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mice failed to produce inhibitory effect on 
DPN-synthesizing enzyme of the blood of 
these animals. Information is also being 
gathered on the effect of transplanted tumors 
on DPN synthesis by tissues other than liver 
or blood. Growing tumors may exert their 
influence on DPh’ synthesis by systemic 
metabolic competition with other tissues. On 
the other hand. the thesis that the tumor con- 
tains an inhibitor which is transmitted through 
the blood and which blocks its synthetic ca- 
pacity to form DPN is also being explored. 
Search is being made for a humoral factor 
either in tumor tissue or in tissues from 
tumor-bearing hosts which may inhibit the 
synthesis of DPX from M I X .  

Summary. 1.  Homogenates of liver from 
mice bearing transplanted tumors (Sarcoma 
37, Lymphoma 1 ,  Lymphoma 2, Leukemia L 
1210, Hepatoma 129 and Leukemia L-4946) 
exhibited a drop of 30 to 50% in capacity to 
synthesize DPK. 2 .  Surgical removal of 
Sarcoma 3 7 restored the DPN-synthesizing 
capacity of the livers to the level of livers 
from control mice. 3. Within one day after 
inoculation of tumor into mice, ability of the 
blood to synthesize DPS dropped about 50%. 
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Proteolytic Enzymes. 111. Circulating Esterase Activities after Parenteral 
Trypsin and Chyinotrypsin in Rabbits.* (22619) 
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Depart iiient of Pharrnncology and Chciitot herapy, . 4 r i i i o w  Laborutorics, Chicago, Il l .  

The hydrolysis of p-toluenesulfonyl-l-ar- 
ginine methyl ester (TAJle) by trypsin. and 
of acetyl-L-tyrosine ethyl ester (ATEE) by 
chymotrypsin was first reported in 1948 ( 1.2 ) . 
The method used, based on titration of acid 
liberated by hydrolysis of the ester, was rapid, 
relatively accurate. and required low enzyme 
concentrations. We were interested in meas- 
suring circulating enzyme activity after par- 
enteral administration of trypsin and chymo- 
trypsin and chose the esterase method because 
of these advantages. 

Materials and methods. Crystalline prepa- 
rations of trypsin (-4rmour D-531-157) and 
chymotrypsin (Armour D-530-165) were em- 
ployed. The respective hemoglobin activities 
(3 )  of these lyophilized preparations were 
1.47 and 0.78 pg tyrosine pg,’minute. Rab- 
bit plasma was prepared by mixing 9 parts of 
blood with 1 part of 3.2% sodium citrate, fol- 
lowed by centrifugation. Imidazole buffer 

* Preliminary report presented at Fed: Am. SOC. 
Eap. Biol., Atlantic ‘City, Alpril 1956, (Fed.  Proc., 
1956, v15, 438). 

was prepared by adding 1.75  g imidazole to 
90 ml of 0.1 S HCl. The pH was adjusted 
to 7.4 and the volume brought to 100 ml 
with distilled water. This solution was di- 
luted 1 : l O  with saline for use. TAMe, the 
substrate for trypsin, was present in the final 
reaction mixture at a concentration of 0.02 
11. For chymotrypsin. ATEE was used in 
a concentration of 0.006 31. 

Esterase determinations were carried out 
separately at  37°C in a small temperature- 
controlled water bath. Reaction volumes were 
constant a t  4.0 ml, and mixing was continu- 
ous with a magnetic stirrer. All determina- 
tions were run at  pH 7.4. One ml imidazole 
buffer was added to the reaction mixture ex- 
cept when plasma was present. Saline was 
used as the diluent for all reagents. Rate of 
substrate hydrolysis was measured by deter- 
mining time required at pH 7.4 for liberation 
of an amount of acid neutralized by 0.01 ml 
of 0.1 N NaOH. 

Results. In vitro studies. In  the absence 
of plasma, reaction velocity was linearly re- 
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lated to enzyme concentration. The reaction 
rates, expressed in pM acid/min./pg enzyme, 
were 0.45 for trypsin and 0.52 for chymotryp- 
sin. Successive readings for any one deter- 
mination showed rate to be constant with 
time, indicating a zero-order reaction. 

The inhibiting effect of plasma on esterase 
activities of the enzymes was determined as 
follows for both trypsin and chymotrypsin. 
One part of a saline solution of the enzyme 
was incubated at 37°C with 5 parts (v/v) of 
plasma. After a definite time, a 0.6 ml ali- 
quot was transferred to an otherwise com- 
plete reaction mixture for determination of 
esterase activity. Fig. 1 and 2 show the re- 
sults obtained with increasing levels of tryp- 
sin and chymotrypsin, respectively, after a 
2-minute incubation between enzyme and 
plasma. Comparative curves for the enzymes 
in the absence of plasma are also shown. 
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1. Relation between trypsin concentration 
and TAMe esterase activity: (0) in absence of 
plasma, and (+) in presence of 0.5 ml rabbit 

plasma. 

