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In a previous work it was observed that
the hyaluronic acid content of the interstitial
fluid (IF) of Walker carcinoma 256 was con-
stantly less than in the subcutaneous area
where the tumor was transplanted (1). More-
over, small molecular weight hyaluronic acid
was found to act as competitive inhibitor of
the hyaluronidase activity in serum of tumor-
bearing patients (2). An increase of hy-
aluronidase activity by the tumor could ex-
plain both findings, but this has not been
demonstrated (3). In the work presented
here the interstitial fluid (IF) of Walker
carcinoma was sampled, and the hyaluroni-
dase activity was measured and compared
with the activity of the IF of the subcutane-
ous area where the tumor was transplanted.
It was found that the hyaluronidase activity
was about twice as high in the IF of the
tumor as compared with the normal subcu-
taneous area, and in the serum of the tumor-
bearing host the hyaluronidase activity was
reduced to one half the level found in normal
rats.

Materials and Methods. Male Sprague-
Dawley rats, 3 months old, were used. The
animals were starved overnight, and blood or
IF was sampled in the morning. Blood was

withdrawn from the abdominal aorta with

plastic syringes after the animal was rendered
unconscious by a blow in the occipital
region. Serum was prepared by leaving the
blood at +-5° for 3—4 hr followed by centrifu-
gation at -}-5°, The IF of the tumor was
sampled with a chamber formed by Millipore
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filters® of 0.45-p. pore diameter and incorpo-
rated by the tumor as previously reported
(4). The chamber was placed in a pouch of
the subcutaneous tissue of the scapular
region, and the IF collected in the chamber
was sampled several days later. At sampling
time 2 drops of IF were placed into thiogly-
collate broth and the culture was kept at 37°
for 10 days to test the sterility of IF.

Three different experiments were per-
formed. In each experiment two groups of 10
animals were used. One untreated group
furnished the normal blood serum. The second
group received, first, a micropore chamber
in the scapular region (4) from which IF was
sampled after 6 days, then fragments of
Walker carcinoma 256 were transplanted
around the same chamber, and the IF was
sampled after 7-9 days when the tumor
reached a size of 5-10 g and had engulfed the
chamber. At this time the animal was killed,
and the blood serum was taken. Three sam-
ples were therefore analyzed from the same
animal, and the IF of normal and neoplastic
tissue was sampled in the same area by the
same micropore chamber.

The hyaluronidase activity present in dif-
ferent fluids was measured by the release of
polysaccharide fragments having terminal
N-acetylglucosamine (NAGA) from a known
solution of hyaluronic acid incubated at pH
3.5. To 150 pl of IF 1.5 ml of hyaluronic acid
in formate buffer, pH 3.5, were added (1.0
mg/ml of hyaluronic acid in 03 M
NaCl-0.05 M formate buffer). The mixture
was incubated at 37°, and aliquots were re-
moved at 0, 0.5, 1.0, 2.0, and 4.0 hr for the

3 Millipore Filters Company, Bedford,  Massachu-
setts.
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TABLE I. Polysaccharides Fragments with Ter-
minal N-Acetylglucosamine Liberated.®

NAGA
(umoles/ml % Total
fluid) NAGA?
Normal serum 1.05 39.8
Serum of tumor-bearing rats 0.63 23.9
Subcutaneous interstitial luid 0.30 11.4
Tumor interstitial fluid 0.51 19.3

¢ Four hours of incubation at 37° in formate buf-
fer, pH 3.5.

® Hyaluronie acid present in the initial solution,
1 mg/ml (2.64 ymoles/ml of N-acetylglucosamine).

determination of NAGA (5). In our assay,
after 4 hr of incubation, the enzyme present
in 1 ml of fluid was able to release from
12-40 % of the total NAGA present in the
hyaluronic acid of the reaction mixture (Ta-
ble I). Each determination was made in
triplicate, and the mean values obtained are
reported in Graph 1.

