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Sulfonated lignins exist in large amounts in the waste sulfite liquor which is ob-
! tained as a by-product from the manufacture of paper pulp from wood (Braun,
1952). Preliminary experiments in this laboratory indicated that these sulfo-
nated lignins possessed heparin-like anticoagulant activity. The existence of
such sulfonated Lignins in the waste sulfite liquor presents an abundant source of
potentially active anticoagulant drugs. The present report is concerned with the
fractionation of the sulfonated lignins as well as the investigation of the anti-
coagulant action and acute toxicity.

MATERIALS AND METHODS. Preparation of the sodium lignin sulfonate fractions: Com-
mereial caleium base waste sulfite liquor was received directly from the digestors at the
pulp mill. The fractions were prepared by a method similar to that described by Markham,
Penniston and MeCarthy (1949). Six liters of the erude liquor were stripped of dissolved sul-
fur dioxide by boiling and were then put through an ion exchange resin (Dowex # 50) con-
verting the caleium base lignins to the freeacids. All ether soluble material was extracted
using a continuous extraction apparatus. The ether was stripped from the solution with air
and the lignins were converted to the barium salts by the additionof barium carbonate. Suffi-
! cient ethyl alcohol was added stepwise to precipitate up to a total of approximately 50
per cent of the total dissolved lignins as determined by ultraviolet optical density. Fractions
of the precipitate were obtained as the precipitation was conducted with increasing amounts
of alcohol. Fractions one and two were originally separated as a single fraction and then
separated by additional alcohol fractionation from a water solution. All fractions were
purified by redissolving the precipitate in water, centrifuging to remove excess barium
sulfate and carbonate and reprecipitating from aqueous solution by aleohol. The precipi-
tates were then dissolved separately in water and passed through the ion exchange column
converting the barium salts to the sodium salts. The fractions were then reprecipitated
; from aqueous solution by the addition of 70 to 80 per cent by volume of acetone. The super-
natants were discarded and the precipitates were vacuum dried. The fractions then con-
! sisted of the lgnin sulfonates as the sodium salts. All procedures were conducted at room
temperature. Throughout the procedure when the solution was allowed to stand over-
night, toluene was added to saturation to prevent bacterial and fungus growth,

In vitro delermination of anticoagulant action: A modified procedure for the determination
; of antithrombin activity was used. Oxalated human blood plasma was obtained from a
| single donor just prior o each test. Two-tenths ml. of plasma was added to 0.2ml. of water,
; or of aqueous solution of the material to be tested for antithrombin activity in a concen-
tration of 50 and 100 microgm. per ml. The mixture was incubated at 37°C. in a water bath
for one hour. At the end of this time 4.0 units of thrombin in 0.6 ml. of water was added
to each tube. The time required for the first sign of formation of fibrin threads to appear
\ in the tube was taken as the clotting time for that tube Duplicate determinations were
made in each test.

1 This study was aided by grants from Eli Lilly and Company, Indianapolis, Indiana
and by funds received through Initiative 171, State of Washington.
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In vivo deferminalion of anticoagulant activity: Mature mongrel dogs were used through-
out the experiments. Clotting times were done according to the Lec and White method
(1013). After the determination of control elotting time of blood obtained from the foreleg
vein, the dogs were intravenously injected with the fraction of the sodium lignin sulfonate
dissolved in water. The clotting fime of the dogs blood was followed for the subsequent
36 hour period.

Resvrrs. The properties of the various sodium lignin sulfonate fractions are
summarized in table I. A total of 48.9 per cent of the dissolved lignins in the
original sulfite Hquor is represented by the five fractions.

TABLE 1

Characlerization of the sodium lignin sulfonale fraclions. Duplicale deferminations for
sulfur departed not more than 0.05 per cent from the average. The % solids represent the per
cent of total weight of the ultraviolet absorbing solids from the original waste sulfite Liquor.
Weight % of ethanol was caleulated assuming just an ethanol-water mixture. The diffusion
goeﬁcient.s were determined by the solution to gel method of Felicetia et al. (1949) at 25°C. in
0.2 M potassium chloride solution. The molecular weights were calculated from the diffusion
coefficients using the Binstein-Sutherlond formula and assuming that the molecules are spheres.

