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Abstract: A chemoenzymatic approach has been developed to synthesize poly(ethylene glycol)-based
amphiphilic copolymers under mild reaction conditions that self-assemble in aqueous media to form polymeric
nanomicelles in the range of 20—50 nm. The supramolecular organization of polymeric nanomicelles was
studied by *H NMR longitudinal relaxation time (71) and light scattering techniques (static and dynamic).
Interestingly, the enzyme novozyme-435 plays an important role in controlling the polymerization and
distribution of polymer chains, which is critical for the formation of nanomicelles with unimodal distributions.
The methodology developed is highly flexible as it allows the introduction of various functionalities in the
polymeric nanomicelles. These self-organized nanomicelles are highly efficient drug delivery vehicles for
hydrophobic and partially hydrophilic drugs, both transdermally and orally, as they have the ability to
encapsulate guest molecules during self-organization. In vivo studies by encapsulating anti-inflammatory
agents (aspirin and naproxen) in these polymeric nanomicelles and by applying topically resulted in significant
reduction in inflammation. The % reduction in inflammation using polymeric nanomicelles containing aspirin
and naproxen was 62 and 64%, respectively.

Introduction living body has required the integration of capabilities for
Polymeric micelles represent a distinct class of micelles and S€NSing in vivo chemical stimuli, generating detectable signals,
are formed from copolymers consisting of both hydrophilic and &nd effecting suitable responses into a single molecule or
hydrophobic segments. Keeping in mind the future pharmaceuti- Molecular complex.In particular, biopharmaceutical systems
cal applications of polymeric micelles in drug delivery sys- f[hat mterapt with intracellular components or ever}ts :;uch as
temsL2 efforts currently concentrate on developing approaches [0nS; Proteins, enzymes, and pH changes are becoming important
to synthesize materials, which can satisfy a set of requirements.’or implementing programmed functions that respond to sig-
These include high loading capacity, controlled release profile Natures of the body.” Supramolecular chemistry is attracting
for the incorporated drug, and good compatibility between the attention as it offers methods for assemblmg dlffergnt cons_t|tu-
core-forming block and the incorporated diidhe recent ents capable of structural and dynamic changes into a single
development of biomolecular devices that function within the molecule? , , _
On the basis of these considerations, we have designed a
T Institute for Nano-Science and Engineering Technology and Center for polymeric system with pendant functional groups such as

Advanced Materials, Department of Chemistry, University of Massachusetts. hydroxyl, carboxyl, and amino groups based on poly(ethylene
* University of Delhi. ' ' . )
§U.S. Army Soldier and Biological Chemical Command. glycol). However, the report@d¢hemical synthesis of hydroxyl-,
Ilr?ep?trtment of Health and Clinical Sciences, University of Mas- Carboxy|_' and amino-substituted po|yesters required the syn-
sachusetts. : . : :
(1) () Langer, R. SScience2001, 293 58. (b) Discher, D. E.: Eisenberg, A. thesis of a suitable monomer with a protected functional group

Science2002 297, 967. (c) Savic, R.; Luo, L.; Eisenberg, A.; Maysinger,

D. Science2003 300, 615. (4) Goldin, D. S.; Dahl, C. A;; Olsen, K. L.; Ostrach, L. H.; Klausner, R. D.
(2) (a) Kamada, H.; Tsutsumi, Y.; Sato-Kamada, K.; Yamamoto, Y.; Yoshioka, Science2001], 292 443.
Y.; Okamoto, T.; Nakagawa, S.; Nagata, S.; MayumiN&t. Biotechnol. (5) lhre, H. R.; Padilla de Jesur, O. L.; Szoka, F. C.; Frechet, Biotonjugate
2003 21, 399. (b) Jeong, B.; Bae, Y. H.; Lee, D. S.; Kim, S. Wature Chem 2002 13, 443.
1997 388, 860. (6) Stephan, H.; Spies, H.; Johannsen, B.; Kauffmann, C.; Vogtlerdr.Lett
(3) (a) Uhrich, K. E.; Cannizzaro, S. M.; Langer, R. S.; Shakesheff, K. M. 200Q 2, 2343.
Chem. Re. 1991 11, 3181. (b) Kakizawa, Y.; Kataoka, KAdv. Drug (7) Kramer, M.; Stumbe, J. F.; Turk, H.; Krause, S.; Komp, A.; Delineau, L.;
Delivery Rev. 2002 54, 203. (c) Allen, C.; Maysinger, A.; Eisenberg, A. Prokhovova, S.; Kautz, H.; Haag, Rngew. Chem., Int. EQ2002 41,
Colloids Surf., B1999 30, 406. (d) Torchilin, V. P Adv. Drug Delivery 4252.
Rev. 2002 54, 235. (8) Lehn, J. M.Science2002 295, 2400.
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Experimental Section

