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Mice injected with crystalline jack bean
urease have shown altered incorporation of
SH-thymidine into DNA of the ileum, colon,
and spleen and in the total DNA content of
spleen and colon (39). Injection of this en-
zyme causes hydrolysis of endogenous urea
with the liberation of ammonia, Ammonia
(i.e., sum of NH;z and NH,*) is toxic to
living organisms and impairs cellular metabo-
lism (22, 29, 30). Urea hydrolysis in wvitro
resulting in the formation of 125-175 pg of
NH3N/ml of incubation medium altered
SH-thymidine incorporation into DNA of rat
thymus slices but not in Ehrlich ascites tu-
mor (EAT) cells (39). NH4Cl, in concentra-
tions of 25 mM, decreased RNA, DNA, and
protein synthesis, glucose metabolism, and
O, uptake by EAT cells in wvitro (40).
Presented herein are data on growth and de-
velopment of EAT after intraperitoneal (ip)
or subcutaneous (sc) inoculation of the tu-
mor cells in mice given injections of crystal-
line jack bean urease,

Methods. Male Swiss Webster mice! were
the experimental animals in all experiments.
They were caged in groups of 4 or 5 in
air-conditioned quarters and, unless specified
otherwise, were provided with commercial
food pellets and tap water ad libitum. The
method for extraction and recrystallization of
jack bean urease [urea amidohydrolase (EC
3.5.1.5), 1 unit = quantity of enzyme activ-
ity that liberates 1 mg of NH3-N from a
urea phosphate buffer in 5 min at 20° at pH
7.0] has been described (32). The enzyme
was dissolved in sterile 0.9% NaCl and stand-
ardized for desired activity immediately be-
fore use. Control animals always received
comparable volumes of physiological saline at
the time of urease injections. All volumes
injected were 0.2 ml or less. Cultures of EAT

1 Blue Spruce Farms, Altamont, NV,
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cells were maintained by sterile transfer to
normal mice of ascitic fluid obtained on days
8 to 10 after tumor-bearing mice had been
inoculated with EAT. Experimental groups
were injected sc on the back of the neck
region or ip with fresh ascitic fluid obtained
from tumor-bearing mice. Cell counts were
made using a hemacytometer. Animals were
killed by guillotine and dissected immediate-
ly. Organs and solid tumors were blotted on
paper toweling and weighed. Body weights
were determined daily on individual animals
and feed intakes were determined with ani-
mals fed ground laboratory pellets from
containers designed to minimize feed
wastage. Ammonia was determined on pro-
tein-free extracts of blood and ascitic fluid
prepared immediately after the samples were
collected into ice cold test tubes (3). Serial
samples of blood from living animals were
drawn from the tail vein. Colonic tempera-
tures were obtained by a probe attached to a
telethermometer?,

The influence of urease injections upon
EAT cell growth was studied in two sets of
experiments. In the first of two experiments
with mice given EAT cells sc, each of 24
mice were given 12 X 10° cells in ascitic fluid
obtained on day 8 after inoculation. Twelve
were injected ip with 0.4 units of urease 12
and 24 hr thereafter. When the above ani-
mals and their saline-injected counterparts
were killed, 7 normal mice of the same age
and weight were also killed for comparative
data. A second experiment was conducted
with 24 animals given, ip, undiluted ascitic
fluid which had been obtained on day 9 after
inoculation and contained 6 X 10° cells/
mouse. One half of this group were given 0.1
unit of urease ip at 12 hr before, and 12 and

2YS 1 probe aitached to telethermometer (Yellow
Springs Instrument Co., Inc.).
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TABLE I. Body Weights and Fresh Tumor and Organ Weights in Normal Mice and Mice
Inoeulated se with Ehrlich Ascites Tumor Cells and [njeeted ip with Saline or 0.4 units of
Urease.®

Tumor-bearing mice

Normal mice Saline Urease
M (12) (11)

Body wt (g)

