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Mechanism of Ancrod Anticoagulation

A DIRECT PROTEOLYTICEFFECTONFIBRIN
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A B S T R A C T Fibrin formed in response to ancrod, rep-
tilase, or thrombin was reduced by P-mercaptoethanol and
examined by sodium dodecyl sulfate polyacrylamide gel
electrophoresis. It was found that ancrod progressively
and totally digested the a-chains of fibrin monomers at
sites different than plasmin; however, further digestion
of fibrin monomers by either reptilase or thrombin was
not observed. Highly purified ancrod did not activate
fibrin-stabilizing factor (FSF); however, the reptilase
preparation used in these experiments, like thrombin, ac-
tivated FSF and thereby promoted cross-link formation.
Fibrin, formed by clotting purified human fibrinogen with
ancrod, reptilase, or thrombin for increasing periods of
time in the presence of plasminogen, was incubated with
urokinase and observed for complete lysis. Fibrin formed
by ancrod was strikingly more vulnerable to plasmin di-
gestion than was fibrin formed by reptilase or thrombin.
The lysis times for fibrin formed for 2 hr by ancrod, rep-
tilase, or thrombin were 18, 89, and 120 min, respectively.
Evidence was also obtained that neither ancrod nor rep-
tilase activated human plasminogen. These results indi-
cate that fibrin formed by ancrod is not cross-linked and
has significantly degraded a-chains; as expected, ancrod-
formed fibrin is markedly susceptible to digestion by
plasmin.

INTRODUCTION

Ancrod (Arvin)' and reptilase 2 are the purified coagu-
lant enzymes which can be isolated from the crude venoxns
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of the Malayan (Agkistrodon rhodostoma) and South
American (Bothrops atrox) pit vipers, respectively (1,
2). Both purified coagulants are known to cause a
marked lowering of the plasma fibrinogen by converting
it to fibrin which in turn, is assumed to be rapidly di-
gested by plasmin before significant vascular occlusion
and organ dysfunction occur (3-10). Of the two prepara-
tions, ancrod has been more extensively studied in hu-
mans, and to date, there appears to be very few throm-
botic, hemorrhagic, or allergic complications associated
with its use (5, 6, 11-17). As a result of such observa-
tions, attention has been focused on these two venom en-
zymes for their potential usefulness in acute thromboem-
bolic disorders.

Both enzymes act similarly to thrombin by catalyzing
the formation of a fibrin clot when added to whole plasma
or solutions of purified fibrinogen (1, 18-20). Thrombin
cleaves fibrinopeptides A and B from the amino termini
of the a (A) - and ,( B) -chains of fibrinogen, respectively,
whereas ancrod and reptilase cleave only fibrinopeptide
A from the a(A)-chains (21-23). Ancrod does not ap-
pear to activate fibrin-stabilizing factor (FSF)3 and
therefore promotes the formation of only soluble, non-
cross-linked fibrin (24); however, data for reptilase sug-
gest that it does activate FSF and thus initiates insolu-
ble, cross-linked fibrin formation (25). Until recently
(26-28) it was believed that ancrod or reptilase cleaved
only fibrinopeptide A from fibrinogen and that neither
enzyme exerted any further direct proteolytic effect on
the fibrin monomer (22, 24, 29). Furthermore, results
of other investigators suggested that neither of the en-
zymes affects other clotting factors and neither activate
plasminogen ( 6, 15, 19, 29). Thus, to date, the in vivo
fibrinogenopenic effect of ancrod has been attributed to

2 Supplied as Defibrase, Pentapharm, Ltd., Basel, Switzer-
land.

'Abbreviations used in this paper: FSF, fibrin-stabilizing
factor; SDS, sodium dodecyl sulfate.
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intravascular fibrin fornmation which in turn evokes an
enhanced blood fibrinolytic state (4, 6, 12, 30). Both the
increased fibrinolysis and the reticuloendothelial system
are thought to be important in the clearance of such
intravascular fibrin (31). Because increased clinical use
is anticipated, studies aimed at defining or clarifying the
mechanisms of action of these enzymes seemed essential.

In the studies which we wish to report here, polyacryla-
mide gel electrophoresis in the presence of sodium do-
decyl sulfate (SDS) has been used to study fibrin formed
when ancrod, reptilase, or thrombin was added to purified
human fibrinogen. This technique has also been used to
determine if ancrod or reptilase activates highly purified
FSF and plasmninogen. In addition, the degradation of
ancrod-, reptilase-, and thrombin-formed fibrin by plas-
min has been studied. Besides releasing fibrinopeptide A,
it was found that ancrod, unlike reptilase, markedly
degraded the a-chains of fibrin monomers and thereby
significantly increased the susceptibility of such fibrin to
digestion by plasmin. Neither enzyme appeared to have a
direct proteolvtic effect on previously formed cross-linked
fibrin.

