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Abstract

Tumour-induced sentinel lymph node diagnosis and metastatic therapeutic techniques are limited by current strategies nowa-
days. Herein, we combined iron oxide nanomaterials with chemotherapy drugs in poly(lactic-co-glycolic acid) multifunctional
microbubbles (MMBs) to develop and visualize tumour lymph node treatment. Fabrication and loading of perfluorocarbon
gas-filled PLGA microbubbles with co-encapsulated cabazitaxel (CTX) and Fe;0, nanomaterials were accomplished. Ultra-
sound (US) imaging enhancement and US-induced drug delivery have been investigated in vitro and in vivo to improve
the outcomes. The MMBs had a mean size of 881.45+70.19 nm, with a narrow size dispersion and a smooth surface.
It was also shown that the amount of Fe;O, nanomaterials in the MBs did not affect the CTX drug loading efficiency or
encapsulation. Our outcomes showed that these MMBs could improve ultrasound imaging in vitro and in vivo and improve
tumour lymph node signals. Biomarkers of tumour proliferation profile and micro blood/lymphatic vessel density were used
to assess the anti-tumour efficacy of MMBs-mediated chemotherapy in vivo. These markers were consistently lower after
MMBs + sonication treatment than controls. The tumour cell apoptosis index was shown to be highest following MMBs plus
sonication treatment, which is in line with this finding. A cabazitaxel-loaded PLGA-Fe;0, nanomaterials therapeutic and
diagnostic agent for low-frequency US-triggered US imaging of the lymph node metastasis has been developed successfully.
It may provide an approach for the chemotherapy and imaging of primary metastasis tumours.
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Introduction

Immunity and tissue fluid homeostasis are both critical func-
tions of the lymphatic system. Extracellular fluids, including
tissue waste and antigens, are collected by early lymphatic
channels under normal physiological conditions (Schreuder
et al. 2020; Eide et al. 2018; Lee et al. 2019). These flu-
ids and immune cells are assembled to form lymph, which
is then carried to regional lymph nodes (LNs), wherein
adaptive immune response can be activated by lymphatic
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veins that collect lymph (Najibi and Mooney 2020). Lymph
returns to the circulation after being monitored by LNs and
cleared. Lymphatic arteries and LNs that drain them can
be damaged by infection, chronic inflammation, and malig-
nancy. Cancer cells can also spread through the lymphatic
system and settle in the LNs that drain them (Huang et al.
2021). As a result, the immune system of metastatic LNs is
repressed. Recent research summarizes that cancer manipu-
lates the lymphatic system to produce lymph node metasta-
ses, escape the immune response, and spread to other organs
(Ding et al. 2021). We also address future clinical opportu-
nities to target lymph node metastases (Steiner et al. 2018;
Schudel et al. 2020).

Nano-biotechnology, significant organic molecule chem-
istry, and polymeric conjugation technique improvements
have made designing drugs for lymphatic system delivery
(Lv et al. 2020, 2019; Gong et al. 2021; Chen et al. 2021). In
the last era, lymphatic administration of drug-loaded poly-
mer nano-/microparticles has been widely studied to enhance
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lymphatic target and metastasis tumour suppression (Zhang
et al. 2019a). A gelatin matrix combined with fluorescently
tagged PLGA-rhodamine microspheres and paclitaxel-
loaded PLGA was studied by Liu et al. (Liu et al. 2019a).
For lymphatic targeting in healthy and cancer-bearing rats
following intraperitoneal and intrapleural implantation. They
discovered that intraperitoneal and intrapleural injection of
PLGA-rhodamine microspheres caused the localized and
distant LNs to take up the microspheres spontaneously (Shi
et al. 2018). PLGA nanomaterials were inoculated into the
dorsal side footpads of the rats', one made of PP nanoma-
terials and the other of PLGA-PMA: PLGA-COOH, PC
nanomaterials (Liu et al. 2019a). A correlation was shown
between PP nanoparticles lymphatic absorption and reten-
tion and particle size and hydrophobicity, whereas the ani-
onic charge of PC nanomaterials was directly connected to
these outcomes. Therefore, the study determined that poly-
meric nano- and microparticles offer tremendous potential
for lymphatic drug delivery (Sanz-Ortega et al. 2019). Addi-
tionally, polymeric nano- or microparticles serve as the US
contrast in LNs imagination, i.e., drug delivery methods and
theranostics for therapeutic drugs. Wistar rats were injected
with Technetium-99m (99mTc)-labelled PLGA nanomateri-
als instead of 99mTc-labelled sulphur colloid/albumin nano-
colloid. According to the previous study, scintigraphic imag-
ing of the sentinel LNs was successful (Liu et al. 2019b; Yu
et al. 2020; Zukancic et al. 2020).