Initial 212+ 03 21.5 + 0.3

Day 7 28.8 + 0.5° 246 + 0.7°

14 324+ 0.7° 28.5 + 0.9°
21 33.7+ 0.5 34.6 + 0.8 30.6 = 0.9°

Tumor wt (mg) 1022 +295° 410 =+ 88
Liver

mg 1455 +43° 1929 =+ 72° 1529 =+ 60¢

mg/g of body wt 43.1 = 1.0° 55.7 = 1.1° 50.2 = 1.2¢
Spleen

mg 90 -+ 3.2° 157 =+ 18.5° 111 =+ 9.1¢

mg/g of body wt 2.7+ 0.1° 4.5+ 0.4° 3.6 + 0.2¢
Brain

mg 465 =+ 7.4 371 =+ 34° 368 =+ 22.7°

mg/g of body wt 13.8 + 0.3° 10.7 + 1.0¢ 12.3 + 1.0%¢
Kidney

mg 539 - 12.4° 531 =+ 19.7° 470 =+ 24.4°

mg/g of body wt 16.0 = 0.3° 15.4 += 0.5° 15.1 = 0.6°

¢ Each animal was injeeted se with 12 X 10° EAT cells and given 0.4 unit of urease ip at 12

and 24 hr thereafter. Number of mice in parentheses.
*<¢ Differences in data with different superseripts are statistieally significant (p <.05).

24 hr after EAT cell injection.

Subsequently 18 mice were given ip 0.2 ml
of undiluted ascitic fluid obtained on day 8
after EAT inoculation. One half of this group
received 0.2 units of urease/mouse 12 hr
before and at 12, 24, and 36 hr after inocula-
tion. Nine additional animals given only
saline were included for comparison.

Body weight, food intake, and colon tem-
peratures were studied in mice carrying the
ascitic form of the tumor. Two injections of
urease (0.2 unit/12 hr interval) were given
ip to animals on day 6 after tumor inocula-
tion. Colonic temperatures were recorded at
the time of the first urease injection and at 3,
13, 15, 24, 32, and 48 hr thereafter. Body
weights were recorded at 0, 24, and 48 hr.
Food was available from 6 to 12 and 33 to 48
hr after the first urease injection. Colon
temperatures were also determined on other
tumor-bearing and normal mice.

Blood serum and ascitic fluid ammonia,

hematocrit, and organ weights were deter-
mined on mice carrying the ascitic form of
the tumor and injected with 0.2 unit of
urease/mouse on days 6 and 7 after tumor
inoculation. Body weights were followed daily
for 5 days after the second urease injection
and the animals were killed on day 12 after
tumor inoculation. Packed tumor cell volume
was determined on ascitic fluid centrifuged at
2000g. There were 5 animals/treatment
group. Groups of 3 mice treated identically
were also injected ip with 3H-thymidine® on
day 6 after EAT cell inoculation. Ascitic fluid
(0.2 ml/mouse/day) was drawn daily for
cellular DNA-bound 3H-thymidine radioac-
tivity (38). DNA was determined by the
diphenylamine method (2). ’
Four mice inoculated ip with EAT cells
were injected ip with 0.5 ml of 0.5 M NaCl
or the same volume of 0.5 3 NH,CI solution

3 Specific activity, 6.0 Ci/mmole; purchased from
Schwarz Bioresearch, Inc., Orangeburg, NY.
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on day 9 after receiving EAT ip. 3H-
Thymidine® was given ip in 0.1 ml of water
1.5 hr afterwards. Samples of 0.2 ml of as-
cites fluid were aspirated from all mice at 2,
8, 24, and 48 hr following injection of 3H-

thymidine and cell smears were prepared.’

Fixation, staining, and autoradiography were
then performed according to Zajicek et al.
(37). One thousand cells were counted per
slide to determine percentage of labeled cells.

Results. The average solid EAT tumor
weight measured 3 weeks following sc inocu-
lation of ascites in mice given 0.4 units of
urease twice was 40% of that for their saline-
treated controls (Table I). Wet weight of
spleen and liver per gram of body weight
were significantly increased in tumor-bearing
mice compared to normal mice, and urease
treatment caused this increase to be signifi-
cantly reduced {p<C.05). The presence of the
tumor caused a 22% reduction in brain weight
(p<.05), which was reduced only 119 in
mice given urease. The change in weights of
liver, spleen, and brain per unit of body
weight in urease-injected mice were 56, 52,
and 50% lower than in saline-injected tumor-
bearing animals, respectively, compared with
normal mice. These differences are compara-
ble to those observed in tumor weight. The
average gains in body weight during the 3
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F1c. 1. Body weights of mice and the fraction
showing the ascitic form of the tumor: Urease (0.2
unit/injection) was injected at 12 hr before and at
12, 24, and 36 hr after tumor cell inoculation. Ratios
were determined by inspection and verified by
necrospsy on Day 21; saline (.—); urease (X—).
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Fic. 2. Colonic temperatures of mice injected
twice with 0.2 unit of urease (U) ip on day 6 after
EAT cells were injected ip: Food was available at
the times indicated. The number of animals in the
saline-injected group at 0, 24, and 48 hr were 8, 8,
and 5. Corresponding numbers for the urease-treated
group were 8, 6, and 5.

