of 6.80-7.0. We used the following ninhydrin solution
with good results: A fresh 19 ninhydrin solution in
water is mixed with an equal volume of a sodium
veronal-HCl buffer of pH 7.0. This pH is obtained
by mixing 5.36 volumes of 0.1 M sodium veronal with
4.64 volumes of 0.1 N HCL.

Table 1 illustrates the results we obtained with pure
amino aeids.

The sensitivity of the ninhydrin reaction is different
depending on the amino aecid (11, 12), histidine being
the least sensitive. The lower quantities of amino. acid

mentioned in the table give values greater than ex-

pected; the reaction is quantitative only above these
lower limits. For glycine the Lambert-Beer law is fol-
lowed only above, and including, 5 v; for alanine,
valine, glutamic acid, and phenylalanine the lower
quantitative limit (inclusive) is 10 v, whereas for histi-

20
3
—502
S
. 0T
3 5 1 10 15
Y of amino acid

Fia. 1.

dine this limit is 25 y. Fig. 1 illustrates this, showing
that for the quantities employed, optical density is
directly proportional to eoncentration.

In order to determine an amount of amino acid
below the lower quantitative limit, a known quantity
of amino acid is added to the paper spot with a fine
capillary pipette (e.g., 0.005 ml and 10 v of amino
acid), and afterwards the reaction is performed as
usual, the piece of paper with the spot having previ-
ously been dried. For the quantities of histidine nor-
mally found in proteins it is generally necessary to add
a small amount of this compound to the respective
spot in paper chromatographies ecorresponding to
about 200-400 v protein, to obtain a quantitative color
reaction.

‘We hope that the procedure will prove to be useful
also in the hands of other workers. The reproducibil-
ity of the method lies in general within an error of
3-6%, and duplicates usually give errors inferior to
this. '
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Evidence for the Heparin Nature of the
Nonspecific Hyaluronidase Inhibitor in
Tissue Extracts and Blood Serum®

David Glick and Bengt Sylvén

Department of Physiological Chemistry,

University of Minnesota Medical School, Minneapolis,
and Cancer Research Division of Radiumbemmet,
Karolinska Sjukbuset, Stockholm, Sweden

The possible role of the nonspecific (nonantibody)
hyaluronidase inhibitor of blood serum in the animal
body, and its remarkable changes in concentration in
infectious diseases, cancer, liver and kidney damage,
and many conditions of stress (1), led to an earlier
study (2) of its anatomical origin. A wide variety of
tissues from the rabbit was investigated as possible
sources of the serum inhibitor, but it could be demon-
strated in none of the tissue extracts obtained. This
might be explained by the very low concentration of
inhibitor in these tissues. It was further found that
certain steroids and hemoglobin derivatives were in-
hibitors ¢n vitro, but none of these could be the serum
factor in question since the latter is heat-labile and
its effect is decreased in the presence of phosphate. It
is well known that isolated polysaccharides of the
heparin group are potent inhibitors (3-9), and, as
our work developed, evidence accumulated suggesting
that the native heparin-protein complex (20) probably
present in low concentrations in normal serum (11)
might exert a hyaluronidase inhibition. It should be
mentioned that certain mucoproteins of human serum
prepared by the perchloric acid method of Winzler
et al. (12) were devoid both of anticoagulant (13) and
hyaluronidase inhibitor activities (14).

The first suggestion as to the chemical nature of the
nonspecific hyaluronidase inhibitor was provided by
the finding that most of the serum inhibitor migrated
with the albumin in the electrophoretic field (15), a
finding later confirmed (16). It was previously known
that purified commercial heparin added to plasma
migrated with an electrophoretic mobility intermediate
between that of heparin and albumin (17). This seems
also to be the case for one of the components obtained
by electrophoresis of the native heparin complex ob-
tained from ox liver capsule extracts (18).

1 This investigation was supported by research grants from
the National Institutes of Health, Public Health Service, the
Medical Research Fund of theé,Graduate School of the Uni-
versity of Minnesota, and by, grants from the Caroline In-
stitute, the Swedish Medical Association, and Swedish Cancer
Research Funds.
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From recent work on the chemical purification of
the inhibitor it was observed that protamine, which
is known to precipitate the polysaccharide part of the
native labile heparin complex from serum (18), also
precipitates the inhibitor. Details of the use of prota-
mine in the inhibitor purification will be given else-
where (19). It was also found that peptone shock in
rabbits caused not only the usual rise in the concentra-
tion of heparin in the blood serum, but also an ele-
vation of the inhibitor concentration (20). If the
heparin inerease was blocked by intravenous injection
of India ink prior to peptone shock, following the
method of Volkert (21), no rise in inhibitor concen-
tration was noted (20).

TABLE 1

PERCENTAGE INHIBITION* OF TESTIS HYALURONIDASE
AND HEPARIN CONCENTRATION OF TISSUES
RicH IN MAsT CELLS

Endo-

Liver = metrial bgg&?ﬂ
capsule carun-- (white-
(cow), culaet fish)
% (heifer), % ’
% (4
(4) Inhibition by 1.5 ml
tissue extract$ 4 14 20
(B) Inhibition by 0.04 ml
human serum 11 19 25
(4) + (B) 26 49 53
Heparin in extract (mg %) 1.5 4.6 5.1

* Inhibition determined by the method previously used (2).

1 Obtained through the courtesy of A. F. Weber, Depart-
ment of Veterinary Medicine, University of Minnesota.

I Obtained through the courtesy of A. J. Walstad, Booth
Fisheries Corp., Bayfield, Wis.

