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A NEW VOLIThIETRIC METHOD 
FOR MEASURING THE GROWTH OF HELA CELLS 

INTRODUCTION 

The uses of' continuous cell cultures in biology are 

steadily increasing, and it is becoming more evident that 
better quantitative methods are required for the estima- 
tion of ce].i growth and for the enumeration of cell popu- 

lations. Practical laboratory methods for these measure- 

ments are necessary, for example, in the development and 

evaluation of growth-promoting media and for outlining 
the nutrient requirements of each new cell. strain that is 
adapted to cultivation in vitro. Reasonably accurate, 
but rapid, methods are likewise important for the stan- 
dardization of suspensions of cells to be used as sub- 

strates for the propagation of some of the animal viruses 
in studies designed to help clarify the relationships of 

viruses to their host cells. 
One of the methods most widely used tocay for the 

measurement of cell populations is the direct counting 

method 1 which known dilutions of a cell suspension in 

some isotonic solution are made and the cells are counted 

in hemacytonieter chambers under the low power objective 
of the microscope, similar to the procedure employed In 

clinical work for erythrocyte and leukocyte counting. A 

further refinement in this technique was made by Sanford 



and coworkers in 1951 (10) by the development of the 

nuclei count, in which an orgar:ic acid preparation is 
used to free the nuclei from the cells. The nuclei are 

resuspended in a solution containing crystal violet and 

Methocel (carboxymethylcellulose), and are counted in 

standard hemacytometer chambers. Neither of the methods 

men tione d has prov ed entir el y s ati s fac tory for routine 
work with the strain of human malignant cells known as 

HeLa, originally isolated by Dr. George Gey at Johns 

Hopkins in 1950. These cells are being used in a large 
number of laboratories for studies in cell metabolism, 

screening of compounds for carcinolytic and carcinostatic 
agents, and in studies of those viruses which require the 

presence of human cells for their propagation. Two main 

disadhiantages attend the use of the cell or nuclei count- 

ing procedures with Heta cells. One is that a large pro- 
portion of the cells are characteristically multinucleate, 
tending to discourage hope of fairly estimating the popu- 

lation of a suspension br using the nuclei count; the 

other is the marked tendency of these cells to remain or 

to become clumped when attempts are made to disperse them 

uniformly throughout a suspending medium for the purpose 

of counting single cells. One of the objectives in mind 

when this study was being planned was the possible im- 

provement of a counting method with special attention to 
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these peculiarities of the HeLa strain cells. 

One thing to be said in favor of the cell counting 

methods is that they are relatively inexpensive of equip- 

ment. On the other hand, they demand increased profic- 

lency and time of the workers who handle the cultures. 

Usually, though, they are more quickly learned and more 

convenient to use than the chemical procedures for the 

determination of nucleic acid or of desoxyribonucleic 

acid phosphorus (6). Aii attempt has been made by 

Youngner (14) to relate the optical density of cell sus- 

pensions to the nuclei count for making standardized 

suspensions, but the method has not been found to be 

generally successful (2). 

To date, only one published report has been found 

which describes the use of a packed-cell volume measure- 

ment for the estimation of cell growth. Waymouth (13) 

points out the possibility of using special centrifuge 

tubes having small-bore graduated stems, originally de- 

signed by Vari Allen (12) for measuring the packed-cell 

volume of a small quantity of blood. The tubes used by 

Waymouth, also called microhematocrit tubes, differ from 

the Van Allen thrombocytocrit tubes used in the work to 

be reported here by being of much smaller total volume, 

and by having the stem calibrations read in percent of 

the total stern capacity instead of directly In milliliters. 



In the study to be described, an attempt has been 

made to Improve a cell counting method for HeLa cells, 

to develop the technique for a volumetric method, and to 

compare the accidental or sampling error encountered ici 

both methods. It was felt that the development of a 

volumetric or packed-cell volume measurement method with 

a simplicity arid accuracy comparable to or better than 

those of the counting methods already in use might pro- 

vide another tool in cell culture work. 



EXPERIMEì TAL MATER IALS AND METHODS 

Cell Culture Methods. The HeLa strain of human 

malignant cells, supplied b' Dr. Karol Hok of Cutter 

Laboratories was used throughout the study. Continuous 

cultures of these cells had been maintained in this 

laboratory by approximately weekly transfers for about 

fourteen months before the experiments to be described 

were beun. The methods and materials used are similar 

to those outlined by Syverton and Scherer (11). 

Vessels used for the culture of the cells were 

square bottles of Pjrex glass, of approximately 150 ml 

capacity, commonly designated "dilution squares." In 

preparation for use, laboratory glassware for cell and 

tissue culture was boiled for twenty minutes in a solu- 

tion of Labtone, followed by repeated rinsings in tap and 

deionized water. The culture bottles were sterilized by 

dry heat at 180°C, for one and one-half hours. White 

rubber stoppers, sterilized by autoclaving for one-half 

hour at 121°C, were used as closures for the bottles. 

Pipets were washed according to the procedure used for 

the other glassware, then were plugged with cotton arid 

autoclaved in large, gauze-stoppered Pyrex containers. 

The containers of sterile pipeta and other autoclaved 

equipment were held ïn a 45°C dryIng cabinet until used. 

utrient fluid used in the routine culture of the 



iieLa cells had the followin. composition: 

1'utrient fluid Percent by volume 

Sterile Hariks' balanced salt 
solution, modified by the addi- 
tion of 5 g Lactalbumin hydrol- 
ysate and 4.5 g anhydrous 
glucose per liter 85 

Sterile human serum 10 

Sterile 2 solutIon of yeast 
extract in Ranks' balarc ed 
salt solution 5 

Antibiotics; penicillin at 100 units per ml and 
streptomycin at 100 ug per ml. 

A quantity of this nutrient fluid was prepared, 

using aseptic techniques, by cOEnbining appropriate quan- 

titles of the aboe components in a sterile Frlenmeyer 

flask of convenient size, about one-half hour before use. 

Hanks' balanced salt solution, referred to as BSS, 

was made up as a ten-fold concentrated stock solution 

which contained the compounds listed: 

Hanks' BSS Grams per liter 

I'aC1 90.0 
KC1 4.0 
MgSO47H20 2.0 
CaC122H20 1.86 
a2HPO4, anhydrous 0.6 

KH2PO4, anhydrous 0.6 
Phenol red 100 ml of 0.2% aqueous solution 

Modified Hanks' BSS or BSSm, had the following corn- 

position: 

BS Sm 

Concentrated Hanks' BSS 100 ml 
Glucose, anhydrous 4.5 g 
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BSSm, continued 

Lactalbumiri hydrolysate, an 

enzymatic digest supplied by 
.utriti orial Bio chenil cals 
Corporation 5.0 g 

Deionized water to 1000 ml 

This solution was prepared by dissolving the glucose 

and lactalbumin hydrolysate in about 400 ml of deionized 

water in a liter volumetric flask, adding the concen- 

trated Hanks' BSS from a volumetric pipet, and diluting 

to the mark w.th deiodzed water. The solution vas 

thoroughly mixed, dispensed in 60 to 75 ml amounts in 

screw-capped Pyrex bottles and autoclaved at 121°C for 

15 minutes. At the time of use, the pH of the solution 

was adjusted to 7.5 with a sterile solution of 1.4' 

sodium bicarbonate. 

Human sonun, sterile, was supplied in 50 ml vials 

by the Cutter Laboratories and was used in the medium 

without further treatment. 

Yeast extract was prepared as a 2% solution of PiCco 

Yeast Extract in Hanks' BSS, Seitz-filtered Cor steriliza- 

tion, and stored in small sterile vials at -20. 

Antibiotics were prepared as solutions in Hanks' BSS, 

Seitz-filtered and stored in small sterile tubes at -20°C. 

These stock solutions contained respectively, 25,000 

units of penicillin per ml and 25,000 ug of streptomycin 

per ml. 



The cell culture work was carried out in a special 
transfer room supplied with filtered air. To further aid 

i tIle reduction of air-borne contamination, the walls 

and counters were washed with an alkaline-alcohol soLi- 

tion and the floor was mopped with a 2 solution of 

cresol-soap mixture each time cell transfers were to be 

made. [Jsed pipets were discarded ir.to jars containing 
Labtoi;e solution, and all glassware which came into con- 

tact with cell suspensions was exposed to flowing steam 

at 100°C for one hour before being placed with the other 

glassware for washing. Rubber gloves were rot worn while 

working with the cell cultures but the workers' hands 

were wIped frequently with gauze pads wet with alkaline- 
alcohol. Such precautions were believed to aid in keep- 

Ing down contamination by yeasts and molds which are not 
controlled by the antibiotics usuall.y employed in the 
growth media for routine culture. 

