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Small Steps for Mankind: Contvolled-Release
Gets Smarter Thanks to Nanotechnology

By: Cindy H. Duban

INTRODUCTION

Izsaes of salutntity, safety, dnag delivery, and disease
targeting ofien leave researchers somiching thar beads,
lookmg for 2 way %o mprove opon these realities of dnag
development Mansdechmology 5 proving Aself ax ihe amswer
to smarier fiommualation.

“Wanotechmo logy is the key 1o optimizing drag
delvery,” said I Roger Aston, Dhimzcior of Strategy @
piivida Limited in Australian. “Tiy presenting drags @ ihe
nancsctle, the inmediate fmpacd is makong othenvize poody
saluhle drags mach more Moavaiahle, soluble, and safer”

Ft ahornt half of all new chemical enfities are msalahle,
thaz impaoving solati By and hioavai idl #y is the fixt
prncipe] gim of namotecthmolo gy, The second is 1o enlance
relmse characteristics.

Im add itiom fo improved solahility, drogs based on
namcdechnology tave seveml other advantiges ove those
developed by ather meams, aocordin g to the Instiote of
Wanotechmology i (ilas gow, Scotland . For example, drags
tend do perform Defter in manopartcalde fomm = the drags
perfarm mom efficiently and with feover side effects. And,
specific enos med receptons present on the sorface of cells
will recognine the drag and elict o appmprinde reponize,
thus delivering mnd releasing the therapewmic exmcdly where
neaded.

TARGETING STRATEGIES

Tis m this realm of oo techno logy thet pSiVida &
tasgeting it simtegy: Fxising regilered popristary drags
that pow e difficaly in delivery; new dmgs coming o of the
binfechnology secior for which delivery & not yed developed;
gFenerics that can henefit from a new commercial Bfe cyde
by reformaldion (e g, hetter safety, aficacy, compliance,
edc.}; and newly designed prodads henefiting from the
unigoe popertem af pSiVida's BioSidicon {2,
brachytheagy and chemo hachy therany and drag-elating
devices for vascalatare or bome theragy sach as stemts and
amtihiotic or bone growth fador devices).

pafvida's Piafilicon is a new nan ostractared iomaterial
that allows drag molecales do fe hed I nanos tred pockets
that relense tiny palses of dnog as the BioSiicon dissolves.
The rate of dissalotion can be tmed 5o that delvesy can be
achieved over days or momths. BinSiioom & a ranostrochaned
drag delivery system baed on elementa] silicon (the same
material as the micrachip that mome a cell phome or comprrer)
and has agplication 1o & vanety of drogs thathove
problematc delivery and bicavailahilily cleracierstics.
pSivida s explorng ophthabmic implands fom hotha dmg
delivery persmective and a tissoe engimeering aspect. Initial
comstrads imohe Bodegradahle maplmts for drag delivey
from the tissoe somomd mg the eye.

“The eye is a particalarly fivored tasged duoe fo the safedy
of RiaSilicon,” said Dr. Aston. “Tinlike the degradstion
pradacts from polymers Lke hoetides and ghvoobdes, silicic
acid (the prodact from BiaSiicon) & a very mikl acd,
expeciad to came less aritation”

e Astom ako explamed thad silicom and MaSdicom
affer the anly technology 1o generste gemamely “smart”
prodacts throagh the chip polental of the material.
“Microproceszors o gefiing smalle and smaller, and we can
already cormader delivery devices 1t mlmse drogs throogh
chip-tased mielligence. This will allow delvery
characteritics that are essentially processor contralled.
Diagrostio inthe body woald be biodegmdable devices that
reqart the health of a patient hack to the doctor. Mo drag
delivery systemidiagnostic can come close to this yel.
NioSilicon can be fashioned mio a hiodegradahle intelizent
chip-ased device We stll need 1o do some devel opmen
hege, partcularly with safe mnd biodegradabls power
summlies; however, this & altmately whes mnotedh,
electronics, and healihcaz come wogether”

paiVida's fimt mieligent products will be diagnostic n-
the-hady odegmdahle devices that will zport health
throagh measmemend of varioas biomarkers, such as for
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tumaors. (e wsoe facmg plivida will be
imstil ng confidence that BioSiicom &
safe, in the wale of the negative pess
surmomding silicone Implands I the past,
and the more recent concerms voioed abhoat
nmiodechmoko gy

