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The sulfation of various polysaccharides to
produce compounds having anticoagulation
properties was first described by Bergstrom
(1). He reported on the characteristics of the
sulfated products of cellulose, starch, glycogen,
pectin, chitin and chondroitin sulfuric acid.
Most of his investigations were conducted in
vitro, but later workers, including Piper(2)
and others, extended much of the study to in
- vivo testing. A side reaction frequently ob-
served was the agglutination of the thrombo-
cytes. This, coupled with other toxic symp-
toms, led to the conclusion that the compounds
were not suitable for clinical application.
Sorenson and Wright(3) described a poly-
sulfuric acid ester of polyanhydromannuronic
acid which was tried clinically. Field et al.
(4) tested the sodium salt or sulfated poly-
galacturonic acid methyl ester methyl glyco-
side, and Walton(5) reported on the biological
behavior of sulfated dextran. In all instances
there was evidence of potential side reactions
- or toxic phenomena.

Preliminary tests with the sulfuric acid ester
of chitin were sufficiently- promising to justify
extensive studies on the biological behavior of
this material. The properties and toxicity of
vatious preparations are herein reported.

Materials and methods. Samples with vari-
ous average molecular weights were produced
by Cushing e¢ al.(6), who also described the
material as follows: “The product can be de-
fined as the sodium salt of the sulfuric acid
ester of poly (1-4) N acetylglucosamine. The
sulfur assays (13.5 to 14.5%) showed the
degree of sulfation to be somewhat below the
maximum theoretical sulfur content of 15.7%
for a product having two sulfate groups on

each acetylglucosamine residue. The nitrogen
assays ranged from 2.3 to 3.2%, the variation
being due chiefly to small amounts of residual
triethylamine (as a salt on sulfate) used for
neutralization of the sulfation mixture. Curi-
ously, the elimination of the residual tri-
ethylamine did not significantly decrease the
toxicity of the product. All molecular sizes
are represented according to the usual fre-
quency distribution curve except that mole-
cules below 5000 mol wt are mostly eliminated
during dialysis or repeated alcohol precipita-
tion. In a product having an average molec-
ular weight of 14000, the amount of high
molecular weight material (above 17000) is
less than 0.5% of the total. In the selected
material, relative viscosities (R.V.) in 1%
aqueous solution were remarkably uniform,
with 1.3 R.V. as the preferred product, and a
maximal permissible range of 1.25 to 1.35.
The in vitro potency varied between 27 and
35 LU./mg(7).”

Injections were almost exclusively intra-
venous. Unless high doses were required,
sulfated chitin and heparin were used as 1%
aqueous solutions. Blood samples for all
tests were withdrawn through silicone-treated
needles, either into siliconed syringes for trans-
fer to siliconed, chilled glassware or directly
into capillary tubes thrust into the needle
hub. Coagulation times were determined by
the capillary tube method(8). Prothrombin
determinations were made by the Quick one-
step method. Platelets were counted directly
from samples diluted with 3.8% sodium cit-
rate, as described by Quick ez ¢l.(9). Acute
intravenous toxicity was determined in mice.
Subacute intravenous toxicity was observed
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in rabbits, dogs and monkeys with selected
preparations.

Results. The in vitro potencies of samples
having different average molecular weights
were assayed by the U.S.P. heparin technic.
The acute toxicity in mice was proportional to
the average molecular weight (estimated by
the R.V. of a 1% aqueous solution.) Fig. 1
shows the LDy, of each sample plotted against
its relative viscosity. The values closely ap-
proximate the calculated regression line, and
the correlation is statistically significant (P
0.01). The duration of action was roughly
proportional to the R.V. '

In contrast, there was no relationship be-
tween in vitro anticoagulant potency and vis-
cosity. nor did the in vivo results show good
correlation with iz vitro values, or provide an
indication of duration of action. Therefore,
assays in rabbits were chosen as a more re-
liable criterion of possible usefulness.

