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. INTRODUCTION

These are the bubbles used for medicine both faging and for therapeutic
application as well. Normally, if you think aboutitfing bubbles into a human body, this is
not a very good idea. They are associated for ngubke bends for example, in scuba divers.
But the bubbles that we deal with are much too kfoathat. They are almost a hundredth of
a human hair in diameter. They can pass safelygiré(tuman blood vessels without causing
blockage. Gas embolism may be a known complicadfotiifferent obtrusive strategies, and
its administration is well established. The resfilgas microemboli, microbubbles diagnosed
less frequently than its occurrence and usuallylogked in day-by-day practice. We show
the current information with respect to the pathaablogy of microemboli and their clinical
results. Microbubbles begin basically in extracoead lines and gadgets like
cardiopulmonary bypass and dialysis machines. May dndogenous in cases of
decompression sickness or mechanical heart va®@esulating within the bloodstream,
microbubbles hold up within the capillary bed offelient organs, basically the lungs. The
microbubble obstructs blood stream within the dapil which leads to tissue ischemia,
taken after by inflammatory response and compleraeattment. Accumulation of platelets
or formation of clot happens as well, leading teaatted obstacles of microcirculation and
tissue harnf'.

II. DEFINITION

Microbubbles are so tiny in size. The diameter ofiarobubble is around 0.5um upto
10um and filled with gas. They are widely used herapeutic imaging as differential
specialists and as carriers for drug deliV@ry

A microbubble is a gas bubble that exists insidkid. Air, Nitrogen or Gas having
higher molecular weight; for example, SF6 or C35 lba used and the fluid is almost always
water. Mostly 95% microbubbles are smaller thanmiGand the average size of single
microbubble is 3um. The stabilisation of microbwdsbtan be done by encasing them in a
specific shell, that shell must me mead up of biogatible components. Protein, polymer or
lipids are some good examples of biocompatible nad$e Microbubbles are used to
differentiate operators in restorative ultrasoufid.

Gas bubbles ordinarily begin in extracorporealngband permeating with the liquids
into the bloodstream. The bubbles may be shown edsepreparing the lines for utilize, or
recently shaped as a result of turbulent strearinvihe vessel and at the vascular entrance.
Contrasts in temperature is another conceivableecdar the bubble era in lines, since
warming starts bubble arrangement, such as whemanic blood warming framework is
used .

[11. PROPERTIES
I deal properties of microbubbles arebasic propertiesand functional properties.
1. Basic properties

* Breadth of the miniaturized scale bubbles ouglitetovithin the range of 1-10um.
» Consistency of thickness of the shell.
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* Uniform in size.

* Thickness and compressibility contrast ought taltle to diffuse with ultrasoun

* Ought to have adequate surface chemical propeadiésk the receptor for focusin
on particular tissue or orga

2. Functional Properties

» Small scale bubbles must be proficient to replgheultrasounc

* Infusion and Syringe ability must be appropriateatiminister the micro bubbl
systemic administrion

* Biocompatible in natur.

. Gas I.IFId N
~1t0200 nm _{ _
shell
Water Protein
~0.5 to 10 pym Polymer

Figure 1: Component of Microbubbles

Micro bubbles contain essentially 3 stages in which internal, centre and outer most
Figure 1. Thefollowing arethe details:

Deepest Gas Phase
Shell Material Encasing the Gas Phase
Outermost Fluid or Watery Phase

3. Internal most layers: gas phase: It is commonly a layer of gas. In this gas phaseay
consist of a single gas or the mixture of differgases.These mixtures of different ge
are used to build fractional weigdifferentials and also produces gas osmotic pres
which helps in stabilising the bubbles. In comhbioratwith the gas system there are 1
sorts of gases. Essentgas known as first gaFor the most part, it is air. At some pao
the first gas used nitrogen and gas osmotic agents are secondagy.rdason is the
have lower solubility in blood and serum and a hegtough valoour pressure at ro
temperature in order to achieve desired osmotacef® 89101112

