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fect at the stem cell level would be expected
to result in production of normal erythro-
cytes. Thus, there is no evidence to indicate
that erythropoietin is part of an abnormal
mechanism.

Summary. Erythrocytes produced in rats
under stimulus of human urinary erythropoie-
tin have a normal survival time in circulation.
This and other evidence suggest that erythro-
poietin administration results in production of
normal erythrocytes. This evidence is com-
patible with the concept that erythropoietin
is part of the normal mechanism controlling
erythropoiesis.
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Direct Measurement of Radioactive Sulfate Uptake by Rat Mast Cells.®
(25913)
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The in vive uptake of S0, by an organic
component of mast cells has been demon-
strated using autoradiography. By means of
intensity grading (1) or grain counting(2) an
estimate of rate of uptake and loss of radioac-
tivity was achieved. The grading method is
at best semi-quantitative, while the grain
counting technic is cumbersome. Therefore
we searched for a quantitative method of
reasonable simplicity. Millipore filters have
proved useful in several types of cytologic
study. Collection of free cells on these filters
has been employed in clinical cancer cytology
(3,4), in in vitro studies of cell function(5)
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and in tissue culture(6). This study was
undertaken to extend this method of cell col-
lection to permit direct measurement of in-
corporation of radioactively labeled sub-
stances into cells. The cells chosen for the in-
vestigation were free peritoneal mast cells of
the rat. Radioacitve sulfate was used as the
tracer compound, since sulfate is known to
be incorporated into mast cell heparin (7).
Materials and methods. Isotope labeled
sulfate obtained as H.S*Q, in dilute HCI
was titrated to neutrality with NaOH and di-
luted to the desired concentration with .8%
aqueous NaCl. This solution was adminis-
tered intravenously in the tail of an etherized
rat. Sprague-Dawley male rats weighing 280-
390 g were used in most experiments. Mast
cells were obtained from rat peritoneal cavi-
ties by the procedure previously described(8).
Separation of mast cells from other peritoneal
cells was achieved by centrifugation through
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concentrated sucrose solution(9). Samples of
the cells in the initial peritoneal washings as
well as the separated cell fractions were col-
lected on Millipore filters, Type AA, 1 inch
diameter, using the standard chimney assem-
bly (purchased from Millipore Filter Corp..
Watertown, Mass). The cells were washed
with Tyrode’s solution and the filters allowed
to dry on the absorbent pads supplied with
the filters. A glass slide placed over the filter
prevented curling during drying. The Milli-
pore filter on the pad was then placed di-
rectly in a 1 inch inner diameter planchette
and the radioactivity measured. A GM tube
with a “micromil” window (Nuclear, Chi-
cago) was used. Counting rates were re-
corded in counts per minute (CPM) and were
corrected for background. No corrections for
isotope decay were necessary since all meas-
urements within a single experiment were
made on the same day. Counting rates were
low enough to obviate a correction for resolv-
ing time. A small number of autoradiographs
were prepared by the coating emulsion tech-
nic. Following 4% formaldehyde fixation, the
filters were dried between 2 glass slides, at-
tached to a slide with nitrocellulose and
coated with NTB-3 emulsion (generously sup-
plied by Eastman Kodak Co., Rochester, N.
Y.). The emulsion was then exposed for 14
days at 4°C and developed in Kodak Dektol.
The filters were stained with .19 aqueous
safranin O, dehydrated through alcohol,
cleared in xylene and mounted in permount.

Results. Examination of toluidine blue
stained Millipore filter preparations revealed
the mast cells and other cells to be distributed
in a single layer on the filter. The conditions
of counting therefore were those of a very
thin layer, uniformity of the layer depending
on cell thickness. In order to test the feasi-
bility of direct counting on the filter, counts
per minute were measured for varying num-
bers of $%90, containing mast cells from the
same animal. The data from this experiment
are presented in Fig. 1. The coefficient of
correlation of numbers of cells with CPM was
- .98, indicating linearity within the range
of the numbers of cells used.

A study of the relationship of administered
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FIG. 1. Relationship between CPM/Filter and
No. of mast cells/filter. Initial peritoneal washing
from one animal was diluted to give varying num-
bers of S%0, labeled mast cells. Two filters were
prepared at each dilution and counting was carried
out for 3 min.

