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The manner in which thyroid cell elaborates the hormone has been investigated until 
now by cytomorphological methods consisting only of microscopic observations of the 
stained tissue sections. In that  way, the two main manifestations of the secretory process 
have been described: the one concerning the cell nucleus, the other the chondriome. 

The nucleus of a secretory cell shows, according to the FEULGEN'S reaction, a 
decrease in the content of desoxypentose nucleic acid, whereas the nueleolus appears to 
be poor in pentose nucleic acid (CRAMER AND LUDFORD 3, UOTILA20). On the contrary, 
during the preliminary phase of the thyroid activity, i .e.,  the assimilation of the glandu- 
lar colloid, the staining characteristics demonstrate that  both nuclei and nucleoli are 
rich in nucleic acids, and simultaneously the follicular colloid shows a rise in the amount 
of desoxypentose nucleic acid. 

Thus, it has been deduced that the cellular elaboration of the hormone is closely 
related to the metabolism of nucleic acids, and that in the process of secretion the cell 
nucleus takes part in the sense of CLAUDE BERNARD'S "nuclear theory".  However, no 
direct chemical findings concerning the thyroid nuclei have been brought to support 
this view. In the course of the investigations on 4-methyl-thiouracil, RERABEK AND 
RERABEK 13 observed a decrease of the desoxypentose nucleic acid in the thyroid which 
was connected with the goitrogenic action of the drug. 

Concerning the chondriome, a secretory cell shows an increase in quantity of the 
mitochondria which are accumulated in the apical cytoplasm, where the resorption of 
the colloid takes place (OKKELS 1°, TAKAGI TM, UOTILA 20, PONSE AND ALTSCHULERll,12). 
After staining, fuchsinophilic plasmas in the centres of many mitochondria can be found, 
which often seem to penetrate into surrounding cytoplasm. These particles bear re- 
semblance to the secretion granules to such a degree that the so-called "chondriosome 
theory" was proposed, according to which the chondriosomal substance should be trans- 
formed in the product of thyroid secretion. This "chondriosome theory",  however, has 
not been supported by chemical investigations up to now. 

At the present time, the older methods for the isolation of cell organoids were 
improved for the purpose of liver fractionation. CLAUDE 2 studied in 1943 the filamentous 
and granular bodies of the liver cell chondriome during fractional centrifugation, and 
with the aid of his method, HOGEBOOM et al. 8, like SCHNEIDER 15, isolated fractions of 
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l ive r  cells  for i n v e s t i g a t i o n s  of e n z y m a t i c  a c t i v i t y .  T h e y  found  the  whole  c o n t e n t  of 

t he  c y t o c h r o m e  ox idase  p re sen t  in t he  " l a r g e "  g ranu le s  of a size 0 .5 -2 .0  ~ a p p r o x i m a t e l y ,  

and  SCHNEIDER et al. 1~ had  a s imi la r  resu l t  in respec t  of t h e  succ in ic  ox idase .  T h e  

p resence  of b o t h  e n z y m e s  in g r a n u l a r  f r ac t ions  d e m o n s t r a t e s  t h e  poss ib i l i ty  of i so la t ing  

ce l lu la r  c o m p o n e n t s  w i t h o u t  an  essen t ia l  a l t e r a t i o n  in the i r  q u a l i t y .  T h e  sma l l  losses in 

e n z y m e  con t en t ,  owing  to  t he  p ro longed  suspens ion  of t h e  g r anu l e s  in wa te r ,  m a d e  

I-IOGEBOOM, SCHNEIDER, AND PALLADE 9 c a r r y  ou t  t he  i so la t ion  in a m e d i u m  of 0.884 M 

sucrose ;  t h e  m i t o c h o n d r i a  o b t a i n e d  in th i s  w a y  shou ld  be  m o r p h o l o g i c a l l y  i n t ac t ,  t h e y  

s ta in  wel l  w i t h  J a n u s  g reen  B, and  consis t  of  19% of t h e  whole  c o n t e n t  of t h e  l i ve r  

h o m o g e n a t e  in pen tose  nuc le ic  ac id .  