* Shell material: The gas phase is covered by this shell materiad. primary functior
of this layer is to serve as a container for madigarticles that are attached to a le
of shell and used to attack various tissue and mom@amponents. Microbubble
flexibility or compressibility can be improve In case of morgersatile, It has th
ability to withstand bursting and popping, and kkeqging the time of these bubb
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to stay in the body. As a shell material, the mates usedfor example Proteins such
as albumin, Carbohydrates such as galactose, Pdlgedh such as phosphotidyl-
choline, phosphotidyl-ethanolamine etc., Biodegbdéelgpolymers such as polyvinyl
alcohol, polycaprolactone efg.”891011.12]

* Fluid stage or watery phase: The external continuous fluid stage in that bubble
resides ordinarily is made up of surfactant (swfactive agents) or foaming agent.
Surfactants are any compounds or compositions wiiicins the layer at the
interphase and helps to protect and organise theléumembrane.The frothing agent,
also known as a surfactant, is made up of a singleedient or it can be a
combination of compounds. For illustration, Bloakpolymers are polyoxyethylene,
polyoxypropylene, sugar esters and fatty alcohol$ilev Polyoxyethylene
polyoxypropylene copolymers are non-ionic surfatgsaAnionic Surfactants come in
a variety of forms. Fatty acids with 12-24 carbdonas are used (e.g., Sodium
Oleate) 7812

V. TYPESOF MICROBUBBLES
There aredifferent types of microbubbles such as,

1. Ultrasound microbubble: When it affects the skin surface where it burst$ discharges
the drug. It's used in a low-concentration formtdb, adds to the number of therapeutic
records. It is useful for medications that havkyiand adverse side effects.

2. Perfluorocarbon-filled microbubble: Blood pools serve as carriers for perfluorocarbon-
filled microbubbles, which are stable for circutgfiwithin the vascular system.

3. Phospholipid-coated microbubble: Which encompasses a high affinity or liking for
chemotherapeutic drugs?

4. Albumin-encapsulated microbubble: Which follows and sticks to walls of vessétd.
V. FORMULATION METHOD OF MICROBUBBLES
Techniquesthat are used for the preparation of microbubble:

Atomization & Reconstitution
Sonication

Emulsion Solvent Evaporation
Cross Linking Polymerization

1. Atomization & Reconstitution: A spray dried surfactant solution is atomized weasel
which contains hot gas, and forms porous spherdsthe help of essential modifier gas
enclosed in it. Synchronous pressing is to be datoethe vials by filling the head space
with inactive gas or osmotic operators. At thatnpdhne vial is fixed and after some time
recently utilized vials are reconstituted by utilig sterile saline solution. The vital
modifier gas diffuses out and the auxiliary gasudiés in after reconstitution, resulting in
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a size reduction. The microbubbles are then adteneid to the patient after remaining
suspended inside the saline arrangen€ri:>1]

Sonication: Sonication is the process which is used to generateobubbles. In this
method septum is injected through ultrasound dewibzh has a special ultrasonically
vibrating hypodermic needle or by an ultrasounddnaission. A thin membrane may be
used to sonicate the gas in the vial's headspateenaltively, an ultrasonic device or a
concentrated ultrasound beam canbe used to defiresmembrane.The micro bubble
solution can be pulled back from the vial and cyedeto the patient until sonication is
completed.By deploying ultrasonically vibrated aspng system on the syringe at a low
power, sonication can also be achieved insideytege. 101415:17]

Emulsion solvent evaporation: In Planning of microbubbles there are two arrangeme
utilized. The First arrangement is a watery arramgd, it contains suitable surfactant. It
can be amphiphilic biopolymer. Example of amphighiliopolymer- gelatine, collagen,
albumin or globulins. This gets to be the outer temous stage. The Second
Arrangement contains a mixture of two. Water nosaitile natural liquids. For the
polymer, one is volatile and dissolvable, while thher is usually non-volatile and
nonsolvent. To make an emulsion, combine the akBeeend arrangement with the first
solution. As the solvent in the droplet evaporatioe, concentration of polymer rises up to
the certain point where it can take involvementarritie presence of nonsolvent that is
less volatile. A polymer film on the emulsion drefd surface is formed by this
procedure. Further in this procedure, the formatbrshell wall is done by encasing a
non-solvent liquid inner core. By the result miapsules can be recovered, cleaned and
generated in a buffer complex.Following the dryipgocess,Freeze-drying, ideally,
eliminates all thewater and a nonsolvent or?amiuidi core in order to producea hollow
microbubble which is packed with &r*%141%1€

