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which has been considered to hinder forma-
tion of antibodies(6). Yet the immune re-
sponses in mongolians were not significantly
different from those of the other children.

The finding that viremia was not observed
in any of the 61 subjects should be emphasized
in view of the recently advanced theory of
Bodian that the absence of virus in the circu-
lating blood precludes the development of
paralysis(7).

Although the presence of virus in the stool
could be demonstrated in 29 out of 61 pa-
tients, the antibody response would indicate
that infection was established in many more
cases, since the sera of only 6 patients had
no neutralizing antibodies on the 30th day
after ingestion of virus. One may possibly
assume that in 5 out of these 6 patients the
virus was destroved before reaching the
intestinal tract since no virus was isolated
from their stool specimens. There was either
insignificant or no rise in antibody response
in 3 other patients whose blood did show some
neutralizing power when drawn prior to feed-
ing with virus. However, if one may draw a
theoretical parallel with results obtained in
cynomolgus monkeys(8), the level of anti-
bodies observed in the latter 3 patients should
be considered high enough to prevent paralysis
after a peripheral exposure to virulent Lansing
type virus. In any event, perhaps another
oral administration of the TN strain to the
9 patients would result in multiplication of
the virus in the intestinal tract and subse-
quent adequate serological response. On the
other hand, a study of the genetic background
of these 9 patients may throw additional
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light on their “non-reactivity” to the infec-
tious process. The recent accumulation of
data on the relationship between suscepti-
bility to the paralytic form of poliomyelitis
and the genetic constitution of the individual
(9-11) may warrant investigation of the
familial background of the 9 patients.

Summary. Sixty-one children who had no
antibodies against Type II (Lansing) polio-
myelitis virus were fed the TN strain of
virus. None showed any clinical signs of
illness. Viremia was absent in every case.
In 29 individuals the virus was isolated from
the stool from the 5th to the 20th day after
feeding.  Specific antibody rise was ob-
served in most of the patients.
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In the present investigation a study of a
wide variety of aquatic life forms such as carp,
whitefish, scallops, clams, and oysters re-
vealed that 2 species of clams, Mactra spissula

(sea surf clam) and Artica islandica (ocean
quahog clam), contain unusually large
amounts of heparin-like substances which ex-
hibit high anticoagulant potency and low
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Activity in Crude Clam Extraets.

Anticoagulant Anticoagulant

activity of activity/kg of

Amt ex- Wt of crude crude extr., meat, U.S.P.

Species tracted, kg extr., g U.S.P. units/mg units X 100

82 310 10 374
Mactra spissula 84 59 38 264
91 747 6 484
39 25 31 198
drtica islandica 86 864 4 396
91 470 7 352

toxicity. We have designated the anticoagu-
lant sulfated polysaccharides derived from
Mactra spissula and Artica islandica as
“mactin-A’" and “mactin-B,” respectively, the
term being derived from the generic name of
the sea surf clam.

This report deals with the extraction, puri-
fication, and certain hiological, chemical, and
physical characteristics of mactin-A and
mactin-B.

Experimental. Isolation and purification.
Crude extracts were prepared from the auto-
lyzed meats of clams by alkaline extraction
and subsequent proteolytic digestion. Repre-
sentative activities and yields of the crude
extracts are presented in Table I. All in vitro
activities were determined by the U.S.P.
sodium heparin assay(1) using sheep plasma.
For comparison. the reported average yield of
heparin activity from beef lung, one of the
richest mammalian sources, was 18700 U.S.P.
units per kg(2). An effective method of
purification consisted of the following steps:
‘The crude material obtained by precipitation
with ethyl alcohol after proteolysis was dis-
solved in dilute alkali, then acidified to pH
1.5; protein impurities were denatured with
gentle heating and removed by filtration;
active material was precipitated in the filtrate
by addition of ethyl alcohol, separated by cen-
trifugation. redissolved in water, and finally
isolated as a sodium, calcium or barium salt
by addition of acetic acid. Purified products
have been obtained with in vitro anticoagulant
activities which range from 70 to 120 U.S.P.
heparin units mg. Electrophoretic analyses
(Fig. 1) of these purified samples demon-
strated the presence of several components.

In vivo activitv. The results of anticoagu-
lant studies showed that both mactin-A and

mactin-B possessed greater in vivo activity in
New Zealand white rabbits than was demon-
strated by the in vitro U.S.P. sodium heparin
assay. The data in Fig. 2 represent average
values obtained with mactin-B from 4 or more
rabbits. Similar results were obtained by in-
travenous injection of equivalent doses in cats.

Toxicity studies. Purified samples of mac-
tin-A and mactin-B with in vitro activities
from 70 to 100 U.S.P. units/mg were used in
all the following experiments. 1) The LDjo*
in mice of a sodium salt of mactin-A was
found to be 1.6 g/kg compared to 2.8 g/kg
for standard U.S.P. sodium heparin. 2) Acute
toxicity.! Single intravenous or subcutaneous
injections of 10, 30, 50, and 100 mg/kg pro-
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* Determined by Department of Pharmacology,
Lederle Laboratories.

t Determined by Pharmaceutical and Chemical
Testing Department, Lederle Laboratories.
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duced no toxic effects in 2 New Zealand white
and 2 Dutch belted rabbits. Two monkeys
injected intravenously on 3 successive days
with 2, 5, and 10 mg, kg exhibited no toxic
reactions. No toxicity was observed in 50
mice and 40 rats after 5 daily subcutaneous
injections of 10 mg/kg. 3) Chronic toxicity.
Eight rats were injected intravenously with 20
mg/kg twice daily for 6 weeks with no evi-
dence of hemorrhage or adverse effects on
weight, activity, and appetite.

