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During the course of quantitative studies 
designed to assess the immunological effect 
in vitro of lymphocytes on an established 
line of “target” tumor cells bearing homolo- 
gous transplantation antigens, some method 
was required that would enable the enumera- 
tion of the larger target cells present in mix- 
tures with the smaller lymphoid cells. The 
instrument of choice for this purpose seemed 
to be an electronic particle counter because 
of its convenience and simplicity of opera- 
tion as well as the degree of precision pos- 
sible ( 1,2 ) . While the electronic counter has 
often been used for counting and sizing cells 
or other particulate matter from relatively 
homogeneous populations in suspension, in- 
cluding tissue culture cells(3,4), its use in 
the discriminative counting of one cell type 
when present in mixtures with another has 
been limited; moreover, the details of cali- 
bration of this instrument for this type of 
counting problem have not been published. 
This note, then, describes: a )  the results 
obtained when an electronic counter was used 
to enumerate selectively, on the basis of cell 
volume, fibroblasts of larger volume from 
smaller sized lymphoid cells present together 
in suspension; and b) the procedures used 
to calibrate the counter for such discrimina- 
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-tive counting. Particles having a known mean 
volume were also employed so as to provide 
a standard reference for establishing the ab- 
solute volumes of the cells counted. 

Materials and methods. Enumeration. The 
Model B Coulter Counted having a 100 p 
aperture was employed. The aperture cur- 
rent (APC) and amplification (AMP) set- 
tings used depended on the particle being 
counted; selection of the appropriate settings 
was made according to the principles sug- 
gested by Brecher et aZ( 2). Counts were per- 
formed on cells or particles suspended in a 
versene buffered counting fluid.O 

Cells and particles employed. a)  Lymphoid 
cells were obtained via standard techniques 
( 5 )  from the axillary and brachial nodes of 
adult C57BL/6 female mice and from mature 
female DA rats. These cells were washed 3 
times in Hanks’ buffered salt solution and 
a sample taken for enumeration with a hemo- 
cytometer and the aid of a phase-contrast 
microscope. 

b) Tissue cultured cells were of two types 

# Coulter Electronics Co., Hialeah, Fla. The a u t h m  
are indebted to Dr. Leonard Hayflick for the use 
of the counter. 

$The counting fluid was made up as 1 1 of a 
lOX stock solution contahing NaCl 79.0 g;  KC13.7 g ;  
N+EDTAm2H2O 8.9 g;  Na4 EDTA 9.9 g; 4 mlO.S% 
phenol red. One part of the stock was diluted with 9 
parts distilled water and calf Serum added to a 
final concedmtim of 0.2%. 
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grown as monolayers on glass: L cells11 of 
C3H mouse origin and an established line 
(Le-1) of tumor cells derived from a kidney 
sarcoma induced with polyoma virus in Lewis 
rats.7 Both these cell lines were maintained 
in 2 X Eagle’s basal medium, 1 X Earle’s 
balanced salt solution supplemented with 
10% calf serum.** For use these cells were 
removed from glass with a trypsin versene 
mixturet t and clumps were dispersed into 
single cells by vigorous aspiration with a 
pipette. Examination of the suspensions with 
a microscope revealed no residual clumps of 
cells. 

c) Suspensions of polystyrene latex par- 
ticles and of ragweed pollen with known 
mean particle volumes were also employed.$ 
The latex particles were supplied as a con- 
centrated suspension; 0.5 ml of this suspen- 
sion was directly diluted with 50 ml of count- 
ing fluid. A suspension of ragweed contain- 
ing 1@ particles/O.S ml was obtained by 
wetting 5 mg of pollen with 1 ml of n-propa- 
no1 and diluting to 50 ml with counting fluid. 

Results. 1.  Calibration of the electronic 
counter with particles of known volume: A 
virtue of the electronic counter is that it is 
possible to obtain volume-frequency distribu- 
tions of particles in suspension. The volume 
distributions are recorded in terms of the 
midpoints of “window” settings which repre- 
sent sequential counting intervals between 

I( The L cells were o w n e d  from Dr. Angus 
Graham’s laboratory as suspension cultures and were 
subsequently adapted for growth on glass as mono- 
layers. 