. Aston emplas red thad silicon and
silicone are vasily diffarent materials, the
latier heing a non-hiadegradatle pohmer
that contaims other elements sach as
carhon . 1nkke silicone, BicSiicon & safe
inthat 7t degrades mio silicic acid, & form
of silicon fioand m mos fosdstaffs. Tr.
Asonsaid that the dadly imake of silicon
throagh nommal diet will often exceed the
doses expected for dug delhvery or
dingmosiic implans.

Ume distinciion hetween the 1wois
that pSnida's poroas sibicon beals down
im the hody o form B Sioon. pSivida has
almady comdocted aromal stadies @ which
high doses of BioSilicon have heen
ingesied over extended periods, with mo
evidence of woxcity. Additomd by, mamy
ocomcems suroamnding nam olechmolo gy have
related 1ot aocammlation W tssaes sach
a5 the bram. This should notoocar with
Rinfilicon = itis hiodegradatile.

SCIENTIFIC FRONTIERS

Becanse oral drag delivery contmoes
to be the preferential nomte of
administration, researchers az seelong
wiys 1o moorporade mnoclechnology in aml
fommulations. (ral delivery is 2 pasicalady
favored roate for RioSilicon hecamnss the
maderial & resishnt o degradadion inan
acid envirommen.-

And adthe 200 Conrroled Rl eanr
Socsry Amwwal Weebng, engmeers from
the University af Texas at Austin described
therr disoovery and research of
namoep heres and oral drag delivery.
Wmnosphere camias can irmspont a dnag
safely throagh the hostile emvimimmend of
the stomach and can be formuleted imo
oom trol ledenelease fahlets or capsales. The
spheTes wem geated from hydrogels,
which am shble, organic maerials that
swell af a rde dependent an the acidity of
therr enviromment. As a drag-laden
hwdroge] swells, dnog is neleased.
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“Develoming smant drag dedivay
sysiems fhad are timed 10 releass drogat a
smecific ime and specific site m 1he hady
is very exciting,” mid Dr. Micholas Pepros,
Professor of Chemical Engmeering,
Hirmedim] Fngneering and
Plarmacestics o The Undversity of Texs
ad Auastin

Al Nanotechmologies, Inc., of
Remia, Mevada, is testing fis l:a]]m',pm,
high-sarface area, nigid, ceramic
microstmactames (Tivano Spheres) m drag
delivery md dental compoands. Made
from titardzm and ximcomdam, these
siractares can be coated omn the inside,
oataide, or hoth with active
phamacen timls o provide comrolled-
release clamaclersticn. Accordmgio the
company, 1he diffrentiating charactesistic
af Tikano Spheres compared fo commonly
availahle polymer-hased dnag delivery
sysiems & ot the A lair syslem can
prodace a sustained drag delivery system
fior marcotics. The oompany plrs fo lioemse

the fechnolo gy with planmaceatical
companies imerested in incorpomting their
active phomaceatia] mgrediens o the
Tik @no Spheres.

There i alio gmowin g inderest in how
comirolled release md nanodechnol ogy can
work iogether m the feld of
chromothempy This imvolves ming the
body's cirqudian rhythm o maximize a
drag's effectiveness.

Ciomsider casdiae thempy. Frvidemce
shows that mostheant attacks occar fiom 4
A 106 AN

“Tf the 1ot pill & potieni 1akes is
hefore he gones o slkeen, hs metahol=m
getsridofdhe dnag by thd time of the
moming, . ephined Stephen Tames, Vice
Presidemnt mnd Chief Teckhmaology (fce =
SCOLTE Plarma, Inc, m Rellnae,
Washingon.

“Tdeally, comtrol led-release devices
wonld lmve the ahility o release the drag
at specific mienals of the day, alowng a
matient s mghitime hean medicaion 1o
release drog & 5 AM,” addad Dr Peppas.