Low molecular weight samples had much
shorter duration for a given dose; for ex-
ample, a sample of R.V. 1.1 had a duration of
action of less than 30 minutes at a dose of
10 mg ‘'kg (see below and Fig. 2 for data on
1.3 R.V. material). Higher molecular weights
were more toxic, as shown in Fig. 1. Finally,
material having a R.V. of 1.3 (as described
under Materials) was chosen for more ex-
tensive study. This represented a compromise
between toxicity and duration of action. By
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osmometric and light scattering methods the
average molecular weight of this sample was
determined to be between 13000 and 15000.
The LDjsy, in mice calculated by the method of
Miller and Tainter(10), was found to be 1.5
g/kg.

Blood samples were taken from dogs and
rabbits before, and 5, 15, 30 and 60 minutes
after the injection of the compound, or until
the coagulation time had returned to or below
3 times the normal coagulation time, which
was arbitrarily defined as a limit of “signifi-
cant drug effect”. In rabbits, 10 mg/kg of
sulfated chitin had a potency approximately
equal to 2.0 mg/kg of heparin, while 5 mg/kg
of sulfated chitin was appreciably more potent
than 1.0 mg/kg of heparin. With equipotent
doses, the duration of “significant drug effect”
was 2 to 3 times longer with sulfated chitin.
In dogs, 1.5 mg/kg of heparin and 5 mg/kg
of sulfated chitin were approximately equal
in potency and duration. Platelet counts were
performed on the same blood samples. The
results in dogs and rabbits were in agreement
with the reports of earlier workers. There was
a moderate reduction (40-60%) in the num-
ber of circulating platelets, but the magnitude
of change was no greater, though the duration
was somewhat longer than that obtained with
equipotent doses of heparin. However, as also
reported by others for heparin, the platelet
count again reached control levels with or
before the return of normal coagulation time,
No significant influence of sulfated chitin, in
doses up to 10 mg/kg, upon the blood pro-
thrombin level was noted. The anticoagulant
effect can be neutralized by protamine sulfate.
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These findings strengthen the assumption that
its physiological action is similar to that of
heparin.

Rapid intravenous injection into anes-
thetized cats or dogs of as much as 50 mg/kg
produced no change in blood pressure other
than the effect of volume of fluid given. At-
tempts to sensitize animals with sulfated
chitin by methods which detect weak antigens
[Roth et al.(11)] failed to demonstrate any
antigenic potentialities.

Four dogs were given 10 mg/kg daily of a
higher molecular weight sample having a R.V.
of 1.95. In all 4 animals, bloody diarrhea
and vomiting occurred after 6 to 8 days of
treatment. In those sacrificed for histological
study, acute hemorrhagic changes were con-
fined to the intestine. All other tissues showed
no significant pathological changes.

Daily intravenous administration to dogs
of 10 mg/kg of 1.3 R.V. sulfated chitin pro-
duced no significant symptoms for the first
week. After about 10 days some lethargy and
slight ataxia appeared but no other symptoms
were noted, and animals sacrificed showed no
gross or microscopic abnormalities. At 20
mg/kg per day, the animals showed some loss
of weight, and after 8 days ataxia and weak-
ness appeared. Death occurred at 9 and 10
days, but the animals were not seen in time
to justify autopsy. No diarrhea occurred with
either dose level. These untoward effects were
entirely absent in rabbits and monkeys. Daily
doses of 20 mg/kg for 3 weeks produced no
detectable symptoms in either species. Some
rabbits received 50 mg/kg/day for 2 weeks
without untoward effects, while others toler-
ated 100 mg/kg/day for a few days. Death
ultimately resulted from direct hemorrhage
from injection sites, reopened after return to
their cages. Hematological studies of animals
during chronic administration showed no sig-
nificant departure from normal values for red
or white cell count, differential count or
hemoglobin.

Attempts were made to eliminate unknown
toxic factors and to improve purity by modify-
ing the chemical process. The mortality data
obtained with numerous samples on a total of
4044 mice (at least 30 per sample) provided
LD;o values ranging between 1.25 and 1.8
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g/kg which represented no encouraging im-
provement over earlier material.