4) Anaphvlaxis.! Three groups of 10 guinea
pigs each were injected intraperitoneally with
a sensitizing dose of 10 mg/kg. A challenging
dose of 10 mg/kg administered 10 days later
produced no anaphylactic syvmptoms. No an-
tigenic effects have been noticed in any of
the animals tested.

5) Blood pressure.t The blood pressure of
2 cats (histamine test) was not affected by in-
travenous doses of 5 and 10 mg/kg. 6) Platc-
let count and agglutination. A slight tendency
of platelets to agglutinate in several clusters
of 3 to S cells was first noted in New Zealand
white rabbits at 10 mg kg 15 minutes after
injection; however. no decrease in platelet
count was evident and agglutination was ab-
sent 30 minutes after injection. Neither plate-
let decrease nor agglutination occurs in the
therapeutic range with highly purified sam-
ples. Further investigations of the effect on
platelets of mactin-A and mactin-B at higher
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levels and under sustained conditions are in
progress. 7) Sedimentation. No change of
sedimentation rate has been noted in the blood
of any of the animals tested.

Discussion. The crude product obtained
after alkaline extraction and proteolytic di-
gestion of both species of clams contained un-
expectedly large quantities of anticoagulant
activity determined by in vitro assay. In gen-
eral, the yield of activity in crude clam ex-
tracts was found to be approximately twice
the heparin activity obtained from a com-
parable weight of beef lung.

Since the electrophoretic patterns demon-
strated the presence of at least 2 components
in the purified samples of both mactin-A and
mactin-B, it is obvious that the results of in-
vestigations concerning composition and struc-
ture may be subject to revision. However, a
number of the tests used to determine the na-
ture of heparin were applied to mactin-A and
mactin-B. As with all sulfate esters of poly-
saccharides, a strong metachromatic color
shift was obtained with both toluidine blue
and azure-A. Carbohydrate color tests with
mactin-A or mactin-B gave results similar to
those obtained with heparin. Elemental
chemical analyses have demonstrated a some-
what lower sulfur content for mactin-A and
mactin-B than for heparin. Comparison of
infra-red spectra of heparin, mactin-A, and
mactin-B showed that the molecules were
similar, but differences were noted in the posi-
tions of the absorption bands at wavelengths
above 8 u. The optical rotations of the so-
dium salts were almost identical with that of
heparin. However, the intrinsic viscosities of
both mactin-A and mactin-B were greater
than that of heparin, which might be inter-
preted as evidence of higher molecular weight.
In an effort to gain more information concern-
ing the relative molecular weights of heparin
and mactin-A and mactin-B, the technics of
light scattering and the ultracentrifuge are
being investigated.

Although a crystalline acid barium salt may
readily be prepared from 100-unit heparin, all
attempts to crystallize a corresponding acid
barium salt of mactin-A and mactin-B with
in vifro anticoagulant activities of approxi-
mately 100 U.S.P. units/mg have been un-
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successful.

In vivo results in rabbits and cats revealed
that sodium salt preparations of mactin-A and
mactin-B with in vitro activities of approxi-
mately 100 units/mg were more active than
preparations of standard 100-unit sodium
heparinate. The observed intensity of action
was more than 6 times that of heparin; the
duration of action was also significantly
greater. A satisfactory explanation for this
wide discrepancy between the in vitro and in
viv0 activities has not been found.

As in the case of heparin the anticoagulant
effect of mactin-A is neutralized by injection
of protamine.

While the LD;, of mactin-A of 1.6 g/kg is
lower than the value of 2.8 g/kz established
for heparin. the anticoagulant activity of
mactin-A is greater than that of heparin;
therefore, the therapeutic index of mactin-A
would appear to be comparable to that of
heparin. Acute and chronic toxicity studies
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conducted thus far have revealed no apparent
toxicity. Clinical trials of mactin-A and
mactin-B are in progress.

Summary. Heparin-like polysaccharides
with high anticoagulant activity have been
isolated from 2 species of clams, Mactra
spissula and Artica islandica. These purified
polysaccharides, termed mactin-A and mac-
tin-B, are related to but not identical with
mammalian heparin. They possess a greater
in vivo activity and a favorable therapeutic
index when compared with heparin prepara-
tions of equal in vitro activity.

We wish to thank Dr. Raymond Brown for the
electrophoretic analyses, and Mr. L. Brancone and
associates for microchemical analyses.
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The reason for the failure of hepatic re-
generation following partial hepatectomy in
dogs with Eck fistulae is not clear. Some
relate this to diversion of a factor peculiar to
portal blood and others simply to reduction in
total blood flow through the liver. In an at-
tempt to discover whether portal blood is
essential to hepatic regeneration an operation
was devised in dogs that accomplished com-
plete diversion of the portal stream and at the
same time provided the liver with a profuse
supply of systemic venous blood. In this
preparation the response of the liver to partial
hepatectomy was studied.

Method. In one group of dogs the portal
vein and inferior vena cava were divided

* Supported by U. S. Public Health Service Grants-
in-Aid.

York City.

below the liver and continuity re-established
by end to end anastomosis crossing portal to
systemic and caval to portal circulations.
(Fig. 1). One month later 70% hepatectomy
was performed. Hepatic venograms, obtained
by injecting contrast material directly into
the inferior vena cava, were made prior to
hepatectomy to prove patency of the caval-
hepatic anastomosis and to visualize the
intrahepatic portal bed. Venography was
repeated at intervals afterward to demon-
strate regeneration in vivo. After periods of
observation ranging from 35 to 60 days post-
hepatectomy the dogs were sacrificed by
exsanguination under nembutal anesthesia.
Their livers were removed and weighed and
the degree of regeneration calculated. The
assumption was made, based upon dissections
of normal livers, that a 70% hepatectomy





