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ABSTRACT

Demand for a painless method of delivering macromolecular compounds
isontherise. However, large-molecul e drugstypically cannot be adminis-
tered inthe oral tablet form patients and doctors prefer. In addition to the
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molecular weight being too high to enter the bloodstream from tablet in-
gestion, the body’s digestion process would dilute the drug potency to a
level of inefficacy. Microneedlesarelong and robust enoughto penetrate
across the barrier, but short enough to prevent nerve stimulation which
projections of solid silicon or hollow drug-filled metal needle which are

fabricated in severa shapes and sizes
© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

When ora administration of drugsisnot feasible
dueto poor drug absorption or enzymatic degradation
inthegagtrointestind tract or liver, injectionusingapan-
ful hypodermicneedleisthe most common dternative.
An approach that is more appealing to patients, and
offersthe possibility of controlled releaseover time, is
drug delivery across the skin using a patch
(transdermally)*3. Transdermd ddlivery isseverdy lim-
ited by theinability of thelarge majority of drugsto
crossskin at therapeutic ratesdueto the great barrier
imposed by skin’souter stratum corneum layer.

A novel approach whichinvolvescreating larger
transport pathwaysof micronsdimensions(size) using
arraysof microscopic needles. Thesepathwaysarebig-
ger than molecular dimensionsand, therefore, should
readily permit transport of macromolecules, aswell as
poss bly supramol ecular complexesand micro-paticles.
Despitether very largesizerddiveto drug dimensions,

onaclinicd length scalethey remain small
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Figurel: Structureof skin

Toincrease skin permesbility, anumber of different
approaches has been studied, ranging from chemical/
lipid enhancerd®4 to eectric fields employing ionto-
phoresisand e ectroporation(>9 to pressurewaves gen-
erated by ultrasound or photoacoustic effects”®
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All the mechanismsare different; these methods
share the common goal to disrupt stratum corneum
structurein order to create big enough spacefor mol-
eculesto passthrough.

Thesizeof disruptionsgenerated by each of these
methodsisbelieved to be of nanometresdimensions
(size/space), which are sufficient enough to allow the
trangport of smal drugsand, macromolecul es, but prob-
ably should besmall so that enoughto prevent causing
damageof clinicd sgnificance. Despitether verylarge
szerdativetodrugdimensions, onadlinicd lengthscae
they remainsmall. Althoughit issuggested that safety
studies need to be performed becauseit is stated that
micron-scaeholesintheskinarelikely tobesafe, given
that they are smaller than holes made by hypodermic
needles or minor skin abrasions encounteredindaily
life.

The Microneedles concept was proposed in the
19709, it was not demonstrated experimenta ly until
the 1990swhen the mi croel ectronicsindustry provided
themicro fabrication tool s needed to make such small
structures. Sincethefirst studies of transdermal drug
ddivery in 1998114, there hasbeen rapidly increasing
interestinthefield, with most activity inthe microfabri-
cation community to develop novel needlefabrication
technol ogiesand thedrug delivery industry to develop
microneedlesfor pharmaceutical applications.

MICRONEEDLE DRUGDELIVERY SYS
TEMS

Microneedles can range from 100 to 1000 umin
length, withatip diameter of 15 umto400 umindiam-
eter at the base. They can be solid or hollow, and con-
figuredin NxN arraysasrequired.

Applied Formulation

Micro
Meadies

Figure2: Microneedle

Thestratum corneum layer of skinisgpproximately
15-20 uminthickness. Microneedledrug ddivery sys-

tems are designed to penetrate the stratum corneum to
facilitatedelivery of both small- and large-molecule
drugs. Upon entering the skin, thecompoundscanrap-
idly diffusethrough deeper tissue beforeabsorbing into
underlying capillaries. Sincemicroneedlesdon’timpinge
onthenervefibersand blood vessdsinthedermd layer,
they don’t cause the anxiety, pain or bleeding associ-
ated with IV sor syringeinjectionsthat can adversely
affect complianceamong patientsrequiring frequent in-
jections.
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Figure3: Applied formulation

Microneedle drug delivery systems feature
microneedlesthat can painlessly penetrate the upper-
most layer of the skin called the stratum corneum. Cap-
illariesand blood vessel s then absorb the macromo-
lecular drug for distribution throughout thebody. The
objective of microneedledrug delivery isto administer
medicines or vaccinesto the epidermis and dermis.
However the thin top layer of skin, the stratum cor-
neum, providesasgnificant and difficult barrier for the
medicinesto overcome. Large-moleculedrugs can’t
successfully bypassthe protectivelayer of packed, dead
skin cdllswithout help. Aninnovative, activemethod of
drugddiveryisrequired. Theuseof microneedlesin
drug-ddivery systemsispresently under review by the
Food and DrugAdminigration (FDA). Once gpproved,
microneedledrug delivery systems could potentialy
combinethe effectivenessof delivery associated with
syringeinjectionswith thecomfort and convenience of
alessinvasiveddivery method.