METHODS
Idcagcnts. Human fibrinogen, fraction 1-2 (95% clotta-

ble), was prepared by the method of Blombdck and Blom-
balck from fresh frozen plasma (32). After purification, this
fibrinogen still contained sufficient FSF to yield fully cross-
linked fibrin (33). Human thrombin, kindly supplied by Dr.
D. L. Aronson, Division of Biological Standards, National
Institutes of Health, was dissolved in 0.05 M Tris * HC1
0.15 AI sodium chloride, pH 7.4, buffer (hereafter referred
to as tris buffer) to give a concentration of 25 NIH U/ml
and stored at 4'C. Purified human FSF was prepared as
recently reported (34) and was dialyzed into 0.005 M Tris -

HCl-0.0001 sf EDTA, pH 7.5, buffer and then diluted to
give an absorbance of 1.0 at 280 nm. Urea-treated fibrinogen
was prepared as previously described (35), except that the
concentration of fibrinogen was 5 mg/ml in tris buffer. This
solution was then stored at -200C. Human plasminogen
was prepared according to the method of Deutsch and
Mertz (36). Plasminogen purified by this method showed
a SA of 20 CTA U/absorbance U at 280 nm. After chro-
matography the protein was dialyzed extensively against
distilled water to remove salt, lyophilyzed, and stored at
-200C. In this preparation no autoactivation could be de-
tected even after 1 yr as judged by SDS-gel electrophoresis
of reduced plasminogen. For use in this study a 2.0 mg/ml
plasminogen solution was prepared in tris buffer and used
immediately as described below. Human urokinase (Calbio-
chem, San Diego, Calif.) was dissolved in tris buffer to
give a final concentration of 460 Ploug U/ml and stored
at -20'C.

In several studies freshly collected whole plasma was
used. Either heparin or 3.5% sodium citrate was used as
the anticoagulant for the blood samples. The blood samples
were immediately centrifuged at 2000 g for 20 min after
which the plasma was removed and used immediately. No
spontaneous clotting was observed in plasma containing
either type of anticoagulant during the course of the experi-
ments (at least an 8 hr observation period). A solution of

reptilase (Pentapharm, Ltd.) was used as supplied. The
addition of 40 Al of this solution to 1 ml of either heparin
or citrate-anticoagulated plasma gave a clotting time of
about 170 sec. Three different ancrod preparations were
used and will be designated as follows: ancrod 1 (struc-
turally pure) was supplied as a 67 U/ml solution with a
SA of 1500 U/absorbance unit at 280 nm; ancrod 2 con-
tained 100 U/ml at a SA of 1500 U/absorbance unit; and
ancrod 3, which was a further purified preparation of ancrod
2, contained 1600 U/ml at a SA of 2200 U/absorbance unit.

Fibrin formation by thrombin. ancrod, and reptilase.
Studies were performed with purified fibrinogen which con-
tained FSF and urea-treated fibrinogen which lacked FSF
activity. In either case a stock solution of fibrinogen con-
taining 5 mg/ml was prepared in tris buffer. Portions of
0.2 ml were then clotted by one of the following reagents:
20 Al of purified human thrombin, 25 ,l of reptilase, 15 ,A1
of ancrod 1, 10 !l of ancrod 2, or 5 ,Al of ancrod 3. Where
indicated, 5 ul of 0.8 M calcium chloride was added to the
fibrinogen solution before the addition of one of the above
enzymes. After mixing, the tubes were allowed to stand
for the following time periods: 0, 5, 10, 15, 30, 60, 120, 240,
480, 720 min, and 24 hr. At the end of the incubation times
the fibrin was washed with a large volume of 0.15 M sodium
chloride in a Petri dish, blotted on Whatman 1 filter paper
to remove as much fluid as possible, and then dissolved in
1.0 ml of 5 M urea-2% SDS-2%o 8-mercaptoethanol in 0.01
Ai sodium phosphate buffer, pH 7.15. After an overnight
incubation in the dispersing agent, each sample was electro-
phoresed on polyacrylamide gels in the presence of SDS.

Ancrod treatment of completely cross-linked fibrin. Fibrin
was prepared by the addition of purified human thrombin to
purified human fibrinogen as described above. In all cases,
calcium chloride was present and the samples were allowed
to clot for 3 hr so that complete -y-dimerization and exten-
sive a-polymerization occurred (33). Following the addition
of 15 ul of ancrod 1 or 5 ,ul of ancrod 3, to each of the
0.2-ml fibrin samples, the clot was loosened from the test
tube wall and allowed to incubate for 0, 5, 15, 30, 60, 120,
240, 480 min, and 24 hr. The clots were then washed in a
large volume of 0.15 M sodium chloride, blotted, and dis-
solved in 1.0 ml of 5 M urea-2% SDS-2% O-mercaptoethanol
- 0.01 MI sodium phosphate buffer, pH 7.15. After overnight
incubation at room temperature, the samples were electro-
phoresed on SDS gels.

