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SUMMARY

Upon sensitization of C3H mice to Escherichia coli L
asparaginase, antibody was produced that was inhibitory
to the catalytic activity of the enzyme. Kinetic studies with
antiserum revealed that the inhibitory effect of antibody
was due to a 3.6-fold reduction of Vmax. There was
negligible effect on the Km for L-asparagine. Additional
studies were directed to determination of the clearance
rate of i.v. L-asparaginase. The time for one-half the dose
to be cleared from the plasma of unsensitized mice was
7.5 hr. This rate decreased to 27 hr in mice bearing the
6C3HED-R lymphoma. In sensitized animals the time
for half-clearance was 0.5 hr; in sensitized tumor-bearing
mice no L-asparaginase was detectable in the circulation
from 2 mm to 24 hr after administration. Loss of anti
tumor activity of L-asparaginase in sensitized mice may be
attributed to reduction of catalytic activity by antibody and,
more importantly, extremely rapid clearance from the
circulation.

INTRODUCTION

Studies have shown that sensitization of C3H mice to
L-asparaginase can result in loss of therapeutic effective
ness of the enzyme against the 6C3HED lymphoma (21).
Similar observations were made by Vadlamudi et al. (23,
24) for L5178Y lymphoma in BALB/c x DBA/2 F1 mice
pretreated with L-asparaginase. Moreover, clinical reports
have noted the antigenicity of L-asparaginase, with accom
panying hypersensitivity reactions of varying degrees of
severity (6â€”8,15â€”17,22). Encouraging results in predicting
which patients might develop anaphylactic reactions as a
result of continued L-asparaginase administration have been
reported (3, 18). The appearance of hemagglutinating anti
bodies and rapid decrease of circulating L-asparaginase
presage anaphylaxis in many recipients.

Several studies related to the interaction of antibody
with L-asparaginase have been reported (12, 18, 19, 21).
Inhibition of catalytic activity by as much as 50% has
been noted as well as preliminary data concerning the bio
logic half-life of L-asp@r@ginase in sensitized mice (19).

1 This investigation was sup1@@. . @J by USPHS Research Grant CA

I 1113 from the National Cancer Institute and by Grant 1-334 from the
Robert A. Welch Foundation.

Received April 14, 1972; accepted May 4, 1973.

The present work examines parameters important for
understanding the loss of therapeutic effectiveness of
L-asparaginase in sensitized animals. Antibody inhibitory
to the catalytic activity of L-asparaginase was produced
in mice, and the influence of this antibody on the kinetics
of L-asparaginase activity was assessed. In addition, the
rate of L-asparaginase clearance from blood plasma fol
lowing i.v. injection into sensitized and unsensitized tu
mor-free and tumor-bearing mice was determined.

MATERIALS AND METHODS

Materials. The E. coli L-asparaginase used in these
studies was produced by Merck, Sharpe and Dohme,
West Point, Pa., and provided by the National Cancer
Institute. The vials of lyophilized enzyme were recon
stituted with 0.85% NaCI solution to an activity of 1000
i.u ./ ml. L-Asparagine, glutam ic-oxaloacetic transami
nase in 3.0 M (NH4)2SO4, malic dehydrogenase in 2.8
M (NH4)2S04, a-ketoglutarate, and NADH were from

Sigma Chemical Co., St. Louis, Mo. All experiments were
performed with adult, male C3H mice from Health Re
search Laboratories, West Seneca, N. Y. In some experi
ments, the L-asparaginase-resistant 6C3H ED-R ascites
lymphoma was used.

L-Asparaginase Assay. All L-asparaginase assays were
performed using the coupled enzymatic system (5, 13) in
which the rate of L-asparagine hydrolysis was measured
continuously during the assay period. The total reaction
mixture volume was 2.21 ml. One L-asparaginase unit
(i.u.) is that amount of enzyme which hydrolyzes 1 .tmole
of L-asparagine per mm at 37Â°.

Sensitization of Mice to L-Asparaginase. Two procedures
were used to sensitize C3H mice to 1-asparaginase. To
obtain a potent antiserum for use in kinetic studies, C3H
mice were given 230 @tgL-asparaginase protein (70 i.u.)
i_p. per week for 2 weeks. After 3.5 months without a sen
sitizing dose, mice were given two 1.5-@tg L-asparaginase
boosters 20 days apart, and serum was collected 10 days
later. Thereafter, mice were routinely given a I .5-zg
booster of L-asparaginase 7 to 10 days prior to antiserum
collection. For immunization of mice for use in the clear
ance experiments, weekly i.p. doses of 3.5 zg of enzyme
protein ( 1.0 i.u.) were given for 8 weeks. All doses of L
asparaginase were administered in 0.85% NaCI solution.