Materials. Novozyme-435 Candida antarcticalLipase B), an
immobilized enzyme, was a gift from Novozymes Inc., Denmark, and
was dried over Os under vacuum prior to use. Poly(ethylene glycol)
was dried under vacuum for 24 h before use, and acetone was dried by
distillation over fused potassium carbonate. All other chemicals and
solvents were of analytical grade and were used as received unless
otherwise noted.

Animals for Anti-Inflammation Studies. Seven-week-old male
CD-1 mice (Charles River Laboratories, Wilmington, MA), a strain
very susceptible to inducing inflammation, were used in this study.
CD-1 mice (mean body weight 2828 g) were housed in standard
prior to the polymerization step. Therefore, the overall chemical Polycarbonate cages (%3 23 x 12 cn) under coontrolled conditions
synthesis of the functional polyester may involve a complex °f temperature (22 0.5°C), relative humidity (50%), and 12/12 light/

) . . . dark cycle. Mice had free access to water and rodent chow (Ralston
multiple-step re"flcnoh pathway: Enzymgtlc synthesis has tre- Purina, St. Louis, MO) and were allowed to adapt to laboratory housing
mendous potenti#l1tin addressing certain fundamental prob- o one week before the commencement of the study.
lems in polymer preparations, particularly for multifunctional Statistical Analyses for Animal Studies.Origin 6.0 and Microsoft
monomers, and provides a powerful methodology where regi- Excel software were used for all statistical evaluations. A one-way
oselection of functional groups can allow the synthesis of linear analysis of variance (ANOVA) was used to analyze all data. When
polymers from such monomers while circumventing much of Statistical significance was found by ANOVA, the StudeNewman-
the protection/deprotection chemistry. Enzyme-catalyzed poly- Keuls separation of means was used to determ_ln_e group _d_lfferences.

All values were expressed as meaD, and statistical significance

condensation reactions have been extensively studied during tthaS set at the minimump < 0.05(3).

past decade as a possible alternative to chemical polymeriza- Instrumentation. Gel permeation chromatography (GPC) was used

tions. In particular, lipase-catalyzed polyester synthesis hasig determine the molecular weights and molecular weight distributions,
received much attention from many researchers as an environ-m,/M, of polymer samplestH and*3C NMR spectra were recorded

mentally compatible methodology because of the use of nontoxic on a Bruker Instrument Inc. DPX 500 spectrometer at 500 and 125
enzyme catalysts and mild reaction conditiéh¥3 MHz, respectively. Static light scattering data were collected on a laser

We describe here the first chemoenzymatic synthesis of light scattering photometer (Wyatt Technology DAWN model F)

f . lized hiphili | hich If equipped with a 632 nm HeNe laser as the light source. Dynamic
unctionalized amphiphilic copolymer system, which self- light scattering was performed on these miceller solutions using a 50

as_semb|es in aqueous media to .f_orm polymeric nanomicelles,, He—Ne Laser, an avalanche photodiode detector BI-APD, a digital
(Figure 1). The extraordinary ability of enzymes to catalyze time correlator BI-9000 and software from Brookhaven Instruments
reactions with a high degree of regio- and stereoselectivity Corporation, and dynamic light scattering software CONTIN and

results in direct synthetic routes to well-defined polymers by DOUBLE EXPONENTIAL, etc.

o

® =0

Figure 1. Self-assembly of the amphiphilic polyméfs 9 in aqueous media
to form polymeric nanomicelles.

reducing the need for traditional approach, which involves
tedious protection/deprotection chemistry. These self-organize
nanomicelles are highly efficient drug delivery vehicles for
hydrophobic drugs both transdermally and orally as they have

