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ABSTRACT 

The cardio and cerebral disorder are the leading cause of vascular traumas which led to many lives threatening consequences and mortality 
worldwide. In the last few decades numerous artificial molecules have been implemented in clinical application for management and to overcome 
with devastating vascular traumas. The management of cardiovascular disorders has made remarkable land mark in the health care system with 
potential thrombolytic agents. Many of artificial fibrinolytic molecules have been used clinically and many more are in refinement phases to tackle 
the problem. In this study we have composed evolution of thrombolytics from various sources and refinement with technologies. Though these 
molecules are quite effective for cardiovascular management but often get fail in case of cerebral traumas. The aim of current study is to have an 
overview on external fibrinolytic molecules their development and clinical applications. Further we have emphasized on the cerebral vascular 
disorder and their management with currently available thrombolytic molecules. Further we have summarized toxicity offered by conventional 
thrombolytic in management of cerebral vascular disorder. Finally we have concluded naval approaches which could be further for management of 
cerebral vascular traumas.  
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INTRODUCTION 

While biological evolution especially in multicellular animals nature 
has equipped then with additional protection for vital organs 
especially brain and other part of central nervous system. These 
protections often called as biological barrier like Blood Brain Barrier 
(BBB) offers suitable environment for functioning of such delicate 
organ. Additionally biological barriers provide a line of control against 
invading pathogens and toxic chemicals often used as drugs as part of 
therapeutics [1]. Vascular disorder, cerebral and cordial has become 
major cause of mortality across the globe and especially in developing 
country due to lack of proper treatments [2]. The condition become 
more chronic in case of cerebrovascular disorder where majority of 
clinically approved artificial thrombolytic often get fail as biological 
barrier protecting these vital organs [3].  

As per WHO report cerebrovascular and cardiovascular disorders are 
the leading threats for mortality followed by cancer and infectious 
diseases [4]. The cause of enhanced mortality often point out efficiency 
of available therapeutics and their clinical implications. The blood 
plasma contains enormous proteins and biological mediator regulates 
physiology of clot formation and dissolution [5]. A healthy 
homoeostatic system governs both aggressive and defensive factor to 
equilibrate blood clotting mechanism. Thrombus or blood clot is 
failure of our own homeostatic system leading to over activation of 
aggressive component over defensive [6]. These changes led to clot 
formation in vascular pipeline causing serious complications to 
cerebral and cordial system such as pulmonary and cerebral 
embolism, deep vein and cerebral thrombosis, myocardial infraction 
and cerebral hemorrhage and death [7]. Eventually, it was found often 
clots formed distal part of tissue start flow with systemic circulation 
called as thrombus. These insoluble slugs of fibrin matrix can limit or 
block blood supply completely and led chromic consequences as stock 
in cerebral veins [8]. The management of cerebral vascular disorder is 
much complicated over cordial vascular disorder as additional 
protection layers which limit diffusion of therapeutics into cerebral 
fluid and tissue [9].  

Molecular Mechanism  

As described earlier, thrombus or blood clot formation is natural and 
essential physiological event under control of various proteins and 
mediators in blood plasma [10]. The site of clots formation defines its 
fate as physiological need or consequence of failure of homeostatic 
system. Blood clots are the fibrin matrixes which convert into 
insoluble form soluble fibrinogen through cascade of blood clotting 
factors [11]. The clot formation initiated by blood platelets cellular 

component of blood which activates soluble factors in plasma. Plasma 
component through a series of reaction led generation of fibrin 
network [12].  

