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Cell Proliferation in Hydra: 
An Autoradiographic Approach 

Abstract. Hydra cells take up sub- 
stantial amounts of tritiated thymidine 
if the label is injected into an animal's 
gastric cavity shortly after feeding. 
A utoradiographic analysis shows that 
the isotope becomes incorporated into 
cell nuclei. The distribution of labeled 
nuclei probably represents the pattern 
of cell proliferation and is similar to 
the distribution of mitotic figures in 
histological preparations. The data 
show that cell proliferation is distribut- 
ed along the body column and that 
there is no localized growth zone. 

Hydra is customarily used for study- 
ing morphological changes and regula- 
tion, yet little is known about the 
cellular growth patterns underlying 
these activities. Experimental studies 
on hydra have led Tripp (1) and, 
more recently, Brien and Reniers-De- 
coen (2) to postulate that growth and 
cell proliferation occur primarily in 
the subhypostomal (3) region. Such 
a growth pattern was largely deduced, 
however, and no direct analysis of the 
distribution of cell proliferation has 
been presented to support their thesis. 
A possible reason for this lack of 
analysis is the difficulty workers have 
experienced in finding mitotic figures 
in hydroid tissue (4). One approach 
would be to label dividing cells with 
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a growth pattern was largely deduced, 
however, and no direct analysis of the 
distribution of cell proliferation has 
been presented to support their thesis. 
A possible reason for this lack of 
analysis is the difficulty workers have 
experienced in finding mitotic figures 
in hydroid tissue (4). One approach 
would be to label dividing cells with 
tritiated thymidine and study their dis- 
tribution by autoradiography, but pre- 
vious attempts to label the nuclei of 
hydra (5) have been hindered by the 

28 MAY 1965 

tritiated thymidine and study their dis- 
tribution by autoradiography, but pre- 
vious attempts to label the nuclei of 
hydra (5) have been hindered by the 

28 MAY 1965 

relative impermeability of hydra to or- 
ganic molecules in the external 
milieu (6). 

In this report, I describe a success- 
ful method for administering tritiated 
thymidine to normal hydra so that the 
label becomes incorporated into divid- 
ing cell nuclei. To overcome the 
problem of permeability, thymidine 
solution is injected into the gastric 
cavity of hydra immediately after the 
animal has been fed Artemia nauplii. 
This presents the label directly to the 
digestive tissue. The colloidal nature 
of the mucus and partially digested 
food is essential in preventing the iso- 
tope from leaking out of the animal. 

Hydra littoralis (7) were grown in 
the medium of Loomis and Lenhoff 
(8) with distilled water substituted for 
tap water. Culture density was main- 
tained at one hydra per 15 ml of 
growth solution, the solution being re- 
newed daily 1 hour after the animals 
were fed Artemia nauplii. The hydra 
were grown for 4 weeks before they 
were used in experiments, so that all 
animals had similar growth histories. 
A fine glass pipette was inserted 
through the mouth into the gastric 
cavity and 0.1 jl of tritiated thymidine 
(9) solution (0.1 ,/mole) was de- 
livered by a 50-pl syringe (10). The 
average amount of isotope retained by 
the hydra I minute, 20 minutes, and 
24 hours after injection was 89, 78, 
and 24 percent, respectively, as deter- 
mined by monitoring the medium. 
This retention of substantial amounts 
of thymidine shows that the adminis- 
tration procedure was efficient. 

Extended hydra were fixed in Lav- 
dowsky's fluid (11) 24 hours after the 
thymidine was injected. Serial paraffin 
sections 5 , thick were cut perpendic- 
ular to the long axis of the animals. 
The methods of Kopriwa and Leblond 
(12) were used for staining the sec- 
tions and for the autoradiographic 
analysis. The sections were stained 
with Harris' hematoxylin, and the 
slides coated with Kodak KTB-3 liquid 
emulsion, exposed at 4?C, and de- 
veloped in D-170. After exposure for 
7 days, most of the labeled nuclei 
were associated with about 75 photo- 
graphic grains each. The cytoplasm was 
relatively free of activity, indicating 
that little label was shunted into other 
synthetic metabolic pathways by either 
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Fig. 1. Autoradiograph of hydra injected 
with triated thymidine. Endoderm (right) 
and ectoderm (left) are cut in cross sec- 
tion through the middle stomach region. 
Nuclei showing isotope incorporation in 
this photograph are: gland cell (G), di- 
gestive cell (D), interstitial cell (I), and 
epithelio-muscular cell (E). 