Discussion. Survey of recent literature dis-
closed several reports which express doubts as
to the safety of various sulfated polysac-
charides. Astrup(12) observed that citration
of blood appears to stabilize human platelets.
Therefore, if citrate is used for any observa-
tions on the effects of anticoagulants on plate-
lets, negative results may be misinterpreted.
He also implied that any synthetic anti-
coagulants of the sulfated polysaccharide type
might be expected to agglutinate thrombo-
cytes and would be considered undesirable for
clinical use. Other reports (Pratt(13);
Fischer et al.(14); Hirschboeck et al.(15))
described the occurrence of alopecia following
the use of synthetic anticoagulants, and
Wright(16,17) reported many other side
effects. In our results on dogs, it was first
thought that the effects were possibly a species
idiosyncrasy similar to that observed with
polyvinylpyrollidone. However, Hirschboeck
(15) describes the occurrence of a bloody
diarrhea in human patients treated with an-
other sulfated polysaccharide. This informa-
tion indicates the need for more informa-
tion on the basic mechanisms involved, and
for improvement in the synthetic approach,
before a completely safe heparin substitute
can be assured.

Summary. The anticoagulant effects of a
sulfated polysaccharide, the sodium salt of the
sulfuric acid ester of chitin, have been de-
scribed. It has an iz vive potency ¥4 to %%
that of heparin activity. Duration of action
and toxicity are both directly related to aver-
age molecular weight. The occurrence of
toxic side reactions in the dog are similar to

. some of those reported in the human for an-

other sulfated polysaccharide, Limitations of
potential clinical usefulness are discussed.

The authors express appreciation to R. A. Hend-
ricks and B. B. Morphis for valuable technical
assistance and to R. T. Olsen and R. A. Rieker for
the #n vitro potency assays.
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Upon infection with herpes virus, the heart
and liver of chick embryos reveal an enlarge-
ment which results from an increased rate of
cellular proliferation. This is paralleled by
a markedly increased rate of nucleic acid
synthesis such that the total nucleic acid
of the liver may be 709% greater than
normal(1). While these first observations
were concerned with differences in the
whole organ which were a result of the in-
creased mass of the liver, the present paper
deals with observations at the cellular level.

The amount of nucleic acid per cell has
been estimated in normal and viral infected
tissues. Nuclei isolated from herpetic liver
have been analyzed for the nucleic acids, and
data concerning the intracellular distribution
of deoxyribonucleic acid and ribosenucleic
acid have been obtained. Parallel observa-
tions have been made of the nucleic acid pat-
tern of the Ehrlich ascites tumor infected with
influenza virus.

Methods and materials. Virus. The herpes
virus used was the Armstrong 1166 strain.
It had undergone 54 passages in mouse brain

* These studies were aided by a grant from the
National Foundation for Infantile Paralysis.

and was adapted to the embryonate egg by 40
passages on the chorionic membrane(2). The
WS strain of Type A influenza virus was used
in the studies with the Ehrlich mouse carci-
noma. This virus was maintained for several
years by continuous passage in tissue culture
and since has undergone 102 passages in
mouse brain, It will multiply both in the
brain and lungs of mice. After adaptation to
the Ehrlich ascites tumor, it has been passed
serially in that tissue 40 times(3). Tissue.
The Ehrlich mouse carcinoma was adapted to
ascitic form by Dr. G. A. LePage and in this
laboratory has undergone 60 passages in the
ascitic form in Swiss white mice (Webster
strain). Fractionation. A 20% homogenate
of liver was prepared in 0.25 M sucrose con-
taining .0018 M CaCl,. The disruption of
the tissue was achieved with the Potter-
Elvehjem glass homogenizer. The resulting
preparation was diluted to 4% and fraction-
ated essentially by the procedure of Hoge-
boom and Schneider(4). A nuclear and a
cytoplasmic fraction were obtained. The
latter contained the soluble proteins as well
as the mitochondria and microsomes. All
operations were performed at temperatures



