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  The  disso]ution step  of  practically insoluble drugs plays an  important role in drug absorp-

tion. In this paper, the pharmaceutica] properties of  a ground mixture  of  nifedipine  are de-

scribed.  A  ground mixture  of  nifedipine  was  prepared by grinding with  casein, mugnesium

si]icate,  and  cellu]ose  acetate  phthalate in a vibrational  ball mill.  The  X-ray  powder difftac-

tion patterns and  differential scanning  ca]orimetry  data thereafter suggested  that nifedipine

was  present in its amorphous  furm  in the ground mixture.  The  wettability  ot' the ground

mixture  was  better than  that of  the physical mixturc.  The  solubility  of  amorphous  nifedipine

in water  was  a]so better than that in crysralline.  Both the dissolution rate  and  the bioavail-

ability of  amorphous  nifedipine  in the ground mixture  were  significantly  greater than those

of  the physical mixture.  The aboye  results  thus  suggest  that a mixture  grinding method  not

only  improves the solubility of  nifedipine  and  the dissolution profile of  its preparation but

also enhances  its bioavailability after oral admimstratien.
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                                       Introduction

  Nifedipine (NP), a crystalline powder, is practicaLly insoluble in water  with  about  12 tlgfml ot' so]u-

bilityL'. When  poorly water-soluble  drugs are  administered  orally, the disselution rate  of  the drug in

the digestive traet becomes a limiting factor for drug absorption!",  NP  was  reported  to haye a low rate

of absorption  as  20%  when  administered  orally  in a crystalline  powder form]).

 The dissolution property of  the drug has been recently  improved by devetopments in pharrnaceutical

techno]ogy such  as  the grinding mixture3L  the roll  mixingtL  and  the solid dispersion methodsf'',  The

grinding mixture  method  is especially  superior  me[hod  since  it employs  a  dry formulation process to

eliminate  the and  therefore residual  solvent  in the formulation is not  a concern.
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  In the present study. the grindlng mixture  method  by udding  a protein (casein),
sium

 
silicate}

 and  an  enterie  soluble  celiulose  dcrivative <cellulose acetate phthalate.
to improve  dissolution property and  bioavailability of NPi'i,

                                        Experiments

  1. Materials

  NP  was  purchased from Teikoku  Chemical Industries Co., Ltd, (Osaku,
Curporation (Osaka, Japun), magnesium  silicate from Kyowa  Chemical Co.,
cellulose  acetate phthalate was  purchased from Wako  Pure Chemical  Cu.,
other  materials  were  employed  of  guarantee gradc.
  2. Methods

  All experitnents  were  caiTied out in darkness in view  of  the high 
'''

  a. Preparation of  samples

  Ground mixturc  (sample 1) was  prepared in the fotlowing manncr,  NP,

ca{e Lv'ere  blended by weight  ratio  of  2:3 :2  respectively,  and  the mixture

vibrational  bail mill CModel MB-1,  Chuo Kakohki Co., Ltd., Aichi, Japan)
temperaturc. Then 35g  of  the above  ground powder and  70g  of  CAP  was

vibratienal  bull mi]1 for 20 minutes  at room  temperature.  Thc final ground
10 mg  ef NP> was  encapsu]ated  into JP  #3 hard gelatin capsules,

  Physical mixture  (sample 2) was  prepared as fo11ows:NP. cusein,  and

ratc]y  ground using  the vibrational  ball mM  at  room  teniperature, and  the

mixed  together in the same  ratio  as  the ground mixture.  The  final mixture

of NP) was  filled into JP #3  hard capsulcs.

  b. X-ray powder diffraction (powder XRD>

  Measurement  of X-ray powder dit'fraction wtts  conducted  using  a X-ray

(JDX-3530, JEOL) with  the Ni-fHi]ter set ut  a difii/action angle  of  2e=O-･50

  c. Differential scanning  calorimetry  (DSC)