Formation of fibrin from plasma by thrombin, ancrod, and
reptilase. 1-ml portions of citrated plasma or 1-ml por-
tions of heparinized plasma were clotted by either 20 jd of
purified thrombin, 40 Al of reptilase, 30 ,l of ancrod 1, 20
,Iu of ancrod 2, or 5 A.l of ancrod 3, and allowed to stand for
4 hr at room temperature. During this time the heparinized
plasma sample to which thrombin had been added did not
clot. All other samples clotted in 3 min or less. Each fibrin
clot was washed and blotted as described above and dis-
solved in 1.0 ml of 5 M urea-2%o SDS-2% P-mercapto-
ethanol, 0.01 sodium phosphate buffer, pH 7.15, and electro-
phoresed on SDS gels after overnight incubation at room
temperature.

Incubation of plasininogen with thronibin, ancrod, reptilase,
and urokinase. A 10 Al sample of the purified plasminogen
solution was treated with either 50 ul of purified human
thrombin, 50 ,l of reptilase, 50 ,ul ancrod 1, 50 ul of ancrod 2,
10 ,Iu of ancrod 3, or 20 ,ul of urokinase. In those samples hav-
ing less than 60 Al total volume, tris buffer was added to make
up the difference. After a 2 hr incubation at 370 C, the
reactions were terminated by adding 60 Ml of 10 Mr urea-
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2% SDS-2%o p-mercaptoethanol. After overnight incubation
at room temperature the samples were electrophoresed.

Inciibation of plasma FSF Zvvogen with thrombin, ancrod,
or reptilasc. The putrescine-"C assay (37, 38) was used to
determine if the two venom enzymes activated plasma FSF.
In this test, the amount of putrescine-"C' (New England
Nuclear, Boston, Mass.) incorporated into casein (Worth-
ington Biochemical Corp., Freehold, N. J.) by activated
FSF is quantitated. The assay was modified so that plasma
FSF zymogen was preincubated with either thrombin,
ancrod, or reptilase. 70 /4g of FSF in a volume of 200 IuI
was incubated with either 4 U of thrombin, 2 U of ancrod
1, 2 U of ancrod 2, or 3 U of reptilase. The concentrations
of thrombin, the ancrod preparations, and reptilase used in
these studies were adjusted so that each gave identical clot-
ting times when added to a standard fibrinogen solution.
After incubation for 30 min, a portion of the preincubation
mixture was assayed for FSF activation as originally de-
scribed (37, 38).

It has been shown that thrombin activates plasma FSF by
cleaving a 4000 mol wt peptide from the a-chain of the
zymogen (34). Since this molecular weight change can be
detected easily by SDS-gel electrophoresis, this method was
also used to evaluate the effect of ancrod or reptilase on
highly purified plasma FSF zymogen. Thus at 30 min and
again at 120 min, 40-/il portions were removed from the
preincubation mixtures and were added to 40 gtl of 9 Ai
urea-2% SDS-2%o 6-mercaptoethanol in 0.01 Ai sodium
phosphate buffer, pH 7.1, in order to stop the reaction and
to prepare the samples for SDS-polyacrylamide gel elec-
trophoresis.

Sutsceptibility of fibrin, formed by thrombin, ancrod, and
reptilase to plasmin, degradation. Fibrin was prepared as
described above using 0.2-ml portions of fibrinogen solution
with either 20 /Al of purified thrombin, 25 1.d of reptilase,
or 15 gl of ancrod 1. Both the thrombin and reptilase clots
were prepared in the presence of calcium. In these experi-
ments, calcium was not added to the ancrod-clotting mix-
tures since ancrod 1 catalyzes the formation of only non-
cross-linked fibrin whether or not calcium is present. All
samples were clotted for 5, 15, 30, 60, 120, 240, and 480
min. In addition, soluble noncross-linked fibrin was pre-
pared by clotting urea-treated fibrinogen with thrombin for
120 min in the absence of calcium. At the end of the different
times, each fibrin clot was dislodged from the test tube wall
as 20 pl of urokinase solution was added and the time
required for complete clot lysis was recorded.

SDS-gel electrophoresis. Polyacrylamide gel electropho-
resis was performed essentially as described previously (39,
40). Throughout this study 7.5% gels were used and the
gel tubes were 10 cm in length and 0.6 cm in diameter.
Bromophenol blue was used as a marker in all cases. A
load of approximately 25 jig of protein was applied to each
gel. In order to calculate molecular weights, the following
standards were used in each gel run (molecular weight in
parentheses): phosphorylase A (92,500), transferrin (77,000),
albumin (67,000), catalase (60,000), ovalbumin (43,000),
pepsin (35,000), and chymotrypsinogen A (26,000).