7The Lewis tumors were obtained from Dr. Vit- 
torio Defendi. 

** Obtained from Baltimore Biological Labora- 
tories, Baltimore, Md. ; media were supplemented 
with the anitibiotics penicillin ( 1 0 0  p/ml) and strepto- 
mycin (100 pg/ml). The serum was preheated to 
56OC for 30 minutes. 

t t 0.25% trypsin (Flow Laboratories, Rockville, 
Md.) in a buffered salt solution containing 0.0276 
versene. 

$ $  The ragweed pollen (mean diameter 19.5 p ;  
mean particle volume 3880 p3) was obtained from 
Coulter Eleotronics Co.; polystyrene latex particles 
(mean diameter 3.49 p ;  mean particle volume 22.26 
p3) were kindly supplied by Mr. L. J. Lippie, Dow 
Chemical Co., Midland, Mich. 

upper and lower thresholds. These window 
settings can be converted to absolute units 
of volume by determining the window set- 
ting which corresponds to the median volume 
of particles of known size. Size distributions 
were obtained for ragweed pollen and poly- 
styrene latex particles. The APC and AMP 
settings which proved to be suitable were 
4 and 4 for the pollen and 1 and 5 for the 
latex particles. These frequency distribu- 
tions were plotted as cumulative-per cent of 
total counts vs threshold interval midpoints 
on probability paper. These plots approxi- 
mated straight lines over 70% of their length, 
thereby indicating that the populations of 
particles represented a normal distribution 
and, therefore, that the median and mean 
particle volumes were identical. On this 
graph, that point on the threshold scale cor- 
responding to 50% of the counts was taken 
to be the proper A (lower) threshold cor- 
responding to the median particle volume: 26 
for the ragweed and 8 for polystyrene. Be- 
cause the APC and AMP settings of the 
counter are linearly related, any combination 
of settings constitutes a threshold scale range; 
threshold settings on any range can be trans- 
lated into corresponding settings on any other 
range by multiplication by an appropriate 
factor. Thus the median volume setting of 
8 for the polystyrene particles on the APC/ 
AMP = l/s range represented a setting 
of 0.25 on the APC/AMP = 4/4 range used 
for sizing the pollen. A plot of the 2 median 
volumes against median volume settings on 
the threshold scale was linear through the 
origin (Fig. 1 )  verifying the assumption of 
linearity on which the range technique of 
sizing was based, and allowing the conversion 
of any threshold setting to absolute volume 
units. 

2.  Discriminative counting of fibroblasts in 
a suspension of fibroblasts and lymphocytes: 
To determine the number of Le-1 or L cells 
present in mixtures with lymphoid cells, i t  is 
necessary to determine which lower threshold 
setting will exclude all lymphocytes from the 
count even when present in great excess. For 
this purpose f requency-size distributions were 
determined for Le-1 cells, DA rat lymph node 
cells, and mixtures of both as well as for L 
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cells, C57BL/6 lymph node cells and mix- 
tures of both. Single-cell suspensions of Le-1 

Y d r n  Plrlicl. Velrm. L.J, @ J  

FIG. 1. Relationship betmeen Median Particle 
Volume and Lower Threshold setting of the Model 
B, Coulter Counter (graph has been interrupted 
and a segment deleted to save space), showing co- 
linearity at 2 determined points and the origin. 
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or L cells were prepared at  a concentration 
of 2 )( lo6 cells/l00 ml counting fluid. Each 
suspension was divided into 2 50-ml aliquots, 
to one of which was added approximately 
108 DA rat or (to the L cells) C57BL/6 
mouse lymphoid cells in 1 ml. A third sus- 
pension was prepared consisting of lo8 lymph- 
oid cells alone diluted to 50 ml with counting 
fluid. Frequency distributions were then de- 
termined for these suspensions with the 
counter at 2, 5 ,  or 10 unit "windows." The 
APC and AMP settings which proved to be 
suitable were 4 and 2 when counting the Le-1 
cells, the L cells and the mixtures, and 4 and 
5 when counting either the rat or mouse 
lymphoid cells. The means of duplicate 
counts over any window interval were then 
divided by the width of that interval and 
plotted against the interval midpoints on 
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FIG. 2. Size distribution of Le-1 cells (--), DA rat lymph node cells (-), and Le-1 cells + Lymphoid cells (-) based on electronic cell counts vs midpoints of various counting inter- 
vals on the A threshold of counter. From knowledge of the distribution of particles of known 
size it is possible to convert the midpoint interval settings into absolute units of vo1ume-a.h 
exprassed on the X-Luis. With the A threshold of the counter set at 25, it is possible to exclude 
all lymphoid cells while counting 80% of Le-1 cells. 

