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Abstract: Fibrinolysis is a process of degradation of the fibrin clots by Plasmin. Plasmin, a proteolytic enzyme produced from plasminogen 

(a zymogen) conversion with the influence of fibrinolytic agents like Tissue Plasminogen Activator (tPA). The current review is focused on 

shedding light on different such fibrinolytic agents, mechanism of action and their therapeutic applications. Different fibrinolytic agents 

such as Tissue Plasminogen Activator, Streptokinase and Urokinase etc. have been used in Fibrinolytic therapy aiding to minimize the size 

of clots formed in the arteries of brain, heart, lungs and veins of leg and preventing serious cardiovascular complications. The current review 

tries to shed light on the mechanism of fibrinolysis, its complications and its related discussion w.r.t several fibrinolytic agents in current 

use. 
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INTRODUCTION 
Blood coagulation is a natural process wherein fibrinogen is converted into fibrin under the influence of several coagulation factors, 

enzymes present in our body resulting in a series of interactions leading to the formation of thrombus. Thrombi, composed of platelets, 

leukocytes and red blood cells where platelets act as phospholipid surface for blood coagulation aiding in the formation of fibrin network 

with the help of the proteases (clotting factors) generated during coagulation cascade. Leukocytes enter thrombus to secret enzymes such as 

serine proteases, matrix metalloproteases responsible for platelet adhesion wherein RBCs provide phospholipid surface to secrete pro-

coagulant factors for the blood coagulation [1]. Fibrin clot is initiated by thrombin present in our body through the direct activation of 

coagulation Factor XIII and cleavage of Fibrinopeptide A & Fibrinopeptide B from N-terminal portions of Aα and Bβ chains of fibrinogen 

[2][3]. Excess formation of fibrin increases the risk of thrombosis which in turn provides a way for the blockage or obstruction of blood 

flow, manifesting into life-threatening complications such as myocardial infarction, stroke, deep vein thrombosis, pulmonary embolism and 

hence, fibrinolysis is one such course of action to treat thrombosis via fibrinolytic agents. The review explores our understanding of 

fibrinolysis, it’s mechanism and fibrinolytic agents with their therapeutic applications.   

   

FIBRINOLYSIS  

Fibrinolysis, a process of breaking down the fibrin into its degradation products D-dimer and Fibrinopeptide A [2] by the action of 

plasmin. Degradation of cross-linked fibrin results in release of D-dimer composed of two cross linked D fragment of fibrin protein, a 

specific Fibrin Degradation Product (FDP) signifying an increase in the level of D-dimer signifies increase in fibrinolysis [4]. But this not 

the case always, under the lower concentrations of plasmin enzymes in the blood, a fibrinolytic agent is supplied for the activation of 

plasminogen [5]. Currently, different fibrinolytic agents are in use like, Tissue plasminogen activator (tPA), Streptokinase and Urokinase 

Plasminogen activator (uPA) [6]. 

 

  MECHANISM OF FIBRINOLYSIS 

Fibrinolytic system comprises of plasminogen, a zymogen which gets converted into plasmin, a serine protease enzyme through its 

plasminogen binding receptors with the help of plasminogen activators like tPA, uPA etc [7]. Plasminogen, a single-chain glycoprotein, is 

produced by the liver, occurring in plasma and other tissues. Fibrinolysis is the degradation of fibrinogen into fibrin fragments catalysed by 

plasmin (Fig.1) [8]. It is initiated by two pathways as coagulation cascades namely, intrinsic pathway and extrinsic pathway. Intrinsic 

pathway is initiated by clotting factors like Factor XII, Factor XIa and kallikrein, whereas, Extrinsic pathway is initiated by Plasminogen 

Activators such as trypsin like serine proteases which are mainly tissue Plasminogen Activator (tPA) and urokinase Plasminogen Activator 

(uPA). Plasminogen Activators bind selectively to fibrin and plasmin produced on the surface of fibrin which immediately interrupts fibrin 

causing fibrinolysis [9]. The process is regulated by a balance between the activators and specific protease inhibitors occurring in plasma. 

