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Figure 143-7 The fibrinolytic system and its regulation. Plasminogen
activators convert plasminogen to plasmin. Plasmin then degrades
fibrin into soluble fibrin degradation products. The system is regulated
at two levels. Type 1 plasminogen activator inhibitor (PAI-1) regulates
the plasminogen activators, whereas α2-antiplasmin serves as the
major inhibitor of plasmin.
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MECHANISM OF ACTION
Currently approved fibrinolytic agents include streptokinase; acylated
plasminogen streptokinase activator complex (anistreplase); urokinase;
recombinant tissue-type plasminogen activator (rtPA), which is also
known as alteplase or activase; and two recombinant derivatives of rtPA,
tenecteplase and reteplase. All of these agents act by converting plasminogen, the zymogen, to plasmin, the active enzyme (Fig. 143-7). Plasmin
then degrades the fibrin matrix of thrombi and produces soluble fibrin
degradation products.
Endogenous fibrinolysis is regulated at two levels. Plasminogen activator inhibitors, particularly the type 1 form (PAI-1), prevent excessive
plasminogen activation by regulating the activity of tPA and urokinasetype plasminogen activator (uPA). Once plasmin is generated, it is
regulated by plasmin inhibitors, the most important of which is α2antiplasmin. The plasma concentration of plasminogen is twofold higher
than that of α2-antiplasmin. Consequently, with pharmacologic doses
of plasminogen activators, the concentration of plasmin that is generated can exceed that of α2-antiplasmin. In addition to degrading fibrin,
unregulated plasmin can also degrade fibrinogen and other clotting
factors. This process, which is known as the systemic lytic state, reduces
the hemostatic potential of the blood and increases the risk of bleeding.
The endogenous fibrinolytic system is geared to localize plasmin
generation to the fibrin surface. Both plasminogen and tPA bind to
fibrin to form a ternary complex that promotes efficient plasminogen
activation. In contrast to free plasmin, plasmin generated on the fibrin
surface is relatively protected from inactivation by α2-antiplasmin, a
feature that promotes fibrin dissolution. Furthermore, C-terminus
lysine residues, exposed as plasmin degrades fibrin, serve as binding
sites for additional plasminogen and tPA molecules. This creates a
positive feedback that enhances plasmin generation. When used pharmacologically, the various plasminogen activators capitalize on these
mechanisms to a lesser or greater extent.
Plasminogen activators that preferentially activate fibrin-bound
plasminogen are considered fibrin-specific. In contrast, nonspecific
plasminogen activators do not discriminate between fibrin-bound and
circulating plasminogen. Activation of circulating plasminogen results
in the generation of unopposed plasmin that can trigger the systemic
lytic state. Alteplase and its derivatives are fibrin-specific plasminogen
activators, whereas streptokinase, anistreplase, and urokinase are nonspecific agents.
STREPTOKINASE
Unlike other plasminogen activators, streptokinase is not an enzyme
and does not directly convert plasminogen to plasmin. Instead,
streptokinase forms a 1:1 stoichiometric complex with plasminogen. Formation of this complex induces a conformational change in
plasminogen that exposes its active site (Fig. 143-8). The streptokinase-plasminogen complex then converts additional plasminogen to
plasmin.
Streptokinase has no affinity for fibrin, and the streptokinaseplasminogen complex activates both free and fibrin-bound plasminogen. Activation of circulating plasminogen generates sufficient
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Figure 143-8 Mechanism of action of streptokinase. Streptokinase
binds to plasminogen and induces a conformational change in plasminogen that exposes its active site. The streptokinase/plasmin(ogen)
complex then serves as the activator of additional plasminogen.
amounts of plasmin to overwhelm α2-antiplasmin. Unopposed plasmin not only degrades fibrin in the occlusive thrombus but also
induces a systemic lytic state.
When given systemically to patients with acute MI, streptokinase
reduces mortality. For this indication, the drug is usually given as an
IV infusion of 1.5 million units over 30–60 min. Patients who receive
streptokinase can develop antibodies against the drug, as can patients
with prior streptococcal infection. These antibodies can reduce the
effectiveness of streptokinase.
Allergic reactions occur in ~5% of patients treated with streptokinase. These may manifest as a rash, fever, chills, and rigors. Although
anaphylactic reactions can occur, these are rare. Transient hypotension
is common with streptokinase and has been attributed to plasminmediated release of bradykinin from kininogen. The hypotension usually responds to leg elevation and administration of IV fluids and low
doses of vasopressors, such as dopamine or norepinephrine.
ANISTREPLASE
To generate this drug, streptokinase is combined with equimolar
amounts of Lys-plasminogen, a plasmin-cleaved form of plasminogen
with a Lys residue at its N terminus. The active site of Lys-plasminogen
that is exposed upon combination with streptokinase is then masked
with an anisoyl group. After IV infusion, the anisoyl group is slowly
removed by deacylation, giving the complex a half-life of ~100 min.
This allows drug administration via a single bolus infusion.
Although it is more convenient to administer, anistreplase offers
few mechanistic advantages over streptokinase. Like streptokinase,
anistreplase does not distinguish between fibrin-bound and circulating plasminogen. Consequently, it too produces a systemic lytic state.
Likewise, allergic reactions and hypotension are just as frequent with
anistreplase as they are with streptokinase.
When anistreplase was compared with alteplase in patients with
acute MI, reperfusion was obtained more rapidly with alteplase than
with anistreplase. Improved reperfusion was associated with a trend
toward better clinical outcomes and reduced mortality rate with
alteplase. These results and the high cost of anistreplase have dampened the enthusiasm for its use.
UROKINASE
Urokinase is a two-chain serine protease derived from cultured fetal
kidney cells with a molecular weight of 34,000. Urokinase converts
plasminogen to plasmin directly by cleaving the Arg560-Val561 bond.
Unlike streptokinase, urokinase is not immunogenic and allergic
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