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Abstract
Zinc(Ⅱ) induced neurological thrombolytic activities have become apparent during thrombolysis process of COVID-19
thrombus prevention, inflammation, fibrin degradation, fibrinolysis of dissolving blood clots, and blood flow reperfusion after
thrombolysis. In COVID-19 thrombus prevention, zinc can prevent respiratory thrombosis and pulmonary thromboembolism
by inhibition of thrombus formation growth. In COVID-19 inflammation, zinc-induced suppression of inflammation in
thrombolysis may be involved that zinc can reduce the inflammation in the abdominal aortic aneurysm (AAA) which zinc
has anti-inflammatory and anti-oxidant effects, and immune responses. Fibrin degradation process is involved that zinc binds
tissue-type plasminogen activator (tPA), in which atorvastatin decreased cerebral, fibrin, neutrophil, and microvascular platelet
deposits. Zn2+ accelerates fibrin clot formation and increases fiber diameter both in the absence and in presence of coagulation
factor (FXIII) and zinc ions effect clot structure of porosity, stiffness, and rheology. In zinc-induced thrombolytic dissolving
blood clots, zinc-stabilized t-PA gelatin complex, MMP9 and MMP3 with t-PA are a promising t-PA delivery system, and may
facilitate neuroprotection and vital for reperfusion treatment that zinc-induced neurotoxicity has been shown to play a role
in neuronal damage and death associated with traumatic brain injury, stroke, seizures, and neurodegenerative diseases with
worthing a neuroprotective intervention in stroke. Furthermore, zinc induced ROS in the resolution of a venous thrombus has
ROS-mediated cell recruitm and oxidative stress at the site of a venous thrombus and increased ROS production is demonstrated
in during ischemia, reperfusion, and restoration of the blood flow.
Finally, the zinc(Ⅱ) binding molecular mechanism is considered that Zn2+ ions may bind to inflammatory, fibrinogen,
fibrinolytic, and thrombus proteins respectively by Zn2+ ions-centered coordinated tetrahedral binding molecular pattern.
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Abbreviations
AAA: Abdominal Aortic Aneurysm; AIS: Acute Ischemic Stroke;
ARDS: Acute Respiratory Syndromes; BBB: Blood-Brain
Barrier; CNS: Central Nervous System; COVID-19: Coronavitrus
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Disease-19; CVDs: Cardiovascular Diseases; DECT: Dual
Energy Computed Tomography; DHI: Danhong Injection; ECM:
Extracellular Matrix; FDPs: Fibrin Degradation Products, FXⅢ
F13: Coagulation Factor FXⅢ, ICH: Intracerebral Haemorrhage,
IFN: Interferon; MMPs: Matrix Metalloproteinases; NET:
Neutrophil Extracellular Trap; NO: Nitric Oxide; NOAEL:
No Observed Adverse Effect Level; PE: Pulmonary Embolism;
POCUS: Point-of-Care Ultrasound; PTCA: Percutaneous
Transluminal Coronary Angioplasty; RNS: Reactive Nitrogen
Species; ROS: Reactive Oxygen Species; RV: Right Ventricular;
RVD: Right Ventricular Dysfunction; SK: Streptokinase; t-PA:
tissue-Type Plasminogen Activator; TIMI: Thrombolysis in
Myocardial Infarction; ZIP: Zrt, Irt-Like Protein; ZIP4: Zinc
Influx Transporter4; VSMCs: Vascular Smooth Muscle Cells;
VTE: Venous Thromboembolism

Introduction
Coronavirus disease-19 (COVID-19) thrombolysis infectious
disease has a critical therapeutic role in severe pneumonia with
pulmonary embolism (PE) that point-of-care ultrasound (POCUS)
has a pivotal role in the refractory acute respiratory syndrome
(ARDS) in COVID-19 [1]. Rescue thrombolysis with severe
COVID-19 acute respiratory syndrome (ARDS), thrombosis and
right ventricular dysfunction (RVD) that has a trend to improvement
in perfusion. Understandings of impact of thrombolysis on micro
and macro thrombosis, ventilator efficiency and RVD with
COVID-19 ARDS, the potential survival benefit, and the possible
role of thrombolysis in preventing pulmonary vascular disease are
required [2].
