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Preparation and Characterization of
Am orphous Nateglinide
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Abstract Am orphous nateglinde was prepared by a solvent ran oval process using pure H-fom nateglnide that & a
kind of poorly water-soluble antidiabetic dug as the rav material The amomphous nateglin dew as characterized by h igh-
perbm ance liquid chiom atography (HPIC), X-may diffracton (XRD), differential scann ing calormety ( DSC), Fou-
rier-transfom infrared spectiometty (FI-R), and solition test Resulis obtained from the analysis revealed that the pro-
duced nateglinide was in amomphous state and therew as neither other chen ical reacton nor raw m ateral decom posed n
the solvent removal process and the resultof the soltion test shov ed that solution rate of the an orphous nateglinile w as
sign ifcantly enhanced when compared w ih the crystallne nateglnide The resulis demonstrate that the solvent removal
prwocess is a direct and feasblem ethod wh ich could be utilized for mprovementof the soluton property of the poorly wa-
ter-solub k crystalline nategln de
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Nateglnide is a pancreat; beta-cellselectivee K-ATP potassiun channel blocker which mproves overall
glycam ic control of fom 2 diabetes "1 Across stmulating insuln release nateglnide could nduce nsulinmore
readily available during and jst after them eal This leads to a sinificant reduction n postprandial hyperglycae-
m ia w ithout the danger of hypoglycaen & betveen meald’'. The canmercal nategln ile is mainly usngH-fom as
the technicalm aterial 7, but the solubility of H-Hbm is bw'". Asa poorly water-soluble drug nateglnide fea

tures a low solubility and solution rate n the gastrontestnal tract which Iinits its effective absorption and b -
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availability.

If the solutbn rate of nateglinide can be enhanced b bavailability follow ng oral adm nistratbn of it cou  be
sign ificantly mproved Amorphous substances hck three-dim ensional long range oder which exists in crystat
linem aterials The amorphous state is a high-energy state that exhibits enhanced solibility and solution rate and
thus increased bbavaihbility[ o Recentl, many researches have revealed that therewere various ciystal strue-
tures of nateglnide n existence "', However a direct and feasb lemethod for produc ng anorphous nateglinide
as the technicalmaterial has not been reported

The objective of this study was to directly produce anorphous nateglinile by the solvent ramoval process In
this method the anowphous nategln dewas successfilly obtained in pure water as solvent at wan tem perature
The process of productbn avoided chem ical reaction bypwductand any oher mpurity w ithout using the organic
solvents Furthemorg it could be expected to have more econam ic advantages campared w ith other pocesses
The anorphous nateglnie by the solvent ramoval pocess was characterized by h igh-perfom ance lgquid chum a
tography (HPLC), X-ray diffraction (XRD), differential scannng calormetry (DSC), Fouriertransform infra
red spectim etry (FT-R), and solitbn test The data of canmercial H-fom nateglnide was also shown for

cam parison
1 M aterials and M ethods

1.1 Materials

The H—fomm nateglnde ( purity 99.84% ) was supplied by Jiangsu Provincial Institute ofM aterlaM ed ica
All other chem icals and solvents were of analytical grade
1.2 Preparation of amomphous nateglnie

The molecular structure of nateglinide is N—( trans-4-isopopy leycloh exy lcarbonyl) -D—phenylalan ne

Pure H-fom nateglnide w as used as he rav material Amorphous nateglindew as prepared by a solent re-
moval process H—fom nateglhide was dissolved n sufficient anount of water to ob tain saturation solution at
roan lemperature and filirated by a 0. 22 Hm filter to obtan clear solution The solution was placed n an oven at
30C 1o ranove the solvent and reach dryness The dried solid was analyzed by HPLC, XRD, DSC, FT-R and
soluton test A fter preparaton all samples were stored at — 20C until further use
1.3 H ghperfomance liqud chmm atography (HPLC)

HPLC (Agilent 1100 USA) was used to measure the H-forn and amorphous nateglnide sanples with a
150 mm %X 4. 6mm G-18 column. Themobile phase consisted 0f 300 water and 7000 m ehano] and the detee-
tion wave length was 210 nm. The fbw ratewas about ImL/m n The n pction volun ewas 10 L for each testing
sample
1.4 X-ray diffraction (XRD)

The XRD patterns were recorded on X-ray diffractameter (R igaku D /m ax2500V L. /PC type X—ray powder
diffractaneter). Samples were irradiated w ith monochran atized Cu Ka radiaton (0. 15406 nm) and a dves
gence slitof 1°. The X-ray generatorwas set to an acceleration voliage of 40 kV and a filan ent em ission of 200
mA. The 20 scan range was 3-40° wih a step size of 0. 02° and the scan speed was 5° /m .