RESULTS
Fibrin formation by ancrod and reptilase. Fig. 1 shows

the effects of ancrod 1 on fibrinogen with time in the
absence of calcium. The time course in Fig. 1 shows that
the a-chains were completely degraded and concom-
mitantlv. two bands of 38,000 and 33,000 mol wt ap-

MW

a-Con-A AiChin_,000
$(B) chain-__ 56.000

S--1 ---~-~t t47.000

33.000

27,000

0 4 .8 24

FIGURE 1 Reduced SDS-gel electrophoretic patterns of
fibrin formed by ancrod 1 for the time periods shown be-
neath the gels. The a fr alar, and a"'.a are cleavage prod-
ucts resulting from degradation of the a-chains by ancrod.

peared. With time, the 33,000 mol wt species underwent
further degradation to the lower molecular weight spe-

cies seen on the gels. Neither P-chain nor v-chain was

degraded. When calcium was included with ancrod 1 in
the clotting mixture, 'y-dimer and a small amount of
a-polymer formation occurred. As in the absence of cal-
cium, however, the a-chains of fibrin monomers were de-
graded by ancrod to the major cleavage products, the
38,000 and 33,000 mol wt species. When FSF-contami-
nated fibrinogen was clotted by ancrod 1 in the presence

of calcium, it is to be emphasized that the cross-linking
observed was not due to FSF activation by ancrod. In-
stead, this amount of cross-linking could easily be ac-

counted for by contaminant procoagulant activity in the
purified fibrinogen (41) which was demonstrated when
solutions of Blombick I-2 and I-4 purified fibrinogen
clotted in 3-5 hr after the addition of calcium only. After
reduction, analysis of such fibrin by SDS electrophoresis
showed that by 8 hr, complete y-dimerization, and to a

lesser extent, a-polymerization occurred. In contrast,
when a FSF-activating enzyme was included in the
clotting mixture, both the rate and quantity of y-dimer
and a-polymer formation was markedly increased. An-
crod 2 gave the same degradation pattern as ancrod 1;
however, ancrod 2 contained a contaminant, which in the
presence of calcium, caused sufficient FSF activation
to catalyze significant amounts of y-dimer and a-polymer
formation at 120 min. Ancrod 3, a more highly purified
preparation of ancrod 2, caused less cross-link formation
and gave results more similar to ancrod 1.

Fig. 2 shows the gel patterns obtained when reptilase
was substituted for ancrod in the presence of calcium.
The first gel in Fig. 2 depicts the effect of reptilase and
calcium on FSF-free fibrinogen (urea treated). From
this gel, it is clear that reptilase did not directly catalyze
cross-link formation between fibrin monomers. On the
other hand wheni FSF and calcium were both present, it
can be seen that cross-links formed between fibrin mono-

mers in a manner analogous to that catalyzed by throm-
bin-activated FSF. While the rate of FSF activation by
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FIGURE 2 Reduced SDS-gel electrophoretic patterns of

fibrin formed for 8 hr by reptilase (R) or thrombin (T)

in the presence of calcium and in the absence or presence

of FSF. The first two gels show reduced reptilase-fibrin
and thrombin-fibrin in the absence of FSF;-no cross-linking

occurred. The second two gels show that in the presence of

FSF, a large amount of -y-dimer and a-polymer formation

occurred. The minor bands beneath the -y-monomer area

have different mobilities than the a,,-fragments, but the

same mobilities as fragments lysed by plasmin.

reptilase was slightly slower since even at 10 min,
,y-dimerization was not complete, a-polymer formation

did not appear to be significantly delayed, with maximal

fornmation occurring at 120 mmn.

It is important to note that throughout the time course

of fibrin formation by reptilase, a-chain degradation did

not occur as with ancrod. Fig. 3 compares the reduced

SDS-electrophoretic patterns of fibrin formed for 8 hr by

ancrod (gel a), reptilase in the absence of calcium (gel

b) and reptilase in the presence of calcium (gel c). The

final pattern (gel d) depicts the reduced digestion prod-

ucts which result when fibrinogen is incubated with

plasmin for 15 min (42). In order to maximize the vis-

a b C d

a-Polymer-IM

SJ3(B
-or

low MWpeptides

FIGURE 3 Reduced SDS-gel electrophoretic patterns of

fibrin f ormed for 8 hr by ancrod 1 (gel a), reptilase in

the absence of calcium (gel b) and reptilase in the presence

of calcium and FSF (gel c). For comparison a 15 min
digest of fibrinogen by plasmin is shown (gel d). The ter-

minal plasmin digestion product 13" seen on gel c and gel d

has a different mobility than the terminal ancrod digestion

product a'ar seen on gel a.