T h e  i so la t ion  of l i ve r  cell  f r ac t ions  sugges t ed  an idea  of i n v e s t i g a t i n g  the  c o m p o n e n t s  

of t he  t h y r o i d  cel l  in respec t  of t he  a b o v e - m e n t i o n e d  p rob lems ,  conce rn ing  t h e  sec re to ry  

m e c h a n i s m  and  t h e  r61e of t he  ce l lu la r  o rganoids .  E x p e r i m e n t s  p e r f o r m e d  in t h a t  w a y  

are  t he  sub jec t  of t he  p r e sen t  c o m m u n i c a t i o n .  

EXPERIMENTAL 

Isolation o~ thyroid cell nuclei. Fresh swine thyroids from the slaughterhouse were used. The 
isolation was performed according to the method of DouscE AND BEYER 6 for fractionation of liver 
cells. This method was modified as follows: ioo g of cleaned thyroids were minced, frozen and than 
minced anew, 200 ml of ice-cold distilled water was added, and the mixture homogenized with the 
aid of a high-speed stirrer (5ooo r.p.m.) for I minute. In the course of further homogenization during 
the next io minutes, portions of citric acid solution were added up to the final o. 3 molarity; the 
temperature of the mixture was maintained at o-5 ° C by ice additions. The homogenizate was then 
filtered through a cheese-cloth, and centrifuged 15 rain at 86o G. The sediment was washed with 
ice-cold saline and centrifuged IO min at 62o G, washed again and centrifuged 7 rain at 42o G, washed 
again and centrifuged 5 min at 22o G. The final sediment contained pure nuclei having a good affinity 
for vital stains. 

Isolation o~ thyroid cell chondriome, lOO g of cleaned swine thyroids were minced, frozen, minced 
again and homogenized in 2oo ml of ice-cold water as in the previous procedure. In the course of 
the homogenization in the next io minutes, 8. 4 nil of o.i M citric acid solution and solid ice were 
added. The homogenizate was filtered through a cheese-cloth, stirred for 5 minutes and filtered 
through a flannel. The filtrate was centrifuged 2o rain at 860 G, the sediment discarded and the 
supernatant centrifuged for 15 rain at 55oo O. The sediment formed contained the fraction of "large 
granules", i.e. mitochondria and chondrioconts (chondriome I.). Now, the supernatant was centrifuged 
15 rain at i6,ooo G; the sediment from this centrifugation contained the fraction of "small granules", 
i.e. microsomes (chondriome II.). The final supernatant served for analyses as a cytoplasmic fraction. 
Each of the two granular fractions was washed three times with ice-cold saline. 

Analytical procedures. Thyroxine and diiodotyrosine were determined according to the method 
of ROCHE AND MICHEL 14. For extraction and estimation of pentose nucleic acid (PNA), the procedure 
of VON EULER AND HAHN 7 has been used. Desoxypentose nucleic acid (DNA) was extracted by the 
same method, and estimated according to DlscsE 4. In some analyses of nuclear fractions, the ex- 
tractions were performed by SCHNEIDER'S 17 trichloracetic acid method. The analytical results, ob- 
tained by VON EULER'S phloroglucinol (for PNA) and DISCHE'S diphenylamine (for DNA) reaction, 
were mostly checked by cysteine-photonletrical procedure of STUMPF 18 and DISCHE 5. 