In transferring cells to new containers for starting 
cultures, the following procedure was followed. First, 
an appropriate quantity of fresh nutrient fluid was pre- 
pared In a larre sterile Erlcnmeyer flask. ext, stock 

bottles containing six to eight-day old cell cultures 
were chosen for seeding. These had been fed once by com- 

plete replacement of the growth medium with fresh fluid 
on the third or fourth day of cultivation. The degree of 



expansion of the cultures varied from one to four to one 

to five, according to the amount of growth in the stock 

bottles, judged by the appearance of the cell sheet, arid 

also according to how quickly the new cultures would be 

needed for the experiments. The old nutrient fluid was 

drained fron, each stock bottle of cells, using a sterile 

ten ml pipet. The last portion withdrawn was used for 

sterility testing by inoculating a tube of fluid thio- 

glycollate broth. Eight ml of a sterile 0.25% trypsin 

solution in Ranks' BSS at pH 7.5-7.8 was added to each 

bottle. The bottles were placed on their sides with the 

trypsin solution covering the cell sheet, in a 35°C incu- 

bator for about ten minutes, or until the sheet of cells 

could be seen to be floating free from the glass. The 

cell clumps were dispersed as much as possible by flush- 

ing the mixture three or four times through a fine-tipped, 

cotton-plugged, sterile pipet, and the suspension frani 

each stock bottle was pooled In one sterile, gauze-plugged 

50 ml centrifuge tube. The suspension was centrifuged at 

1800 rpm for 15 minutes. The supernatant fluid was with- 

drawn from the packed cell mass as completely as possible 

using a bent-tipped, sterile capIllary pipet with rubber 

bulb. Between 0.5 and 1.0 ml of the freshly prepared 

sterile nutrient fluid was added to the packed cells and 

resuspension accomplished by repeatedly forcing the 
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mixture through the fine tip of a sterile, cotton-plugged 

one ml pipet, not graduated to the tip. Finally, the 

entire cell suspension was drawn up In the pipet and 

transferred to the large Erlenmeyer flask containing tI 

remtilnder of the fresh nutrient medium. This flask was 

swirled and agitated to prevent settling of the cells 

while eight ml portions were 'snatched with a sterile 

ten ml pipet and used to seed fresh, sterile culturo 

bottles. The bottles were then stoppered tightlï with 

sterile rubber stoppers and covered with aluminum foil 

squares of suïficient size to cover and proGect both the 

lip and stopper of each bottle from dust contamination 

during the incubation period. 

Freshly inoculated bottles were placed ori their 

sides irL a 35°C incubator. In three or four days, when 

the pH of the medium had dropped from the initial 7.5-7.6 

to 6.8 or less, judged by the color change of the phenol 

red indicator in the medium, the bottles were opened, 

the original fluid was drawn off, and fresh nutrient 

fluid was replaced, at the rate of ten ml per bottle. 

After from three to five days more, the cell growth was 

usually heavy enough to require another transfer. 

Treatment of Special Glassware. The cleaning of the 

glassware used in the routine culture of HeLa cells is 

discussed in the section on cell culture methods. lor 
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the treatment of the glassware used In the quantitative 

studies with these cells, some special procedures were 

found to be necessary. Early in the investigation, it 
becarre apparent that the Het1a cells exhibited a tendency 

to adhere to the inside surfaces of flasks, beakers, and 

pipets. Coating such surfaces with Desicote, a silicone 

preparation distributed by the 13ecicman Instrument Company, 

was found to overcome this difficulty. Glassware so 

treated could be boiled in mild detergent solution or 

cleaned with sulfuric acid-dichromate cleaning solution 

without removing the silicone film. The Van Allen tubes 

used in the packed-cell volume method, hypodermic syringes, 

needles, beakers, and pipets used for measuring cell sus- 

pensions were treated with Pesicote. 

In cleaning the Van Allen tubes after they had been 

contaminated by cells, the following procedure was em- 

ployed: The tubes were connected by rubber tubing to a 

water aspirator and the contents of the tubes were drawn 

into a trap containing a small amount of concentrated 

sulfuric acid-dichrornate cleaning solution. Next, a 

solution of Lux detergent in warm water was drawn through 

the tubes. Then the tubes were disconnected from the 

aspirator and allowed to stand, completely immersed, in 

a beaker of the sulfuric acid-dichrornate solution for at 

least one hour. Four rinses of tap water and two rinses 
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of deionized water were pulled through the tubes and they 

were allowEd to dry overnight in a 35°C incubator; or, if 
the tubes were needed again on the same day, they were 

dried by pulling a little acetone through them with the 

suction device. 

The I-iemacytometers used also required a different 

cleaning procedure than was used for the other glassware. 

When a used chamber was removed from the microscope stage, 

it was passed first through warm detergent solution, then 

through 7O alcohol and finally, rinsed in tap water and 

dried with a soft cloth. 

Calibration of Glassware. Volumetric flasks of 5, 

lO, and 25 ml sizes, were recalibrated in an effort to 

assemble groups of flasks in which the variation in 

measurement among the flasks in each group was not more 

than l, to keep the systematic error within known limits. 

The flasks were first weighed empty, to the nearest tenth 

of a mg, and again after being filled to the mark with 

distilled water. The weighing were repeated once after 
the flasks had been emptied, and redried. The volume of 

each flask as estimated from the relative volume of 

water at the observed temperature. 1asks for which the 

"volume contained" did not fall wi thin the limits set by 

the United States National Bureau of Standards were not 

used. A group of flasks of each size, in which the 
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difference between the maximum arid minimum volume measure- 

ment did not exceed 1 of the mean for the group, was 

selected for use. 

The Vari Allen thrombocytocrit tubes were purchased 

from the Arthur H. Thomas Company, Philadelphia. These 

tubes, originally described by Van Allen (12) for use In 

the measurement of the packed volume of blood platelets, 

have a short upper stem and a nearly spherical bulb which 

tapers to a long lower stem of fine bore marked on the 

outside with graduations at 0.0005 ml intervals from 

0.030 to O ml. The total capacities of the tubes varied 

from 6.9 to 8.0 ml. Each tube was first permanently 

numbered using an. electric vibra-tool, and was marked at 

some arbitrary level with a permanent line around the 

upper stem for calibration purposes. Spring-type sealing 

clips were supplied with the tubes which served to seal 

the lower ends before centrifugation. The tubes were 

assembled as if for use, weighed empty, to the nearest 

tenth of a milligram; filled with water and weighed again. 

They were emptied, dried, reassembled and the weighings 

were repeated. The total volumes of the tubes were cal- 

culated from the relative volume of the weight of water 

contained. Table 1 shows the numbers and corresponding 

volumes of the tubes used. A separate check on the stem 

calibrations was made by filling each stem with mercury 
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Table i 

A. Volumes of Vazi Allen Thrombocytocrit Tubes 

Van 'Weight We1ght, Veiht of Calculated 
Allen filled with when water average 

tube no. water, in g empty, contained, volume 
Ing g mmi 

3 43.6490 36.3804 7.2686 
3 43.6419 6.Z8O3 7.2616 7.2c6 
4 42.9591 35.4612 7.4979 
4 42.9607 35.4607 7.5000 7.530 
5 43.4096 35.8709 7.5387 
5 4o.4075 35.8706 7.5369 7.570 
6 42.9671 35.3680 7.5991 
6 42.9666 35.7O2 7.5964 7.630 
7 43.1492 35.4443 7.7049 
7 43.1619 35.4445 7.7174 7.743 
8 42.8035 34.9228 7.8807 
8 42.7754 34.9230 7.8520 7.900 
9 43.8899 36.9498 6.9401 
9 3.8904 36.9492 6.9402 6.969 
li 42.6222 35.6651 6.9571 
1]. 42.6266 35.6652 6.9614 6.990 

* Relative volume of one gram of water, 1.004 ml at 27-2$° 
C. 

Weights include weight of sealing clip and supporting 
vial for Van Allen tubes. 

B. Capacities of Graduated Stems of Van Allen Tubes 

Observed Weight of Ca1cu1ated Calculated 
Van Allen volume of mercury volume of volume of 
tube no. mercury, contained, mercury stern 

ml Ing ml ml 

8 0.0290 0.3939 0.0291 0.0301 
5 0.0270 0.3762 0.0276 0.0307 
3 0.0263 0.3610 0.0267 0.0304 

11 0.0268 0.3676 0.0272 0.0304 
4 0.0265 0.3595 0.0266 0.0301 
6 0.0245 0.3418 0.0253 0.0310 
7 0.0260 0.3579 0.0265 0.0306 
9 0.0290 0.4031 0.0298 0.0308 

* Relative volume of one ram of mercury at 26-28°C, 
0.0739 ml. 
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to eri observed graduation mark, and allowing the mercury 

to fall into a tared vial for reweighing. A group of 

eight tubes was found in nich the coefficient of varia- 

tion for the stem calibrations, expressed by the esti- 

mated standard deviation as a percentage of the mean, was 

not more than l and these were the tubes used throughout 

the study. See also Table i for data or stem capacities. 

Hemacytometers. Two standard (0.1 unii deep) Spencer 

Brightline hemacytometers, of the tpe commonly used in 

erythrocyte and leukocyte counting, certified by the 

:ational Bureau of Standards, were purchased. A ruled 

area of 9 sq mm, conveniently divided into 1 sq mm 

'units', appears on each of the two sides of a hema- 

cytome ter. 

Enzymes. Byaluronidase was purchased from iutri- 
tional Biochemicals Corporation. Its addition to cell 

suspensions in phosphate-buffered saline at 2 mg per ml 

made it possible to obtain uniform suspensions of single 

cells for counting. It was also found that hyaluronidase 

had sane function in preventing the disintegration of 

cells during the mechanical shaking operation. 

Trypsin, Difco 1:250, was used at a concentration 

of O.25 in Ranks' BSS at pH 7.5-7.8 for removing cell 
sheets from the stock bottles when making cell transfers. 
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This method of releasing the cells from glass surfaces 

was not used, however, in the experiments involving both 

the packed-cell volume and cell counting methods because 

lt was observed that cells suspended in the tr'psin solu- 

tion were destroyed by as little as two minutes of shak- 

ing at 320 strokes per minute on a mechanical shaker with 

a stroke length of 3 inches. 

Phosphate-buffered Saline. This solution was pre- 

pared from sodium chloride crystals and M/15 phosphate 

buffer at pH 7.0 and had the following composition: 

phosphate-buffered solution grams per liter 

TNaC1 8.50 
2PO4 anhydrous .035 

Na2HPO4 anhydrous .058 
Phenol red, 10 ml of a 0.2: aqueous solution 

This solution was dispensed in 100 ml quantities ir. 

screw-capped bottles and sterilized at 121°C for fifteen 

minutes in an autoclave. It was used routinely as the 

fluid for resuspending the Hela cells in preparation for 

cell measurement studies. 