Thetechnology showspromiseindlowingfor:

1 Lesspain, astheneedlesthat aremicroinscaedo
not penetrate past theepidermis

2 Simplemedication administration, possibly by pa-
tientsthemsd ves, which enhances patient comfort,
complianceand qudity of life

3 Enhanced drug efficacy, resulting in reduced drug
usage

4 Enhanced treatment safety, smplicity, and cost ef-



RRBS, 7(9) 2013

Ashutosh Tripathi et al.

365

fectiveness
5 Lesshio-hazardoussharp medical waste

In addition to administering medication, possible
microneedle gpplicationsincludevaccines, such asflu
shots, and potentidly interdtitid fluid samplingfor blood
glucosemonitoring.

PREPARATION OF MICRONEEDLES

Micro molding microneedles?

Pharmaceutical and manufacturing companiesare
investing millionsof dollarsto design and develop ef-
fective methods of bypassing thetop layer of skinas
well asthe supporting manufacturing machinery and
technology to enhancedrug delivery.

Thereare several competing solutionsfor manu-
facturing microneedlesunder devel opment inthemar-
ketplace, such aslaser etching and deposition model -
ling. Micro moulding alowsfor accurateand easy to-
manufacturedevicesthat aresca ablefor smdl- tolarge-
volume production. It also opensthedoor for small,
complex, andinnovativegeometriese.g., microneedles
could be cone or wedges shaped, havevaried surfaces
and featurewithin theflat sides, or incorporate unique
tipgeometries.

Typesof microneedle

Microneedledrug ddivery sysemsmay includeei-
ther solid, hollow, Semi Hollow and Dissolved
microneedles. Microneedle materialscan rangefrom
metals to ceramics, or engineered plastics. Solid
microneedlesaretypically coated with powder forms
of drugs for absorption into the dermis. Hollow
microneedles, incontrast, are capableof ddiveringlig-
uiddrugformulations.

M echanism of action

Thetemporary mechanical disruption of theskin
and the placement of the drug or vaccine within the
epidermis, whereit can morereadily reachitssite of
action. Temporary mechanica disruption of theskin.
Thebiomoleculesform of drugisencapsulated within
themicroneedles, which aretheninserted into the skin
and drugisre easedinto the bloodstream from apatch.
The needles dissolve within minutes, releasing the
trapped cargo at theintended ddlivery site. Thereisno
need to be removed and no dangerous or bio-hazard-

e  RoV/eW
oussubstanceisleft behind on the skin, astheneedles

Figure4 (a): Hollow microneedle

Figure4 (b) : Solid microneedle

Figure4 (c) : Semi hollow microneedle
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Figure4 (d) : Dissolvemicroneedle

aremade of abiodegradable substance.

A small areaof patchiscovered by hundreds of
microneedles that pierce only the stratum corneum,
thusalowingthedrugto by passthisimportant barrier
(Figure5). Thetiny needles are constructed in arrays
to ddiver sufficient amount of drug to thepetient for the
desired therapeutic response ™.

Stratum corneum
(10-20 pm)

Viable epidermis
(HO=100 pam)

Dermis
(1-2 mm)
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Figure5: Mechanism of action

VARIOUSTECHNIQUESINVOLVED IN
MICRONEEDL E DRUG DEL IVERY
SYSTEM4

Pokewith patch approach
Coat and poke approach
Biodegradable microneedles
Hollow microneedles

Dip and scrape

aghkhwdPE

Pokewith patch approach

Thistechniqueinvolvespiercing an array of solid
microneedlesinto the skin followed by application of
thedrug patch at thetrested site. Theseresultsintrans-

port of drug across skin can occur by diffusion or pos-
sibly by iontophoresisif andectricfiedisapplied.

Coat and pokeapproach

Needlesarefirst coated withthedrugand thenin-
sertedintotheskinfor drug releaseby dissolution. The
entiredrug to be delivered iscoated on the needleit-
slf. Biodegradablemicroneedieslt invol ves encapsu-
lating the drug within the biodegradabl e, polymeric
microneedles, followed by theinsertionintotheskinfor
acontrolled drug release.