Cross linking polymerization: The special apparatus named Ultra Turrax T-25 8080
rpm intensely stirs a 2% aqueous polymeric solutbtelechelic PAV for 3 hours at a
pH of 2.5 at room temperature. As a result, a fozen forms, which serves as a colloidal
stabilising agent and also behaves as a compounufible coating. Microbubbles are
glide on the top surface of the mixture after padysn has been cross connected.
Separated gliding microbubbles on the surface adelw purified in opposition to Milli

Q water [9:10.14,15,16]

CHARACTERISATION OF MICROBUBBLES
These microbubbles are then characterised using the parameters mentioned down.

Microbubble breadth and measure distribution: Scanning electron microscopy, Laser
light scattering and Transmission electron micrpgoman all be used to test it.

Shell thickness: The estimation of shell thickness is done by apglyluorescent colour
example, Ruddy Nile and shown against a dark bagkdnder a microscope.

Microbubble concentration: The number of microbubbles per each ml is beireglus
guantify the concentration of microbubbleswith tedp of Coulter Counter Machine.
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4. Discuss substance by densitometry: Wavering U-tube densitoeter is used to meast
the substance of suspension inside the microbubtithsa DMA-58 in the suspensic
tests.

In order to use this instrument, it must be norssliwith filtered water and air. Tl
evaluation of suspension thickness concluded t before and after encapsulated ail
removed.In the sonicator, sonication with high poekminates all of the encapsulated
within 5 minutes.

VIil. MECHANISM OF DIFFUSION

Two diverse strategies are examined for conveying genes and drugs utilizing smaller
scale bubblesare

1. The coordinate conveyance of substances boundetanibro bubbles within the n-
attendance of ultrasound.

2. Ultrasoundmediated microbubble destruction (cavitation of iatimrized scale bubble
initiated by ultrasound applicati.

The micro sized bubbles have ultrasound differéintiaproperties where drugs a
genes can be stacked into the centre for requinadngacological action. Micro bubbles
coated with phospholipid which have a great fondrtesvards the chemotheratic drugs.
Albumin microbubbles can bind with the proteins @ahd manufactured oligonucleotids
The linking of leukocyte intercellular adhesion emile 1 (ICAM-1) and I-selectin (both are
specified ligands for endothelial cell adhesionthwiipid and nicrobubbles which ar
albumin encapsulated, raising their depositionth@r activation of endotheliul Distinctive
drugs ad genes can be joined by tmicrobubbles which are thdtrasound differentiat
agents.Plasmids and adenovirus sorts of gewhich can be taken up directly by mic
bubbles.

Figure 2: Mechanism of Diffusion

In this mechanism conveyance of drugs and genesdoees by ultrasound on t
basis of complex interaction between therapeutentithe characteristics of microbubbl
the target tissue, and the essence of ultrasousrdjerPeak negative pressure is decreast
the microbubbles in the insonified field in rediié conveyance of drug through ultrasoun
increased. Since the micndiibles function as cavitation cores, reduction tfasounc
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energy required to create this situation. The cue® of the optical and the acoustical
considers have recommended the following instrumént microbubble pulverization by
ultrasound:

* due to lower acoustic intensity, gas dispersal s;cu

» defection in shell development due to gas diffusion

» as a result of high acoustic intensity, microbulsfiell discharges immediately, and
» the micro bubble diffuses into a few little bubbles

Specification of bubble’s cavitation is based oncljudestruction of targeting
ligands which are induced by hydrostatic volatilityat is triggered by high frequency
oscillations and it is exactly related to the trarssion intensity. The use of ultrasound with
targeting ligands has been shown to induce extadieaslevels in skeletal muscle capillaries.
This effect is affected by the capacity of ultrasdu The ultrasound that is extremely
intensive and also known as high mechanical indexhle to burst small blood vessels