The clot dissolution runs simultaneously by plasmin-catalyzed lysis of 
the fibrin network. Circulating tissue plasminogen activator (t-PA) 
initiate process of clot dissolution, later plasminogen bind to the 
surface of a fibrin clot, where t-PA cleaves plasminogen to generate the 
enzyme plasmin and initiate fibrinolysis [13]. Fibrinolysis is highly 
controlled process which led to production of small soluble fibrin 
fragments after cleavage of specific peptide bonds [14]. Further, the 
process of fibrinolysis accelerated by exposure of C-terminal lysine 
residues of fibrin matrix; serve as additional binding sites for plasmin 
[15]. Under the circumstance of thrombus or clot in systemic 
circulation, it is essential to dissolve clot significantly which is 
achieved naturally and through artificial agents called as thrombolytic 
[16]. Most of artificial agents as thrombolytic given externally are 
basically tissue plasminogen activators which refine system by 
activating circulating inactive plasminogen into plasmin, catalyze 
fibrinolysis. Recently, earthworm fibrinolytic enzymes have shown 
dual fibrinolysis as tissue plasminogen activator and direct on fibrin 
[17].  

Thrombolytic therapeutics  

The history of artificial thrombolytic in clinical implication starts in 
late 1960s with molecular characterization of fibrinolytic activity from 
Streptococcus species. Further several molecules have been identified 
and produced exhibiting fibrinolytic activity. In the year 1983, Mihara, 
et. al., have identified and isolated fibrinolytic protease component 
from earthworm species Lumbricus rubellus [18]. Among these 
molecules majority of them were isolated from microbial sources are 
tissue plasminogen activators (t-PA). These molecules Streptokinase 
(SK), Urokinase (UK), Recombinant tissue-type plasminogen activator 
(rt-PA), Lumbrokinase, Acylated plasminogen streptokinase activator 
complex (APSAC) and single chain urokinase-type plasminogen 
activator (scu-PA) [19]. The available molecules are efficient and have 
extensively used for management of cardiovascular disorders [20].  

Streptokinase (SK)  

Streptokinase (SK), plasminogen activator, is produced by various 
strains of β-hemolytic Streptococci strains is one of oldest 
thrombolytic molecule [21]. The fibrinolytic activity of SK was first 
described in 1933 and was crude analysis [22]. Streptokinase 
molecular mechanism has shown its no specificity towards fibrin 
which exerts its fibrinolytic action indirectly by activating the 
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circulatory plasminogen [23]. Proteomics investigations have 
confirmed molecular weight of 47 KD and made up of single-chain 
polypeptide of 414 amino acid residues [24]. Further proteomics 
investigations have revealed, SK is composed of three distinct 
domains, denoted as α (residues 1–150), β (residues 151–287), and γ 
(residues 288–414). Despite other thrombolytics like EFE and SAK, SK 
does not offer enzymatic activity therefore does not exhibit plasmin 
activity by proteolytic cleavage of plasminogen. Moreover, SK binds 
non-covalently to plasminogen in stoichiometric ratio 1:1, thereby 
confers plasmin activity [25]. The SK-Plasminogen complex start 
processes of fibrinolysis by targeting other plasminogen subsequently 
generate plasmin which further facilitates the thrombolysis of half-life 
30 minute approximately [26]. 

Acrylated plasminogen streptokinase complex  

APSAC (APSAC; antistreplase) an inactive, non-covalent synthetic 
construct of SK and plasminogen in equimolar ratio [27]. After 
infusion into systemic circulation rapid deacylation of the catalytic 
center occurs, activating the complex led to thrombolysis begins [28]. 
The objective for constructing APSAC was controlled enzymatic 
activity of the plasmin (ogen)-SK complex through specific reversible 
chemical, protecting its catalytic center [29]. Rather than SK, APSAC 
exhibits extended biological half-life in circulation and immediately get 
activated in systemic circulation, rapidly combines with plasminogen 
for activation additionally given single dosage as intravenous injection 
[30]. The clinical data have shown APSAC construct exhibits extended 
plasma half-life of 70 minutes compared with 25 minutes in case SK 
via SK-Plasminogen complex auto-generated in-vivo after the 
administration of SK. Though construct APSAC offer extended half-life 
but antigenicity often remain is major drawback of designed molecule 
[30]. Despite all these clinical interpretations, more attention in 
progressive research is running mainly concern on relative safety and 
effectiveness of APSAC in contrast to other thrombolytic agents [31].  

