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Summary

This review summarizes the application of platelet membrane-
coated biomimetic drug delivery systems in the treatment
(I/RI). Platelet

extracellular vesicles,

of various ischemia-reperfusion injuries

membrane-coated nanoparticles,
microbubbles, microemulsions, as well as platelet membrane
vesicles and their derivatives have shown significant promise
for I/RI treatment. By leveraging the specific targeting, adhesive,
and immune evasion properties of platelets, these
systems enable the targeted delivery of therapeutic agents, such
thrombolytics,

and neuroprotective compounds, to ischemic tissues, while

as antioxidants, anti-inflammatory agents,
also offering diagnostic capabilities. However, challenges remain
in bridging the gap between research and clinical application,
such as scalability,

maintaining bioactivity, and potential

side effects. Future research should focus on improving
scalability, stability, and safety. Furthermore, the context-specific
selection or integration of delivery strategies is essential to

meet the therapeutic demands of I/RI.
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Introduction
Ischemia-reperfusion injury (I/RT) is
a pathological condition in which cellular dysfunction
and cell death paradoxically worsen after blood flow is
restored to ischemic tissues [1]. This process starts with
ischemia-induced oxygen deprivation and metabolic
disturbances, followed by reperfusion, which triggers
oxidative stress, inflammation, complement activation,
and leukocyte infiltration [1-2]. These events lead to
endothelial

subsequent organ dysfunction [1].

injury, increased permeability, and

Given the complex nature of I/RI, effective
treatment strategies are essential. Traditional therapies
often face challenges such as poor bioavailability, rapid
clearance, and difficulty in reaching ischemic tissues.
Additionally, systemic administration can often cause off-
target effects and toxicity. Biomaterial-based drug

delivery systems, particularly those that integrate

synthetic and natural materials like cell membranes, offer
a biomimetic approach to address these limitations [3-4].
By enhancing drug stability and enabling precise
targeting, these systems improve drug delivery and
molecular imaging while minimizing systemic
cytotoxicity [3-4]. The cell membrane coating strategy
further enhances these benefits by providing surface
modifications, extended circulation, and excellent
biocompatibility [3].

The membranes can be derived from various
natural including platelets, cells,

sources, cancer
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and exosomes, each providing unique advantages [3-5].
Among these, platelets have emerged as especially
relevant for addressing I/RI due to their capacity to
target sites of vascular injury and escape immune
surveillance [3], making them highly suitable for
cell membrane-coated drug delivery approaches targeting
I/RIL

remain  key

stability, and safety
further

investigation for the successful clinical application of

However, scalability,

challenges  that  require

Leukocyte

P-selectin
ROS, Serotonin

Platelet
aggregation
and
microthrombus
formation

these systems. Additionally, each drug delivery system
has its own advantages and limitations, highlighting the
need for tailored or combinatory strategies in I/RI
therapy.

This review summarizes the application of
platelet membrane-coated biomimetic drug delivery
systems in the treatment of various I/RI, focusing on
recent unresolved

advancements, challenges, and

a comparative analysis of each delivery system.

Immunoglobulin
superfamily receptors

Integrins

S1P, PAF, TGF-B1

Fig. 1. Pathophysiological roles of platelets in IRI. Endothelial damage from I/RI activates circulating platelets, leading to the
upregulation of surface proteins such as integrins, immunoglobulin superfamily receptors, and C-type lectins (e.g., P-selectin). Activated
platelets play dual roles: they exacerbate injury by promoting microthrombus formation (e.g., via platelet receptor GPVI), interacting
with leukocytes and releasing pro-inflammatory mediators (e.g., ROS, serotonin); meanwhile, they also contribute to tissue repair by
releasing protective factors such as S1P, low concentrations of PAF, and TGF-B1.

Pathophysiological role of platelets in I/RI

Platelets, anucleate blood cells derived from
megakaryocytes, are normally present in the blood at
a count of 150-400 x 10”9 platelets/L [3, 6]. Their primary
function is to maintain hemostasis by forming plugs at
injury sites, releasing signaling molecules, and enhancing
adhesion and clotting [7-8]. This process is mediated by its
various membrane receptors, including integrins, seven-
transmembrane receptors, immuno-globulin superfamily
receptors, C-type lectins, and tetraspanins, all of which

contribute to platelet activation and adhesion [3, 9-11]. For
example, Integrin 02B1 and ollbB3 are key receptors in
platelet adhesion and signaling through their interactions
with collagen and fibrinogen, respectively [3]. C-type
lectin  P-selectin  and immunoglobulin superfamily
receptors, such as GPVI and FcR, also play key roles in
promoting platelet aggregation and microthrombus
formation at the site of injury [12]. Upon platelet
activation, the expression of these surface receptors is
which

aggregation,  and

significantly  increased, enhances  platelet

adhesion, overall  activation.
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Fig. 2. Preparation processes, advantages, and limitations of various types of platelet membrane biomimetic drug delivery systems

These properties of platelets make them essential
to the pathogenesis of ischemia/reperfusion injury (I/RI),
particularly in cardio-cerebrovascular conditions such as
(AMI), myocardial
ischemia/reperfusion injury (MI/RI), and stroke [13]. As
demonstrated in Fig. 1, in IR conditions, circulating
platelets can be activated by I/RI-induced damage to the
vascular endothelium [14]. This activation results in
platelet the reperfused endothelium,
aggregation, and the formation of microthrombi [14]. In

acute myocardial infarction

adhesion to

the post-I/RI tissue, activated platelets play a dual role in
both tissue repair and aggravating the injury, as also
illustrated in Fig. 1. On one hand, platelets can release
protective molecules, including sphingosine-1-phosphate
(S1P), low concentrations of platelet-activating factor
(PAF), and transforming growth factor Bl (TGF-B1),
during myocardial ischemia, which may contribute to
cardioprotection [14]. On the other hand, activated
platelets can aggravate I/RI by promoting microthrombus
formation, interacting with leukocytes, and releasing pro-
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inflammatory molecules such as reactive oxygen species
(ROS) and serotonin [15-16].