Cell Counting Method. Preliminary testing demon- 

strated that considerable destruction of the cells 

occurred when mechanical shaking was continued for so 

short a time as two minutes if the cells were suspended 

in a trypsin solution. The following procedure was 

therefore adopted and used throughout the study. The 
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nutrient fluid was drained from each stock bottle of cells 

to be used for measuremelit purposes. Ten ml of the phos- 

phate-buffered saline solution was added to each bottle 

and the cells were scraped from the glass into the solu- 

tior with the aid of a rubber policeman. The cell mix- 

ture was drawn up in a pipot and expelled forcibly into 

the bottom of the culture bottle fw.r times; the cell 

suspension then was transferred o orìe of the 25 ml volu- 

metric flasks of the group which had been recalibrated 

for this purpose. The culture bottle was rinsed twice 

with five n :ortiors of buffered saline and the rinsings 

added to the flask. Th&i the cells from more than one 

culture bottle were to be pooled in one 25 ml flask, the 

volume of buffered saline used for suspension of the 

cells and for rinsing was correspondingly decreased. 

hen comparing measurements by the packed-cell 

volume arid cell counting methods on the same pool of 

cells, duplicate samples were taken out first for fillIng 

the Van Allen tubes. The remaining cell suspension was 

measured with the same ten ml syringe and 2* inch, 19 

gauge needle thich had been used to fill the Van AlTien 

tubes. This measurement was used for computing what 

amount of the enzyme hyaluronidase was to be weigh3d out 

and added to the suspension to give a concentration of 

two mg per ml. The flasks with the enzyme athad were 
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Incubated at 35o0 for fifteen minutes, then were shaken 

on a mechanical shaker having a stroke length of 3 inches 

at 320 strokes per iInute for one and one-half minutes 

as preparation for the counting of the cells. (The use of 

the enzyme was suggested by the success reported by Owens 

and coworkers (8, p.1051-1052) who were using it at one 

mg per ml to keep cells in suspension in agitated medium 

during the growth period.) 

The dispersion of the cells in the susperisiorwas 

considered excellent. Groups of two or three cells to- 

gether were rarely observed in the counting chamber and 

no larger clumps were to be found. The cells appeared 

round and of varying sizes, with readily distinguished 

outlines, making identification an counting easy. A 

preliminary estimate of cell numbers was made by trans- 

ferring sorne of the thoroughly mixed cell suspension from 

the volumetric flask to a hemacytometer using a silicone- 

treated syringe and needle. If a survey of the four 

i sq mm corner squares on one side of the chamber indi- 

cated that more than 400 cells were present on one 9 sq 

mm ruled area, representing the entire xled area of 

one side of the hemacytometer, a dilution of the cell 

suspension was made in each of two smaller volumetric 

flasks and samples were taken from these for counbing. 

A count was made from each flask by filliild a 
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hemacytorneter on oth sides and countil..g all the cells on 

each of the two 9 sq mm ruled areas, using the 16 mm ob- 

jective of the microscope. If the total count fell below 

200 cells per 9 sq nim, the chamber was cleaned, refilled 

and the count was repeated. The total number of cells 

per nil of suspension could be found by the following 

formula: 

Cell count per ml number of cells counted dilution 
volume of sample counted factor 

Sample calculation: From a sample nl: undiluted suspen- 

sion suppose a total of 540 cells were observed on the 

ruled areas of both sides of a chamber, representing a 

total area of 18 sq mm or a volume of 1.8 cu mm since the 

depth of the chamber was 0.1 mm. Then the cell count per 

ml 540 x rio dilution : 300 cells per cu min or 300 x 
1.8 

lO cells per ml. 

Packed-cell Volume Method. Each Van Aller tube v;as 

assembled with a spring sealiig clip and a sleeve surroi.n- 

Ing the bulb to protect the bulb from the metal walls of 

the centrifuge cup and also as an aid in centering the 

tube in the cup. The rubber sleeve was a f inch ring cut 

from some gum rubber pressure-type tubing. A very thin 

coating of white petrolatum at the bottom of the gradu- 

ated stem was found helpful in preventing leakage where 

the stem was in contact with the rubber liner of the 
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sea1in clLp. 

The cells were scraped from the inside of the stock 

bottles, exactly as described for the cell counting rnethcd 

and were transferred with r1ns1ns of phosphate-buffered 

saline to 25 ml volumetric flasks. The flask were filled 

to the mark with phosphate-buffered saline. After being 

mixed by flushing three or four timm thrcugh a 19 gauge, 

2 inch needle attached to a 10 ml hypodermic syringe, 

about eight mi of the cell suspension was drawn into the 

syringe and an assembled Van Allen tube was filled by 

inserting the needle into the upper stem and carefully 

expelling the fluid into the bulb. The lower stem was 

filled by tipping the sealing clip slightly to allow 

replacement of the trapDed air with cell mixture. The 

Van Allen tube was filled to the uppermost calibration 

mark and prepared for centrifuging by inserting the lower 

end of the tube assembly into the center well of a soft, 

red rubber, hood-type stopper of a size convenient for 

fitting snugly into a 50 ml centrifuge cup. This support 

replaced the customarily used rubber cushion provided for 

use with these cups and served to both cushion the tube 

and to position lt in the center so that leaking would be 

less apt to occur than if the tube were to become tilted 

in the cup so that a strain were placed on the sealing 

clip during centrifugation. After this procedure was 
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adopted, only two tests were lost from leakaEe, and these 

losses were found to be the result of inadvertently fail- 
ing to remove the rubber cushions from the centrifuge 

cupts before inserting the Van Allen tubes. 

In estimating the accidental error of the cfg. 

method, duplicate tubes were filled from each pooled sus- 

pension. In the subsequent experiments involving repli- 
cate culture flasks and rowth media trials, each measure- 

ment was obtained from the use of a single Van Allen tube. 

As soor. as the tubes were filled and ascertained not to 

be leaking, they were centrifuged in a small Adams Stan- 

dard Centrifuge, equipped with a 4-place standard head, 

at maximum speed for 10 minutes. The manufacturer's data 
gives the speed at this setting to be about 2430 rpm with 

a relative centrifugal force of 1056 x g. At the end of 

this time a Desicoted syrine and 2 inch needle were 

usea to withdraw about three-fourths of the fluid from 

the bulb of each tube and, with the needle tip directed 
against the tapered lower part of the bulb, to force the 
fluid back into the bulb while rotating the tube. This 

served to resuspend a fine film of material which tended 

to accumulate at the base of the bulb just above the 

graduated stem. The tubes were next placed in a Model 

SBV, Size 2 Internatiial Centrifuge, with standard head 

for eight 50 ml cups, and centrifuged at the 3500 rpm 
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setting for 45 minutes. The packed-cell volume was read 

ir ml from the height of the co1uirn of packed cells in 

the stem. The packed-cell volume per 10 ml 0f suspension 

was easily calculated from the calibration data on the 

total volume of the tubo. 

Sample calculation: 
Final observed packed-cell volume, 0.0156 ml 
Volume of Van Allen tube used, 7.80 ml 
Calculated packed-cell volume per 10 ml: 

0.0l - r, 
r,r, X .LJ - J. L/J'J mL. 

f . O'..) 

Chicken Embryo Extract. Chicken embryo extract was 

prepared from 9-day-old embryos rîioved aseptically from 

the eggs and forced through a fine-mesh stainless steel 

screen fitted into the barrel of a sterile 30 ml syringe. 

The pulp was soaked in ari equal volume of sterile iso- 

tonic salt solution and then centrifuged to obtain a 

tissue-free supernatant fluid extract, whi.ch was stored 

in sterile containers at -200C. 

ti on: 

L-Y0 Fluid. This fluid had the following composi- 

L-Y fluid grams per liter 

LaCl 6.8 
KC1 0.4 
CaC122H20 0.265 

Vg5047H20 0.2 
NaH2PO4H2O 0.125 
Dextrose, arihydrous 4.5 
Lactalbumin hydrolsate 5.0 
Phenol red 0. 0125 
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These materials were dissolved in deionized water, made 

up to volume in a liter volumetric flask, arid sterilized 

by Seitz-filtration. The fluid was stored at room tem- 

perature in sterile, rubber-stoppered 50 or 100 ml 

bottles. For cell cultivation the abo''e solution was 

used for a medium which contained human serum, lO' by 

volume; yeast extract, 0.01% by volume; and antibiotics. 
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EX PER IMENT AL RESULTS 

Objectives of the Study. The main objectives toward 

which the study was directed were 

1. To develop the technique for a volumetric method 
of mesuriPg eel]. growth. 

2. To Improve a cell counting method, if possible, 
for use with HoLa cells. 

3. To estimate and compare the accidental error 
inherent ir each method. 

4. To evaluate both methods v1th attention to the 
special advantages or disadvantages of each in the econ- 
omnj of time and materials. 

5. To study the relationship between results ob- 
tamed by the two methods and to apply the better of the 
two to a sample experiment on nutrient media and cell 
growth. 

In determination of error, consideration of both the 

systematic arid sampling error had to be made. In the 

section devoted to methods and materials, procedures for 

each of the methods were described by which attempts were 

made to minimize the sjstematic error. These included 

calibration of the Van Allen tubes, volumetric flasks, 
and measuring pipets; the use of certified hemacytometers; 

as well as the adoption of uniform procedures for the 

preparation of the cells for counting and centrifuging. 

Standards were set up for timing of centrifuging and 

shaking operations. A standard procedure for counting 

the cells in the hemacytometer chambers was also adopted 
and was described in the section on cell counting methods. 
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An account of the development of suitable techniques for 

the volumetric method and for the modified cell counting 

method has been given in the section on materials and 

methods, p. 16-22, and need not be repeated here. 