  DitTcrential scanning  calorimetry  was  conducted  using  a  DSC-200  (Seiko

  d. Measurement  ot' wetting  ost powder

  
Penetration

 raLei'  of  water  into the powder  was  measured  by the capil]ary

g ot' samp]e  was  packed into a  glass capillary  tube  (3 mm  i. d. x  25cm)
with  a filter paper.

  e. Disselution property

  Sample powder (105 mg;cquivalent  to 10mg  ef  NP)  wus  added  to

SDS  (Sodium Laury1 Surfate) solution  at 37℃ . Then  the solution  stirred  vi

centrifuged  at 3000 rpm  tbr ]O minutes.  The  supernatant  of the solution

membrane  filter}, and  the amount  of  NP  in the tHiltrate was  determined using

(Hitachi 557, 350 nm)  and  was  calculated  bet'orehand from a  standard

  f. Dissolution test

  Dissolution test apparatus  (rotating dialytic cell, type PTSW,  Pharmatest

ploycd to obtained  the disso]ution profile of NP, and  a  hydrophilic

MMiporc)  was  used  as  a dialytic membrane,  For Lhe dissolution test, 49b of

102 Jfi [U'l' "

an  antacid  (magne-
CAP)  was  adopted

      Japan). Casein from Imanaka

        Ltd. (Kagawa, Japan),, and

         Ltd. (Osaka, Japan). All

 sensttivity of  NP  to ]ight.

       cascin  and  magnesiurn  sili-

       (105g) was  ground  using  a

         t"or 120 minutes  at room

        mixed  and  ground by the

        powder  (10S mg,  including

     magncsium  silicate were  sepa-

       three ground powders  were

         (105 mg,  including 10mg

       powder diffraction apparatus

        
e.

       E[ectronics Co,. Ltd.),

        rise  method8].  About  O.30

         with  the bettom covered

    10ml  of  purified water  or  4%
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     was  filtered (with a O.45 pm
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  calibrution  curve.
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the 1st fluid (pH 1.2) or  the 2nd  fluid (pH 6.8) listed in disintegration test of  JPXII.

 Two  capsules  from each  sarnple  were  put in the rotating dialytic cell  with  10mt ef the dissolution

fluid. The  ceH  was  immersed and  rotated  at a rotation speed  of  26 rpm  in 900ml  of  dissolution fluid

niaintained  at 370C. Fiye ml  of test solution  was  withdrawn  through a  membrane  filter (pere size  O,45

pm) at  30 minute  intervals for up  to 6 hour and  immediately rep]aced  with  an  equal  volume  of  the

fluid, Then the amount  of  NP  dissolved was  calculated  from the absorbance  at 350 nm  using  the stan-

dard calibratien  curve.

  g. Bioavailability study  in rabbits

  Doses were  administered  by the crossover  arrangement  after  a time  interva] of one  week.  After fast-

ing for 24 hours but with  free access  to water,  11 white  male  rabbits,  weighing  approximately  
2.5

 
kg,

were  orally  administered  the test sample  equivalent  to 10 mg  of  NP  with  water.  P]asma samples  were

co]lected  before administration  and  at O,5, 1, 1.5, 2, 3, 4, 6, 8, 12 and  24 hours after administration.

Plasma  samples  were  then  assayed  for NP  by high-perfOrmance  liquid chromatogTaphy  (HPLC, model

LC-9  A, Shimadzu, Co., Ltd,) equipped  with  a  UV  detector (model SPD-6A,  Shimadzu,  Co,, Ltd.) us-

ing n-butyl  p-hydroxybenzoate as  an  internal standard,  UV  absorption  was  measured  at  350 nm,

HPLC  samples  were  chromatographed  at SOOC on  a Nucleosil 7C18  celumn  (4.6mm i.d. x  250mm,

M. NAGEL,  Co., Ltd,). The mobile  phase was  water-methanol  (3:7), The  flow rate was  1.0mVmin.

                                   Results and  Discussion

  1. Crystal form

  A ground  mixturc  consisting  of  NP  crystal  with  several  excipients  was  prepared by  grinding and  
was

studied  by X-ray powder diffraction and  measurement  of  DSC.

