
62 FROZER' THYROID AUTOTRANSPLANTS 

Sunzmq.  So long as tadpoles are main- 
tained at  temperatures from 0" to 5.5"c the 
destructive effects of x-ray exposure are very 
slight in the hema topoietic cells. The tempera- 
ture of tadpoles at the time of x-ray treat- 
nient makes little if any difference in the de- 

structive processes that develop later. 
These destructive effeds depend primarily 

upon the temperature to which the tadpoles 
are subjected after irradiation. 
----- 
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Sumerous investigations have been carried 
out on the effects of freezing and below freez- 
ing temperatures on infectious organisms and 
on the cells and tissues of plants, lower animals 
and cold blooded vertebrates, but relatively 
few studies have been reported in homotherms. 
In the latter group there have been reports of 
thne survival of spermatozoa,( 1 - 5 )  embryonal 
tissues.( 6 )  the epithelium of chicken tra- 
chea( 7 )  and the squamous epithelial cells of 
homologous skin grafts in the rat.(8) There 
are also numerous reports of the storage 
of tumor tissues a t  low temperature for periods 
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up to two years with subsequent successful 
animal transfer. (7-2 1) Recently Gye and also 
Mann have stated that these results in tumors 
indicate the transfer of a tumor producing 
virus. Mann and Dunn ( 2  1 ) believe they have 
further support of this thesis in thalt they have 
been able to propagate mouse carcinoma by 
dried, frozen tumor tissue. However, the ac- 
ceptance of such an interpretation rests, at 
least partly, on the prouf that normal cells 
cannot survive similar treatment. 

The present report presents data which in- 
dicate that normal mammalian tissues can 
survive exposure to extremely low tempera- 
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FROZEN THYROID 

tures. Autotransplantation of previously fro- 
zen thyroid has been used to demonstrate 
survival, since the extensive investigations of 
Loeb ( 2 2 )  #have shown that this type of trans- 
fer of normal (unfrozen) organs can be car- 
ried out successfully with consistent results. 
The thyroid gland was further chosen in order 
to utilize pituitary thyrotropin to increase the 
growth potential of the transplant md aid 
in overcoming the injurious effects of trans- 
plantation. Silberberg( 23) has shown that 
thyroid autotransplants respond readily to 
suoh hormonal stlimulus. Successful parathy- 
roid transplants were incidentally encountered 
when inadvertently frozen and transferred 
with the thyroid tissue. 

Method. 200-400 g guinea pigs were used 
in <these experiments. Autotransplants were 
made into a subcutaneous pocket in the*an- 
terior abdominal walI. In  some experiments 
1 mg of thyrotropint was administered sub- 
cutanously for 3-4 days prim to, or subse- 
quent to transplantation. For storage at 
-7O"C, the thyroid glands were inserted into 
20 cc vials which were placed in contact with 
pieces of sollid carbon dioxide in an insulated 
box. The thyroids were immersed directly 
into liquid nitrogen to obtain exposure to 
-190°C. In all of the freezing experiments 
no attempt was made to accelerate the de- 
crease in temperature of the tissue. 

In  a group of 5 guinea 
pigs immediate transplants from neck to sub- 
cutaneous tissue were carried out. One trans- 
plant was removed 24 hours later, another 5 
days altser transfer, 2 after 13 days, and the 
fifth after 20 days. Within t'he first 24 hours 
necrosis of much of the thyroid had taken 
place; there remained a few peripheral isIands 
of viable thyroid #follicles. By the end of thle 
5th day fibrotblasts had started infiltrating 
the necrotic tissue, and by the 13th day had 
completely replaced it. After 2 0  days there 
was considerable regeneration of thyroid fol- 
licles so that islands of thyroid tissue par- 

Control Group. 
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tially surrounded the organized center. These 
follicles were lined by flat or cuboidd epi- 
thelium and contained pale scant colloid. A 
parathyroid was found in the 20 day trans- 
plant which showed a ring of well preserved 
epithelial cells surrounding a center of loose 
connective tissue in which there were a few 
ghagocytes containing a brown granular pig- 
ment, presumably hemosiderin. Thyrotropin 
was administered to a second group of 3 
guinea pigs. Two of these received the thy- 
rotropin for 4 days before autotransplanta- 
tion and the third for a similar period after 
transplantation. In the former group the 
transplants were examined after 5 and 11 
days. There was less necrosis than in non- 
injected controls and the areas of preserved 
thyroid tissue were larger. The follicles were 
lined by columnar epithelium showing a num- 
ber of mitoses. Fig. 1 is a section through 
,the 1 l-day autotransplant. The guinea pig 
which received thyrotropin after tramplanta- 
tion also showed a we11 preserved transplant 
in which there were numerous mitoses even 