Polymerization. Dimethyl 5-hydroxyisophthalatel (1.0 mmol) and

dPEG 600 2, 1.0 mmol) were placed in a round-bottom flask. To this

mixture was added the enzyme (10 wt % wrt monomers), and the
reaction vial was then placed in a constant temperature oil bath
maintained at 90C under vacuum. The reaction was allowed to proceed

the ability to encapsulate guest molecules during self-organiza-for 48 h, after which it was quenched by adding water and filtering off

tion. In vivo studies by entrapping anti-inflammatory agents

the enzyme and any unreacted monorhender vacuum. The filtrate

(aspirin and naproxen) in these polymeric nanomicelles resultedwas dialyzed using membrane (MWCO 6000). After the completion

in significant reduction in inflammation. The % reduction in
inflammation using nanomicelles containing aspirin and naprox-
en was 62 and 64%, respectively. In addition, the functionality
of the polymeric nanomicelles can be modified simply by
changing the chemical structure of the amphiphilic copolymers,
which in turn helps in encapsulating not only hydrophobic drugs
but partially hydrophilic drugs as well and thus increases the
therapeutic potential of the drugs.

(9) (a) Tian, D.; Dubois, P.; Grandfils, C.; Jerome,Nkacromoleculed997,
30, 406. (b) Braud, C.; Bunel, C.; Garreau, H.; Vert, Rblym. Bull 1983
9, 198. (c) Gelbin, M. E.; Kohn, J. Am. Chem. Sod992 114, 3962. (d)
Barrera, D. A.; Zylstra, E.; Lansbury, P. T.; Langer,RAm. Chem. Soc.
1993 115 11010.

(10) Klibanov, A. M. Nature 2001, 409, 242.

(11) Schmid, A.; Dordick, J. S.; Hauer, B.; Kieners, A.; Wubbolts, M.; Witholt,
B. Nature 2001, 409, 258.

(12) (a) Chaudhary, A. K.; Lopez, J.; Beckman, E. J.; Russell, Biatechnol.
Prog. 1997, 13, 318. (b) Kline, B. J.; Beckman, E. J.; Russell, AJJAm.
Chem. Soc1998 120, 9475. (c) Uyama, H.; Kobayashi, €hem. Lett
1993 1149. (d) Kobayashi, S.; Uyama, H.; Kimura,Ghem. Re. 2001,
101, 3793.

(13) (a) Kumar, R.; Gross, R. A. Am. Chem. So2002 120, 1850. (b) Binns,
F.; Harffey, P.; Roberts, S. M.; Taylor, A. Chem. Soc., Perkin Trans. 1
1999 2671. (c) McCabe, R. W.; Taylor, Chem. Commur2002 934.

of dialysis, the product polymé&was obtained as a semisolid by freeze-
drying.

Poly[(poly(oxyethylene-600)-oxy-5-hydroxyisophthaloyl] 3.'H
NMR data (CDCJ): ¢ 3.6-3.79 (bs, methylene protons of PEG main
chain), 3.86 (t, 2H, C-8H), 3.96 (s, COOgHkEnd group), 4.50 (t, 2H,
C-7H), 7.75 (s, 2H, C-4H and C-6H), and 8.24 (s, 1H, C-2M);
(GPC) 18 000 Da, PDB- 1.8, isolated yield 80%.

Coupling of Bromodecane (4), 12-Bromododecanol (5), and 11-
Bromoundecanoic Acid (6) with Poly[(poly(oxyethylene-600)oxy-
5-hydroxyisophthaloyl] (3). Equimolar quantities o8 and4 (or 5 and
6) were dissolved in dry acetone, and to the resultant solution was added
equimolar amount of anhydrous potassium carbonate. The reaction
mixture was refluxed, and progress of the reaction was monitored by
TLC using ethyl acetate in petroleum ether (30%). After completion,
the potassium carbonate was removed by filtration, and the solvent
was removed under vacuum to give the product®.

Poly[(polyoxyethylene-600)-oxy-5-decanyloxyisophthaloyl] #H
NMR data (CDCY): ¢ 0.90 (t, 3H, CH), 1.30-1.40 (bm, CH protons
of side chain), 1.81 (m, 2H, C-12H), 3.68.69 (bs, CH protons of
PEG main chain), 3.87 (t, 2H, C-8H), 3.96 (SCOOCH; end group),
4.10 (t, 2H, C-11H), 4.51 (t, 2H, C-7H), 7.77 (m, 2H, C-4H and C-6H),
and 8.30 (s,1H, C-2HM,(GPC) 18 730 Da, isolated yield 85%.