The thrombolysis procedures have been analysed from Acute
Ischemic Stroke (AIS) patients with tissue-type plasminogen
activator (t-PA) and the majority of treatment of system delays, and
the thrombolysis treatment decision when treating patients with
tPA, and study next steps including the development of a discreteevent computer simulation model to quantify the impact of these
suggested changes to the current processes [3]. Treatment with
tPA results in neutrophil recruitment, activation, and neutrophil
extracellular trap (NET) formation that tPA has long been the
single available therapeutic and nowadays, modified tPA versions
and combinations with tPA have been used as a stroke therapeutic
[4]. The thrombolysis using liposomes is an attractive concept
toward directed dissolution of blood clots that plasmin variants are
produced as direct fibrinolytic agents as a futuristic approach with
targeted delivery of these drugs using liposome technology, in
which its rigorous clinical testing needs to be done to understand
its futuristic implications [5].
On the other hand, zinc and its protective role for therapeutic
use of zinc are important as zinc bioavailability in immunity and
inflammation, ARDS, pneumonia, and thrombolysis, hypoxia and
ischemia reperfusion injury against COVID-19 infection [6].
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Zinc(Ⅱ) induced anti-thrombosis has been investigated
that zinc can inhibit inflammation, platelet behavior function,
blood coagulation and promotes neurological antithrombosis
formation during ROS production, excessive oxidative stress,
and thrombosis process against COVID-19 infection, in which
zinc ions-binding molecular mechanism has been clarified
that Zn2+ ions may be bound with COVID-19 inflammatory,
platelet, coagulation, thrombus proteins by Zn2+ ions-centered
tetrahedral binding protein molecules coordination pattern [7].
Thrombolysis in COVID-19 infection is involved that zinc(Ⅱ)
induced thrombolysis is proceeded by zinc concentration from
0.5 to 1 μM, in which the molecular mechanism is clarified that
Zn2+ ions could bind with COVID-19 RNA thrombolytic proteins
by Zn2+-centered tetrahedral coordination pattern [8]. Zinc serves
neurological importance to the function of the central nervous
system (CNS) that zinc induced neuroprotection with specificity
against zinc-mediated injury, tissue plasminogen activator
(tPA), tPA’s biological effect, and neurodegenerative disease for
thrombolysis have increasingly important roles for thrombolysis
in human patients [9].
Zinc induced productive reactive oxygen species (ROS)
play a role in the reperfusion injury that enhances ROS scavenging
and/or detoxification protect against reperfusion injury, artificial
generation of ROS in otherwise normal tissue recapitulating the
injury response, and detection of enhanced ROS production, in
which meaningful progress as ROS-directed drugs that can be
used to effectively treat reperfusion injury [10].
In this semi-review, thrombolysis process may be assumed
to be consisted of COVID-19 thrombus prevention, inflammation,
fibrin degradation, dissolving blood clots, and blood flow,
reactive oxygen species (ROS) generation, and reperfusion after
thrombolysis, in which zinc(Ⅱ) induced neurological thrombolytic
activities during thrombolysis process against COVID-19 infection
are revealed, subsequently, the zinc binding molecular mechanism
has been clalified.
Thrombolysis process
Physical and mechanistic features of thrombolysis have
a bolus of tPA at the clot edge, the effects of clot structure on
clot degradation, plasminogen molecules, and the effects of
modifcations to fibrinolytic drugs or dosing regimens, in which
these facts have signifcant implications for thrombolytic treatment
in fibiolysis at the clot or thrombus edge, fibriolysis proceeding,
degradation of fbrin and tPA release, fibriolysis proceeding, and
effects of modifcations to fibrinolytic drugs [11].