RESULTS 

T h e  f r a c t i o n a t i o n  of t h y r o i d  cells offers g r e a t e r  diff icul t ies  t h a n  the  s a m e  p r o c e d u r e  
ca r r i ed  ou t  w i t h  l iver .  T h y r o i d  g l and  con ta ins  r e l a t i v e l y  m u c h  c o n n e c t i v e  t i ssue  coa t i ng  

the  follicles,  and  has  a b igge r  so l id i ty  t h a n  l iver .  Thus ,  i t  was  found  to  be  necessa ry  

to  mince  the  o rgan  twice,  t h e  second  p r o c e d u r e  be ing  m a d e  a f t e r  f reez ing  t h e  t issue.  
La te r ,  t h e  h o m o g e n i z a t i o n  of t h e  m i n c e d  o rgan  r e q u i r e d  a l onge r  pe r iod  to  loose t he  
g l a n d u l a r  e p i t h e l i u m  and  to  d e c o m p o s e  the  cells  wh ich  are  m o r e  r e s i s t an t  t h a n  those  

of t he  l iver .  

References p. 396. 



VOL. 8 ( 1 9 5 2 )  FRACTIONATION OF THYROID CELLS 391 

The process of cellular disintegration by stirring was compared in water and in 
o.88 M sucrose. In the latter medium, a great part  of the cells resisted and was not 
broken in spite of a prolonged stirring, so that  the final yields of isolated organoids 
were relatively small. Because of the density of the medium, the fractional centrifugation 
of chondrioconts and microsomes required a very great centrifugal force which was 
unattainable bv the apparatus employed. The obtained isolates never were quite 
homogenous containi N admixtures, the removing of which by different speed of cen- 

Fig. 1. Isolated thyroid cell nuclei. Dark phase-contrast .  X 32o 

trifugation was impossible. On the contrary, the preparation in ice-cold water resulted 
in a more rapid disintegration of the cells, the fractions were good separable and the 
procedure gave greater yields. Nevertheless, for isolation of pure thyroid nuclei the 
molarity of citric acid must be enhanced to remove the cytoplasmic residues, as was 
described in the previous part.  In respect of the mentioned advantages, all isolations 
in the present experiments were performed in water, although the possibility of a slight 
alteration of the isolated organoids must probably be taken into consideration. 

Concerning the nficroscopic characteristics, the isolated nuclei (Fig. I) were some- 
what smaller than those of liver, they stained well with Janus green B and their 
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caryoplasm was homogenous without any internal structure. The fraction of mito- 
chondria and chondrioconts (chondriome I) was represented by spherical and rod-like 
bodies taking the characteristic greenish blue colour by the supravital stain and having- 
a very great tendency to agglutinate. The same properties had the second fraction 
containing the greater and microscopic visible microsomes (cbondriome I I). The sub- 
microscopic bodies could not be separated by the employed supercentrifllge, so that 
they remained in the supernatant fluid which contained also the follicular colloid. 

The content of the individual fractions (dry weight) in thyroxine and diiodotyrosine 
is given in Table I. As it appears, both compounds are present partly in the bodies of 
the chondriome, partly in the cell nuclei, although a preparatively caused contamination 
was excluded by the careful final washing of each fraction. The major part of thyroxine 
seems to be localized outside of all the visible organoids, i.e., in the supernatant liquid 
or in the submicroscopic bodies at most. On the other hand, the large amount of the 
supernatant in diiodotyrosine is probably due bv the presence of the glandular colloid 
in this fraction. 

"['ABLE i 

T H V R O X I N E  A N I )  1 ) I I O I ) O T Y R O S I N E  I N  I S O L A T E D  T H Y R O I I )  C E L L  [ : R \ C T I O N S  

