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Abstract: An increase in the surface area of drugs by reducing particle sizes from microns to nanometers has been known as
an efficient method to improve the bioavailability 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 stabilizers or dispersants. In this study, copolymers of hydrophilic and hydrophobic amino
acids were synthesized by the ring opening polymerization of their N-carboxyanhydride monomers and evaluated as novel
candidates to stabilize 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 a wet comminution
process. Particle size analysis 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 parameters in determining the paltlcle size reduction. Their particle size was found to be stable up to 14 days without

significant aggregation.
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Eg| Z2H(98.0%), n-FAo}T1(99.0%), Fa3 EFQG0 wi% 2t
£-99) 8 Aldrich Chem Co.(St. Louis., MO, USA)°l A #3133tk N5}
2 AZA)-L-2}o] AN-CBZ-L-lys)2 Bachem AG(Bubendorf, Switzer-
landyoll 4] T4 F9F L2 TCI America(New York, USA)olA] <+
435t Dol Dol (98.0%)2 Yakuri Pure Chemical Co.(Japan)©llA]
gRov NN -THE X Folro] EDME 99.5%)2 Junsei(Tokyo, Japan)
oA LAk HES| =2 FHTHE 99.0%), n-H1H05%)3 tleld

o el 2(97.0%) = Daejung Chemicals and Metals Co.(Shiheung, Gyeonggi,
South Korea)oll Al 7181330k THE n-33ka} tlol|dellHl 2 NaZ 3
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VT E AL /\}%o}MJ_ Z 2] ~E] dlH] =(Performance Ceramics, 500 um
diameter)?} HPLCH £ AAIglo] AFEE 3.
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n-BAF 108 2HERE H3) olv| At NCAse o#ste] 48417
ol WE AZAZ oM H' NMRZE SXSAIZTE I chemical shift
the-7 7t N-CBZ-L-lysine NCA(DMSO-Dg): § 7.34(m, SH,
ArtH in CBZ), § 5.03(s, 2H, AICH;0), § 4.40(t, 1H, o-CH), § 2.99(m, 2H,
€-CHy), 6 1.77-1.62(m, 2H, B-CHy), & 143-1.15(m, 4H, -CH2). L-pheny-
lalanine NCA(DMSO-Dy): § 7.30(m, 5H, ArH), § 4.79(, 1H, o-CH), &
3.04(d, 2H, ArCH,CH). L-leucine NCA(DMSO-Dg): & 4.45(t, 1H, o--CH),
$ 1.74(m, 2H, CHCH,CH), § 1.57 (m, 1H, CH,CH(CHa),), 8 0.89 (t, 6H,
CH(CHa)).
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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

Desng-natmr?s of - Morphology Kcontent ~ Molecular weight Degre.e Of
amino acid  (Random or Block (mol%) (Mw) (g/mole) 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-1-F4 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-1-F-8 Random 7 6300 43
K-r-F9 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-1-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 ~2500) -
K-b-L-2 Block 69 10700(7400 ~3300) -
PEG-b-F-1 Block 59 85005000 ~3500) 113~21
PEG-b-F-2 Block 53 94005000 ~4400) 113~32
PEG-b-L-1 Block 59 8500(5000 ~3500) 113~27
PEG-b-L-2 Block 56 9900(5000 ~4500) 113 ~45
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#o] 10 mol% ©14HK 3 90 mol% ©13hd o Ha YA+ A=
400 nm °J3tE ZAAHETE A& & 5 UTHTable 2). 454 Fio]
10 mol% ©|8to A E 500~1000 nme] ¥ UAF 1ol o]2+ ki
10 mol% ol’de] F7lME ol He Ha dAt 37| Wahe A
A gkoitt. FFEA AMeS oE g 9 Boled €ad &
A 29 3 10 mol% AE7F FEIY o= AAFF Bl
F&E 7V sk o= seldr)

WG FFHAE 254 opdte] EFASA X gix|Th
B5 ZEHAN T 3 Fio A& Uk o)A 254 FE
YAF HHe PR AR o REo] BE IR A9 F
ZFEA 2 A97F ¥ drks S 3k, Tables 2 2 304 9] B
AA Z7le FAE FTFEA AME Hide wE 23E RoAe
et & TFAY RERAE Uz} 7] A 2= AAEH)
AAte ol Aoz F&gch
tHe] Bxig 2AE Bolgied B
T2 AR A7) el a8 & 4ES 7XA) Gethes Ag 4 5
ek, we AL AA) Aolo] o3 HAL 1B} Az Hojo] o
Edle Aew 2aA Ut} Tuble 3 AER} E7Fo] WE Yz 3
7] W32 RojFEtl K-bF9 PEGHFY 7S¢ e EEgS

e

o

712

Table 2. The Effect of Molecular Weights of Random Copolymers on
Mean Particle Size

Amino Acid K Content M, Mean particle size

copolymers (mol%) (g/mole) (nm)
K-r-F-1 100 4800 856
K-r-F-2 100 8400 583
K-r-F-3 93 23500 423
K-r-F4 88 13300 256
K--F-5 84 12600 178
K-r-F-6 83 26800 282
K-r-F-7 81 10100 319
K-r-F-8 77 6300 280
K-r-F-9 72 16700 294
K-r-F-10 68 14000 254
K-r-F-11 60 15200 170
K-r-F-12 60 17500 327
K-r-F-13 50 14700 120

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

Amino acid K Content

Copolymers (mol%) M, (g/mole) Mean particle size(nm)
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-F4 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) > 10 pum

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

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

PEG-b-L-2 56 9900 (5000 ~4900) > 10 um
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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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Figure 5. Plot of mean particle size versus time shows the physical stability of
drug nanosuspensions at room temperature after wet comminution.
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