Comparison of Methods for Variability. In order to 

determine the magnitude of the accidental error for each 

method, a series of 34 pools of suspended cells was pre- 

pared and duplicate determinations were made on each by 

the volumetric method and also by the counting method. 

Tables 2 and 3 represent summaries of fie results ob- 

tamed in each case. All cells used were from cultures 

which had been incubated for as fev as four, or as many 

as eight days. One pooi, made up to a volume of 25 ml, 

may represent the total cell population from one or more 

culture bottles. Six duplicate analyses, including both 

cell counts and packed-cell volume measurements, was the 

maximum number that could be completed easily in one day 

by one worker, allowing time for cleaning up equipment. 

Referring first to Table 2 for the packed cell 

volume measurement, it will be noted that the mean for 

the whole serles of observations was 0.0136 ml of packed 

cells per 10 ml of suspension and that the standard devia- 

tion, "s", within classes, representing the accidental 

error, was found to be±O.00086 ml per 10 ml. Assuming 

normal distribution, 95% of a series of measurements 
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Table 2 

Investibation of the Difference Between Duplicate Volu- 
metric Measurements on a Series of Suspensions of HoLa 

Cells 

Cell Van Allen Observed *Calculated Diff- Differ- 
Pool tube packed-cell packed-cell ererce ences 

volume volume in ml volume in ml in (ml squared 
in ml X iO) mlx 108 
a b a b a b 

i 7.53 7.30 0.0090 0.0105 0.0120 0.0144 24 576 
2 7.74 7.57 0.0208 0.0195 0.0269 0.0258 11 121 
3 6.97 7.63 0.0167 0.0185 0.0240 0.0242 2 4 
4 6.97 7.63 0.0190 0.0205 0.0272 0.0269 3 9 
5 7.90 7.53 0.0185 0.0172 0.0234 0.0228 6 36 
6 7.57 7.74 0.0140 0.0145 0.0185 0.0186 1 1 
7 6.99 7.30 0.0174 0.0170 0.0248 0.0233 15 225 
g 774 7.57 0.0105 0.0100 0.0136 0.0132 4 16 
9 7.90 7.53 0.0112 0.0105 0.0142 0.0139 3 9 

10 6.97 7.63 0.0080 0.0100 0.0115 0.0131 16 256 
11 6.99 7.30 0.0097 0.0095 0.0139 0.0130 9 81 
12 7.90 7.53 0.0092 0.0085 0.0116 0.0113 3 9 
13 7.74 7.57 0.0085 0.0082 0.0110 0.0108 2 4 
14 6.99 7.30 0.0085 0.0090 0.0122 0.0123 1 1 
15 7.90 7.53 0.0020 0.0020 0.0025 0.0025 0 0 
16 7.65 6.97 0.0030 0.0018 0.0039 0.0026 13 169 
17 7.74 7.57 0.0017 0.0015 0.0022 0.0019 3 9 
18 6.99 7.30 0.0020 0.0017 0.0029 0.0023 6 36 
19 6.97 7.63 0.0010 0.0017 0.0014 0.0022 8 64 
20 7.56 7.90 0.0022 0.0014 0.0029 0.0018 11 121 
21 7.53 7.90 0.0068 0.0072 0.0090 0.0091 1 1 
22 7.57 7.74 0.0074 0.0076 0.0098 0.0097 1 1 
23 6.99 7.30 0.0063 0.0063 0.0090 0.0086 4 16 
24 7.63 6.97 0.0067 0.0046 0.0088 0.0066 22 484 
25 7.30 6.99 0.0120 0.0110 0.0164 0.0157 7 49 
26 7.57 7.74 0.0130 0.0126 0.0172 0.0163 9 81 
27 7.53 7.90 0.0046 0.0047 0.0061 0.0060 1 1 
28 7.6 6.97 0.0200 0.0160 0.0262 0.0230 32 1024 
29 7.53 7.90 0.0090 0.0091 0.0120 0.0115 5 25 
30 7.30 6.99 0.0085 0.0083 0.0116 0.0119 3 9 
31 7,57 7.74 0.0100 0.0085 0.0132 0.0110 22 484 
32 7.57 7.74 0.0250 0.0255 0.0330 0.0329 1 1 
33 7.53 7.90 0.0233 0.0255 0.0309 0.0323 14 196 
34 7.63 6.97 0.0210 0.0170 0.0275 0.0244 31 961 

5080 

** per 10 ml of suspension 
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Analysis of variance within classes 
(7, p.173-174) 

Mean square or variance . . . . . . . . 74.71 x l0 ml 

Standard deviation or 

± 0.00086 ml 

2 s . . . . . . . . . . . . . . . . . . . 0.00172 ml 

Standard error of difference, 
fT2 : 4Tio8 0.0012 ml 

2 SE. of difference . . 2 x 0.0012 . . . . 0.0024 ml 

Coefficient of variation, 
C X lOO 0.00086 6.33 

mean 0.0136 



Table 3 

Investlaation of the Differences Between Duplicate Counts 
Made on a Series of Suspensions of HeLa Cells 

Pool Cell count in Difference, in Difference 
Number thousands per ml thousands per ml squared 

a b 

i 349 309 40 1600 
2 673 672 1 1 

3 686 695 9 81 
4 423 381 42 1764 
5 449 446 3 9 

6 404 374 30 900 
7 464 476 12 144 
8 358 346 12 144 
9 382 374 8 64 

10 359 357 2 4 
11 335 373 38 1444 
12 392 383 9 81 
13 337 350 13 169 
14 362 358 4 16 
15 91 93 2 4 
16 96 107 11 12]. 

17 84 90 6 36 
18 93 90 3 9 
19 70 73 3 9 
20 73 74 1 1 
21 208 190 18 324 
22 202 201 1 1 
23 205 224 19 361 
24 200 214 14 196 
25 397 398 1 1 
26 376 370 6 36 
27 234 218 16 256 
28 620 644 24 576 
29 326 331 5 25 
30 402 373 29 841 
31 380 357 23 529 
32 758 784 26 676 
33 704 742 38 1444 
34 750 700 50 2500 

sum of squares 14367 
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Table 3, caitthued 

Analysis of variance, small sample method 
(7, p.171-176) 

Mean square or variance, 

14,367 x 106/68 . . . . 211.3 x 106 cells/mi 

Standard Deviation or "s", 

/ii3ix 106 . . . . ± 14.5 x cells/mi 

2 s, . . . 2 x 14.5 x 10 . . . . ± 29.0 x io cells/mi 

Standard error of difference, 

20.6 x cells/mi 

2 S.E. of difference, . . . . . . . 41.2 x iO3 cells/mi 

Coefficient of variation . x 100 . . . . 4.05% 
me an 
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would be expected to fall within a rariL.e of 2s on either 

side of the mean; that is, within ±0.00172 ml per 10 ml 

of suspension. This means then that any sin1e measure- 

ment will be unlikely to differ from the true packed-cell 

volume b: more that ±0.00172 ml per 10 ml of suspension; 

or that a single measurement is determined significantly 

within a range of !0.00172 ml. 

In order to determine just how great the difference 

must be between any two measurements of packed-cell 

volume so that they may be considered to be si;nificant1y 

different, the standard error of the difference is calcu- 

lated. (See text following Table 2, showing calculation.) 

From Table 2, we see that the standard error of the dif- 

ference, S.E., is 0.0012 ml per 10 ml. A range of twice 

the standard error on either side of a mean contains 95 

of the differences between 2 measurements to be expected 

from the inherent sampling error. Fience, if two measure- 

ments differ by more than wice the standard error of the 

difference, or 0.0024 ml per 10 ml of suspension, they 

can be said to be si-iificantly different. 

The coefficient of variation, C, is a common method 

for expressing the inherent error or variability for such 

a method, particularly when one series of measurements is 

to be compared with another and the standard deviations 

of the two cannot be compared directly. It is simply the 



31 

standard deviation expressed as a percentage of the mean. 

For this series of packed-cell volume measurements the 

coefficient of variation was found to be 6.33. 

Referring next to Table 3, whIch represents the re- 

suits of making pairs of cell counts on the same 34 sus- 

pensions which were measured by the volumetric method, 

it may be seen that the mean for this series of observa- 

tions is 35P X lO cells per ml of suspension. The 

standard deviation for the series was calculated to be 

±14.5 x lO cells per ml. Thus, a single measurement by 

this counting method can be said to be determined sig- 

nificantly within a range of 2s or ±29.0 x io cells per 

ini of suspension. The calculation of the standard error 

of the difference between counts allows us to say that 

a difference of 41.2 x lO cells per ml, or twice the 

S.E. of difference, must be exceeded before any count ma 

be considered to differ significantly (P .05) from 

another. 

When the standard deviation for this series is ex- 

pressed as a percentage of the mean, the coefficient of 

variation is found to be 4.05%. The difference between 

the coefficients of variation was so small as to be 

considered of no importance in comparing the accuracy of 

the two methods. 
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Comparison of the Methods for EconomX of Time and 

Materials. For a comparison of the time and effort in- 

volved in carrying out measurements by the two methods, 

the following observations were made while single measure- 

merits were being performed on eight cell suspensions. 

Centrifuge method: 

Total working time for assembling 
and filling 8 Van Allen tubes 

Elapsed time during first 
centrifuging 
Working time for flushing of 
tubes and returning tubes to 
centrifugo 

Elapsed time during final 
e eri trifuging 

40 minutes 

14 minutes 

25 minutes 

50 minutes. 

Total elapsed time, including working time for 8 
measurements; tvo hours and nine minutes. 

Total time per measurement when done singly; orte 
hour and 13 minutes. 

Total working time: one hour arid five minutes. 

Total working time per measurement: nine minutes. 

