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The recent progress in the development of highly biocompatible nanoplatforms mostly encompasses the

use of biological excipients such as red blood cells, cancer cell membranes, and also platelets. Such

specialized vectors, if mimicked correctly, have intrinsic ability to navigate through the biological system

and perform their intended action without eliciting any cascade of inflammatory processes. Naturally,

platelets have been found to accumulate in the wound sites and also interact with circulating tumor cells

(CTCs). Inspired by the targeting ability of platelets and the clinical success of ultrasound, herein we

developed a novel ultrasound contrast agent (UCA) by backfilling of an insoluble gas into the platelets

after lyophilization ex vivo. The as-prepared platelet-based ultrasound contrast agent (P-UCA) disguised

the structural integrity of the natural platelets with an average diameter of 3.1 � 0.4 mm, and could

enhance the ultrasound signal both in vitro and in vivo. Besides, we further evaluated that such platelet

particles could facilitate active loading of ICG molecules for prolonged in vivo fluorescence imaging

compared to the free ICG. Taking all the results together, we established that biological structures such

as platelets could be repurposed ex vivo as a“shell” to encapsulate gas and be further extended to load

ICG for real-time ultrasound and fluorescence imaging respectively. This not only indicates many

potential uses of these MBs in the diagnosis of platelet-related diseases, such as vascular damage,

thrombosis, and atherosclerosis, but also serves as a powerful platform with multimodal theranostic

capability after active loading of a variety of therapeutic and diagnostic agents.
1 Introduction

Biomimetic nanoplatforms have received intensive attention as
promising candidates for effective therapy of life-threatening
diseases such as cancer. So far, useful biomimetic nano-
materials have evolved from innate biological systems such as
platelets. Several advantages including the higher blood circu-
lation half-life and targeting abilities have underscored the
design, synthesis, and applications of these biomimetic nano-
platforms, especially in drug delivery, imaging and therapy of
diseases. For instance, it is imperative that platelets have
a pivotal role in maintaining hemostasis by actively partici-
pating in the wound healing mechanism and other important
biological processes.1–3 This completely accounts for the special
receptors which are found around the peripheral surface of
platelets. Similarly, recent studies have also highlighted
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increasing role of platelets in the progression of cancer and
spread of tumor cells, also called as distant metastases, by
interacting directly with the circulating tumor cells (CTCs) in
the bloodstream or aggregating on the surface of the tumor
cells.4–6 These unique biological function of platelets provide
new opportunities in the biomedical eld and have inspired
researchers to envision platelet-mimicking biomimetic delivery
systems to unravel poorly understood or biologically complex
applications.7,8 However, the conventional cell membrane
modication strategies are still insufficient to harness the
complete functional structure of naive circulating platelets in
either way: (i) the modied nanostructure fails to mimic the
complex biochemical interactions that usually occurs when
natural platelets interacts with and binds to the endothelium,
(ii) membrane-cloaked synthetic polymeric or liposomal nano-
structures fails to mimic the unique discoid shape or distensi-
bility of natural platelets that usually dictates the natural
transportation mechanisms such as hemodynamics or endo-
thelial margination for effective targeting at injury-sites. On the
other hand, despite the huge advantages of biological
membrane-derived delivery systems, only a very little attention
has been paid in the diagnostic eld via real-time image
tracking system in vivo. The clinical relevance of designing
RSC Adv., 2019, 9, 41993–41999 | 41993
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Scheme 1 Schematic illustration of platelet loading C3F8 gas and ICG
for tumor ultrasound and fluorescence imaging.
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excellent imaging probe is noteworthy to diagnose and monitor
physiological and pathological information of diseases in vivo,
guide surgical interventions, and evaluate therapeutic efficacy
and prognosis9. For instance, Dai et al. repurposed human
platelets by loading a kabiramide (KabC) drug for minimizing
platelet aggregation and further entrapped small molecular
imaging probes (Cy5/Cy7) for uorescence imaging.10 Such
repurposed platelets could easily target tumor cells and allow
high contrast uorescence imaging of tumors in vivo. Never-
theless, other imaging modalities such as US, CT, MRI, PET,
and SPECT can equally benet clinicians for excellent diagnosis
and prognosis of tumors. However, owing to high sensitivity,
robustness, relative inexpensiveness, and adequate safety
mainly due to nonionizing radiations, clinicians rely more on
US and NIRF imaging.

