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tumors and red vascular lesions were observed 
in many of the tumor <bearing animals. The 
macrophage cultures lacked detectable fibro- 
blastic elements. Free virus was absent in 
the supernatant fluid of most of the virus 
treated macrophage cultures. More than one- 
half of the cultures whose cells induced tumors 
did not contain free virus a t  any time when 
their supernatant fluids were tested. When- 
ever detected, the titre of free virus was 
less than lo2 v.f.u./ml of supernatant fluid. 
This value was about 1/1OOO that of the 
free virus in infected fibroblast cultures which 
had a titre of 104 to lo5 v.f.u. per ml of 
supernatant fluid. Sarcoma virus antigens 
were not observed in the virus treated macro- 
phage cultures when tested by the fluores- 
cent antibody staining technique including 
cell samples from macrophage cultures posi- 
tive for tumor induction. 
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I t  has previously been shown that cells of 
6C3HED lymphoma are susceptible to guinea 
pig serum L-asparaginase in vitro, correlating 
with their susceptibility in vivo ( 1 ). 

I t  has previously been shown that the 
blood lymphocytes of patients with chronic 
lymphocytic leukemia are more susceptible 
to death in vitro than are lymphocytes from 
normal volunteers when incubated with 
L-asparaginase from E.  coZi( 2 ) .  

The present report describes the relative 
susceptibility to a wide range of concentra- 
tions of E. coli L-asparaginase in vitro of 
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normal murine spleen and thymus lympho- 
cytes and tumor cells from a strain of L-aspa- 
raginase-susceptible lymphoma (6C3HED) 
and from a strain of a derived E. coli 
L-asparaginase-resistant tumor ( 6C3HED- 
ECLAR 1 ) . 

Materials and methods. Enzyme. E .  coli 
L-asparaginase was obtained from Worthing- 
ton Biochemical Corp. The preparations were 
purified by salt fractionation and chroma- 
tography and had a specific activity of 5.0 
to 6.7 international units per mg protein. 
The lyophilized enzyme preparations were 
reconstituted in normal saline and sterilized 
by filtration through a 220  mF Millipore@ 
filter. Protein was determined by the method 
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of Lowry et al. The enzyme was assayed 
as described previously(3). It was also 
assayed at  pH 6.3 and pH 8.5 to ascertain 
whether any non-antitumor L-asparaginase 
was present(4). The results of the assays 
at  both pH levels were almost identical, indi- 
cating that the L-asparaginase was wholly 
or very predominantly analogous to the peak 
1 (4), the enzyme with antitumor activity. 
The salt fractionation probably was respon- 
sible for the removal of the non-antitumor 
L-asparaginase. 

Cells. Tumor cells. Both lines of tumor 
cells were carried by subcutaneous transplan- 
tation in C3H mice. 

The 663HED lymphoma, which was shown 
to be susceptible to E .  coli L-asparaginase 
in vivo(6,7), was used as the L-Ase-sus- 
ceptible line. 

The 6C3HED-ECLAR1 tumor, a descen- 
dant of the 6C3HED lymphoma, was deliber- 
ately produced in our laboratory as an 
L-asparaginase-resistant tumor in vivo by 
undertreatment of five C3H mice bearing 
the 6C3HED tumor subcutaneously with 83 
international unitsJkg (IU/kg) of E .  coli 
L-Ase. Two mice in which the tumor re- 
appeared were treated with 250 IUJkg of 
E .  coli L-Ase. The tumor diminished, but 
regrew. This line was designated as the E .  
coli L-asparaginase-resistant lymphoma (6C3- 
HED-ECLAR1 ) and was transplanted with- 
out any further treatment for 4 transplant 
generations in C3H mice. 

Normal cells. The normal tissues studied 
were the thymus and spleen which were ex- 
cised from Swiss albino mice immediately 
after euthanasia. 

To prepare cell suspensions, either normal 
or malignant tissues were minced with a scal- 
pel in media consisting of 20% heat inacti- 
vated (56°C 30 minutes) sera of rabbits 
and 80% Fischer's media no. 147G (Grand 
Island Biological Co., Grand Island, N. Y.). 
The cells were washed once and resuspended 
in fresh media. The suspensions were diluted 
to contain 1,000 cellsJmm3. 

Cetl survival tests. Suspensions of cells 
were incubated at  37.5"C, with and without 
asparaginase, for 48 hours. Each tube con- 
tained 0.9 cc of cell suspension and either 

0.1 cc saline alone or 0.1 cc saline containing 
asparaginase. 

Cells were counted in 0.2 cc of the sus- 
pension, placed in a slide chamber, through 
an inverted phase contrast microscope ( 2 )  
The number of viable cells was counted in 
the treated and untreated suspensions before 
incubation and 24 hours after and 48 hours 
after incubation. 

The percent cytocidal effect (% C.E.) indi- 
cating the number of cells which died in the 
presence of L - h e  compared with cells incu- 
bated in the absence of L-Ase for the same 
length of time, was calculated using the 
following formula. 

N T  
NC 

% C.E. = (1 - -) x 1001 

NC = number of cells per cu mm of control 
culture 

N T  = number of cells per cu mm of L- 
asparaginase culture 

The criteria for cell viability used for 
microscopic examination include the follow- 
ing: 1) A cell was considered viable if it had 
an intact cytoplasmic and an intact nuclear 
membrane, an irregular outline of both mem- 
branes and clearly visible nuclear and cyto- 
plasmic structure (Fig. 1) .  2 )  A cell was 
not considered viable if both the nuclear 
and cytoplasmic membranes were circular in 
outline (Fig. 2 ) ,  or if these membranes were 
not intact, or if the cell contents were visible 
only as a granular mass, or if the nucleus 
was absent or was pyknotic and amorphous. 

