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Background: A novel nanomicro syringe system was proposed for drug storage and delivery
using a PANDA ring resonator and atomic buffer. A PANDA ring is a modified optical add/drop
filter, named after the well known Chinese bear. In principle, the molecule/drug is trapped by
the force generated by different combinations of gradient fields and scattering photons within
the PANDA ring. A nanomicro needle system can be formed by optical vortices in the liquid
core waveguide which can be embedded on a chip, and can be used for long-term treatment.
By using intense optical vortices, the required genes/molecules can be trapped and transported
dynamically to the intended destinations via the nanomicro syringe, which is available for drug
delivery to target tissues, in particular tumors. The advantage of the proposed system is that by
confining the treatment area, the effect can be decreased. The use of different optical vortices
for therapeutic efficiency is also discussed.

Keywords: nanomicro syringe, nanomicro needle, molecular therapy, therapeutic efficiency,
cancer

Introduction
Optical trapping is one of the techniques that can be used to manipulate living cells,’
and is the most powerful single-molecule technique for cellular application in vivo.?
Nowadays, optical tweezers are used in many fields of physical, chemical, and biological
science. Optical tweezers have provided a deeper insight into the dynamic process
responsible for cell motion in biology.> Hosokawa et al* have demonstrated optical
trapping of synaptic vesicles in a hippocampal neuron and found that intracellular
synaptic vesicles can be trapped at the focal spot during laser irradiation. A molecular
network using the blood circulation for a drug delivery system was designed by Mitatha
et al.’> A combination of optical trapping forces and router network systems has been
used to control the blood circulation in capillary networks and blood quality in human
organs. Optical forces can be used to manipulate biological and mesoscopic particles in
a noncontact manner. This is the foundation of the trapped particle as a revolutionary
tool for single-molecule biophysics.®

A single red blood cell deformability test has been performed by optical trapping
of plastic in a microfluidics chip’® and a lab-on-a-chip for red blood cell transporta-
tion in the capillary network to circulate oxygen and carbon dioxide throughout the
human body.’ Optical trapping for manipulation of molecules in liquid core capil-
laries and its application to drug delivery have been reported by Suwanpayak et al.!!
A PANDA ring resonator was used to form, transmit, and receive a microscopic volume
of drug by controlling the ring parameters. A microscopic volume can be trapped and
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moved dynamically within the wavelength router or network.
Promising techniques to trap and transport a microscopic
volume within the add/drop multiplexer have been reported
theoretically® and experimentally'' using optical tweezers.
Static tweezers are now well recognized and widely used. The
optical tweezer generation technique has become a powerful
tool for manipulation of micrometer-sized particles. Dynamic
tweezers are now also used in practical work!>'* involving
viruses, living cells, and subcellular organelles, as well as
translocation of DNA and DNA-protein complexes. Another
area of interest is the measurement of elastic properties of
cell membranes, long strands of single DNA molecules, and
filamentous proteins.'> 8

Schulzyz et al have shown that transfer of trapped atoms
between two optical potentials can be performed.!® Optical
tweezers use the forces exerted by intensity gradients in
strongly focused beams of light to trap and move microscopic
volumes of matter. Other combinations of forces are induced
by the interaction between photons, caused by photon scat-
tering effects. In practice, the field intensity can be adjusted
and tuned to produce the desired gradient field and a scat-
tering force to produce a suitable trapping force. Hence,
the appropriate force can be configured for the transmitter/
receiver parts, which can perform long-distance microscopic
transportation.

Using the proposed system, gene therapy is done by
copying of a gene into the specific target for treatment of a
disease.'” By using a PANDA ring resonator, the generated
optical potential wells can be used to transport and move
nonpathogenic gene/molecular matter.'* The drug molecules
can be trapped and transported within the blood capillary
network, in which the atoms/molecules of drugs can be
stored and transported in a hollow liquid core waveguide by
using add/drop optical vortices as in liquid core microneedles
(nanomicro syringe), where the required drug types can be
controlled/released into targets by a single ring resonator
(syringe). During operation, the dynamic optical tweezers/
vortices are generated using dark soliton, bright soliton, and
a Gaussian pulse propagating within an add/drop optical
multiplexer incorporating nanoring resonators (PANDA ring
resonator), in which the trapped molecules can be moved
and transported into specific target diseases, such as tumors,
cancers, and abnormal cells. The dynamic behavior of soliton
and the Gaussian pulse has been well described by Kachynski
et al.?® The design of the original PANDA ring structure and
its application in drug delivery was reported by Oguchi and
Terada.” The parameters of the fabricated device are as close
as possible to those of the original design. The present study

investigated the use of two different wavelength tweezers,
molecular buffers, and bus networks to transport volumes
of drug, especially larger ones.

