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tinal mucosa would not revert to normal un- 
der the incubation procedures used here. 

In  Exp. C.4 with 50 ml of plasma the ATP 
level was preserved a t  a slightly higher level 
than in Exp. C.3 in which only 10 ml of 
plasma were used. This suggests that al- 
though these incubation conditions were far 
from ideal. the extra plasma did have some 
beneficial effect. perhaps by supplq 'ing * a nu- 
trient or neutralizing some toxic substance. 

Discussion. Our earlier studies showed 
that whcle blood could be incubated for sev- 
eral hours with no loss of AT€'. Extension of 
these studies to  other tissues was uniformly 
unsuccessful. In dog muscle, mincing in in- 
cubation medium caused nucleotide break- 
down. In  dog or rabbit intestinal mucosa. the 
cells could not even be scraped off into any 
kind of medium without deterioration of the 
nucleot ide pattern. Injecting trichloroacetic 
acid into the living tissue is similar to the 
study of Dietrich and Friedland ( 3  ) which re- 
ported i~ vicLIu injection of perchloric acid into 
rabbit intestine. Their AICIP: ADP:,4TP ra- 
tios of 0.10:0.31: 1.28 were not greatly differ- 
ent from ours, but perhaps both results are 
only approximations to the true in vivn dis- 
tribu tion. 

Sui~z imry .  Our experiments indicate that 
the nucleotides of different tissues vary 

greatly in lability. When dog muscle was re- 
moved rapidly and minced in ice cold tri- 
chloroacetic acid, its nucleotide pattern re- 
sembled that seen in fresh blood, &., ATP 
greatly exceeded ADP or AMP. Delay in 
mincing the tissue caused some decrease in 
ATP with increases in ADP and AMP. On 
the other hand, dog or rabbit intestinal mu- 
cosa was so labile that usual procedure of re- 
mcving tissue and transferring i t  immediately 
to cold trichloroacetic acid was much tool slow. 
Injecting cold trichloroacetic acid into the 
live tissue was necessary to give a nucleotide 
pattern which resembled patterns seen in 
other tissues. Incubation under circum- 
stances tried, were unsuccessful in restoring 
tissue nucleotide patterns. Extrapolation of 
foregoing results suggests that studies involv- 
ing either distribution of nucleotides in tis- 
sues or determination of tissue nucleotides 
after in vitro incubation must indicate degree 
of lability of these tissue nucleotides. 
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The role cf growth hormone in the appear- 
ance and maintenance of polyploid cells in 
normal liver was originally described by Hel- 
weg-Larsen ( l ) and Leuchtenberger et  d. ( 2 ) 
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and confirmed and extended by DiStefano 
and Diermeier (3  ) and Geschwind et al. (4) .  
Recently, involvement of 2 other hormonal 
systems has become apparent. The gonadal 
hormones have been implicated as a result 
of a study of the effect of castration on poly- 
ploidization of rat iiver ( 5 )  and, as indicated 
by Carriere in preliminary reports( 6,7), thy- 
roid holrmone is also involved. The  role of 
the latter has been further elaborated upon in 
recent experiments (8) on effects of thyroxin 
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and growth holrmone on ploidy development 
in livers of dwarf mice and hypophysecto- 
mized rats. The present study confirms the 
effect of thyroidectomy on polyploidization of 
the rat liver and, since it reveals a unique ef- 
fect of partial thyroid deprivation or its 
equivalent, extends the observations already 
made. I t  also indicates the necessity of ex- 
tended-time studies when dealing with prob- 
lems of developmental ploidy in rat liver, and 
attempts to elaborate upon the mechanics of 
ploidy as a growth phenomenon. It will also 
be demonstrated that polyploid composition 
of the liver appears to be a more sensitive in- 
dicator of thyroid deficiency than growth of 
the animal as proposed by Evans et a l . ( 9 ) .  