MICROCRAMS CHYMOTRYfSlN 
FIG. 2. Relation between chymotrypsin concentra- 
tion and ATEE esterase activity: (0) in absence 
of plasma, and (A, +) in presence of 0.5 ml plas- 

ma samples from 2 different rabbits. 

FIG.  3. ATEE esterase activity of 0.5 nil plasma 
samples withdrawn from rabbits treated parenter- 

ally with chymotrypsin. 

The percentage inhibition appeared to be 
nearly constant a t  the different enzyme con- 
centrations studied with any given plasma 
sample. However, the inhibition of trypsin 
varied from 58 to 68% using plasma samples 
from 6 rabbits. For chymotrypsin, the range 
was 85 to 93% with plasma samples from 4 
rabbits. 

The effect of increasing incubation time 
between enzyme and plasma was also inves- 
tigated. No significant decrease in esterase 
activity was found to m u r  within the 2- to 
18-minute interval studied for either enzyme. 

Circulating esterase ac- 
tivity was investigated in rabbits treated with 
chymotrypsin and trypsin. Chymdrypsin in 
a concentration of 1 mg/ml in saline was ad- 
ministered intravenously to 3 rabbits a t  a 
dose of 3 mg/kg. Blood samples (1.8 mI 
blood + 0.2 ml 3.2% sodium citrate) were 
taken by heart puncture before, and at inter- 
vals after injection. These were immediately 
centrifuged for warat ion of the plasma. De- 
termination of the esterase activity present in 
0.5 ml plasma was begun approximately 3 
minutes after the heart puncture. Assay con- 
ditions were the same as described previously 
for chymotrypsin. 

One rabbit was treated intramuscularIy 
with 10 mg/kg of a commercial preparation of 
chymotrypsin in oil (Chymar) . Circulating 
esterase levels were measured as described 
above. 

The results for intravenous and intramuscu- 
lar administration ofl chymotrypsin are shown 
in Fig. 3. Intravenous administration re- 

In vivo studies. 
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FIG.  4. TAMe esterasc activity of 0.5 nil plasma 
samples withdrawn f 1'0111 a rabbit following a11 

intravwoiis injection of trypsixi. 

sulted in a high level of circulating esterase 
activity which decreased with time. Approxi- 
mately 50% of the initial activity was lost by 
30 minutes after the injection. -4 small 
amount of spontaneous activity was measured 
in plasma samples collected from rabbits prior 
to injection. An intramuscular injection of a 
relatively high dose of chymotrypsin in oil did 
not detectably raise this level of activity. 

Circulating esterase activity following ad- 
ministration of trypsin was also investigated. 
One rabbit was treated intravenously with a 
dose of 1 mg/kg in a concentration of 0.33 
mg,/ml saline. One-half ml plasma samples 
were prepared and assayed for TAJIe activity 
using methods already described. The result 
is shown in Fig. 4. 

'Intramuscular administration of tr-ypsin 
was studied in 3 rabbits. Doses of 1.5 and 
7.5 mg/kg in saline were given to 2 rabbits 
while a third received 7.5 mg/kg in oil. In 
no instance was any TAMe esterase activity 
detected in blood samples withdrawn from 
these animals. 

Discussion. In  cclitro experiments showed 
the TAh'Ie esterase activity of 2.5 to 20 pg 
trypsin to be 58 to 68% inhibited by 0.5 ml 
plasma samples from several rabbits. Paral- 
lel experiments with 10 to 100 pg chymotryp- 
sin showed 85 to 93% inhibition of esterase 
activity. These results indicate low inhibi- 
tion of esterase activity compared to inhibi- 
tion of protease activity of these enzymes by 
plasma reported by other workers(4,5,6,7). 
Innerfield (8) reported that trypsin adminis- 
tered intramuscularly was clinically effective 

as an anti-inflammatory agent. This observa- 
tion has since been confirmed by other work- 
ers( 9,lo). Later, Miechowski and Ercoli( 11 ) 
working with mice, rats, rabbits and guinea 
pigs found intramuscular chymotrypsin to be 
a highly effective anti-inflammatory agent. 
The mechanism of action whereby these en- 
zymes produce a systemic anti-inflammatory 
effect is not known. On one hand, it seems 
possible that the mechanism could involve a 
prolonged systemic adsorption of the en- 
zymes. Alternatively, the anti-inflammatory 
effect may result from systemic absorption of 
local digestion products produced by enzy- 
matic hydrolysis a t  site of injection. Because 
of these possibilities we studied circulating 
trypsin and chymotrypsin levels following in- 
jection of these enzymes by the intramuscu- 
lar route in rabbits. The results showed that 
no detectable systemic absorption of trypsin 
or chymotrypsin occurred within the interval 
studied. even though relatively high doses 
were used. While this does not prove that 
systemic absorption of the enzymes is not in- 
volved in the anti-inflammatory effect, it must 
tentatively be considered as evidence against 
this possibility. 

