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lated to the observed immunity in the nursing
mother.

8. Milk collected from normal mice con-
tained no antiviral substances while milk
from immune mice was capable of neutralizing
the virus in vitro.

9. The data indicate that the protection
of young mice is passive in nature and prob-
ably brought about by the ingestion of anti-

HvyALURONIDASE ON GROWTH OF SARCOMA

viral substances (antibodies?) in the milk
of immune mothers. There is no evidence in
this work to suggest that the offspring of in-
fected mothers may acquire a state of active
immunity through inapparent infection.

The author wishes to express her grateful appre-
ciation to Mr. Anton Samuel for technical assist-
ance in collecting milk from lactating mice.
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Effect of Purified Hyaluronidase on Growth of Sarcoma 37 in the Mouse.
(18052)

Josepr SEIFTER AND GEORGE H. WARREN.

(Introduced by S. Seifter)

From the Wyeth Institute of Applied Biochemistry, Wyeth Inc., Philadelphia, Pa.

Several studies of the effect of hyaluronidase
on the growth and invasiveness of experi-
mental tumors have been reported with con-
tradictory results ranging from enhancement
(1,2) to inhibition(3,4) and no effect(5,6,7).
In all these studies crude preparations and
undetermined doses of enzyme were admin-
istered. It seemed desirable, therefore, to
carry out further studies with massive doses
of a highly purified hyaluronidase of the
quality used as a therapeutic and diagnostic
agent.*

Materials and methods. One hundred and
sixty-three male Swiss mice weighing between
17 and 20 g were implanted subcutaneously
near the axilla with fragments of sarcoma
37 measuring approximately 2 sq mm.t The

1. Hoffman, D. C., Parker, ¥. and Walker,
T. T., Am. J. Path., 1931, v7, 523,

2. Gopal-Ayengar, A. R., and Simpson, W. L.,
Cancer Research, 1947, v7, 727.

3. Duran-Reynals, F., J. Exp. Med., 1931, v54,
493. :

4. Arnesen, K., Buxton, L., and Dulaney, A. D.,
Proc. Soc. Exp. Bron. AND MED., 1949, v71, 264.

5. Tanzer, R. C, J. Exp. Med., 1932, v55, 455.

6. Prime, F., and Haagansen, C. D., dm. J.
Cancer, 1934, v20, 630.

7. Coman, D. R., McCutcheon, M., and Zeidman,
1., Cancer Research, 1947, v7, 383.

* Wydase, Wyeth.

t A transplant of mouse sarcoma 37 was kindly
supplied by Dr. H. J. Creech of the Lankenau
Hospital Research Institute.

animals were injected daily either intraven-
ously or subcutaneously with physiological
salt solution (PSS), hyaluronidase dissolved
in PSS, or heat inactivated hyaluronidase in
PSS, as outlined in Table I. In Group VII
the tumor implant consisted of a standardized
macerated suspension of a 7 days old tumor
mixed with 20 mg hyaluronidase. The sub-
cutaneous injections were administered apart
from the immediate site of tumor implanta-
tion. The hyaluronidase* was prepared from
bull testes and assayed 6300 turbidity reduc-
ing units per mg of nitrogen. Inactivated
hyaluronidase was prepared by heating the
enzyme at 60°C for 2 to 6 hours. All injec-
tions were begun either on the day of im-
plantation or on the seventh day following
implantation. Thirteen to 16 days after
implantation the mice were killed and the
tumors dissected out and wet weighed. Sec-
tions of the following organs and tissues were
examined for metastases by Dr. W. E. Ehrich
of the Philadelphia General Hospital: liver,
lungs, thymus gland, kidneys, salivary and
mesenteric lymph nodes, adrenal glands, thy-
roid gland, salivary glands, pituitary gland,
and bone marrow.

Results. Intravenous administration. In
Group I in the control series of mice, which
received PSS only, the tumors grew to a size
which was significantly larger than those in
mice which had received 10 mg hyaluronidase
daily from the day of implantation. In Group
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TABLE I
Effect of Hyaluronidase on the Growth and Invasibility of Mouse Sarcoma 37.
Amt inj. Period Total dose Tumor
No. of Material daily of inj. inj. Route of wt* Lymph node
Group  mice injected (mg) (days) (mg) inj. (g) metastasis
I 4 Hyaluronidase 10 10 100 Intrav. .21 No exam.
4 7 10 61 60 7 .32 o
4 PSSt — 10 — 7 112 o

II 10 Hyaluronidase 30 11 330 i Ny 1

9 ” 30 7% 210 i 42 3

8 PSS — 11 — ” .70 1

IIX 11 Hyaluronidase 20 11 220 Subcut. .089 0

13 PSS — 11 — ” 34 0

v 8 Hyaluronidase 10 11 110 i .25 1

8 Heat inactiv. 10 11 110 ’) 44 0
hyaluronidase

8 PSS — 11 — 7 44 1

A\ 10 Hyaluronidase 2 9 18 i .86 5

10 Heat inactiv. 2 9 18 ’ .40 5
hyaluronidase

9 PSS — 9 — ’ 45 1

VI 7 Hyaluronidase 2 9 18 7’ 27 1

6 Heat inactiv. 2 9 18 ” .32 1
hyaluronidase

8 PSS — 9 — 7 .67 0

VII 12 Hyaluronidase 2 10 40§ 7 .56 0

14 PSS —_ 10 — ’? 42 0

* Log geometric mean.
t Physiological salt solution.

