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to highly irritating products. After the 
accumulation of more data, an attempt will 
be made to describe irritation on a unitage 
basis. .it present, however, it is recom- 
mended that comparisons of irritation be 
made within categories of compounds, since 
there seems to be no universal agreement on 
a standard irritant. The same practice would 
probably apply to studies of the anti-inflam- 
matory compounds. 

In the course of this investigation, alternate 
sites of injection and modifications of the pro- 
cedure have been used. The rat ear, rat 
testes, rat abdominal skin, and the longi- 
tudinal back muscle of the rabbit have been 
used successfully as an injection site for the 
irritant. In each case, the procedure of dye 
removal was modified slightly, but essentially 
the method remained the same. 

Summar?. An objective quantitative 
method to measure the degree of irritation 
has been described. I t  has been used to ob- 
tain a valid dose-response curve on a known 
irritant. formaldehyde, and to measure the ir- 
ritating properties of various categories of in- 

jectables. The method has been modified to 
permit measurement of anti-inflammatory ac- 
tivity and topical irritation. 
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Effect of Cyanide on Growth and Respiration in Earle’s Strain L Cells.* 
(22100) 
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Respiration in most tissues is inhibited by 
3 x 1 O - 3 M  cyanide ( 3 ,S: 1 2.14). Cyanide has 
been used very little as an inhibitor of cells 
grown in zktro. Danes and Leinfelder(2) 
noted that 0.1 s to .38 x 31 HCK 
inhibited growth of chick embryo tissue 73%. 
Experiments reported below were designed 
primarily to ascertain to what extent Earle’s 
strain L cells, which have been grown in cul- 
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ture for more than 12 years(4), are cyanide 
sensitive. 

Materials and methods. Strain L cells were 
obtained through the generosity of Dr. Wil- 
ton R. Earle and were cultured on glass (D- 
3.5 Carrel flasks) in Earle’s solution consist- 
ing of 40% balanced saline, 40% horse 
serum and 20% chick embryo extract (in 
Earle’s saline solution, 1 : 1) (43) .  The cul- 
ture medium was renewed 3 times weekly and 
cultures gassed with 570 COa in air. In  ex- 
periments to test the effect of cyanide on 
growth, a cell suspension was obtained by 
gentle agitation of stock cultures. The cells 
were concentrated by centrifugation at 1000 
rpm ( 7), resuspended in fresh medium after 
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TABLE 1- Effect of Sodium Cyanide on Growth doubtful that growth occurred in this concen- 
in Earle’s Strain L Cells. Growth of cells in  con- tration, of cyanide. In culture media contain- 

1 ing M NaCN growth is stimulated. As 
Cone. of Avg No. of 
NaCN N ~ .  of cell nuclei Growth (% checked by the test for observations involv- 

(molar) cultures per culture of control) ing paired groups( 6),  the accelerated growth 
1 x 10-3 7 0 in lo4 M NaCN was significantly different 

trol cultures is taken as 100. 

1 X 10-4 16 1.43 X l o 5  2.6 from controls (P = about 0.01). I t  appeared 
2.19 X lo6 that growth might be stimulated in 10-lo M 3 x 10-6 9 

1 x 10-5 5 3.79 x 105 
1 x 10-6 20 1.88 X lo6 95.5 NaCN bult statistically the results are not 
1 x 10-8 34 1.98 X ” 117.3 significant. 
1 x lo-= 1 7  2.21 x ” 94.6 Results from experiments on effect of cyan- 

9”::; 
1 x 10-10 30 1.96 X ” 116.2 

. .  . .  - ide on respiration are presented in Table 11. 