Staphylokinase (SAK) 

Despite Streptokinase, Staphylokinase (SAK) a fibrin specific clot 
dissolving agent has been used for myocardial infraction. SAK, an 
extracellular protein produced by Staphylococcus aureus strain after 
lysogenic conversion with bacteriophages [32]. Beside Streptokinase, 
Staphylokinase molecule, single polypeptide chain of 136 amino acids 
which lacks any disulfide bridges of molecular weight is approximately 
16 KD [33]. With the difference in molecular arrangement, SAK differs 
in molecular mechanism of activation tissue plasminogen activators 
[34]. Despite streptokinase, SAK forms staphylokinase-plasmin 
complex rather than stoichiometric complex with plasminogen in case 
of SK. Another difference in molecular mechanism of SAK, the SAK-
Plasmin complex is inactive and requires further conversion to 
staphylokinase: Plasmin complex to expose its active site and led to 
plasminogen activation [35]. 

Recombinant tissue plasminogen activator (t-PA) 

Recombinant plasminogen activator (Reteplase, r-PA) is single chain 
deletion variant of alteplase expressed in Escherichia coli. Reteplase 
possess deletion mutation at 176-527(deletion of Val 4-Glu175): without 
damage of plasmin cleavage site at Arg275-Ile276 [36]. Reteplase, a non-
glycosylated 355 amino acid single chain protein of 39KD molecular 
weight which lack fibronectin finger region and epidermal growth factor 
domain. Though, it works in absence of fibrin but lack of fibronectin 

finger region because 5 fold reductions in fibrin binding [37]. Since 
kringle 2 domain a part of reteplase essentially required for stimulation 
to protease in the presence of fibrin, which is stimulated to a lower 
extent than alteplase in case of Reteplase. These finding suggest 
significance of fibronectin finger which directly involved in the 
stimulation of the protease [38]. Additionally, due to deletion of the 
finger domain, epidermal growth factor domain and kringle 1domain 
with carbohydrate side chain, led to reduction in hepatic clearance of 
reteplase [39]. These modifications additionally provide extended 
plasma half-life 14–18 minutes comparatively alteplase half-life of 3–4 
minutes. A significant reduction in hepatic clearance and enhanced 
biological half-life allows reteplase to be administered as boli against as 
an initial bolus followed by an infusion [40]. 

Another transform version of t-PA, Tenecteplase multiple (three) point 
mutation of alteplase exhibits difference with retplase which is 
deletion mutant. The design of Tenecteplase is based on to have an 
extended half-life, allowing convenient single bolus dosing, increased 
fibrin specificity and patency [41]. More precisely, substitutions of 
Asn-117 with Gln delete the glycosylation site in kringle 1 domain 
additionally replacement of Thr-103 with Asn reintroduced a new 
glycosylation site at different locus. These change in amino acids level 
reduces renal clearance of Tenecteplase hence prolongs half-life by 20 
minute [42]. Further the substitution of amino acids Lys-296, His-297; 
Arg-298 and Arg-299 are each replaced with Ala which increases 
resistance approximately 80 times to inhibition by PA-1 [44]. Despite 
these features, Tenecteplase also possess similarity with native t-PA 
towards fibrin specificity with enhanced fibrin specificity 14-fold 
higher [45].  

Earthworm fibrinolytic Enzyme (EFE)  

Earthworm fibrinolytic Enzyme (EFE) is group of six enzymes exist in 
isoforms as serine protease naturally founds in alimentary canal of 
earthworm [46]. Though it was first isolated and characterized in 
earthworm species Lumbricus rubellus by Mihara in 1993, hence 
named Lumbrokinase. Later many other species of earthworm were 
explored for isolation and characterization of fibrinolytic components 
[47]. Since, EFE exist in different isoforms hence molecular weight and 
fibrinolytic activity varies with individual component. The most potent 
component of EFE, molecular weight 25.4KD exists in ubiquitously in 
many species of earthworm. Other fibrinolytic component ranges in 
molecular weight from 24.6KD to 33 KD with different fibrinolytic 
activity [48]. The EFE has some unique features over other artificial 
agent as thrombolytic such as stability against temperature, pH and 
various chemicals [49].  