In principle, trapping forces are exerted by the intensity
gradients of highly focused light beams which trap and
transport microscopic volumes of matter. The optical forces
are customarily defined by the relationship between optical
scattering force and gradient force F,. 2.7 In the Rayleigh
regime, since the electromagnetic field is uniform across the
dielectric, the trapping forces decompose naturally into two
components. Thus, the particles can be treated as induced
point dipoles. An increase in the numerical aperture increases
the gradient strength due to a decrease in focal spot size*
which can be formed within the tiny system, for instance,
ananoscale device (nanoring resonator). The different optical
trapping force structures are compared in terms of static and
dynamic tweezers, as shown in Figure 1. In this case, the
dynamic tweezers (gradient fields) can be in the forms of
bright solitons, Gaussian pulses, or dark solitons, which can be
used to trap the required microscopic volume, where there are
four different center wavelengths of tweezers generated.?*?

The power output (P) at the through port is written as

Ptl = |Et1|2' (1)
The power output (P ) at the drop port is
P =E. 2)

In the system proposed here, the trapping force is produced
using a Gaussian pulse and bright soliton, where the valley of
the dark soliton is generated and controlled within the PANDA
ring resonator by the control port signals. Figure 2 shows the
output field (£))) at the through port. In the add/drop device,
the nonlinear refractive index is ignored because it does not
affect the system. The add/drop device is silicon-based and
linear, where the nonlinear effect occurs due to the PANDA
ring resonator, in which the slight change of phase delay
has no effect and can be ignored. The electric fields, £ and
E,, , are the circulating fields within the nanoring at the right
and left side of the add/drop optical filter. To form the broad
spectrum output, two nonlinear ring resonators are introduced
to form a proposed PANDA ring structure, named after the
well known Chinese bear, and a term used to describe the
core fiber structure which maintains polarization. In this work,
the proposed PANDA ring resonator is a modified add/drop
filter. By using a broad-spectrum output, multitweezers can
be generated and used to trap and transport molecules via
the proposed system, in which the nanomicro needle-shaped
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Figure | Different forms of dynamic and static optical tweezers.

injection chip operates in the same way as a syringe, and can
be used for tumor-specific therapy.

Molecular therapy using an embedded

nanomicro syringe
Figure 3 shows a schematic diagram of an embedded microchip
device as well as the relevant molecular therapeutic details.

Intensity of input power
Intensity of input power

Optical trapping force can be used to trap atoms, molecules,
and living cells and is measured on a pico (10~2) Newton scale.
Input data are gathered for the entrapped drug, which can be
delivered using the nanosyringe and reach the desired target
specifically. The proposed molecular buffer of living cells
can be transported through microchannels via a throughput
port (E, ) on the PANDA ring resonator. Molecules moving
in a nanocapillary can be blocked by an interaction between
the capillary and molecules. In this proposed system, the
optical trappings are induced by an optical gradient, and
scattering forces become potential optical wells which trans-
port atoms and molecules in a liquid channel. A molecular
buffer is required to be included in the system, which plays
an important role in storing or delaying atoms/molecules over
a period of time, which gives enough time for operation.??’
A molecular buffer is a new device, which is operated in the
same way as a gas buffer.? In this case, it is assumed that the
spherical particle is polystyrene (n = 1.5894) and the liquid
medium is water (n = 1.33). The required optical power that
can be used to trap particles of a certain size/polarizability
is 9.1 W, more details on which can be found elsewhere.?
In simulation, a dark/bright soliton, a Gaussian pulse in the
1.3—-1.7 um wavelength, peak power 1 W, and a pulse width
of 35 fs is fed into the system via the input port, where the
coupling coefficients are ¥, = 0.5, ¥, = 0.35, x, = 0.1, and
K, = 0.35. The ring radii are R ,, =20 um, R, =R =5 um.
Evidence for a practical device with a radius of 2—3 pum has
been reported by Zhu et al.” In this case, the dynamic tweezers
(gradient fields) are in the form of bright solitons, Gaussian
pulses, and dark solitons, which are used to trap the required
microscopic volume. In this investigation, four tweezers
with different wavelength centers are generated, the dynamic
movements of which are shown in Figure 4, where Figure 4A
represents tweezers with different sizes and wavelengths and
Figure 4B represents tunable tweezers coupling constant
variations. The required drug volumes are obtained at the
drop port outputs.