which 1 ml aliquots were inoculated into Car- 
rel flasks. After 2-3 days the cultures were 
divided into experimental and control groups. 
Sodium cyanide was added directly to the 
medium in experimental cultures which were 
carried for an additional week, a t  which time 
the number of nuclei in each culture was as- 
certained by sample counts on a hemacy- 
tometer (13). Cells were collected for respira- 
tion experiments in the same way as for 
growth experiments but they were resus- 
pended in neutralized horse serum. Neutral- 
ized horse serum contains bound bicarbonate 
and remains physiologically neutral when 
equilibrated with a C 0 2  free atmosphere( 16) 
as is employed in Warburg’s direct method 
( 15) .  One ml aliquots were placed in each 
Warburg flask. Number of cell nuclei was 
determined in same manner as previously in- 
dicated. Calcium cyanide was prepared and 
its concentration determined according to 
Robbie(9,lO). Constant source of HCN in 
medium during experimentation was obtained 
by using Ca ( CN) 2-Ca (OH) 2 mixtures in cen- 
ter well of the Warburg flasks( 11 ) , 

Results. Since number of cells used from 
one experiment to another was not exactly the 
same, determinations were made in pairs for 
both growth and respiration. 

The results obtained on effect of NaCN 
on growth (Table I )  indicate that Earle’s 
strain L cells do not divide nor grow when 
placed in culture medium containing lo3 M 
NaCN. After the first day in this solution 
all cells become detached from the floor of 
the flask. In lo4 M NaCN the number of 
nuclei was scant or non-existent. Although 
some cells were still intact after a week it is 

Oxygen uptake is inhi\bited 85.3% in 7 x 1W 
M HCN. It should be noted that a similar 
concentration of cyanide inhibited growth. 
Statistically, there was no evidence for stimu- 
lation of respiration with lower concentra- 
tions of HCN. 

Discussion. Most of strain L cells did not 
grow in lo4 M NaCN. In contrast, oxygen 
uptake was not completely inhibited in 2 x 
lo4 M HCN; the mean oxygen uptake was 
26.9% as much as the control. Probably dif- 
ference in degree of inhibition of growth as 
compared to respiration can best be explained 
by the fact that the cells were exposed to cy- 
anide for a longer period in the growth ex- 
perimen ts. 

It is known that the bulk of respiration is 
carried out by the cytochrome system. Cy- 
anide inhibits cytochrome oxidase almost 
completely at  concentrations of the order of 

M, and thus inhibits about 80% of the 
respiration in most tissues ( 1 ) . 

Growth of embryonic chick heart in tissue 
culture is inhibited 73% in 0.1 x to 0.38 
x lo4 M cyanide(2). The same is true for 

TABLE 11. Effect of Cyanide on Oxygen Con- 
sumption in Earle’s Strain L Cells, Rate of oxygen 

consumption in control cultures is taken as 100. 

Avg d 
Cone. of No. of oxygen Oxygen 

HCN determin- consumed/ consumption 
(molar) ations hr/108 cells (70 of control) 

7 x 10-4 28 1.2 14.7 
2 x 10-4 28 2.0 26.9 
6 x 28 4.9 67.0 
4 x 10-7 24 7.7 109.2 
2 x 10-8 2 1  8.4 101.4 
3 x 10-Q 28 7.5 100.4 
2 x 10-10 21 8.5 101.5 
1 x 10-12 24 8.1 105.8 
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other tissues. With slightly greater cyanide 
concentration %I NaCN), growth of 
strain L is inhibited 97.4%. Thus, although 
concentrations of cyanide in our experiments 
were slightly different from those used by 
other workers, the results are in agreement. 
Strain L is about as sensitive to cyanide as 
other types of tissue cells. 

We noted that growth of strain L cells was 
stimulated with 31 XaCS. as described 
by many investigators for other cells and tis- 
sues but no adequate explanation is available. 

1. Earle’s strain L cells were 
cultured in vitm and the effects of different 
concentrations of XaCX were studied. Con- 
centrations ranging from to M 
S a C S  were tested. 2.  In 11 NaCN 
growth was inhibited 97.4% but in M, 
growth was enhanced and exceeded that of 
controls by 17%. 3. The effect of cyanide 
on oxygen uptake of strain L cells in neutral- 
ized horse seruni was determined by means 
of the Warburg Kespirometer. 4. At a con- 
centration of 7 x 31 NCS,  which was 
slightly stronger than the concentration 
necessary to stop growth, there was still an 
oxygen uptake of 14.7% as compared to con- 
trols. 5 .  Strain L cells possess a cyanide 
sensitive type of respiration similar to that 
found in normal cells. 

Summary. 
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