the presence of EPF is 7 percent as com-
pared to 0.1 percent in the control cultures.

Thus, TI reflects the number of cells in-
corporating thymidine for cell division, not
just DNA repair or movement of the cells
into the DNA synthesis period of the cell
cycle. Our in vitro assay system has several
advantages over other bioassay procedures
(3, 6) in that the specific response of one
cell type is measured in the absence of oth-
er cell types, we can screen a large number
of tumors and tumor cell lines for the pro-
duction or content of EPF, and we require
less tumor material.

The production of EPF in vitro by clonal
cell lines, coupled with the in vitro assay,
provides a system for the purification and
characterization of EPF. Neither the EPF
described by us nor the TAF described by
Folkman has been adequately character-
ized. These factors may prove to be identi-
cal; however, we note that our factor dif-
fers from Folkman’s (4, 6) in the follow-
ing ways: (i) it is produced by tissue culture
cells; (ii) it is ribonuclease resistant; (iii) it
is sensitive to proteolytic digestion with
Pronase; and (iv) it stimulates the prolifer-
ation of endothelial cells but not of fibro-
blasts. Cavallo (7) suggests that the non-
specificity of TAF may result from the
lack of a purified factor; this may also con-
tribute to the differences we observe be-
tween TAF as described in vivo and EPF
produced in tissue culture. Neither TAF
nor EPF appears to be species specific as

demonstrated by the increased prolifera-
tive response of human endothelial cells
elicited by tumor cells of both rodent and
human origin. The in vivo effects of EPF
have yet to be determined.
R. L. Subpith, P. J. KELLY
H. T. HutcHisoN, E. A. MURRAY
B. HABER
Division of Neurobiology, Marine
Biomedical Institute, Division of
Neurosurgery, Department of Surgery,
and Department of Human Biological
Chemistry and Genetics, University of
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Production of Globules in Mouse L Cells

Penetrated with Hamster Sperms

Abstract. Globule formation has been observed in long-term cultures of mouse L cells
penetrated with hamster spermatozoa. These numerous, uniform, and spherical struc-
tures are approximately 10 micrometers in diameter when formed, and are positive 1o
stains specific for proteins and nucleic acids. They may be produced either by sperms
within their target cells or by the cells in response to penetration by the spermatozoa.

Active penetration of spermatozoa into
somatic tissues was initially observed by
Kohlbrugge (/) in the female genital epi-
thelia of domestic fowls and mammals. It
was further demonstrated in vitro by Reid
(2), who incubated (in tissue culture) hu-
man sperms with biopsy materials from
the postparturient uterus. Both inter-
cellular and intracellular penetrations were
evident upon examination of the tissues af-
ter short-term culture. Reid also noticed
the formation of vacuoles and the align-
ment of mitochondria around the heads of
sperms within their target cells, thus in-
dicating some form of interaction between
the host cells and the spermatozoa which
penetrated them. Extensive works by
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Bendich et al. (3) have shown that, in
tissue culture, mouse sperms are capable of
penetrating various mammalian cell lines.
Within their target cells, the release of la-
beled DNA from mouse spermatozoa, fol-
lowed by the production of substances im-
munologically specific to the sperm donor,
have also been demonstrated, implying
that protein synthesis might have been ini-
tiated by the spermatozoa as a result of
their entry.

I now report a cellular activity hith-
erto not observed, namely, the production
of globules by a line of mouse fibroblasts
penetrated with spermatozoa from a ham-
ster.

