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ABSTRACT

Fibrinolytic drugs are widely used for the managemef atherothrombotic diseases such as acute @rpr
myocardial or cerebral infarction, ischemic stro&kled venous thromboembolism. Quite a lot of in vit@dels have
been developed to study clot Iytic activity ofifibtytic drugs, but all of these have certain liatibns. There is need

of a rapid method to check and quantify the clat lgfficacy of fibrinolytic drugs precisely. Inglpresent study, an
attempt has been made to curtail two novel methodstudy fibrinolysis in a simplified and easy wasing
standard fibrinolytic dugs, plasmin and streptolseaFibrin clots were allowed to form in microcéfulge tubes
using plasma separated from the whole blood fromdthg mice or directly using fibrinogen and thrombiAfter
lysis by various doses of plasmin and streptokinfle® was removed and its volume was measurefifer®nce
obtained in volume taken before and after plasmalgkis was expressed as percentage of fibrinalydie validity

of new-fangled methods was assessed by using gacamcentrations of standard drugs plasmin andpstridnase

as positive control and water as negative contiidle results appear to validate their claim by dest@ating a
dose-dependent effect of standard test samples.|IGdQgevalues for both the drugs were also found out when
accessed by plasma clot lysis and fibrin clot Iysisthod. Thus the novel methods presented heral dmul
reproducible, instant, quantitative, accurate, ceffective and valuablmodels to study fibrinolytic effect of newly
developed drugs as well as knodnugs. Test drugs can also beralyzed in the same way using presented methods.
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INTRODUCTION

Fibrin clot developed in the circulatory system dodailure of haemostasis renders vascular bloekagd whilst
recovering leads to serious consequences by thrembaolic events, including acute or prior myocardi&hrction,

ischemic stroke and venous thromboembolism [1]rikdgen, a plasma 340 kDa glycoprotein, is conwetefibrin

on limited proteolysis by thrombin further procdssform fibrin clots composed of compact, highlyabched
networks with thin fibers, resistant to lysis [2,3h blood coagulation, a cascade reaction compadechany
clotting factors is known to be involved and culaties in generation of thrombin which is the key yemz
responsible for conversion of soluble fibrinogeninsoluble fibrin clot [4]. As of the critical rolef thrombin in
thrombus formation, propagation and stabilizatem effectual inhibition of thrombin (in addition fibrinogen and
fibrin) can be a prerequisite for prevention areatment of thrombotic disorders [5]. Low dose aspistatins,
lowering of homocysteine, glucose lowering ageatwgiotensin-converting enzyme inhibitors and suggioa of
inflammatory response, amplify clot permeabilitydasusceptibility to lysis [1]. Growing evidence icates that
anomalous fibrin properties represent a novel fékor for arterial and venous thrombotic eventstipularly of
unknown etiology in young and middle aged patients.

Various methods were developed to compute thenfiltytic potential of numerous drugs such as eudiolysis
time [6-8], fibrin plate method [9,10], colorimetrassay [11], use of fibrinolytic apparatus [1Ze wf a diagnostic
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reagent for the detection of the activity of a ifilotytic enzyme [13] etc. Various models have besported which
either uses complicated mathematical or computikitiss but all these methods are difficult, coséyd not
reasonably priced for research in small institusesne of the methods like fibrin plate method isisquantitative
and less up to the mark [14]. The above mentiometdlpms demand necessitate of simple and costtiegulasma
clot lytic method for measurement of fibrinolytiotential of various agents. In the present studyai@mpt has
been made to ameiidl vitro fibrin clot Iytic methods using known fibrinolytidrugs, streptokinase and plasmin.