EFE is only artificial thrombolytic effectually absorb from intestinal 
mucosa as complete molecule with intact activity. The ability of EFE to 
resist against chemical and temperature led design of dosage for oral 
administration to avoid bleeding on injection site often noticed with 
other external fibrinolytic thrombolytic [50]. Moreover, EFE 
protection against cerebral ischemia, anti-thrombosis and anti-
apoptosis was confirmed in the year 2008. In a study carried out by 
Hongrui Ji, has described molecular mechanism for anti- ischemic role 
of EFE. In the current study EFE has shown anti-ischemic activity by 
potentiating activity of adenylate cyclase (AC), which led increase in c-
AMP level. These modulations in the c-AMP inhibit expression of 
Glycoprotein IIB/IIIA (GPIIB/IIIA) and P-selectin essential responsible 
for the cerebral traumas [51]. 

 

Table 1: List of available thrombolytic 

Thrombolytic Molecular Weight 
(KD) 

Half life 
(Minute) 

Mechanism Source Plasmin 
Specificity 

Antigenicity 

Streptokinase 47 30 Indirect  Streptococcus  No  Yes  
Staphylokinase  16.5 6 Indirect  Staphylococcus  Yes  Yes  
Tissue Plasminogen activator 
(t-PA) 

72 4 Direct  Human  Yes  No 

Earthworm Fibrinolytic 
Enzyme (EFE) 

24-33KD 30 Direct & 
Indirect  

Earthworm celomic 
fluid  

Yes  No 

Reteplase 40 20 Indirect  Synthetic /Recombinant  No No 
Antistreplase 131 90-110 Indirect  Synthetic/Recombinant No No 
Urokinase 55 15 Direct  Urine  No  No 
Altreplase (rt-PA) 70 70 Indirect  Synthetic/ Recombinant  Yes  No 
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Clinically approved molecules  

Though the history of thrombolytics much old and several molecules 
have been isolated and produced recombinant way. Among then 
majority of molecules subjected to clinical trials study for evaluation of 
potency of drug in human model [52]. Despite all the very few 
molecules got approved by FDA for therapeutic applications. The 
streptokinase and its recombinant variant have been approved for 
management of cordial vascular disorder [53]. The novel variant of 
recombinant tissue plasminogen activator was approved by FDA in 

1996 in the name of alteplase. The clinical application of alteplase was 
performed later on and was found satisfactory for cordial complication 
but failed in cerebral ischemia [54]. The EFE has shown promising 
result in lab model while tackle cerebral ischemia but its clinical trials 
studies are still going on. Though many molecules approved by FDA 
and most of them for cardiovascular disorder not for cerebral. More 
practically till now none of thrombolytic has been approved especially 
for managing cerebral ischemic stroke, proposed reason majority of 
conventional thrombolytic are neurotoxic and led to loss of neuronal 
tissue permanently [55].  

 

Table 2: Commercially available thrombolytic with brand name 

S. No. Trade Name Manufacture 
1.  Heberkinase Heber Biotech SA, Cuba 
2.  Striptease  Kyung Dong Pharm Co. Ltd, Korea 
3.  Streptokinase TTK  BBT Biotech, Germany  
4.  Eskinase  BBT Biotech, Germany  
5.  Recombinant Streptokinase  Shanghai SIIC SMU Biotech Co. Ltd,  
6.  SK-PDC  Aventis Behring GmbH Germany  
7.  Bolouk  Netriceuticals, CA , USA 
8.  Kabikinase Pharmacia Upjohn, Sweden  
9.  Treptase  Se Jong Pharm, Korea  
10.  Thrombosolv  Korea United Pharm Inc., Korea  

 