Cell counting method: 

Working time for weighing hyaluroni- 
dase and adding to 8 flasks 30 minutes 

Elapsed time during incubation 15 minutes 

Working time for adjusting f lass 
on shaker and removal from shaker 20 minutes 

Working time for filling, counting 
arid cleaning 8 hemacytometer chambers 75 minutos 

Total time elapsed, including working time for 8 
measurements; two hours. 
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Total time per measurement when done singly; 34 

minutes. 

Total working time; two hours and five minutes. 

Working time per measurement; 16 minutes. 

From these considerations, it may be seen that while 

results of several measurements may be obtained no more 

quickly by the one method than by the other, the volu- 

metric or centrifuge method affords a saving of about one 

hour of working time for every eiht measurements made. 

For a single determination, results from the cell count 

could be obtained in thirty-four minutes, compared wïth 

one hour arid nine minutes then the centrifuge method was 

used. On the other hand, when B samples were run con- 

currently a single packed-cell volume measurement re- 

quired only nine minutes of the worker's time for hand- 

lirig, while a single count required sixteen minutes or 

nearly double the working time for a single volumetric 

measurement. 

It is difficult to assess the comparative expense 

of the two methods. The cost of two certified counting 

chambers was about equal to the cost of four Van Allen 

tubes. If the use of hyaluronidase is adopted, it may 

add as much as sixty cents per test to the expense of the 

counting method, at the present price of the enzyme. It 

appeared obvious from the performance required of the 
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worker, that the centrifuge method was more quickly 

learned and was less subject to arty huinan error factor 

due to fatigue, failure to fill the hemacytometer cham- 

bers uniformly or to individual bias in counting cells. 

Relationship between Cell Count and Packed-cell 

Volume. The relationship existing between the cell count 

and the packed-cell volume is illustrated by Figure 1. 

Actually, no fixed standard is available for comparison 

of the results by either method. Arbitrarily, the 

packed-cell volume measurement was chosen as the inde- 

pendent variable and the cell count was plotted as shown. 

Inspection of the scatter diagram indicateU the trend of 

the relatioïship. Assuming a linear relati oriship of the 

general form, Y : mX i b, analysis of the data by the 

method of least squares (14, p.252-253), resulted in the 

equation for the graph, Y 2.149X . 53.43, vthere Y cell 

count in thousands per ml, and X packed-cell volume in 

ten-thousandths of a ml per 10 ml of suspension. Theo- 

retically, if a direct proportionality existed between 

the variables, i.e., b O, and there were no appreciable 

systematic error it either method, the line should pass 

through the origin. o explanation, other than that of 

the existence of some source of systematic error that 

cannot be accounted for, in either or both of the methods, 

is readily x'orthcom.ing. 
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Figure 1, continued 

Data for Determining Equation for the Graph by Method of 
Least Squares 
(after ii1ks, 14, p.252-253) 

General form of equation sought, Y mX + b. 

Y : cell count in thousands per ml of suspension. 
X packed-cell volume in ten-thousandths of a ml per 10 

ml of suspension 

X values ï values 

1. 241 402 X 4835 
2. 231 448 
3. 240 470 IY 12207 
4. 186 389 
5. 25 92 X 142 
6. 32 102 = 359 
7. 20 87 
8. 26 92 X2 945,852 
Çb 8 72 

lo. 24 73 y2 5,688,489k 
11. 90 199 
12. 98 202 XY 2,290,91l 
13. 88 215 
14. 77 207 * derived from X and Y 
15. 160 398 values with aid of 5- 
16. 168 373 place log10 tables. 
17. 60 226 
18. 246 632 m NX lXY 
19. 132 329 IX - (X)2 
20. 270 672 
21. 264 690 b : m2X 

22. 134 352 N 

23. 
24. 

140 
123 

378 
358 Numerical equivalent: 

25. 134 354 
26. 114 388 In = 2.149 

27. 109 344 
b = 53.43 

28. 122 360 
29. 118 328 

y 2.149x 4 53.43 
30. 118 388 
31. 121 368 
32. 330 771 
33. 316 723 
34. 260 725 



Figure 1, continued 
Analysis of Between-class Variance for X and Y values for 

Obtaining Standard Error of Estimate, SE 

X 
value 

Deviation 
from mean 

Deviation Y 
squared value 

Deviation 
from mean 

Deviation 
squared 

i 241 99 9801 402 43 1849 

2 231 89 7920 448 89 7920 

3 240 98 9610 470 111 12121 

4 186 44 1938 389 30 900 

5 25 117 13689 92 267 71289 

6 32 110 12100 102 257 66049 

7 20 122 14900 87 272 73984 
8 26 116 13456 92 267 71289 

9 18 124 15376 72 287 82369 

10 24 118 13929 73 286 81796 
1]. 90 52 2704 199 160 25600 
12 98 44 1938 202 157 24649 
13 88 54 2916 215 144 20736 
14 77 65 4225 207 152 23104 
15 160 18 324 398 39 1521 

16 168 26 676 373 14 196 
17 60 82 6724 226 133 17689 
18 246 104 10816 632 273 74529 
19 132 10 100 329 30 900 
20 270 128 16384 672 313 97969 
21 264 122 14900 690 331 109561 
22 134 8 64 352 7 49 

23 140 2 4 378 19 361 
24 123 19 361 358 1 1 

25 134 8 64 354 5 25 
26 114 28 784 388 29 841 
27 109 33 1089 344 15 225 
28 122 30 400 360 1 1 

29 118 24 576 328 31 961 
30 118 24 576 388 29 841 
31 121 21 441 368 9 81 
32 330 188 35344 771 412 169744 
33 316 174 30276 723 364 132496 
34 260 118 13929 725 366 133956 

X = 142, 7 359; degrees of freedom, 34 - i 33; for X, 
sum of squared deviations 258,334; for , sum of squared 
deviations = 1,305,602. 

Standard deviation for x:j'34 ± 88.5 

Standard deviation for Y:/602 :,/'i4 ±198.9 
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Computations l'or Finding Standard Error of Estimate ard 
Coefficient of Correlation. 

From ilks, (14, p.256): 

Expression for standard error of estimate, SE: 

E2 = 
[2 - m2 sx2 

when, n number of items, ay standard deviation of Y 

series, sy standard deviation of X series, and m co- 

efficient of X from the equaticri, Y mX + b. 

umerically, SE2 [39,564 - (2.149)2 (7828.3) 

SE /35l9.6 59.3 x 1O cells per ml. 

Expression for calculating standard error of prediction: 

S.E. of prediction (S.E. of estimate)/Ç.()2 
in which sax sum of squared deviations of x. 

Expression for coefficient of correlation, r: 

r = T ['íxY -n] 
ax ay 

urne r io a 1 1 y, 

r 1 - 
L2,29o,91l - (34)(142)(359J 

(88. 5Yf198.9) 

r 0.960 
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It had been thought that such -i analysis of the 

relationship between the two methods might allow ari esti- 

mation, within reasonable limits, of a cell count when 

the packed-cell volume measurement only was made. From 

the calculation of the standard error of prediction (see 

text of Figure 1), it is evident that such an estimati 

is not precise enough to be very useful. The coefficient 

of correlation, r, between the two methods was high, 

0.960, as could be expected, since they represent attempts 

to measure the same material by different methods of 

measuremen t. 

Comparison of each cell count with its corresponding 

packed-cell volume suggested that interesting information 

regarding the volume of an individual cell might be had 

by simply dividing the packed-cell volume per ml by the 

cell count per ini. Further, since the data were obtained 

from cultures of different ages, i.e., four to eight days 

of age, it was felt that separating the data into groups 

according to culture age and deriving a mean individual 

cell volume for each group might show whether the observa- 

tian was supported that cells from older cultures appear 

in general to be smaller than those from younger cultures. 

When this was done for the mean value of each pair of 

measurements by the packed-cell volume method and its 

corresponding mean cell count, the mean volume for a 
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s1nle cell was calculated to be 3.75 x lO ml or 3.75 x 

l0 cu microns. The extremes for the whole series were 

2.3 and 6.0 x i0 cu microns. Assuming an ideal direct 

proportionality between the results of the two methods, 

and using the value we have found for the mean cell 

volume as a hypothetical value for the volume of any 

cell, the hypothetical ideal graph of the relationship 

of Figure 1 would be expressed by the equation Y 

or Y 2.59X when Y cal]. count in thousands per ml and 

X a packed-cell volume in ten-thousandths of a ml per 10 

ml of suspension. More variation in cell size did appear 

to exist in the four-day group of cultures but since both 

the highest and the lowest values of the range were in- 

eluded here, the mean of this group could not be demons- 

trated by means of the "t" test to differ significantly 

from the mean of all the groups. Since a real difference 

could not be proved by this means to exist between the 

mean of any age group arid the mean of all groups, data 

from these sets of measurements could not be said to show 

conclusively that HeLa cells from four-day-old cultures 

are consistently larger than cells from eight-day-old 

cultures. 

Determinatii of Error in Measuring HeLa Cell Growth 

in a Single Culture y the Volumetric Method. The ex- 

periments previously described provided ari estimate of 

the error in a siL.gle measurement of the packed-cell 

volume made on a given cell suspension. However, in 
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applying this method to measurement of cell growth from 

individual culture bottles, another source of variation 

is introduced, namely, the variation in growth between 

replicate cultures prepared in a manner as nearly iden- 

tical as possible. Before apulying the method to cell 

growth experiments lt was necessary to determine this 

overall accidental error. 

A group of culture bottles was carefully chosen 

which appeared to be uniform in size and conformation. 