22. Loeb, Leo, The Biological Basis of Indi- 

23 .  Silberberg, M., Arch. Path., 1934, v17, 381. 
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in these experiments. 

uiduazity, C .  C .  Thomas, Springfield, Ill., 1942. 
FIG. 1. 

ll-day autotransplant of thyroid and para- 
thyroid. Guinea pig had received 1 mg of thyro- 
tropin (Armour) daily for 4 days before trans- 
plantation. The thyroid follicles are well pre- 
served and lined by cuboidal epithelium. Arrow 
indicates an area of parathyroid tissue. 



64 FROZEN THYROID 

as late as 11 dlays after the last injection. 
In order to observe the immediate effects 

of freezing, one guinea pig received thyro- 
tropin for 3 days, following which its thyroids 
were removed; one was placed at  -70°C for 
24 hours, and the second a t  -190°C for 10 
minutes. The glands were then thawed? fixed 
and sectioned. In both the architecture was 
well preserved, although the colloid was soft, 
pale and sparse: there were many pyknotic 
nuclei. However, the thyroid kept a t  the 
lower temper at ur e showed better preserved 
nuclei and several mitotic figures were found. 

Nine lubes of thy- 
roid were autotransplanted after ‘being kept 
at  -70°C for 24 hours: they were examined 
after periods varying from 5-20 days. A11 
except 2 of these transplants showed only 
progressive organization of necrotic tissue 
(Fig. 2 ) .  However, in one transplant exam- 
ihed after 13 days there was a well preserved 
parathyraid gland with a central area of loose 
connective tissue containing a few phagocytic 
cells with brown granular pigment (Fig. 3) ; 

Experimental Group. 

FIG. 3. 
13-day parathyroid autotransplant following ex- 

posure t o  -70°C for 24 hr. The parathyroid 
epithelium forms a ring about a central core of 
wanective tissue. 

this was similar to a parathyroid observed in 
a control autotransplant. Another 13 day 
transplant contained an area of well preserved 
thyroid tissue adjacent to organizing necrotic 
tissue (Fig. 4). The epithelium of the fol- 
licles was flat and the colloid soft, pale and 
sparse; a mitosis was found in one section. 
I n  a further lexperiment one ,guinea pig re- 
ceived thyrotropin for 4 days prior to removal 
of a lobe of tlhyruid which was then subcooled 
to -70°C for 24 hours and autotrmsplantd! 
In 2 other guinea pigs the pituitary hormone 
was aclministered for 4 days after subcooling 
to this temperature and autotransplantation. 
The first transplant was examined after 11 
days, and the latter 2 after 15 days; no pre- 
served thymidl tissue was found in any of 
these transplants . 

Seven guinea pigs received daily injections 
of thyrotrupin for 3 or 4 days, following whilclh 
a lobe of thyroid was fremovd, placed at 
-190°C for 10 minutes and then autotrans- 

14-day unsuccessful thyroid autotransplant fol- planted* Four Of these were 
lowing cxposure to -70°C for 24 hr. The thyroid moved after 3 davs when the an*imals were 

FIG. 9.  

tissue-has- been completely replaced by fibroblasts. 
The giant cells represent a reaction t o  necrotic 
transplanted fat. 

found dead. The -tra.mplaats, however, were 
extremely well preserved; there was no necro- 
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FIQ. 4. 
13-day successful autotransplant of thyroid f ol- 

lowing exposure to  -70°C for 24 hr. The thyroid 
follicles are small and contain very little colloid. 
The epithelial lining is cuboidal in character. 

sis, although some of the nuclei were pyknotic; 
the epithelium lining the follicles varied from 
a cuboidal to columnar character andl several 
mitoses were fuund (Fig. 5 ) .  Two other 
guinea pigs were found dead on the fifth day 
after autotransplantation; although there was 
some central necrosis in these transplants, 
there were well preserved peripheral groups 
of follicles lined by cuboidal epithelium. The 
fifth transplant was removed after 11 days 
and showed complete fibroblastic organiza- 
tion. 