Platelet membrane-camouflaged biomimetic
drug delivery systems for I/RI

Given their pivotal role in I/RI pathophysiology,
platelets have attracted significant interest as carriers for
drug delivery systems aimed at mitigating I/RI-induced
damage. The unique properties of platelet membranes
confer several advantages for drug delivery, including:
[16-17]; (2) natural
targeting and adhesion properties, facilitated by the

(1) excellent biocompatibility

surface expression of specific proteins and receptors,
such as P-selectin and collagen receptors (GPVI and
FcR), which allow platelets to target damaged blood
vessels [12, 16, 18-22]; (3) immune evasion mechanisms,
surface CDh47

where platelets use receptors like

to camouflage themselves from immune system
detection, enabling passive targeting of injured vascular
endothelial cells [16, 23]. These properties position
platelet ~membrane-camouflaged biomimetic  drug
delivery systems as more advantageous than other cell
membrane-based drug delivery systems in the treatment
of I/RL

Using a simple and efficient top-down method,
platelet ~membrane-camouflaged biomimetic  drug
delivery systems can be created through the sequential
steps outlined in Fig. 2. This process involves isolating
platelet membranes and integrating them into functional
biomimetic delivery platforms by fusing them with
various core carriers, such as drug-loaded nanoparticles,
extracellular vesicles, microbubbles, and microemulsions,
or by encapsulating free drugs (Fig. 2). A number of
studies confirmed the potential of these systems in the

treatment of diverse I/RI (Table 1).

Table 1. Summary of platelet membrane-camouflaged biomimetic drug delivery systems for I/RI.

Sr. Drug delivery

No strategies Cargo IRI type Key advances References

1 Platelet membrane- SS31 peptide MI/RI Targeted drug delivery, [24]
coated mesoporous . improvement of MI/RI
silica nanocarrier therapy.

2 Platelet membrane MicroRNA MI/RI Targeted drug delivery, [25]
vesicle-camouflaged inhibitors improvement of MI/RI
PLAG nanoparticles therapy.

3 Platelet-derived Ginkgolide B Ischemic Targeted drug delivery, [26]
nanoparticles stroke improvement of ischemic

stroke therapy.

4 Platelet membrane- miR-21 MI/RI Targeted delivery of miR- [27]
coated mesoporous 21, improvement of MI/RI
silica nanospheres therapy.

5 Platelet membrane- tPA Ischemic Targeted drug delivery, [28]
encapsulated melanin stroke improvement of ischemic
nanovesicle stroke therapy.

6 Platelet membrane- Protocatechualdeh MI/RI Targeted drug delivery, [29]
coated phenylboronic  yde and tPA improvement of MI/RI
acid nanoparticle therapy.

7 Platelet membrane l-arginine Ischemic Targeted drug delivery, [30]
magnetic nanocarriers stroke improvement of ischemic

stroke therapy.

8 rtPA decorated Z1.006e Ischemic Targeted drug delivery, [31]

Platelet membrane- stroke improvement of ischemic

coated acetal-modified
dextran polymer
nanoparticles

stroke therapy.
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9 RGD-decorated Human fat extract  Ischemic Targeted drug delivery, [32]
platelet membrane- stroke improvement of ischemic
coated PLGA stroke therapy.
nanocarrier
10 Prostaglandin E2 Cardiac stromal MI/RI Targeted drug delivery, [33]
modified platelet cell-secreted improvement of MI/RI
membrane-coated factors therapy.
PLGA nanoparticles
11 Platelet membrane - MI/RI Targeted delivery of EVs, [34]
modified EVs improvement of MI/RI
therapy.
12 Platelet membrane- - MI/RI Targeted delivery of EVs, [35]
fused circulating EVs improvement of MI/RI
therapy.
13 Platelet membrane microRNAs MI/RI Targeted delivery of EVs, [36]
modified EVs improvement of MI/RI
therapy.
14 Platelet membrane- - MI/RI Early detection of MI/RI [37]
coated biomimetic
microbubbles
15 Platelet membrane- - MI/RI Early detection of MI/RI [38]
coated PLGA
microbubbles
16 Platelet membrane- Xenon IR-induced Targeted drug delivery, [39]
mimicking hybrid AKI Improvement of IR-induced
microbubbles AKI therapy.
17 Platelet membrane- Tetramethylpyrazi  MI/RI Targeted drug delivery, [40]
cloaking ne improvement of MI/RI
microemulsion therapy.
18 Platelet membrane Carvedilol MI/RI Targeted drug delivery, [41]
vesicles improvement of MI/RI
therapy.
19 Platelet-derived - MI/RI Protects against MI/RI. [42]
microparticles
20 Platelet-derived - Ischemic Targeted drug delivery, [43]
nanobubbles stroke improvement of ischemic

stroke therapy, ultrasound-
enhanced imaging for real-
time monitoring.