1.5 Differential scanning cabrmetry (DSC)

DSC measurements were perfomed using a Analysis Diamond DSC (USA). 3- 5mg of H-form and amo#
phous nateglinide sanp les were hemetically sealed in alim nun pans respectively and heated at a constant rate
of 10C /m n over a temperature range of 70- 200C. A dry nitrogen puwge of 25 mL/m n was employed in the
process
1. 6 Fourier transform infrared spectranetry ( FI-1R)

FI-R spectra were recorded w ith aNEXU S-670 spectraneter n he range 450- 4 000 m . Sanpleswere
diluted w ith KBt and pressed to obtan the test piece
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1.7 Soltbn test

Soliton test for the nateglinide sanples was carried out using a dissolution apparatus (D-800LS T ianjn
CN) follbw ng the USP apparatus II ( paddle) method Paddle speed and bah tenperaturewere set at 100 rpm
and 37. 0C, respectvely 20mg amount of nateglnide sanples were placed into vessels contaning 900 mL w &
ter 3mL sanplewasw ithdrawn at specific intervals These sanples were filtered using a 0. 22 Pm filter The
concen tratbn of sanpleswas analyzed n an uliraviolet spectrophotaneter (Cary 5000 VARIAN, USA) at 258

nm.

2 Results and D iscussion

2.1 H ghperfomance lqud chwm atography (HPLC)

H-fom and anorphous nateglnie sanples were measured by HPLC. The result showed that the purity of
H—fom sanpkswas 99. 84, and the retention tine was 8. 666 m n( Fig 1). In canparison with if the purity
of the amorphous nateglnde sanpleswas 99. 8%, and the retention tmewas 8 690m in(Fxg 2). This showed

that therew as neither other reactbn nor raw material decanposed n the solvent ranoval process
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Fig.1 HPLC of H-form nateglinide
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Fig.2 HPLC of amorphous nateglinide

2.2 X-ray diffraction (XRD)

The XRD pattern ofH—fom nategln e samp les show ed characteristic d iffractbn peaks at 20 valies of 5. §
81 11.3 13.1 15.2 159 16.2 19.6 and 19.9°(Fi 3). However mnstead of ntense crystalline
peaks the sanples hat prepared by a solvent removal process was in anophous statge  show ing a hab-pattern n
powder X-ray diffractogran (F ig 4).

2.3 D ifferential scanning cabrmetry (DSC)

The DSC scan ofH—fom nateglnde samples showed one endothem ic band around 141°C  ascribed to mel+
ing of drug( Fig 5). However the amorphous nateglin de sanples did not show any endothem ic band fran 70C
to 200C ( Fig 6). It proved that the sampleswere n substantially amorphous fom
2.4 Fouriertransfom infrared spectranetry ( FI-1R)

The molecular structures of the nateglinide w ere studied by means of FI-IR The spectra of the nateglinide
was characterized by the 1714 an~' (- COOH), 1649 an” ', 1542 an” ' (- CO-NH), 1214 an” ' (C-N).
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The identical FT-R spectra curves between the H-fom (F1ig 7) and the anophous nateglinide ( Fig 8) samples

suggested that there was no chem ical structure change n the sanp les
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Fig.3 XRD pattern of H—form nateglinide Fig.4 XRD pattern of amorphous nateglinide
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Fig.7 IR pattern of H—form nateglinide
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Fig.8 IR pattern of amorphous nateglinide

2.5 Solitbn test

The solution test profile of theH—fom nateglnde samples
and the amorphous nateglnde samples were shown n Fig 9
At 37C, the amomphous nateglinide samples showed 8%
drugwere dissolved in 15m i while 71% of the H-fom at
thattme And at 1 hour 96% of the anophous nateglinide
samples had been dissolved but only 81% ofH-fom. The &
mo1mphous nateglnide sanp ks showed mprovement n solution
rate canpared w ith that of the H-fom, because of the amorx
phizatbn decreased particle size and ncreased surface area
Thus preparatbn of anorphous nateglinide is an effective ap-

proach for enhancing the solubility of nateglin de

3 Conclusion

The resulis obtaned fran the analysis revealed hat app lication of renoval processwas a feasblemethod for
preparng anorphous nategln idew ithout any reacton and nierfused mpurity. Solution test showed that the am ox
phous nateglinide sanples dissolved sgnificantly faster than that of the H-fom. Reduced particle size of the &
mophous nateglndewas nduced to ncrease the surface area whih sgnificantly enhanced the solution of the
anorphous nateglinide This demonstrates the potential enhancement of absorption and bioavailab ility of nateg lin-

ide In conchisbn the solvent ramoval process offers a pran Bing approach to obtan amorphous nateglnde and

Dissolve/%

mproves the solution property of the poorly watersolub le nateglin ile
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