An ultrasound contrast agent (UCA) has emerged as
a powerful platform for clinical diagnosis of blood disease and
tumor. Contrast-enhanced ultrasound imaging is widely
applied for general tissue delineation and perfusion by
changing the acoustic impedance of the tissue. Indeed, several
microbubbles (MBs) such as SonoVue, Sonozoid, and Denity,
have already been approved by FDA for cancer diagnosis mainly
due to their signicantly enhanced echogenic signals. The most
routinely used UCAs are prepared as an aqueous dispersion of
gas (e.g. peruorocarbon) MBs coated with a thin shell. Despite
the great success of UCA, the use of nerd shell materials,
without any functional signicance, limits the biological ability,
for example, tissue targeting ability and microenvironment
signal detection. Therefore, there is a pressing need to develop
a new class of functional UCA that has inherent targeting ability
and high signal to noise ratio (SNR) in vivo.

Similarly, uorescence imaging in the near-infrared region
can facilitate ultrasensitive detection at higher penetration
depth non-invasively. Over the past several years, a plethora of
uorophores that can absorb and emit light at higher wave-
lengths have been increasingly used in biomedical applications.
Notably, indocyanine green (ICG, Abs – 740 nm, Em – 800 nm),
the only NIR organic dye approved by the U.S. Food and Drug
Administration (FDA) for human medical imaging and diag-
nosis in the clinics,11 is the best possible candidate for NIRF
imaging till date.12,13 However, there are several major chal-
lenges for using ICG in long-term tracking applications, such as
a tendency to aggregate, photostability, photobleaching,14 rapid
clearance from the body with a short half-life of 2–4 min.12,15

Thus, ICG cannot be utilized for sensitive and prolonged
imaging in vivo.16 In order to improve this, cell membrane-
derived functional materials having intact biological function
have attracted profound attention. Recently, a plethora of
nanoparticle is developed and introduced to address the
intrinsic issues of ICG degradation, rapid blood clearance and
in vivo imaging. Taking this into account, we envisioned and
constructed a novel ultrasound contrast agent by lling the
näıve platelets with C3F8 gas (named as platelet MBs/P-UCA)
that can navigate through tissues, anchor to the diseased site
and generate strong contrast when exposed to the ultrasonic
irradiation (Scheme 1). Additionally, we further demonstrated
the active loading of ICG molecules in the MBs and observed
41994 | RSC Adv., 2019, 9, 41993–41999
prolonged uorescence imaging in vivo. The biologically active
protective layer greatly helped ICG to retain its intrinsic uo-
rescence ability in the physiological milieu and enabled specic
accumulation at the targeted site. To the best of our knowledge,
this proof-of-concept, rst time to construct a UCA derived from
a biologically active component with an intact physiological
function, should unequivocally proclaim its importance in the
area of biomedical imaging demanding high contrast, better
resolution and real-time monitoring in vivo.

2 Results and discussion
2.1 Preparation and characterization of P-UCA

P-UCA was easily prepared by backlling the peruoropropane
into the lyophilized platelet under the protection of trehalose.
For the characterization of the P-UCA, PBS was injected into the
vial to rehydrate the P-UCA, followed by gently shaking of the
vial to ll the gas into the P-UCA. The morphology of P-UCA was
studied by using optical microscopy with fresh platelets as
a control. As shown in Fig. 1, rehydrated platelets showed
a similar shape compared with the fresh platelets, which indi-
cated that during the freeze-drying and rehydration process the
structure of platelet was not damaged due to the protection of
trehalose. The quantitative results show that about 80% of
platelets can be successfully recovered from lyophilization and
without any rupture. The volume distribution results showed
that the platelet size slightly increased from 2.7 � 0.5 mm (fresh
platelet) to 3.1 � 0.4 mm (P-UCA), probably because the C3F8 gas
could not be discharged from the inside of the platelets during
the rehydration process, resulting in a slight expansion of the
platelets.

To conrm whether the gas was lled into the platelets, we
used gas chromatograph-mass spectrometer (GC-MS) to analyze
the gas content inside the platelet MBs and compared it with
the commercially available microbubble, Sonozoid (Fig. 2). The
rehydrated P-UCA was injected into the airbag and treated with
the ultrasonic water bath overnight, then the gas sample was
analyzed by GC-MS. The results indicated that the P-UCA con-
tained �1.3% of the gas in the commercial lipid MB when the
concentration of the MBs was same. It implied the potential
ultrasound imaging capability of the P-UCA. In brief, these
results are reasonably good to justify that P-UCA having excel-
lent structural integrity and good stability is likely a potential
This journal is © The Royal Society of Chemistry 2019
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Fig. 1 Optical microscopy image of a suspension of (a) fresh platelet
and (b) P-UCA; size distribution of (c) fresh platelet and (d) P-UCA
measured by Coulter Multisizer III.