Hollow microneedles

Itinvolvesinjecting thedrug throughthe needlewith
ahollow bore. Thisapproachismorereminiscent (Sug-
gestiveof) of aninjection than apatch.

Dip and scrape

Microneedlesarefirst dipped into adrug solution
and then scraped acrossthe skin surfaceto leave be-
hind thedrug withinthemicro abrasionscreated by the
needles. Thearraysweredipped into asolution of drug
and scraped multipletimesacrossthe skin of micein
vivo to create micro abrasions. Unlike microneedles
used previously, this study used blunt-tipped
mi croneedl es measuring 50- 200 uminlength over a
lenvarea

ADVANTAGESOFMICRONEEDLES

Themajor advantagesof microneedlesover tradi-
tional needlesareasfollows:

1. Wheninsertedintotheskinit doesbypassthestra-
tum corneum. Which Conventiond needlespassthis
layer of skinand may effectively transmit the drug
but resultsininfectionand pain. Asfor microneedles
they can be fabricated to be long enough to pen-
etratethestratum corneum, but short enough not to
puncture nerveendings. Thusreducesthe chances
of pain, infection, or injury 16

2. Fabricating theseneedleson asilicon substrate be-
causeof their small size, thousandsof needlescan
befabricated onsingleunit. Thisleadsto high ac-
curacy, good reproducibility, and amoderatefab-
rication cost.

3. Hoallow like hypodermic needle; solid— increase
permesbility by poking holesin skin, rub drug over
area, or coat needleswith drug
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4. Arraysof hollow needles could beused to continu-
oudly carry drugsinto thebody usingsmplediffu-
sion or apump system.

5. Hoallow microneedlescould beusedtoremovefluid
from thebody for analysis— such asblood glucose
measurements— and to then supply microllitrevol-
umesof insulin or other drug asrequired*”

6. Immunization programsin developing countries, or
mass vacci nation or administration of antidotesin
bi oterrorismincidents, could be gpplied with mini-
ma medicd training.

7. Very smal microneedlescould providehighly tar-
geted drugadminigtrationtoindividua cells.

8. Thesearecapable of very accurate dosing, com-
plex release patterns, local delivery and biological
drug stability enhancement by storinginamicro
volumethat can beprecisdaly controlled.

DISADVANTAGESOFMICRONEEDLES

1. Theneedlesmadeof silicon after removingif left
under the skinmay create problems

2. Theneedlesarevery smdl and much thinner com-
pared to the diameter of hairs, sothe microneedle
tip may bebroken off and left under the skin. This
may lead to several problems

3. Skinirritationor alergy may result if theskinissen-
gtive

4. Thedesignsof needlearevery difficult togpply on
skin, therefore proper application isneeded

5. Sdf adminigrationisdifficult

APPLICATION OFMICRONEEDLE
TECHNOLOGY

DNA vaccine deliveryl141

Thecdlsof Langerhanspresent intheskin serveas
thefirst level of immune defence of the body to the
pathogensinvading from theenvironment. Thesecdlls
| ocatetheantigensfrom the pathogensand present them
to T-lymphocytes, which in turn stimul ate the produc-
tion of antibodies. Miksztaet al reported theddivery
of aDNA vaccine using microneedletechnology pre-
pared with the dip and scrape approach. The arrays
were dipped into a solution of DNA and scrapped
multipletimesacrosstheskin of miceinvivo. Expres-
sion of luciferasereporter genewasincreased by 2800

> Rey/ew

fold using microenhancer arrays. In addition,
microneedleddivery induced immuneresponseswere
stronger and lessvariable compared to that induced by
the hypodermicinjections. Similar resultswere obtained
by researchersat Beckett- Dickinson™ in an animal
study for antibody responseto HepB naked plasmid
DNA vaccine 3. Thisapproach hasapotentia to lower
the doses and the number of boosters needed for im-
muniztion.

Oligonuclectidedéiveryt4%!

Linand co-workersextended theinvitro findings
of microarray drug delivery toinvivo environment. An
Oligonucleotide, 20-merphosphorothioated oligo-
deoxynucleotidewas delivered acrosstheskin of hair-
lessguineapig either doneor in combination withion-
tophoresis. Linand co-workersused solid microneedies
etched from stainless steel or titanium sheet prepared
with the poke with patch approach. Thisdelivery sys-
tem increased the absorption of themol eculesrelative
totheintact skin.

lontophoresis combined with microneedleswas
ableto increasethetransdermal flux by 100fold com-
pared to theiontophoresisalone.

