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Abstract: Am orphous nateg linide w as prepared by a so lvent rem ova l process, using pure H-fo rm nateg lin ide tha t is a

kind of poo rly w ater-so luble antidiabetic drug as the raw m ater ia.l The amo rphous nateg lin idew as cha racte rized by h igh-

pe rfo rm ance liquid chrom atog raphy (H PLC ), X- ray diffraction ( XRD ), differential scann ing calor ime try ( DSC) , F ou-

r ier- transform infrared spectrome try ( FT- IR ) , and so lu tion test. Resu lts obta ined from the ana lysis revealed that the pro-

duced nateg linide was in amo rphous sta te, and therew as neither o ther chem ical reaction nor raw m ater ia l decom posed in

the so lv ent remova l pro cess, and the resu lt o f the so lu tion test show ed that so lution rate of the am orphous nateg linidew as

sign ificantly enhanced when compared w ith the crysta lline na teg lin ide. The results demonstra te that the so lvent remova l

process is a direct and feasiblem ethod wh ich could be utilized for improvem en t o f the solution property of the poor ly wa-

ter-so lub le crystalline nateg lin ide.
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无定型那格列奈的制备与表征

马  超, 李  钢,朱  侃,陈小青

(南京师范大学分析测试中心,江苏 南京 210097)

[摘要 ]  本文以水难溶的抗糖尿病药物 H 型那格列奈为原料,通过溶剂去除法制备出无定型那格列奈. 用高效

液相色谱 (H PLC )、X-射线粉末衍射 ( XRD )、差示扫描量热分析 ( DSC )、红外光谱 ( FT- IR )以及溶解速率实验等

分析手段对所制备的无定型那格列奈进行了表征.

分析结果表明,制得的那格列奈样品呈无定型状态,而且在制备过程中既没有化学反应发生,也没有原料分

解.溶解速率实验结果表明, 制得的无定型那格列奈的溶解速率相对于结晶型那格列奈有明显提高. 这说明,使

用溶剂去除法制备无定型那格列奈是个直接有效的方法, 可以改善水难溶晶型那格列奈的溶解特性.
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  Nateg linide is a pancreat ic, beta-cel-l selective, K-ATP po tassium channe l blocker wh ich improves overall

g lycem ic contro l o f fo rm 2 diabetes.
[ 1 ]
. Across st imulating insulin release, nateg lin ide could induce insu linmore

readily ava ilable during and just after them ea.l Th is leads to a significant reduction in postprandial hyperg lycae-

m ia w ithout the danger o f hypog lycaem ia be tw eenmeals
[ 2 ]
. The commerc ia l nateg lin ide is mainly usingH-fo rm as

the techn ica lm aterial
[ 3]
, but the so lubility ofH-fo rm is low

[ 4]
. A s a poo rly w ater-soluble drug, nateg lin ide fea-

tures a low solub ility and solution rate in the gastro intestinal trac,t wh ich lim its its effective absorption and b io-
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availability.

If the so lution rate of nateg linide can be enhanced, b ioava ilab ility follow ing o ral adm inistrat ion of it cou ld be

sign ificantly improved. Amorphous substances lack three-dim ensional long range order, wh ich ex ists in crysta-l

linem aterials. The amorphous state is a high-energy state that exhibits enhanced so lub ility and solution ra te, and

thus increased b ioava ilability
[ 5]
. Recent ly, many researches have revea led that therew ere various crystal struc-

tures of nateg lin ide in ex istence
[ 6-8]

. How ever, a direct and feasib lemethod for produc ing amorphous nateglinide

as the technicalmateria l has not been reported.

The objective o f this study w as to directly produce amorphous na teg lin ide by the so lvent removal process. In

this method, the amo rphous nateg lin idew as successfu lly obta ined in pure w ater as so lvent at room temperature.

The process of product ion avo ided chem ica l reaction, byproduct and any o ther impurityw ithout using the organic

so lven ts. Furthermore, it could be expected to have more econom ic advantages compared w ith o ther processes.

The amorphous nateg lin ide by the so lvent remova l process w as characterized by h igh-perform ance liqu id chrom a-

tog raphy (HPLC) , X-ray diffraction ( XRD), d ifferen tial scann ing calorimetry ( DSC ), Fourier-transform infra-

red spectrom etry ( FT-IR ), and so lut ion tes.t The da ta of commerc ial H-form nateg linide w as a lso show n for

comparison.

1 M aterials andM ethods

111 Materials

  TheH-form nateg lin ide ( purity 99184% ) w as supplied by Jiangsu Provinc ial Institute o fM aterlaM ed ica.

A ll o ther chem icals and so lvents w ere of ana ly tica l grade.

112 Preparation o f amorphous nateg lin ide

The molecular structure o f nateg linide is N-( trans-4- isopropy lcyclohexy lcarbonyl)-D-phenyla la-n ine.

PureH-form nateg lin idew as used as the raw materia.l Amorphous nateg lin idew as prepared by a so lvent re-

moval process. H-form nateg lin ide w as d isso lved in suffic ient amount o f w ater to ob tain saturation so lution at

room temperature and filtrated by a 0122Lm filter to obta in clear solution. The so lution w as placed in an oven at

30e to remove the solvent and reach dryness. The dried so lid w as analyzed byHPLC, XRD, DSC, FT-IR and

so lut ion tes.t A fter prepara tion, a ll samples w ere sto red at - 20e until further use.

