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Literature contains many reports to show that chronic treatment of
mice and rats with methylthiouracil (MTU) induces the growth of adenomas
and carcinomas in the thyroid gland through the mechanism, inhibited synthe-
sis of thyroxin — increased synthesis of thyrotropin in the adenohypophysis —
—>thyroid hyperplasia [1, 2, 17, 19, 20, 21, 30, 31]. Increased synthesis of
thyrotropin is known to manifest itself morphologically with an excessive
proliferation of the “thyrotrophic” cells of the pituitary, and that adenomas
consisting of characteristic “thyroidectomy ’-cells may develop [2, 3, 9, 10,
11, 12, 13, 22, 24, 26, 27].

Both forms of tumour represent typical examples of hormonally induced
neoplastic growth, the above-said hormonal, i.e. humoral factor presumably
playing a decisive pathogenetic role.

We have found that autologous and — after adequate conditioning
even homologous transplants of rat thyroid are both morphologically and
functionally nearly equivalent to the thyroid gland in situ [4, 5, 6].

The aim of the present investigations was to establish whether methyl-
thiouracil treatment would produce the same indirect blastomatogenic effect
on thyroid tissue in situ as on heterotopic, transplanted thyroid tissue. As a
secondary aim, it was intended to study the development of hypophyseal
adenomas as also the occurrence of tumours reported to arise from the Zymbal
glands in the course of chronic methylthiouracil treatment [25, 29].

Material ami inetlioil

Fifty-seven male albino rats (of a non-inbred W istar strain) of 170 to 190 g body
weight, raised on a mixed non-standard diet, were used in the experiments. After removing
the right lobe of the thyroid gland under sterile conditions, as described earlier [4], we implanted
it under the skin of the back during the same session. Administration of methylthiouracil
(Basethyrin, Richter, Budapest) was started two weeks after the operation. Six times weekly,
a daily dose of 0.01 g was mixed to a small amount of food, and the animals were not allowed
to eat their full daily ration until having first consumed the mixture. The rats were kept in
cages, two in each.

The animals were weighed every month. Rats losing weight and those found to be ill
were exsanguinated in ether anaesthesia and dissected. The first animals were killed on the
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155th day, and the last seven on the 678th day, irrespective of their condition. Forty-one
animals received methylthiouracil for more than 400 days. Not only the transplants and the
thyroid in situ were studied histologically, but — in the later course of the experiment —
the pituitary, the salivary glands, Zymbal’s gland, the kidney, lung and occasionally other
tissues as well. The removed organs were fixed in a 10 per cent solution of neutral formalin,,
the pituitary glands in a mixture of formol and mercury bichloride. We made serial sections
of both the transplanted and the remaining thyroid glands; the latter were worked up together
with the larynx and the trachea.

Resits

Both the autologous transplant and the remaining thyroid grew to a
multiple of their original size. The measure of enlargement was usually pro-
portional to the time of treatment, so that it was most pronounced in animals
sacrificed on the 678th day (Fig. 1). The size of the transplant was 3 to 20
times that of the originally transferred fragment of thyroid tissue. Nodulation
of the surface, an indication of neoplastic growth, was frequent in both the
transplanted and the remaining glands.

Cachexia, making us to kill the animals, was mostly (in 34 cases) due to,
usually bilateral, multilobar multiplex bronchiectasic abscess and consequen-
tial pneumonia. Autopsy failed to reveal the cause of cachexia in 10 animals,
in 4 of which we found exceedingly large hypophyseal adenomas. Nine animals,
showing no signs of cachexia, were sacrificed according to plan at the termi-
nation of the experiment. Cachexia was due to spontaneous malignant tumour
in 4 animals; three were cases of mesenteric lymphosarcoma, the fourth a
skin cancer in the scapular area with metastasis in the axillary lymph node.
(All spontaneous malignancies observed in our rat colony were mesenteric
lymphosarcomas.)

Histological analysis revealed tumours in 78.9 per cent of the thyroids
in situ, and 43.8 per cent of the autologously transplanted lobes. The tumours
belonged to various types; none of them showed pronounced histological or
biological malignancy. Their number per animal varied from one to six. It
was not merely in respect of the incidence of tumours that there was a difference
between the transplanted and the remaining thyroid tissue; they were different
also in respect of the time at which the tumours began to appear. They were
observed as from the 400th day in the glands in situ (Table 1).

The quantitative and the chronological discrepancy are shown together
in Table 2; these differences persisted throughout the experiments.

