
much longer life span than the leucocytes, and it  is 
probable that the polymorphonuclear leucocyte has a 
slightly longer life span than the lymphocyte. I t  is to 
be expected, therefore, that the percentage of new cells 
of each type in the circulating blood of a normal rat a t  
a given time would decrease in the order mentioned above. 

Thus, most of the lymphocytes are associated with 
autoradiographs. The polymorphonuclear leucocytes are 
associated in several cases with autoradiographs, despite 
the fact that these are the least numerous of the three 
cell types in the rat blood. The erythrocytes rarely pro- 
duced an autoradiograph under our experimental con-
ditions, despite their relatively large numbers in the 
circulating blood. 

The grain concentration, i.e. number of silver grains 
per unit area, in the autoradiographs, which is a measure 
of the relative amounts of (3x4 incorporated in the cells, 
varies in each cell category. There are cells of each 
type which reveal no Cl4 incorporation detectable by this 
technique. Of those which yield autoradiographs, how-
ever, the concentration of silver grains is generally 
greatest in the case of the lymphocytes. Fig. 1, 2, rep- 
resents approximately the average grain concentration in 
autoradiographs associated with lymphocytes. The maxi- 
mum grain concentration in autoradiographs associated 
with polymorphonuclear leucocytes (Fig. 1, 3)  is less 
than that found with most lymphocytes. The maximum 
grain concentration associated with erythrocytes (Fig. 1, 
4) is less than that of most of the definite autoradio- 
graphs given by leucocytes. 

The concentration of silver grains appears to be higher 
in the case of those cells containing relatively larger 
amounts of nuclear material. I t  seems reasonable to 
assume that the cells which show the presence of C1' have 
incorporated the labeled materials in their proteins. 
Since, according to Abrams, et  al. ( I ) ,  glycine is a spe- 
cific precursor for purines of the nucleic acids of yeast, 
much of the CI4 activity may reside in the purine moiety 
of the nucleoproteins. Inasmuch as the concentration 
of nucleoproteins is the highest in lymphocytes, this offers 
a possible explanation for the variation in grain concen- 
tration among the three cell types. 

I t  is' probable that glycine is incorporated into the 
hemoglobin of the red cell in the bone marrow and not in 
the circulating blood. This contention is supported by 
in  vitro studies of London, s t  al. (51, which showed that 
the synthesis of heme from glycine does not occur to a 
detectable extent in normal human peripheral blood in- 
cubated with glycine labeled with N16, and by the finding 
that rabbit bone marrow homogenates incorporate appre- 
ciable amounts of C1'-labeled alpha-carbon of glycine in 
hemin within 3 hrs of incubation ( 3 ) .  The present ex-
periment strongly suggests, therefore, that the red blood 
cells associated with autoradiographs are cells which were 
recently formed and introduced into the circulating blood 
within the 25-hr period of the experiment. 
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Histological Localization of Newly-formed 
Deso~~ribonuLleicAcid1 

C. P. LEBLOND,C. E. STEVENS,and R. BOGOROCH 

Department of Anatomy,  MeGill Universi ty  

The histological localization of newly-formed desoxy- 
ribonucleic acid was attempted by the use of the "radio- 
active autograph" techniclue in the tissues of animals 
treated with large amounts of radiophosphorus. 

Female rats weighing from 50 to 70 gm were given 
a single subcutaneous injection of about 1 me of P32 

in a solution of H,PO4 containing 25 pg of phosphorus. 
The animals were sacrificed 2 or 24 hrs later. The 
tissues were fixed in neutral formalin, dehydrated in 
dioxane, embedded in paraffin, sectioned, and mounted 
on glass slides in the routine manner. After deparaffi- 
nation the slides were treated for 1 hr a t  40" C with 
a 0.05% solution of ribonuclease in citrate-phosphate 
buffer a t  pH 7, control slides being similarly taken 
through a buffer solution without ribonuclease. Half the 
slides were stained with hematoxylin-eosin, the others 
being left unstained. The slides were then coated with 
photographic emulsion according to the "coated auto-
graph" method (1,3). 

Most of the-phosphorus compounds originally contained 
in the tissue sections were extracted during the prepa- 
ration of the autographs. Thus, phospholipids were re- 
moved when the tissues were passed through several baths 
of dioxane and the slides through xylol and alcohol. Simi-
larly, water-soluble phosphates, such as phosphate ions, 
hexose-phosphates, crratine-phosphate, were eliminated 
during either fixation, staining, or ribonuclease-buffer 
treatment. I t  was shown on control slides stained with 
pyronine that ribonuclease removed the cytoplasmic baso- 
philia from pancreas and liver; therefore, ribonucleic acid 
was assumed to have been more or less completely ex-
tracted. I t  was concluded that desoxyribonucleie acid 
was the only phosphorus compound remaining in the sec- 
tions in significant amounts. Autographs of such sections 
should reveal the localization of the desoxyribonucleic 
acid formed since the time of injection of P2. 