Thrombolysis refers to fibrinolysis and dissolution of the
thrombus that fibrinolysis acts by activation of plasminogen to
fibrinogen and fibrin and lyses the clot, which then allows reperfusion
of the ischaemic brain. Thrombolytic agents include streptokinase
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(SK) and recombinant tissue-type plasminogen activator (rt-PA).
SK has a longer halflife than tissue-type plasminogen activator (tPA), prevents re-occlusion and is degraded enzymatically in the
circulation. rt-PA is more fibrin-specific and clot-dissolving, and is
metabolized during the first passage in the liver [12].
Thrombolysis process with fibrinolysis is considered that
fibrinolysis refers specifically to the agents causing fibrin breakdown
in the clot, namely antifibrinolytics, such as aminocaproic acid
(ε-aminocaproic acid) and tranexamic acid are used as inhibitors
of fibrinolysis. Accordingly, the thrombolysis process may consist
of thrombosis prevention, t-PA and zinc agents, anti-inflammatory
agent, fibrinolytic system, degradation, dissolving blood clots, and
blood flowing stability after thrombolysis. Zinc-tPA connection
promotes thrombolysis process, however the thrombolysis process
in dissolution of the thrombus remains poorly understood yet,
but this study is investigated on the thrombolytic activity during
thrombolysis process. Hence, zinc induced thrombolystic activities
can be obvious during thrombolysis process of (1)COVID-19
thrombus prevention, (2)Inflammation, (3)Fibrin degradation,
(4)Fibrino- lysis of dissolving blood clots, and (5)Blood flowing
stability with t-PA using, ROS generation, and reperfusion after
thrombolysis as given below.
Zinc promotes COVID-19 thrombus prevention
Intracellular zinc homeostasis is beneficial for prevention
of cardiovascular diseases (CVDs) that zinc tranporters can
prevrent endothelial CVDs and vascular smooth muscle cells
(VSMCs) functions [13]. For prevention of SARS-CoV-2 and
most importantly for general health, given that zinc supplements
are readily available, they may be indicated for people with low or
borderline low results, low dietary intake and/or increased needs.
To optimise safety, a daily dose lower than the tolerable upper
limits (<7 mg for children aged 1–3 years up to 22 mg for those
aged 15–17 years) should be used along with dietary modifications
whenever possible. In adults, doses up to the no observed adverse
effect level (NOAEL) of 50 mg/day should be considered [14].
Zinc serves for thrombus prevention as a ubiquitous modulator
of haemostasis and thrombosis, aggregation, anti-coagulation and
fibrinolysis that zinc controls blood clot formation on fibrin(ogen)
expression and function, in which demonstrate its central role in
clot formation during hemostasis and thrombosis [15]. Zinc can
prevent respiratory thrombosis and pulmonary thromboembolism
by inhibition of thrombus formation growth in COVID-19
infection [16].
Zinc inhibits COVID-19 inflammation in thrombolysis
Inflammation increases procoagulant factors, and also
inhibits natural anticoagulant pathways and fibrinolytic activity,
causing a thrombotic tendency [17]. Inflammation of venous wall
in thrombosis is usually induced by vessel wall damage, stimulates
the coagulation system that coagulation factors inhibit the release
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of anticoagulant factors and hamper endogenous fibrinolysis. As
thrombus formation is based on the activation of coagulation system,
provoked by inflammation prevention and treatment of venous
thromboembolism (VTE), should include both anticoagulant
and anti-inflammatory agents [18]. Inflammatory responses to
intracerebral hemorrhage (ICH) are quantified molecular markers
of inflammation in human brain tissue, negative regulation of
apoptosis and neutrophil degranulation, and neuroinflammatory
response after ICH [19].
Zinc-induced suppression of inflammation in thrombolysis
may be involved that zinc can reduce the inflammation in the
abdominal aortic aneurysm (AAA) and successful thrombolysis is
related to a significantly attenuated inflammatory response [20,21].