week experimental period were 13.4 and 9.1
for saline- and urease-injected tumor-bearing
animals, respectively. In a second experiment
carried out in identical manner when the
dosage was reduced to 0.2 unit of urease/in-
jection, tumor weight was reduced 24%,
which was not significant. Other changes fol-
lowing this dosage of urease were not signifi-
cant.

Three animals of a group given 0.2 unit of
urease at 12 hr before and 12, 24, and 36 hr
after ip inoculation of EAT cells died within
48 hr after the last urease injection. Eight of
9 mice in the saline-treated group showed
ascitic tumors at 21 days; whereas 5 of 9
showed ascitic tumors in the urease-treated
group. Figure 1 shows that urease-treated an-
imals weighed less throughout the 3 week
observation period. Experiments in which
0.1 unit of urease/injection was given ip
showed no effect on ascitic tumor develop-
ment.

Mice bearing ascitic tumors for 8 days and
injected twice with 0.2 unit of urease at a 12
hr interval showed a significant reduction in
colonic temperature, the difference being a
maximum of 1.58° at 13 hr (Fig. 2). The
average initial body weight (g) of the control
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TABLE II. Serum and Ascitic Fluid Ammounia,
Hematocrits, and Organ Weights in Mice with As-
citic Form of EAT After Saline or Urease Injec-

tions.
Treatment
Parameter® Saline Urease
NH;N (ug/ml)
serum 22 +09 1.7 +0.6
ascitie fluid 3.3 +=1.0 6.8 + 1.2°
Cell/ascitic 0.34 + 0.1 0.53 = 0.1
fluid ratio
Hematoerit 46.2 +1.3 450 +2.0
Wet wt (mg)
Spleen 84 + 12 84 +9
Liver 1722 + 110 1642 + 100
Kidney 314 + 16 362 + 40
Body wt (g)
Day 6 36.9 + 0.7 382 +1.5
7 40.7 + 0.9 36.9 +2.8
8 42.2 + 1.0 36.7 =+ 2.1°
9 44.0 -+ 1.0 384 =+ 3.3°
10 455 + 1.2 40.0 =+ 3.6
11 46.5 + 1.3 422 + 3.7
12 472 + 1.5 422 + 4.0

¢ Values determined on day 12 after EAT cell
inoculation ip. Urease (0.2 unit/injection) given
on days 6 and 7 after tumor inoculation. Mean
+ SE of 5 animals/treatment.

® Difference between trcatments is statistically
significant (p < .05).

group was 39.8 &= 1 compared to 39.9 *= 1.1
in the urease-treated animals. At 48 hr after
the first urease injection, the controls averag-
ed 37.8 = 0.9 g in weight and the urease
group 33.3 = 09 g (p<.05). Total feed
consumed in g for the combined peri-
ods of measurement averaged 3.9 per con-
trol animal compared to 1.3 for the urease-
treated group. Wet spleen weight averaged
106 = 13 and 87 = 6 mg for the controls and
urease-injected animals, respectively. Average
dry spleen weights differed by only 1.75 mg.
The differences in spleen weight were not
significant. Diarrhea was observed in 2 of the
8 urease-injected mice at 1 and 3 hr after
the second urease injection and in two addi-
tional animals at 36 hr. Mice carrying ascitic
tumors given 0.2 unit of urease/mouse/in-
jection on days 6 and 7 after tumor inocula-
tion showed significant ($<<.05) elevations in
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ascitic fluid ammonia at sacrifice, on day 5
after the second urease injection (Table II).
The cell/ascitic fluid ratio was also elevated
(p<<.1). There was a significant reduction in
body weight at 24 and 48 hr after the second
urease injection (p<C.05). The half-times
(days) for disappearance of *H-thymidine
from DNA in EAT cells of ascitic fluid were
2.43 =+ 1.05 and 3.69 = 1.71 in the saline-
and urease-treated animals, respectively. Two
mice bearing EAT at 9 days after inocula-
tion and injected with 0.5 ml of 0.5 M
NH,CI showed 34, 29, 28, and 26% labeling
of cells at 2, 8, 24, and 48 hr following
injection of ®H-thymidine. Corresponding
percentages for two mice injected with 0.5 M
NaCl solution were 47, 45, 41 and 42. The
maximum variation between animals of the
same treatment was 7% for the pair receiving
NH,CI and 39 for those given NaCl. Baser-
ga and Weibel (1) observed 50.2% of the
cells labeled following 3H-thymidine injec-
tion at day 7 after EAT inoculation.