Summary. Inhibition of trypsin and chy- 
motrypsin by plasma has been studied using 
ester substrates. The amount of inhibition 
measured was low compared to that reported 
in the literature using protein substrates, and 
permitted the measurement of enzyme con- 
centrations in plasma of the order of 10 pg/ 
ml. Intravenous injection of trypsin and 
chymotrypsin to rabbits resulted in measur- 
able circulating esterase activity, which per- 
sisted, in the case of chymotrypsin, up to an 
hour after injection. No activity was de- 
tected following intramuscular trypsin, how- 
ever, and no detectable increase over a small 
spontaneous esterase activity was noted fol- 
lowing intramuscular chymotrypsin. Thus, 
it appears that the anti-inflammatory effect 
noted following intramuscular injection of 
these enzymes is probably not mediated by 
their systemic absorption. 

1. Schwert, G. W., Neurath, H., Kaufman, S., and 

2 .  Kaufman, S., Neurath, H., and Schwert, G. W., 
Snoke, J. E., J .  Biol. Chem., 1948, v172, 221. 



MAMMALIAN CELLS IN AGITATED CULTURES 803 

ibid., 1949, v177, 793. 
3. Anson, M. L., J. Gen. Physiol., 1938, v22, 79. 
4. Hussey, R. G., and Northrop, J. H., J. Gen. 

5 .  Duthie, E. S., and Lorenz, L., Biochem. J., 1949, 

6. Shulman, N. R., J. Ex#. Med., 1952, v95, 571. 
7. McCann, S. F., and Laskowski, M., J. Biol. 

Physiol., 1922, v5, 335. 

v44, 167. 

Chem., 1953, ~204: 147. 

8. Innerfield, I., Angrist, A., and Schwarz, A., 

9. Kleinfeld, G., and Habif, D. V., PROC. SOC. EXP. 

10. Beilar, J. M., Brendel, R., and Martin, G. I., 

11. Miechowski, W. L., and Ercoli, N., J. Pharm. 

J .  A .  M. A., 1953, vl52, 597. 

BIOL. AND MED., 1954, v87, 585. 

ibid., 1955, v89, 274. 

Exp .  Therap., 1956, v116, 43. 

Received May 8, 1956. P.S.E.B.M., 1956, v92. 

Propagation of Strain L (Earle) Cells in Agitated Fluid Suspension 
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Department of Bacteriology, University of Michigan Medical School. 

Several workers, using various technics for 
measuring increases in cell populations, have 
shown &at a characteristic growth curve ex- 
ists for mammalian tissue cells cultivated in 
vitro( 1,2,3,4). As is true with microbial 
populations, this growth cycle can be sepa- 
rated into 4 major phases: l )  lag phase, 2) 
logarithmic grcnvth phase, 3) stationary phase, 
and 4) logarithmic death phase(2,S). The 
study reported here made use of the rate of 
change of growing cell pqulations to demon- 
strate the effects of inoculum size, pH and 
serum concentration on strain L mouse fibro- 
blasts in agitated fluid suspension cultures. 
It was hoped that an analysis of the growth 
curve would make it possible to establish a 
more efficient system for cultivation of these 
cells. 

Materials and methods. Strain L mouse 
fibroblasts(8) were used in this study. The 
stock strain was grown in stationary cultures 
on the surface of bottles with a capacity of 
250 ml and a surface area of approximately 
56 cm2. Each culture contained 10 ml of 
a nutrient medium composed of 20% horse 
serum, 60% modified synthetic solution 199t 
(9), 20% Hanks balanced salt solution, and 
100 units per ml each of penicillin and sltrep- 

*This work was supported by USPHS Grant No. 

t Purines and pyrimidines omitted and medium 
C2539 (C) from the National Cancer Institute. 

sterilized by autoclaving. 

tomycin. The fluid suspension culture method 
(6,7) was used in these studies. In  this type 
of culture, 80 ml of medium of the same com- 
position as previously described, and contain- 
ing the desired number of cells, was placed in 
a 250 ml Erlenmeyer flask stoppered with a 
#6 rubber stopper. During incubation such 
cultures were placed on a New Brunswick 
rotary shaker, modified to give a speed of 
100 rpm. Daily or twice daily, counts were 
made from a small sample using a hemocy- 
tometer. Since the cells in such cultures re- 
main in a homogenous suspension, no treat- 
ment was required to disperse the cells prior 
to making the counts. The pH of samples 
taken for counting was determined with a 
Beckman Model G pH meter. For other cul- 
tures used as controls, cells were harvested 
from a stock culture by removing the growth 
from the wall of the bottle with a rubber 
scraper. These cells were evenly suspended 
in the medium by repeated pipetting. A series 
of replicate cultures was set up with an in- 
oculum of approximately 200,000 cells per 
ml by pipetting 10 ml of the cell suspension 
into each of 10-15 bottles, as described for 
stock cultures. The initial pH was adjusted 
to approximately 7.4. Two or 3 of these cul- 
tures were harvested each day, and cell counts 
were made using a hemocytometer. 

Results. When the logarithm, to the base 2, 
of the cell number was plotted against time in 