Fraction 

Nuclei 
Chondriome I. 
Chondriome II. 
Supernatant 

No. of 
experiments 

Thyroxine 

mg/Ioo g dry w. 
of fraction 

S* 
l)iiodotyrosine 

mg l oo g (It-,." w. 
of fraction 

S* 

47. I(~ 1 I.O 03.83 9.70 
33.55 3.14 60.30 5. Eo 
42.98 i o.6<q 

163.40 6o. 4 183.oo 50.8o 

* s " -  _r(x x)2 
n I 

Concerning the nucleotides, both nucleic acids of the cell were found within all the 
fractions (Table II). Thyroid nuclei are relatively rich in pentose nucleic acid (PNA), 
besides their main content in desoxypentose nucleic acid (DNA) which reaches 2o°. 
approximately. With respect to the chondriome, the large bodies have a high content 
of PNA, whereas the small ones have less ; both have a low but distinct content of DNA, 
however, which cannot be due to contamination with DNA of nuclear origin in course 
of the preparation. The very low concentration in PNA of the last fraction (supernatant) 
demonstrates that submicroscopic bodies like the hyaloplasm do not contain PNA in 
such quantities as the great mitochondria, and that the relative concentration in PNA 
decreases proportionally with the decreasing size of the cytoplasmic organoids--a  fact 
to be assumed on the grounds of microscopic examination of the stained cells. The DNA 
found in the supernatant certainly does not represent its true component, and comes 
most probably out of the glandular colloid, as it has been previously supposed for 
diiodotyrosine. 

In the course of the preparations of cell organoids, the amount of each fraction 
was carefully estimated by weighing. The results, given in Table I I I ,  give information 
about the quantitative distribution of organoids in the thyroid tissue. It  is apparent 
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T A B L E  II  

P E N T O S E  N U C L E I C  A C I D  (PNA) A N D  D E S O X Y P E N T O S E  N U C L E I C  A C I D  (DNA) 
I N  I S O L A T E D  T H Y R O I D  C E L L  F R A C T I O N S  

No. of 
F rac t ion  e x p e r i m e n t s  

l 
i 

Nuclei 5 
Chondr iome  I. 4 
Chond r iome  II.  5 
S u p e r n a t a n t  4 

N )  2 

n - - I  

P N A I 

g / Ioo  g d ry  w. S* ! 
of fract ion 

1.56 
4.54 
2.68 
1.69 

0 . 2 2  

0.72 
0.8 4 [ 
0.68 

g / Ioo  g d ry  w. 
of f ract ion 

19.6 
1.32 
1.83 
1.81 

[ S*  

3.66 
0.28 
0.84 
0.79 

that both fractions of chondriome represent only a very slight share of the whole tissue 
weight, and that  the greatest majori ty of the thyroid consists of hyaloplasm containing 
submicroscopic bodies, irrespective of the nuclear fraction amounting to more than 8 %. 
Of course, it must be emphasized that  these statements are of approximative value only, 
owing to two main causes: the fraction of hyaloplasm includes an unknown and un- 
ascertainable amoun= of the glandular colloid, and, in general, the whole process of cell 
fractionation is too delicate to make true quantitat ive conclusions possible. Nevertheless, 
an a t tempt  was made to calculate the distribution of thyroxine, diiodotyrosine, PNA, 
and DNA among the individual fractions originating in a known amount of thyroid 
tissue. Table I I I  demonstrates that  only a very slight amount of these compounds occurs 
in both fractions of tile chondriome, whereas nuclei comprise distinctly more of thyroxine 
and diiodotyrosine. The total  amount of all cell fractions of DNA is the same as was 
found for the rat ' s  thyroid formerly 3, so that  the mentioned calculations seem to be 
correct. Therefore, the surprising fact that  the sum of PNA appears to be relatively 
small may probably be explained by ribonuclease activity of the glandular tissue only. 

T A B L E  I I I  

Q U A N T I T A T I V E  D I S T R I B U T I O N  OF O R G A N O I D S  A N D  OF A N A L Y Z E D  C O M P O U N D S  I N  T H E  T H Y R O I D  T I S S U E  

! Weigh t  
ot f rac t ion  

Frac t ion  1 
g / ioo  g 

I of g l a n d ( d r y  w.) 

l 
Nuclei  8.60 
Chondr iome  I. 1.57 
Chondr iome  II,  1.o2 
S u p e r n a t a n t  i 88.81 