a-polymer--W--_

-di er-

0 4 8
HOURS

FIGURE 4 Reduced SDS-gel electrophoretic patterns of
fully cross-linked fibrin which was then incubated with
ancrod 1 for the time periods shown beneath each gel. The
a-chain cleavage products originate from residual a-monomer
and not a-polymer.

ualization of cleavage products which might result from
direct proteolysis of fibrin monomers by reptilase, the
concentration of this enzyme in this experiment was in-
creased 10-fold. Under these conditions reptilase-formed
fibrin showed evidence of significant degradation in the
presence of calcium; however these degradation products
had mobilities essentially identical with those resulting
from plasmin degradation of fibrinogen. It should be
noted that a 13' (B)-band is shown on gel d which does
not align with any band in the reduced pattern of the
plasmin digest of reptilase-formed fibrin. This is easily
explained by the fact that the 13' (B)-band is seen only
during plasmin digestion of fibrinogen; however, during
plasmin digestion of any type of fibrin, whether non-
cross-linked or cross-linked and whether formed in re-
sponse to thrombin, ancrod, or reptilase, the ,8-chain or

3(B)-chain is degraded directly to the 1"-band (43) as
shown on gel c. In the case of ancrod, the degradation
products arising during fibrin formation had mobilities
that were clearly different from those resulting from
fibrinogen or fibrin degradation by plasmin (42, 43).

Ancrod treatment of completely cross-linked fibrin.
Completely cross-linked fibrin was prepared by the addi-
tion of human thrombin and calcium to fibrinogen con-
taining contaminant FSF. These samples were then in-
cubated with either ancrod 1 or ancrod 3. The results
were the same for both preparations. Fig. 4 shows the
SDS-gel electrophoretic patterns from the experiment
performed with ancrod 3. It is apparent that a-polymer
is not degraded by ancrod. The presence of the 38,000
and 33,000 mol wt a-chain cleavage products can be ac-
counted for by the disappearance of the residual mono-
meric a-chains which were not incorporated into the
a-polymer. Examination of 24-hr samples still revealed
a-polymer to be present. but minimally diminished in
intensity. This was due to slow fibrin degradation by
trace amounts of contaminating plasmin (43) and was
not due to ancrod digestion as recently suggested by other
investigators (27).

Formation of fibrin from plasma by ancrod and rep-
tilase. Table I shows the clotting times for both heparin-
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ized and citrated plasma clotted by ancrod, reptilase, or
thrombin. As previously reported, heparin has little or
no effect on fibrin formation in response to reptilase or
ancrod (19, 20). Not only does heparin inhibit fibrin
formation by thrombin, but it also prevents FSF acti-
vation by thrombin. Therefore the ability of ancrod or
reptilase to activate plasma FSF can be tested in heparin-
ized plasma. The SDS-gel patterns of fibrin obtained by
clotting heparinized plasma with ancrod or reptilase are
shown in Fig. 5. At the concentration used, thrombin did
not induce clotting of the heparinized plasma even after
8 hr and therefore no gel is shown. As can be seen all
ancrod preparations degraded a-chains in heparinized
plasma. Most notably, neither y-dimer nor a-polymer
formation was catalyzed by ancrod 1. However both an-
crod 2 and reptilase clearly promoted y-dimer and
a-polymer formation in the presence of heparin. Ancrod
3 catalyzed only a slight amount of 'y-dimer formation.

Incubation of plasminogen with thrombin, ancrod,
reptilase, and urokinase. Since indirect evidence sug-
gested that the venom enzymes do not activate plasmino-
gen (6, 14, 29), the effect of ancrod and reptilase on
purified human plasminogen was examined. Fig. 6 shows
the reduced SDS-gel electrophoretic patterns for plasmin-
ogen alone, plasminogen incubated with either thrombin,
ancrod, or reptilase and plasmin formed by the action of
urokinase on plasminogen. The plasminogen sample incu-
bated with urokinase clearly shows that plasminogen ac-
tivation has occurred as evidenced by the appearance
of the heavy and light chains of plasmin (44). However
when purified plasminogen was incubated with thrombin,
ancrod, or reptilase, plasminogen activation did not occur.