Challenges with conventional thrombolytics  

Numbers of artificial thrombolytic agent have been used in 
management of vascular disorder since last two decades. These agents 
have shown promising results to overcome vascular trauma with 
many complications. Complications often noticed with these agents 
such as systemic bleeding, short half-life, rapid reoclusions, 
antigenicity, low perfusion rate, high bypass, and lack of plasmin 
specificity, route of administration and cost factor [56]. For an ideal 
fibrinolytic agent it would achieve 100% patency in a short span time 
period and have minimal bleeding complications. Further this agent 
would be easily administered as a bolus, have a prolonged half-life and 
slow renal clearance [57]. Additionally, it must have fibrin specificity 
with little or no fibrinogen depletion with improved micro-vascular 
function and flow. Despite these challenges management of cerebral 
disorder such as cerebral ischemia is another primer challenge for 
conventional thrombolytic often cause toxicity in significant levels 
[58].  

Cerebral Disorders 

Despite, the cardiovascular disorders cerebral ischemia is major cause 
of mortality in concern with cerebral problems. Cerebral ischemia is 
most often brought about by interruption of the blood supply to a part 
of the brain [59]. Embolic or atherothrombotic occlusion of the 
cerebral artery is a primary event that occasionally progresses to 
cerebral infarction in humans. Focal ischemia due to middle cerebral 
artery (MCA) occlusion encompasses a densely ischemic core of tissue 
where CBF decreases remarkably and a marginally better perfused 
area, the so-called "ischemic penumbra [60]. The management of 
cerebral vascular disorder and its importance we can understand by 
cerebral metabolism and blood flow. Essentially, Neuronal function 
and cerebral metabolism are critically dependent on sufficient oxygen 
and glucose supply led energy production via phosphorylation of ADP 
into ATP [61]. It is quite obvious for cerebral tissue to have adequate 
cerebral blood flow (CBF) for metabolic processes. The requirements 
of blood supply depend on the metabolic demand which is regulated in 
feedback mechanism. The requirement of blood concurrently glucose 
and oxygen is much more than any other organ as per body weight 
approximately brains contribute only 2% of body weight which 
consume 25% of oxygen supplied by systemic circulation [62].  

Additionally, brain does not store energy, any interruption of the blood 
supplies easily and quickly results in neuronal dysfunction and 
neuronal damage [63]. Now it’s obvious the importance of 
thrombolytics and their efficiency which reflects functioning of brain 
and cerebral tissue. The ischemic tissue start expression of stress 
proteins which modulate the functioning of cellular protein network 

helps to tackle under stressed conditions [64]. In a study it was found, 
mice under ischemic stress led to over expression of BCL2, a protein 
modulate programed cell death led to abnormality in process of 
control cell death [65].  

Thrombolytic for cerebral Traumas  

Over last one decade several clinical trials have been performed for 
emergency treatment for intracranial thromboembolic occlusions by 
triggered thrombolysis with infusion of streptokinase and 
recombinant tissue plasminogen activator intra-arterially or 
intravenously [66]. Clinical interpretation collected from the studies 
carried out so far, it appears that the risk of intracranial hemorrhage 
via clinical deterioration is not increased by thrombolysis if 
thrombolysis is performed during the first 8 hours after symptom 
onset [67]. In another study it was founds on successful recanalization 
of occlusions in the anterior or posterior circulation is associated with 
a decrease of mortality and morbidity [68]. Hence it was predicted 
from the data of clinical implementation, Intra-arterial application of 
the thrombolytic agent seems to be more effective than intravenous 
application in mice model. Still the studies carried out for management 
of cerebral vascular disorder with conventional thrombolytics 
molecules are not sufficient and their results were not found 
satisfactory [69]. Despite all these outcomes, there is still a lack of 
controlled studies that could exclusively prove which thrombolytic 
agent and which mode of application is the most effective with regard 
to arterial recanalization and clinical outcome [70]. 