Nanomaterials constructed of polymeric materials have
shown tremendous promise in lymphatic system theranostic
applications (Subarkhan and Ramesh 2016; Sonamuthu et al.
2020; Mohamed Subarkhan et al. 2016; Mohamed Kasim
et al. 2018; Mohan et al. 2018; Balaji et al. 2020; Sathiya
Kamatchi et al. 2020). Although there have been advances
in lymphatic imaging technology, the present methods use
dyes and radioactive tracers, which have poor sensitivity and
resolution (Xin et al. 2017). Hence, they are widely desired
to use, minimally invasive nature, widespread availability,
and simple integrations with various imaging agents or
medications are advantages of using an ultrasonographic
contrast agent for lymph node identification (Ianni et al.
2019). Furthermore, ultrasonic irradiation has the potential
to initiate drug release efficiently. For pre- and intraopera-
tive lymph node localization, including ultrasonographically
assisted core needle lymph node biopsy, our group recently
developed an imaging agent comprising PLGA microbub-
bles (Li et al. 2018). According to previous studies, sub-
areolar perfluorobutane microbubbles contrast-enhanced
ultrasonography had a poorer detection rate of sentinel LNs
than y-detection (Devulapally et al. 2018).

Microbubbles containing superparamagnetic iron oxide
(SPIO) nanomaterials outperformed perfluorocarbon
gas-incorporated microbubbles without the inclusion of
SPIO in terms of US imaging contrast and a remarkable
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backscattering signal (Xu et al. 2017). Using Fe;0O, nano-
materials incorporated in ultrasonographic microbubbles
as potential US contrast agents for lymph ultrasonography,
we hypothesized that the detection rate of LNs could be
improved by using Fe;O, nanomaterials. This investiga-
tion aimed to establish dual-functional theranostics agents
that contained perfluorocarbon gas, cabazitaxel, and Fe;0,
nanomaterials for lymph node US imaging and the release
of in situ drugs for lymph node metastases therapy using
low-frequency ultrasound imaging and ultrasound-triggered
in situ drug release.

Experimental section
Preparation of MMBs

The MMBs were constructed by slightly altering a process
described by Chen et al. (Chen et al. 2019). As an outline, a
stirred mixture of the OA @Fe;0,-NMs suspension (32 mg
of Fe/mL) was added to the PLGA organic solution (150 mg
of PLGA in 2.5 mL MC) at varying concentrations. This was
followed by adding 10 mg of CTX to 200 pL of de-ionized
water and the emulsification of the mixture by sonication
for 40 s with 50 mg/mL of CTX solution. We removed all
the formulation's free Fe304 nanomaterials by employing
the magnetic isolation method. A cold 5% PVA solution was
then added to the original emulsions and homogenized at
9500 rpm for 5 min. To eradicate the organic solvents, the
prepared double emulsion was incubated with 50 mL of a
0.3% w/v PVA solution overnight with magnetically stirred
at RT. It was centrifuged and then rinsed with de-ionized
water to remove any remaining debris. Three times, the cen-
trifugation and washing steps were carried out in sequence.
Finally, the microspheres were washed, dried, and loaded
with perfluorocarbon gas before being frozen at 4 °C for later
use. The OA-Fe;O,~NMs solution and CTX solution were
omitted from the preparation of free MBs.