Studies utilizing platelet membrane-coated
nanoparticles (PM-NPs)

PM-NPs combine immune evasion and tissue-
targeting abilities of platelets with the drug-carrying
capacity of nanoparticles for targeted therapy. The
utilization of PM-NPs as potential therapeutic agents for
I/RI has garnered significant attention in recent studies.
These PM-NPs can be loaded with various therapeutic

agents, such as antioxidants, anti-inflammatory agents,
thrombolytics,
regenerative factors, to target ischemic and injured sites,

neuroprotective ~ compounds,  and
enhancing treatment efficacy for conditions like MI/RI
and stroke (Table 1). For example, a study demonstrated
that coating mesoporous silica nanoparticles with platelet
membranes enabled targeted delivery of SS31 peptide to
ischemic cardiovascular sites, exerting antioxidant effects
and alleviating MI/RI [24]. Another study explored the
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therapeutic potential of Poly(lactic-co-glycolic acid)
(PLGA) nanoparticles camouflaged by platelet membrane
vesicles (PMVs) to deliver microRNA inhibitors, which
upregulate Nrf2, enhancing antioxidant defense, reducing
oxidative stress, and mitigating inflammation, thereby
providing protection against MI/RI [25]. Similarly,
Cui et al. (2023) have explored the application of
PM-NPs loaded with ginkgolide B, a compound with
anti-inflammatory and antioxidative properties, for stroke
treatment, demonstrating improved neural protection,
reduced oxidative stress and inflammation, and enhanced
motor recovery compared to conventional treatments
[26]. Tan et al. (2021) also demonstrated that coating
mesoporous  silica nanospheres with platelet-like
fusogenic liposomes, which are formed by hybridizing
platelet membrane vesicles with cationic fusogenic
liposomes, enabled targeted delivery of the anti-
inflammatory miR-21 to inflammatory monocytes in
mice with MI/RI, effectively mitigating inflammation and
reducing tissue damage [27].

Yu et al (2022) developed

a biomimetic nanovesicle for ischemic stroke treatment,

Furthermore,

combining platelet membrane, near-infrared -mediated
photothermal tissue plasminogen activator (tPA) release,
and melanin nanoparticles for neuroprotection [28]. This
approach accelerates thrombolysis in ischemic stroke,
enhances tPA activity, and prevents reperfusion injury by
scavenging free radicals and suppressing inflammation
[28]. Similarly, Guo et al. (2022) developed a platelet-
(PTPN) by
nanocarrier,

mimicking  nanoparticle combining

a  phenylboronic  acid antioxidant
protocatechualdehyde (PC), and tPA, all encapsulated
within a platelet membrane for thrombus targeting [29].
PTPN enabled precise delivery of tPA and PC, effectively
reopened arteries, reduced oxidative stress, and protected
heart mitochondria during MI/R [29]. Li et al. (2020)
developed biomimetic nanocarriers by  coating
L-arginine-loaded magnetic nanoparticles with platelet
membranes for targeted ischemic stroke treatment [30].
Guided by a magnetic field, these nanocarriers release
L-arginine, nitric  oxide

enhancing production,

vasodilation, and reducing platelet aggregation,
improving blood flow and reperfusion [30]. Xu et al.
(2019)
biomimetic nanoplatform for dual-drug delivery in
ischemic stroke treatment [31]. They loaded ZL006e,

a neuroprotective agent, into acetal-modified dextran

developed a thrombin-responsive platelet

nanoparticles, which were then coated with platelet
membranes and decorated with rtPA [31]. This system

significantly improved stroke treatment by restoring
cerebral blood flow and protecting neurons in the
ischemic penumbra [31].

In addition, Wang et al. (2022) developed RGD-
PLT@PLGA-FE, a biomimetic nanocarrier with platelet
membranes decorated with Arg-Gly-Asp and a PLGA
core encapsulating human fat extract, enabling targeted,
release at ischemic sites to

sustained promote

angiogenesis, neurogenesis, and neurotrophic factor
delivery for stroke recovery [32]. Su et al. (2019) also
developed a platelet-inspired nanocell that integrates
prostaglandin E2-modified platelet membranes with
a PLGA nanoparticle-encapsulated core containing
cardiac stromal cell-secreted factors, which significantly
enhance targeted therapy for MI/RI by promoting tissue
repair, improving cardiac function, and supporting
regeneration [33].

These studies underscore the promising role of
platelet membrane-coated nanoparticles in targeted drug
delivery strategies for I/RI, offering effective therapeutic

interventions in ischemic tissues.