FIG. 2. Effect of dose of S¥0, administered on
CPM/10° mast cells 24 hr after I.V. administration.
Bach point represents avg of counts on 2 filters
prepared from one animal. Counting was carried
out for 3 min.

dose of S%Qy to radioactivity incorporated
into the mast cells provided a further test of
the method. A linear relation was obtained
(Fig. 2).

Since the first 2 experiments were conducted
with complete peritoneal cell washings it was
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of interest to know whether or not all the ra-
dioactive label was present in the mast cells
and further to examine the rate of incorpor-
ation of S0, into mast cells. Ten rats were
given 1.25 uc/g body wt. of S0y intrave-
nously, and at each of the times, 2, 4, 16, 48
and 168 hours following administration 2 ani-
mals were sacrificed. Radioactivity of the
whole cell population, the mast cell fraction
and the interface mixed cell fraction was
measured on 2 samples from each of the ani-
mals. Mast cells comprised, by number, 5
+ 2% of the initial peritoneal washings, 94
s 4% of the mast cell fraction (MC Frac-
tion) and 1 + 0.3% of the other peritoneal
cell fraction (OPC Fraction). Since neither
the MC fract.ion nor the OPC fraction con-
stituted a uniform cell population, the values

_ CPM
for CPM per 10° mast cells ———and CPM

10° MC
5 oth ) | CcrPM )
per 10° other peritoneal cells 105 OPC were
derived from the solution of 2 simultaneous
equations:
CPM QOPC X 10° CPM  MC x 108
"10°0PC T Filter | 1°MC Filter
CPB{){C Fraction
"~ Filter
CPM  OPC X 10° CPM MC X 10°
T 1FOPC Filter | 10°MC Filter
CPMgie praction
Filter

Data for radioactivity of the mast cells and
the other peritoneal cells are presented graphi-
cally in Fig. 3. By 24 hours radioactivity of
the mast cells accounted for 89% of the radio-
activity in the total peritoneal cell population.

The internal consistency of the values ob-

. CPM CPM
tained for the glié —MC Fraction and ——

35 10’3
OPC Fraction was established by multiplying
these values by the respective numbers of cells
in the initial washings. The sums of these two
CPM

T ex-
Filter

pected, were compared to the values obtained
from direct measurements of filters prepared
from the initial washings. Close agreement
was observed as seen in Table I.

products, representing the total
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TABLE I. Comparison of Expected and Obtained
Radioactivity of the Initial Washings.

CPM*
Time, hr Expeeted Found
2 113 125
4 106 107
16 100 114
18 182 168
168 1989 177

* Avg values from 2 animals with 2 filters

counted on each animal.

An analysis of the errors of measurement
was made. When CPM for 27 pairs of du-
plicate filters were compared, the mean devi-
ation from the means of the pairs was 9.1%
with a standard deviation of + 7%. This
variation is accounted for by errors in pip-
ette measurements of aliquots delivered to
the filters and the probable lack of uniform
distribution of cells in the solution. This lat-
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ter factor is of particular significance in the
viscous sucrose solutions. The larger varia-
tion obtained when results from 2 animals
were compared (mean deviation from the
mean of a pair was 20% with a standard de-
viation of + 10% for 10 pairs) was pre-
sumably a function of biological variation and
variations in cell counts. This latter error is
remediable by counting a greater number of
cells.

Discussion. Recent evidence has confirmed
the fact that heparin is the sulfated mucopoly-
saccharisle which confers on mast cells their
characteristic metachromasia(7,10,11). In
vitro experiments with a serially propagated
mouse mast cell tumor have elucidated in part
the mechanism of incorporation of sulfate into
mast cell heparin(12). Though it is probable
that most of the sulfate incorporated into
mast cells in our studies is located in the
heparin, definite proof of the chemical site
of incorporation requires extraction and iden-
tification of the S$%0, containing
stance(s).

sub-

Our experiments indicate that peritoneal
mast cells do incorporate intravenously ad-
ministered sulfate and that the loss of the sul-
fate is sufficiently low to be indiscernible with-
in a period of 7 days. Guidotti(2) employ-
ing autoradiography in a study of SO, me-
tabolism by tissue mast cells, found a 50%
loss of activity on the basis of track counts in
adult rat abdominal skin mast cells in the pe-
riod between 48 and 144 hours after a single
L.V. dose of S$*30,. Our data are too scant to
assert categorically a significant difference
from Guidotti’s results. The apparent dis-
crepancy between his results and those of
Jorpes et al.(1) is similarly in question. Fur-
ther quantitative data with careful control of
such parameters as site of origin of mast cells.
and age and sex of rats employed are required
to resolve the problem.