1 Initial injection 7 days following tumor implantation.
§ Includes 20 mg hyaluronidase injected with tumor cell suspension.

II, where the mice received more hyaluroni-
dase than in any one of the other groups (30
mg daily), two experiments carried out con-
currently (except that the initial injection
of hyaluronidase in one experiment was 7
days following the tumor implantation rather
than on the same day) indicate that there
was no striking effect on the growth or in-
vasibility of sarcoma 37 (Table I).
Subcutaneous administration. A striking
inhibitory effect on the growth of sarcoma 37
was shown by mice which received 20 mg
hyaluronidase daily from the day of implanta-
tion (Group III). Where one-half this
amount of enzyme was injected (Group IV)
the tumors were likewise smaller than those
in the PSS or inactivated hyaluronidase ser-
ies. Of 2 groups of mice receiving 2 mg hyalu-
ronidase daily (Groups V and VI), enhance-
ment of tumor growth occurred in only one
group. Mice injected with tumor cell sus-

pension mixed with 20 mg hyaluronidase and
then treated daily with 2 mg hyaluronidase
(Group VII) did not show an increase in size
of tumors as compared with the saline con-
trols.

Microscopic. examination of the liver,
lungs, thymus gland, kidneys, thyroid gland,
adrenal glands, salivary glands, pituitary
gland, and bone marrow did not reveal meta-
stasis.

Discussion. Because of the spreading ac-
tion of hyaluronidase it might be assumed
that the enzyme enhances the growth of
tumors and encourages metastasis. However,
a tumor probably requires the ground sub-
stance of connective tissue for growth. The
intercellular ground substance cement is rich
in hyaluronic acid, a mucopolysaccharide
which is depolymerized by hyaluronidase.
This enzyme, therefore, might conceivably
even interfere with tumor growth, at least
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until a sufficient antihyaluronidase titer had
developed to prevent the enzyme from react-
ing with the mucopolysaccharide.

Although the data obtained are not al-
together consistent, hyaluronidase did not ap-
pear to enhance the growth or invasibility of
the tumors. The average weight of all the
tumors of mice which received hyaluronidase
is 18% lower than the average for the tumors
in the PSS control series. Neither the con-
centration of enzyme nor the route of admin-
istration was a determining factor in the
rate of tumor growth.

Summary and conclusions. 1. One hundred
and sixty-three male Swiss mice weighing
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between 17 and 20 g were implanted sub-
cutaneously with fragments of sarcoma 37
and then injected subcutaneously or intra-
venously beginning on the day of implanta-
tion or 7 days thereafter with hyaluronidase,
heat inactivated hyaluronidase, or physio-
logical salt solution.

2. The results on the effect of hyaluronidase
administered subcutaneously or intravenously
were somewhat variable, from which it is
concluded that there was no effect on the
growth or invasibility of implanted sarcoma
37. Neither was there metastasis to distant
orgams.

Received June 30, 1950. P.S.E.B.M., 1950, v74.

Growth Retardation of Lymphosarcoma Implants in Pyridoxine-Deficient

Rats by Testosterone and Cortisone.

(18053)

HereerT C. STOERK
From the Merck Institute for Therapeutic Research, Rahway, N. J.

Previously it was shown that pyridoxine is
more important than other dietary essentials
for the maintenance of normal(1) and of
neoplastic(2) lymphoid tissue. The admin-
istration of ‘‘glucocorticoids” as well as of
androgenic steroids, like pyridoxine depriva-
tion, produces a striking loss of normal
lymphoid tissue(3). An influence of adrenal
cortical secretion upon neoplastic lympho-
cytes was first demonstrated by Murphy and
Sturm(4). Actual regression of lymphosar-
coma transplants in mice, though only tem-
porary, was observed by Heilman and Kendall
(5) following the administration of cortisone.
Androgens have so far not been reported to
affect neoplastic lymphoid tissue and it has

1. Stoerk, H. C., Proc. Soc. Exp. BIOL. AND
Mzxp., 1946, v62, 90.

2. Stoerk, H. C.,, J. Biol. Chem., 1947, v17, 437.

3. Hammar, J. A., Die Normal Morphologische
Thymusforschung, Barth Verlag, Leipzig, 1936.

4. Murphy, J. B., and Sturm, E., Science, 1944,
v99, 303.

5. Heilman, . R., and Xendall, E. C., Endo-
crinology, 1944, v34, 416.

been concluded by Biesele and Gasic(6) that
testosterone propionate does not diminish the
chromosome size of neoplastic lymphocytes
as it does that of normal lymphocytes. In
the present experiments, the effect of cortisone
was studied in lymphosarcoma-bearing rats,
rendered deficient in vitamin Bg and was
compared to that of methyl testosterone.
Fifty male rats of the Sprague-Dawley
strain of about 200 g body weight were
divided into 7 groups as indicated in Table I.
They were fed a diet composed of
Casein Labco, 30%; Dextrose, 56%; Cris-
co, 10%: U.S.P. Salt Mixture No. 1, 4%:;
Thiamine, .001%; Riboflavin, .002%; Pyri-
doxine, .001%; Ca Pantothenate, .01%;
Nicotinamide, .01%: Choline, 0.1%; Ino-

sitol, .05% except as follows: for Groups
V. VI and VII, Pyridoxine HCl was

omitted from the ration as indicated in
the table. Cortisone acetate and methyl
testosterone, suspended in saline, were ad-

6. Biesele, J. J., and Gasie, G., Cancer Research,
1947, v7, 65.