In my experiment, motile spermatozoa,

aseptically extracted from the cauda epi-
didymis of a Syrian hamster, were mixed
with mouse L cells in tissue culture medi-
um (4) supplemented with 0.5 percent fruc-
tose to enhance sperm motility (5). There
were ten sperms to each cell, and the final
density in the mixture was approximately 5
x 10° cells per milliliter. Adhesion of
sperm heads to cells was observed immedi-
ately after mixing, and vigorous vibration
was maintained by the tails for 8 to 12
hours while the heads remained tightly
bound to their target cells. As sperm motil-
ity subsided, the cells settled down and
spread out on microscope slides that were
incubated under standard tissue culture
conditions at 34°C. Most cells were at-
tached with single sperms, but multiple
attachment was not infrequent (Fig. 1).
Within 12 hours after admixture of sperms
and L cells, intracellular location of sperm
heads was evident; and in 48 hours most of
these intracellular sperm heads had al-
ready disappeared in the cytoplasms of
their target cells (Fig. 1). In agreement
with observations by Bendich et al. (3),
each target cell then began to display more
than one nucleus, indicating the arrest of
cell division due to sperm penetration.
From then on, the cells increased both in
size and in nuclear number until, in 8 to 12
days, a population of polynucleates pre-
vailed in which most cells exhibited more
than eight nuclei (Fig. 2). Due to the low
density of plating and the large initial
intercellular distances, it seemed quite un-
likely that these giant cells could have
arisen from the fusion of adjacent cells.
Studies on. their chromosomal numbers re-
vealed a widespread polyploidy among
these giant cells, suggesting endomitosis
might have been the mode of cell growth
subsequent to sperm penetration (6).
Further incubation of the sperm-pene-
trated cells gave rise to numerous spherical
structures hitherto nonexistent in the cul-
ture (Figs. 3 to 5). And, depending on the
state of the host cells before admixture
with spermatozoa, the appearance of these
globules came within 2 to 3 weeks after
sperm entry. These uniform globules can
be seen inside both giant polynucleates and
smaller cells (Fig. 3). They are also visible
around those cells from which they seem to
have been extruded (Fig. 4), and they ap-
pear in aggregates on sites where giant
cells may have disintegrated to yield a
group of mononucleate cells together with
the globules (Fig. 5). The formation of
globules seemed to be a fairly synchronous
activity, with a peak period of about 4 days
during which most cells were associated
with a number of these spherical objects.
The globules average about 10 um in di-
ameter when sparsely attached to glass.
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Fig. 1. Penetration of L60T cells by hamster
sperms. The cauda epididymis of a Syrian ham-
ster, aseptically dissected, was cleaved by sever-
al incisions along its entire length and dropped
into 30 ml of CMRL 1066 with 5 percent fetal
calf serum. Below 22°C, the frequent peristaltic
movements in the organ resulted in the extru-
sion of most of its content in 10 minutes. Upon
contact with the medium, the still spermatozoa
became motile, increasingly so as it warmed up
and dispersed throughout the medium. To mini-
mize breakage of intact sperms as well as con-
tamination by fibroblasts from the organ, the
sperm suspension was gently pipetted out from
above the epididymis. Appropriate volume of
the solution was mixed with L cells in suspen-
sion culture to give a sperm to cell ratioof 10: 1,

and the resulting mixture was incubated at 34°C in a roller tube at 30 rev/min for 20 hours. At the end of the period, the culture was allowed to
settle on glass bottle from which it was periodically scraped off, resuspended, and plated over cover slips in petri dishes. Photomicrograph
shows cells 48 hours after admixture with hamster sperms. Preparation was air dried, Giemsa stained for 5 seconds, and cleared with tap water.
No mounting resin has been used for this particular specimen in order to give a distinct image of the sperm tails by which the multiplicity
of penetration may be assessed. Cells with double nuclei are common at this stage of incubation. Most intracellular sperm heads have by
now disappeared within the cytoplasm, leaving behind some vacuole-like structures in their places. For more detailed studies of the earlier
stages of sperm penetration, see Bendich er al. (3) (x 500). Fig. 2. Prevalence of giant cells as seen in a culture 9 days after admixture
of L cells with hamster sperms. As the number of nuclei had multiplied within most cells, so had the cytoplasms become increasingly more
granular and dark against Giemsa stain (x 300). Fig. 3. Appearance of globules in L cells 14 days after penetration by hamster sperms.
Globules are seen to be forming within the giant cell on the upper half of the picture. On the lower half, they are at various stages of either being formed
or separated from their host cells of different sizes. The densely stained structures borne by some globules have given them the appearance of cells in
miniature (x 500). Fig. 4. Progression of globules away from their apparent place of origin. The line-up of the globules may serve as a clue as to the
sequence of their manufacture as well as the direction of their migration from the host cell. Besides the globules, the appearance of the netlike expanded
nucleus (<) and mononucleate without clear boundary (—) are both unique to the sperm-penetrated cells at this stage of development (x 500).
Fig. 5. Liberation of globules by one or more giant cells in a culture 18 days after admixture of hamster sperms and L cells. The membrane of the poly-
nucleate has disappeared and the outline of the cell is no longer discernible. The densely stained daughter cells of the dissolved giant polynucleate are

crowded amid the globules and are much distorted (x 300).

They are positive to amido black and Feul-
gen stains, indicating, respectively, that
proteins and nucleic acids form parts
of their composition. Autoradiography
showed their incorporation of tritiated
thymidine and amino acids after labeling
for short periods of these precursors to
DNA and proteins (6). Globules of similar
dimension and chemical makeup are also
displayed by L cells after admixture with
mouse spermatozoa.

The appearance of globules in somatic
cells has been a reproducible event sub-
sequent to sperm penetration. It has been
observed, with similar recurrence, in cul-
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tures of HeLa, Chinese hamster ovary
cells, and primary mouse and hamster kid-
ney cells with either mouse or hamster epi-
didymal sperms. However, it has not been
observed in parallel control cultures in
which sperm-free epididymal extracts were
used for the admixture. Thus, barring
unaccountable contamination and arti-
facts, these spherical structures may be re-
garded as substances produced either by
sperms within their target cells, or by the
host cells in response to penetration by
spermatozoa.