Results. The relative toxicity of L-Ase to 
a number of cell lines is shown in Table I. 
The 6C3HED cells were very susceptible to 
L-Ase with over 80% cytocidal effect a t  L-Ase 
levels of 1.67 IU/liter and above. They are 
more susceptible to 0.167 IU/liter L-Ase and 
greater concentrations of L-Ase than any of 
the other cells tested. The susceptibility of 
these cells was detectable in L-Ase concen- 
trations as low as 0.167 IUJliter a t  2 days 
at  which time a 59% C.E. was evident. In 
contrast, the C.E. was not detectable in the 
spleen or 6C3HED-ECLARl cells unless a 
concentration of L-Ase of 167 IUJliter or 
higher was used for 2 days. 

The thymus cells showed an intermediate 



600 TOXICITY OF L-ASPARAGINASE TO CELLS 

susceptilbility; a 38% C.E. was observed at 
1 day. 

Discussion. The susceptibility of 91.7% of 
6C3HED tumor cells to death in vitro at 
concentrations of L-Ase at  1 day at  167 IU/ 
liter correlates with the susceptibility of the 

same tumor in vivo in which i t  was shown 
that a dose of L-Ase (250  IU/kg), adequate 
to produce a plasma L-Ase level of at least 
10 IU/liter for 24 hours, caused regression 
of the 6C3HED subcutaneous mouse lym- 
phoma(8), and the same dose (250 IU/kg) 

FIG. 1. Viable 6CSHED lymphoma cells with intact cytoplasmic and nuclear membranes, 
irregular 'outline of both membranes and discernible nucleus and cytoplasm. Live, unstained 
cells, phase contrast microscope. X 2,000.  

FIG. 2.  Nonviable 6C3HED lymphoma cell with nuclear and cytoplasmic membranes circular 
in shlape. Unstained cell, phase contrast microscope. X 2,000. 

TABLE I. Effect of L-Asparaginase on Lymphocytes of Normal Mouse Thymus and  Spleen 
and on Tumor Cells of 6C3HED and 6C3HED-ECLAR1 Transplantable Lymphomas. 

70 of. cells 
survivmg 

Yo Cytocidal effect 

No. of days No. of in control I International units/fiter - 
at 37°C exp suspension 1,670 167 16.7 1.67 0.167 0.0167 

Spleen 1 
2 

Thymus 1 
2 

6C3HED 1 
2 

6C3HED- 1 
ECLARl 2 . 

8 47.3 40.8 28.5 16.5 14.9 17.5 6.0 

7 38.3 68.5 47.6 40.1 38.7 12.4 11.1 
2 10.6 

13  82.6 77.7 91.7 89.7 82.4 47.7 10.1 
8 53.1 85.1 98.4 98.3 95.8 59.0 1.5 
7 83.1 58.2 15.8 23.8 3.0 1.3 
3 69.3 78.9 49.4 25.6 22.6 10.8 

7 30.3 67.5 62.8 25.9 25.8 17.7 -13.2 
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caused regression of the majority of intra- 
cerebral lymphomas( 5) .  

The resistance of the 6C3HED-ECLARl 
tumor in vitro to 167 IU/liter L-Ase at  24 
hours correlated with the failure of the tumor 
in vivo to regress completely after inocula- 
tion of 250 IU of L-Ase per kg body weight. 

Others(4) have shown that C3H mice can 
produce antibodies to E. C O Z ~  L-Ase, and that 
subsequent treatment of these mice with E. 
c02i L-Ase does not cause a newly implanted 
6C3HED lymphoma to regress. They at- 
tribute this to the neutralizing effect (32 to 
49%) of antibodies measured in the serum 
of their mice. In contrast, a group working 
with the EARADl tumor(9) state that in 
their experience, E. C O Z ~  L-asparaginase was 
effective in retreatment of mice with recur- 
rent leukemia or cured mice receiving a second 
transplant, and that they believe that sensi- 
tization to L-asparaginase does not occur 
under their conditions or that any antibodies 
which may have been formed do not interfere 
with enzyme activity. 

Since our first line of resistant tumors 
was produced under in vivo conditions which 
could have included neutralization of subse- 
quently administered L-Ase similar to the 
experience of others (4) , we were interested 
in ascertaining whether resistant tumors 
would arise in the absence of prolonged ex- 
posure to possible antibodies within animals. 

We subsequently developed another L-aspa- 
raginase-resistant line 6C3HED-ECLAR2 by 
treating 5 mice with 83 IU/kg of L-Ase; the 
tumors regressed, then regrew and were trans- 
planted to new mice. When the tumors were 
1 cm in diameter, the mice were treated 
with 167 IUJkg, and the tumors regressed, 
then regrew and were transplanted to new 
mice. The same sequence was followed in 

each subsequent transplant generation, using 
250 IUJkg to treat new mice for 2 transplant 
generations. 

In  this series the tumor was developed to 
be resistant in vivo to a dose of L-Ase which 
always caused complete regression of the 
original tumor line. 

Summary and conclusions. The 6C3HED 
lymphoma which is susceptible to E.  G O Z ~  
L-Ase in vivo, is also susceptible to E .  C O Z ~  
L-Ase in vitro. The 6C3HED-ECLAR1 lym- 
phoma which is resistant to E. C O Z ~  L-Ase 
in vivo is also resistant to E .  G O Z ~  L-Ase in 
vitro. At 2 days of incubation, these cells 
respond to L-Ase concentrations of 1,000 
to 1O;OOO fold of that needed to exert a 
cytotoxic effect upon the susceptible cell line. 
Spleen cells are approximately as resistant as 
the 6C3HED-ECLAR1 lymphoma. Thymus 
cells are more susceptible than spleen cells, 
but more resistant than the susceptible tumor 
cell line. 
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