According to their histological structure, it was possible to divide the
tumours into various types, although transitory forms, too, were observed.

There was no difference between the transplanted and the remaining
thyroid tissue either in respect of the type of the tumour or in that of the type
of hyperplasia encountered in the non-tumorous parenchyma.

'We distinguished the following types of tumour:
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(1) The follicles composing the adenoma differed from those of the sur-
rounding hyperplastic parenchyma only in size, while there was no difference
as regards the nucleus and cytoplasm of the epithelial cells. The nucleus was
clear, had a vesicular structure and contained a conspicuous nucleolus. The
cylindrical eosinophilic cytoplasm was foamy, and many of the lumina con-

Fig. 1 Larynx and trachea of 5 animals killed on the 678th day, and those of a normal rat.

Note considerably enlarged left thyroid lobe, in some cases with nodulous surface. Treated

animals are devoid of right lobe. The hyperplastic left lobe extends from backward to the

right side in animal No. 170, while the site of the right lobe is occupied by the displaced
oesophagus in animal No. 191 V

tained colloid. Flic adenoma was sharply circumscribed but without separate
capsule. This type occurred rarely and showed no connection with the other

types.



358 I. DEVENYI

Table 1

101-200 201-300 301-400 401-500 501-600 601-678 days

0

101-200 201-300 301-400 401S00 501-600 601-678 days

Abscissa, days of treatment. Ordinate, number of animals. White columns tumorous animals,
a = tumour in thyroid gland in situ, b = tumour in graft

Table 2

Abscissa, days of treatment. Ordinate, percentage of tumorous animals. Solid line shows
percentage of tumours in situ, dotted line tumours in grafts2

(2) The follicles composing the adenoma were, as a rule, larger than
those in the non-tumorous tissue, sometimes cystic. Their lumen frequently
contained colloid. The nucleus of the epithelial cells of the follicles was dark,
circular or oval and pressed against the base; the cytoplasm was low', cylindri-
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cal, eosinophilic and homogeneous. This type was the most common. It appeared
in the form of small foci or as a large structure occupying nearly the entire
lobe, — probably the result of a coalescence of several nodes.

(3) This type had developed from the preceding one. It revealed (a)
multifocal haemorrhage and cicatrization; (b) distended veins with thickened
walls, the latter consisting sometimes of nothing but follicles; (c) along
with the development of scars, the follicles became diffuse and gave rise to
large confluent cysts filled with colloid or desquamated, partly calcifying
cells, the tumour was sometimes replaced by a huge cyst; (d) the proliferation
of microfollicular, papillary, sometimes solid or trabecular epithelium was
seen on the outer side of the cyst or growing towards the lumen. Cellsin the solid
parts were polymorphous, contained hyperchromatic nuclei, and divided but
rarely. This type, too, was fairly common; it may be regarded as the regres-
sive and progressive form of the preceding type.

(4) Small, solid tumours composed of polymorphous cells. We observed
this type in 4 cases only.

(5) Tumours composed of cells containing empty vacuoles in their cyto-
plasm, with displaced nucleus, in solid or microfollicular form. We classified
these structures under the head of adenomas in 2 cases only. They occurred
otherwise in the form of small non-tumorous foci.

The ultimohranchial passages did not seem to be connected with the
tumours. Most of the latter arose at the periphery of the lohes, so that a con-
nection of the said kind was improbable also topographically.

A study of the hypophyseal changes was not a primary aim of our ex-
periments, so that they were followed only in the 27 animals which were to be
treated longer than 500 days. We found in 11 cases circular or oval, sometimes
slightly lobate adenomas, between 3 and 7 mm in diameter. Invasive growth
was not observed, the tumours impressed the base of the brain, and the sella
appeared to have become broader and deeper. At cross examination there
was a symmetrical enlargement of the pituitary in 16 cases. Histological
examination revealed microadenomas in 9 of these glands, a diffuse prolifer-
ation of “‘thyroidectomy” cells (chiefly in the central portion of the anterior
lobe) was observed in the other 7 cases. Thus methylthiouracil-treatment of more
than 500 days induced adenoma in 20 out of 27 animals, i.e. in 74 per cent.

Some animals had hypophyseal tumour without simultaneous thyroid
adenoma, so that no connection between the two seemed to exist.

The observed adenomas consisted of PAS-negative “thyroidectomy”
cells with vacuolated cytoplasm; apart from signs of degeneration (necrosis,
haemorrhage), marked polymorphism, giant cells and many mitotic forms
were seen in large tumours.