Fig. 3 (a) In vitro ultrasound contrast-enhanced images in a latex tube
and (b) normalized intensity of PBS, fresh platelet, freeze-drying
medium, platelet MBs.

Fig. 4 (a) In vitro ultrasound contrast-enhanced images of P-UCA
with increasing concentration in a latex tube. (b) Normalized US signal
intensities in (a) over P-UCA concentration.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

8 
D

ec
em

be
r 

20
19

. D
ow

nl
oa

de
d 

on
 1

/3
0/

20
26

 1
2:

48
:1

4 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
candidate for the further study of imaging and biological
applications.

2.2 Ultrasound echogenicity of P-UCA

Herein, we rst investigated the echogenic ability of P-UCA in
vitro using a simple latex tube setup. The suspension of P-UCA
was prepared in PBS solution and injected into the circulating
saline lled latex tube simulating the blood vessel. For this, four
groups were separated as PBS (negative control), freshly isolated
platelets, freeze drying medium and platelet MBs. As shown in
Fig. 3a, we observed no US signal from PBS which was quite
obvious. The second group containing freshly isolated platelets
also failed to contribute for any US signal generation elimi-
nating the fact that the external membrane of platelets alone is
devoid of generating any contrasts in vitro. In the third group,
we found that the backlling of the freeze-drying medium,
trehalose, with C3F8 also could not generate any contrast. This
might be due to the fact that the trehalose could not form
a stable shell to encapsulate C3F8 for US imaging. In contrast to
Fig. 2 GC-MS analysis of C3F8 gas content in the commercial microbu
were the same (m/z ¼ 69).

This journal is © The Royal Society of Chemistry 2019
all the three groups, only the platelet MBs containing C3F8
gaseous core could demonstrate signicant US contrast signal
(Fig. 3b). In regard to this, we further investigated the contrast
enhancement with the increasing concentration of platelets in
vitro.

The images collected aer injecting an increasing amount of
P-UCA MBs correspondingly generated increasing US signal
intensities showing excellent US contrast capability. However,
this was only attainable to the highest concentration of 8 � 106

P-UCAMBs per mL (Fig. 4a and b) aer which the echo intensity
was nearly saturated. Taken together, these results suggest that
the complete membrane structure of platelet can be used as
a functional carrier to encapsulate the C3F8 for contrast-
enhanced US diagnosis. Due to inherent bio-compatibility and
bble (A) and P-UCA (B). The concentration of the two contrast agents

RSC Adv., 2019, 9, 41993–41999 | 41995
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Fig. 5 In vivo ultrasound imaging of P-UCA intravenously adminis-
trated into the SD rat and the kidney was imaged with a clinical
ultrasound probe (3–12 MHz) by using B-mode, contrast-mode and
power Doppler-mode.
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excellent biosafety, the P-UCA possess a great potential for
several unique clinical application.
2.3 In vivo ultrasound imaging

Encouraged by the excellent in vitro ultrasound imaging capa-
bility of P-UCA, we further tested whether the P-UCA could
enhance ultrasound imaging during the systemic circulation in
vivo. This was veried in vivo from the contrast images of rat
kidney immediately aer the intravenous injection of P-UCA as
shown in Fig. 5. During pre-injection of P-UCA at low MI setting
(0.10), no any echo signal was apparently visible except some
hyperechoic streaks which should be originally coming from
the interfacial regions such as the iliopsoas surface. However,
an obvious signal enhancement in the renal cortex was achieved
immediately aer the injection of P-UCA ultimately leading to
a clear visualization of well-dened kidney margin. The details
of parenchymal perfusion as observed from this technique
greatly complements the gray-scale imaging ability of the
platelet MBs which could be further utilized in the monitoring
of several pathological conditions. Beside grayscale imaging, we
further acquired the Doppler images of rat kidney in vivo
similarly before and aer the injection of P-UCA contrast
agents. As expected, this method also showed an obvious
enhancement in the Doppler signal intensity (Fig. 5)
Fig. 6 P-UCA were intravenously administrated into the 4T1 tumor-
bearing mice and the tumor was imaged with a clinical ultrasound
probe (3–12 MHz), and the dashed circles indicate subcutaneous
tumor regions.

