


Action ofTragacanth on Ascites Cells

phytohemagglutinin, which is also surface acting. The present
results show, however, that ascites tumor inhibition by gum
tragacanth does not involve such mechanisms, since under
conditions where surface attachment of the agent and mitotic
inhibition are known to occur cell potassium levels and amino
acid incorporation into protein are unaffected.

Tragacanth has, however, been shown to affect membrane
function, as evidenced by the secondary potassium loss found
when treated cells were resuspended and centrifuged. Further
experiments have shown that passive potassium loss is involved
and that the effect is one of sensitization of the membrane to
mechanical damage. A similar effect has previously been
shown in ascites cells treated with Brinase (protease 1 from
Aspergillus oryzae) (26) or with calcium under certain
conditions (25). The nature of the alteration is not yet known,
but it implies a particularly delicate membrane lesion when
compared, for instance, with the immediate and direct loss of
potassium caused by other surface-acting substances such as
amphotericin B (12) or poly-L-lysine (5). While this membrane
lesion resembles the tumor-inhibitory action of tragacanth in
being exclusive to the native, unheated form of the gum, our
finding that it is given by both the soluble (cytotoxic) and
sparingly soluble noninhibitory portions precludes it from
involvement in the antitumor activity of the agent. Of interest
here is the fact that we have found gum karaya, which is
noninhibitory towards mitosis (14), to be without effect on
membrane stability of ascites cells. Colcemid, which blocks
mitosis by preventing the assembly of microtubules necessary
for spindle formation (22), was also found to be without
effect on cell potassium.

The histochemical studies reported here have shown that
only the soluble inhibitory portion of native tragacanth has
the capacity to form the specific particulate type of surface
combination described by the original authors as related to
mitotic inhibition by whole gum samples. If ascitic fluid is
absent, native tragacanth, while still tumor inhibitory, cannot
be distinguished from the heat-deactivated form by PAS
staining. In fact, under these conditions, the inhibitory and
noninhibitory forms are still distinguishable by their effects on
membrane stability, a parameter which is unconnected with
cytotoxic activity. It would appear, therefore, that the soluble
portion of tragacanth contains 3 distinct entities with the
respective properties of tumor inhibition, combination with
ascitic fluid protein to form a particulate type of attachment
on the cell surface, and alteration of plasma membrane
function. The first two are exclusive to the soluble portion of
the gum, and all three, being heat labile, are evidently
dependent on maintenance of specific molecular structure.

PAS staining of cells treated in the absence of ascitic fluid
has shown the cells to be surrounded by a thick continuous
coating of polysaccharide which penetrates deeply into the
surface area. This suggests that protein (although not Ca2+) is

necessary in the environment if the chemical integrity of the
peripheral coat of the cell is to be preserved during exposure
to the agent. Nevertheless, the antitumor effect is independent
of the nature and precise location of the charged material at
the surface, and preservation of this peripheral area appears to
be unnecessary for maintenance of membrane integrity or cell
viability.

Purification of the soluble tumor-inhibitory portion of
tragacanth has shown that cytotoxic activity is contained in
the species of higher negative charge and has confirmed
previous views indicating involvement of the acidic
polysaccharide in the antitumor effect.

The gum is known to contain trace amounts of amino acids,
a nitrogen content of 0.02%, no detectable amino sugars, a
trace amount (about 0.2%) of lipid. Whether the active moiety
acts directly, or as a carrier, or as a complex glycopeptide or
glycolipid is not known. Present available evidence suggests
that the peptide is in bound form, and attempts to separate an
active lipid-containing species have been unsuccessful.

It is likely that the deactivation brought about by heating
the native gum involves physical rather than chemical changes
in the macromolecule. We have found no difference between
native and heat-deactivated tragacanth with respect to
microelectrometric titration over the full pH range, Ca2+
content, or capacity to bind 4SCa. Decarboxylation, which

destroys activity, would produce physical as well as chemical
changes. The large drop in viscosity (15) induced by heating
suggests molecular uncoiling and points to the involvement of
a specific macromolecular conformation in the biological
activity.

The tumor-inhibitory action of various natural and
synthetic polyanions has been extensively reviewed by
Regelson (20, 21). Interpretation of the mode of action of
such agents in terms of alteration of cell surface charge is
complicated by the fact that polycations with high charge
density that are known to reduce net negative surface charges
(17) are also inhibitory. Furthermore, tumor promotion by
acid mucopolysaccharides has been reported (3, 28-30).
Recent work by Mehrishi (18) substantiates the argument that
the growth effects of these substances cannot be explained
merely in terms of alterations in surface charge.

While difficulty of penetration through the intercellular
matrix may be a factor in the ineffectiveness of tragacanth
against growth of solid tumors (23) or of HeLa cells in culture
(E. M. F. Roe, unpublished observations), Dr. A. O'Sullivan

(personal communication) found no inhibitory action on
growth of cultured Bacillus subtilis. Likewise, we have found
no effect on potassium permeability (either direct or after
washing) of erythrocytes in vitro, human, murine, or avian
(nucleated). Evidently there are certain physicochemical
properties in the free cell surface required for attachment of
tragacanth. These conditions are apparently fulfilled by
macrophages (2) in addition to ascites cells, and our
preliminary observations indicate an effect on membranes of
human peripheral leukocytes. The lack of effect of tragacanth
on erythrocytes may be connected with the fact that they
behave as polyanions (24).
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