — MT, 6 — 2-AAF, ¢ — MT and 2-AAF, d — MT, 2-AAF and thyroxin

Under the combined effect of 2-AAF, MT, and a low iodine diet the
weight of the thyroid increased with the duration of treatment (44 to 720 mg;
mean 232 mg). As early as 200 days after the beginning of treatment, micro-
adenomata, often a number of them, appeared in the hyperplasie environment.
The environment often showed extensive round-cell infiltration, indicating
previous tissue damage. The microadenomata were composed of follicles of
varying size, lined by high cuboidal or cylindrical epithelium with nuclear hyper-
chromasia and a homogeneous eosinophil cytoplasm, and some of them con-
tained a faintly eosinophilic PAS-positive colloid and desquamated epithelial
cells, while some others were empty (Fig. 6a).

Later on some follicles of the adenomata became cystically dilated and
the lining showed papillary proliferation. Such follicles were generally empty
though some contained pale colloid.



276

K. LAPIS and L. VEKERDI

Figs. 6a and b. Thyroid ofrat treated with 2-AAF and MT (No. 61, duration of experiment:
258 days), a — histological picture: diffuse hyperplastic environment with adenomatous
node composed of intensely stained wide follicles with high cuboidal or cylindric epithelium.
Some follicles contain faintly stained eosinophilic colloid. H. E. 85 X b — autoradiograph:
intense diffuse 131l uptake in the hyperplastic thyroid tissue due to the unusual long exposure

No uptake in the adenomatous area
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Figs. 6¢c and d. Thyroid of rat treated with 2-AAF, MT, and with thyroxin —4(10//g s. c. daily
for 35 days and 100 //g s. c. daily for 10 days before killing). (No. 76, duration of experiment:
301 days), ¢ — papillary cystadenoma with hyperchromie high cuboidal epithelium. The
surrounding thyroid tissue is composed of follicles with low cuboidal epithelium and PAS-
positive colloid. T-4 treatment induced the formation of multilayered epithelium and hyper-
chromatic staining of nuclei in the adenoma. PAS-stain, d 85 X — ¢ 190 X



278 K. LAPIS and L. VEKERDI

Radioautography showed practically no indication of 131l uptake in the
adenomata, cysts, or cystadenomata, even if the exposure was significantly
prolonged, in order to intensify the contrast between the adenomata and
their environment (Fig. 6b).

After the lapse of 400—500 days the adenomata were greatly enlarged
and in some places coalescing. They were composed of irregularly shaped,
distorted glandular ducts of varying width, lined by single or multiple-layered
cylindrical epithelium with nuclear hyperchromasia. Some were empty while
some contained colloid. In numerous follicles the epithelial lining formed ra-
mifying papillas proliferating into the glandular ducts. In some places, however,
the epithelium proliferated in the form of solid bundles. Neither atypia, nor
polymorphism, vascular invasion or invasion through the capsule of the
thyroid were observed. The area of adenomatous foci was intensively alkaline
phosphatase positive, in contrast to the surrounding hyperplasie tissue and
to the intact thyroid of the control subjects.

Autoradiography did not show 131l accumulation in this phase.

Paper chromatography indicated a considerable decrease in all phases
of 131l incorporation, with a simultaneous increase in inorganic 131l activity
(Fig. 5c¢). In the cases where the adenoma occupied the major part of the
gland, the 13Ul content was considerably reduced.

In the course of papillary adenoma formation we examined the effects
of suspending MT treatment and thyroxin administration. When MT had been
discontinued for aprotracted period, the weight ofthe thyroid decreased consid-
erably (30—60 mg) and in the areas unaffected by adenomata the hyperplasia
ceased, the follicles were again lined by single-layered cuboidal epithelium and
contained approximately normal amounts of colloid. The adenomata themselves
were reduced in size but retained their characteristic structure.