Determination of CTX loading

UV-Vis spectrophotometry was used to measure the quan-
tity of CTX retrieved from washed supernatants during
fabrication by measuring the excitation wavelength, exci-
tation 235 nm, at which the encapsulation efficiency and
drug loading were assessed thrice. It was determined that the
drug payload was proportional to the difference between the
total weight of CTX and the response rate. After that, previ-
ous methods for calculating drug encapsulation and loading
efficiency have been used (Zhang et al. 2019b; Wang et al.
2018; Kumar et al. 2020).
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In vitro CTX release

In vitro sonication experiments were carried out to deter-
mine how CTX released in the sound field will perform.
Sonication was carried out using the same experimental
settings as our earlier investigations on in vitro cell gene
transfection. MWCO: 10,000 Da dialysis bags were filled
with MMBs (Fe;O0,=185.45 ug/mL) and placed in a 1X
PBS (25 mL) reservoir with stirring at 200 rpm at 37 °C.
Dialysate (1 mL) was taken from the samples at regular
intervals and held at 21 °C for further analysis. Fresh 1X
PBS (1 mL) was introduced into the system after each sam-
ple period to maintain a constant reservoir volume. UV-Vis
spectrophotometry was used to quantify the amount of CTX
present in each sample. After that, the accumulative CTX
ratios were calculated over time (Shen et al. 2020).

Examination of in vitro US imaging

A custom mould with a depth of 2 cm and three 1 cm holes
in the middle was used for in vitro US imaging examination
(Price 2018). The agarose in the water used to make the
moulds was 1% agarose. Ultrasound pictures were obtained
by inserting de-ionized water and de-gassed, free MBs, and
MMBs with various concentrations of Fe;O, nanomaterials
into the mould's perforations. The Philips iU22 scanner's
ultrasonic imaging system used a transmitter and a receiver,
utilizing a 7.5 MHz US transducer. US imaging was captured
using the same settings (Mechanical Index, gain=10 dB and
MI=0.1). The experiments were performed thrice in total to
ensure reproducibility and quality assurance.

US imaging of rabbit in vivo tumour LNs model

Twelve rabbits (equivalent to 24 LNs tumours) were exam-
ined with US imaging two weeks following tumour inocu-
lation. Sixty-four cancer LNs were randomly assigned to
3 groups (n=28; tumour LNs in every group). MMBs (at
[Fe;0,] =185.45 ug/mL) were injected into one group.
Another group received only the purified MBs as an injec-
tion. In being assured that the sterile saline had no effect, the
third group of animals was controlled. Samples containing
MMBs and free MBs had similar concentrations. Ketamine
hydrochloride (0.65 mg/mL) was injected intramuscularly
into all rabbits to induce sedation. A facemask with 0.5-2%
isoflurane was utilized throughout the trial to keep the anaes-
thetic effect (Prat et al. 1995; Zhu 2020; Wang et al. 2015).

Utilizing the S9-3 probe, contrast-enhanced harmonic
pictures of the US were acquired using a linear probe trans-
mitting and receiving centre frequencies of 3.5 and 7.0 MHz.
The LNs were located using the default harmonic imaging
method (MI: 0.06 and Depth: 2 cm). Group one rabbits
received a 2 mL injection of MMBs into the hind footpad,

while the other two groups received the same quantity of
free MMBs or sterile saline as a control. After that, up to
five minutes of massage were used to encourage contrast
migration into lymphatic channels and LNs after contrast
agent injection. The popliteal nodes (PNs) tumour LNs were
then located using contrast lymphosonography.

Detection of iron in vivo

The rabbit was euthanized with fatal doses of pentobarbital
after each in vivo US imaging investigation, and its PNs
were removed. Tissue samples from all four groups were
processed and embedded in paraffin to detect iron expres-
sion using the Prussian blue stain on 12 LNs placed in a 10%
neutral formalin buffered solution. A total of 12 LNs were
preserved in glutaraldehyde solution for TEM inspection and
split into fragments of about 1 mm? in size (Zhuang et al.
2012; Berg 2006).

LNs treatment sites

Six groups and thirty rabbits were separated (n=10, 60
legs totals): Saline (group I), Free MMBs (group II), Free
CTX (group III), PLGA-MMBs without Fe;O, inclusion
combined with the US (MMBs + US) (group IV), cabazi-
taxel with the US (CTX+the US) (group V), and MMBs
combined with the US (MMBs +the US) (group VI). The
saline group received sodium chloride (4 mL) injected into
the hind footpads under lidocaine anaesthesia; the MMBs
group received diluted MBs (1 mL) containing CTX (2 mg)
injected slowly into 4 mL; the CTX group received 2 mg of
CTX injected; the CTX + US group received 2 mg of CTX
injected and applied US irradiation; on the first, third, and
fifth days, three different treatments were administered.