113 H igh-performance liqu id chrom atography (HPLC )

HPLC ( Ag ilen t 1100, USA ) w as used to measure the H-form and amorphous nateg lin ide samp les w ith a

150mm @ 416mm C-18 column. Themobile phase consisted o f 30% water and 70% m ethano ,l and the detec-

tion w ave length w as 210 nm. The flow ratew as about 1mL /m in. The in jection vo lum ew as 10LL for each testing

sample.

114 X-ray diffraction ( XRD)

The XRD patterns w ere recorded on X-ray diffractometer ( R igaku D /max-2500VL /PC type X-ray powder

d iffractometer). Samples were irradiated w ith monochromatized Cu KA rad iation ( 01154 06 nm ) and a d iver-

gence slit o f 1b. The X-ray generatorw as set to an acceleration vo ltage of 40 kV and a filam ent em ission o f 200

mA. The 2H scan range w as 3- 40bw ith a step size of 0102b and the scan speed w as 5b /m in.

115 D ifferential scanning ca lor imetry ( DSC )

DSC measurements w ere performed using a Ana lysis D iamondDSC (USA ) . 3- 5mg ofH-form and amor-

phous nateg linide samp les w ere hermetically sealed in a lum inum pans respective ly and heated at a constant rate

o f 10e /m in over a temperature range of 70- 200e . A dry nitrogen purge of 25mL /m in w as employed in the

process.

116 Fourier transform infrared spectrometry ( FT-IR)

FT-IR spectra were recorded w ith aNEXU S-670 spectrometer in the range 450- 4 000 cm
- 1
. Samplesw ere

d iluted w ith KB r and pressed to obtain the test piece.
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117 So lu tion test

So lu tion test for the nateglinide samp les w as carried out using a dissolution apparatus ( D-800LS, T ian jin,

CN ) fo llow ing theUSP apparatus II ( paddle) method. Paddle speed and bath temperaturew ere set at 100 rpm

and 3710e , respective ly. 20mg amount of na teg lin ide samp les w ere placed into vesse ls conta in ing 900mL wa-

ter. 3mL samp lew as w ithdrawn at specific intervals. These samples w ere filtered using a 0122 Lm filter. The

concen trat ion of samplesw as ana lyzed in an u ltrav iolet spectropho tometer ( C ary 5000, VARIAN, USA ) at 258

nm.

2 Resu lts and D iscuss ion

211 H igh-performance liqu id chrom atography (HPLC )

  H-form and amorphous nateg lin ide samp les w ere measured by HPLC. The result show ed that the purity o f

H-form samp les w as 99184% , and the retention time w as 81666m in( F ig. 1) . In comparison w ith i,t the purity

o f the amorphous nateg lin ide samp les w as 99186%, and the retention timew as 81690m in( F ig. 2) . Th is show ed

tha t therew as neither o ther react ion nor raw material decomposed in the solvent removal process.

212 X-ray diffraction ( XRD)

The XRD pattern ofH-fo rm nateg lin ide samp les show ed characterist ic d iffract ion peaks at 2Hva lues o f 515,
811, 1115, 1311, 1512, 1519, 1612, 1916, and 1919b( F ig. 3 ). How ever, instead o f intense crysta lline

peaks, the samples that prepared by a solvent remova l process w as in amorphous state, show ing a ha lo-pattern in

powderX-ray diffractog ram ( F ig. 4).

213 D ifferential scanning ca lor imetry ( DSC )

The DSC scan o fH-fo rm nateg lin ide samples show ed one endotherm ic band around 141e ascribed to mel-t

ing of drug( F ig. 5) . How ever, the amorphous nateg lin ide samp les did not show any endotherm ic band from 70e

to 200e ( F ig. 6) . It proved tha t the samp les w ere in substant ially amorphous form.

214 Fourier- transform infrared spectrometry ( FT-IR)

The molecular structures o f the nateglinide w ere studied by means o f FT-IR. The spectra o f the nateg linide

w as character ized by the 1 714 cm
- 1
( - COOH ), 1 649 cm

- 1
, 1 542 cm

- 1
( - CO - NH ), 1 214 cm

- 1
( C - N ).
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The ident ica lFT-IR spectra curves betw een theH-form ( F ig. 7) and the amo rphous nateg linide ( F ig. 8) samples

suggested that there w as no chem ical structure change in the samp les.
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215 So lu tion test

The so lution test profile of theH-form nateg lin ide samples

and the amorphous nateg lin ide samples w ere show n in Fig. 9.

A t 37e , the amorphous nateglinide samples show ed 89%

drug w ere dissolved in 15m in, wh ile 71% o f the H-form at

tha t tim e. A nd at 1 hour, 96% of the amo rphous nateglinide

samples had been dissolved, but on ly 81% ofH-form. The a-

mo rphous nateg lin ide samp les show ed improvement in solution

rate compared w ith that of the H-form, because of the amor-

ph izat ion decreased partic le size and increased surface area.

Thus, preparation of amorphous nateglinide is an effective ap-

proach for enhancing the so lubility of nateg lin ide.

3 Conclus ion

The results obta ined from the ana lysis revealed that app lication of removal processw as a feasib lemethod for

preparing amorphous nateg lin idew ithout any reaction and interfused impurity. Solution test show ed that the amor-

phous nateg linide samp les d isso lved significan tly faster than that of theH-form. Reduced particle size of the a-

mo rphous nateg lin idew as induced to increase the surface area, w h ich sign ificantly enhanced the solution of the

amorphous nateg linide. Th is demonstrates the potential enhancement o f absorption and bioavailab ility of nateg lin-

ide. In conclusion, the so lvent removal process offers a prom ising approach to obtain amorphous nateg lin ide, and

improves the so lution property o f the poorly w ater-so lub le nateg lin ide.
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