S u m  to ta l  [ 

v x A  l 
g 

o .13  
0.07 
0.03 
1.5 ° 

a:oo.oo 1.73 

Con ten t  of t he  whole  f rac t ion  in 

D N A  T h v r o x i n e  Di iodotyros ine  

g m g  mg  

1.68 4.05 
0.02 0.53 
0.02 0.44 
1.61 145.12 

i 

3.33 [ 15o.14 

8.0 7 
I.O 4 

1 6 2 . 5 2  

171.63 
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D I S C U S S I O N  

The quantitative distribution of the analyzed compounds in the thyroid tissue can 
be applied to the single thyroid cell also, if the amount of every compound found in 
individual fractions is expressed as a percentage of the sum of the same compound being 
present in all cell fractions together. The percentage distribution so obtained (Fig. 2) 
illustrates the topography of this compound inside of the cell, demonstrating that less 
than I ~o of the total amount of thyroxine is localized in mitochondria and chondrioconts, 
whereas there is considerably more of both thyroxine and diiodotyrosine in the cell 
nucleus. A similar picture offers the topography of pentose and desoxypentose nucleic 
acid. 

From these facts some conclusions concerning the origin of the secretion and the 
r61e of the cell organoids can be drawn. The coincidence in the topography of nucleic 
acids and of thyroxine or diiodotyrosine suggests that there exists a close relation 
between both types of compounds. One manifestation of such an interrelationship may 

Diiodo- 
PNA DNA ~yroxine tFosine 
% % % % 

~ N.cl~u~ 7.5 505 27 4.7 

Chondriome I. 4.0 0.6 0.4 0.(~ 
O#o~ 

. , o ~ Chondriomell, ~7  0 6  03 - -  
o t 

Cytoplasm ~ 0  48.3 96.6 .04.7 
(+colloid) 

Fig. 2. Chemical topography of the thyroid cell 

be seen in the elaboration of thyroglobuline which corresponds to the CASPERSSON'S 1 
general theory relating protein synthesis with metabolism of nucleic acids in all living 
cells. The fact that thyroxine seems to be present in greater quantity inside the cell 
nucleus than in the chondriome makes it evident that the thyroid hormone does not 
probably originate in cell chondriome. This is contradictory to the "chondriosome 
theory" of secretion according to which the mitochondria may be transformed into 
secretion droplets. On the other hand the distinct amount of thyroxine and diiodo- 
tyrosine present in the cell nucleus supports the idea that this organoid participates 
in the elaboration of secretion in the sense of the "nuclear theory". There is a good 
accordance of the analytical statements with older cytomorphological signs in favour 
of the mentioned theory too. However, this conclusion never will affirm that the nucleus 
is alone responsible for the secretion. The process of secretion is a matter of the cell 
as a whole, in which the nucleus has only a r61e of a co-operator, although its partici- 
pation seems to be of leading importance. 

The attempt to elucidate the intimate processes of the thyroid cell by analysis of 
its isolated organoids meets with some essential difficulties. The starting material for 
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every fractionation represents a sum of glands from various animals having a variable 
degree of secretory activity. Similar secretory differences are shown in individual 
follicles of a single thyroid as well. The phases of secretion never are quite synchronized 
in all follicles and all cells together, and the cells do not expel their content simul- 
taneously. In a single thyroid, groups of cells elaborating secretion border on those that 
are in a state of repose, and various phases of secretory activity can be found. Therefore 
the isolated cell fractions could be considered as inhomogenous, since the individual 
organoids originated in asynchronic functioning ceils. This obstacle could not be sur- 
mounted by an ar=ificially established functional synchronization. Nevertheless, a 
valuable help was found in a carefully performed selection of the employed animals. 
Only a perfectly healthy fattened swine was used, the thyroids of which were in a 
resting state, as was checked by cytomorphological examinations. Thus, the isolated 
organoids belong to the same phase of secretory cycle, although slight differences must 
be taken into account. 