41996 | RSC Adv., 2019, 9, 41993–41999
representing subtle vessels within the renal parenchyma aer
intravenous perfusion of the contrast agent. In brief, all the
preliminary ultrasound images collected using P-UCA as
a contrast agent greatly favors its further use as an optimal
acoustic enhancer for both modes i.e. contrast and Doppler.

Since P-UCA MBs depicted excellent US signal generation in
vivo, we further thought if these MBs could also be used as
a part of clinical imaging applications such as tumor detection.
To evaluate the in vivo tumor imaging ability of P-UCA, the 4T1
tumor-bearing nude mice with initial tumor volume of �100
mm3 were intravenously injected with P-UCA via the tail vein.
Initially, before injecting any dose of contrast agent we veried
there was no any echo signal from the targeted tumor region, as
seen in Fig. 6. Aer the contrast agent administration, image of
the tumor was remarkably enhanced in real time, giving
dynamic blood ow information with a well-dened margin of
the tumor. All the above results demonstrate that P-UCA has
great potential for the diagnosis of tumor and can be expanded
further in monitoring other several pathological diseases both
in vitro and in vivo.

In previous results, we have clearly depicted in vivo imaging
ability of P-UCA including tumor imaging, however, one limi-
tation in such imaging technique is the short imaging time.
Usually, for monitoring some pathological changes and bio-
distribution in vivo, longer imaging time would be better. In
order to overcome this limitation, we envisioned to apprehend
Fig. 7 (a) Fluorescence spectra and (b) normalized intensity of P-ICG
after different incubation time; optical microscopy image of P-ICG
under white light (c) and NIR channel (d), where red fluorescence was
generated from ICG; (e) fluorescent imaging of P-ICG with different
concentrations (f) the corresponding standard curve of fluorescent
signal intensities as a function of P-ICG with different concentrations.

This journal is © The Royal Society of Chemistry 2019
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Fig. 8 (a) Fluorescence images of tumor-bearing nude mice and (b)
integrated fluorescence intensity of tumor obtained after tail vein
injection of P-ICG and free ICG. *P < 0.01.
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new imaging agent, uorescence imaging, together with the US.
Fluorescence imaging has several advantages and are well-
suited for this study. Herein, we rst investigated the active
loading of ICG in the platelets (P-ICG). Fig. 7a and b showed
that the uorescence intensity increased with respect to the
incubation time and reached a plateau aer 45 min. This clearly
illustrates that the ICG molecule can be readily encapsulated in
the platelets within 45min of incubation and the corresponding
signal can be further utilized for NIRF imaging. Platelets play
a vital role in a variety of biological processes, including
hemostasis and wound repair. In order to balance this biolog-
ical activity and uorescence imaging capabilities of P-ICG, we
choose the 45 min incubation time for the further preparation
of P-ICG. The ICG-loaded platelets were also clearly observable
under bright and NIR eld (Fig. 7c and d). Next, we further
quantied the ICG signal using uorescence microscopy
against different concentrations of platelets. As shown in
Fig. 7e, the higher concentration of P-ICG showed signicantly
enhanced NIR uorescence signal, which further supports the
successful loading of ICG into platelet. A good linear relation-
ship between the concentration of P-ICG (concentration from 1
� 106 to 15 � 106 platelets per mL) and ICG uorescence
intensity has been shown in Fig. 7f.

Aer a successful evaluation of uorescence imaging in vitro,
we further attempt to investigate if the P-ICG could be further
used for in vivo imaging. The freshly prepared P-ICG were
intravenously injected into the tumor-bearing nude mice within
1 hour. As shown in Fig. 8, despite the gradually increased
uorescence intensity in the liver, we also correspondingly
found the enhanced signal in the tumor region within 5 min
post-injection. However, no uorescence was observed for free
ICG group. Previously, we mentioned that the biological
membranes can possibly eliminate limitations of ICG such as
limited circulation time, photobleaching or rapid elimination
from the targeted regions. Herein, the results are in close
agreement that the free ICG molecules have been already
washed out while P-ICG could still show longer tumor retention
time in vivo. This can be mainly because platelet itself belong to
the body, thereby shielding ICG from the immune system.
Importantly, we could observe the increase in time of uores-
cence imaging for the platelet-based delivery system, although
not sufficiently large but to the extent required for the intra-
operative imaging.
This journal is © The Royal Society of Chemistry 2019
3 Conclusions