On the prolonged administration of thyroxin in doses of from 10 mg to
100 mg daily for 160 days, the follicles in the adenoma-free areas dilated, their
epithelium was low cuboidal, and the lumina contained strongly PAS-positive
colloid. The adenomata became reduced in size. Following massive doses of
thyroxin, the papillary cylindrical epithelial lining of the adenomata became
multiple-layered, with an increase of nuclear hyperchromasia. There was marked
alkaline phosphatase positivity in the adenomatous areas. Out of seven cases
in none was a regression or disappearance of the adenomata noted following
the prolonged administration of thyroxin (Fig. 6c, d).

The administration of thyroxin greatly reduced the 131l uptake. In accord-
ance with the well-known effect of thyroxin, paper chromatography showed
a great decrease of 1!l incorporation. The inorganic 13Ul uptake was slight so
that the gland as a whole became poor in iodine (Fig. 5d).
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Discussion

The formation of experimentally induced thyroid tumours is generally
attributed to the prolonged TSH overproduction by the anterior pituitary,
irrespective of the mode ofinduction [13, 24, 15, 8]. The TSH overproduction
is brought about by the reduction of the serum thyroxin level in all the carcino-
genic methods used. On similar lines, regression of thyroid tumours was achieved
by the administration of thyroid hormones. Further, Purves et al. [22, 23]
described the involution ofapulmonary metastasis of thyroid tumour following
the administration of desiccated thyroid gland. Bielschowsky and Griesbach
[6] administered 5 /ig of d,1-thyroxin per 100 g of body weight during the last
three weeks of the experimental period and observed a complete regression
of the MT-induced thyroid hyperplasia and the proliferation of basophilic cells
in the pituitary. The response was different to 2% fig of d,1-thyroxin daily,
which amount constitutes the normal daily requirement of healthy animals.
This caused a regression of the thyroid changes while if 2-AAF was adminis-
tered in addition, such regression did not occur. It therefore seems that 2-AAF
causes a kind of change in the thyroid, which cannot be reversed by the low
thyroxin dose corresponding to the normal daily requirement. The nature of
this change has not been clarified.

Some authors hold the contrasting view that the administration of thy-
roxin or thyroid tissue is not only inadequate for causing the regression of
existing adenomata, but in some cases can even lead to their malignant trans-
formation [16, 10].

In the course of our own experiments the prolonged administration of
thyroxin causing the inhibition of excessive TSH. secretion failed to bring
about the regression of the adenomata and, in fact, led to their increased pro-
liferation. As aresult of this treatmentthe hyperchromasia of the cells increased,
the epithelial lining became multiple layered and entered papillary prolifera-
tion and the alkaline phosphatase positivity increased, in the adenomata.

At the same time the effect of thyroxin was clearly observable in the areas
unaffected by adenomata. In these areas the epithelial lining assumed a cuboidal
form and the dilated follicles became filled with PAS-positive colloid.

Most authors observed a high rate of adenoma formation in the animals
treated with thiouracil derivatives [22, 23, 20, 17]. For instance, Money
et al. [16] found 100 per cent adenomata after 500 days of thiouracil treat-
ment.

We, on the other hand, found in the 500-day observation period a single
case of microadenoma formation among the surviving 25 animals maintained
on a low iodine diet containing MT.

For increasing the carcinogenic potency of MT Bielschowsky [4]
applied 2-AAF. The result was a frequent and early adenoma formation. His

0 Acta Morphologica XI/2.
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results have been confirmed by numerous authors [13, 21, 26, 1, 20]. According
to Harr [13], under the effect of 2-AAF latent neoplastic cells are formed in
the thyroid and it is from these cells that tumour formation later starts under
TSH stimulation evoked by goitrogens [13, 14]. Berenbilum [3, 6] regards
these results as yet another proof of his two-phase theory of carcinogenesis.
Napalkov contests this view [20], on the basis that such a correlation cannot
possibly exist between the two drugs because either act as carcinogenic agent
in the context of the thyroid.

In the course of the present experiments the administration of 2-AAF in
itself has been found not to impair thyroid function considerably although
it caused extensive morphological changes. This finding corresponds to Biel-
schowsky’s Observation according to which following 2-AAF treatment con-
siderably higher thyroxin doses are required for the inhibition of TSH secretion.
This would mean that 2-AAF treatment does not diminish thyroid function
and, in fact, would in some cases increase 131l incorporation.