Histological assessment

Thirty rabbits' tumour LNs were removed for the histological
examination on the seventh day after the initial therapy. We
used 10% neutral buffered formalin to fix all of the excised
LNs from the rabbit tumours. They were then treated as
usual and embedded in paraffin. Using haematoxylin and
eosin stains on tissue sections, histopathologists examined
the condition of the tissues. Immunohistochemical label-
ling with antibodies against the proliferating cell nuclear
antigen (PCNA) evaluated tumour cell proliferation. Using
the TdT-mediated dUTP nick end labelling (TUNEL test)
approach, the levels of apoptosis in these tissue slices were
also examined. Tissue sections were stained with anti-CD34
and anti-lymphatic vessel endothelial hyaluronan receptor
(LYVE)-1 antibodies to evaluate blood and lymphatic ves-
sels' density. LY VE-1 indicates lymphatic endothelial cells,
whereas CD34 markers indicate blood vessel endothelial
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cells. A microscope identified the expression of the nuclear
antigen protein in proliferating cells, apoptosis expression,
blood vessels' density, and the density of lymphatic vessels
(CKX41). The number of positive cells was collected semi-
quantitatively by having blind observers count the number of
positively stained cells from at least five randomly selected
high-power fields (around 400 magnifications each). Prolif-
erating (PI) and apoptotic (Al) were calculated from at least
five randomly selected high-power fields using tumour cell
staining ratios. The vascular density locations with the high
density were preferred to measure blood vessel density and
lymphatic vessel density. When calculating lymphatic ves-
sel density, researchers counted all LY VE-1-positive vessels
in addition to the CD34-positive to consider each stained
lumen to be a separate, countable vessel (Kato et al. 2005;
Ohtani and Ohtani 2008; Koukourakis et al. 2005).

Statistical analysis

All experimental data are shown as mean + standard devia-
tion, and differences between two groups were analysed
by GraphPad Prism 8 software via the Student's ¢ test
(**p<0.01).

Result and discussion
Fabrication and characterizations of MMBs

In Fig. 1, cabazitaxel-loaded MMBs are delivered into LNs
and released under control by low-intensity ultrasound. As a
result, the size distributions of MBs were in the 800—900 nm
region, and the polydispersity index was 0.812 (mean diame-
ter: 872.61 +7.46 nm). There were 881.45+70.19 nm PLGA
MBs with a mean diameter of 882.30 nm and an average PDI

of 0.623. In the polymer shell, the addition of Fe;0, and
CTX had no significant effect on MMBs size distributions,
according to these findings. AAS measured the concentra-
tion of Fe;O, nanomaterials encapsulated in microbubbles
as 0+0, 1.52+0.06, 2.95+0.09, 5.82+0.42, 14.89 +0.45,
28.49+0.75,57.81+0.53, and 186.58 +2.57 ug/mL.
When viewed under a scanning electron microscope
(SEM), the MMBs (Fig. 2A) showed an even and smooth
spherical shape. The presence of hydrophobic Fe;0, nano-
materials in microbubble shells as demonstrated by trans-
mission electron microscopy (TEM) improved contrast man-
ifested as dark domains in Fig. 2B. Magnetization properties
of these MMBs are by viewing in Fig. 2C. The VSM curve
shows that the produced MMBs have the superparamagnetic
feature, which is extremely useful for future nano-biomedi-
cal applications. There was no evidence of residual magnet-
ism. The particle diameters were not homogeneous, with a
hydrodynamic size of 868.0+68.7 nm, confirmed by the
dynamic light scattering (DLS) techniques (Fig. 2D).

CTX loading and encapsulation efficiency and CTX
release profile

The amount of the MMBs drug carrier was assessed by the
CTX loading and the CTX encapsulation efficiency (Zaki
and Hafez 2012; Danafar 2018). CTX loading efficiency of
these MMBs were 5.80+0.15%, 5.85+0.45%, 6.25+0.30%,
5.85+0.09%, 6.13+0.11%, 5.63 +£0.12%, and 5.98 +0.18%,
respectively. The encapsulation efficiency of CTX in the
MMBs with various concentrations of Fe;0, (1.48 +0.06,
2.85+0.07, 5.78 £ 0.35, 14.79+0.35, 27.99 +£0.73,
57.01+0.52, 185.45+1.56 pg/mL) were 57.99 + 1.59%,
58.03 £2.89%, 61.25+3.21%, 57.83 £0.89%,
60.98 +1.23%, 55.97 +£1.87%, and 60.14 +2.01%, respec-
tively. From the above outcomes, we can conclude that the

Fig. 1 Graphic representation of
how cabazitaxel (CTX)-loaded
MMBs are carried into the
controlled release and lymph
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node of CTX triggered with
low-intensity sonication
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accumulation of Fe;O, in the polymeric shell does not con-
siderably impact CTX loading efficiency or encapsulation
efficiency (Fig. 3A).