In summary, we have successfully constructed C3F8 encapsu-
lated platelet (P-UCA) and ICG loaded platelet (P-ICG) for a real-
time ultrasound and uorescence imaging especially for
monitoring the pathological process of platelets both in vitro
and in vivo. The multisizer measurements showed that more
than 80% of the platelets could be recovered from the freeze-
dried powder with a mean particle diameter of 3.1 � 0.4 mm
concluding that these sizes ranged within an appropriate limit
as required for the intravenous administration. The as-prepared
P-UCA maintained the integrity of the platelet structure and
successfully encapsulated C3F8 gas, thus endowed platelet with
signicant ultrasound contrast-enhancing ability in vitro and in
vivo. Besides, we further demonstrated that these platelets
could facilitate active loading of ICG molecules which was
sufficient for prolonged in vivo uorescence imaging compared
with free ICG to monitor the bio-distribution. During the
process, the tumor boundary could be observed clearly for more
than 30 min. This is a proof-of-concept study that depicts the
rst-hand synthesis and evaluation of whole platelets MBs for
direct real-time imaging in two different modalities i.e. ultra-
sound and uorescence imaging. Herein, we have established
a new vision to direct future imaging research based on naive
membrane-based materials that have intact surface and retain
all the necessary functional moieties that would ultimately
direct its inherent biological function in vivo for long-term
tracking applications especially in the progression of various
pathological diseases.
4 Experimental section
4.1 Materials

4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES),
prostaglandin-E1 (PGE1), ethylenebis(oxyethylenenitrilo)tetra-
acetic acid (EGTA), imidazol, trehalose, indocyanine green (ICG)
were purchased from TCI (Shanghai, China). All other reagents
and solvents were purchased from the domestic suppliers and
used as received.
4.2 Isolation of platelets

Murine platelets were isolated as described previously. In brief,
whole blood was collected from the SD rat or BALB/c mice into
a heparin-treated blood collection tube and centrifuged at 100g
for 20 min at 25 �C. The platelet-rich plasma (PRP) was trans-
ferred to a separate tube using a transfer pipette (wide orice),
and prostaglandin-E1 was added to each tube at a nal
concentration of 1 mM.

Platelets were isolated from the PRP via centrifugation at
800g for 10 min. The plasma was discarded, and the platelets
were resuspended carefully and slowly in buffer A (pH 6.8,
10 mM KCl, 100 mM NaCl, 10 mM imidazole, 10 mM EGTA, 10
mg mL�1 prostaglandin-E1). Note that this buffer was released
slowly along the tube wall while minimizing agitation. Platelets
were counted using a cell counter (Multisizer 4), washed plate-
lets at a concentration of 1–2 � 109 platelets per mL were
RSC Adv., 2019, 9, 41993–41999 | 41997
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incubated at 37 �C for 4 h in buffer A in the presence of 45 mM
trehalose. Aer incubation, platelets were pelleted (25 s in an
Eppendorf 5415 C microfuge) and resuspended in lyophiliza-
tion buffer (9.5 mMHEPES, 142.5 mM NaCl, 4.8 mM KCl, 1 mM
MgCl2, 30 mM trehalose).
4.3 Freeze-drying

The platelets were further lyophilized via freeze-drying experi-
ments using a mid-scale research-level lyophilizer (Virtis,
ADVANTAGE EL-85). A siliconized glass vial of total volume
capacity 3.7 mL was chosen to transfer 1 mL platelet solution.
The vials were then placed on the lyophilizer shelves and frozen
at �60 �C. The sample cooling rate of 2 �C min�1 was set
starting from the initial 22 �C. The sample was le for approx-
imately 2 h at �60 �C and subsequently, pressure inside the
chamber was then reduced to 100 mTorr. Aer reduced pres-
sure, the shelves were further heated from �60 �C to �30 �C at
a rate of 0.75 �C min�1 and the samples were le for approxi-
mately 4 h at that temperature.