Zinc has anti-inflammatory and anti-oxidant effects, and immune
responses by cytokine-activated macrophages, which release NO
in high concentrations that zinc deficiency affects the generation
of inflammatory cytokines, in which these zinc status-involved
inflammatory responses often commingle with their antioxidant
deficiency induced-oxidative stress results in the reduction of NO
in epithelium [22].
Zinc induced COVID-19 fibrin degradation and fibrinolysis
controls blood coagulation
Fibrin/fibrinogen degradation products and D-dimer have
been positively correlated with injury severity score, and the
relationships varied according to trauma severity [23]. Fibrinolysis
controls blood coagulation that hypofibrinolysis resulting in
impaired clot dissolution is caused to thrombosis in multiple
disease states that the mechanism of the anticoagulant effect of
fibrin degradation products (FDPs) is unlikely that FDPs exert any
target-specific feedback inhibition or amplification of thrombosis
[24].
Zn2+ has competing effects on clot formation and degradation
via distinct mechanisms that zinc delays clot lysis and attenuates
fibrin degradation that zinc accelerates clotting and reduces fibrin
clot stiffness in a coagulation factor F13-independent manner,
suggesting that zinc may work in concert with F13 (FXIII) to
modulate clot strength and stability [25]. Zn2+ slows fibrinolysis
by attenuating plasminogen activation and fibrin degradation
by plasmin and zinc circulates free in plasma at a concentration
of 0.1-2 µM, In 5 µM zinc presence, the catalytic efficiency of
plasminogen activation by tPA was reduced by approximately
two-fold. Zinc had no effect on the affinity of plasminogen or
plasmin for fibrin, but increased the affinity of tPA by two-folds.
Zn2+ serves as a dynamic modulator of numerous reactions in
haemostasis, and contributes to the localized, rather than systemic,
response to perturbation, in which zinc modulates fibrinolysis by
attenuating tPA-mediated plasminogen activation and plasmininduced fibrin degradation [26]. The tPA-induced upregulation of
matrix metalloproteinase-9 (MMP-9) is reduced by atorvastatin,
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in which atorvastatin decreased cerebral, fibrin, neutrophil,
and microvascular platelet deposits that atorvastatin-mediated
neuroprotective effects are responsible for the reduction of adverse
effects resulting from delayed tPA treatment [27].
Fibrinogen is the immediate precursor of fibrin blood clots
that Zn2+ in alkaline phosphatase tracer (ZnTAP) binds to fibrinogen,
in which the results support a role for protein conformation in Zn2+
binding and demonstrate the utility of the ZnTAP complex with
tracer for fibrinogen binding interactions [28].
The role of ROS in the resolution of venous thrombus has
ROS-mediated cell and oxidative stress at the site of a venous
thrombus. The recruited cells promote thrombus resolution through
phagocytic action removing red cell mass, thrombus and vein wall
remodeling including fibrin degradation and the stimulation of
extracellular matrix (ECM) deposition and neovessel formation
[29].
Zinc induced thrombolytic dissolving blood clots
Fibrinolysis in COVID-19 ARDS is involved in the impact
of thrombolysis on micro- and macrothrombosis, ventilatory
efficiency, and RVD in these complex patients with COVID-19
ARDS [2]. Danhong injection (DHI) could inhibit the activation
of MMP-9 and protect the blood–brain barrier (BBB), which may
reduce the MMP-9 activation caused by t-PA and the destruction
of the BBB. DHI (4 mL/kg) combined with t-PA (2.5 mg/kg) may
reduce ischemic brain damage, intracerebral haemorrhage (ICH)
and blood brain barrier damage, in which this combination may be
ultimately facilitate new therapeutic approaches to enhance t-PA
thrombolysis in stroke patients [30]. Zinc binds fibrin(ogen) and
attenuates fibrinolysis that Zn2+ accelerates fibrin clot formation
and increases fibre diameter both in the absence and presence of
coagulation factor (FXIII). Zinc ions effect clot structure of porosity,
stiffness, and rheology that Zn2+ serves as a dynamic modulator
of numerous reactions in haemostasis and contributes to the
localized, rather than systemic, response to perturbation, and that
ionic conditions should be considered when evaluating the effects
of FXIIIa on clot [24]. Zn2+ binds to fibrinogen with high affinity
and these fibrin bundles are loosely coupled from a mechanical
perspective, possibly resulting from the flexibility of the alpha-C
regions of fibrinogen that excess Zn2+ in the microenvironment
within the clot can be used in tissue engineering applications to
design hierarchical fibrin scaffolds with multiscale control over the
mechanical properties. Thus, the mechanics of a fibrin network are
closely correlated with its microscopic structure and inform our
understanding of the structure and physical mechanisms leading to
defective or excessive clot stiffness [31].