To determine the impact of low-frequency US sonication
on CTX unloading, the release patterns of CTX from MMBs
(at [Fe;0,] = 185.45 ug/mL) were compared with and with-
out sonication. Figure 3B depicts each release profile as a
function of time, with percentages of CTX released. After
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two days, 90% of the CTX was released while using sonica-
tion to release it faster than when not. However, only around
75% of the encapsulated CTX was released in the MMBs
that were not sonicated. It was average roughly 5 and 10 h to
release 50% of the CTX from these MMBs after sonication,
but the T1/2 values for the two groups were about the same.
This finding shows that the CTX-loaded MBs can be acti-
vated using the US triggered, and the CTX can be discharged
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Fig.3 A The encapsulation efficiency of CTX in the MMBs with various concentrations of Fe;04 NMs. B In vitro release of CTX from MMBs
without ultrasound (MMBs) and with ultrasound (MMBs + US) treatment in 1X PBS
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and placed at the desired locations with the guidance of the
US image.

In vitro evaluations of MR and US imaging

MRI was used to determine the relaxation rate (1/7,) of
MMBs and whether they could enhance magnetic resonance
imaging (MRI). T,-weighted MR images of MMBs with
varying iron contents are shown in Fig. 4A. As the iron con-
centration increased, the images' blackness was proportional
to that change (Ferrara et al. 2000; Salvo 2001; Willmann
et al. 2008). A plot of the relationship between 1/T, and the
iron content (#2=0.9893/mm/s) is shown in Fig. 4B. There
were no significant differences in the efficacy of the MMBs
as MRI contrast agents.

Additionally, the Fe;O, nanomaterials aided in improving
US imaging. This observation has several possible explana-
tions up until this point. According to Raisinghani et al.,
the multiple shell structure, or additional compounds in the
shell, is responsible for this improvement in microbubble
surface tension. The microbubble can significantly alter the
resonance properties, amplitude of MBs volumetric oscil-
lations, and amplitude in compression and tension. Other
studies' findings suggested that the Fe;O, NMs and polymer
shells in the shell matrix increase acoustic impedance, lead-
ing to more significant scattering signals (Liu et al. 2011).

Rabbit model tumour LNs US imaging

Further in vivo evidence of MMBs' imaging capabilities
was obtained at [Fe;04] =185.45 pg/mL. Using contrast

Fig.4 MRI images visualized
A 0.02

using a 3 T scanner in vitro.

A MMBs with different Fe;0,
NMs concentrations. B The lin-
ear fit of 1/7,* vs Fe concentra-
tion (mM)

0.05

lymphosonography, it was possible to tumour LNs after
saline, free MBs, or MMBs were administered. A compari-
son of the reflectivity of PNs before and after the injection
of MMBs is shown in Figure S1. In some instances, an
increase in PNs could be displayed 10 s after injection.
However, complete improvement was observed 15 min
after injection most of the time. A boost in contrast agent
transport through LNs channels and a successive raise in
reflectance of afflicted PNs were attained by manipulat-
ing injection locations. A slight increment in echogenic-
ity was observed in the saline-injected control tumour
LNs throughout the imaging study (Figure S1). However,
the enhanced reflectivity in the free MB-injected control
tumour LNs was less than in the MMB-injected nodes
(Figure S1), indicating a similar rise in echogenicity in
the MBs. A comparison of US imaging enhancement data
shows that MMBs outperform free MBs when using PLGA
microbubbles as contrast agents, with Fe;0, addition hav-
ing the most significant impact.