Finally an experiment was performed in 
which two temperatures were employed. The 
thyroids were first immersed, in liquid nitro- 
gen for 10 minutes a d  then transferred to 
-70°C where they remainled for 24 hours 
when they were autotrmsplanted. There 
were 4 guinea pigs in this group. One guinea 
pig received thyrotropin for 4 days after auto- 
transplantation, and on, the fifth day the trans- 
plant shmedi a well preserved thyroid with 
follicles lined by cuboidal epithelium; the col- 
loid was sparse and pale staining. The re- 
maining three guinea pigs received thymtro- 
pin before the glands ,were frozen and auto- 
transplanted. Two of these transplants were 

examined after 5 days and showed necrosis 
and fibroblastic organization of the periphery 
of thne tramplant, but the third thyroid which 
was examined after 11 days showed excellent 
preservation (Fig. 6). The follicles were 
lined by cuboidal and columnar epithelium; 
occasional mitoses were found. The colloid 
was pale and sparse. There was some fibro- 
blastic reaction in (the surrounding fat, accom- 
panied by an occasional multinudeated cell, 
but this reaction was common to many trans- 
plants, both successful and unsuccessful, and 
represents a reaction to transplanted fat fre- 
quently injured in the process of inserting 
the transplant into the su'bcu4taneous pocket. 

Discussion. As far as we have been able 
to determine, thlese experiments represent the 
first successful demonstration of the survival 
of a functional structural unit of an adult 
homotherm following exposure to extremely 
low temperatures. Two reports previously 
cited give evidence of survival of cells other 

FIG. 5. 
3-day autotransplant of thyroid. Treatment 

previous t o  transplantation consisted of the injec- 
tion of 1 mg of thyrotropin daily for 3 days fol- 
lowed by immersion in liquid nitrogen (-190°C) 
for 10 minutes. The epithelium of the follicles 
shows an excellent state of preservation and retains 
a hyperplastic character indicative of a response 
to thyrofropin. Arrow indicates a mitotic figure. 
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F I G .  6. 
1 l-cia- autotraiisplmt of th-roicl. Treatment 

l ~ r e ~ i o u s  to traiisplnntatiou consisted of the in- 
jection of 1 nig of tliywtropjn daily for  3 days 
followed ~q- iiiimersioii iii ~iquicl nitrogen ( - I ~ O O C )  
for 10 niinutes m i c l  storagc :it -70°C for  24 lir. 
Sotc esc.c.llcnt prest>i.rntioii of follicular structure. 

than spermatozoa of adult warm blooded ani- 
mals so treated. In one of these the criterion 
of viability was movement of the cilia of 
respiratory epithelium (Breedis and Furth) 
(7), while in the second there was evidence 
of mitotic activity in the homologously trans- 
planted epithelial cells of the rat’s skin.(8) 
In the first instance the observation may be 
criticized on the basis that ciliary movement 
may have been caused artificially by air or 
liquid currents; one of these investigators 
himself subsequently raises objections to 
movement as a criterion of survival of 
cells.( 18) The criterion of growth as repre- 
sented by mitotic activity is a much more 
accurate indicator of viability ; such evidence 
is present in the investigations of Mider and 
Morton(8) and in our experiments. 

There are contradictory reports in the lit- 
erature as to whether rapid or slow freezing 
is less injurious to cells. The primary factor 
in producing death in frozen tissue is ap- 
parently the formation of ice crystaIs. (24,25) 
Luyet and Gehenio(24) have divided the or- 

ganisms which resist cold into tbwo groups, 
namely (1) those that resist cold only in a 
dry stafe, and ( 2 )  those that resist cold with 
their full water content. Of the latter, some 
organisms survive only if special precautions 
for rapid cooling and rewarming are taken in 
order to prevent the formation of ice crystals. 
The critical range of temperature in subcool- 
ing tissues would therefore be that span in 
which ice crystals may form. I4 this range 
is passed through rapidly, a vitreous state 
(Luyet and Gehenio) results which is appar- 
ently not injurious to cells in most instances, 
and in which state they probalbly may be pre- 
served indefinitely. On the other hand, sev- 
eral investigators report better results in tu- 
mors( 7,8,18) and in homologous transplants 
of rat’s skin(8) with slow freezing. Breedris 
(18) explains this on the basis that the initial 
freezing of water occurs in the extracellular 
fluids which then results in the cuncentration 
of osmotically active material outside of the 
cell. I t  is believed that this results in partial 
dehydration of the protoplasm which would 
then become a less favorable site for ice crys- 
tal formation. Since in the present experi- 
ments considerably better results were ob- 
tained with rapid immersion in liquid nitro- 
gen it would appear that these experiments 
tend to substantiate the observations of Lu- 
yet and Gehenio. However, it is possible that 
diff erlen t tissues respond differently after ex- 
posure to low temperatures. 