Desmopressin deliver y14

M. Cormier et al (AlzaCorporation, USA) exam-
ined theuse of microneedlestodeiver desmopressin, a
potent peptide hormone used in thetreatment of noc-
turnd enuresisinyoung children, aswell asfor thetreat-
ment of diabetes insipidus and haemophilia A.
Microneedleswere coated by an agueousfilm coating
of desmopressin acetate on titanium microneedl es of
length 200 wm, amaxima width of 170 um and athick-
ness of 35 um. Microneedle patch wasinserted into
the skinwith the help of animpact applicator. A target
dose of 20 ug of desmopressin wasddiveredto hair-
lessguineapigfrom 2 cm2 microneedlearray within 15
minutes

Insulin delivery

Insulinisoneof themost chalenging drugsof al
timesfor thedrug delivery technologists. Martano et
a 10, used microarraysfor theddivery of insulintodia
betic hairlessrats. Solid microneedlesof stainlesssted
having 1mm length and tip width of 75 umwerein-
serted into therat skinand delivered insulin using poke
with patch approach. Over aperiod of 4 hours, blood
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glucose level steadily decreased by as much as 80%
with thedecreasein glucoselevel being dependent on
theinsulin concentretion.

Porphyrin precur sor 5>-Aminolevulinicacid (ALA)
delivery

Photodynamic therapy of deep or nodular skin
tumoursiscurrently limited by the poor tissue penetra-
tion of the Porphyrin precursor 5- aminolevulinicacid
(ALA). RyanF. Donnelly and co workers have shown
that, in vivo experiments using nude mice showed that
microneedle puncture could reduce gpplicationtimeand
ALA dose required to induce high levels of the
photosensitiser protoporphyrin X inskin. Thisclearly
hasimplicationsfor clinical practice, asshorter appli-
caiontimeswould meanimproved patient and clinician
convenienceand a so that more patientscould betreated
inthesamesession.

Invitrotransdermal delivery of monoclonal anti-
body

Indl the previoudy mentioned studies, purified hu-
man IgG wasused asamodd drugfor largeproteinsin
transdermal delivery, and later the feasibility of
microneedle-mediated transdermal delivery wasfurther
investigated usingahuman monoclond antibody IgG to
demonstratethe gpplicability of thistechniquefor de-
livery of macromolecules.

Cdlular delivery®

Theddivery of membrane-impermeablemolecules
into cellsisneeded for abroad variety of applications
inmolecular and cell biology. Moleculesof interest in-
clude peptides, proteins,Oligonuclectide, DNA, and a
variety of other probesthat ater or assay cell function.
Currently available methodsfor introducing molecules
into cellscan bedividedintofour categories:

a. Chemical (e.g.ATP,EDTA, DEAEdextran etc)

b. Vehicles(eg., Erythrocytefusionor Vesiclefusion)

c. Electricd (eg., Electroporation)

d. Mechanica (e.g. Microinjection, Hyposmotic
shock, sonication, micro projectiles)

In many ways, microinjectionisthegold standard
method for loading cells. It can reproducibly deliver
largenumber of macromoleculesto most cdll typeswith
high cel viability and function*®. However, becausethis
techniqueinvolvesinjecting cellsat atimewithindi-
vidual glassmicropipettes, itisextremely labour inten-

sveandispractica only whentreatingsmal number of
cels(e.g. <100 cells). Tomakemicroinjection smpler
and faster, itissuggested to perform microinjectionsi-
multaneoudly onthousands of cellsor more, with ar-
rays of densely spaced microneedles. With multiple
needlesarrangedin ahigh-density array, many cellscan
betreated at onetime, which overcomesthemgor limi-
tation of microinjection.

L ocal tissue delivery!®

Conventiond drug ddlivery ofteninvolvesadminis-
tering medication systemicaly, thereby treeting the de-
sired region of the body, but al so exposing other parts
of the body to the drug, which can have detrimental
effects. Drug ddlivery targeted to apreciseregioninthe
body can reduce side effects, minimize the dose of a
costly drug, or provideameansof delivery toaloca
tionthat isdifficult totreat!*®. Two novel deviceshave
been discussed that deliver drugsto specific regions of
tissueinsidethebody. Microfabricated neural probes
have been used to deliver drugsinto neural tissue of
guineapigsin-vivo?? whilesmultaneoudy monitoring
and simulating neurond activity. Microprobeshavedso
been inserted acrossvessel wallsof normal and ath-
erosclerotic rabbit arteriesin-vitro?.