I 966 CANCER RESEARCH VOL. 33

Basis for Loss of Therapeutic Effectiveness of L-Asparaginase
in Sensitized Mice'

Samuel Baechtel and Morton D. Prager

Departments ofSurgery [S. B., M. D. P.] and Biochemistry [M. D. P.], University of Texas Southwestern Medical School, Dallas, Texas 75235

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2390727/cr0330081966.pdf by guest on 19 M

ay 2023



Serum
(ml)1-Asparaginase

(i.u./ml) after incubationwith:Normal

C3H serumAnti-L-asparaginase serum%

inhibition
of 1-aspanaginase

byantiserum0.01

0.02
0.05
0.101.31

1.51
1.46
1.481.06

0.89
0.71
0.7118

41
53
52

DiluentKm (iiM)RelativeVm,xWater7.2

Â±3.4100 Â±3.3NormalC3Hserum6.0Â±
1.6125Â±10.6Anti-L-asparaginase8

. 8 Â±4 . 235 Â±8.3serumÂ°

Loss of Therapeutic Efftct of L-Asparaginase

Clearance of Circulating L-Asparaginase. The clear
ance of L-asparaginase from the plasma was examined in
4 groups of C3H mice: Group 1, mice sensitized to L
asparaginase; Group 2, sensitized mice carrying the
6C3HED lymphoma for 1 to 2 days; and Groups 3 and 4,
their nonsensitized counterparts. Five i.u. of L-aspara
ginase in 0.05 ml 0.85% NaCI solution were injected into
a tail vein. For determination of the quantity of enzyme
cleared from the plasma within a given time, a zero time
sample was taken 2 mm after L-asparaginase injection
and a 2nd sample was taken after an appropriate interval.
Each mouse was used to obtain 1 experimental point.
Clearance rate was determined by comparing the L
asparaginase activity remaining in the plasma sample at
the experimental time with the amount present in the zero
time sample. The 2-mm sample eliminated the problem
of variation in the amount of L-asparaginase injected as
each animal provided its own base line value. Two mm
was considered adequate time for uniform mixing in the
circulation. All mice were bled by orbital puncture into
heparinized capillary tubes. The tubes were immediately
centrifuged and the hematocrits were read. Tubes were
broken at the plasma-buffy coat interface, and the plasma
was removed from storage at â€”20Â°until its L-asparaginase
content could be measured. Approximately 0.05 ml of
whole blood was collected at each bleeding, and 0.01 ml
plasma was used for L-asparaginase assay.

RESULTS

Antibody to L-Asparaginase. Antibody to L-aspara
ginase was not demonstrable by gel diffusion. However,
serum from sensitized C3H mice inhibited the catalytic
activity of L-asparaginase. That the serum-inhibitory
factor was antibody was established by immunological
precipitation of globulins from the serum of sensitized
C3H mice with rabbit anti-mouse globulin. C3H mouse
antiserum treated in this manner lost the capacity to
inhibit L-asparaginase activity. The maximum level of
inhibition by a given serum was defined by mixing aliquots
of 0.04 i.u. L-asparaginase in 0.01 ml 0.85% NaC1 solu
tion with increasing volumes of either anti-L-asparaginase
serum or normal C3H serum and incubating the mix
ture for 30 mm at 37Â°. Residual L-asparaginase activity
at each dilution was compared with the activity of its nor
mal serum control. Maximum inhibition of 53% was ob
tamed after 6-fold or greater dilution of 1-asparaginase
with antiserum (Table I). For confirmation that 30 mm of
incubation of antiserum with L-asparaginase was ade
quate for complete antigen-antibody interaction, 4 i.u. of
1-asparaginase in I ml were diluted 6-fold with antiserum
or normal serum and incubated at 37Â°.Fifty-zl samples
were withdrawn at intervals for enzyme assay. After 10
mm, inhibition of L-asparaginase activity was 95% of
maximum. For all subsequent studies of antiserum ef
fects on L-asparaginase, assays were conducted after 30
mm ofpreincubation ofantiserum with L-asparaginase.