Incubation of plasma FSF with thrombin, ancrod, and
reptilase. Fig. 7 shows the SDS-gel patterns of re-
duced samples of plasma FSF after incubation with the
various enzymes. As previously reported (34), gel, a
shows the overlap of the a and b-chains of reduced plasma
FSF zymogen. Gel b shows that with activation by
thrombin the a-chain decreases in molecular weight and
is then designated a'-chain. Gel c clearly shows that
ancrod 1 does not activate plasma FSF. Gel d shows

TABLE I
Clotting Times of Citrated or Heparinized Plasma

Clotting times

Citrated Heparinized
Enzyme plasma plasma

sec sec

Thrombin, human 50 No clot at 8 hr
Reptilase 165 170
Ancrod 1 60 60
Ancrod 2 150 160
Ancrod 3 10 10

a b C d
a-polymer

e........

r-dimner -

aor

FIGuaz 5 Reduced SDS-gel electrophoretic patterns of

fibrin formed from heparinized plasma by ancrod 1 (gel a),.

ancrod 2 (gel b), ancrod 3 (gel c), and reptilase (gel d).

that a small amount of activation occurred with reptilase

and gel e shows what appears to be complete FSF ac-

tivation by ancrod 2. In the putrescine-'4C assay (37,

38), the degree of FSF activation by these enzymes

paralleled the amount of a'-chain formation as shown on

the SDS gels. While frequently not appreciated (27),

it should be noted that neither thrombin, reptilase, nor

the ancrod 2 and 3 preparations require calcium for the

activation of FSF. However ionized calcium is required

by activated FSF as a cofactor during the catalysis of

e(,Y-glutamyl) -lysine cross-link formation between fibrin

monomers (45).

Susceptibility of fibrin formed by thrombin, ancrod,

and reptilase to plasmin degradation. Fibrin was al-

lowed to form for different periods of time after the ad-

dition of ancrod 1, reptilase, or thrombin to a fibrinogen

solution which contained contaminant FSF and plas-

minogen. At the end of each time period, a trace quan-

tity of urokinase was added to each fibrin clot and the

time of complete lysis was recorded. Fig. 8 shows a

marked increase in susceptibility of ancrod clots to

plasmin digestion and this correlated well with the degra-

dation of the a-chains by ancrod. The flattening of the

lysis curve occurred at a time when approximately 75%

of the a-chains had been degraded. On the other hand,
only a slightly increased tendency to lyse with duration
of clotting was observed for fibrin formed by reptilase.

a b d e

HEAVY
CHAIN

JO.. l
LIGH.CHAINe

Plsmi n)

FIGURE 6 Reduced SDS-gel electrophoretic patterns of
plasminogen (gel a); plasminogen incubated with thrombin
(gel b), reptilase (gel c) or ancrod 1 (gel d), and plas-
minogen activated to plasmin by urokinase (gel e).
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a-ond
b-chains--I I b-chain---

a'-nchain--

C d

a- and
b - chains--- 410

e

a-and
b-chains b- b-chain--
a -chain-' a-chain-

FIGURE 7 Reduced SDS-gel electrophoretic patterns of purified FSF. Gel a shows the over-
lapping mobilities of the a- and b-chains of plasma FSF zymogen. Gel b shows the drop in
molecular weight of the a-chain to give the a'-chain when FSF is activated by thrombin. Gel c
shows that ancrod 1 does not cause FSF activation as evidenced by the absence of a'-chain.
Gel d shows a small amount of a'-chain when plasma FSF is incubated with reptilase. Gel e
shows essentially complete FSF activation by ancrod 2.

Cross-linked fibrin formed in response to thrombin
showed a decreased susceptibility to lysis by plasmin
over the 8 hr time course. It should be noted that the
first point shown on the thrombin curve is soluble fibrin
and is designated as zero time since it contains no cross-
links. In accord with an earlier suggestion (35), those
fibrin clots containing maximal a-polymer formation
(at 2 hr) were the most resistant to lysis by plasmin.

DISCUSSION

Human fibrinogen can be represented by the subunit poly-
peptide formula, (a[A]4[B]-y)2, where A and B repre-
sent the small fibrinopeptides cleaved by thrombin to
give rise to fibrin monomers, (a#PY)2. These monomers
then align through noncovalent interactions to form a
fibrin clot that is readily soluble in dispersing agents
such as dilute acids, 5 M urea or 1% SDS. In the pres-
ence of calcium ion and FSF which has been activated
by thrombin, covalent cross-links are formed between
fibrin monomers. Each fibrin monomer contains ap-
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FIGuRE 8 Relationship of lysis time to the duration of fibrin
formation by thrombin, reptilase, and ancrod 1.

proximately four to six such potential cross-links sites
(46). Initially a pair of cross-links are rapidly formed
between Y-chains of different fibrin monomers to give
rise to -t-dimer formation; more slowly, several a-chains
of different fibrin monomers are cross-linked to give
rise to a-polymer formation (33). As a-polymerization
progresses, the fibrin becomes completely insoluble in
the above solvents and is then termed fully cross-linked
fibrin.