The newly-formed desoxyribonucleic acid was found 
to be abundant in lymphatic tissue. Thus, the reaction 
was pronounced in the cortex of the thymus (Fig. 1 )  and 
moderate in other lymphatic organs. The myelogenous 
tissue of the bone marrow and that normally found in 

lThis  work was supported by a grant from the National 
Cancer Institute of Canada. Wr wish to acknowledge help- 
ful suggestions from J. H. Quastel and 0. F. Denstedt, of 
this University. 



the spleen and some lymph nodes of 50- to 70-gm rats 
reacted intensely. 

A strong reaction was present in the ovary, where it 
was limited to the granulosa of some follicles (Fig. 2). 
The lack of reaction in other follicles (Fig. 2) may be 
due to their incipient atreaia; or possibly such follicles 
may have reached full maturity. 

lower part of the villi [Fig. 3 (6) 1. Apparently the radio- 
phosphorus had been incorporated into the deaorpribo- 
nucleic acid synthesized by the dividing nuclei in  the 
crypts; and the young nuclei, loaded with radioactive 
deaoxyribonucleic acid, had ascended the sides of the 
villi. This observation con5rmed a fact previously fore- 
Been on theoretical grounds ( 4 ) ,  that the cells of the 
epithelium covering the villi originate in the crypts. 

Fro. 1. (1) Thymic lobule of a rat sacrificed 24 hm 
after P injection. A short exposure resulted in a 
slight autographlc reaction which 1s hidden by the 
hematoxylineosin stain. Compare with (2). which is 
the same thymic lobule showing one of the following' 
serlal sections as an unstained autograph. The ex- 
posure was longer than in (1). The black reaction 
due to newly-formed desoxyribonucleic acid is intense 
in the cortex only. (x 80.) 

More or less intense reactions were present in many 
epithelial linings (intestine, stomach, esophagus, etc.). 
I n  contrast, most parenchymatous organs (pancreas, 
thyroid, ete.) a d  connective tissues showed no newly- 
formed deaoxykibonncleic acid. 

It should be emphasized that throughout the body 
the intensity of the reactions was roughly parallel to 
the mitotic countq a fact which substantiates the theory 
(8) that phosphate ions enter the desoxyribonucleic 
moleeul6 only a t  the time of mitosis. 

Striking reactions were observed in the gastrointestinal 
tract. As early as 2 hrs after adminiatration of Psz 
a definite reaction was noted in the crypts of Lieberkiihn 
[Fig. 3 (5)], where mitoses are quite numerous. Twenty- 
four hours after injection an autographic reaction was 
found overlying the nuclei of the epithelial cells in  the 

Fro. 2. (3) Ovary of a rat sacrificed 24 hrs after 
P injection. A short expornre resulted in a slight 
autographic .renction which is partly hidden by the 
hematoxylin-eosin stain. Compare with (4), the same 
region of the ovary, showing one of the followlng 
serial sections as an unstained autograph. The ex- 
posure was longer than in (3). The contrast between 
the right-hand side, reactive follicle and the left-hand 
side, nonreactive follicle is apparent. (~80.) 

I n  both the fundic and pyloric regions of the stomach, 
a slight but definite reaction was noted a t  the bottom of 
the gastric pits. Mitoaes were found in this region, pre- 
sumably insuring a constant renewal of the epithelium 
covering the gastric mucosa. 

Slight reactions were also noted in liver, kidney, and 
muscle, where practically no cell division occurs. There 
is a possibility that these reactions were not due to 
desoxyribonucleic acid but to traces of nnextracted ribo- 
nucleic acid or other phosphorus compdunds rendered 
insoluble by firation. For example, adenosine triphos- 
phate might be retained in tissue sections as adenosine 
diphosphate. 

Finally, an attempt was made to deduce the localization 
of newly-formed ribonacleic acid by comparbon of the 
ribonucleaae treated with untreated autographs. Newly- 
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formed ribonucleic acid was thus found in liver, kidney, 
adrenal cortex, and many epithelia. Large amounts were 
present in tissues where the neoformation of desoxyribo- 
nucleic acid occurred, especially in  the crypts of the in- 
teatine. I n  contrast, several organs known to be fairly 
rich in ribonucleic acid, such as pancreas, salivary glands, 
and thyroid, did not show a aignificant amount of newly- 
formed ribonucleic acid. 