EXPERIMENTAL SECTION

Chemicals

Plasmin from human plasma (2 units/mg protein) waschased from Sigma-Aldrich Chemicals Pvt. Ltd.,
Bangalore India. A stock solution of 0.06 mg/ml @hsmin in distilled water was prepared. Stock sotu
undiluted, 1:2, 1:4 and 1:8 diluted by distilled tera(100 ul each) were used fan vitro fibrinolysis studies.
Lyophilized streptokinase vial of 15,00,000 IU (BitaBiotech, Hyderabad, India) was purchased froaall
pharmacy, Indore, India. To the vial, 5 ml distlleiater was added and mixed properly. This susper(§,00,000
IU/ml) was used as a stock from which undilute@, 1:4 and 1:8 diluted by distilled water (10i0each) were used
for further study. All other chemicals and reageunt®d were of analytical grade. (The amount of mpiasis
expressed in pg/mg protein while streptokinaséJin |

Animals

Swiss albino mice (18-30 g) of either sex were ugedmals were placed randomly in polypropyleneesagnder
standard conditions of humidity (55 = 5%), temperat(25 + 2 °C) and 12h/12h, light/dark cycles &ee access to
standard pellet diet (Hindustan Lever Ltd., Mumblaidia) and filtered watermd libitum Experiments were
conducted in accordance with the internationallgepted principles for laboratory animal use ane @& per the
US guidelines (NIH publication #8823, revised in 1985). Experiments were conductégt abtaining the approval
from the Institutional Animal Ethics Committee ctihgded as the Committee for the Purpose of Conamd
Supervision of Experiments on Animals.

Plasma clot lysis method

In the first method, blood was collected from tleatts of normal micen(= 6) and mixed immediately with 3.8%
tri-sodiumcitrate in volume ratio of 9:1. Then the mixturesa@ntrifuged at 2500 g for 15 minto obtain plasma
[15]. Four hundred microliter of citrated plasma waseatith nine differensterile microcentrifuge tubes followed
by addition of 10Qul 0.2 mol/l CaC} and allowedo stand until a firm clot was obtained. The miewirifuge tubes,
than allowed to incubate at 37 °C for 30 min tourasthe formation of fibrin clot. Each microcentige tube
containingplasma clot was properly labeled and 10®f streptokinase from stock solution along witiffetent
dilutions in sterile distilled water (1:2, 1:4 afdB) were added to four different tubes. One huthdrécrolitre of
plasmin from stock solution along with dilutions sterile distilled water (1:2, 1:4 and 1:8) wereded to four
another tubes. Distilled water (1Q0) was also added to one of the tubes containing &hd this serves as a
negative fibrinolytic control. All the tubes wergeh incubated at 37 °C for 90 min and observedlfarlysis. After
incubation, fluid obtained was removed and the nawf fluid was measured to observe the differénceolume
after clot disruption. Difference obtained in volenaken before and after plasma clot lysis was esged as
percentage of fibrinolysis. The test was repeabedirnes with all the doses of different fibrinolgtdrugs (plasmin
and streptokinase) and distilled water in differelobd samples.

Fibrin clot lysis method

In the second method, to prepare a fibrin clot 4D0f 2 mg/ml fibrinogen prepared in tris buffer (pH4) was
added separately in nine different sterile micraiéige tubes. The solution was immediately mixathwt2 ul of
(34 units/ml, 0.4 units) of plasminogen andd®f (67 units/ml, 0.8 units) of thrombin, each pageed in tris buffer
(pH 7.4). The microcentrifuge tubes, than allowedntubate at 37 °C for 30 min to ensure the foiomaof fibrin
clot [16]. Each microcentrifuge tube containifiigrin clot was properly labeled and 1Q0 of streptokinase from
stock solution along with different dilutions ireste distilled water (1:2, 1:4 and 1:8) were addedour different
tubes. One hundred microlitre of plasmin from steokution along with different dilutions in steritgstilled water
(1:2, 1:4 and 1:8) were added to four another tubéstilled water (10Qul) was also added to one of the tubes
containing clot and this serves as a negativerfitbytic control. All the tubes were then incubasd37 °C for 3 h
and observed for clot lysis. After incubation, flwbtained was removed and the volume of fluid massured to
observe the difference in volume after clot disiaupt Difference obtained in volume taken before aftdr plasma
clot lysis was expressed as percentage of fibrgislyT he test was repeated six times with all theed of different
fibrinolytic drugs (plasmin and streptokinase) alistilled water.
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Statistical analysis

Data was expressed as the mean + S.E.M. and isttiahalysis was carried out employing one waylasig of
variance (ANOVA) followed by Dunnett's multiple cqrarisons test at @<0.05 significance level using GraphPad
Instat (Version 3.00 for Windows 95; GraphPad Safey San Diego, California, USA).