Tissue from two hypophyseal adenomas, found on the 678th day, was
homologously transplanted to white rats, [»art of which had previously been8

8 Acta Morphologicu XI1/3.
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thyroidectomized. The transplants took in all cases and were studied histo-
logically after 21 and 42 days. Their size was not larger than that of the ori-
ginal grafts. We found groups of tumour cells surrounded by infiltrations;
the cells were like the “thyroidectomy” cells of the original tumours.

Discussion

Chronic methylthiouracil-treatment has been found to induce adenomas
more frequently and within a shorter time in the original than in the auto-
logously transplanted thyroid tissue. This result was surprising, since what
we expected was that tissues removed from their natural milieu would he
governed by a changed mechanism which, in its turn, would result in an
increased lability of cell-metabolism and render the transplanted tissues
more susceptible to tumorous transformation in cases of excessive stimuli
affecting their metabolism.

In connection with the thyroid, hormonal and neural influences are of
prime importance. Of course, only changes in neural regulation have to be
taken into account in cases of autologus transplantation, since the possibility
of hormonal influence is undisturbed if the transplant has taken, as has been
proved in earlier experiments [4, 5, 6].

In order to be able to explain why the remaining gland is more likely
to develop tumours than the transplanted thyroid tissue, we have to examine
the functional value of the latter and find out whether it is equivalent to the
thyroid tissue in situ. As regards histological structure, both presented exactly
the same picture during the entire experimental period. They were identical
also in respect of methylthiouracil-induced hyperplasia as well as of the types
to which the subsequent adenomas belonged. Transplanted and in situ tissues
seemed to have the same functional value. This was in agreement with the
results of earlier experiments [4] in which cortisone-conditioned thyroidectom-
ized host animals with a homologous thyroid graft had shown normal
development even after the lapse of 1 or 2 years. Examining the functional
value of the homograft by means of radioiodine [5] as also on the basis of the
response to endogenous TSH-stimulation [6], we found it approximately
equivalent to that of the normal thyroid gland.

The diminished tendency of transplanted thyroid tissue to respond to
blastomatogenic stimulation cannot, therefore, be due to reduced viability.

It was solely in innervation that we observed a difference between the
two differently located tissues. Although the available literature does not
contain data concerning a correlation between the innervation of thyroid
tissue and its morphogenetic properties, the explanation of our results must
nevertheless lie along this line. There are reports ot show that, by changing
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the trophic conditions of tissues, it is possible to influence the growth of ex-
perimental tumours, and that by a transection of the sensory nerves it is
possible to prevent the development of malignancy [14]. The reduced tendency
of the grafts to neoplastic growth, as observed in our experiments, may have
been due to their non-physiological trophic innervation.

Studying the genesis of tumours in autologous thyroid grafts, Doniach
and Logothetopoulos [7] failed to find neoplastic growth after methyl-
thiouracil treatment for 16 months.

Thyroid hyperplasia and adenoma, as induced by treatment with methyl-
thiouracil, has formed the subject of many reports [2, 16, 17, 20, 28]. Since
the growth of adenomas is not directly caused by methylthiouracil, other
factors which promote TSH synthesis (e.g. iodine deficiency or radioiodine
treatment) may also give rise to their development, especially in the thyroid
gland of rodents.

Data regarding the frequency of malignant tumours are contradictory.
Fortner et al. [8] encountered cancers in 28 per cent of their material;
Israel and E11is [16] found one single case among a great number of animals.
Wittis [30] reported on an incidence of 15 to 26 per cent, while others [2,
17, 19, 31] did not see malignant growth in any of their cases. Most of the
malignant tumours were forming métastasés. We failed to observe malignant
growth, although no experiment reported in the literature lasted longer than
ours. We have mentioned in connection with the different types of tumours
that there were four among our cases in which the adenoma (situated in the
original gland in 3 cases, in the transplant in one case) had a solid structure
and was composed of polymorphous cells. In the absence of other signs of
malignancy we regarded them as benign tumours. That the incidence of ma-
lignant growths showed wide differences in the descriptions of the various
authors may have been due to differences in strain. It is, for instance, well
known that the frequency of thyroid carcinoma amounts to 30 to 35 per cent
in rats of the Long-Evan strain [18].

The histological types of the adenomas, observed in our cases, were
essentially the same as have been described by other authors [1, 17, 19, 20,
21, 30].

