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Abstract: Anincreasein the surface area of drugs by reducing particle sizes from microns to nanometers has been known as
an efficient method to improve the biocavailahility of water-insoluble drugs. To prevent drug nanoparticles from aggregation
during the processes of drug formulation, a limited number of pharmaceutical inactive ingredients such as hydroxypropyl
cellulose has been employed as stahilizers or dispersants. In this study, copolymers of hydraophilic and hydrophobic amino
acids were synthesized by the ring opening polymerization of their N-carboxyanhydride monomers and evaluated as novel
candidates to dtabilize the nanoparticles of a water insoluble drug, naproxen. Naproxen nanoparticles stabilized by
synthesized amino acid copolymers were successfully prepared in the size of 200 ~ 500 nm in 60 min by awet comminution
process. Particle size andysis showed that the effective stabilization performance of copolymers required the hydrophobic
moiety content to be higher than 10 mol%. However, the molecular weight and morphology of copolymers was not the
critical parametersin determining the particle size reduction. Their particle size was found to be stable up to 14 days without
significant aggregation.
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Figure 1. Reaction schemes of amino acid copolymers.
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Table 1. Designations and Properties of Amino Acid Copolymers

De5|gna1|0ns of - Morphology K content ~ Molecular weight Degrge Of.
aminoacid  (Random or Block (mol%) (M) (gimole) polymerization
copolymers Copolymer) (DP)

K-r-F-1 Random 100 4800 28
K-r-F-2 Random 100 8400 66
K-r-F-3 Random 93 23500 182
K-r-F-4 Random 88 13300 102
K-r-F-5 Random 84 12600 96
K-r-F-6 Random 83 26800 204
K-r-F-7 Random 81 10100 7
K-r-F-8 Random 77 6300 48
K-r-F-9 Random 73 13300 100
K-r-F-10 Random 68 14000 105
K-r-F-11 Random 60 15200 112
K-r-F-12 Random 60 17500 129
K-r-F-13 Random 50 14700 107
K-b-F-1 Block 66 7500(4700 ~2800) 37~19
K-b-F-2 Block 64 9800(6000 ~3800) 47~26
K-b-F-3 Block 62 25200(14500~10700)  113~73
K-b-F-4 Block 60 4800(2700~2100) 21~14
K-b-F-5 Block 58 18000(9900 ~8100) 77~55
K-b-L-1 Block 67 8800(5900 ~2900) -
K-b-L-2 Block 69 10700(7400 ~3300) -
PEG-b-F-1 Block 59 8500(5000 ~3500) 113~21
PEG-b-F-2 Block 53 9400(5000 ~4400) 113~32
PEG-b-L-1 Block 59 8500(5000 ~3500) 113~27
PEG-b-L-2 Block 56 9900(5000 ~4900) 113~45
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J2F 271 FHE FTFA AFE g wE 53E BHolA= Q27 aRAe] A fAeE? AER QA kAR AT
geth & FFFA HEEAE GA A7) A4 24 ZAAA 02 E& FAWE 71a9] ofg]go] £3] A=), # AFdA
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B2 A A7) FAel 1] 2 JE3E AR etk Be & T 24 -9l drkar e
AT B A9 YA ool ok HEe @A} AREo] Hold o Figure 32 60 7} 9] Hy 2ol gk opn| il F53A 0l
3= Aoz dHA th Talle 3 IEAF Tl wWE A = e 398 Btk 55 AV A S5EA0 s20t =
7] MglE BAFEth KbFe PEGOhFY 45 22 58S 7K oldeE Yt A7 B ¥ faeke Al o vk 2, A
YA & F5v AR S doA 7o Asts 7HE
2= 0]
Table 2. The Effect of Molecular Weights of Random Copolymers on T AT _
Mean Particle Size 34 &4 =4 = exkEA
oful it FFEFA EA Shell Az vhegiAe] SEM AR
Amino Acid K Content My Mean paticlesize H sEUA h skl A e B
copolymers (mol %) (g/mole) (nm)
K-r-F-1 100 4800 856 400
K-r-F-2 100 8400 583 ' . e
K-r-F-3 93 23500 423 € A K-r-F-13
c v K-r-F-5
K-r-F-4 88 13300 256 T 300
K-r-F-5 84 12600 178 3 .
K-r-F-6 83 26800 282 2 .
K-r-F-7 81 10100 319 £ oo
K-r-F-8 77 6300 280 o 200r I o=
K-r-F-9 72 16700 204 é £ M
K-r-F-10 68 14000 254
K-r-F-11 60 15200 170 e I
K-r-F-12 60 17500 327 0 10 20 30 40 50 60 70
K-r-F-13 50 14700 120 Comminution time(min)

Table 3. Various Different Block Copolymers Produces Differences in
Mean Particle Size

Aminoacid K Content

Copolymers  (mol%) My (g/mole) Mean particle size(hm)
K-b-F-1 66 7500 (4700~ 2800) 856
K-b-F-2 64 9800 (6000~ 3800) 160
K-b-F-3 62 25200 (14500~ 10700) 583
K-b-F-4 60 4800 (2700~2100) 423
K-b-F-5 58 18000 (9900~8100) 241
K-b-L-1 67 8800 (5900~2900) 258
K-b-L-2 69 10700 (7400~3300) 272

PEG-b-F-1 59 8500 (5000~ 3500) >10um

PEG-b-F-2 53 9400 (5000 ~4400) > lum

PEG-b-L-1 59 8500 (5000~ 3500) >10um

PEG-b-L-2 56 9900 (5000 ~4900) >10um

Figure 2. Effect of comminution time on mean particle size.
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Figure 3. Effect of polymer concentration on mean particle size.
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Figure 4. SEM micrograph of drug nanoparticles prepared with using an
amino acid copolymer (K-r-F-9).
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Figure5. Plot of mean particle Sze versustime showsthe physicd stability of
drug nanosuspensions at room temperature after wet comminution.
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