[(capill?ry veins) causing genetic material and giret to be deposited in the tissues figure 2.
17,20-35

VII1.DRUG CONVEYANCE

Micro bubbles are competent of binding with deBniteceptors within the body
depending on the particular molecule coated thebleutOnce bubbles are joined to the
receptors, a solid ultrasound burst is and all'shaquired to pop the bubbles and centre
material is discharged for required pharmacologicglact. As the drug is discharged at a
targeted location no longer medicate can influestber body liquids, indeed organs, where
side impacts due to the drug can be controlled.

Micro bubble medicate conveyance is most advantagysmce smaller dosage of the
medicate is adequate as compared to the convehtivedo the discharge of drug focused on
the site and side impacts are lower than other uneasent forms due to the drug discharge,
in case of against neoplastic drugs it is most figak Micro bubbles begin swaying and
experience the cavitation prepared on applicatiolow frequency ultrasound. In this way
the bubbles will burst or break up and drug atorhgclvare consolidated within the centre
portion will be released in focus on location.

1. Consolidation of drug in tothe centre material: Incorporation of drug particles into the
bubble can be done by distinctive components obtlbles.

» Joining of drugs within the internal most layer.

» Consolidation into the shell material.

» Medicate connected or cross connected to the Baelbncovalent bonds.

» Joining the medicate to the micro bubble surfaceutph a ligand (ex: avidin-biotin
complex).

* In the case of numerous layered micro bubbles. &&gidin can be consolidated inside
the different layers.

2. Medicate discharge from microbubbles: For drug conveyance microbubbles acts as a
vehicle, which carries the drug. When microbubldes released by ultrasound, they
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undergo a mechanism known as cavitation, whichesatisem to burst or breaks down.
Cavitation occurs as body fluids begin to insonatsulting in acoustic cavitation.
Additionally, as the microbubbles vibrate, smalrtea form. Now micro streaming is

generated by these vortexes, which helps to impi®ie membrane’s penetrability.

Medicate exchange through the membrane is alsouemged. The cell film can

now phagocytose the micro bubbles in some casadtirg drug release.

The phosphatide microbubble joins to the phospkatlayer of the cell
membrane, ensuing drug or gene release directigeircell membrane’s cytoplasm. This
is called gene delivery because in this mechanienegs been shifted very near to the
nucleus. The taking after figure appears medicatesveyance by means of the
microbubbles.

* Medicate conveyance through the cavitation

» Discharge of the drug through cavitation while iregscell membrane permeability
* Interaction with the membrane

» Cell membrane phagocytes the microbubble

Medicate conveyance through the cavitation: The application of ultrasound bubbles
experiencing a cavitation handle in this way comiesut in the breakup or bursting of the
bubble and concurrent discharge of medicate. Adtaritation the body liquids begin
insonating creating acoustic cavitation. Encouralggdhe micro bubbles oscillates, at
that point grant rise to little whirlpools. Thesermits miniaturized scale spilling or
miniaturized scale planes leads to increase inysmress of the cell layer. Sometimes the
micro bubbles may be phagocytosed by the cell layer

Discharge of the drug through cavitation while raising cell membrane per meability:
Conveyance of the medicate or genes specificatty ine cytoplasm of the cell film is
done by the combination of phospholipid of micrdble with the phospholipid bilayer
of cell layer. This mechanism is also used for gdakvery because it exchanges the
genes in close nearness of the cgté”

APPLICATIONS OF MICROBUBBLES

Genetherapy: In special cases of differential atomic imagingmiprovement, the use of
microbubbles as focused on conveyance vehicldgiforemost heightening investigated
applications of ultrasound differentiate agentsffudion of bubbles in the field of
ultrasound can increment the penetrability of adogimelial vasculature, permitting little
particles to diffuse in tissue from the bloodstre@mmethod called as sonoporatithh
Sonoporation is still in question, but it followgdtting that caused during inertial

[cavitat]ion[43]. There are various comprehensive surveys on davitand ultrasound.
42,45,46