Acoordng 1o the Imtitme of
Wamn olechmolo gy, controlled and targeded
drag debvery represents a frontier of
saence. Dinags @n be encapsabded ina
vamiely of camiemn, soch = a carbon
namotahe thatis bke a silicon waker with
antfhodies ar ather molecales that will ind
toihe drog. Encapsalated drags can be
pmiecied fiom degradation. The drogs may
b i particles with coatings only a few
namameters in thickness. The dnags ame
nonmally mgested or immlanted and
demigmed lo deliver & comim Ded release of
drmag, which may 1=1 for many monthe and
can he activated @ different sites mn the
hody. Wanopons can act as tiny tametles
fior relesing drogs. By malking the
nmopares anly shghtly hrger than the
muolecuales of drags, they can comtral the
mate af diffasion of the maolecales, keepimg
il comsimnt, mgardless of the amomi of
dmg remaming msxde a capsale. Drags m
namocrystalline form can be admin serad
in szmller doses beouase they can be
deliverad direcdly toihe thsoe and m
comtrolled domes.

THE PRICE OF NANO

Time does mol need lorge volumes of
a dmag o reaia dsmse,” said Dr. Pepmas.
“Smaller volames am preferamtind hecaase
they are expersive 1o deliver to the whals
sy

bfr. Tamer said one hundle associated
with ranniechnology is the cost barder. He
smd the physical process of makmg
nmoparticles (milling, crysialliztion, el )
15 very eapemsive. “The oost of the dmg
shoald be om the mind of Hrmlion as
managed care will mol medmbarse
imapmropmiate drag delivery pmdacts.
Formualmors must corsider the financial
impa of mnalechnology on dhe drag.”

Thos, however, is not the cse for all
forms of nanoteckmolo gy, acconding to Do
Astom. Tt depends very maoch on the
manafactanng process. Cerimly msemrnch
comts will have to be bome by the patients
a5 sigmificant sams me beding curendl v
imvesied in this mew fechmolo gy, ot the
pmdacts themsehves can be very
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chean. Indeed, o the cme of Bickiioom,
itis less expensive than cament markeded
polymer-tased drag delivery devices.
Mr. Tummer said cost & whera
SC0LR'S techmology competes with
namoechmaology. His speciahy
phanmmcentical and drag delivery
compeay 15 focased on omal comtral ked
release drag delivery, b does not mse
namotechnalogy m s formaldion
SO0LR's platform of patenied
COTF technalogies emable delivery of
active phasmacemtical, 0T C, and
nutracestia] mgredients om a &bl ar
capsule over an extended time period. The
COT pltform & fomded on the ant of
matriv eroion, changes i gel thickness,
electralyie ionimation, and domic
imeractons. These am selfccormeding
systems tha lend 40 carfially comtrolled
excsiom as well & a pradichhle,
pm grammahls releass of the acthwe
imgredient contined in the medicml
care. Previoxly, this has notbeen
achisvahbls with first-generation debhvery
sysiams. This techool ogy emables

successfal formaldion within oo
differnt clzmises of drags Chss T{kgh
pemmeahilityhigh sokability ) and Oass 1T
ihigh permeabilityJow sakakd ity ).
SCOLE & abo explorng the possitdlity
of formualmg certam Class 111 drags
(1o permeai ity high sokakdl ity j, which
are hiomically vesy prohlematic.

Three CTT patents have heen desned
to date. The third dbe amimo acid
platfomm ) allows fior the contnoTed neleass
of an active pharmacemical ingrediem
durmga Xd-howr periad, ndependent of
it solability. Figares | throagh 4
demorestmde the amino add system and s
paodential.

“We developed the amino 2dd paten
o address the msoe of Tmokbdity, like
nanoiechnol ogy does. We do =0 im an omal
roie, which & the most peferentia] noate
and has the lowest price point,” explrined
Mr Tumer. “Whedher a formalsor
chomes o e anoiechno logy or the
CDT plaform, at the end of the day, the
drag has to be abeorhed ™
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