  Figure  1 shows  the X-ray pewder  diffraction patterns of  NP  bulk substance,  samples  1 and  2.

Many  diffractional peaks derived from  the crystal form of  the NP  was  observed  in NP  of  sarnple  2,

while  it was  hardly observed  in that of  sample  1.

  Figure 2 shows  results  from DSC  measurement  of  the NP  bulk substance,  samples  1 and  2. The

       a)

b)

c)

2e

Fig. ]. X-Ray  Powder  Diffraction Patterns ef Nifedipine

       a)  Alone, b) Physical Mixture, c) Greund Mixture
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endothermic  peak  induced by melting  at  around  173℃ , peculiar to crysta]  form of  NP, was  not  eb-

served  in sample  1,

 
From the above  findings, it was  assumed  that the NP  of  sample  1 existed  as an  amorphous  form,

  2. Physica} properties of  amorphous  nifedipine

  
The

 
amorphous

 NP  formulation was  applied  for further investigation on  its physical properties as  an

oral
 
dosage

 form. It is known  that the bioavailability and  the dissolution behavior in an  insoluble drug
are

 correlated. and  the wetting  property of  the powder surface  is ene  of  factors influencing the dissolu-
tion profile.

  a.  Wetting

  
The

 
effect

 
of

 
wetting

 of the samp]e  with  water  was  measured  using  the powder capil]ary  method

and  was  plotted according  to Washburn's  equation  (1) as shown  in Fig. 3,

      LL'=r v cose  
-
 t/2Tl 

･--'-･-･･･-･--･-'･･･--･'''･--･･h---･･･--･--･-･･･-･----･･-･---･---･-･-(1)

      L:height  of  liquid after  time t

      r:average  radius  of capillary  space  of  packed area

      v:surface tension  ef the liquid

      e:contact ungle  between the liquid and  the powder surface

      n:viscosity of  the liquid

  
The

 penetration rute of  sample  1 was  higher than  that of  sample  2. Comparison of  these  samples  at

10
 
minutes

 showed  that LL' value  ef sample  1 was  2,3-fbld higher than that of  sample  2, This result

suggests
 that the ground  mixture  has a higher wettability  than  the physical mixture.

  b. Dissolution property

  The improvement of  the dissolution property in water-insolub]e  drugs by amorphization  has been al-

ready
 shown  in a study  using  glyceofiubin"'. We  studied  the dissolution property of NP  for purified

water
 
and

 
4%

 
SDS

 solution  (Table 1). The dissolved percent of  NP  in samp]e  1 to 10ml  purified

   a)

b)

c)

p t
O SO 1oo  ISO 200

              Temperature (℃ )

  Fig. 2, DSC  Curves of  Nifedipine

        a) A]one, b) Physica} Mixture.

        c)  Gorund  Mixture
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    Table l. Dissolution Property of  Samples water  was  1.80% to 10mg  of  NP,  while

           (Nifedipine:10mg) in 10m]  of  Water that of  sample  2 was  O,51%, The  value  in

                                                 sample  1 was  about  3.5-fold higher than

                         Dissolved percent
    so]vent that of sample  2. Mereover,  NP  in sample

                   Samplcl Ssrnp]c2

                                                 1 showed  a high dissolution property

    watc[  lso ± D.24 O-Si ± O･06 (98.6%) on  4%  SDS  solution,  whereas  in

    4%sDssolution  
gs59 ± 4･3S

 
29-57 ± L9S

 samp]e  2 under  the same  condition  it was

    Eachvatucisthcmean ± sD(n=s).  only  30%, These results also  suggest  that

                                                 the ground mixture  (amorphous NP) was

superior  in dissolution property to that of  the physical mixture  (crystalline NP).

  c. Dissolution

  It is known that the dissolution behavior of water-inso]ub}e  drugs influences the bioavailability. The

dissolution rate  of  NP  were  determined using  the rotating  dialysis cell method.  As  shown  in Fig,4,

sample  1 showed  a higher dissolutien rate  than that of  sample  2 from the beginning in both fluids.