Influence of Antibody on L-Asparaginas@ Kinetics. The
influence of antibody on enzyme kinetics was evaluated by
diluting L-asparaginase (4 i.u./ml) 6-fold with normal
C3H serum, antiserum, or water. Initial reaction velocities
were measured over an L-asparagine concentration range
of 1 to 20 x l0@ M. The effect of antiserum upon L
asparaginase activity was quite significant when compared
with normal serum (Table 2). The relative @â€˜@maxof the
enzyme was reduced 3.6-fold. Because the Km was es
sentially unchanged, antiserum apparently had no effect
on the affinity of L-asparaginase for L-asparagine. Nor
mal serum as compared with water increased the Vmax
but had no effect on Km - Other workers observing en
hancement of 1-asparaginase activity by serum attributed
it to nonspecific stabilization of the enzyme by serum pro
teins (9,_ 14). After incubation in water, the Vmax was less
than â€˜@ne-halfthe value found for this amount of L-aspa
raginase when the enzynie was assayed by nesslerization.
This decrease can be attributed to product inhibition by
the (NH 4)2S04 that was carried into the reaction mixtures
with the malic dehydrogenase and glutamic-oxaloacetic
transaminase solutions. The concentration of (NH4)@ in
each reaction mixture was 38 mM and at this level was
sufficient to cause 65% inhibition of catalytic activity (Ref.
11; unpublished observations). Since any (NH4)@ formed
during the reaction would contribute only about I % of that
added with the coupling enzymes, the (NH4)@ concentra
tion was considered as remaining constant and therefore

Table I

Inhibition of L-asparaginase activity by anti- L-asparaginase serum

L-Asparaginase (0.04 i.u. in 0.01 ml 0.85% NaC1 solution) was incu
bated at 37Â°for 30 mm with increasing volumes of either normal C3H
serum or with serum from C3H mice sensitized to 1-asparaginase. After
incubation, samples were removed for assay of L-asparaginase activity.

Table2

Serum effects on the kinetic parameters of E. coli L-asparaginase

L-Asparaginase (4 i.u./mI) aliquots were diluted 6-fold with the mdi
cated diluent followed by incubation at 37Â°for 30 mm. Samples were then
removed for determination of the initial reaction velocities over an 1-
aspanagine concentration range of 1 to 20 x l0' M. Values are means of
5 such experiments Â±S.D.

a Serum from C3H mice sensinized to L-asparaginase as described in

â€œMaterials and Methods.â€•
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would not be a factor interfering with comparisons among
assays.

Clearance of L-Asparaginase. There were distinct differ
ences in the patterns of L-asparaginase clearance from the
circulations of the mice comprising the 4 test groups (Chart
I). A minimum of 14 mice was used for each of the 4
curves and each point on Chart I is a mean of the clearance
values for the 2 to 6 mice sampled at that experimental
time. Biphasic clearance curves were evident in nonsensi

tized tumor-free and nonsensitized tumor-bearing mice as
well as sensitized tumor-free mice. Since the initial rates
may be attributed to distribution of the enzyme within the
animals, the 2nd rate was used as a measure of the actual
clearance rate of 1-asparaginase. Thus, in nonsensitized,
tumor-free mice the time for removal of one-half the ad
ministered dose was 7.5 hr. For nonsensitized tumor bear
ing mice the half-time was about 27 hr. In the sensitized
mice without tumor, the half-time was only 0.5 hr. In
Group 4, sensitized mice that had borne tumor for I to 2
days, no L-asparaginase could be detected in the plasma at
0, 10, 15, 20, 30, 60, 120, 240 mm, or even 24 hr after L-as
paraginase injection. Since the zero time sample was taken
2 mm after injection, the clearance half-time is presumably
less than 2 mm for this group of mice.