RESULTS AND DISCUSSION

In plasma clot lysis method (first method), plasohats when treated by different doses of streptadin (3750,
7500, 15000 and 30000 IU) showed 22.92 + 0.56,323).73, 79.47 + 0.97 and 81.25 + 1.06% clot lysis
respectively. Plasma clots when treated by diffedaises of plasmin (0.75, 1.50, 3.00 and 6.00 hgyved 28.55 +
0.23, 55.13 + 0.59, 91.97 + 0.65 and 94.36 + 0.8d%4 lysis respectively. Clots when treated wittmsa
concentrations of sterile distilled water (negatoantrol) showed only negligible clot lysis (3.090+£28%). The
mean difference in clot lysis percentage betweeh éase of fibrinolytic agents and water (contsed)s significant
(p<0.01) (Table 1). The log dose-response curve sepits that streptokinase exhibit anl€@alue of 8710 1U
(antilog 3.94, as calculated from Figure 1) andgipliza exhibit an 1Gvalue of 1.22 ug (antilog 0.086, as calculated
from Figure 1).

Table 1: Plasma clot lysis of blood samples of nomhmice by different concentrations of fibrinolytic agents

Treatment Dose (100 pl)  Percent fibrinolysis

Control (DW) - 3.09+£0.28
3,750 U 22.92 +0.56

Streptokinase 7,500 1U 42.38 +0.73
15,000 IU 79.47 +0.97

30,000 1U 81.25 +1.06

0.75 ug 28.55+0.23

Plasmin 1.50 ug 55.13 + 0.59
3.00 ug 91.97 +0.65

6.00 g 94.36 +0.81

Results are expressed as Mean £S.E.M.; n = 6 @hegoup comparison made with control group. Dats\analyzed by one way ANOVA
followed by Dunnett's test. Significancp< 0.01 when compared with control. DW: distilledter
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Fig. 1: Dose dependent effects and kgvalues of streptokinase and plasmin accessed bypina clot lysis method
Results are expressed as Mean £S.E.M.; n = 6 @hegoup comparison made with control group. Dats\analyzed by one way ANOVA
followed by Dunnett’s test.

In fibrin clot lysis method (second method) fibdiots when treated by different doses of streptaden(3750, 7500,
15000 and 30000 IU) showed 19.97 * 0.35, 43.4668,082.87 £ 1.02 and 85.42 = 0.94% clot lysis retipely.
Fibrin clots when treated by different doses ofpia (0.75, 1.50, 3.00 and 6.00 pg) showed 23.8519, 58.13 +
0.36, 92.82 £ 0.54 and 95.19 + 1.37% clot lysipeesively. Clots when treated with same concemnatiof sterile
distilled water (negative control) showed only rigible clot lysis (2.82 + 0.31%). The mean diffecenn clot lysis
percentage between each dose of fibrinolytic agemdswater (control) was significaqi<0.01) (Figure 2). The log
dose-response curve represents that streptokimasatean 1Ggvalue of 8318 IU (antilog 3.92, as calculated from
Figure 3) and plasmin exhibit angfalue of 1.25 pg (antilog 0.1, as calculated fraguFe 3).
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Fig. 2: Fibrin clot lysis by different concentrations of fibrinolytic agents
Results are expressed as Mean +S.E.M.; n = 6 anegoup comparison made with control group. Datswanalyzed by one way ANOVA
followed by Dunnett’s test. Significancp<0.01 when compared with control. DW: distilledtara
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Fig. 3: Dose dependent effects and kgvalues of streptokinase and plasmin accessed birin clot lysis method
Results are expressed as Mean +S.E.M.; n = 6 anegoup comparison made with control group. Datswanalyzed by one way ANOVA
followed by Dunnett’s test.