α2-antiplasmin & α2-macroglobulin are the inhibitors inhibiting plasmin activation, wherein, Plasminogen Activator Inhibitor 1 & 2 (PAI-1 

& PAI-2) inhibit plasminogen activation (Fig.2) and Thrombin activatable fibrinolysis Inhibitor (TAFI), a inhibitor of fibrinolysis which 

activates thrombin (serine protease) for blood coagulation (Fig.2) [10]. Fibrinolysis is elevated when plasmin concentration is higher than 

inhibitors concentration, generating an imbalance which necessitates the need of fibrinolytic agents to induce plasmin activation and in turn 
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reducing thrombosis complications (Fig.3) (Fig.4). Absence of such lytic agents paves way to enhanced thrombosis complications, 

responsible for fibrinolytic dysfunctions in the body. 

 
 

Fig 1: Fibrinogen degradation into fibrin clot [11] 

 
Fig 2: Molecular Mechanism of Fibrinolysis 

 

 
Fig 3: General Mechanism in the presence of Fibrinolysis agent 
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Fig 4: General Mechanism of Fibrinolysis in the absence of Fibrinolytic agent 

 

Plasminogen deficiency is a condition exhibiting reduced serum plasminogen activity. Hypoplasminogenemia, a Type 1 plasminogen 

deficiency shows lower plasminogen antigens level (less than 1-9 mg/mL) with decreased plasminogen activity from 1%-51% [12] resulting 

in impaired extracellular fibrinolysis & chronic mucosal pseudomembranous lesions among ligneous conjunctivitis patients. 

Dysplasminogemenia, a Type 2 plasminogen deficiency with decreased plasminogen activity and normal plasminogen antigens levels with 

no clinical manifestation reported yet [13][14]. Plasminogen Activator Inhibitor-1 (PAI-1) deficiency, is a rare autosomal recessive disorder 

manifested by SERPINE1, a serine protease which down regulates fibrinolysis and controls degradation of blood clots with affected 

individuals exhibiting bleeding symptoms after trauma or procedure of surgery. Currently no standard assays are available to check PAI-1 

activity at lower concentrations [15][16] and can be expected at or more than normal range 5-20ng/mL [17]. tPA, a serine protease encoded 

by PLAT gene is involved in the activation of inactivation of plasminogen into plasmin during fibrinolysis. Increased tPA is shown to 

increase fibrinolysis resulting in excessive bleeding whereas decreased tPA is shown to downregulate fibrinolysis which causes thrombosis 

[18]. Thrombophilia is a condition of hypercoagulation with the increased risk of thrombosis due to HRG deficiency.  Histidine-rich 

glycoprotein (HRG), a plasma glycoprotein binds with plasminogen and heparin with the influence of zinc as cofactor regulates the process 

of angiogenesis, coagulation & fibrinolysis [19][20][21][22][23]. Hypercoagulation, is also reported to occur due to the deficiency of 

antithrombin-III, an inhibitor of thrombin [24]. Quebec Platelet Disorder (QPD), is an autosomal dominant bleeding disorder with the 

absence of systemic fibrinolysis due to increased PLAU (Urokinase-type Plasminogen Activator) levels within platelets responsible for 

intraplatelet plasmin generation [25][26]. This intraplatelet plasmin generation degrades α-granule proteins in platelets which in turn causes 

deficiency in platelet factor V (FV) responsible for blood coagulation that directly offers to cause increase in fibrinolysis [27]. Alpha-2-

plasmin Inhibitor Deficiency occurs when serine protease inhibitor-2 (SERPINF2) inhibits the activity of plasmin resulting in excess 

fibrinolysis. It is a rare autosomal recessive disorder with an increased risk of bleeding [28][29]. 

 

FIBRINOLYTIC AGENTS 

Fibrinolytic agents are used to treat thrombosis wherein different thrombolytic agents are in usage for different types of thrombosis. All 

fibrinolytic agents are serine proteases functioning as plasminogen activators, converting inactive plasminogen into active plasmin for 

fibrinolysis process upon their administration through peripheral IV or local release of catheters after spotting the site of clot formed [30].  