Six hours later, the dissolution rates were  84.2% for sample  1 and  68.6% for sample  2 in the 1st

fluid. while  the rates were  87,8% for sample  1 and  72,6% for sample  2 in the 2nd  fluid,

  Thus, the ground rnixture  (amorphous NP  ;sample  1) showed  a higher dissolution rate than that
 

of

the physical mixture  (crystalline NP;  sample  2) in both acidic  solution  (lst fluid) and  the neutral
 

so-

iution (2nd fluid). These results  demonstrated that amorphous  NP  by mixture  grinding method  
has

shown  good dissolution behavior.

  It was  reported  that the dissolution behavior of  NP  by the rotating  dialysis method  has a direct and

positive relationship  with  AUC  when  administered  orally'r)', Also, Nakai et al, reported  that the dissolu-

tion rate of  ground mixture  of  phenytoin and  crystalline  cellulose  exhibited  a good correlation  to

bioayailability'i'. Therefore, the amorphous  NP  wag  expected  to be a  superior  formulation in bioavail-

ability.

     (a) ioo
 (b) ioo
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  3. Bioavailability

  
Further

 experiments  were  perfbrmed to study  the bioavailability difi'erence between amorphous  NP
and

 
crystalline

 NP. Plasma concentration-time  curves  of  NP  after oral administration  of test samples

(10mg ef  NP) to rabbits  are shown  in Fig.5. Three parameters were  exarnined  to assess  the bioavail-
ability

 
from

 the p]asma concentration  data (Tabte 2). The CMAx value  of  sample  l was  about  7-fold
higher

 
and

 
the

 
AUC

 (the area under  the time plasma  concentration  curve)  value  about  3-fbld 1arger
than

 
those

 
of

 sample  2. Furthermore, the TMAx of  sample  1 was  faster than that of sample  2. These
results

 
demonstrated

 that, when  administered  erally, absorption  of  amorphous  NP  was  superior  to that
of

 
the

 
crystalline

 form, and  the AUC  was  greatly improved  by amorphization  using  grinding mixture

  --, eoo  method･  Therefbre, the amorphous  Np  was

  e. expected  to be a superior  formulation in
  -:g'ils-:2sE::if

am

mo

mo

 
Do

Fig.S

bioavailability.

  This investigation indicated that amorphous

NP  usjng  the grinding mixture  method  was

easi]y  absorbed  and  the AUC  was  greatly im-

proved by amorphization.

  From  the above  resu]ts,  it is suggested  that

a grinding mixture  method  not  only  improves
the dissolution property of  nifedipine  and  the

dissolution profile of  its preparation but aLso

enhances  the bioavailability after oral admini-

stratlon.

  So far, many  oral  solid  dosage forms have
been manufactured  as  crystalline fbrm of bulk
drugs, and  these dmgs show  relatively  lower
bioavai]ability in cemparison  with  that of  the

amorphous  fbrm. Accordingly, it becomes
necessary

 to mcrease  the  dose to improve the

amount  of  drug  absorption.  In the future, the

grinding mixture  method  is expected  to be

used  to reduce  the required  dese of  these

crystalline drugs by irnprovement of bioavail-

ability,
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Table  2.

46S  12 24

        Time[hr]

P]asma Concentration-Time Curves

ef  Nifedipine in Rabbits aftcr  Oral

Administration ef  Samples

Each value  is the mean ± SE

(n=11).(e)

 Sample ], (-) Sample 2

Comparison of  Bioavailability Parameter

of  Samples in Rabbits

SEmpleAUC("g.mintrn1)Cmax(ngtrnt)Tmax
 (hr) N

1

2

3.35 ± O.40

1.15 ± O.09

652,7 -t 72.7

94.4 ± 8.6

1.[) ± O.2

6,2 ± O.7

 Each value  is the mean  ± SE (n=11).
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