This study showsn vitro dissolution of fibrin clots by plasmin and strept@ase, assayed by two differantvitro
clot lysis methods amended in our laboratory. Mafsthe in vitro methods that were conventionally or currently
applied to study fibrinolysis have certain limitats. Some involve complex computation and mathewsdaskills
that too give only theoretical prediction of thee@me and most are expensive to be performed abaratory. In
context with the current scenario we thought ofeleping fibrinolysis methods that would be simptel@asy to
perform in laboratory. Keeping this idea in thenpei focus, volume of the plasma clot before lysid after lysis
was considered as appropriate determinant of @dlogl clot lysis percentage. In other methods,etee different
parameters to analyze the extent of clot lysis. &@mple, turbidity determination using microtifdate reader in
euglobulin lysis test [6-8], fibrin plate methodjtéres 18 h incubation of test drug for measureméniameter of
clear zone [9,10], quantitative measurement ofrpéaslot lysis by assay of Coomassie brilliant bRi250 dye
released from the clot in colorimetric assay[1Xg wf sophisticated fibrinolytic apparatus [12]e uwd a diagnostic
reagent for the detection of the activity of a ifilatytic enzyme [13], study of fibrinolytic actiwitby circulating
fibrinolytic enzymes and monitoring the effect bglaulating shear rate [17,18] etc. All these methade
sophisticated whereas, our methods are simple effestive and easy to perform and one can evaralhisobserve
the lysis of clots.
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Streptokinase does not have a direct fibrinolytitivity and the therapeutic action & the activation of blood
plasminogen to the clot dissolving plasmin. Plasisia direct acting thrombolytic agent with a stitkhemostatic
safety advantage over other thrombolytic agen&s(plnogen activators, streptokinase, urokinaseahimal models
of thrombolysis and bleeding. In contradistinctitm other thrombolytic agents, which threat bleedatgany
effective thrombolytic dose, plasmin is toleratezl/aid of bleeding at numerous fold higher amouhentthose
needed for thrombolysis. Plasmin has been safeimrant trial in patients with peripheral artegalgraft occlusion
and efforts are now directed toward therapy ofk&troaused by cerebral artery occlusion [19]. Owinthe above
mentioned settlements plasmin has been considaredri study along with streptokinase which has belely

used as positive control. Doses for streptokinase Iheen adapted based on previous clot lysis stugieng
different models and the results of our study dtsmd to be consisted with previous cram [20-228véltheless,
the results of prior studies provide guidance festing appropriate initial dosages of plasmindetermination of
in vitro fibrin clot lysis in our study. The starting dosplasmin could be easily calculated based ortiveldoody
weight and thrombus histology [19].

Since the pathological thrombus formation in thewatory blood vessel is known to be provoked fmpalance
between the hemostatic pathway and the thrombopdtbway, the ideal antithrombotic agents needateemot
only anticoagulant activity but also fibrinolytictvity. If an agent exert only the anticoagulawtivty that can
interfere with thrombus formation, their efficacywd have a limitation in treatment of thrombotisehses due to
the absence of fibrinolytic activity [23]. The firmethod discussed above has been tailored out tinenformerly
accomplished study by Prasadal. (2007) [20]. This curtailed method has been ewibkeedemonstrate the efficacy
of fibrin specific agents which was the limitatiohthe previously published study implicating theoke blood clot.
The drugs used to target whole blood clot havetdichfibrin specificity [24]. The fibrin clot lackislood cells which
makes it more specific as a target for fibrinolygents.

The fibrin plate has been described as semi-qadingt complicated, unreliable and difficult to weed since its
introduction in 1952 by Astrup and Miillertz manyodifications have been proposed in an attempt frone the
method time to time [16]. In view of these crititis, the alternate study was carried out in ordexvimuate the
original method and some of the subsequent modiifica. Difference obtained in volume taken befond after
plasma clot lysis has been expressed as perceottéibenolysis in alternate studies.

The validity of new-fangled methods was assessedsing various concentrations of standard drugsnpiia and
streptokinase as positive control and water as tivega&ontrol. The results appear to validate theaim by
demonstrating a dose-dependent effect of standatdamples.

CONCLUSION

To check the efficacy of fibrinolytic agents onenceompare the data withositive and negative control. In our
study we took known fibrinolytic agenfdasmin and streptokinase as positive control aistllldd water as a

negative control. Test drug can alsoamalyzed in the same way. Thus the novel methosisepted here could be
reproducible, instant, quantitative, accurate aost effective and effectivenodels to study fibrinolytic effect of

newly developed drugs as well as knadvagsin vitro.
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