The Millipore filter method for direct deter-
mination of mast cell radioactivity should per-
mit study of rate of incorporation and turn-
over of sulfate in the cells under various con-
ditions known or postulated to affect mast
cells such as antigen-antibody reactions, 48/
80 treatment, hormonal excess or deficiency,
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I"1G. 4. Autoradiograph at 24 hr of peritoneal
cells, prepared by coating cmulsion technie. 14
davs exposure at 4°C. Stained with .1% Safranin
0." The large stained cells are the mast cells; the
other cells appear only as faint ghosts.
and aging. The method provides a measure
of mast cell activity quite different from
changes in number, morphology and amine
content previously relied on for information
in elucidating the function of mast cells.

The significance of the presence of S%°0Qy in
the peritoneal cells other than mast cells 4
hours after administration of the sulfate is
not known. Since this fraction is diverse, in-
cluding neutrophils, eosinophils and lympho-
cytes, it may be that only one of these cell
types is responsible for the radioactivity of
this fraction. Careful autoradiography should
reveal any non-uniform distribution of the
S¥Q), in these cells.

The method of direct counting of a mono-
layer of radioactively labeled cells on Milli-
pore filters in conjunction with cell separation
technics has proved applicable to study of sul-
fate incorporation by mast cells. The method
is potentially useful for studies of other cells
found in suspension normally or separated
from tissues or tissue culture outgrowths with
agents such as trypsin and ethylenediamine-
tetraacetic acid. The application of the Milli-
pore method of collecting mast cells has been
reported in an examination of the mechanism
of degranulation(13).

Summary. 1) Radioactivity of $%°0, la-
beled cells can be measured directly with cells
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collected on Millipore filters. 2) Following a
single intravenous injection of S*Qy rat peri-
toneal mast cells take up the radioactivity;
the maximum is reached by 48 hours. No
loss of radioactivity is evident in the follow-
ing 5 days. Radioactivity in other free cells
of peritoneal fluid attains a maximum at 4
hours and then falls rapidly to low levels.
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Although endotoxins from many bacteria
have been isolated and tested for toxicity, lit-
tle work has been devoted to endotoxins from
oral microorganisms. Recently, endotoxins
from oral bacteria, isolated by tryptic diges-
tion of cells and also by the phenol-water ex-
traction method, were shown to possess many
chemical properties and biological activities
characteristic of classical lipopolysaccharide
endotoxins(1,2). Primary toxicity to rabbit
skin was demonstrated, and the localized
Shwartzman reaction of hemorrhagic necrosis
was produced by administering these endo-
toxic preparations first locally into skin, and
then intravenously. The local Shwartzman
effect has been achieved with many endotoxins
in different tissues(3,4) yvet no successful at-
tempts seem to have been made to produce
this reaction in tissues of the oral cavity. Be-
cause of the possibility that bacterial endo-
toxins may have etiologic significance in oral

* The authcrs express thanks to Dr. Hareld Stan-
ley for aid in preparation of histological specimens
and to John McGuire for preparing photemicro-
graphs.

soft tissue diseases either through primary lo-
cal toxicity or through Shwartzman-like ef-
fects, one of the recently isolated endotoxins
was tested in rabbit oral mucous membrane.
Materials and methods. New Zealand
white rabbits weighing 1.7 to 2.5 kg were
anesthetized by intravenous injection of 40
mg per kg of pentobarbital and access to the
posterior oral region was obtained by means
of a rodent mouth prop previously described
(5). With a modified 30 gauge needle, 50-100
pg (0.2 ml) of an endotoxin prepared by the
phenol-water method from Veillonella organ-
isms(1) was injected into an area which in-
cluded the gingiva and palatal mucosa adja-
cent to the last 2 upper molar teeth. The
corresponding site of the contralateral side
was given a control injection either of 100 pg
(0.2 ml) of soluble products from a human
oral strain of viridans streptococcus or of 0.2
ml of 0.85% sodium chloride (saline). The
streptococcal products contained proteins(6),
carbohydrates (Molisch), and chloroform-
soluble lipids, derived also by the phenol-
water extraction procedure. Comparable dos-