TRACTION WEIGHT 9, SOLIDS l % v;:zrlgt:on 9 SULFUR cg;f;gggir m:;‘:ﬁ;f:x
|
i £ £m. | [ mm./day
1 33.6 4.9 5.72 4.3 310,000
2 38.6 10.2 39.4 5.91 5.5 150,000
3 41.2 9.3 42.6 6.24 7.1 68,000
4 68.7 11.6 48.2 6.72 8.8 36,000
5 73.6 12.9 55.3 6.690 10.8 20,000
TABLE 2
The intravenous LD sy in mice of the sodium Lignin sulfonate fractions
TFRACTION LDW (MeAL/XGAL) 19/20 CONFIDENCE LIMITS
1 97 92-102
2 128 105-156
3 191 181-212
4 730 541-986
& 5 1006 938~1068
Heparin Na 2010 1218-3319
41 The intravenous LD;, in mice of the various fractions is presented in table 2.

The LDso increased as the molocular weight of the lignins represented by the
p fractions decreased. With the exception of fractions four and five the 19/20 con-
o fidence limits of each fraction, according to the method of Litehfield (1949), indi-
; cate that the LDsy’s are significantly different. Death did not usually occur until
twelve to twenty-four hours following the injection. Respiratory failure was ap-
2 parently the ultimate cause of death in the mice, however, an occasional animal
showed with larger doses repeated bleeding arising from the site of injection or
! grossly bloody stools and bloody urine.

Table 3 represents the #n vitro anticoagulant action of the fractions. Fractions
one and two are more active than heparin at a concentration of 100 microgm. per
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ml. than they are at a concentration of 50 microgm. per ml. Fractions three, four,
and five are less active than heparin but have about the same relative activity

to heparin irrespective of whether they are tested at the 100 microgm. per ml. or
the 50 microgm. per ml. concentration,

TABLE 3 '
In vitro activily of sodiwm lignin suljonate fractions and of sodium heparin. Activity determined

as antithrombin aclivity, Fraction/Heparin activity ratio caloulated as: clotiing time with
Fraction divided by clotting time with heparin

. - - FRACTION/BEPARIN,
ATy CovETRATIONS | SCENVIEY BaTIO,
ANTICOAGULANT (anacrogar./uL.) (MECROGAL/ML.)
0 50 100 50 - 100
CHLEDATIN. e 9.3 26.2 79.5 2.3 10
Fraction I. ... ... 9.3 60.9 1000
TLEPATID. v v s it 9.2 30.0 83.2 1.5 4.6
Fraction II 9.2 43.9 381.7
Heparin....ooovveiniiiiiiiienn, 8.1 2.1 57.7 0.8 0.9
Fraction IIT. .. .. ... ... oohns 8.1 18.6 48.5
Heparin 9.5 39.7 94.1 0.5 0.5
Fraetion IV.. 9.5 18.0 45.2
Teparin......oooovviiiiinneni . 8.5 31.3 57.0 0.3 0.2
Traction V..o iiriiiiieiinnnns 8.5 10.5 12.8
_ TABLE 4

In vivo activity of sodium lignin sulfonate fractions. Dose of each fraction was 16 mym. per
kgm. administered intravenously. Per cent increase in clotiing time colculated from each
animal’s own control. Each Jigure represenis the mean and standard deviation of effect on
five dogs