J. AM. CHEM. SOC. = VOL. 126, NO. 34, 2004 10641
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Poly[(polyoxyethylene-600)-oxy-5-(12-hydroxydodecanyloxy)-
isophthaloyl] 8.'H NMR data (CDCY): 9 1.31-1.38 (bm, CH protons
of side chain), 1.541.57 (m, 2H, Gi,CH,OH), 1.82 (m, 2H, C-12H),
3.43 (t, 2H, CHCH,0OH), 3.673.74 (bs, CH protons of PEG main
chain), 3.86 (t, 2H, C-8H), 3.95 (s;COOCH; end group), 4.05 (t,
2H, C-11H), 4.51 (t, 2H, C-7H), 7.76 (bs, 2H, C-4H and C-6H), and
8.28 (s,1H, C-2H)M,(GPC) 19 220 Da, isolated yield 78%.

Poly[(polyoxyethylene-600)-oxy-5-(10-carboxydecanyloxy)-isoph-
thaloyl] 9. *H NMR data (CDC}): ¢ 1.32-1.43 (bm, CH protons of
side chain), 1.681.81 (bm, 4H, C-12H andg,COOH), 3.68 (bs, CH
protons of the PEG main chain), 3.86 (t, 2H, C-8H), 3.96 (s, 3H,
—COOCH; end group), 4.13 (t, 2H, C-11H), 4.50 (t, 2H, C-7H), 7.77
(bs, 2H, C-4H and C-6H), and 8.30 (s,1H, C-2);(GPC) 15 000
Da, isolated yield 82%.

Method for Encapsulation of Hydrophobic Drugs by Nanomi-
celles. The copolymer7 and the hydrophobic drug aspirin were
dissolved in chloroform to obtain 1:5 drug/polymer w/w ratios, and
they were mixed for 15 min. Organic solvent was removed under
vacuum, and the highly viscous mixture of drug and polymer obtained
was dissolved with an extensive vortexing in water to form nanomi-
celles. Nonincorporated aspirin was separated by filtration of the
prepared nanomicelle suspension through at2ilter (aspirin crystals
as well as the crystals of other insoluble drugs under normal

Chemoenzymatic Synthesis of Functionalized Amphiphilic Polymers

O (6] 7
(0]
Novozyme-435, OKQ)LO/\g’( \/}S
—»
OH 3

Bulk, 90°C

m

7 10
/\,Oé}/\
(Sl dn
m

7 R'=2°CHj3, x=6
8 R' =OH, x=9
9 R' =COOH, x=7

of 2 h was measured. Two animals served as untreated controls. Animals
were sacrificed @6 h post croton oil using 50% CQand auricular
thickness was remeasured and compared to previous measurements.

Results and Discussion

The novozyme-435 (immobilize€. antarcticalipase B)
catalyzed condensation df and PEG ¥, 600) @) under
solventless conditions gave the polyn3én 80% isolated yield
(Scheme 1). The structure of the repeating units of the polymer
3 was identified usingH and 2D (COSY) NMR experiments.

In the 'H NMR spectrum, the appearance of the signab at
4.50 (for the C-7 protons) indicated the formation of the ester
linkages in the polymer. This was further confirmed by the
disappearance of the signal because of the methoxy protons of
dimethyl 5-hydroxyisophthalate. In théH—!H correlation
spectrum, the signal @t4.50 showed coupling with the signal
at o 3.86, i.e. the C-8 protons of the PEG end group, which
further confirms the ester linkage between the alcoholic hydroxyl
group of PEG unit and the methoxy carbonyllofThe lipase-
catalyzed reaction is highly chemoselective as there was no
reaction with phenolic hydroxyl group. THé&l and13C NMR

circumstances cannot pass through the filter unless the drug is spectra of the produ@ did not indicate any trace of transes-
solubilized by nanoparticles). The filtrate obtained was freeze-dried to terification between the phenolic hydroxyl and main chain ester
determine the overall efficiency of the encapsulation and found to be ynits. The number average molecular weight of the polygner
~80%. The % of aspirin in nanomicelles estimated by UV spectroscopy js 18 000 Da Py 1.8), as determined by GPC.

(4 277 nm) using a calibration curve for aspirin in methanol was 20%.