Development and morphology of hypophyseal adenomas have been
extensively discussed in the literature [2, 3, 9, 10, 11, 12, 13, 20, 22, 24, 26, 27].
Our observations agree with those reported by other authors. Tissues trans-
planted from hypophyseal adenomas, examined 21 and 42 days later, were
found to have taken without having grown. Transplanted tumours of this
kind are known to have a long period (60 to 120 days) of latency [27]. These
transplants showed the same picture whether or not they had been implanted
to normal or thyroidectomized hosts; they may therefore, he regarded as
hormonally independent tumours, a conclusion confirmed by the histology

g*
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revealing large-scale polymorphism and a great number of mitoses, i.e. symp-
toms of malignancy.

Rosin and Rachmilewitz [25] observed the rise of malignant growths
in rats after chronic methylthyouracil treatment, they did not exactly define
the tissues from which the tumours had originated and wrote of facial tumours
near the orbit. Histologically, they were cancers of the squamous epithelium.
Ungar and Rosin [29] claimed that such tumours arose in the sebaceous
glands (Zymbal’s glands) of the external auditory meatus. We examined
these glands in every case, hut found no tumours in them. While their size
was extremely variable, we failed to find either a tumour or the atypical
hyperplasia described by other authors. Such differences in the observations
are presumably due to differences in the strains.

Summary

Autologous grafting of a thyroid lobe into the skin of the back was performed in 57 male
rats. The animals were then treated with methylthiouracil for periods up to 678 days. Adenoma
developed in 78.9 per cent of the thyroid glands left in situ, and in 43.8 per cent of the grafted
thyroid tissue. No cancers were observed. The difference in the susceptibility to tumorous
transformation of the differently situated thyroid tissues may have been due to differences
in their trophic innervation.

The incidence of hypophyseal adenoma was 74 per cent in animals that had been treated
longer than 500 days.

No tumours were found in Zymbal’s glands.
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DIE REAKTION VON RATTENSCHILDDRUSENAUTOTRANSPLANTATE
AUF METHYLTHIOURACIL-BEHANDLUNG

I. DEVENYI

Nach der Autotransplantation des einen Schilddrisenlappens von 57 ménnlichen
Ratten unter die Rickenhaut wurden die Tiere 678 Tage hindurch mit Methylthiouracil
behandelt. In den verbliebenen Schilddriisenlappen lieBen sich bei 78.9% der Falle, in den
transplantierten Lappen hingegen nur in 43,8% der Falle Adenome nachweisen. Es entstanden
keine Karzinome. In der abweichenden Tumorbildung der in zwei verschiedenen Lokalisationen
befindlichen Schilddrisengeweben spielt vermutlich ihre unterschiedliche trophische Inner-
vation eine Rolle.

Bei den langer als 500 Tage mit Methylthiouracil behandelten Tieren wurden in 74%
der Falle Hypophysenadenome gefunden.

In der Zymbal-Driise wurden keine tumorosén Veranderungen beobachtet.

PEAKUMNA ABTOTPAHCM/IAHTATA LWNTOBUAHOW XXEJE3bl KPbICbl HA
OAYY METUITUOYPALINIIA

N. EBEHbBW

ABTOp NPOBOAWA Y 57 KPbIC-CAMLIOB aBTOTPAHCM/NAHTALMIO OfHOW [0NW LMTOBUAHOM
Kenesbl Mo KOXYy CrHbl U B TeueHue 678 AHeld faBan XMBOTHbIM MeTUATMOYpaumn. B ocTas-
LIMXCA in situ AONSX WMTOBUAHON Xenesbl B 78,9% CNy4aeB, a B aBTOTPAHCNIAHTUPOBAHHbIX
LONAX TONbKO B 43,8% cnyyaeB HabNOfa/IMCh afieHOMbI; KapuyHOM He pasBMBaoCh.

MpeanonaratoT, YTO OTK/IOHEHWE TPO(MUYECKOl MHHepBaLMKU 06yc/BasivBaeT pPasMuns
B 06pasoBaHMM OMyXo/eil B TKaHAX LUMTOBUAHON >enesbl, HaXoAaLWMXCs B ABYX PasiNUHbIX
noKanu3auusx.

Y XUBOTHbIX, NOMy4aBLINX METUNTUOYPALIMA B TeUeHMe cBblilLie 500 AHeld, B 74% cyuyaeB
o6HapyXuBanacb afeHoma runogusa.

B enese Llum6ana onyxoneBblX W3MeHeHWIi BbISIBIEHO He 6bIO.

Dr. Istvan Dévenyi, Debrecen, 12. Kérbonctan. Hungary
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