Hyperpolarization of the membrane occurs when rbigbbles buzz near - edge
layer of a celf”*®that can stimulate the phagocytosis of macromoéesctihis process in
which insertion of macromolecules within the cslfiequently neglected in this research,
but it is especially important in diagnostic ane@rtpeutic applications by gene therapy
involving smaller oligonucleotide or DNA moleculekentacker et al. studied the
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absorption of lipoplexes in cultured cells afteeythwere released from microbubbles
during insonifcation in a new surV&y. Methyl B cyclodextrin which is an endocytic
blocker was displayed to prevent endocytosis wéllscConjugation of liposomes to the
surface of microbubble and discharged by ultrasowiidin the medium, in any case,
endocytosis was not the predominant mechanism laflmeentrance, as shown by the
lack of impact of methyf cyclodextrin on transfected stages.

Meijering et al.®® The reverse reaction has been found in currentrrepat
mainly decreases the potency of an ultrasound whintluces macromolecule
endocytosis. In the availability of microbubblesdamitrasound, fluorescently labelled
dextran with less molecular mass around 4kDa akasethigher molecular mass around
400kDa were used to transfect cell grown underaétlre.

Lessened the recipiency of dextran having lower exdhr mass and no
recipiency of dextran with higher molecular massthg use of caveolin and clatherin
inhibitors as well as ATP diminution. It suggedtsitt macromolecule internalisation is
aided by cellular take-up via endocytosis. Aftektden was integrated inside the cell, it
migrated into the cytosol, at that point insonifiedth microbubbles, illustrated a
transitory pore arrangement that happened thavatdnactive spillage of little particles.
From this thought, as the molecular mass of thgaa@&nhances, the involvement of
transient pore formation as the main method ofyedécreases. This result appears to
negate Lentacker's findind&” In any case, the ultrasound intensity parametiisad in
this analysis and it's significant to note thatythreere less intense than the one mentioned
by Lentacker et al*® The functions of macromolecule absorption can tenghd by the
more intense cavitation.

The instruments of medicate take-up taking aftecltirge from the microbubble
carrier have critical suggestions in the planningtmod of reasoning vectors for
ultrasound activated medicate discharge. Sevelarotlrugs can spread across the
bloodstream, but much more intense method of a#filision is needed in order to
transmit their cargo by macromolecules. In circiansés where cavitation of disruptive
microbubble is not needed, identifying an entrarnbere ultrasound having low intensity
may be used to facilitate endocytotic action whielm be a viable solution. Evidently,
further more research is needed in this fiefd.

Microbubbles exceptional potentiality to recipracad ultrasound intensity and to
possibly lead to physiological reactions form theneferably suited for focusing on
conveyance implementation. Over the final a feworegltime, there have been various
writing surveys that give a comprehensive outlindlee subject of focused on drug/gene
conveyance utilizing microbubble$2%*** Whereas numerous thinks about have
appeared effective location particular aggregatmhn a sedate, numerous of the
microbubbles utilized in these thinks about are mwamtially accessible definitions that
were created for differentiate picture improvemeargchocardiography applications.

2. Using Microbubbles to improve AIDS. The recently progressed strategies of non-

invasive conveyance of restorative specialistsvable in quality treatment and atomic
biology. The most useful implementation of microblds has been displayed a
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successful strategy for focused on conveyance wjsdand genes and is additionally
utilized as differentiate operators for demonsttiltrasoundf® .

Microbubbles increment adherence to harmed vaseumdothelium. As the viral
proteins get a safe reaction inside target tistge utilization of the viral vector is
restricted in quality treatment. It has been sdwt the viral vector causes an extreme
swelling enactment of endothelial céifd.

By the administration of an ultrasound on the tayel of skin, microbubbles get
burst which allows the medication to be dischariyed controlled mannéf? 3 7 7
Very less systemic drug concentration is mandaiorythis procedure as a result
improvement can be found in therapeutic ratios, #rad is helpful in the context of
[r7nG]edication that seem to have harmful severe sitéetsflike those of cytotoxic agents

As to achieve maximum sound reflection, microbubblgroduce acoustic
obstruction among tissues and fluid substances. used to detect circulation of blood
through tissues or to find fluids passing from gpat such fields like cardiology and
radiology. Microbubbles enhance the uptake of atowenergy as well as the sound
reflectior’”.