Once the sample reached �30 �C for 4 h, the shelves
temperature were further increased to 20 �C at a rate of
0.2 �C min�1. The samples were le overnight under vacuum at
this temperature. The freeze-dried samples were then perfused
with C3F8 gas and stored at room temperature aer proper
sealing with rubber stoppers. The lyophilized sample measured
2 � 1% water content on a dry weight basis (wt/wt%).
4.4 Gas chromatograph-mass spectrometer (GC-MS)

The GC-MS is carried out on Q Exactive GC (Thermosher). Gas
chromatographic conditions are as follows: the column is HP-
VOC (30 m � 0.32 mm � 1.8 mm); the carrier gas is helium;
the column ow rate is 1.2 mL min�1; the column temperature
program: the initial temperature is 40 �C and keeps for 5 min,
then the temperature rises at the rate of 15 �C min�1 until the
temperature raised to 230 �C and keeps for 5 min. Mass spec-
trometry conditions are as follows: EI ionization source,
doubling voltage 1600 V; selected ions: m/z (mass ratio) 69, 169.
The operation steps are as follows: 3 mL of the prepared
microbubble suspension (or 100 mL C3F8, corresponding to the
gas content in the commercial microbubble) is accurately
aspirated, then injected into a gas bag containing 500 mL high-
purity nitrogen, and incubated for 24 hours in a water bath (37
�C) to completely rupture the microbubbles to release C3F8 gas.
50 mL of the above gas is subjected to analysis, with high purity
nitrogen as a control.
4.5 Characterization of P-UCA

The optical characterization of as prepared MBs was mostly
carried out using a Leica DM 4500P microscope attached to
a Leica DFC 420 digital camera. Further, Coulter multisizer III
(Coulter Electronics Ltd., Luton, Bedfordshire, UK) was used to
measure the size distribution and also the concentration of the
P-UCAMBs. For in vivo acoustic test, the sample was normalized
to a nal concentration of 1.0 � 108 bubbles per mL (using
PBS). In most of the times, prior to the use of MBs, the vials
41998 | RSC Adv., 2019, 9, 41993–41999
containing MBs were gently rotated to ensure that these MBs
were distributed evenly.
4.6 Ultrasound imaging

The platelet MBs were prepared for in vitro ultrasonography
using a latex tube of inner diameter approx. 5 mm. A broadband
linear array L9-3 transducer (7 to 3 MHz extended) of IU22
ultrasound system (Philips Medical Systems) was chosen for
recording all the images. During the imaging, different
concentration of platelet MBs was prepared aer dispersing
well in the PBS solution and injected to the latex tube. All the
images were acquired from the tube cross-section in both PIHI
(phase-inversion harmonic imaging) and conventional B-mode.

Similarly, for the in vivo study, SD rat (n ¼ 3) of average
weight 280 g were subjected to anesthesia by intraperitoneal
injection of pentobarbital sodium. The animals were le on
a warm blanket until the body temperature raised within
normal range. For in vivo imaging studies, 200 mL of platelet
MBs at the concentration of 1 � 108 platelets per mL dissolved
in PBS were injected via a catheter and later ushed with 300 mL
of saline. The MBs injected rats were then subjected for kidney
imaging using a broadband L9-3 transducer in both conven-
tional B-mode and PIHI mode. The recorded images were saved
in an offline directory for future off-line review. A similar tech-
nique was followed to image the tumor tissues as well. All the
animal experiments were approved by the Institutional Animal
Care and Use Committee of Peking University and carried out
ethically and humanely.
4.7 ICG loading

Platelets were isolated from the PRP via centrifugation at 800g
for 10 min. The plasma was discarded, and the platelets were
resuspended carefully and slowly in 10 mg mL�1 ICG solution
(sucrose isotonic solution containing 1 mM PGE1). The mixture
was gently shaken and incubated at 37 �C for 0, 10, 20, 30, 40,
50, 60, 70, 80 min at 100 rpm in the dark. Then, the platelets
were isolated from the mixture via centrifugation at 800g for
10 min. The supernatant was discarded and the platelets were
resuspended carefully and slowly in PBS and washed for twice.
Fluorescence spectra were performed to study the uorescence
imaging ability of ICG loaded platelets. Fluorescence micros-
copy was performed to determine the encapsulated ICG in
platelets. One drop of the ICG-platelet suspension was placed
on a clean glass slide. The glass slide was observed under
a uorescence microscope.
4.8 Fluorescence imaging

NIR uorescence imaging experiments were performed and
analyzed using the Fluorescence-labeled Organism Bioimaging
Instrument (FOBI, Korea) under certain parameters (lex ¼
740 nm, lem ¼ 750–800 nm, exposure time ¼ 0.1 s). Tumor-
bearing mice were i.v. injected with 100 mL of ICG-platelet
(1 mg mL�1). NIR uorescence images of the mice were
acquired at different time points aer injection.
This journal is © The Royal Society of Chemistry 2019
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4.9 Statistical analysis

Data were presented as mean � standard deviation (SD).
Student's t-test was applied to test the signicance of the
difference, which was considered to be signicant when p <
0.05.
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