Each of the 24 bottles received a carefully measured all- 

quot of a fresh cell suspension, amounting to approxi- 

mately 0.0026 ml of packed cells per bottle, as an 

inoculum, and all were indicated for the same length of 

time. The medium used for culturing was of the same corn- 

position as that used for the stock cultures of these 

cells. Replacement of the nutrient medium with fresh 

fluid was made on the fourth day after seeding the bot- 

tles. On the eighth day, cell growth in each bottle of 

this group was measured by the centrifuge method, using 

a single measurement per bottle. Table 4 summarizes the 

results of this experiment. Taking each measurement as 

one Item of the sample, the standard deviation from the 

mean of this group of 24 cultures was found to be 

±0.00184 ni]. per 10 ml, and twice this value, on either 

side of the mean, which should include 95' of all items 



in the sample, was ±0.0037 ml per 10 ini. Thus, the 

packed cell volume of a single culture in such a series 

is unlikely to differ from the mean value of a large 

number of replicates by more than ±0.0037 ml per 10 ml 

of cell suspension. The standard error of the difference 

was found to be 0.0026 ml per 10 ml; hence, a difference 

more than twice this great, or more than 0.0052 ml per 10 

ml of suspension, must exist between the packed-cell 

volumes of 2 culture bottles before this difference can 

be considered significant, or due t. other than chance 

factors. 

The standard deviation expressed as a percentage of 

the mean, also called the coefficient of variation, was 

12. for this group of cultures. This serves to indi- 

cate the considerably greater variation introduced by the 

differences in growth in replicate culture flasks when 

compared to the variation between duplicate measurements 

made on a single cell suspension. 

Demonstration 2 Volumetric Method of the 

Effects 2. Different Growth Media on the Growth of HeLa 

Cells. An experiment was designed to illustrate the 

usefulness of the packed-cell volume measurement as a 

means of evaluat1.g the growth-promoting qualities of 

several nutrient fluids which have been frequently used 

in cell culture work. 
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Table 4 

Investigation of the Difference Between Packed-Cell Volume 
Measurements a Series of 24 Replicate Cultures 

Culture 
no. 

Tube 
iWo. 

Observed 
pcv in 

ml 

Calculated 
pcv per 10 
ml, in ml 

Deviation 
from man 

x 10 

Deviation 
squard 
x lO 

1 7 0.0135 0.0174 31 96]. 

2 3 0.0150 0.0190 47 2209 
3 9 0.0083 0.0119 24 576 
4 11 0.0112 0.0160 17 289 

5 8 0.0100 0.0127 16 256 
6 5 0.0107 0.0141 2 4 

7 11 0.0095 0.0136 7 49 

8 9 0.0092 O.0L32 11 121 
9 3 0.0095 0.0130 13 169 

10 6 0.0084 0.0110 33 1089 
11 4 0.0092 0.0122 21 441 
12 7 OeO].15 0.0149 6 36 
13 4 0.0088 0.0117 26 676 
14 3 0.0110 0.0151 8 64 

15 9 0.0087 0.0125 18 324 
16 7 0.0115 0.0149 6 36 
17 3 0.0110 0.0151 8 64 
18 4 0.0117 0.0155 12 144 
19 6 0.0122 0.0160 17 289 
20 11 0.0101 0.0144 1 1 

21 7 0.0110 0.0142 1 1 

22 8 0.0117 0.0148 5 25 
23 6 0.0100 0.0144 1 1 

24 8 0.0115 0.0146 3 9 

0.3422 7834 

*pcv z packed-cell volume 
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Table 4, continued 

Analysis of variance, between class differences 
(7, p.171-174) 

Estimated standard deviation, s: 
,1340.6x108 . . . 0.00184 ml per io ml 

2 s: . . . . 2 x 0.00184 . . . . ± 0.0037 ml per 10 ml 

S.E. of difference: 
: ,/6ßi.2 . . . . 0.0026 ml per 10 ml 

2 S.E.: 2 x 0.0026 . . . . 0.0052 ml per 10 ml 

coefficient of variation x 100% 
me an 

0.00184 = 12.9% 0.0143 
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In the design of such experiments using replicate 

cultures, it is useful to be able to estimate the minimum 

number of replicates which it will be necessary to set up 

to obtain a desired level of precision when the inherent 

error of the method has already been investigated. 

In the previous section it was noted that a differ- 

ence exceeding 0.0052 ml per 10 ml of suspension must 

exist between volumetric measurements of cell growth from 

individual flasks in an experiment involving replicates 

before the difference can be considered significant, that 

is, caused by factors other than chance. Obtaining a 

higher degree of precision requires decreasing the valuo 

of the standard error of the difference so that some 

value less than 0.0052 ml per 10 ml can be considered a 

significant difference. Since the standard error of the 

difference is calculated (see text of Table 4) from the 

standard deviation, which in turn is obtained from the 

mean square or variance, it may be also noted that the 

standard error of the difference varies inversely with 

the square root of , the number of items in the sample. 

As an illustration, if S.E. of difference = 

'(s D )2 ' '2 

-'VI i 
; for 1, S.E. of difference 

¡(s D )2 
( 1) )2 

V ' 
or /2(S.D.)2. Now, if N were to 
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be multiplied by 4, _________________ 

S.E. of difference ______ 
()2 or/2*)2 

and, 

S.E. of difference 1/2,j2(S.D.)2 

So that, the standard error of the difference may be 

halved by approximately quadrupling the number of items 

used in the sample. 

The choice of six replicates per measurement in the 

experiment to be described was based both on the desire 

for a somewhat higher degree of precision than was ob- 

taired in the experiment involving the series of 24 

replicate cultures and on the necessity for limiting the 

number of replicates to allow all the measurements to be 

made wi thin a reasonable working time by one worker. The 

followin calculation shows how a value was obtained for 

the standard error of difference upon which a judgment of 

significance could be based when six flasks per group 

were used, assuming that there will be no change in the 

variance. 

S.F. of difference = 

SE. of difference 

S.F. of difference 

S.E. of difference 

I (S.D. 
)2 (S.D. )2 

i\I N 

/ 
(0.00184)2 (0.00184)2 

'V 6 6 

2 x 
(0.00184)2 

A\J 6 

,jl12.853 x 108 
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S.E. of difference l.63 x or o.00ioc 

2 S.E. of difference 2 x 0.00106, or 0.00212 ml 

In the former series of replicates, 2 S.F. of difference 

0.0052 ml. Hence, the precision is increased by 

0.0052/0.00212 or 2.45 times. 

The compositions of the fcur nutrient media tested 

are listed below and repeated for convenience in Table 5, 

which is a summary of the results of this experiment. 

Group I by volume 

Human serum 10 

Chicken embryo extract 2 

BSSm and antibiotics 88 

Group II 

ITuman serum 10 
Yeast extract (2Ç solution) 5 

BSS1 and antibiotics 85 

Group III 

Human serum 
Yeast extract 
L-Y0 fluid and 

Group IV 

Human serum 
Chicken embryo 
Hanks' BSS and 

10 
(2% solution) 5 

antibiotics 85 

40 
extract 2 

antibiotics 58 

Antibiotics, penicillin at 100 units per ml and strepto- 

mycin at 100 ug. were used as described in the section 

on cell culture methods. 

Lach medium was freshly prepared in a 50 ml quantity 

in a sterile 125 ml Erlenmeyer flask. Cells from 6 stock 



culture bottles which had been Incubated for 6 days were 

used to prepare a seed Inoculum for the test culture 

bottles. Cells from the stock cultures were removed from 

the glass with trpsin solution and pooled ir s. sterile 

50 ml centrifuge tube. The cells were packed by centri- 

fuging at 1800 rpm for 15 minutes; the trypsin solution 

was removed, and the cell mass was dispersed and resus- 

pended by adding one ml of sterile phosphate-buffered 

saline to the packed cells and flushing them 10 times 

through the fine tip of a one ml sterile, cotton-plugged 

pipet. Next, five ml of sterile phosphate-buffered saline 

was added to the cell suspension and the mixture was 

flushed several times with a sterile 5 ml pipet to ensure 

thorough mixing. To each of the four flasks of growth 

media was added 1.0 ml of the cell suspension. In addi- 

tion, a 0.5 ml portion of the suspension was added to a 

lo ml volumetric flask and diluted to the mark with 

phosphate-buffered saliíe. The contents of this flask 

were used to measure the cell concentration by the 

packed-cell volume method. 

Each flask containing medium and cells was swirled 

and agitated while an 8.0 ¡nl aliquot was withdrawn and 

added to each of six sterile culture bottles. The four 

groups containing six bottles each were incubated for a 

total of 8 days, with a replacemect feeding of nutrient 
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Table 5 

Demonstration of the Effects of Different Media on Growth 
of HeLa Cells, Measured by the Volumetric Method 

Group : PCV :Calculated :Deviaticri :DeviationCalculated 
& tube:reading: pcv/1O ml :from group:squared : pcv per 

number: ml : ini :mean, ml m1 x lO :flask, ml 

I-4 0.0031 0.0041 0.0002 4 0.0102 

I-8 0.0031 0.0039 0.0000 0 0.0098 

I-3 0.0O0 0.0041 0.0002 4 0.0102 

I-11 0.0035 0.0050 0.0011 121 0.0125 

I-7 0.0030 0.0039 0.0000 0 0.0098 

I-6 0.0020 0.0026 0.0013 169 0.0065 
Sum .0236 298 0.0590 

II-5 0.0023 0.0037 0.0011 121 0.0092 

II-9 0.0035 0.0050 0.0002 4 0.0125 

II-6 0.0032 0.0042 0.0006 36 0.0105 
II-4 0.0036 0.0048 0.0000 0 0.0120 
11-3 0.0035 0.0048 0.0000 0 0.0120 
II_11 0.0042 0.0060 0.0012 144 0.0150 

Sum 0.0285 305 0.0712 

III-7 0.0108 0.0140 0.0013 169 0.0350 
III-8 0.0115 0.0146 0.0007 49 0.0365 
III-11 0.0133 0.0190 0.0037 1369 0.0475 
III-5 0.0110 0.0145 0.0008 64 0.0365 
III_9 0.0108 0.0155 0.0002 4 0.0388 
III-3 0.0105 0.0144 0.0009 81 0.0360 

Sum 0.0920 1736 0.2303 

IV-7 0.0020 0.0026 0.0001 1 0.0065 
IV-6 0.0022 0.0029 0.0002 4 0.0073 
IV-6 0.0021 0.u028 0.0001 1 0.0070 
IV-4 0.0020 0.0027 0.0000 0 0.0068 
IV-7 0.0020 0.0026 0.0001 1 0.0065 
IV-8 0.0020 0.0025 0.0002 4 0.0063 

Sum 0.0161 ir 0.0404 

.. Packed-cell volume 

iedia components: Group I; 10?Z HuS, 2% CILE, BSS, 
antibiotics 

Group II; 10% HuS, 0.01 YE, BSSm, 
antibiotics 

Group III; 10% HuS, o.oi% YE, L-Y0, 
antibiotics 

Group IV; 40 HuS, 2 CEE, Hanks' BSS, 
antibiotics 

initial volume of packed cells, per flask . . 0.0023 ml 
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Table 5, continued 
Comparison of Group Means Using the "t" Test. 