FIG. 3. Size distribution of L-celb (@-a), Mouse lymph node cells (A-A), and mix- 
tures of L-cells and lymphoid cells (-) vs midpoints of various counting intervals on the 
A threshold of the electronic cell counter. 
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semi-logari thmic paper. Background counts 
on the counting fluid alone at  the 2 AMP 
settings used were subtracted from the cell 
counts. In order to present the counts for 
the 3 suspensions-fibroblasts, lymphocytes, 
and mixtures-on the same graph, the mid- 
points on the axis for the lymphoid cell counts 
were divided by a factor of 4 to account for 
the 4-fold difference in the AMP settings. 
Examination of the size distributions of 3 
independent plots (Fig. 2 and 3) shows that 
with the lower threshold set a t  15, all the 
Le-1 or L cells are counted. When set ,at 25, 
the counter selects 80% of the Le-1 cells, 
and when set at 30 i t  counts 90% of the 
L cells while excluding all lymphoid cells even 
when present in a proportion of 100: 1. 

Discussion and conclusions. The results 
presented above show that the selective count- 
ing of one or the other of 2 cell types, dif- 
fering with respect to volume present in the 
same suspension, is possible with the aid of 
an electronic counter. This is accomplished 
by electronically screening out smaller or 
larger cells from the desired counting inter- 
val. From knowledge of the proportion of 
cells expected to be present within the limits 
of that counting interval, the total number 
of cells of a particular type present can be 
computed. The applicability of this discrim- 

part on sufficient volume differences among 
the cell populations present. In the event the 
cell volumes closely overlap when present as 
mixtures the counter would be unable to re- 
solve them into distinct populations. In  the 
present studies, a tissue culture line of Lewis 
rat tumor cells having a size distribution of 
12.5-24 p in diameter could be selectively 
counted when present in suspensions contain- 
ing a high (1OO:l) multiplicity of lymphoid 
cells having a diameter of 6-15 p .  The same 
was true of L cells present (diameter = 14.0- 
24 p )  in mixtures with mouse lymph node 
cells (diameter = 6-15 p) .  

The authurs are grateful to Dr. R. E. Bibgham, 
Dr. W. K. Silvers, and Dr. V. Defencli for helpful 
criticism in the preparation of this manuscript and 
to Mrs. S. Schroeder for excellent and painstaking 
technical assistance. 
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Hemoglobin, White Cell Count, Packed Cell Volume and Weight 
Gain in Turkeys Fed Certain Antibiotics.*+ (30%) 

T. W. SULLIVAN (Introduced by J. L. Adams) 
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The growth promoting effect of orally ad- 
ministered antibiotics in young animals has 
been well established. Only a few investiga- 
tions have concerned the effect of continued 
antibiotic ingestion on hematology. Licht- 
man et aZ( 1) treated Addisonian pernicious 
anemia in human patients with 2 to 5 g of 
chlorotetracycline ( Aureomycin) orally each 
day. A definite but submaximal increase in 
hematocrit and red cells resulted. Toon and 
Wangensteen (2) reported that macrocytic or 

normocytic anemia produced in the rat by 
formation of blind intestinal segments could 

* Published with approval of the Director as paper 
No. 1224, Journal Series, Nebmska Afi. Exp. Startion. 
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