Studies utilizing platelet membrane-modified
extracellular vesicles (P-EVs)

P-EVs inherited adhesive proteins and the
natural targeting ability to injured vasculature from
platelets while retaining the pro-angiogenic potential of
EVs [34]. Several studies have explored the therapeutic
of P-EVs for the of I/RI,
demonstrating promising outcomes in various preclinical

potential treatment
models. One study constructed a biomimetic delivery
system using P-EVs, which preferentially accumulated
in the injured endothelium of ischemic hearts and
enhanced the angiogenic potential of EVs in a MI/R
mouse model [34]. In another study, P-EVs exhibited
efficient targeting capabilities by enhancing uptake
in human umbilical vein endothelial cells stressed
[35].
In vivo, they provided greater protection against
MI/RI and reduced cardiac remodeling [35]. In addition,
P-EVs
a MI/RI mouse model, allowing monocytes to carry them

by  oxygen-glucose  deprivation/reperfusion

mimicked platelet-monocyte  binding in
to the ischemic myocardium, where they released
microRNAs to

tissue repair [36]. These studies suggest the potential of

reduce inflammation and promote

P-EVs as promising therapeutic agents for the treatment
of I/RL
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Studies utilizing platelet membrane-coated
biomimetic microbubbles

Microbubbles are gas-filled vesicles that can be
used for imaging or drug delivery purposes. When the
platelet membrane is used to coat microbubbles, they can
selectively target areas of injury or inflammation by
mimicking the biological behavior of platelets. Several
studies have investigated the therapeutic potential of
platelet membrane-coated biomimetic microbubbles for
the treatment of I/RI, offering both diagnostic and
therapeutic benefits. For example, two similar studies
membrane-coated  biomimetic

developed  platelet

microbubbles (MB-pla) for noninvasive ultrasound
imaging, demonstrating their potential for early MI/RI
detection in vitro and in vivo [37-38]. Additionally,
platelet membrane-mimicking hybrid microbubbles
loaded with xenon (Xe-Pla-MBs) were designed for
injury (AKI) [39]. By
Xe-Pla-MBs

exhibited protective effects against I/R-induced AKI,

I/R-induced acute kidney
delivering xenon to the injured site,
potentially reducing renal senescence and preserving
kidney function [39].

Studies utilizing other platelet membrane-
camouflaged biomimetic drug delivery
systems

Beyond the methods mentioned above, other
platelet membrane-coated biomimetic drug delivery
systems have also been developed to treat I/RI. For
(2022) developed platelet
membrane-cloaked trimetazidine-loaded microemulsions
(P/TMP-MEs) to enhance therapy for MI/RI [40].
Microemulsions are thermodynamically stable colloidal

example, Zou et al

systems composed of oil, water, surfactants, and co-
surfactants, which allow for improved drug solubility and
absorption. By cloaking these microemulsions with
P/TMP-MEs
and decreased

platelet membranes, these improved

in vivo absorption non-targeted
accumulation, thereby enhancing the efficacy of MI/R
therapy [40].

PMVs derived from the plasma membranes of
activated platelets may serve directly as versatile vehicles
for drug delivery, as they retain the natural homing ability
of platelets and can carry therapeutic agents themselves.
In a study by Zhou er al. (2022), carvedilol, a beta-
blocker with antioxidant properties, was encapsulated
PMVs. This formulation

into enhanced drug

bioavailability and significantly cardiac

function following MI/RI. [41].

improved

Studies utilizing PMVs and their derivatives

Direct application of PMVs and their derivatives
may also help mitigate tissue damage and promote
Platelet-derived
microparticles (PMPs) are small vesicles (less than 1 pm)

recovery in ischemic conditions.
released from activated platelets, containing membrane
components like receptors, lipids, and proteins. Ma et al.
(2015) found that PMPs exhibited a protective effect
against cardiac I/RI [42]. Additionally, Li et al. (2018)
fabricated platelet-derived nanobubbles (PNBs) through
repeated freeze-thawing and sonication of PMVs. These
PNBs targeted brain occlusions from the onset of stroke,
promoting microvascular recanalization and enabling
real-time ultrasound-enhanced monitoring of ischemic
lesion sites [43]. The mechanism behind these effects
may be related to the platelet membrane components in
both PMPs and PNBs, such as P-selectin and integrins,
which facilitate interactions with target cells, activate
cardioprotective signaling  pathways, modulate
inflammatory responses, and enhance tissue repair in

ischemic conditions [44-45].
Challenge and future perspectives

Cell membrane coating strategy is an emerging

targeted delivery approach. Given the biological
importance of platelets in I/RI, platelet membrane-
camouflaged biomimetic drug delivery systems can be
widely applied for both diagnostic and therapeutic
purposes in I/RI [3]. However, research on platelet
membrane-camouflaged biomimetic drug delivery systems
is still in its early stages. One major challenge in
scaling up coating is the substantial demand for platelet
membranes, as 1 mg of PLGA nanoparticles requires more
platelets than what is available in 10 ml of human blood [3,
46]. To address this shortage, infusing platelet membranes
with phospholipids might be a promising solution [46].
Fusing platelet membranes with phospholipids, which can
increase membrane quantity by several dozen to 500 times,
has been shown to effectively target inflammatory
monocytes and damaged endothelial cells in mice with
MI/RI [27, 38], representing a promising solution to this
shortage.

Another challenge is maintaining the structure

and bioactivity of isolated platelet membranes due to
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their short shelf life [3, 46]. It has been shown that MB-
pla exhibited the physicochemical properties of typical
liposome-based microbubbles due to the hybridization of
synthetic phospholipids and could stabilize in vitro for
3 hours, significantly outperforming pure cell membrane
microbubbles [39]. Therefore, infusing platelet membrane
with phospholipid might similarly enhance stability,
which could help preserve both their structure and
bioactivity.
Additionally,
factors on their membrane. This raises safety concerns, as

platelets contain pro-coagulant
it remains unclear whether residual pro-coagulant factors
on the platelet membrane may increase the risk of
This further
investigation before clinical translation. Furthermore,

thrombosis. potential risk  requires
platelets can act as key regulators of inflammation
[47-49], and

membrane components could influence atherosclerosis

it remains uncertain whether platelet
progression by promoting inflammatory responses and
contributing to plaque instability and thrombus formation.