Materials and methods.  Sixteen females 
from 9 litters of Sprague-Dawley rats were 
thyroidectomized a t  21 days of age, 13 unop- 
erated littermates serving as controls. The 
animals were fed ad l ibi tum on a standard 
Purina diet and 1% calcium gluconate. 
Weekly body weight determinations were 
made and tissues were taken a t  55, 1 2 2 ,  and 
230 days of age. At these times total liver 
weights were obtained for all animals, and 
tail, body, and humerus lengths for the 122- 
day group. Blocks of liver were removed from 
the center of the left lateral lobe, fixed in 
Lavdowsky’s fluid and sectioned a t  10 p. As 
control on completeness of thyroidectomy, 
tracheas and adjacent muscle masses were 
sectioned, and every tenth section examined. 
A few residual follicles were found in 3 of the 
animals but they were considered to be com- 
pletely thyroidectomized since their liver cy- 
tology was consistent with that of the other 
operated animals. Since pituitary acidophil 
degranulation follows thyroidectomy ( 10 , l l )  , 
the hypophyses of the 122-day operated and 
control animals were preserved and stained 
with aldehyde fuchsin to determine effective- 
ness of the operation. For the purpose of 
this paper, binuclearity was ignored, and poly- 
ploidy considered only from the standpoint 
of DNA content per nucleus. Establishment 
of DNA classes was based on 30 cytophoto- 
metric determinations per liver as previously 
described( 5 ) .  This information was used as 
t-he basis for visual classification olf 2000 nu- 
clei per liver, 1000 by each of 2 trained ob- 

servers working independently on coded slides 
( 5 ) .  

Because the animals were main- 
tained on a normal diet we believe that our 
data represent the result of initial extreme 
thyroid deficiency followed by either thyroxin 
replacement from hypertrophying accessory 
tissue or gradual supplementation by dietary 
iodide and/or thyroxin. Thus, the recent 
work of Evans et al. (9),  indicating that levels 
of iodide sufficient to keep pituitary acidophils 
active might conceivably be found in a normal 
diet, can explain, in part, the results obtained 
below. While it has been observed that the 
experimentals, a t  all age levels, have obviously 
fewer polyploid nuclei than littermate con- 
trols, for 6 of the animals a small percentage 
of octaploid nuclei were counted by the visual 
metho’d, while none with the octaploid amount 
of DNA could be found by cytophotometry. 
This indicates a certain number of nuclei have 
increased in volume without DNA increase, 
and suggests interference with DNA synthesis 
in the thyroidectomized rats. It also warns 
against the assumption that nuclear volume is 
consistently related to degree of ploidy. 

Fig. 1 summarizes, by age group, the re- 
sults of visual classification of polyploid nu- 
clei. These nuc!ei, absent a t  birth, increase 
in number with age so that a t  time of wean- 
ing (day of operation in these experiments) 
the livers contain 90% diploid (2N), 10% 
tetraploid (4N), and virtually no octaploid 
(8N) nuclei. Stability for normal animals is 
reached by 122 days of age, a t  which time the 
ploid composition is approximately 18-2076 
2N, 80% 4N, and 1-276 8N. At 55 days of 
age formation of ploid nuclei in experimental 
livers has progressed beyond the level a t  time 
of operation, but lags significantly behind the 
control group. Nevertheless, livers of the 
thyroidectomized animals are predominantly 
4N. At 122 days of age the ploid population 
has “regressed” so that livers of the experi- 
mental group contain only 401% 4N nuclei 
with a correspondingly smaller percentage of 
8K nuclei. Since the livers were growing be- 
tween 5 5 and 12 2 days this “regression” might 
also be interpreted as a retarded formation of 
polyploid nuclei during continued production 
of diploid nuclei. In either event, the liver 

Results. 
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cell appears to be mure sensitive to thyroid 
deficiency a t  122 days than a t  55 days, since 
there is no reason to believe that thyroidecto- 
mized animals are any more thyroid-deficient 

a t  1 2 2  days than a t  55. In  fact, as shown be- 
low. there is good evidence that they are less 
thyroid deficient a t  122 days than a t  55. Al- 
ternatively, the polyploid status a t  122 days 
may only reflect a delayed response to a 
much earlier stimulus, although most of the 
data gathered thus far would lead one to ex- 
pect a faster response to hormonal imbalance. 
Il\t 230 days the situation has again reversed 
so that the operated animals appear to be ap- 
proaching the controls cytologically, although 
there is still a significant difference a t  all ploid 
levels. 