In the present material exclusive 2-AAF treatment did not produce
tumour formation in any one of 30 animals, on combined treatment (2-AAF MT),
however, adenoma formation occurred in all animals surviving for 5 months.
This means that under the effect of this combined treatment adenomata
had developed at an earlier date, in greater numbers and in all the treated
animals.

There is a fundamental difference between the action mechanisms of the
two agents. 2-AAF, although causing considerable tissue damage, does not
significantly influence thyroid function. MT, on the other hand, deeply influ-
ences thyroid function without causing serious anatomical changes. The
intensification and acceleration of tumour formation is the sum of the two
effects.

The administration of 2-AAF in small doses and for short periods is only
followed by tumour formation if it is accompanied by some other chemical or
hormonal carcinogenic effect over a prolonged period. This is the explanation
which can be offered concerning the tumour-like structures in the ovaries of
some animals which had received combined treatment. It is well known that
MT does not only cause TSH overproduction but FSH overproduction, too,
on a smaller scale. This associated FSH overproduction in combination with
the effect of 2-AAF provides the explanation for the focal proliferations and
tumour-like structures in the ovaries.

Similarly can be interpreted the observation that if the administration
of 2-AAF is followed by paradimethylaminoazobenzene treatment, liver tu-
mours occur, while if the administration of 2-AAF is followed by croton oil
painting of the skin, the development of skin tumours and the acceleration of
the development of such tumours, respectively, ensues as a result.
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Summary

Morphological, histochemical, autoradiographic and biochemical examinations
have been carried out in various stages of experimental thyroid cancer induced in rats kept on
a low iodine diet by the administration of 2-acetylaminofluorene and 4-methyl-2-thiouracil.

The low iodine diet alone caused moderate hyperplasia. Low iodine diet and methyl
thiouracil resulted in extensive diffuse hyperplasia. Thyroid activity was greatly reduced in
both these groups and more diffuse than focal in character.

Acetylaminofluorene produced tissue damage but hardly influenced thyroid function.

None of the factors by itself induced tumour during the 400 days of observation.
Combined treatment (low iodine diet + acetylaminofluorene -f- methylthiouracil), brought
about adenomata in all animals in about 250 days. According to the autoradiographs there was
practically no 131l uptake in the area of the adenomata.

The following morphological stages could be distinguished in the induced tumours (i)
Aspecific tissue damage (due to acetylaminofluorene). (ii) Diffuse hyparplasia (due to prolonged
TSH overproduction caused be methylthiouracil). (iii) Multiple microadenomata, (iv) Papillary
adenomata and cystadenomata.

Following the intravenous injection of 50 fie of 131l, the amounts built into the thyroid
proteins and inorganic iodine were separated by paper chromatography. The ratio of the two
fractions seemed to be characteristic of thyroid function. Acetylaminofluorene brought about
marked morphological changes but did not considerably influence the ratio of the two 131l
fractions. Methylthiouracil diminished the incorporation of 131l with the parallel increase of
the inorganic fraction. Little, if any, 131l was incorporated by the adenoma developing as a
result of the combined treatment.

None of the animals receiving combined treatment developed a malignant tumour
within 500 days. On the other hand, the adenomata lost their hormone dependence as seen from
the fact that regression could be achieved neither by discontinuing methylthiouracil treatment
nor by the administration of high thyroxin doses. No 131l was incorporated by the adenomata
although they contained colloid. This colloid was obviously different from that present in nor-
mal thyroids.
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MAPAJNTNENIbHBIE TUCTONOIMMYECKNE, ABTOPAANOIPA®PUNYHECKUE W BUNO-
XUMWYECKUE NCCNEAOBAHNA KAPLUWHOIMEHE3A WWTOBUAHOW
XXENE3bI

K JIAr v /1. BEKEPOW

1 MpoBogunncb cpaBHUTENbHbIE TUCTONOrNYECKMe, aBTopaguorpadmyeckme u 6mo-
XUMUYECKUNE WCCNef0BaHNSA Ha KpbiCaX B pa3IMYHbIX CTaAMAaX KapumoreHesa LUTOBUAHOM
Xenesbl.