For brain drug delivery, platelet membrane-
camouflaged drug delivery systems are primarily used for
ischemic stroke therapy due to their natural ability to target
damaged blood vessels [47]. However, their effectiveness
may be limited by challenges in crossing the blood-brain
barrier (BBB), which has been partially addressed by
modifying platelet membranes with TAT cell-penetrating
peptides to enhance BBB penetration [31].

In addition, despite such advances targeting
specific delivery barriers, it is important to recognize that
these platelet membrane-based delivery strategies exhibit
diverse strengths and limitations depending on their
formulation and application (Fig. 2). PM-NPs combine
synthetic cores with biological membranes, enabling high
drug loading, immune evasion, and targeted delivery to
injured vasculature [3]. Their modularity also allows for
surface engineering and controlled release [3]. However, the
fabrication process is relatively complex, and synthetic cores
may introduce biocompatibility or regulatory concerns [3].

P-EVs offer exceptional biocompatibility and
intrinsic  bioactivity. They naturally carry therapeutic
cargos such as microRNAs, which are responsible for
modulating inflammation, promoting cell signaling, and
facilitating tissue repair, all of which are critical in the
context of I/RI [34-36]. Nonetheless, EVs are difficult to
isolate in large quantities and often suffer from
heterogeneity and limited scalability [50].

Platelet membrane-coated microbubbles provide
an added advantage of image-guided therapy when used

with ultrasound [37-39]. Their gaseous cores allow for
real-time visualization and targeted disruption under
insonation, making them suitable for localized
thrombolysis or vascular repair [37-39]. However, their
structural fragility, limited drug loading capacity and
requirement for external ultrasound limit their application
in systemic drug delivery [51].

Platelet

represents an emerging formulation where microemulsified

membrane-cloaked  microemulsion
drugs are encapsulated within a platelet membrane shell
[40]. This system enhances drug solubility and platelet-
mediated targeting while also offers easier formulation
[40].
However, their therapeutic application may be limited due

compared to EVs or solid-core nanoparticles

to low drug loading, potential oxidation of unsaturated
fatty acids which impacts efficacy and safety, and toxicity
from surfactants [52].

Direct use of PMVs as drug carriers offers
natural targeting capability and simple fabrication [41].
This approach avoids synthetic carriers and retains
essential platelet surface markers [41]. However, this
strategy may be constrained by low drug loading efficiency
and the lack of sustained release. Moreover, current
research on this method is limited, and its in vivo
therapeutic performance, as well as its capacity to
encapsulate diverse drug types rather than only specific
ones, requires further investigation.

Direct use of PMVs without drug loading (e.g.,
PNBs or PMPs) leverages their biological safety and
inherent targeting features [42-43]. While they show
promise for immune modulation or tissue interaction, they
lack drug payloads and exhibit heterogeneity, which may
complicate their therapeutic application.

Therefore, while all platelet membrane-based
systems share the common feature of platelet-derived
their
formulations present trade-offs in terms of fabrication

targeting and immune evasion, individual
complexity, scalability, drug payload, and functional
versatility. A tailored and/or combined approach is
necessary to optimally match the system with the specific
demands of I/RI therapy. For instance, platelet membrane-
coated microemulsions are well-suited for lipophilic drug
delivery due to their high solubility and simple formulation
[40], while PNBs are ideal for cerebral I/RI because of
their small size and intrinsic bioactivity [43]. Furthermore,
sequential use of two carriers may harness complementary
strengths, for example, ultrasound-triggered platelet
membrane-coated microbubbles to restore vessel patency,

followed by p-EVs for tissue repair.
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Conclusion and Future Perspectives

Platelet membrane coating technology's greatest
appeal lies in its ability to encapsulate drugs like
a capsule, disguising them and mimicking natural
biological processes to effectively target specific cells.
Various platelet membrane-camouflaged biomimetic drug
delivery systems, such as platelet membrane-modified
nanoparticles, EVs, and microbubbles, have shown
significant potential in I/RI treatment by facilitating the
targeted delivery of therapeutic agents, such as
antioxidants, anti-inflammatory drugs, thrombolytics, and
neuroprotective compounds, to ischemic tissues. Despite
these advancements, several challenges hinder the clinical
translation of platelet membrane coating technology.

Future research should focus on improving scalability for

large-scale production, enhancing the stability and quality
of platelet membrane-based formulations, ensuring their
safety by studying potential side effects, and refining
targeting strategies to increase therapeutic efficacy.
Additionally, given the distinct strengths and limitations
of each strategy, a tailored or combined approach will be
essential to optimally align each system with the specific
demands of I/RI therapy.

Conflict of Interest
There is no conflict of interest.

Acknowledgements

This work was supported by National Natural Science
Foundation of China (No. 81960264) and the CDM
funding of Western University of Health Sciences.