Streptokinase, is a most widely used fibrinolytic agent to treat acute ST-segment Myocardial Infraction, Deep vein thrombosis, 

pulmonary embolism, arterial thrombosis & arteriovenous cannula occlusion [31]. It binds to plasminogen to form a complex which converts 

free circulating plasminogen into plasmin during fibrinolysis. Streptokinase is identified to exhibit allergic reactions as it is an extract of 

Streptococcus [30]. Urokinase, extracted and purified from human urine directly cleaves plasminogen into plasmin during fibrinolysis. With 

its low antigenicity property, it is used for peripheral vascular thrombosis and for occluded catheters. Recombinant form of Urokinase is 

also available as Urokinase-type plasminogen activator [30][32]. Prourokinase is a fibrin specific inactive precursor used to activate 

urokinase [30]. Advantage of Prourokinase over other plasminogen activator is that it stays in an inactive form within plasma without 

intervening with other circulating inhibitors [33]. Alteplase is a fibrin specific first-generation recombinant tissue plasminogen activator 

used to treat acute cardiovascular events, pulmonary embolism and acute ischemic strokes. It is a non-antigenic serine protease present on 

endothelial cells of the body with moderate risk of bleeding [30][34]. Tenecteplase, a triple combination of mutant alteplase with more fibrin 

specific used as fibrinolytic agent. It is revealed with lack of antigenicity and lower risk of non-cerebral bleeding [30][35]. Reteplase is a 

second-generation recombinant plasminogen activator with lower bleeding tendency than first generation alteplase showing non-fibrin 

specific activity by converting all available plasminogen to plasmin with no antigenicity [30][36].  Anistreplase is an anisoylated 

plasminogen-streptokinase activator complex (APSAC), a mixture of streptokinase and plasminogen which does not depend on circulating 

plasminogen to be effective. Similar to streptokinase it has high antigenicity [30][37]. 

Apart from the above-mentioned fibrinolytic agents, research on plants exhibiting protease activity so far w.r.t fibrinolysis have been 

reported and mentioned (Table-1). Haemostasis is a process of stages that saves an organism from life threatening events by maintaining 

the fluidity of the circulating blood containing serine proteases, where one of the main stages includes fibrinolysis.  Plant containing 

proteases has shown the property of dissolving clot which signifies plants have role in fibrinolysis [38][39][40][41][42][43][44]. All these 

studies have given the knowledge about fibrinolysis, fibrinolytic disorders, current fibrinolytic agents and in continuation role of plant 

proteases in fibrinolysis was studied where new fibrinolytic agents can be produced from natural products which are easily available than 

currently being used fibrinolytic agents. Hence the current review tries to shed light on a path to plan and do research on plant protease 

where no work has been done using that plant.  
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Table 1: Plant proteases showing Fibrinolytic activity 

Plant name  Part of the plant used Type of protease 

Artocarpus heterophyllus [45] Latex Serine 

Calotropis procera [46] Latex Cysteine 

Calotropis gigantea [47] Latex Cysteine 

Asclepias curassavica [48] Latex Cysteine 

Pergularia extensa [49] Latex Cysteine 

Cynchum puciflorum [49] Latex Cysteine 

Ervatamia coronaria [50] Latex Cysteine 

Euphorbia hirta [51] Latex Serine 

Ficus carica [52] Latex Serine 

Carica papaya [53] Latex Cysteine 

 

CONCLUSION 

        Lower concentrations of plasmin enzymes in the blood makes it prone to clot formation and its related complications disturbing the 

bodily homeostasis. Under such untimely circumstances, several of the explored lytic agents in the current review have always been 

administered as a potent candidate to counter the probable damages. Understanding fibrinolysis and its related concepts is a foremost relevant 

area to be worked in developing new fibrinolytic agents against clot related disorders particularly from natural sources. 
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