In the absence of nanomicelles, less than 1% of aspirin was found in
the filtrate when dispersed at the same concentration as in nanomicelle

The polymer3 was further functionalized by coupling with

Jbromodecaned), 12-bromodocecanobj, and 11-bromounde-

containing samples, indicating the drug that passes the filter in the C@noic acid €) using anhydrous potassium carbonate and

presence of polymer is encapsulated by nanomicelles. The preparatiorﬁcetone FO give the alkylated copolymefs9, in 78-85% _
and estimation of % encapsulation of naproxen-loaded nanoparticlesisolated yields. The structures of these polymers were established

were performed as described above for aspirin and found to be 7%. by H NMR, 13C NMR, andH—'H correlation spectra. The

Methods for Animal Studies of Inflammation. Animals were
anaesthetized with a combination of ketamine (100 mg/mL) and
xylazine (20 mg/mL). In the present study, auricular thickness of the

IH—1H NMR correlation spectra of the synthesized polymers
7—9 showed a signal &t 4.05-4.13 for the C-11 protons, which
also showed coupling with C-12 protons &t 1.82, thus

appropriate ear surface was measured using a micrometer caliper befor"?‘ndicating the functionalizations at phenolic OH grouBoThe

and after the application of croton oil and post anti-inflammatory
treatment at 6 h. For the purpose of inducing inflammation, a 2%
solution of croton oil (Sigma 6719) was dissolved in 1 mL of acetone.
The inner surface of the right auricles (ears) of 22 CD-1 mice was
exposed to 5@L of the above preparationf@ h asreported by Lopez

et al** The animals were randomly divided into four groups of five,
and the inner surface of the right auricle exposed to 1 mL of empty

degree of functionalization was determined by comparing the
intensity of the signal ad 4.10 (C-11 protons) with one &t
4.50 (C-7 protons) in théH NMR spectrum of the polymers
7—9 and was found to be 95%.

The process of micellization of the amphiphilic copolymers
7—9 was observed usinH NMR longitudinal relaxation time

nanospheres or nanospheres containing aspirin or naproxen at the endT,) studies, because the formation of micelles, viz. aggregation

(14) Lopez, A.; Sims, E. D.; Ablett, F. R.; Skinner, E. R.; Leger, W. L.; Lariviere,
M. C.; Jamieson, A. L.; Burnes, M. J.; Zawadska, G.A®Bn. J. Vet. Res
1999 60, 1558.

10642 J. AM. CHEM. SOC. = VOL. 126, NO. 34, 2004

of the hydrophobic segments in water, may influence the proton
spin relaxation. Figure 2 shows the comparison of Thess
concentration correlation of protons 4, 6, and 20 (the protons
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Figure 2. Ti-concentration correlation of protons 4, 6, and 20 @i DO
(bottom two lines) and CDGI

Table 1. Critical Micelle Concentration, Ry, R, and Ry/Ry for
Polymers 7—9
polymer CMC (mmol) Ry (nm) R (nm) Ry/Ry
7 0.035 17.3t2.1 9.56+ 1.2 1.87
8 0.040 12.4+ 4.9 6.56+ 1.8 1.89
9 0.056 21.6+ 25 135+ 24 1.60

on the hydrophobic chain) of the copolym@rin D,O and
CDCl. It was observed that in {®», with an increase in
concentration, th&; decreases and after a particular concentra-
tion, levels off (the lower two lines). This is because gD

hydrophobic segments were forced to aggregate in the core of
the micelles because of the hydrophobic interactions and thus

result in the restriction of the mobility of side chains and
stabilization of the local magnetic field. THg's, which were
intrinsically influenced by the chemical and physical interactions

between the nuclei, especially protons, thus decrease with

increasing concentration and finally stabilize ir@ On the
contrary, when the copolymers were dissolved in CD§tong
hydrophobic interactions did not exist in the solution, and this
led to a lot of fluctuations in the magnetic environments which
in turn resulted in an increase in tigs (top two lines in Figure

2) with the increasing concentration. On the basis of these
studies, we have observed that in water, the hydrophobic
segments have strong tendency to aggregate and become th

core of the micelle, while the hydrophilic segments extend
themselves in the bulk solvent water.

A310nm
nanosphere

Encapsulated Aspirin in Nanosphere

A277nm
(aspirin)

Absorbance

Empty Nanosphere
Blank Aspirin

335 380 385 410 435 460 485
Wavelength (nm)

Figure 3. UV absorption spectra of (a) aspirin, (b) empty nanosphere, and
(c) aspirin in polymeric nanosphere

for all the copolymers was very close (Table 1). The ratio of
Ry/Rx for micelles formed by copolymers 8, and9 suggests

that the micelles have a shape between a hollow sphere and a
star-like sphere (theoretical values for hard uniform spheres are
0.775 and for hollow spheres are between 1 antf 3).