References

Fitridge R, Thompson M, editors. Mechanisms of Vascular Disease: A Reference Book for Vascular Specialists.
University of Adelaide Press, Adelaide, 2011. https://doi.org/10.1017/UPO9781922064004

2. Ostadal B, Drahota Z, Hlavackova M, Ostadal P. Sex differences in cardiac tolerance to oxygen deprivation -
40 years of cardiovascular research. Physiol Res 2024;73:S511-S525. https://doi.org/10.33549/physiolres.935429

3. Kunde SS, Wairkar S. Platelet membrane camouflaged nanoparticles: Biomimetic architecture for targeted
therapy. Int J Pharm 2021;598:120395. https://doi.org/10.1016/].ijpharm.2021.120395

4.  Sheikhpour M, Barani L, Kasaeian A. Biomimetics in drug delivery systems: a critical review. J Control Release
2017;253:97-109. https://doi.org/10.1016/j.jconrel.2017.03.026

5. WuM, Le W, Mei T, Wang Y, Chen B, Liu Z, Xue C. Cell membrane camouflaged nanoparticles: a new
biomimetic  platform for cancer photothermal therapy. Int J Nanomed 2019;14:4431-4448.
https://doi.org/10.2147/1JN.S200284

6. Semple JW, Italiano JE, Freedman J. Platelets and the immune continuum. Nat Rev Immunol 2011;11:264-274.
https://doi.org/10.1038/nri2956

7.  Jurk K, Kehrel BE. Platelets: physiology and biochemistry. Semin Thromb Hemost 2005;31:381-392.
https://doi.org/10.1055/s-2005-91667 1

8. Vieira-de-Abreu A, Campbell RA, Weyrich AS, Zimmerman GA. Platelets: Versatile effector cells in hemostasis,
inflammation, and the immune continuum. Semin Immunopathol 2012;34:5-30. https://doi.org/10.1007/s00281-
011-0286-4

9.  Shattil SJ, Bennett JS. Platelets and their membranes in hemostasis. Physiol Pathophysiol Ann Intern Med
1981,;94:108-118. https://doi.org/10.7326/0003-4819-94-1-108

10. Gremmel T, Frelinger A, Michelson A. Platelet physiology. Semin Thromb Hemost 2016;42:191-204.
https://doi.org/10.1055/s-0035-1564835

11. Saboor M, Ayub Q, Ilyas S, Moinuddin. Platelet receptors: an instrumental of platelet physiology. Pakistan J] Med
Sci 2013;29. https://doi.org/10.12669/pims.293.3497

12. Schanze N, Bode C, Duerschmied D. Platelet Contributions to Myocardial Ischemia/Reperfusion Injury.
Front Immunol 2019;10:1260. https://doi.org/10.3389/fimmu.2019.01260

13. Hatucha K, Rak-Pasikowska A, Bil-Lula I. Protective Role of Platelets in Myocardial Infarction and
Ischemia/Reperfusion Injury. Cardiol Res Pract 2021;2021:5545416. https://doi.org/10.1155/2021/5545416

14. Schanze N, Hamad MA, Niihrenberg TG, Bode C, Duerschmied D. Platelets in Myocardial Ischemia/Reperfusion

Injury. Hamostaseologie 2023;43:110-121. https://doi.org/10.1055/a-1739-9351




560 shictal Vol. 74

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ziegler M, Wang X, Peter K. Platelets in cardiac ischaemia/reperfusion injury: a promising therapeutic target.
Cardiovasc Res 2019;115:1178-1188. https://doi.org/10.1093/cvr/cvz070

Li YJ, WuJY, Liu J, Qiu X, Xu W, Tang T, Xiang DX. From blood to brain: blood cell-based biomimetic drug
delivery systems. Drug Deliv 2021;28:1214-1225. https://doi.org/10.1080/10717544.2021.1937384

Banerjee M, Whiteheart SW. The ins and outs of endocytic trafficking in platelet functions. Curr Opin Hematol
2017;24:467-474. https://doi.org/10.1097/MOH.0000000000000366

Induruwa I, Moroi M, Bonna A, Igawa T, Koizumi M, Ohtsuka M, Yamaoka T, Rouskin S. Platelet collagen

receptor glycoprotein VI-dimer recognizes fibrinogen and fibrin through their D-domains, contributing to platelet
adhesion and activation during thrombus formation. J Thromb Haemost. 2018;16:389-404.
https://doi.org/10.1111/jth.13919

Wei X, Ying M, Dehaini D, Liu H, Li X, Zhang L, Xie J, Jiang X, Li X, Wang Z, Gao W. Nanoparticle
functionalization with platelet membrane enables multifactored biological targeting and detection of
atherosclerosis. ACS Nano. 2018;12:109-116. https://doi.org/10.1021/acsnano.7b07720

Shi Q, Montgomery RR. Platelets as delivery systems for disease treatments. Adv Drug Deliv Rev
2010;62:1196-1203. https://doi.org/10.1016/j.addr.2010.06.007

Lu Y, Hu Q, Jiang C, Gu Z. Platelet for drug delivery. Curr Opin Biotechnol 2019;58:81-91.
https://doi.org/10.1016/j.copbio.2018.11.010

Wang L, Tang C. Targeting Platelet in Atherosclerosis Plaque Formation: Current Knowledge and Future
Perspectives. Int J Mol Sci 2020;21:9760. https://doi.org/10.3390/ijms2 1249760

Chen L, Zhou Z, Hu C, Maitz MF, Yang L, Luo R, Wang Y, Shi Y. Platelet Membrane-Coated Nanocarriers
Targeting Plaques to Deliver Anti-CD47 Antibody for Atherosclerotic Therapy. Research (Wash D C)
2022;2022:9845459. https://doi.org/10.34133/2022/9845459