The mentioned difficulties are combined with those originating in the method of 
fractionation which has been discussed elsewhere in this paper. The presence of colloid 
in the cytoplasmic fraction could not be excluded and characterizes the obstacles given 
by experiments with thyroid in comparison with those being performed with liver or 
any other organ. A certain alteration of cell organoids must be considered as an un- 
avoidable consequence of the method which most probably will be further perfected 
by the latest development of the technique of cell fractionation, as was given recently 
by W I L B U R  AND ANDERSON 21. 

S U M M A R Y  

I. The  f rac t iona t ion  of t h y r o i d  cells a n d  t he  ana lyses  of  cell o rganoids  have  been  per formed.  
2. T h y r o i d  nuc le i  con ta in  more  t h y r o x i n e  and  d i iodotyros ine  t h a n  t h e  m i t o c h o n d r i a  or  m i c r o -  

s o m e s .  
3- The  concen t r a t i on  of P N A  decreases  w i t h  t he  d i min i sh ing  size of t he  chondr iomal  bodies,  

t h e  a m o u n t  of  D N A  is a l toge the r  low. 
4- The  in t race l lu la r  d i s t r ibu t ion  is charac te r ized  by  grea ter  c o n t e n t s  of t hy rox ine ,  d i iodotyros ine ,  

PNA,  a n d  D N A  in  t h e  cell nuc l eus  t h a n  in  t he  chondr iome.  
5. The  conclusions  concern ing  t h e  origin of secre t ion  are briefly discussed.  

Rt~SUMt~ 

I. Les  organel les  des  cel lules t hy ro id i ennes  on t  6td f rac t ionn6es  pa r  cen t r i fuga t ion  e t  le t eneu r  
des  f rac t ions  en  t hy rox ine ,  d i iodotyros ine ,  l 'ac ide ribonuc16ique (PNA) e t  t h y m o n u c l d i q u e  (DNA) 
a ~t6 examind .  

2. Les  n o y a u x  de la t hy ro ide  c o n t i e n n e n t  p lus  de t h y r o x i n e  e t  de d i iodotyros ine  que  de mi to -  
chondr i e s  e t  mic rosomes .  

3. Le t e n e u r  en  P N A  s ' aba i s se  avec  les d i mens i ons  s ' a b a i s s a n t e s  des  mi tochondr ies ,  celui ci 
en  D N A  es t  en  t o u t  t r~s  bas.  

4. Les  conclus ions  lesquel les  se r a p p o r t e n t  a l ' exp l i ca t ion  de la fo rma t ion  de l ' ho rmone  son t  
d iscut6es .  

Z U S A M M E N F A S S U N G  

I. Organe l len  der Schi lddr i isenzel len  wurden  mi t t e l s  f rak t ion ie r te r  Zen t r i fuga t ion  isol ier t  u n d  
au f  den  Geha l t  an  Thyrox in ,  I ) i jodtyrosin ,  1Ribonukleins/iure (PNA) und  Desoxyr ibonukle ins i iu re  
(DNA) u n t e r s u c h t .  

2. Die K e r n e  der  Schi lddri isenzel le  e n t h a l t e n  m e h r  T h y r o x i n  u n d  Di jod tyros in  a ls  die Mito- 
chondr i en  u n d  die  Mikrosomen.  
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3. Der Geha l t  an  P N A  s ink t  m i t  a b n e h m e n d e r  Gr6sse der  Mi tochondr ien ,  die Menge an  D N A  
weis t  i n s g e s a m m t  e inen  n iedr igen  W e r t  auf.  

4. Betreffs  der intrazel lul i i ren Ver te i lung  ist  der  Zel lkern an  Thyrox in ,  Di jodtyrosin ,  P N A  u n d  
D N A  reicher,  a ls  das  Chondr iom.  

5. Fo lge rungen  im  Flinblick au f  den M e c h a n i s m u s  der Sekret ion werden  kurz  besprochen.  
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