Zinc induced blood flow, zinc with t-PA using in fibrinolysis,
ROS and RNS gneration, and reperfusion after thrombolysis.
Coronary blood flow after thrombolysis is flow of
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percutaneous transluminal coronary angioplasty (PTCA) of the
residual stenosis, delayed nonculprit artery, and following relief
of the stenosis by stenting that increased residual stenosis severity
is associated with thrombolysis in myocardial infarction (TIMI)
flow grade frame counts [32]. The release of ionic Zn2+ store from
secretory granules upon platelet activation contributes to the
procoagulant role of Zn2+ in platelet-dependent fibrin formation
[33].
The rationale for tPA treatment for COVID-19 ARDS
is by the need for effective fibrinolysis. The systemic tPA in
patients with severe COVID-19 and ARDS has been clinically
suspected on pulmonary thrombosis that COVID-19 thrombolysis
significantly improved ventilatory parameters as well as a trend
to echocardiographic measures of right ventricular (RV) function
that thrombolysis led to a sustained trend to improvement on
the follow-up dual energy computed tomography (DECT) scans
available, in terms of micro and macrovascular perfusion [2].
Zinc stabilized tPA gelatin is that The zinc-stabilized t-PA
gelatin complex is a promising t-PA delivery system which can
manipulate the thrombolytic activity by the local ultrasound
irradiation [34]. Zinc-bound-tPA interacts with the zinc influx
transporter Zrt, Irt-like Protein (ZIP) ZIP4 through the kringle
domain of tPA with the extracellular region of the transporter
facilitating zinc and ZIP4 vesicular internalization that tPA facilitates
the partial sequestration of zinc into lysosomal compartments via
ZIP4, thereby regulating the intracellular concentrations of zinc
and acting in a neuroprotective manner by modulating intracellular
signaling events that could lead to cell death [35].
Matrix metalloproteinases (MMPs) comprising a family
of at least 25 zinc-dependent endopeptidases have been shown to
display critical activities throughout the repair phases of cerebral
ischemia, particularly during angiogenesis and reestablishment of
cerebral blood flow. MMP10 reverses tPA-induced excitotoxicity in
cortical neurons that MMP10, either alone or in combination with
tPA, might provide for higher protection against cerebrovascular
damage and thrombolysis [36]. MMP-9 plays a central role in
tPA-mediated neurotoxicity from thrombolytic therapy for acute
stroke that Activated MMP-9 degrades the neurovascular matrix,
and tPA amplifies total levels of MMP-9 after ischemia. Perfusion
of tPA resulted in BBB disruption and degradation of the basal
membrane protein. Treatment of MMP9 and MMP3 with t-PA
also may facilitate neuro-protection and hasten rescue of brain
tissue following stroke, vital for reperfusion treatment, improving
potential clinical benefits of a combined therapy [37].
