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Activation and Inhibition of the 
Blood Fibrinolytic System

The fibrinolytic system is regulated by a 
variety of activators and inhibitors.  

A balance between the activators and 
inhibitors is important.

Physiologic Activators:

• t-PA I - single chain tissue plasminogen 
activator

• Urokinase

• Factor XIIa

Physiologic Inhibitors

• PAI-1 (Rapid acting plasminogen activator 
inhibitor)

• Thrombin activatable fibrinolytic inhibitor (TAFI)

• 2-antiplasmin 

• 2-Macroglobulin  
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Inhibition of Plasmin by 2 Antiplasmin (2-AP)

2-AP- Plasmin complex

2-AP

Plasmin

Serine site

Physiologic Regulation of 
Fibrinolysis

• Plasminogen (Pro-fibrinolysin)

– Zymogenic form of the active enzyme plasmin 

– Single chain molecule (Mol. Wt. 88,000 Da).

– Composed of 790 amino acids.  

– Native form is known as Glu-plasminogen.  

– Plasmin cleaves the initial terminal 76 amino acids to 
form Lys-plasminogen.

Plasmin (Fibrinolysin)

• Active protease capable of digesting both 
fibrinogen and fibrin.  

• Formed by the cleavage of the Arg 560-Val 
bond by plasminogen activators.
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Degradation of Fibrinogen and 
Fibrin by Plasmin

Fibrinogen can be degraded by plasmin
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Fragments X,Y,D and E are formed 
by digestion of fibrinogen

• Fibrin is formed by the action of thrombin 
on fibrinogen. 

• Formed fibrin strands are stabilized by the 
action of Factor XIIIa.  

• Plasmin acts on stabilized fibrin to form 
various products such as the DD/E, YD/DY 
and YY/E .
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D-Dimers

Fragments DDE,YD/DY and YYDD are formed by the action 

of plasmin on polymerized fibrin monomers (clots).

Physiologic Control of 
Thrombolysis

Several factors control physiologic 
fibrinolysis.

Factors Which Promote Fibrinolysis

• Plasminogen incorporation into thrombus via fibrin 
binding

• Clot retraction

• Local release of t-PA by endothelial cells

• Binding of t-PA to fibrin

• Enhanced t-PA or UK activity in the presence of 
fibrin

• Protection of bound plasmin from antiplasmin
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Factors Which Limit Fibrinolysis

• Fibrin crosslinking by Factor XIIIa

• Binding of 2-antiplasmin to fibrin

• Low ratio of endothelial surface to thrombus volume 
in large vessels

• Efficient inhibition of free plasmin by antiplasmin

• Antiplasmin impairs plasmin binding to fibrin

Fibrinolytic Balance:  
Thrombosis vs. Bleeding

An intricate balance in the fibrinolytic 
process maintains the blood in the fluid 
state. 

Either thrombotic or bleeding 
complications can result if the balance is 
not maintained.

THROMBOLYTIC 
THERAPY
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Introduction
Comprised mainly of plasminogen activators.  Several 
thrombolytic agents are now used clinically for the 
dissolution of clots (thrombi).  Degradation of clots 
produce the following effects:

• Reduction in thrombus size (thrombolytic)

• Reduction of fibrinogen levels

• Increase in fibrinogen and fibrin degradation 
products

• Antiplatelet activators

Classification of Thrombolytic 
Agents

The thrombolytic agents can be classified 
according to their development and 
clinical usage.

Clinically Approved Thrombolytic 
Agents

• Urokinase

• Streptokinase

• Recombinant tissue plasminogen activators

- Alteplase (Recombinant form of Human t-Pa)

– Reteplase (Mutant nonglycosylated form of human t-
Pa, more fibrin specific), longer half life

– Tenecteplase (Mutant form of human t-Pa with 
longer half life), high fibrin specificity.



8

Other Thrombolytic Agents

• Single chain pro urokinase (Pro-UK, SCU-PA) 
(under development)

• Plasmin (under development)

In Blood In Thrombus
Fibrin-Bound
Plasminogen

Plasma
Plasminogen

Plasmin Plasmin

Fibrinogen degradation (“Lytic State”) Fibrin degradation (Thrombolysis)

Antiplasmin

T-PA
scu-PA

APSAC
UK
SK

Practical Aspects of Thrombolytic 
Therapy

Development of the Plasma 
Fibrinolytic State:

Several biological changes occur after the 
administration of thrombolytic agents:

• Circulating plasminogen activator 

• Plasminogen converted to plasmin

• Antiplasmin complexes with and inhibits 
plasmin
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Changes After Thrombolytic 
Agents (cont.)

• Free plasmin 

• Plasmin degradation of fibrinogen

• Degradation of other plasma clotting factors

• Hypocoagulable state

Major Effects of Thrombolytic 
Therapy

Effect Event Pathogenesis 

Clinical benefit Thrombolysis Degradation 
(solubilization) of fibrin in 
the thrombus 

Side-effect Systemic lytic state Degradation of plasma 
fibrinogen by circulating 
plasmin 

Complication Bleeding Degradation of fibrin in 
hemostatic plugs (possibly 
also the hypocoagulable 
state) adversely influenced 
by prolonged duration of 
treatment. 

 

 

Effect of Thrombolytic Therapy on Fibrinogen and 
Plasminogen Levels
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Clinical Usage of Thrombolytic 
Agents

Thrombolytic agents are now routinely used 
for a variety of thrombotic conditions.  Their 
clinical acceptance is gradually increasing.