During the clearance studies significant fluid shifts were
observed. The change in hematocrit value for each mouse
was determined from the difference between that for the
zero time sample and that observed at the later experi
mental time. To emphasize the contrast in hematocrit
changes between sensitized and nonsensitized groups during
the period of 1-asparaginase clearance, the mean change
for each group has been calculated (Table 3). For non
sensitized mice with or without tumor, the hematocrit ex
hibited small decreasesconsistent with hemodilution as a
result of the SO-j.zl blood loss for the zero time sample.
However, the sensitized and sensitized tumor-bearing mice
showed mean hematocrit increases of 9.9 and 8.8%, respec
tively, indicating that hemoconcentration had occurred as
a result of fluid leaving the vascular system. A comparison
of the mean hematocrit changes for sensitized and non
sensitized mice by the t test indicated that the observed
changes were statistically significant (p < 0.001). In addi
tion, L-asparaginase administered to sensitized mice was
quickly followed by stupor, occasional diarrhea, and ap
parent hypotention as gauged by difficulty in obtaining
blood samples. These symptoms are consistent with those
of an anaphylactoid reaction.

DISCUSSION

The loss of therapeutic effectiveness of L-asparaginase in
sensitized hosts may be accounted for by (a) accelerated
clearance of the enzyme from the circulation and (b) in
hibition of catalytic activity by antibody. Since in highly
sensitized mice enzymatic activity is decreased only 50 to
60% in antibody excess, it seems that of the 2 factors rapid
clearance may be the more important. The observed limited

B 2 6
HOURS MINUTES

Chart 1. L-Asparaginase clearance from the blood plasma of various
groups of C3H mice. L-Asparaginase, 5 i.u., was administered iv. in
0.05 ml 0.85% NaC1 solution. For each mouse a zero time plasma sample
was obtained 2 mm after injection of enzyme and an additional sample
was taken at the indicated experimental time. The amount of L-asparagi
nase in each plasma sample was quantified and the ratio of the activity
at the experimental time to that at zero time expressed as percentage of
L-asparaginase remaining. Points, mean of the clearance values for all
mice sampled at that time.

inhibition by antibody of catalytic activity is in accord with
other observations on enzymes acting on low-molecular
weight substrates (4). The kinetic data suggest that, since
antibody has no effect on the Km for asparagine (10), it
inhibits noncompetitively. However, the 3.6-fold decrease
in relative Vmax indicates that the enzyme becomes a con
siderably less efficient catalyst.

The rates of L-asparaginase clearance in nonsensitized
normal and tumor-bearing mice are in essential agreement
with those of earlier reports ( 1, 2, 20). Because samples
were taken more quickly after injection, it was possible to
demonstrate biphasic clearance in 3 of the 4 groups of
animals. The mechanism of L-asparaginase disposal in non
sensitized mice is uncertain, but the presence of the lactic
dehydrogenase-elevating virus, a common inhabitant of
murine tumors, is known to decrease the clearance rate (20).
It seems reasonable that the biphasic disappearance curve
might be interpreted on the basis of preliminary dilution
through the volume of distribution followed by a 2nd phase
of active disposal. Presumably, the presence of tumor
antagonizes the disposal process.

The clearance rate is grossly accelerated in sensitized
tumor-free and tumor-bearing mice, indicating participa
tion of the reticuloendothelial system. The suggestion has
been made that antibody-enzyme complexes may be se
questered (18). In addition the observed fluid shifts in
sensitized mice suggest that mediators of anaphylaxis are
released that increase the permeability of the vascular sys
tem and thereby enhance loss of L-asparaginase from the
circulation. Since tumor-bearing sensitized mice exhibit a
much greater clearance rate than that for the tumor-free
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GroupNo.
of

miceSample timesHematocnitchangeaNonsensitized180.5,

1.0, 2.0, 4.0, 6.0,
hr9.0,24â€”3.2

Â±2.0â€•Nonsensitized

with tumor70.5, 1.0, 2.0, 4.0, 7.0,24hrâ€”3.7 Â±2.5Sensitized2010,
20,35,49,60 mm+9.9 Â±5.2Sensitized

with tumor512, 24, 36, 54, 65 mm+8 . 8 Â±3.2
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Table 3

Hematocrit changes in C3H mice following i.v. administration of L-asparaginase

Male C3H mice with and without the 6C3HED lymphoma and either sensitized to 1-aspar
aginase or nonsensitized were given iv. injections of 5 i.u. L-asparaginase in 0.05 ml 0.85% NaCl
solution. A blood sample was obtained in a hepaninized capillary tube from each mouse 2 mm later
by orbital puncture. Another blood sample was taken at the indicated experimental time. The capil
lary tubes were centrifuged 5 mm and the hematocnit read.

a Mean Â± S.D.

sensitized mice, the presence of a malignant process may
magnify the anaphylactoid response.
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