Zn2+ toxicity plays an important role in ischemic neuronal
death that Zn2+ chelators have the potential to be used in the patients
treated with intravenous thrombolysis (within 3 h of ischemic
stroke onset) as an adjunctive therapy treated with mechanical
thrombectomy through intra-arterial delivery to prevent the
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reperfusion injury with worthing a neuroprotective intervention in
stroke [38]. Zinc-induced neurotoxicity has been shown to play
a role in neuronal damage and death associated with traumatic
brain injury, stroke, seizures, and neurodegenerative diseases that
MMP-9 may underlie tPA-induced disruption of the blood brain
barrier (BBB) and the addition of neuroprotective agents might
come about through the understanding of the toxicity of tPA and
the invention of agents that will block the toxicity without affecting
its ability to thrombolyse [39].
Reperfusion after thrombolysis may be explained by
downstream displacement of clot material and microembolism
of the vascular periphery. Incomplete tissue recovery despite
sufficient reperfusion, which might be due to effects previously
associated with reperfusion injury. Further understanding of the
pathophysiologic mechanisms during and early after thrombolysis
may have an impact on treatment strategies in stroke patients
[40]. Limiting reperfusion damage and recovering from ischemic
stroke are stem cell modification that the disadvantages of IV
transplantation can be solved, resulting in IV transplantation being
the most prominent in the future, especially in acute ischemic
stroke. However, chronic stroke is more challenging with IV
transplantation, as chemotactic signaling is weaker in the chronic
stage. Therefore, intracranial transplantation may be required in
patients with chronic stroke [41].
Zinc(ZnCl2=10, 50, 100 μM) inhibited streptokinaseinduced blood clot thrombolysis and treatment with zinc chelator
promotes streptokinase-induced thrombolysis. This utilization of
a proper dose of streptokinase could improve reperfusion in the
treatment of thrombotic disorders [42].
The other, zinc induced ROS and RNS generation play an
important role for reperfusion in thrombolysis (fibrinolysis) that
free radicals, reactive oxygen species (ROS) and reactive nitrogen
species (RNS), have intense oxidation or nitrification abilities
that during cerebral ischemia reperfusion, especially with blood
reflow, massive generation of ROS and RNS leads to cell death
via DNA damage, protein dysfunction, and lipid peroxidization.
Hence, oxidative/nitrosative stress in ischemia-reperfusion injury
also plays a key role in inducing hemorrhagic transformation and
cerebral edema after revascularization therapy [43]. Inhibition
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of ROS production may reduce autophagy to suppress platelet
activation of oxidized low-density lipoprotein by activating the
mTOR signal pathway [44]. ROS can modulate the cytokineinduced tPA for ROS mainly derived from neutrophils and
antiproteases that NO and ROS have opposing effects on tPA
[45]. Increased ROS production is demonstrated in both during
ischemia and reperfusion, and restoration of the blood flow
can save brain tissue. However, reperfusion might have some
deleterious effects that although oxidative stress biomarkers
related to lipid peroxidation are associated with stroke severity
and outcome, no identifiable changes in their concentrations are
observed after t-PA–induced recanalization [46]. The accumulation
of ROS contributing to reperfusion injury is supported by a large
and growing body of evidence that the presence of risk factors
has revealed a more robust production of ROS and greater tissue
damage following reperfusion, and meaningful progress can be
made towards the translation of preclinical findings to the clinical
setting [10].
In addition, the temporal relationship between NO and ROS
generation may be a critical step in the modulation of tPA and
PAI-1 expression in mesangial cells and may account for a DE
dysregulation of matrix turnover during inflammatory processes in
the renal mesangial that ROS scavengers in a combination regimen
may play a crucial role with acute ICH [47], and treatment with
tPA results in neutrophil recruitment, activation, and neutrophil
extracellular trap (NET) formation that provokes the breakdown
of the blood-brain barrier (BBB) and intracerebral hemorrhage
(ICH) through a type I interferon (IFN) response in the ischemic
brain [48].
Thus, zinc with t-PA, zinc-bound-tPA, zinc stabilized tPA
gelatin, MMPs, streptokinase-induced zinc chelator, and zincinduced generation ROS play important roles in neuronal damage,
reperfusion injury, and improving reperfusion after thrombolysis
against revascularization therapy.