Normal mice (28-34 g) had colonic tem-
peratures of 38.0 to 38.2°; whereas ascitic
tumor-bearing mice showed a significant drop
in colonic temperatures 7 to 9 days after
tumor inoculation. Actual temperatures (°)
in ascitic tumor mice weighing 36.3 = 0.7 g
were 36.4 %= 0.2 [8] at day 7; 35.7 [1]; and
35.3 [1]; and below 35.0 [5] on day 8. The
number in brackets is the number of animals
examined.

Discussion. These results show that injec-
tions of urease can cause cell death and inhi-
bition of EAT growth. Urease injections have
previously been shown to reduce hematocrit,
hemoglobin, and circulating leukocytes in
rabbits and DNA synthesis in the ileum,
colon, and spleen of mice (5, 39). Urease
immunization has been shown to protect ani-
mals against whole-body irradiation, which is
known to cause disturbances in cellular kinet-
ics (17, 31). Hypothermia has been observed
in other groups of normal mice injected with
0.4 unit of urease (our unpublished data).
The increases in liver and spleen weight
which accompanied the growth of the tumor
(Table I) have been observed by others (20,
26, 27). The fact that urease injections
caused suppression of tumor growth, a de-
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crease in appetite, body weight loss, and
decreased colon temperature shows a general-
ized toxicity due to ammonia released from
urea by the enzyme. Loss of appetite and
fasting are known to slow tumor growth (1).
However the evidence from these and other
studies shows that inanition was not the
prime factor responsible for decreased tumor
growth. In our experience, mice inoculated
with EAT ip and given 0.05 mg of seleni-
um/25 g of body weight as Na»SeO, showed
marked losses of body weight; but the num-
ber of tumors formed and tumor growth rate
were not influenced.

Inhibition of tumor growth has been
studied with asparaginase and glutaminase
which inhibit EAT growth in mice (7, 25).
Because of the quantities of asparaginase of-
ten used it has been suggested that small
amounts of glutaminase may have been
present as a contaminant causing release of
ammonia, cell death, and other side effects
(16). El-Asmar et al. (12), who also studied
the effect of glutaminase on tumor growth in
mice suggested that ammonia released from
glutamine may contribute to the inhibitory
effect on tumor growth. They have demon-
strated a 20% diminution in tumor growth
following administration of 12 pmoles of
(NH,)2CO; twice daily for 3 days.

The present studies employed crystalline
jack bean urease which has been shown to
contain one immunologic component and the
quantity of protein per unit of activity is
approximately 11 pg (32). There is no ques-
tion that hyperammonemia was produced (5,
39). Immunizing dosages have been shown to
release significant amounts of ammonia,
which proved toxic to the formed elements of
blood (5) and release of ammonia iz vivo
and in vitro has been found to change DNA
synthesis (39).

In limited preliminary studies, we have
observed no changes in blood ammonia or
urea in mice at 0.5, 1, 2, 3, and 6 hr after 0.3
unit of E. coli glutaminase* has been inject-
ed/mouse. This evidence suggests that am-
monia concentrations in tissue fluid do not
play a significant role in the case of glutami-
nase. However, the percentage of labeled

4 Sigma Chemical Co., St. Louis, MO.
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EAT cells in ascitic fluid of mice injected
with 0.5 ml of 0.5 M NH,CI was significant-
ly reduced. In our experience, urease injec-
tions produce persistent hyperammonemia for
6 to 12 hr; whereas single injections of am-
monium salts are cleared from the blood in
less than 1 hr (5). The evidence brought
forth from these experiments shows that am-
monia can alter ®H-thymidine incorporation
into DNA of EAT cells é# vivo and this data
has been verified in vitro in our unpublished
experiments with media containing 25 and 50
mM NH,CL.