Acute Myocardial Infarction

Large numbers of patients with myocardial 
infarction have a thrombus in the coronary
vessels, with the incidence of occlusion being 
70% after the onset of pain.  Several 
thrombolytic agents are currently used for the 
treatment of myocardial infarction.

Intracoronary
clot
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Acute occlusion of coronary artery leading to 
the formation of a fibrin-rich clot, which may 
lead to myocardial infarction.

4.  F ibrin form ation

1. Narrow  Lum en (Atherosclerosis)

3. Tissue Factor 
release

2. Platelet burden

Acute occlusion of coronary artery leading to the 
formation of a fibrin-rich clot, which may lead to 

myocardial infarction.

A fresh thrombosis in the coronary artery.
Platelet aggregates forming of a thrombus 
resulting in plaque rupture leading to a fresh clot 
formation and a myocardial infarction.
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Acute 
Coronary
Syndrome

A fresh thrombosis in the coronary artery.
Plaque rupture leading to a fresh clot formation 
and a myocardial infarction.

Time plays a crucial role for the success of 
thrombolytic therapy.  Older clots are less 
susceptible to the lytic action of 
thrombolytic agents.
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Peripheral Arterial Occlusion

Thrombolytic agents such as urokinase and 
streptokinase have been routinely used in the 
dissolution of arterial occlusions.  Both 
intravenous and localized treatment are used.

Deep Venous Thrombosis

Both streptokinase and urokinase were 
initially used for the treatment of DVT.  Both 
localized and systemic treatment can be used.
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Pulmonary Embolism

Both streptokinase and urokinase were 
originally used in large multicenter clinical 
trials in the U.S.A.  Both local and systemic 
infusions of streptokinase and urokinase have 
been used.  t-PA is not used in this indication.

Pulmonary Embolism

Thrombotic Stroke

Acute management of thrombotic and 
ischemic stroke.
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hemorrhagic 
infarction

hemorrhagic infarction (HI) parenchymal hemorrhage (PH)

source:  G J del Zoppo and colleagues 
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occlusion of M1 segment of 
Pretherapy

opening of occlusion with 
Post thrombolytic 
therapydelivered locally

Cerebral Thrombus Lysis

Catheter Clearance

For shunts, grafts and extracorporeal 
circulation, these agents offer very 
efficient cleansing effects.

Clinical Use of Thrombolytic Agents in 
Myocardial Infarction

Thrombolytic agents have been successfully 
used in various conditions such as DVT, 
pulmonary embolism, peripheral occlusive 
disorders and other thrombotic conditions.
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Complications of Thrombolytic 
Therapy

• Bleeding

• Re-occlusion

• Stroke

• Others

Intracerebral Hemorrhage

Absolute Contraindication of 
Thrombolytic Therapy

• Intracranial bleeding

• Massive hemorrhage
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Other Contraindications

Drug Interactions with 
Thrombolytic Agents

• Antiplatelet Drugs

• Heparin

• Dextrans

Pharmacologic Antagonists for 
Thrombolytic Agents

• EACA (Epsilon-amino caproic acid)

• Tranexemic Acid (Trans-4-
Aminoethylcyclohexane 1-Carboxylic 
Acid)

• Aprotonin (Trasylol)
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DEFIBRINOGENATING 
ENZYMES

Snake Venoms as Therapeutics!

General Considerations

A number of venoms and biologics 
contain enzymes which can digest 
fibrinogen.  

Some of these agents have been found to 
be useful for therapeutic purposes.

Ancrod is tested in stroke
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Coronary Angioplasty and 
Stents

A.  Anticoagulants during coronary 
angioplasty

B.  Stents
• Bare metal stents
• Drug eluting stents
• Disposable stents
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Stenting Procedure

Disposable stents

Bare metal stents

Thrombolytic Agents
Important Points to Remember

DRUG MECHANISM OF 
ACTION

ROUTE OF 
ADMINISTRATION

INDICATIONS SIDE EFFECTS

Streptokinase Fibrinolytic Intravenous Thrombolysis, stroke, 
MI, PE

Bleeding

Urokinase Fibrinolytic Intravenous Thrombolysis, stroke, 
MI, PE

Bleeding

Tissue 
plasminogen 
activator

Fibrinolytic Intravenous Thrombolysis, stroke, 
MI

Bleeding

Epsilon amino 
caproic acid 
(AMICAR)

Anti-fibrinolytic Intravenous Reversal of bleeding Hypotension

Aprotonin 
(Trasylol)

Anti-fibrinolytic Intravenous Reversal of bleeding Graft thrombosis

Ancrod Fibrinolytic Intravenous Stroke Allergic reaction

Tranexamic acid 
(AMCHA)

Anti-fibrinolytic Intravenous Reversal of bleeding Retinopathy
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Which of the following mechanisms 
represents the main effect of 

thrombolytic agents?

A. Reduces the circulating levels of platelets

B. Converts plasminogen to plasmin

C. Interacts with antithrombin

D. Interacts with heparin cofactor II

E. Decreases the synthesis of fibrinogen in the liver

A elderly patient was accidently overdosed 
with streptokinase.  

Which of the following agent can be used to 
neutralize bleeding complications?

A. Protamine sulfate

B. Vitamin K

C. Epsilon aminocaproic acid

D. Factor VIIa

E. Factor VIII concentrate

List of Drugs Covered in Lecture

• Urokinase
• Streptokinase
• Tissue plasminogen activator (Alteplase, 

Reteplase, Tenecteplase)
• Pro-urokinase
• Epsilon amino caproic acid
• Tranexemic acid
• Ancrod 
• Aprotinin
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Alternative Therapies

• Atherectomy

• Stents

• Rotablation