Intensity of input power

Dark soliton

Figure 2 Different input light signals.
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Figure 3 Schematic diagram of embedded microchip device and molecular therapeutic details.

In practice, the fabrication parameters can be easily
controlled by the ring resonator radii instead of the coupling
constants. The optical coupling coefficients represent the
fraction of light transmission through the coupler, while
the loss coefficients represent the fraction of light loss into
the ring.*® An important feature of this system is that the

tunable tweezers can be obtained by tuning (controlling) the
add (control) port input signal, in which the required num-
ber of microscopic volumes (atoms, photons, molecules)
can be obtained at the drop/through ports, otherwise they
propagate within the PANDA ring without collapsing or
decaying into the waveguide. One of the advantages of the
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Figure 4 Generated trapping tools with different input powers, where (A) Gaussian pulse and dark soliton, (B) Gaussian pulse, and bright soliton and (C) dark soliton and
bright soliton. Rad =20 um, RR = RL =5 um. The coupling coefficients are K, = 0.5, K, = 0.35, K, = 0.1 and K, = 0. 35.
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are ¥, = 0.5, x, =0.35, x,= 0.1, and , = 0. 35.

proposed system is that the transmitter and receiver can
be fabricated on-chip and alternatively can be operated by
a single device. The magnitude of optical trapping force
is in the pico Newton range, depending on the relative
refractive index of the particle.?! The particle radius located
in the cavity decreases with reduction in the refractive
indices compared with the host medium.* The molecular
trapping probe can be adjusted to select a drug molecule
size of 80 nm or 0.2681 x 107 um? per potential well
(Figure 5A and B), but the fluidic microscopic volume can
be transported faster, depending on the viscosity of both
media and particle.’ The molecular trapping probe can be
used for drug molecule transport at the through port and
networks, the parameters for which are given in Figure 5.
The proposed system provides multiple accesses to the drug
volumes and targets.

Generally speaking, tumors are similar to organs, with
unique physiology giving rise to an unusual set of drug
delivery barriers. Cancer and tumor therapies are limited
by nonuniform drug delivery via blood vessels, where the
stored drug is transported by blood into regions of the tumor
and distributed to region by vascular network.** Recently, a
therapeutic problem in tumors has been resolved, in which
the convective drug transport from blood vessels into and
throughout most of the tumor tissue is realized. The modu-
lar design of the carrier facilitates the exchange of different
targeting moieties and small interfering RNAs to permit
its use in a variety of tumor types. An ideal carrier protects
small interfering RNA from exogenous nucleases, prolongs
the systemic half-life, and promotes preferential uptake into
diseased tissues. Tumor cells often overexpress transferrin
receptors on their surfaces, and this protein has also been
studied as a ligand for tumor-targeted delivery.?*3

Molecular or gene therapy is a great advance in our under-
standing of how to manipulate genes and has set the stage for
scientists to alter a patient’s genetic material to fight or prevent

36-38 and

disease.* However, gene therapy may have both positive
negative® effects when used as a medical tool. In this experi-
ment, we designed a useful tool for medical therapy and health
care, which includes genetic manipulation of DNA or RNA in
a patient’s cells to fight disease. In practice, the optimization of
molecular therapy to treat disorders requires the development
of a system specific for the targeted disease process.*’ Further

discussion of molecular therapy can be found elsewhere.

Conclusion

We have proposed an interesting system that can be used for
molecular diagnosis and therapy,*' in which the treatment
area, especially tumor tissue, can be confined and optimized.
The trapped living cells/drug can be transported into the
liquid core channels/capillaries via specifically designed
optical tweezers and waveguides, in which drug molecules/
cells can be trapped, stored, and delivered to specific targets.
Such a system can be fabricated on a chip and used as a drug
injection tool (syringe) for targeted treatment to cancerous
tissue. However, the size of the drug molecule is shown to
be varied by the character of the interacting light used, ie,
a standing wave versus a propagating wave.'® The design
of these molecular diagnostic and drug delivery agents for
biomedical application is summarized, where specific condi-
tions for a wide range of targets are introduced and compared
with antibodies,* in which cells/drug particles could be
manipulated for drug delivery to tumor cells/target via optical
vortices. The advantage of the proposed system is that the
confined treatment area can give less effect during the treat-
ment, which will be the subject of our continuing research
and investigation.
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