Fro. 3. (6) Duodenum of a rat sacrificed 2 hrs 
after psr injection. The autographic reaction is located 
over the cells of the crypts of Lieberktihn, as indicated 
by the arrow. (6)  Duodenum of a rat sacrificed 24 
hrs after P* injection. An intense autographic reaction 
is located over the nuclei in the cells of the villi 
epithelium ; the upper limit of the reaction is indicated 
by the arrow. A less intense reaction is present in 
the crypts. (x 50.) 

Conclusion. Radiophosphorus entering into desoxyribo- 
nucleic acid a t  the time of mitosis may be localized by 
the "coated autograph" method in tissue aections treated 
with ribonucleaee. The newly-formed desoxpribonucleic 
acid thus detected is found in the tissues where d l  divi- 
sions are numerous, e.g. lymphatic and myelogenous tie- 
sues, ovarian follicles, intestinal epithelium, etc. 
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Protoanemonin as a Mitotic Inhibitor1 

Department of Botany, 
University of Pennsylvania 

I 

Experiments are in progress in this laboratory to de- 
termine the effect on root tip mitosis of several drugs and 
other chemicals. Protoanemonin, CH : CH . CO .O. C : CH,, 
I 

has been found to exert striking effects not only on the 
nuclei of the meristematic cells but also on the mitochon- 

1 This work was supported by the Sloan-Kettering Institute 
for Cnncer Research and the Cancer Commission of the Uni- 
versity of Pennsylvania. 

drii and on the structure of the cytoplasm. It has pre- 
viously been found to be effective as  an antibacterial 
agent (8) .  

-Seedlings of Zea Mays were grown in beakers lined 
with moistened filter paper, according to the method of 
Albaum (S), until the roots had reached a length of about 
1 em, and were then transferred to aimilar beakers in 
which the filter paper liner was moistened with a solution 
of protoanemonin. Roots were treated in this way with 
various concentrations of the drug (10-3 M to 10-5 M) 
for various lengths of time (2 hrs to 24 hrs) and then 
fixed in each of three h t i v e s :  Navaahin's for nuclear 
details, a modified f orm of ErlikiC (6) for mitochondria, 
and a mixture of chromic sulfate, formaldehyde, and cop- 
per hydroxide (4) for cytoplasmic structure. The root 
tips were dehydrated by the ethyl-normal butyl alcohol 
schedule, imbedded in paraffin, sectioned a t  8 p, and 
stained in iron alum-hematoxylin. 

The most striking effect of protoanemonin is  the disap- 
pearance of mitochondria. The Erliki firation shows them 
well in untreated root tips, but not in root tips treated 
for 24 hrs a t  10-5 M or higher concentrations or for 2 
hrs or longer a t  10-3 M. Cytoplasmic structure is badly 
disrupted by treatment a t  the stronger concentrations 
and for longer periods, as  shown by the chromic sulfate- 
formaldehyde fixation. I n  the untreated meristem the 
image after this fixation is that of a n  even-textured cyto- 
plasm interrupted by many small, sharply outlined vacu- 
oles. After the longer and stronger treatments the 
cytoplasm is reduced to irregular strands and darkly 
staining granules. After shorter treatments and a t  l m e r  
cmcentrations the only effect ie some coalescence of'the 
vacuoles. 

The nuclear effect of protoanemonin is strikingly differ- 
ent from that of colchicine. Treatment with the:latter 
drug leads to an abnormally high frequency of meta- 
phases. Treatment with protoanemonin a t  2.15 x lo-' M 
or higher concentrations for 24 hra or a t  104M for 4 hrs 
or longer reduces the frequency of recognizable mitotic 
stages to a statistically aignificant degree. After the 
longer and stronger treatments, all the nuclei of the root 
tip are in a condition which resembles interphaad or pro- 
phase. A d l  proportion of the nuclei s u ~ e r f i c i a l ~  re- 
semble late prophase. 

I n  these nuclei the chromosomes ale  abnormally con- 
tracted, as are colchicine-treated chromosomes, but there 
is no evidence of chromatid separation or of polyploidy, 
which are characteristic of colchicine. I t  appears that 
protoanemonin exerts its inhibiting effect on mitosis a t  
a different stage in the mitotic cycle than does colchicine. 

A more detailed report of these results will be pub- 
lished elsewhere (1). 
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