The toxicity of ammonia in plant and ani-
mal cells has been thoroughly documented
(22, 30), but the responsible mechanism is
still unclear. Mechanisms proposed include
depletion of a-ketoglutarate and ATP (24),
alteration in the breakdown of pyridine nu-
cleotides (19) or their reoxidation (33) or
general derangement of the electron transport
system (18). A depletion of reduced pyri-
dine nucleotides has been demonstrated in
vivo with a nonstoichiometric increase in the
oxidized pyridine nucleotides (4). The data
show that ammonia causes profound changes
in intermediary metabolism (30). Although
ammonia can be utilized in biosynthetic reac-
tions such as glutamine, protein, and nucleic
acid synthesis (10, 11, 15, 28), these path-
ways depend upon factors formed by path-
ways of intermediary carbohydrate metabo-
lism. Our experimental evidence shows that
ammonia alters concentrations of these sub-
strates (30).

The number of EAT cells inoculated per
animal was large in the studies described
herein. Further work is needed to establish if
urease injections could completely suppress
development of the tumor. In the studies
with mice given tumor cells sc and 0.2 unit of
urease, the average tumor size was reduced
only 24%. Two urease-treated animals of this
group had palpable tumors 2 days after tu-
mor cell inoculation but this was not ob-
served in any of the non-urease-treated ani-
mals before 5 days. In other work, we have
observed stimulation of DNA synthesis by
small dosages of urease (39). This evidence
suggests that urea hydrolysis induced by
urease may enhance tumor formation under
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certain conditions. Although crystalline jack
bean urease is a potent antigen, studies in
our laboratory with 5000 animals of nine
species, including man, have not revealed un-
desired reactions under the conditions em-
ployed with the exception of those due to
excess dosage and subsequent ammonia intox-
ication (30).

Summary. Mature male Swiss Webster
mice bearing solid and ascitic forms of Ehr-
lich ascites tumor (EAT) were injected with
0.1 to 0.4 unit of crystalline jack bean urease
per injection. Mice given 12 X 108 EAT
cells sc and injected with 0.4 unit of enzyme
at 12 and 24 hr thereafter had tumors at 3
weeks which weighed 409 of those in mice
given 0.85% NaCl instead of urease. Liver,
spleen, and brain weight changed significant-
ly in mice bearing solid EAT and this change
was reduced significantly in urease-treated
animals. Animals given 0.4 unit of urease as
described above showed a significant reduc-
tion in body weight compared to non-urease-
treated animals. Mice bearing ascitic EAT
injected with 0.2 unit of urease on days 6
and 7 after EAT inoculation and killed 5
days thereafter showed significant elevations
of ascitic fluild ammonia and cell to ascitic
fluid volume ratio. The latter urease-treated
animals showed a significant decrease in body
weight at 24 and 48 hr after the second
urease injection. The half-time (days) for
disappearance of 3H-thymidine from DNA in
EAT cells growing intraperitoneally were
293 =% 105 and 3.69 == 1.71 in urease- and
saline-treated animals, respectively. Mice giv-
en 0.2 unit of urease at 12 hr before and at
12, 24, and 36 hr after EAT cells were given
ip showed a significant reduction in the num-
ber of animals with tumors at 21 days and a
persistent depression in body weight. Tumor-
bearing animals injected with urease showed
a depression in colonic temperature and feed
intake.

We are grateful to Dr. T. S. Hauschka from the
Roswell Park Memorial Hospital, Buffalo, New
York, for providing our original stock of EAT
bearing mice. This research was supported in part by
a grant from The Nutrition Foundation, New
York, NY,

1. Baserga, R., and Wicbel, F., in “Normal and

UREASE INJECTIONS AND TUMOR GROWTH

Malignant Cell Growth” (R. J. M. Fry, M. L.
Griem, and W. H. Kristen, eds.), p. 118. Springer-
Verlag, New York (1969).