Systemic delivery?3

In recent years, biotechnology has produced a
battery of sophisticated and potent drugs. However,
methodsto effectively deliver these drugsinto the
body havelimitationg?>1, Oral delivery of the new
protein based, DNA-based and other therapeutic
compoundsisgenerally not possible owingto drug
degradation in the gastrointestinal tract/ or elimina-
tion by theliver. Theusual aternativeto oral delivery
Isviainjection, either directly into the bloodstream or
Into tissues (e.g subcutaneous or intramuscul ar injec-
tion). Although injection effectively deliversdrugin
large quantities, it hassignificant limitations, such as
pain and traumacaused by the needle, failureto pro-
vide convenient controlled or sustained release, and
theneed to expertiseto perform aninjection. To over-
come these limitations microneedles have been de-
signed in such away that by decreasing the size of
hypodermic needles, insertion pain and tissuetrauma
experienced by patients can be reduced. Also, the
combination of these needles with micropumpsand
other devices can yield more sophisticated needles
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that can potentially deliver drugsinamorecontrolled
mannert4,

RECENT ADVANCEMENT IN
MICRONEEDLE DRUGDELIVERY SYSTEM

DNA vaccination in the skin using microneedles
improvespr otection against influenzal®

DNA vaccination in the skin using microneedles
improves protectiveimmunity compared to conven-
tional intramuscular (IM) injection of aplasmid DNA
vaccineencoding theinfluenzahemagglutinin (HA). A
reporter gene delivered to the skin using a solid
microneedl e patch coated with plasmid DNA. Vac-
cination at a low dose (3 ug HA DNA) using
microneedles generated significantly stronger humoral
immune responses and better protective responses
post-challenge compared to IM vaccination at either
low or high (10 pg HA DNA) dose. Vaccination using
microneedlesat ahigh (10 ug) dosefurther generated
improved post-challenge protection, asmeasured by
survival, recall antibody-secreting cell responsesin

spleen and bone marrow, and interferon (IFN)-y
cytokine T-cell responses. DNA vaccinationintheskin
using microneedlesinduceshigher humoral and cellu-
lar immuneresponsesaswell asimproves protective
immunity compared to conventional IM injection of
HA DNA vaccine.

Microneedleskin ther apy!®’

Microneedle skintherapy isgtill intesting develop-
ment, but it seemsto show much promise. Microneedlie
therapy isaway to rejuvenate the skinwithout destroy-
ing theepidermis. Itissimilar to laser treatments but
withlessdamage. CompaniesliketheClinical Resolu-
tion Lab utilize treatments using microrollerg?®.
Microneedles penetrate the epidermisand break away
old collagen strands. The only disadvantage of this
methodisthat it causesblood cozing, whichlaser treat-
mentsdo not. It doesthe collagen strandsthat are de-
stroyed createmore collagen under theepidermis. This
leadsto youthful looking skin. However have advan-
tages such as: increased collagen, non sun-sensitivity
upon treatment, no breaking of the epidermis, lower
cost, and ease of application.

TABLE 1: List of thetechnology used with the manufactureand thedrug products.

Sr. No. Technology name Manufacturer Available drug products Drug productsin Development
1 Macroflux Alza None PTH patch, Vaccines, Proteins
2 h-patch Valeritas Bolusinsulin delivery
3 Microinfusor BD None V accines, Macromol ecules
4 Micro-Trans Valeritas None Fluid sensing of gl_ucose, hor_mon%,
blood gases, Vaccines, Proteins
Microstructured Hydraophilic molecules,
5 transdermal system M None Macromol ecules
6 Micropiles Texmac- 10% Lidocaine and
P Nanodes Indomethacin
7 Micro Needle Clinical resolution  Microneedle
Therapy System lab Dermaroller
offersthe benefit of immediate cessation of drug ad-
CONCLUSION ministration in case of an adverse effect or overdose

Inthisreview, we suggest that Micro-technology
based Transdermal Delivery System by using
MicroneedlesisaNovel Approach for Drug delivery
system. Itisaconvenient, painless, andlessinvasive
aternative to injection & it can be used a common
method for administering large proteins and pepti des,
antibiatics, vaca nesinlow manufacturing cost. Thistech-
nology overcomethefirst pass metabolism effect and

whichisthemajor limitation of ora drug delivery sys-
tem. Thereisa so no molecular sizelimitation, no mo-
lecular electrical charge requirement, and no specific
formulation pH congtraint. In contrast to conventional
TDDS, thiscanaso beusing for potent & less potent
the drug, themore extended releasethe delivery sys-
tem. Thedrug delivering ratio can beincreased when
use the longer needl e because the surface areawith
drug sticking can beincreased.
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