Zhang Z, Chen Z, Yang L, Zhang J, Li Y, Li C, Wang R, Wang X, Huang S, Hu Y, Shi J, Xiao W. Platelet
Membrane-Encapsulated MSNs Loaded with SS31 Peptide Alleviate Myocardial Ischemia-Reperfusion Injury.
J Funct Biomater 2022;13:181. https://doi.org/10.3390/ifb13040181

Wang T, Zhou T, Xu M, Wang S, Wu A, Zhang M, Lang Y, Shi J. Platelet membrane-camouflaged nanoparticles
carry microRNA inhibitor against myocardial ischemia-reperfusion injury. J Nanobiotechnology 2022;20:434.
https://doi.org/10.1186/s12951-022-01639-8

Cui JW, Feng HC, Xu C, Jiang DY, Zhang KH, Gao NN, Wang Y, Tian H, Liu C. Platelet Membrane-
Encapsulated Ginkgolide B Biomimetic Nanoparticles for the Treatment of Ischemic Stroke. ACS Appl Nano
Mater. 2023;6:17560-17571. https://doi.org/10.1021/acsanm.3¢02620

Tan H, Song Y, Chen J, Zhang N, Wang Q, Li Q, Gao J, Yang H, Dong Z, Weng X, Wang Z, Sun D, Yakufu W,
Pang Z, Huang Z, Ge J. Platelet-Like Fusogenic Liposome-Mediated Targeting Delivery of miR-21 Improves

Myocardial Remodeling by Reprogramming Macrophages Post Myocardial Ischemia-Reperfusion Injury. Adv Sci
(Weinh) 2021;8:¢2100787. https://doi.org/10.1002/advs.202100787

Yu W, Yin N, Yang Y, Xuan C, Liu X, Liu W, Zhang H, Li M, Wang Z. Rescuing ischemic stroke by
biomimetic nanovesicles through accelerated thrombolysis and sequential ischemia-reperfusion protection.
Acta Biomater. 2022;140:625-640. https://doi.org/10.1016/j.actbio.2021.12.009

Guo X, Hong T, Zang J, Shao R, Hou X, Wang K, Liu W, Su F, He B. Thrombus-specific/responsive biomimetic

nanomedicine for spatiotemporal thrombolysis and alleviation of myocardial ischemia/reperfusion injury.
J Nanobiotechnology 2022;20:531. https://doi.org/10.1186/s12951-022-01686-1

Li M, Li J, Chen J, Liu Y, Cheng X, Yang F, Gu N. Platelet Membrane Biomimetic Magnetic Nanocarriers
for Targeted Delivery and in Situ Generation of Nitric Oxide in Early Ischemic Stroke. ACS Nano
2020;14:2024-2035. https://doi.org/10.1021/acsnano.9b08587

XuJ, Wang X, Yin H, Bai Y, Zhang C, Zhu L, Zhang Y, Zhang H, Zhang W, Chen Y, Mei X. Sequentially site-
specific delivery of thrombolytics and neuroprotectant for enhanced treatment of ischemic stroke. ACS Nano
2019;13:8577-8588. https://doi.org/10.1021/acsnano.9b01798




2025 Platelet-Coated Drug Delivery for Ischemia-Reperfusion Therapy 561

32. Wang C, Yang X, Jiang Y, Qi L, Zhuge D, Xu T, Guo Y, Deng M, Zhang W, Tian D, Yin Q, Li L,
Zhang Z, Wang Y, Yang GY, Chen Y, Tang Y. Targeted Delivery of Fat Extract by Platelet Membrane-
Cloaked Nanocarriers for the Treatment of Ischemic Stroke. J Nanobiotechnol 2022;20:249.
https://doi.org/10.1186/s12951-022-01461-2

33. Su T, Huang K, Ma H, Liang H, Dinh PU, Chen J, Shen D, Allen TA, Qiao L, Li Z, Hu S, Cores J, Frame BN,
Young AT, Yin Q, Liu J, Qian L, Caranasos TG, Brudno Y, Ligler FS, Cheng K. Platelet-Inspired Nanocells for
Targeted Heart Repair After Ischemia/Reperfusion Injury. Adv Funct Mater 2019;29:1803567.
https://doi.org/10.1002/adfm.201970019, https://doi.org/10.1002/adfm.201803567

34, Li Q, Song Y, Wang Q, Chen J, Gao J, Tan H, Li S, Wang Z, Weng X, Yang H, Pang Z, Qian J, Ge J.
Engineering extracellular vesicles with platelet membranes fusion enhanced targeted therapeutic

angiogenesis in a mouse model of myocardial ischemia reperfusion. Theranostics 2021;11:3916-3931.
https://doi.org/10.7150/thno.52496

35. Jiang J, Ni L, Zhang X, Wang H, Liu L, Wei M, Li G, Bei Y. Platelet Membrane-Fused Circulating Extracellular
Vesicles Protect the Heart from Ischemia/Reperfusion Injury. Adv Healthc Mater 2023;12:e2300052.
https://doi.org/10.1002/adhm.202300052

36. Li Q, Huang Z, Wang Q, Gao J, Chen J, Tan H, Li S, Wang Z, Weng X, Yang H, Pang Z, Song Y, Qian J,
Ge J. Targeted immunomodulation therapy for cardiac repair by platelet membrane engineering

extracellular  vesicles via  hitching peripheral monocytes. J  Biomaterials 2022;284:121529.
https://doi.org/10.1016/ j.biomaterials.2022.121529