Unlike thrombin, ancrod and reptilase are reported to
cleave only fibrinopeptide A from fibrinogen; in addi-
tion ancrod partially degrades fibrinopeptide A (22-24).
Neither cleaves fibrinopeptide B, but despite this, fibrin
formation still occurs rapidly. In vivo such fibrin is
rapidly cleared and this has been attributed to lysis by
plasmin (30, 47), since no further direct proteolytic ef-
fect of ancrod on fibrin could be demonstrated (22, 24,
29), and to phagocytosis of fibrin by the reticuloendo-
thelial system (31). However, it recently has been
shown that ancrod itself definitely degrades the a-chains
of monomeric fibrin to yield approximately 38,000 and
33,000 mol wt cleavage products (2628), the latter of
which appears to undergo further degradation by an-
crod. None of these cleavage products were seen during
the degradation of either fibrinogen or fibrin by plasmin
(42, 43). Our data clearly indicate that in the presence of
FSF, fibrin formed by ancrod is markedly more suscep-
tible to plasmin degradation than fibrin formed by
thrombin. This usually has been attributed solely to the
fact that ancrod-formed fibrin is noncross-linked (24,
29, 47), since it has been shown that urea-soluble, non-
cross-linked clots are less resistant to lysis than cross-
linked clots (48, 49). In accord with these observations,
results shown in Fig. 8 clearly demonstrate that by 2
hr, cross-linked fibrin has developed maximal resistance
to lysis and -it is at this time that a-polymerization is es-
sentially complete (33). As recently suggested (35), it
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appears that a-polymer formation makes fibrin resistant
to plasmin degradation. Although previously hypothe-
sized (1, 14, 50), the possibility than ancrod itself sig-
nificantly degraded fibrin monomers was not supported by
experimental evidence and was discounted in one study
(29). In Fig. 8, the time at which ancrod-formed fibrin
was maximally susceptible to lysis by plasmin correlated
well with the cleavage of a-chains by ancrod as shown
in the SDS-gel electrophoretic patterns of Fig. 1. In
view of the observation that ancrod extensively degrades
the a-chains of fibrin monomers and does not activate
FSF, it is of interest that the elastic modulus of throm-
bin-formed, noncross-linked fibrin, (aftY)2, is about
twice that of ancrod-formed fibrin (47) which likewise is
noncross-linked and in addition, must contain some frac-
tion of intact a-chains. Thus its subunit formula might
be written as [(a/lx(B) Y]2, where x is some integer
greater than one and the value of a/x is dependent on
the duration of fibrin formation in response to ancrod.
It is therefore suggested that the degradation of the
a-chains in ancrod-formed fibrin accounts for its having
a reduced elastic modulus. Our demonstration that an-
crod-formed fibrin, which in the case of ancrod 1 is non-
cross-linked and contains degraded a-chains, is mark-
edly susceptible to lysis has implications to the clinical
use of these enzymes. It is suggested that the use of
ancrod preparations which do not promote fibrin cross-
linking is preferable, since noncross-liked fibrin is more
susceptible to lysis than cross-linked fibrin. It would
also appear that ancrod would be preferable to reptilase
for use in vivo since, unlike the reptilase preparation,
highly purified ancrod (ancrod 1) itself partially de-
grades fibrin monomers and does not promote their
cross-linking. Thus the in vivo removal of fibrin formed
in response to ancrod would be maximized.

The data shown in Fig. 6 emphasize that the effect of
ancrod on a-chains is not due to plasminogen activation
by ancrod. Moreover, as mentioned earlier, the degrada-
tion products by ancrod differ in molecular weight from
those seen when plasmin degrades fibrinogen or fibrin
(42, 43). Some preparations of ancrod obviously con-
tain a contaminant proteolytic enzyme which is capable
of activating FSF and which, unlike thrombin, is not
inhibited by heparin. Such a contaminant was present in
ancrod 2 but on further purification of this preparation
to ancrod 3, most of this activity was removed. In-
terestingly, ancrod 1, which did not cause FSF activation
in the present study, has been the preparation used in
most of the clinical trials to date.

It has recently been reported (2) that ancrod can di-
gest the a-polymer of cross-linked fibrin to give the same
cleavage products as obtained from fibrin monomers;
however, in our experiments this was not the case.
While exposure of cross-linked fibrin to ancrod for 8 hr

did result in the appearance of a small amount of the
38,000 and 33,000 mol wt species, these could be readily
explained by the disappearance of residual a-chains
which were not incorporated into the a-polymer. With
further exposure of cross-linked fibrin to ancrod for 24
hr, the a-polymer appeared to decrease slightly in inten-
sity, but this was clearly due to plasmin degradation and
was not caused by ancrod (43). These results are in ac-
cord with previous studies which showed that high con-
centrations of ancrod did not cause increased lysis of
whole blood clots (6, 29). Moreover when ancrod was
used in 10 patients with deep venous thrombosis (16),
complete thrombolysis was seen in only one, which
again suggested that ancrod does not have a lytic ef-
fect on preformed cross-linked fibrin. The in vivo studies
of Olsen and Pitney (51) suggested that the disappear-
ance rate of preformed pulmonary emboli in rabbits was
enhanced when the animals were infused beforehand with
ancrod. They observed necrosis and lack of organization
on histologic study of the preformed autogenous emboli
removed from the animals pretreated with ancrod. Most
likely these changes resulted from the inability of normal
cross-linked fibrin to form on the surface of the pre-
formed emboli, or between the emboli and pulmonary
artery endothelium.