A. (7, P. i-18 
Mean of Group I: 0.0236/6 0.0039 ini per 10 ml 

ean of Group II: 0.0285/6 0.0048 ml per 10 ml 
Difference between means 0.0009 ml per 10 ml 
Combined sum of squares: 

298 x 10-8 305 x 10-8 603 x 10-8 
Total number of observatiis: I r NH 
Sum of degrees of freedom: (6 - 1) (6 - 1) 
Estimated standard deviation, s SUm of squares 

dgrees or freedoii 
I 603x108 

10 ± 0.00078 ml per 1° ml 

"t" Difference 
Standard Error of Difference 

or, Difference IN1 x N11 
s '\/N1 t N11 

0.0009 "t" 2.02 Hence, 0.00078 x '\/6 + 6 

In Fisher's table of "t", at the 0.05 level, for 
n 10, t 2.228. Thus, the mean of Group I is not 
significantly different from that of Group II. 

B. Comparison of Group II with Group III. 
Mean of Group II: 0.028F/6 0.0048 ml per 10 ml 
Mean of Group III: 0.0920/6 0.0153 ml per 10 ml 
Difference between means 0.0105 ml per 10 ml 
Combined sum of Squares: 

305 X i08 1736 x 2041 x 108 
Total number of observations: 6 + 6 12 
Sum of degrees of freedom: (6-1) (6-1) 10 
Estimated standard deviation, s: 

\/.2i x108 
± 0.00143 ml. por 10 ml 

"t" a 12.71, which is highly 
significant. 
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C. Comparison of Group II with Group IV. 

Mean of croup II: 0.0285/6 0.0048 ml per 10 ml 

Mean of Group IV: 0.0161/6 0.0027 ml per 10 ml 
Difference between means: 

0.0048 - 0.0027 0.0021 ml per lo ml 

Combined sum of squares: 
305 x io8 + 11 x l0 316 x 10-8 

Total number of observatiis: 6 , 6 12 
Sum of degrees of freodom: (6-1) (6-l) 10 

Estimated standard deviation, s: 

_________ t 0.00056 ml per lo ml 

"t" = 4.69, significant at 0.05 
0 probability level. 
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fluids made on the fourth day. On the ninth day, the 

total yield of cells from each bottle was measured by 

the centrifuge or volumetric method. The results are 

shown in Table 5. 

Simple inspection of the data arìd estimation of the 

precisia to be expected from a similar number of repli- 

cates implied that the mean packed-cell volume per 10 ml 

of suspension in Group III would differ significantly 

from the mean packed-cell volume of any other group and 

analysis using the "t" test showed that this was so. 

Because the composition of the medium used for the 

bottles of (roup II was identical with that of the fluid 

used routinely in the maintenance of the cultures used 

iii the previous experiments, Group II was chosen as the 

reference or standard group to which each other group 

was compared. Calculation of a "t" value (see text of 

Table 5) for each of the three other groups indicated 

that the means of Groups III and IV were both signifi- 

cantly different from the mean of the reference group, 

while that of Group I was not. Ranked in decreasing 

order of growth promotion for HeLa cells, the media group 

numbers were III, II, I, and IV. The saine conclusions 

regarding significant differences are reached by applying 

the previously calculated value for the standard error of 

the difference between sets of 6 replicate cultures. In 
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other words the degree of precision was approximately 

trebled over that obtained with single flasks. Hence the 

S.F. of the difference was reduced from 0.0052 ml to 

about 0.00213 ml packed cell volume per 10 ml of suspen- 

sion. Groups I and II do not differ tbis much. The dif- 

ferences between Groups II and III and II and IV, however, 

reach or exceed this value. 

While such a comparison of the effects of different 

media may prove valuable in some types of cell study, 

some interesting additional information about the total 

increase in cell material may be had by comparing the 

final packed-cell volume per culture flask with the 

packed-cell volume of the inoculum. The cell suspension 

used for seeding the media for 24 culture bottles in this 

experiment was found by the centrifuge method to have a 

packed-cell volume of 0.0148 ml per ml of suspension. 

One ml of the suspension having this concentration was 

used to seed each of the 50 ml quantities of the four 

media. This meant that, at the rate of eight ml of cell 

suspension in growth medium, each bottle set up must have 

received 0.0148 x 8/51 or about 0.0023 nil of packed cells 

per bottle. At the end of the experiment when the cen- 

trifuge method was used to measure the celi growth, the 

total yield of cells from each bottle was made up to a 

25 ml volume with phosphate-buffered saline for sampling. 
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The total packed-cell volume in ml per bottle was obtained 

from the total packed-cell volume in ml per 10 ml of sus- 

pension simply by multiplying by the factor of 2.5 (see 

column at far right, Table 5). Then, dividing the final 
mean packed-cell volume In ini per bottle by the packed- 

cell volume of the Inoculum gave the factor by which cell 
growth had Increased during the period of Incubation. 

Example Group III 
Initial packed-cell volume per bottle 0.0023 ml 
Average final packed-cell volume per 

bottle 0.0384 ml 

Thus, It may be said that eight days of Incubation In the 

medium used for the cells in the bottles of Group III 
resulted in a nearly 17-fold increase in cell material. 
Treating the data from all groups In like fashion, the 

corresponding amounts of increase are: 

Group 

I 0.0098/0.0023 
II 0.0119/0.0023 

III 0.0384/0.0023 
IV 0.0067/0.0023 

Increase in cell material 

4.3 -fold 
5.3 -fold 

16.7 -fold 
2.9 -fold 

It may be pointed out that the compositions of the 

nutrient medIa used for Groups II and III are remarkably 

similar, except for the difference in treatment for 
sterilization, and very minor differences in the ionic 
constituents (see. formulae for BSSm and L-Y0 fluid in 

Experimental Naterials and Methods). It may be suggested 
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that autoclave-steriflzation of the fluid medium contain- 

ing a protein hydrolysate in the presence of the cousid- 

erable amount of glucose in a slightly acid environment 

is responsIble for the formation of compounds which do 

not support, but actually inhibit, the growth of the 

cells. This supposition has not been investigated fur- 

ther, but evidence from a preliminary demonstration such 

as this indicates that f' rapid growth of HeLa cells, 

media containing Seitz-filtered L-Y0 fluid, based ori 

Earle!s isotonic salt mixture, was superior to media con- 

tainirg similar but autoclaved materials, and also to one 

which contained four times as much human serum in its 

makeup. 
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DISCUSSION 

It is felt that a practical quantitative volumetric 

method for measuring HoLa cell growth has been developed. 

The C ( 

S x 100%) of a series of duplicate measurements 
me an 

is not significantly different than that for a series of 

measurements by a cell counting method on the same cell 

suspensi ons. 

A volumetric method also based upon the measurement 

of packed cell volume, described by Waymouth (14), is, 

we feel, more restricted in its .ppl1cations, due to the 

1imitat1ors inherent in the type of tubes used. The Van 

Allen thrombocytocrit tubes which were used in the 

present study are calibrated more precisely, can accom- 

modate larger volumes of samples, and have stem gradua- 

tions which are read directly in ml, instead of per cent. 

Thus an absolute measure of cell volume is obained, 

rather than a reis. tive one, as in the aymouth method. 

The initial expense of a number of the special throm- 

bocytocrit tubes should be somewhat offset in time by 

their durability. Another advantage in their use is the 

lack of requirement for special training or the experience 

necessary for the consistent performance of accurate cell 

counts. 

Although the packed-cell volume method of measurement 

has been developed here particularly for uso with HoLa 



strain cells, there seems to be rio reason for assumlíig 

that lt cannot be adapted for use with any of the strains 

of animal cells whIch are cultivated in vitro, either In 

constantly agitated media or in monolayer cultures on 

1a surfaces. It may be pointed out that, although the 

enzyme trypsin was not found suitable for removal of 

cells from glass surfaces then the celi volume and cell 

count methods were beiig compared, because of the cell 

destruction which occurred durinL; the mecharical shaking 

process, the possibility remains that if only the packed- 

cell volume method were being used, ircorporatlon of 

trypsin for cell removal would represent a saving in time 

over the scraping procedure which was employed. This 

modification would result 1 a considerable further re- 

ductio in working time when preparing a number of cul- 

tures for measurement by the centrifuge method. 

The suspending fluid for the cells vas a phosphate- 

buffered saline solution which contained no added calcium. 