Extravasation i.e., leakage of fluid which irritatessues, sort of spots in skeletal
muscle capillaries are generated by using ultradavith contrast media. Capillary vessels
can be burst due to extremely intensive ultrasotlmg inside the tissue some genetic
materials and proteins are accumulated. For thesimession of colloidal parts to the
muscles in a larger amount, just a tiny crack isugh!’®. As a direct consequence of
membrane defiance by cause of formation of poteasdund enhances the current across
the cell membrar@!,

The carriers could then be disrupted by employitigasound cavitation also
impacting on drug discharge. Sonodynamic is a phenahich is beneficial for the
treatment of artery disease like the atheroscleqgaques and also for tumour deletion.
Targeting binding sites also known as ligands ardmation entity, were specifically
designed to create targeted microbubbles that deeilichitegrated inside the membrane to
create a stable microbubb{&":

The targeted ligands are combines with the anciside the membrane, while the
compiler provides sufficient space for the attachimef target with peptide-based
targeting ligands. Platelet's receptor GP23B3A malded by peptides specifically
thrombus peptides, these are tested for their patdn connect with platelets which are
activated by prevention of platelet aggressith.

An amphipathic fluid helps to stabilize the antedemyer. The main categories of
the lipids have also been combined with bioconjagiaCationic lipids help to keep the
genetic element balanced. An electron dense pariscfound inside the nanoparticles
core is nothing but the compressed DNA, accordingptical microscopy research. The
broadness of these molecules is found approximatym to 200n.
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Phospholipid Layer —gme

Lipid

Figure4: Microbubble as Gene Carrier

Lipid membranes have a lot of benefits. The hydatpt acyl chains of the
phospholipid resistance the gas, and the hydrapmiain groups resistance the water,
when the space is reduced. As a result, a monotirelops across a specially prepared
bubble filled with gas. Underneath the ambient terajure, soluble diacyl phospholipids
have a really poor surface pressure. Since suttatson at the circular layer creates a
Laplace stresses, the centre of gas is compellgissolve 2.

The single layer of lipid helps to balance microblebat lower stres&*! Due to
the extreme enticing hydrophobic concentration agndensely compacted acyl groups
and van der waals force, mono layers of lipids hawsolid like appearance and highly
cohesive in charact&t. These side effects may occur as, unlike protéiresconsistency
of microbubbles throughout sonication isn't reatlyiant on formation of superoxide to
promote disulphide bridging. As a result, lipide &feal for different producing methods
other than sonication, as currently defined bydstend Endirisingh&.

If the adenovirus was delivered through microbubbkead of ultrasound, the
author reported how plasmid DNA transcription cobédtargeted to the heart with better
accuracy than the tool called vectors, and thatjuieat therapies can control this
expression®. While ultrasound was absent, microbubbles whigh @ated with an
albumin[g7l]Jbstantially enhanced gene transcripiomouse skeletal muscle, according to
Lu et al.

X. DRAWBACKSOF MICROBUBBLES

A major drawback of microbubbles as medicate coameg systems is their
moderately huge estimate (1-10um), This may beoblggm for microbubbles trying to get
through the vasculature's epithelial cells to tkeue which is been targeted. Microbubbles
are administered into the bloodstream by injectiod ultimately become stuck in the lungs.
Hence, microbubbles are often restricted into tuncmll layered tissue and cardiovascular
system.Nanobubbles and nanodroplets which dimessaoe smaller than 1 um have been
designed to eliminate this impediment. The majowfy nanobubbles are generated by
sonicating in the existence of a fluorinated gasenma, for example perfluorocarbons or
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sulphur hexafluoride. DNA Fragment, RNA interferenand coumarin have all been
efficiently transmitted using this process. Flu@don gas molecules can quickly vanish
when exposed to the thermal gradients of ultras@wedto their lower vaporising point.
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