Together with the generation of the
multinucleated giant cells (Fig. 2), the pro-

duction of globules seems to represent a
full course of interaction between mouse L
cells and hamster spermatozoa after their
union at penetration. With the cessation of
globule production came a population of
predominantly spindle-shaped mononucle-
ates which are morphologically different
from the original mouse fibroblasts.
Whether there are alterations in the gen-
otype as well as phenotype of this culture is
unknown.

L. CHO-TUEN LAu
Departments of Biophysics and Botany,
University of Toronto, Toronto,
Ontario, Canada M5S 141
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Preferences for Sweet and Salty in 9- to 15-Year-Old and
Adult Humans

Abstract. Preferences for the tastes of sucrose, lactose, and sodium chloride were
measured in 618 subjects between 9 and 15 years of age and in 140 adults. The younger
subjects preferred greater sweetness and saltiness than did the adults. In the younger
group, there were race and sex differences in preferences, none of which appeared among

the adults.

Factors controlling the consumption of
sugar and salt are of current general inter-
est. Sucrose and sodium chloride are re-
sponsible for most of the sweetness and
virtually all of the saltiness of the foods
making up the current human diet. Indi-
viduals vary widely in their preferences for
sweetness and saltiness (/). The individu-
al’s preferences persist over a relatively
long period of time (2), which suggests that
they are characteristic of the person rather
than of his immediate metabolic state.
These taste preferences may be the major

factor mediating the amounts of sucrose
and sodium chloride consumed.

In an earlier study, we found sex and
race differences in preferences for sweet
and salty among 9- to 15-year-old subjects
(2). Now we find that those between 9 and
15 years of age differ from adults in their
preferences for these two taste qualities.

A group of 140 adults (3) was tested in a
manner identical to that used with the 9- to
15-year-old subjects in the earlier study
(2). Each subject was given preference tests
for sucrose, lactose, and sodium chloride,
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Fig. 1 (left). Percentages of 9- to 15-year-old (N = 618) and adult (N = 140) subjects who selected
different concentrations of sucrose (a), lactose (b), and sodium chloride (c) as their most preferred

concentration.

Fig. 2 (right). Percentages of 9- to 15-year-old blacks (N = 310) and whites (N =

308) and adult blacks (N = 52) and whites (N = 88) who selected different concentrations of
sierose (a), lactose (b), and sodium chloride (c) as their most preferred concentration.
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in that order. For each test, four cups con-
taining different concentrations of the
compound were presented. The concentra-
tions were 0.075, 0.15, 0.30, and 0.60M
sucrose; 0.10, 0.20, 0.30, and 0.40M lac-
tose; and 0.05, 0.10, 0.20, and 0.40M sodi-
um chloride (4). The subject tasted the
four samples without swallowing them,
and then ranked them in the order of
preference from most to least preferred.

The percentage of subjects in each age
group (5) selecting each concentration as
their most preferred is given in Fig. 1.
In the case of sucrose, approximately
one-fourth of the adults selected each of
the concentrations as his most preferred,
whereas 50 percent of the children selected
the most concentrated sample as the one
they like the best (x? =27.1, d.f =3,
P < .01). The same pattern appeared with
lactose (x? = 12.0, d.f. = 3, P < .0l), al-
though it was not so pronounced with this
less sweet and less acceptable (6) sugar.
This age difference in preference for sweet-
ness correlates with recent U.S. Depart-
ment of Agriculture estimates of sugar
consumption: a 1965 survey indicates
that the per capita consumption of sugar
and sweets is greater among those 9 to 15
years of age than among adults (7).

The two age groups also differed in their
salt  preferences (x* =83, d.f =3,
P < .05). The largest percentages of both
groups indicated that they most preferred
the mildest salt solution, but among the
younger subjects, there was a relatively
large group that selected the saltiest
sample. Thus, for all three of these com-
pounds, more 9- to 15-year-old subjects
than adults preferred the more concen-
trated solutions ().

These first-choice prefsrence data were
analyzed further for effects of sex and race.
Among those 9 to 15 years of age, males
selected sweeter lactose solutions than did
females (x? = 8.5, d.f. =3, P < .05). Al-
though the differences were not statistical-
ly significant, there were trends in this di-
rection among the adults and among both
age groups for sucrose. This cbservation
also conforms to intake estimates in the
United States: after age 9, males consume
greater quantities of sweets than do fe-
males of the same age (7). No sex differ-
ences appeared in either group for salt
preferences.

The distribution of first choices among
the black and white subjects in the two age
groups are given in Fig. 2. In the younger
group, more of the black than the white
subjects selected stronger concentrations
of sucrose (x* = 17.1, d.f. = 3, P < .0l),
lactose (x* = 10.6, d.f. = 3, P < .05), and
sodium chloride (x*> =674, d.f =3
P < .01) as their most preferred. None of
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