Onyxonu BbI3bIBAINCh Y KPbIC MPY PeXKMMe MUTaHWUA C HeLOCTaTKOM Moja W OfHOBIe-
MEHHbIM BBefeHNEM 2-aueTun-amnHodgioopeHa (2—AA®D) n  4-metun-2-tnoypauuna (MT).
OhheKT OTAENbHbIX BO3AEACTBUIA MCCNefoBasica TakXe 060C06/1eHO.

2. BeegeHne 2—AA® camo Mo cebe HM B OLHOM Ciydae He BbI3blBa/lo 06pa3oBaHus
onyxonu. Cpeay >XMBOTHbIX, COAEPXaHHbIX NPW peXxumMe NUTAHUSA C HeLOCTATKOM woja wu
nonyumnswnx MT B TedeHne 500 AHEBHOro neproga, BCEro NNLLb B O4HOM C/lydae Habnwaanocb
obpa3oBaHVe MUKPOaLeHOMbI.

B cnyyae KOMOGMHMPOBaAHHOIO BO3LENCTBUS YXKe HauMHasA ¢ 5 Mecaua y BCeX XUBOTHbIX
06bpasoBanncb aJeHOMbI.

3. 2—AA®, HecMOTpPsi Ha MOpaXKeHWe TKaHel, He OKasas CYyLeCTBEHHOro BAUSHUSA
Ha (QYHKUWIO LWWTOBUAHOW >Kenesbl. MT, B 3HAUMTENIbHOW Mepe UW3MeHsieT  (PYHKLMIO
LWMTOBNAHONM >kenesbl 6e3 TsHKenblX MOPKONOrnYeckMx mn3MeHeHWA. O6pas3oBaHWe 0Nyxonu
ABNAETCA pPe3y/bTaTOM COBMECTHOro adpeKta ABYX BO3AENCTBUIA pasNMYHOro Tumna.

4. TpojomknTenbHOe BBefeHWe 60MbLUMX [03 TUPOKCMHA He BbI3blBasI0 06paTHOro
pasBuTUA afeHoM.

PARALLELE HISTOLOGISCHE AUTORADIOGRAPHISCHE UND BIOCHEMISCHE
UNTERSUCHUNG DER SCHILDDRUSENKARZINOGENESE

K. LAPIS und L. VEKERDI

1. Vergleichende histologische, autoradiographische und biochemische Untersuchungen
wurden an Ratten in verschiedenen Stadien der Karzinogenese der Schilddriise vorgenommen.

Die Geschwiulste wurden bei an jodarmer Diat gehaltenen Ratten mittels Verabreichung
von 2-Acetylaminofluor (2-AAT) und 4-Methyl-2-thiouracil (MT) hervorgerufen.

2. Die Behandlung mit 2-AAF allein fuhrte in keinem einzigen Fall zu Geschwulst-
bildung. Unter den an jodarmer Diat gehaltenen und mit MT allein behandelten Tieren wirde
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wéahrend der 500tdgigen Beobachtungszeit nur in einem einzigen Fall die Bildung von Mikro-
adenomen festgestellt.

Bei kombinierter Behandlung hingegen traten Adenome bereits nach 5 Monaten bei
samtlichen Versuchstieren auf.

3. Die Behandlung mit 2-AAF hat trotz der Gewebsschédigung die Schilddrisenfunk-
tion nicht wesentlich beeintrachtigt. Die Behandlung mit MT rief jedoch eine tiefgehende Ver-
anderung der Schilddrisenfunktion hervor, ohne schwere morphologische Schadigungen zu
verursachen. Die Geschwulstbildung war das Ergebnis der Summation der zwei verschiedenen
W irkungsarten.

4. Chronische Verabreichung hoher Thyroxindosen bewirkte keine Ruckbildung der
entstandenen Adenome.

Dr. Karoly Lapis

Budapest XI1l. Rath Gy. u. 5., Hungar
Dr. L&szl6 Yekerdy P y gary
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