The preparation of reptilase used in this study acti-
vated FSF, but it was not possible to determine whether
this was an inherent property of reptilase or whether this
activity reflected the presence of a contaminant enzyme
as in the case of the ancrod 2 and 3 preparations. In the
present study, even extremely high reptilase concentra-
tions did not cleave monomeric fibrin after removal of
fibrinopeptide A as seen in Figs. 2 and 3. The degrada-
tion products most easily seen on gel c in Fig. 3 can be
attributed to the effect of plasmin rather than reptilase,
since they have mobilities identical with those products
resulting from the digestion of fibrinogen by plasmin
alone. Thus, it was not possible to confirm the data of
Mattock and Esnouf (27) who suggested that reptilase,
like ancrod, cleaved fibrin to yield a 39,000 mol wt spe-
cies. Under the conditions employed in this present study,
reptilase-formed fibrin showed only a small change in
susceptibility to lysis with increased exposure to repti-
lase. Of particular note, the initial fibrin lysis time was
not greatly different from that seen for thrombin clots.
While the work of Kwaan and Barlow (52, 53) indi-
cated that reptilase fibrin is more susceptible to lysis by
plasmin than that formed by ancrod or thrombin, details
of their experimental methods are not yet available and
thus cannot be compared with the present study. It is
possible that the ancrod preparation which they used
partially activated FSF and thereby promoted somne
cross-linked fibrin formation. Furthermore if the a(A)-
chains of their fibrinogen substrate were already par-
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tially degraded by contaminating plasmin as is frequently
found (42), no a-polymerization would occur and the
lysis times for reptilase-formed fibrin would approximate
those of ancrod-formed fibrin. Our present studies do not
clarify the in vivo mechanisms of reptilase therapy; how-
ever, our data clearly show that reptilase activates FSF
and in the presence of calcium promotes cross-linked
fibrin formation which is in accord with the observations
of other investigators (25). Thus, it would seem that
reptilase-formed fibrin in the microcirculation would be
fully cross-linked and hence very similar to thrombin
clots formed during diffuse intravascular coagulation
except that, unlike thrombin, reptilase does not appear
to induce platelet interactions (10). Moreover, our data
indicate that despite a slight trend towards increased
susceptibility to lysis with longer duration of clotting,
reptilase clots are much more resistant to lysis than are
ancrod clots.

On the basis of our data and results from other stud-
ies, it is possible to postulate the following sequence of
events to account for the anticoagulant effect of ancrod
in vivo: (a) the administration of ancrod results in the
formation of fibrin clots in the microcirculation, particu-
larly in the kidney, lungs, liver, and bone marrow (54);
(b) these clots, however, contain noncross-linked fibrin
and furthermore become defective as the a-chains con-
tinue to be significantly degraded by ancrod; (c) the ac-
tivation of plasminogen to plasmin occurs in a manner
analogous to that observed when intravascular clotting
occurs as a result of thrombin generation (12, 30, 55);
(d) the resultant high level of plasmin then digests an-
crod-formed fibrin at a much more rapid rate than
thrombin-formed fibrin, and this can be attributed to the
fact that such fibrin is noncross-linked and in addition,
has already been significantly degraded by ancrod; (e)
the generation of fibrin split products as well as the
fibrinogenopenia produces a hypocoagulable state (56, 57).
In general, the results of clinical studies support these
mechanisms (6, 14). In such studies, patients receiving
ancrod showed a marked decrease in plasminogen con-
centration, which often approached zero after about 10
hr from the onset of ancrod administration. Also at this
time, these investigators found that fibrin degradation
products had usually reached a peak value. While the
mechanism by which the fibrinolytic system becomes ac-
tivated is not understood, it is clear that ancrod does not
activate plasminogen as has been shown in this study by
direct observations of ancrod action on purified plasmi-
nogen. Despite what mechanism ;may be invoked to ex-
plain the rapid activation of plasminogen to plasmin dur-
ing intravascular clotting, it is apparent that ancrod
clots are strikingly susceptible to plasmin degradation
as shown in Fig. 8. Besides digestion by plasmin, phago-
cytosis of fibrin by the reticuiloelndothelial system repre-

sents a second important method by which fibrin is re-
moved from the microcirculation (31). However whether
or not the defective, noncross-linked fibrin formed by an-
crod is more susceptible to phagocytosis by the reticulo-
endothelial system is conjectural and must await further
study.
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