We have pointed out in the introduction 
that the successful transfer of frozen tumor 
material is believed by some investigators to 
indicate the transfer of a virus, since they 
assume that normal and malignant cells can- 
not survive exposure to freezing and‘ below 
freezing temperatures. The present studies 
show that this is not the case. Nor does the 
successful transfer of frozen, dried tumor 
material necessarily prove the presence of a 
virus. The investigations of Luyet and Ge- 
heniol( 24) indicate that dehydration may fa- 
cilitate rather than impede survival of tis- 
sues at  extremely low temperatures. 

24. Luyet, B. J., and Gehenio, P. M., Bio- 
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Physiotogy, W. R. SaunderR Go., Phila., 1937 
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Summary. Thyroid gland of guinea pig was 
suibjecbed to low temperatures (-70", or 
-190;" C) and subsequenkly autotransplanted. 
In some instances pituitary thyrotropin was 
administered before or after transplantation 
in order to increase the growth potential of 
the transplant and overcome the injurious 
effects incident to transferring the tissue. 
There was one successful transplantation of 
thyroid gland in 12 attempts after exposure 
at -70°C and one parathyroid transplant. 
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Eight viable thyroid grafts in 1 2  attempts 
were obtained after immersion at -190°C. 
The significance of these findings With respect 
to rapidity od freezing is discussed in their 
relation to thle mechanism of survival of mam- 
malian cells and tissues exposed to extremely 
low temperature. The relation of these results 
to evidence purported to indicate a viral 
transmission of transplanted frozen-dehy- 
drated tumor material is also pointed out. 

Received November 9, 1949. P.S.E.B.X., 1950, v73. 

Comparative Study of Agglutinins and Complement-Fixing Antibodies for 
Brucella in Blood and Cerebrospinal Fluid. (17577) 

WESLEY W. SPINK AND ANNE KIMBALL* 
From the University of Minnesota Hospitals and Medical School, and the Minnesota Department 

of Health, Minneapolis. 

Although brucellosis commonly causes 
symptoms referable to the nervous system, 
objective evidence of the results of invasion 
of the central nervous system is frequently 
lacking. Over 'a period of 12 years at  the 
University of Minnesota and cooperating hos- 
pitals, a total of 161 cases of active brucel- 
losis, 86 of which were culturally proved, 
have Ibeen studied, and the diagnosis of enceph- 
alomeningitis was made in four cases. ( 1) 
A fifth case exhibited a severe cerebral vascu- 
lar accident secondary to subacute bacterial 
endocarditis, which was due to BY. abortus. (2) 
Except for the cases ci'ted, there was no evi- 
dence of organic cerebral changes in the re- 
maining cases, although psychic disturbances 
with emotional instability and mental depres- 
sion were commonly encountered. Aplter 
and his assc~iates(3) were impressed by bhe 
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"disturbances in the adaptive capacities" of 
patients having chronic brucellosis and carried 
out a battery of neurupsychologic studies, 
as outlined bp Halstead,(4) on a series of 
10 patients. As a result of their investiga- 
tions, it was concluded that organic damage 
t3 the frontal lobes had occurred in 7 of the 
10 patients. While such a study suggests 
a reasonably high incidence of brain damage 
in patients with chronic brucellosis, there 
remains an urgent need for acquiring more 
information #on the frequency with which the 
central nervous system; is invaded by BruceZZa. 
Since serologic techniques are applied suc- 
cessfully to an examination of the cerebro- 
spinal fluid in individuals with suspected 
syphilis, (there was a possibility that serologic 
methods utilized for the diagnosis of brucell- 
usis might be of some aid in resolving the 
problem of neurobrucellosis. Simultaneous 
tests on the blood and cerebrospinal fluid of 
patients with brucellosis were performed, 
utilizing procedures for detecting the presence 
of agglutinins and complement-fixing anti- 
bodies. 

Methods. Specimens of venous blood and 
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