% Inerease in Clotting Time

640 =+ 334 | 400 £ 295 . 300 = 120 | 130 = 43 70 &+ 38 40 == 21 | 34 4= 20
783 == 510 | 600 £ 274 | 240 = 116 | 90 =+ 40 47 + 22 26 = 10 | 14 £ 14
50 = 10 30+ 14 22 + 13 0 ’

z TIME AFTER INJECTION (EOURS)

g

é 1 2 4 8 16 24 32

1 >1000 > 1000 >1000 >1000 66 £ 20 0

2 >1000 >1000 >1000 405 £ 235 | 260 + 150 | 129 == 83 | 51 =& 29
3

4

5

In the intact dog all of the fractions showed definite anticoagulant action.
Table 4 indicates the duration of anticoagulant action following a single
intravenous injection. Anticoagulant action following the injections was maximal
within ten minutes. The order of intensity of activity of the fractions was the
same as that observed in the in vitro experiments.
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The effect of fraction three on the coagulation time was studied further in three
additional groups of five dogs each. The results are presented in figure 1. There
is a divect relationship between the dosage of the fraction and the intensity of
effect on coagulation time and duration of action. Additional experiments
showed that protamine sulfate is capable of reverting to normal the prolonged
clotting time induced by the sodium lignin sulfonate. This evidence together
with the #n vitro anticoagulant results infer that the anticoagulant action of the
lignin sulfonates is heparin-like in nature since the ability of protamine to
block heparin anticoagulant action is a well recognized phenomenon.
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Fia. 1. Effect of various doses of fraction three of the lignin sulfonates on the coagulation
time of intact dogs. The curves represent the mean effect on five dogs at each dosage level.

All animals completely recovered from the injections and there was no evidence
of gross systemic malfunction. Some of the dogs were followed for three months
following the injections. However, all of the fractions induced in some of the dogs
a brief period of vomiting and/or defecation, some instability when standing, and
a general sedative effect. These acute toxic effects became evident in five to ten
minutes following the injection and lasted for twenty to thirty minutes following
which the dogs again grossly appeared to be normal. This brief acute toxicity was
seen most frequently in the animals receiving fractions one, two, and three and
less frequent with fractions four and five. A series of four anesthetized animals
showed no acute toxic symptoms; however, the first injection produced a marked
but brief depressor response. Subsequent injections of the fraction in the same
animal resulted in no depressor response.
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DiscrssioN. Astrup and Piper (1946) investigated synthetic polysaccharide
sulfate esters and found that although they were active anticoagulants, they
caused precipitation of plasma fibrinogen. In the present experiments all blood
samples obtained from intact animals which had been administered the lignin
sulfonate fractions eventually did form a firm clot. This would indicate that if a
reaction between the sulfonated lignins and fibrinogen took place in the intact
animals it resulted in a loose combination and did not result in the breakdown or
precipitation of fibrinogen. The ability of protamine to antagonize the antico-
agulant action of the lignin sulfonates further indicates that if a reaction with
plasma protein oceurred as a result of the affinity of the sulfate ions with fibrino-
gen, the combination represented a readily reversible one.

The present experiments demonstrate a positive direct relation between lethal
toxicity (and acute toxicity} and the molecular weight. This is similar in nature
to the results described by Halse (1950) on synthetic sulfate polysaccharides.
Also the present experiments demonstrate a positive direct relationship between
molecular weight and anticoagulant activity.

Because of the well recognized absence of untoward acute toxicity to heparin,
the acute toxicity observed following the use of the sulfonated lignin fraetions in
the present studies makes them unsatisfactory for immediate future use as substi-
tutes for heparin in clinical anticoagulant therapy. However, because of the
abundanece of the waste sulfite liquor obtained in the commercial production of
paper pulp and the ease by which highly potent anticoagulant material may be
obtained it may serve the purpose of laboratory use in animal experimentation
at the present time.

CONCLUSION

Commercial sulfite liquor which is a waste product from the manufacture of
paper pulp from wood was investigated for the presence of active anticoagulant
agents. The sulfite liquor was fractionated and a series of sulfonated lignins was
obtained. All of these fractions showed anticoagulant activity, some acute tox-
icity but no obvious delayed toxicity.

The authors wish to acknowledge the kind advice and assistance of Dr. Joseph
L. McCarthy and Mr. Vincent Felicetta of the Department of Chemical Engi-
neering, University of Washington with respect to the preparation of the sulfo-
nated lignin fractions. The crude waste sulfite liquor was kindly supplied by Mr.
Adolf Orup of the Soundview Division, Scott Paper Company, Everett, Wash-
ington.
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