Figure 5A shows the presence of Fe;O, in the MMB-
injected LNs. In contrast, no blue stains were demonstrated
in the LN tissues treated with free MBs, further validating
the existence of MMBs in tumour LNs (Fig. SA). Addi-
tionally, the TEM image indicated the presence of Fe;O,
in the LNs treated with MMBs (expressed as mass black
with high electrical densities), which is in line with previ-
ous findings using Prussian blue dye imaging (Fig. 5B).
Tissues given with free MBs did not show an increase in
electrical density (Fig. 5B). The Fe;0, nanomaterials were
also spread in the microbubbles' shell.
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Fig.5 A The microscope images of Prussian blue dye-stained lymph
nodes. The Fe in the MMB-injected lymph nodes were stained blue
stain. B No blue stain was detected in the lymph nodes injected
with MBs. Scale bar 10 pm. C TEM image of MMB-injected lymph
nodes. D) There were no noticeable high electronic densities in the
MBs without Fe;0, NM-injected tissues. Scale bar 0.5 um

Histological evaluation of tumour LNs

In a tumour lymph node model, the anti-tumour activ-
ity of MMBs was investigated utilizing histological and
immunohistochemical approaches. A total of 60 legs
were used to divide six groups into 30 rabbits: Saline
(group I), Free MMBs (group II), Free CTX (group III),
PLGA-MMBs without Fe;0, inclusion combined with
the US (MMBs + US) (group IV), cabazitaxel with the US
(CTX +the US) (group V), and MMBs united with the US

'.‘{’
$2 .

»
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S

(MMBs + the US) (group VI). Immunohistochemical label-
ling with antibodies against PCNA (proliferating cell nuclear
antigen) was used to assess cell proliferation (Fig. 6A). Cell
nuclei containing PCNA-expressed proteins show brown
granules, and this was displayed in all experimental groups.
Group VI (MMBs +the US) had a considerably lower pro-
liferative index (PI) for tumour LNs than any of the other
groups, according to our findings (Fig. 6B).

TUNEL assay was used to examine tissue sections for
evidence of cell apoptosis (Fig. 7A). The nuclei of apoptotic
cells have a dark stain on them (Witte et al. 2001; Azzali
2003; Som and Francois 2017). All groups had an increased
number of apoptotic cells; however, the apoptotic index (AI)
for tumour LNs in group VI (MMBs +the US) was sub-
stantially higher than the other groups (Fig. 7B). The Al
did not differ significantly between saline groups and free
MMBs + the US groups.

Tissue slices were stained with LYVE-1 and CD34 for
determining tumour LNs micro lymphatic vessel densi-
ties (LMVD) (Fig. 8A) and micro blood vessel densities
(MVD) (Fig. 9A). In one high-power (HP) field, the number
of CD34-positive and LY VE-1-positive vessels was counted
(Jung 2013). The most vascularly dense regions of the body
were chosen for study. According to our findings, Group VI
had considerably lower tumour lymph node CD34-positive
vascular density than the other groups (Fig. 8B). Group VI
also had significantly lower LY VE-1-positive LNs channel
density in tumour LNs than the other groups. (Fig. 9B).

To summarize, we found that the tumour regressions rates
correlated positively with the Al of the tumour LNs and
adversely with the PI, LMVD, and MVD. Because of this,
we can expect chemotherapy for tumour metastasis disorders
to be considerably improved by encapsulating cabazitaxel
inside polymeric MBs. The anti-tumour impact shown in

Fig.6 A Immunohistochemical PCNA staining of tumour tissues. B The proliferating index (PI) bar diagram of tumour cells in each group.
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Fig.7 A Immunohistochemical TUNEL staining of tumour tissues. B Apoptotic index (AI) bar diagram of apoptotic cells in each group. Scale

bar 100 nm
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Fig.8 A Immunohistochemical CD34 staining of tumour tissues. B MVD bar diagram of each group. Scale bar 100 nm

the MMBs + US group could result from a complex interplay
between several elements, including the drug's anticancer
properties, the cavitation effect, and the possibility that US
irradiation enhances the drug's anti-tumour properties.

Conclusion

The multipurpose theranostic agent has been designed
for ultrasound imaging of LNs and low-frequency ultra-
sound treatment to treat lymph node metastases loaded
with cabazitaxel. This agent's benefits could be broadened
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to include various organs and tissues, offering a new
approach to imaging and treating primary tumours and
their metastases as a general strategy.
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Fig.9 A Immunohistochemical LYVE-1 staining of tumour tissues. B LMVD bar diagram of each group. Scale bar 100 nm
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