As mentioned above, zinc(Ⅱ) induced neurological
thrombolytic activities during thrombolysis process of COVID-19
thrombus prevention, inflammation, fibrin degradation, fibrinolysis
of dissolving blood clots, and blood flow stability, ROS generation
and reperfusion after thrombolysis are shown in (Table 1).
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Table 1: Zinc(Ⅱ) induced neurological thrombolytic activities during thrombolysis process of thrombus. Prevention, inflammation,
fibrin degradation, fibrinolysis of dissolving blood clots, and blood Flow stability, ROS generation and reperfusion after thrombolysis
against COVID-19 infection.
Finally, Zn2+ ions-protein coordinated binding model is
involved that the interaction had been found on the binding
specificity by Zn2+ ions-centered tetrahedral geometric
coordination of the inhibitors against 3C proteases. Zinc ions
complexes as SARS-CoV-2 3C-like protease inhibitors may play
important role for this Zn2+-centered coordination pattern that the
zinc-coordinating inhibitor of tetrahedral zinc sites is tetrahedrally
coordinated binding to such as the catalytic triad of Serine,
Histidine and Aspartate Hydrogen Residues [49].
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Accordingly, zinc(Ⅱ) ions molecular binding mechanism
is involved in respiratory and pulmonary organ, anti-thrombus
formation, and ZAP-mediated RNA replication that zinc ions may
be bound with respiratory and pulmonary proteins, thrombosis
proteins, and Zn2+-RNA gene reaction. Hence, the zinc(Ⅱ) binding
molecular mechanism is considered that Zn2+ ions may bind to
inflammatory, fibrinogen, fibrinolytic, and thrombolysis proteins,
respectively, by Zn2+ ions-centered coordinated tetrahedrally
binding molecular pattern [50].
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Conclusions
Zinc(Ⅱ) induced neurological thrombolytic activities during
thrombolysis process of COVID-19 thrombus prevention,
inflammation, fibrin degradation, fibrinolysis of dissolving blood
clots, and blood flow, ROS generation and reperfusion after
thrombolysis have been discussed, subsequently the zinc binding
molecular mechanism is clarified as given below.
Zinc induced COVID-19 thrombus prevention
Intracellular zinc homeostasis and zinc tranporters are
beneficial for prevention of CVDs and VSMCs functions. Zinc
serves for thrombus prevention as a ubiquitous modulator of
haemostasis and thrombosis, aggregation, anti-coagulation and
fibrinolysis that zinc controls blood clot formation on fibrin(ogen)
expression and function, in which demonstrate its central role in
clot formation during hemostasis and thrombosis Zinc can prevent
respiratory thrombosis and pulmonary thromboembolism by
inhibition of thrombus formation growth in COVID-19 infection.
Zinc induced inflammatory thrombolysis
Zinc-induced suppression of inflammation in thrombolysis
may be involved that zinc can reduce the inflammation in the
AAA and successful thrombolysis is related to a significantly
attenuated inflammatory response. Zinc has anti-inflammatory and
anti-oxidant effects, which release NO in high concentrations, in
which these zinc status-involved inflammatory responses often
commingle with their antioxidant deficiency induced-oxidative
stress results in the reduction of NO in epithelium.
Zinc induced fibrin degradation and fibrinolytic blood
coagulation
Zinc delays clot lysis and attenuates fibrin degradation
that zinc accelerates clotting and reduces fibrin clot stiffness in a
coagulation factor F13-independent manner, suggesting that zinc
may modulate clot strength and stability. Fibrinolysis controls
blood coagulation that hypo fibrinolysis resulting in impaired clot
dissolution is caused to thrombosis in multiple disease states.
Zinc had no effect on the affinity of plasminogen or plasmin
for fibrin, but zinc-tPA binding has been increased the affinity of tPA
by two-fold. The tPA-induced upregulation of MMP-9 is reduced
by atorvastatin, in which atorvastatin decreased cerebral, fibrin,
neutrophil, and microvascular platelet deposits that atorvastatinmediated neuroprotective effects are responsible for the reduction
of adverse effects resulting from delayed tPA treatment.