Some calcium was doubtless present froni the cells them- 

selves or from traces of medium which were not removed 

when the bottles were first drained. From what is known 

about the role of calcium or other divalent ions in the 

attractive forces existing between cell surfaces, the 

relative absence of calcium from this fluid ma have been 

partly responsible for the lack of clumping observed in 



the suspensions ori which counts were made. The addition 

of the enzyme hyaluronidase to cell suspensions to reduce 

clumping is not a new idea. owens and coworkers (8) in 

an irivestiatiori in wbich lymphoblasts were being propa- 

gated in an agitated fluid medium used hyaluronidase at 

one m per ml for this purpose. According to their 
observations, a consistently greater number of cells 
was found after five days when hyaluronidase was present 

i the medium than w}n lt was not. They did rot dis- 
cover whether sorne Impurity in the enzyme was responsible 

for this effect or whether the enzyme itself actually 
stimulated growth. Te are not aware, however, of the 

previous use of this enzyme with shaking to produce a 

uniform dispersion of cells for cainting. It was not the 

purpose of the present study to inquire into this problem 

further, but to use the hyaluronidase to promote disper- 

sion of cells for counting. 'e used as a basis for 
employing it the observations that hyalurorildase has 

been demonstrated to soften the intercellular cementj 

of capillaries, and considered that it may have a simi- 

lar action in IfeLa cell cultures, since HeLa cells are 

epidormoid cells, which are ordinarily held together by 

some connective substance. Whatever its action ma be, 

the use of the enzyme did make it easier to obtain 

suspensions of evenly distributed cells, even from 
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eiht-day-o1d cultures, which frequently show the iost 

clumping. 

Sanford and coworkers (io) in their estimation of 

the accuracy of the nuclei count eniploying Strain L mouse 

cells, used the expression: Percentage error : 

where k 1.96, (P 0.05), for 95% of the time, C co- 

efficient of variation, arid r the number of i sq mm 

hemacytometer units counted. e may, from our data, corn- 

pare the accuracy of our cell counting method with the 

useful arbitrary level set by those workers of 90% accu- 

racy, 95 of the time. For such a level they found it 

necessary to observe 750 to 800 nuclei per count; and for 

easiest counting they found the average number of nuclei 

per sq mm to be between 30 and 45. On the entire 9 sq mm 

ruled area of one side of a hemacytorneter, this repre- 

sents a total range of from 270 to 450 nuclei to be 

counted. We chose 200 to 400 cells per 9 sq mm as the 

most conveient ra ge for counting, so that the averaL:e 

cell couiit per hemacytometer unit fell between 22 and 44. 

The total number of hemacytoìiter unite used in our 

counts was 18, unless the number of cells per unit was 

less than 22; in which case, the number of hemacytometer 

units was increased to 36. 

Particles counted in hemacytometer chambers have 

been shown to follow a Poisson distribution (10, p.l), 
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in which s = ,,J, or 0v ._L. where s is the standard 

deviation, and in the averare number of particles per sq 

mm. ience, the formula for percentage error can be also 

written: Percentage error k ir Ic is taken 
.Jfl XJ 

as l.6, as lB, and m as 35, the numerical expression 

becomes: Fercentae error 1.96 or * B'. This 
Vis 

is seen to be close to the 10% error allowance for the 

nuclei count method of Sanford et al. When we note the 

number of steps necessary for the jreparation of cell 
nuclei for counting, and the poor results which have been 

obtained when attempts were made to use the method with 

}JeTa cells, we feel that the modified method for counting 

whole cells which has been developed and described here 

represents an improvement which is as accurate, yet 

faster and more convenient to use with HeLa cells than 

the nuclei counting procedure. 

It was seen that a linear relationship could be 

demonstrated between the mean cell count of a pair of 

measurements and the mean packed cell volume of a pair 
of measurements done on the same cell suspension. In 

theory, the line should pass through the origin of the 

plot. In practice, it did not; suggesting that some 

source of systematic error has not been recognized In one 

or both of the methods. It can be pointed out that the 

studies of other workers have not always escaped this 
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d1ff1cultj. A pl.ot of optical ders1ty values against 

nuclei counts of monkey kidney cell suspensions (14, p. 

204) indicated that as rany as 0.1 x io6 nuclei per mi 

might be expected to be presert ir a suspension when 

there was no longer a measurable optical density reading. 

Youngner did rot reDort this to be a serious hidrance 
to the useful estimation of cell populations from the 

optical density measurement in the procedure he described. 

It may be also noted that although the packed cell volume 

measuremer.t was arbitrarily chosen as the fixed or inde- 

pendent variable, actually, each method has Its own range 

of variation and magnitude of error. It would be just as 

valid to have chosen the cell count for the independent 

variable and to have established the relationship of the 

packed cell volume upon it. 
The packed cell volume method has been used to 

demonstrate differences in the growth-promoting qualities 
of different nutrient media. This suggests countless 

variations in experiments from which valuable information 

could be readily obtained for either increases or de- 

creases in cell growth, by use of replicate cultures arid 

appropriate controls. It would he interestina to evalu- 

ate the toxicity of certain drugs or to assess the effect 
of certain antimetabolites, for example, by this method; 

or, ir. a:()ther type of study, to explore the possibility 
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that Infection of cell cultures :1th sorne viruses may 

produce measurable variations 1.n cell growth which are 

not readily apparent by the visual examination for cto- 

pathic effects or other signs of irfection. It might a10 

prove interesting to compare such information with that 

yielded by celi counts done at thc sane time. Teither 

perfect, or even good, correlation between the results 

of the two methods should necessarily be expected, if one 

remembers that in the cell count, each cell has a fixed, 

unit value, regardless of how shrunken, fragile, dis- 

torted, or non-typical it may be; while in a volumetric 

measurement, a million normal or typical cells may have 

a significantly different packed cell volume than a 

million degenerated cells. Obviously, a good deal more 

work needs to be done before these remarks can be con- 

sidered more than suppositions. 



SUMMARY 

1. The development of a volumetric or packed-cell 

volume method for measuring the growth of HeLa cells has 

been described. The standard deviation of a series of 

duplicate determinations was found to be ±0.00086 ml per 

lo ml of cell suspension. Thus, a single measurement was 

determined siiificantly vd.thin a range of 0,00172 ml per 

lo ml. The coefficient of variation, (StSXìdSTd deviation 
me an 

X lOO), serving as an index of the irherent variability 

of the method, was found to be The coefficient 

of variation of this volumetric method was considered to 

be not significantly different from that of a modified 

cell counting method for these cells. 
Simplicity, ease of performaíee, and a lack of de- 

peridence on any 'human error" factor aro recommendations 

for the use of the volumetric method. It has been ob- 

served that its use resulted in a substantial reduction 

of working time when a number of measurements were being 

made. 

2. Certain improvements in a counting method for 

HeLa cells have been made. It was observed that the 

suspension of cells in a phosphate-buffered saline solu- 

tion, and tne addition of two mg per ml of the enzyme 

hyaluronidase prevented the destruction of cells during 
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a mechanical shaking operation and facilitated the prep- 

aration of uniform suspensions of cells. 

The standard deviation of a series of duplicate 

counts, perfonned on the same suspensions that were 

measured by the volumetric method was ± 14.5 x cells 

per ml. This indicated that a single count was deter- 

mined significantly wi thin 29.0 x l0 cells per ml. 

Expressing the standard deviation as a percentage of the 

mean cell count, the coefficient of variation is 4.05%. 

Compared to the volumetric method of measurement, 

cell counting was nore time-consuming for the worker, ard 

required more technical operations for its completion. 

However, the consistently uniform suspensions of cells 

which were obtained represent an improvement over other 

counting methods for use with MeLa cells. 

3. The relationship between the results of the 

volumetric and counting methods was investL;ated and 

reported. Observation of a scatter diagram of cell 

counts plotted against packed-cell volumes lead to the 

conclusion that a linear relationship exists. The data 

collected, analyzed by the method of least squares, re- 

suited in the equation for the relationship: 

Y 2.l49X 53.43 when Y cell count in thousands per 

ml and X packed-cell volume in ten-thousandths of a ml 

per 10 ml of suspension. The coefficient of correlation, 
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r, 0.960. The calculation of a standard error of pre- 

diction indicated that an estimate of the cell count from 

a single volumetric measurnent would be determined 

within a range not considered precise enough to be very 

useful. 

4. Ari estimate was made of i;he total accidental 
error in the measurement of cell growth by the volunrntric 

method using a set of 24 replicate cultures of HeLa cells. 
The standard deviation was found to be ± 0.00184 ml per 

10 ml of suspension. The standd error of difference 
between flasks was calculated to be 0.0026 ml per 10 ml 

of suspension. The amount of difference between two 

flask measurements to be taken as the criterion for sig- 
nificance had to be more than twice this value or more 

than 0.0052 ml per 10 ml of suspension. 

The use of six culture flasks per measurement in- 
stead of one was calculated to be efíective in reducing 
the standard error of the difference to 0.00106 ml per 
10 ml, affording a treater degree of precision. 

5. An experimant has been described which demons- 

trates the use of the volumetric method in the evaluation 
of the growth-promoting qualities of foi nutrient fluids 
comrionly used In mammalian cell culture.. Analysis of the 

results of this experiment using the "t" test lead to the 
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conclusion that differences in the rate of growth of HoLa 

cells can be shown to result from the use of different 

materials in the media or from a difference In the ster- 

ilizatian processes employed in eparing the media. 

Seitz-filter-sterilized Earle's salt solution containing 

five g Lactalbumin hydrolysate per liter an 4.5 g 

anhydrous glucose per liter, was incorporated into a 

medium Which also had., in its final makeup, 0.01% yeast 

extract (y/y) and lO human serum (v/v). This mixture 

proved markedly superior as a growth-stimulating medium 

over three other fluids tested. The amount of increase 

in celi material as nearly 17-fold, for an incubation 

period lasting eit days. In comparison, a medium con- 

taming Hankat balanced salt solution and 4O human serum 

(y/y) was observed to result in only a three-fold increase 

for the same incubation period from a similar inoculum. 
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