Results. The interstitial fluid sampled from
the interscapular region before tumor trans-
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F1c. 1. Kinetics of the enzymatic hydrolysis of
hyaluronic acid. The figure gives the micromoles per
ml of N-acetylglucosamine (NAGA) liberated during
the enzymatic action. NRS, normal rat serum. CRS,
cancerous rat serum. TIF, tumoral interstitial fluid.
SIF, subcutaneous interstitial fluid.
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plantation released 0.07 = 0.01 umoles of
NAGA per m! of fluid during the first 30 min
of incubation. In the same period of time,
the IF sampled from the same region after
the tumor had incorporated the chamber, re-
leased 0.11 = 0.01 umoles of NAGA per
ml. Under the same conditions of treatment,
the serum of the tumor-bearing rat released
also 0.11 == 0.01 pmoles/ml of NAGA while
the serum of the normal animal released 0.23
=+ 0.01 pmoles/ml of NAGA.

Differences between normal and tumor-
bearing animals were found for serum and IF
at various intervals of incubation from 0.5
to 4 hr (Graph 1). The hyaluronidase activi-
ty of the serum in the normal animal was
about four times the activity of the IF of the
scapular region, In the tumor-bearing animals
serum and IF from the tumor had practical-
ly the same hyaluronidase activity.

The increment of hyaluronidase activity
produced by the development of the tumor
was about 70 % as compared with the activity
of the subcutaneous IF before- transplanta-
tion. As expected (2, 6) the hyaluronidase
activity of the serum in tumor-bearing ani-
mals was decreased by about 50 % as com-
pared with the activity of the normal serum.

Discussion. The demonstration of hy-
aluronidase activity in Walker carcinoma and
in the subcutaneous tissue depends on at
least two conditions, the possibility of sam-
pling the IF and the performance of the
hyaluronidase assay in formate buffer at pH
3.5. The IF can be handled like blood serum,
and the amount of N-acetylglucosamine re-
leased under our conditions of assay was 6-7
times higher than at pH 3.8. The incubation
in acetate-phosphate buffer, pH 6.0, did not
yield any depolymerization of hyaluronic
acid. Hyaluronidase activity of the IF can be
preserved for months if the sample is kept
at —20°. The IF added to the incubation
mixture at 4° still depolymerizes an amount
of hyaluronic acid equal to about 25 % of the
quantity depolymerized at 37°,

About 40 years ago Duran-Reynals pro-
posed (7) that a “spreading factor” could be
involved in the invasiveness of neoplastic
cells (see also 8-10). Several investigators
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(Review in 3) attempted to find hyaluroni-
dase activity in tumors according to Duran-
Reynals’ hypothesis. The results were either
negative, because the conditions of the assay
were not optimal, or the data were uncertain
because a bacterial hyaluronidase was present
in the tumor (3). Our results showed that a
high hyaluronidase activity was present in
the IF of Walker carcinomas. In previous
work (1) it was found that the hyaluronic
acid content of the normal scapular interstiti-
al fluid was about 50 pg/ml. Under the condi-
tions of the experiments reported here, the
hyaluronidase activity found in the same IF
should be able to depolymerize in about 1 hr
all the hyaluronic acid normally present in
this fluid.

The reasons for the increase of the hy-
aluronidase activity in the IF of the tumor
are not clear at this time. The possibility of a
“leakage” of the enzyme from the lysosomes
of the neoplastic cells has to be kept in
mind since a similar mechanism was sug-
gested for other lytic enzymes (11-13). The
low level of hyaluronic acid previously found
in the tumor IF may be related to the high
hyaluronidase activity of this fluid.

A higher hyaluronidase activity in the tu-
mor could also be responsible for an increase
in small molecular weight fragments of hy-
aluronic acid released in the circulation.
They could act as competitive inhibitors of
serum hyaluronidase activity as previously
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found in human (2) and confirmed in this
work for rats.

Summary. The hyaluronidase activity of
the interstitial fluid of Walker carcinoma
transplanted into Sprague-Dawley rats was
sharply increased when compared with the
activity of normal subcutaneous interstitial
fluid. On the contrary, the hyaluronidase ac-
tivity in blood serum of tumor-bearing rats
was depressed as compared with the activity
of normal serum. The implications of these
findings are briefly discussed.
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