§ Extract prepared by grinding tissue in a Wiley mill, ex-
tracting pulp with 0.9% NaCl (5 ml/g tissue) for 2 hr at 8°
C, centrifuging, and ﬁltering supernatant through a sintered
glass funnel.

Since mast cells contain a heparin-lipoprotein com-
plex provisionally considered to be associated with the
microsomal fraction of their eytoplasm (18), tissues
particularly rich in these cells were investigated as
possible sources of inhibitor. These proved to be the
only exceptions observed to the previously reported
absence of inhibitor in a variety of tissues (2). Thus,
in Table 1, it may be seen that the three tissues chosen
for their high mast-cell content all yielded extracts
containing inhibitor, and when these extracts were
combined with human serum, the mixtures had more
than the additive amount of inhibitor. The basis of
this mutual enhancing effect is not known. The colori-
metriec Azure A method (11) employed for the heparin
analysis is far from precise, but it is capable of a cer-
tain degree of semiquantitation. It will be noted in
the table that the order of inhibition and approximate
heparin content of the tissue extracts were parallel.

It should be pointed out that radiation sickness,
which is aeccompanied by a hemorrhagic condition, has

2 The authors are indebted to W. A. Lott, E R. ‘Squibb &
Sons, for a generous gift of protamine sulfate,

April 6, 1951

been shown to be associated with an increase of serum
heparin (22-24). It has been found recently that total-
body x-irradiation of rabbits resulted in an elevation
of the serum inhibitor concentration (25).

Finally, in connection with other investigations by
B. Sylvén, O. Snellman, and co-workers, samples were
repeatedly prepared by means of differential centrifu-
gation of fresh ox liver capsules. These contained var-
ious amounts of the native heparin-lipoprotein com-
plex which possesses very high metachromatic and
anticoagulant activities. The electrophoretic mobility
of the active fraction was 5.9 x10-% u (18). In these
separations acetate and veronal buffer media were em-
ployed, and the samples were shipped from Stockholm
to Minneapolis by air in the frozen state in thermos
bottles packed with solid CO,. On arrival the material
was still frozen. The amounts of heparin present in
the different samples had been assayed by the thrombin
method of Jaques and Charles (26). After thawing,
the liquids were assayed for inhibitor activity. In three
different preparations, 339 inhibition was given by
1.5 m] of each of the solutions, containing the equiva-
lent of 45, 60, and 40 ug commerecial heparin (Vitrum,
Sweden), respectively.

The evidence presented shows that the native
heparin-lipoprotein compound obtained from tissues
rich in mast cells is a hyaluronidase inhibitor. It is
possible that this or part of this heparin compound
is responsible for the nonspecific hyaluronidase inhihi-
tion given by serum. Final proof will depend on the
isolation of this serum factor and its eomparison with
the isolated tissue heparin complex.

References

1. GLICK, D. J. Mt. Sinai Hosp., N. Y., 17, 207 (1950).

2. WATTFNBERG L. W, and GLICK D J. Biol. C’hem 179,
1213 (1949).

8. McCLEAN, D. J. Path. Bact., 54, 284 (1942).

4. ROGERS, H. L. Biochem. J., 40, 583 (1946).

5. MEYER, K. Physiol. Revs., 27, 335 (1947).

6. HADIDIAN Z., and Pmm N W. Biochem. J., 42, 266
(1948).

7. BERGAMINI, L. Boll. ist. sieroterap. milan., 27, 115 (1948).

8. SWYER, G. I. M. Biochem. J., 42, 32 (1948).

9. FABINYI, M., and SZEBEHELYI, J. Nature, 163, 533 (1949).

10. JULEN, C., SNELLMAN, O., and SYLVEN, B. Acta Physiol.
Scand., 19, 289 (1950).

11, JAQUESs, L. B.,, MONKHOUSE, F. C.,, and STEWART, M. J.
Physiol., London, 109, 41 (1949).

12, WINZLER R.J., et al J. Clin. Invest., 27, 609 (1948)

13. WINZLER, R. J. Personal commumcatlon

14. GLICK, D., et al. Proc. Soc. Ewptl. Biol. Med., 71, 412
(1949).

15.( GLIC)K, D., and MOORE, D. H. Arch. Biochem., 19, 173
1948).

16.( I\goomn, D. H., and HAgRIS, T. N. J. Biol. Chem., 179, 377
1949).

17.(1%12:;;1%“, BE., Z1rF, M., and MooRrg, D. H. Ibid., 139, 383

18. SNELLMAN, O., SYLVEN,
Biophys. Acta. In press.

19. WATTENBERG, I.. W., and GLICK, D. Unpublished data.

20. GLICK, D., and OCHS, M. J. Unpublished data.

21. VOLKERT M. Acta Physiol. Scand., 5, Suppl.
(1943).

22, ALLEN, J. G.,
(1947).

23. ALLEN, J. G,, et al. J. Exptl Med., 87, T1 (1948).

24, CAMPANI, M. Boll. soc. med. chir., Modena, 48, 3 (1948).

25. Goop, T. A., and GLICK, D, Unpublished data.

26. Jaques, L. B., and CHARLES, A, F. Quart. J. Pharm.
Pharmacol., 14, 1 (1941).

B., and JULEN, C. Biochem. et

15, 83

and JAcoBSEN, L. O. Science, 105, 388

389