To demonstrate the potential of the nanospheres formed by
the amphiphilic polymers7—9 as drug carriers, we have
performed detailed studies on the possibility to load the
nanospheres formed Bywith some model hydrophobic anti-
inflammatory agents such as aspirin and naproxen. The forma-
tion of the nanospheres in the presence of drugs was monitored
by static light scattering technique, and Rafter encapsulation
of aspirin and naproxen was found to be 12%:5..5 and 21.6
+ 2.5 nm, respectively, as compared to 1£.2.1 for the empty
nanosphere formed b¥, suggesting that the drugs were really
encapsulated and not simply adsorbed on polymer. Figure 3
shows the absorption spectra of aspirin, polymeric nanospheres,
and aspirin encapsulated in nanosphétedanoparticles with
aspirin encapsulated show absorption having a maxima at 285
nm for aspirin in addition to a maxima at 310 nm for the empty
nanospheres on comparison with aspirin and empty nanospheres
indicating the encapsulation. The concentration of the aspirin
and naproxen after encapsulation was determined by UV
spectroscopy and found to be 20 and 7 wt %, respectively, wrt
nanosphere weight.

We have performed the animal testing results with freshly
grepared nanospheres and compared them with the same dose
of aqueous preparation of commercially available naproxen
sodium and aspirin (acetyl salicyclic acid). Application of these

Further, we have studied the supramolecular organization of l02ded nanospheres to the right auricle of the micefo after

the amphiphilic polymers’—9 in water by light scattering
techniques (static and dynamic) as they readily dissolved in
water. The critical micelle concentration (CMCs) values of these
polymers in aqueous media were determined by static light
scattering technique; these were found to be about 8:03%6
mmol/mL (Table 1). A radius of gyratiorRy) of 17.3+ 2.1

nm (concentration 0.63 mg/mL) was obtained frwhereas
under similar conditions for the copolymedghaving hydroxyl)
and9 (having carboxyl) with different functionalities at the end
of the hydrophobic side chaifgg was 12.4+ 4.9 and 21.6t

treatment with the pro-inflammatory compound, croton oil,
resulted in a significant reduction of inflammation. The %
reduction in inflammation using nanospheres containing aspirin
and naproxen was 62 and 64%, respectively; however, the empty
nanospheres also exhibited some anti-inflammatory activity
(~18%). The study also showed that our nanosphere-mediated
delivery of same dose (800g) of aspirin and naproxen has
significantly better results as compared to same dose 890
aqueous preparation of commercially available naproxen sodium
(34%) and aspirin (32%) (Figure 4a,b). The nanosphere-

2.5, respectively, indicating no major change in the particle size Mediated delivery increased the efficacy by-1280 times. In

with side chain functionality. Similarly with different function-

alities in the side chains, different micelle arrangements and

shapes are expected, whereas the ratiByti®, (whereR, was

determined under same conditions by dynamic light scattering)

view of the inflammatory component of several diseases, such

(15) (a) Burchard, WAdv. Polym. Sci 1983 48, 1. (b) Checot, F.; Lecom-
mandoux, S.; Gnanou, Y.; Klok, H. AAngew. Chem., Int. ER002 41,
1339.

J. AM. CHEM. SOC. = VOL. 126, NO. 34, 2004 10643
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Figure 4. Anti-inflammatory properties of PEG nanospheres containing (a) aspirin and (b) naproxen.

as rheumatoid and osteoarthritis, asthma, and more recentlyas reported during intraocular lens implantati®wsteoarthri-
cardiovascular diseas&the ability to deliver anti-inflammatory  tis,2* and rheumatoid arthriti& Our ability to topically deliver
agents topically or transdermally via nanoparticles, as opposedanti-inflammatory agents using the novel polymeric nanospheres
to the oral route, reduces the side effects of many anti- formed by amphiphilic copolymers generated through chemoen-
inflammatory products (no cream or lotion preparation based zymatic routes offers additional advantage of “Green appeal’
on aspirin or naproxen is available). With fewer side effects as and further enhances its widespread application potential as an
a result of nanosphere-mediated topical delivery, aspirin will important strategy.

not only continue to provide therapeutic benefits for the
inhibition of thrombosis but also for reduction in inflammatién
during asthma attack® and act as potential mediators of
cardiovascular risk due to smokidgSimilarly, topical delivery JA039651W
of naproxen via nanoparticles will allow for more efficient

f i ; P R (20) Papa, V.; Milazzo, G.; Santocono, M.; Servolle, V.; Sourdille, P.; Santiago,
delivery and better management of inflammation with this drug P. Y- Darondeau. J.. Cassoux, N.. LeHoang, oalaract Refract. Surg
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