Zinc induced thrombolytic dissolving blood clots.
Zn2+ accelerates fibrin clot formation and increases fibre
diameter in both the absence and presence of coagulation factor
(FXIII), that zinc ions effect clot structure of porosity, stiffness,
and rheology. Zn2+ serves as a dynamic modulator of numerous
7

reactions in haemostasis,and contributes to the localized, rather
than systemic, response to perturbation.
DHI (4 mL/kg) plus t-PA (2.5 mg/kg) could extend the t-PA
treatment time windows to 4.5 h, ameliorate BBB disruption,
reduce infarction, brain swelling and hemorrhage after ischemic
stroke that DHI could inhibit the activation of MMP-9 and protect
the BBB, which may reduce the MMP-9 activation caused by t-PA
and the destruction of the BBB.
Zinc inhibited streptokinase-induced blood clot thrombolysis
and treatment with zinc chelator promotes streptokinase-induced
thrombolysis.
Blood flow, zinc with t-PA in fibrinolysis, ROS generation, and
reperfusion after thrombolysis
Zinc-stabilized t-PA gelatin complex is a promising t-PA
delivery system, which can manipulate the thrombolytic activity.
Zinc-bound-tPA interacts with the ZIP4 through the kringle domain
of tPA with the zinc extracellular region.
MMPs have been shown to display critical activities
throughout the repair phases of cerebral ischemia, particularly
during angiogenesis and reestablishment of cerebral blood flow.
MMP10 with tPA might provide for higher protection against
cerebro-vascular damage and thrombolysis and MMP-9 plays a
central role in tPA-mediated neurotoxicity from thrombolytic
therapy for acute stroke. Treatment of MMP9 and MMP3 with
t-PA also may facilitate neuro-protection and hasten rescue of brain
tissue following stroke, vital for reperfusion treatment, improving
potential clinical benefits of a combined therapy.
Zinc-induced neurotoxicity has been shown to play a role
in neuronal damage and death associated with traumatic brain
injury, stroke, seizures, and neurodegenerative diseases. Zn2+
chelators have the potential to be used in the patients treated with
intravenous thrombolysis (within 3 h of ischemic stroke onset),
to prevent the reperfusion injury with worthing a neuroprotective
intervention in stroke.
Zinc induced free radicals, ROS and RNS generation, have
intense oxidation or nitrification abilities that during cerebral
ischemia reperfusion, especially with blood reflow, massive
generation of ROS and RNS leads to cell death via DNA damage,
protein dysfunction, and lipid peroxidization. Hence, oxidative/
nitrosative stress in ischemia-reperfusion injury also plays a key
role in inducing hemorrhagic transformation and cerebral edema
after revascularization therapy.
The role of ROS in the resolution of a venous thrombus has
ROS-mediated cell recruitm and oxidative stress at the site of a
venous thrombus. Increased ROS production is demonstrated in
both during ischemia and reperfusion, and restoration of the blood
flow can save brain tissue and the accumulation of ROS contributing
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to reperfusion injury has revealed a more robust production of
ROS and greater tissue damage following reperfusion, novel ROSdirected drugs can be used to effectively treat reperfusion injury.
Thus, zinc with t-PA, zinc-bound-tPA, zinc stabilized tPA
gelatin, MMPs, streptokinase-induced zinc chelator, and zincinduced generation ROS play important roles in neuronal damage,
reperfusion injury, and improving reperfusion after thrombolysis
against revascularization therapy.
Finally, zinc(Ⅱ)-protein binding molecular mechanism is
considered that Zn2+ ions may bind to inflammatory, fibrinogen,
fibrinolytic, and thrombolytic proteins, respectively, by Zn2+ ionscentered coordinated tetrahedrally binding molecular pattern.
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