of tritiated thymidine was observed 
in nuclei of all major types of cells 

distinguished in this study: digestive, in- 
terstitial, and gland cells in the endo- 
derm; and cnidoblasts, interstitial, and 
epithelio-muscular cells in the ectoderm. 

Labeled nuclei occurred at all levels 
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Fig. 2. Axial distribution of labeled nuclei 
in a hydra. Axial position (abcissa) is 
indicated by the drawing above the graph. 
Thymidine index is the percentage of 
nuclei which are labeled. Solid circles, 
endoderm; open circles, ectoderm. Counts 
of labeled nuclei were made on every 
20th section. Thymidine indices were cal- 
culated for single sections at the positions 
indicated. 
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Fig. 3. Axial distribution of mitotic figures 
in a control hydra. Axial position (abcissa) 
is indicated by the drawing above the 
graph. Mitotic index is the percentage of 
cells in division. Solid circles, endoderm: 
open circles, ectoderm. Fixed in Lavdow- 
sky's fluid and stained by Feulgen method. 
Each point represents the average value 
of counts on four histological sections. 
The peak in the endodermal mitotic index, 
a feature exhibited by some animals, 
probably represents an incipient bud. 

along the axis in both the ectoderm and 
endoderm, but in a characteristically 
graded distribution (Fig. 2a). Thus. 
the numbers of labeled cells per histo- 
logical section increased from the 
tentacular region to the budding zone. 
A similar increase in the abundance 
of cells, however, resulted in a more 
uniform distribution of the proportion 
of nuclei incorporating label (Fig. 2b). 
This proportion increased about two- 
fold between the upper column and 
the budding region. and declined 
gradually in the stalk. Little or no ac- 
tivity was found in the distal hyposto- 
mal region or in the tentacles. 

The majority of labeled nuclei in 
the endoderm were those of digestive 
cells. In the ectoderm the interstitial 
cells contained most of the label. The 
distribution of labeled epithelio-mus- 
cular cells was similar to that of diges- 
tive cells. No evidence was found for 
strong localization of activity in the 
subhypostomal region. 

To confirm that this axial distribu- 
tion of labeled nuclei actually reflected 
the pattern of cell proliferation in 
hydra, these data were compared with 
those obtained from mitotic counts on 
control animals. The similarities be- 
tween the distributions of thymidine 

Hydranth -- Column -- region T-Stalk- 

- 20 
20 E ctoderm 

:. 

% ^b. 

.n 
2 

. 

Axial position 

Fig. 3. Axial distribution of mitotic figures 
in a control hydra. Axial position (abcissa) 
is indicated by the drawing above the 
graph. Mitotic index is the percentage of 
cells in division. Solid circles, endoderm: 
open circles, ectoderm. Fixed in Lavdow- 
sky's fluid and stained by Feulgen method. 
Each point represents the average value 
of counts on four histological sections. 
The peak in the endodermal mitotic index, 
a feature exhibited by some animals, 
probably represents an incipient bud. 

along the axis in both the ectoderm and 
endoderm, but in a characteristically 
graded distribution (Fig. 2a). Thus. 
the numbers of labeled cells per histo- 
logical section increased from the 
tentacular region to the budding zone. 
A similar increase in the abundance 
of cells, however, resulted in a more 
uniform distribution of the proportion 
of nuclei incorporating label (Fig. 2b). 
This proportion increased about two- 
fold between the upper column and 
the budding region. and declined 
gradually in the stalk. Little or no ac- 
tivity was found in the distal hyposto- 
mal region or in the tentacles. 