2. Burton, K., Biochem. J. 62, 315 (1956).

3. Chaney, A. L., and Marbach, E. P, Clin.
Chem. 8, 130 (1962).

4. Clifford, A. J., Prior, R. L., and Visek, W. J,,
Amer. J. Physiol. 217, 1269 (1969).

5. Dang, H. C., and Visek, W. J, Amer. J.
Physiol. 215, 502 (1968).

6. David, H., and Kettler, L. H., Z. Zellforsch.
Mikrosk. Anat. 53, 857 (1961).

7. De-Angeli, L. C., Pocchiariy F.,, Russi, S.,
Tonolo, A, and Zurita, V. E., Nature (London)
225, 549 (1970).

8. DeWys, W., Cancer Res. 30, 2816 (1970).

9. Dolowy, W. C., Henson, D., Cornet, J., and
Sellin, H., Cancer 19, 1813 (1966).

10. Duda, G. D., and Handler, P. J., J. Biol
Chem. 232, 303 (1958).

11. Eagle, H., Oyama, V. J., Levy, M., Horton, C.
L., and Fleischman, R., J. Biol. Chem. 218, 607
(1956).

12. El-Asmar, F. A, and Greenberg,
Cancer Res. 26, 116 (1966).

13. Gibson, G. E., Zimber, A, Krook, L., and
Visek, W. J., Fed. Prec, Fed. Amer. Soc. Exp. Biol.
30, 578 (1971).

14. Greenberg, D. M., Blumenthal, G., and
Ramadan, M. E. A, Cancer Res. 24, 957 (1964).

15. Hager, S. E., and Jones, M. E., J. Biol. Chem.
240, 4556 (1965).

16. Haskell, C. M., Canellos, G. P., Leventhal, B.
G., Carbone, P. P., Block, J. B., Sperick, A. A, and
Selawry, O. S., N. Engl. J. Med. 281, 1028 (1969).

17. Hlavaty, V., and Dienstbier, Z., Experientia
26, 84 (1970).

18. Holzer, H., Cell Metab., Ciba Found. Symp.
277 (1959).

19. Katunuma, N., Okada, M. and Nishii, Y,
Advan. Enzyme Regul. 4, 317 (1967).

20. Mackay, W. W., Nature (London) 205, 918
(1965).

21. Neuman, R. W, and McCoy, T. A., Science
124, 124 (1956).

22, Putrich, G. S., and Barker, A. V., Plant
Physiol. 42, 1229 (1967).

23. Rabinovitz, M., Olson, M. E,, and Greenberg,
D. M, J. Biol. Chem. 222, 879 (1956).

24, Recknagel, R. O, and Potter, V. R, J. Biol.
Chem. 191, 263 (1951).

25. Roberts, J., Holcenberg, J. S., and Dolowy,
W. C., Nature (London) 227, 1136 (1970).

26. Siegler, R., and Koprowska, I, Cancer Res.
22, 1278 (1962).

27. Stuart, A, E,, and El Hassan, A. M., Brit. J.

D. M,



UREASE INJECTIONS AND TUMOR GROWTH 149

Cancer 18, 551 (1964).

28. Trachevsky, D., and Johnstone, R. M., Can.
J. Biochem. 47, 839 (1968).

29. Visek, W. J., J. Dairy Sci. 51, 286 (1968).

30. Visek, W. J., Agr. Sci. Rev. 8,9 (1970).

31. Visek, W. J., and Dang, H. C., Excerpta Med.
Monogr. Nuclear Med. Biol. nl, 292 (1966).

32. Visek, W. J.,, Iwert, M. E., Nelson, N. S,, and
Rust, J. H.,, Arch. Biochem. Biophys. 122, 95
(1967).

33. Wedding, R. T, and Vines, H. M. Nature
(London) 184, 1226 (1959).

34. Wheatley, D. N., and Easty, G. C., Brit. J.

Cancer 18, 743 (1964).

35. White, F. R,, Cancer Res. 21, 281 (1961).

36. Wu, C., Roberts, E. H.,, and Bauer, J. M,
Cancer Res. 25, 677 (1965).

37. Zajicek, G., Rosin, A, and Gross, J., Tritium
Phys. Biol. Sci., Proc. Symp. 2, 291 (1962).

38. Zajicek, G., Bernstein, N., Rosin, A., and
Gross, J., Exp. Cell Res. 31, 390 (1963).

39, Zimber, A., and Visek, W. J., Fed. Proc., Fed.
Amer. Soc. Exp. Biol. 28, 362 (1969).

40. Zimber, A., and Topping, D. C., Fed. Proc.,
Fed. Amer. Soc. Exp. Biol. 29, 428 (1970).

Received July 6, 1971, PS.EEB.M,, 1972, Vol. 139.