In the history of past 50 years, thrombolytic agents who have been 
infused with the aim of recanalizing occluded coronary vessels, and 
later on, applied in the setting of acute ischemic stroke [71]. These 
external thrombolytic agents act on plasminogen-plasmin 
transformation, improving the natural process of fibrinolysis. With the 
advancement in technologies third generation 
thrombolytic agents with refined fibrin selectivity and biological half-
life have improved both recanalization rates and 
hemorrhagic complications, inside and outside the CNS [72]. In case of 
intra-arterial (IA) administration of fibrinolytic agents improves 
delivery of the drug to the thrombus at a higher concentration with 
smaller quantities and hence lowers systemic exposure [73]. 
Additionally, mechanical methods for thrombus dissolution allows for 
drug delivery to larger surface area of the thrombus. To overcome IV 
infusion based complication open combinations options of IA-IV 
treatments have been studied [74]. Till date, there are no direct 
comparative clinical trials to show that endovascular administration is 
more efficacious or carries a lower risk of 
hemorrhagic complications than IV tissue plasminogen activator [75]. 
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While the management of acute ischemic stroke, there is need of 
immediate recanalization of the occluded artery by optimal means for 
restoring blood flow and rescuing the ischemic brain from complete 
infarction and neuronal death [76]. Subsequently, intravenous or 
intra-arterial infusion of local thrombolytic therapy with streptokinase 
or tissue-plasminogen activator (t-PA) has often in practice for acute 
ischemic stroke, but unfortunately the efficiency of these clinical 
manifestations has not established till date preciously [77]. Moreover 
route of administration of thrombolytic is more important than 
thrombolytics molecules in management of cerebral vascular 
disorders [78].  

Toxicity offered by Conventional Thrombolytic 

The major challenges with conventional therapeutics are neuronal 
toxicity which causes serious complications to cerebral tissue. 
Intravenous infusion of tissue plasminogen activator (t-PA) is used to 
treat acute stroke because of its thrombolytic activity and its ability to 
restore circulation to the brain [79]. However, this protease also 
promotes neuro-degeneration after intra-cerebral injection of 
excitotoxins such as glutamate, and neuronal damage after a cerebral 
infarct is thought to be mediated by excitotoxins [80]. In another 
study, a comparative analysis was carried out with streptokinase, 
staphylokinase and tissue plasminogen activator to evaluate efficiency 
of these molecules. Based on study conclusion were made after 
infusion of these thrombolytic agent led to increase chance of damage 
of neuronal tissue and more risk of cerebral ischemia subsequently in 
mice model [81]. Though, tissue plasminogen activator (t-PA) has been 
considering better agent for thrombolysis which exposed as much 
toxic towards neuronal damage. Further, more often larger dose of 
conventional thrombolytic may damage to blood brain barrier which 
subsequently led to other serious complications [82]. Moreover, the 
thrombolytics molecule often led to proteolysis of cerebral tissue and 
led to apoptosis [83]. With these potential threats to neuronal tissue 
with conventional thrombolytics led novel options cerebral vascular 
traumas.  

Future prospects of thrombolytics  

Moreover, the management of cardiovascular disorder is much easier 
and convenient against cerebrovascular disorder. Numerous 
inventions have been made in last one decade to improve existing 
molecule as suitable agent for cerebral traumas.  

Nano-scale Technology and Targeted delivery  

In recent time many new technologies have been developed especially 
for cerebral vascular disorder management. Though streptokinase has 
been used maximally among available thrombolytics molecules but 
must be given in larger dosages. Essentially larger dose required for 
these artificial thrombolytic to overcome complications like liver 
bypass. Simultaneously, larger dose of thrombolytics by intravenous 
infusion often cause hemorrhagic complications. Recently, 
streptokinase loaded liposome has been designed and evaluated its 
efficiency. [84] The studies have shown, liposomal delivery of 
streptokinase not only minimize hemorrhagic complications but also 
improve molecule in concern with targeted delivery and stability in 
systemic circulation [85].  