The majority of labeled nuclei in 
the endoderm were those of digestive 
cells. In the ectoderm the interstitial 
cells contained most of the label. The 
distribution of labeled epithelio-mus- 
cular cells was similar to that of diges- 
tive cells. No evidence was found for 
strong localization of activity in the 
subhypostomal region. 

To confirm that this axial distribu- 
tion of labeled nuclei actually reflected 
the pattern of cell proliferation in 
hydra, these data were compared with 
those obtained from mitotic counts on 
control animals. The similarities be- 
tween the distributions of thymidine 
incorporation and of mitotic cells may 
be judged by comparing Figs. 2 and 3; 
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absorption of the label by certain cells 
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or body regions does not affect the sub- 
sequent pattern of nuclear incorpora- 
tion. 

Mitotic counts also confirm that all 
the types of cells that were labeled, 
except the cnidoblasts forming nemato- 
cysts, undergo frequent mitosis: cnido- 
blasts presumably are labeled as a re- 
sult of their origin from labeled in- 
terstitial cells. These results are of 
interest, since in the past there has 
been some uncertainty as to whether 
highly differentiated hydra cells divide 
at all (13). 

The feature of growth along the 
entire body axis is consistent with 
the earlier qualitative observations on 
cell proliferation (14) but it is not in 
agreement with the subhypostomal 
growth theory of hydra (15). The ex- 
perimental basis for this latter theory 
of localized growth is the demonstra- 
tion of a proximal movement of cells 
down the column. This phenomenon 
has been reexamined quantitatively 
(16) and found to favor the new in- 
terpretation of broadly distributed 
growth. Thus, patterns of thymnidine 
incorporation, distributions of mitotic 
figures, and experimental studies all 
indicate that proliferation in Hydra 
littoralis takes place over most of the 
body column. 

RICHARD D. CAM PBELL 

Rockefeller Institute, New York 10021 
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Genetic Mosaicism in Adult Mice 
of Quadriparental Lineage 

Abstract. Genetic mosaic mice can 
be produced by aggregating, during 
cleavage stages, the blastomeres of two 
embryos of different genotype into a 
single cluster, and by transferring the 
developing aggregates to the uterus of 
a surrogate mother. Substantial num- 
bers of such composite embryos sur- 
vive past birth. Among the living adult 
mosaic mice are individuals within 
which cells of markedly different 
immunogenetic constitution coexist. 
Through the incorporation of appro- 
priate genetic markers' into mosaics, 
many new possibilities now present 
themselves for analysis of biological 
problems during embryonic as well as 
adult life. 

Five years ago, we began a series of 
technical explorations intended to cul- 
minate in the fairly routine production 
of genetic mosaic mice. The mosaic 
condition was to be established in the 
cleavage period of the egg, within a day 
or two after fertilization. This was ex- 
pected to lead not only to a more 
precocious, but also to a more extensive, 
admixture of cells characterized by ge- 
netic differences than might be achieved 
either spontaneously through accidents, 
such as vascular anastomoses between 
cattle co-twins (1), or experimentally by 
means of limited cell inocula in fetal 
stages (2). The known, and in fact 
considerable, genetic armamentarium 
available in the mouse could, under 
the projected circumstances, be made 
to serve as an instrument of potentially 
great resolving power when brought to 
bear upon problems such as differentia- 
tion, within the context of the organism 
itself. 

A suitable means of realizing this end 
seemed to be through reassemblage of 
early blastomeres from separate em- 
bryos into a single group which, if 
developmental potentialities were still 
quite labile, might be capable of normal 
ontogeny. Procedures were therefore re- 
quired for removal of the egg envelope 
(zona pellucida) without injury, for 
facilitation of rapid adhesion among 
cells within the aggregate, and for culti- 
vation of the conjoined members in 
vitro under conditions favorable for 
maintenance of viability during these 
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essary for producing genetic mosaicism 
at any time during cleavage were devel- 
oped in this laboratory and have al- 
ready been described (3, 4). The in- 
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