The polyploid regression appears similar to 
that following hypophysectomy and, because 
pituitary acidophil degranulation follows thy- 
roidectomy, can be most satisfactorily ex- 
plained by diminished growth hormone out- 
put. Furthermore, the sequence of events as 
described above is quite consistent with ob- 
served growth patterns and pituitary cytology. 
Although no counts were made in pituitaries 
of the 122 day group, we have observed large 
numbers of granulated acidophils in all speci- 
mens. If the assumption can be made that 
complete acidophil degranulation followed 
thyroidectomy( 10 , l l )  i t  is evident that ex- 
tensive acidophil regranulation has occurred 
in all of the experimental pituitaries. Con- 
sidering the evidence cited by Geschwind et al. 
( 8 ) , reactivation of acidophils in presence of 
dietary iodide or thyroxin is an  acceptable 
possibility. Since the liver appears to exhibit 
marked sensitivity tc lack of thyroxin a t  the 
same age a t  which regranulated acidophils are 
observed, appearance of the latter must, for 
the present, be considered as representing the 
beginning of acidophil reactivation. 

Growth differences for the 3 age groups 
support the concept of replacement of iodide 
and /'or thyroxin from either dietary olr endo- 
genous sources. which is strikingly reflected 
after 1 2 2  days (Fig. 2 ) .  For the 2 para- 
meters recorded the differences are least at 
55 days, maximum a t  122 days, and slightly 
less a t  230 days, indicating a tendency for op- 
erated animals to approach the growth of 
normals at  230 days. While the decrease be- 
tween 122 and 230 days is slight it is signifi- 
cant that, for each of the litters studied, the 
change is consistently in the same directioa. 
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Since polyploidization is a liver growth 
process characteristic of postnatal growth of 
the organ, we have attempted to analyze upon 
what other growth factors, if any, the process 
is dependent. Absolute and relative liver 
weights and liver growth rate have been ex- 
amined as possible determinants. At 122 
days, the age of maximum liver effect, mean 
liver weight for operated animals is 6 g, 
equivalent to mean liver weight of 5 5  day nor- 
mal rats. Comparison of ploidy status in the 
6 g liver of the 122 day thyroidectomized rat 
and the 6 g liver of the 55 day normal rat 
(Fig. 1) reveals that the 2 are dissimilar, and 
that polyploid percentages in the operated 
animals are characteris tic of normal animals 
younger than 55 days. Fig. 3 is a summary of 
mean values of several growth parameters re- 
corded for the 3 age groups. Examination of 
relative liver weights reveals a decrease with 
age in normal animals, declining from ap- 
proximately 13 a t  birth to about 3.5 from 122 
days. Since polyploidization of normal liver 
occurs coincidentally with decrease in relative 
weight, it might be assumed that an inverse 
ratio exists between it and polyploid status. 
However, examination of P values reveals no 
significant difference between operated and 
control relative liver weights at  any age level, 
although polyploid composition shifts signifi- 
cantly (Fig. 1 ) .  Furthermore, significant 
polyploid shifts can still be observed in oper- 
ated rats once relative liver weights have 
reached stability. With respect to liver growth 
rate we have previously shown, in the cas- 
trate female, that growth rate of both body 
and liver is accelerated, while formation of 
8N cells is retarded(5). Therefore, it ap- 
pears that absolute and relative liver weight, 
and liver growth rate, while apparently coor- 
dinated with polyploid development in the 
normal rat, are not positively related and can- 
not be considered as determinants for poly- 
ploid composition of the liver. 

Fig. 3 further reveals that body weight dif- 
ference between thyroidectomized and con- 

trol animals becomes increasingly significant 
with age, and differences in body, tail and 
humerus lengths are quite significant a t  122 
days, but not as great as one would expect 
from animals thyroidectomized and injected 
with or maintained on iodine-free diets. 
However, since the polyploid shifts approach 
the expected maximum, the experimental con- 
ditions have served to demonstrate that poly- 
ploid composition of liver is a more sensitive 
indicator of thyroid deficiency than the 
usually recognized growth parameters. 

Suinwzayy. Thyroidectomy of weanling rats 
kept under normal dietary conditions results 
in initial prolonged retardation in production 
of polyploid nuclei in the liver, followed by 
gradual resumption of polyploid cell forma- 
tion over long periods. The effect appears to 
be mediated, a t  least in part, through the pi- 
tuitary, and polyploid shifts are greater than 
can be explained on the basis of absolute or 
relative liver weight, or liver growth rate. 
The liver cytology appears to be more sensi- 
tive to thyroid deficiency than the general 
growth of the animal, the time of greatest sen- 
sitivity for this study having been olbserved at  
122 days of age. 
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