Improved fibrinolysis  

The biological half-life of thrombolytic molecules often led to serious 
complications in management of vascular disorders. Numerous 
refinements have been made in the existing molecules to improve half-
life for extended thrombolysis and used successfully. Another novel 
approach in the year 2008, in this a novel micro-mixer using a 
biological molecular ATP motor was designed and evaluated in-vivo 
[86]. The Nano-machine was constructed using F0F1-ATPases (arrays 
of chromatophore-embedded d-free), in which d-free F1 part designed 
for rotator to mix solutions and the F0 part was driven by light. The 
constructed micro-mixer works without any physical contact with 
fibrin was confirmed by microscopic analysis. To understand 
molecular mechanism of constructed micro-mixer fibrin was labeled 
with FITC and which further confirm the Nano-mechanical force 
generated by motor accelerate fibrinolysis by improving solvent 
movement which facilitates drug kinetics. This study was performed 

with EFE in lower concentration with statistical analysis of large 
volume of fibrinolytic often led to hemorrhagic traumas [87]. 

Protein Engineering  

Protein engineering certainly involve in all the aspect while refining 
biomolecules. Though, we are having enormous number of fibrinolytic 
molecules but majority of them must refine to acquire desired 
properties and design of novel one too [88]. The proteomics 
approaches while design can lead to improved therapeutics such as 
biological half-life, optimized renal clearance and least toxic effects 
[89]. Recently, in a study carried out to optimize renal clearance of 
tissue plasminogen activator (t-PA). The need of such study is 
important as fast renal clearance required rapid infusion of 
thrombolytics often cause serious complications. In this study a novel 
variant of t-PA was designed and introduced intravenous into systemic 
circulation and found 22 fold improved fibrinolysis [90]. These 
approaches even become more significant for management of cerebral 
ischemia and related traumas which required more targeted 
therapeutics [91]. Altogether, hybridization of these technologies may 
lead to new era of therapeutics which will offer safe and easy 
medication.  

CONCLUSION  

The 20th century had remarkable achievement in medicine and 
especially managing vascular disorders. The cerebral and cardial 
disorders management has been challenge for physician and 
researcher and now it directed to destination. The journey of clinical 
application of external fibrinolytic which starts in late 1960s with 
native streptokinase and related molecules is reached to refined, 
efficient and affordable outcomes [91]. Though, many obstacles are 
still there which need many attentions to look further refinements in 
existing therapeutics. In the evolution of thrombolytics explored 
several molecules from microbial source to higher animal origin. In the 
late 1980s, many breakthroughs have been made by researcher 
worldwide for hunting thrombolytics molecules and their 
characterizations [92]. The earthworm was explored for its 
therapeutics potential with six thrombolytic protein molecules as 
outcome.  

Despite all these inventions, the existing molecules were subjected 
to molecular characterization and chemical and biophysical levels. 
Several novel variants of streptokinase, staphylokinase and t-PA 
came in clinical practice with improved therapeutically potential 
[93, 94, 95]. After clinical acknowledgement in cordial disorders, 
these existing molecules were implemented in the management of 
cerebral traumas. The refined forms of existing molecules have 
shown satisfactory outcomes in managing cerebral ischemia. After 
biophysical characterization of EFE, it has shown ability to tackle 
cerebral ischemia in-vivo [96]. Despite EFE, novel variant of 
streptokinase and tissue plasminogen activators (t-PA) have shown 
promising result in in-vivo system for managing cerebral ischemia. 
The nano- scale technology further enabled existing variant of t-PA 
and streptokinase to minimize infusion of larger dosage of these 
therapeutics [97].  

Though, the vascular medicine has grown enormously in last few 
decades with inventions of several potent thrombolytic molecules but 
still there is much more finding have to make in concern to cerebral 
traumas [98]. Most challenging area for existing thrombolytics 
towards cerebral traumas management is their toxicity to neuronal 
tissue [99]. Current progressive research running at molecular level 
may take some time but based on the available scientific research 
literature soon management of cerebral traumas will reach to final 
destination.  
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