37. BaiY,ChenY,JinQ, Deng C, XuL, Huang T, He S, Fu Y, Qiu X, XuJ, Gao T, Wu W, Lv Q, Yang Y, Zhang L,
Xie M, Dong X, Wang J. Platelet membrane-derived biomimetic microbubbles with enhanced targeting ability for

the early detection of myocardial ischemia-reperfusion injury. Colloids Surf B Biointerfaces. 2024;234:113680.
https://doi.org/10.1016/j.colsurfb.2023.113680

38. XulL,ChenY,JinQ, WuY, Deng C, Zhong Y, Lin L, Chen L, Fu W, Yi L, Sun Z, Qin X, Li Y, Yang Y, Xie M.
Biomimetic PLGA Microbubbles Coated with Platelet Membranes for Early Detection of Myocardial Ischaemia-
Reperfusion Injury. Mol Pharm 2021;18:2974-2985. https://doi.org/10.1021/acs.molpharmaceut.1c00145

39. Yang J, Chen C, Miao X, Wang T, Guan Y, Zhang L, Chen S, Zhang Z, Xia Z, Kang J, Li H, Yin T, Hei Z,
Yao W. Injury Site Specific Xenon Delivered by Platelet Membrane-Mimicking Hybrid Microbubbles to Protect
Against Acute Kidney Injury via Inhibition of Cellular Senescence. Adv Healthc Mater 2023;12:€2203359.
https://doi.org/10.1002/adhm.202203359

40. Zuo Z, Li M, Han T, Zheng X, Yao W, Wang H, Li X, Qu D. A platelet-cloaking tetramethylprazine-loaded
microemulsion for improved therapy of myocardial ischaemia/reperfusion injury. J Drug Target 2022;30:646-656.
https://doi.org/10.1080/1061186X.2022.2048389

41. Zhou T, Yang X, Wang T, Xu M, Huang Z, Yu R, Jiang Y, Zhou Y, Shi J. Platelet-Membrane-Encapsulated
Carvedilol with Improved Targeting Ability for Relieving Myocardial Ischemia-Reperfusion Injury. Membranes
(Basel) 2022;12:605. https://doi.org/10.3390/membranes12060605

42. MakF, Liu H, Shen Y, Zhang Y, Pan S. Platelet-derived microvesicles are involved in cardio-protective effects of
remote preconditioning. Int J Clin Exp Pathol 2015;8:10832-10839.

43. Li M, Liu Y, Chen J, Liu C, Liu Y, Lai C, Zhang Y, Zhang L, Wu C, Zhao J, Li Y, Mei X. Platelet bio-
nanobubbles as microvascular recanalization nanoformulation for acute ischemic stroke lesion theranostics.
Theranostics 2018;8:4870-4883. https://doi.org/10.7150/thno.27466

44. Schanze N, Hamad MA, Nithrenberg TG, Bode C, Duerschmied D. Platelets in Myocardial Ischemia/Reperfusion
Injury. Hamostaseologie 2023;43:110-121. https://doi.org/10.1055/a-1739-9351

45. Ziegler M, Wang X, Peter K. Platelets in cardiac ischaemia/reperfusion injury: a promising therapeutic target.
Cardiovasc Res 2019;115:1178-1188. https://doi.org/10.1093/cvr/cvz070

46. Han H, Bartolo R, Li J, Shahbazi MA, Santos HA. Biomimetic platelet membrane-coated nanoparticles for
targeted therapy. Eur J Pharm Biopharm 2022;172:1-15. https://doi.org/10.1016/j.ejpb.2022.01.004

47. LiYJ, WulY, Liu J, Qiu XH, Xu W, Tang TT, Xiang DX. From blood to brain: blood cell-based biomimetic
drug delivery systems. Drug Deliv 2021;28:1214-1225. https://doi.org/10.1080/10717544.2021.1937384




562 shictal Vol. 74

48.

49.

50.

51.

52.

Brailoiu E, Barlow CL, Ramirez SH, Majid A, Gokce O, Smith K, Wang D. Effects of
platelet-activating factor on brain microvascular endothelial cells. Neuroscience 2018;377:105-113.
https://doi.org/10.1016/j.neuroscience.2018.02.039

Gao C, Wang H, Wang T, Chen Z, Yang L, Yu M, Li Y, Zhang R. Platelet regulates neuroinflammation and
restores blood-brain barrier integrity in a mouse model of traumatic brain injury. J Neurochem 2020;154:190-204.
https://doi.org/10.1111/jnc.14983

Dilsiz N. A comprehensive review on recent advances in exosome isolation and characterization: Toward clinical
applications. Transl Oncol 2024;50:102121. https://doi.org/10.1016/j.tranon.2024.102121

Tzu-Yin W, Wilson KE, Machtaler S, Willmann JK. Ultrasound and microbubble guided drug delivery:
Mechanistic understanding and clinical implications. Curr Pharm Biotechnol 2013;14:743-752.
https://doi.org/10.2174/1389201014666131226114611

Wagh SR, Patil MB, Musale AS, Mahajan HD, Wagh RD. A review on microemulsion for drug delivery system.
World J Pharm Med Res 2023;9:132-137.





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues false

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /CZE <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



