
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 1 3 (  15), 2 7 4 9 - 2 7 6 9  ( 1 9 8 7 )  

ABSTRACT 

Various p h y s i c d  forrris of  Ibuprofen, 

Tinidazole and L o r a z e p a  were prepared. D i f f e r e n t  

c r y s t a l  forms of t hese  drugs were charac te r ized  

w i t h  the help of D i f f e r e n t i a l  Scznnitlg Calorimetry 

X-ray d i f f r e c t i o n  p a t t e r n s ,  1.R. spectra and Mcro 

photographs of samples. The d i s s o l u t i o n  and 

d i f fus ion  r a t e s  of phys ica l  forms were determined. 

The absorption pattern of drug by i n s i t u  rat 

i n t e s t i n e  w a s  a l s o  studied using Doluis io  

technique. After o r a l  & m i n i s t r a t i o n  cumulative 

amount of drug excreted in u r i n e  w a s  determined. 
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2750 UDUPA 

INTRODUCTION 

Different  polymorphs hami di f fe rence  i n  

hydrogen bonding, d i sso lu t ion  rate, (density, 
7,2 melting point ,  s t c b i l i t y  md pactking energy. 

AS polymorphs are d i s t i n c t  forms, having d i f f e r e n t  

l a t t i c e  s t ruc ture ,  t hey  give r i se  t o  dis t inguish-  

able X-Ray diffbact ion,  D , S , C .  patterns and I.RI 

spectra ,  3 A  

character ize  solvates  and polymorphs. The %Hay 

d i f f rac t ion  pa t t e rn  i s  he lp fu l  i.n determining the  

c r y  s t a l l  i n i  t y m ol ecul  a r  s t ruc tu re  , p 0 s  it i on s o f 

atoms i n  the molecule o f  drugs cvld f o r  

dis t inguishing d i f f e r e n t  polymor-phs o f  the drugs. 

Optical rriicroscopy is  useful t o  find out t h e  

morphological character  of the  dlrug p s r t i c l e  and 

the p s r t i c l e  s ize .  Different ia l .  scanning ca lor i -  

m e t r y  can be used t o  determine t;he phase t r a n s i t i o n  

s t a b i l i t y  k i n e t i c s  of  d i f f e r e n t  c r y s t a l  forms, 

polymorphism and drug compatabil.ity w i t h  excipients .  

Infrared spec t ra  i s ;  helprul  t o  

Poorly water soluble  drugs may have more 

bioavailabil i-ky problems. Par t l .c le  s i z e  reduction 

may be attempted t o  overcome above problems. The 
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CRYSTALLINITY ON ABSORPTION AND EXCRETION PATTERNS 2751 

degree of  c r y s t a l l i n i t y  o f  drug may be changed by 

the suitable choice o f  solvents.  During micro- 

p rec ip i t a t ion  o r  particles s i z e  reduction by 

m i l l i n g  l a t t i c e  defects  may be created a t  the  

c r y s t a l  surface, which may af fec t  the s t a b i l i t y  

pat tern.  The k i n e t i c  behaviaur of t he  dmg 

p a r t i c l e s  are control led by the c r y s t a l l i n i t y ,  

density, hygroscopicity, surf ace character, 

melting point ,  extent  of solvat ion,  polymorphic 

transfer and phase change, 

5 Rastogi e t  al corre la ted  the  react ion 

r a t e  of  solids w i t h  void volume, densi ty ,  shape 

and s i z e  o f  t he  p a r t i c l e  and examined the 

geometric implications of diffbsion behslviour of 

so l ids ,  Crys ta l l ine  compounds are more s t ab le  

than glass o r  amorphaus form. Stable  polymorph 

posess lower  f r ee  energy, higher melting point ,  

g r e a t e r  chemicd s t a b i l i t y  whereas metastable 

form has higher  s o l u b i l i t y  and disso lu t ion  rates. 

The molecular s t ruc tu re  and c rys t a l  nature 

of ethanol adduct o f  lorazepan was studied by 

Bandoli and Clements. The adduct cons is t s  o f  an 

ethanol and lorazepan molecules linked together  

by hydrogen bonds. The deterrninztion of p a r t i c l e  
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2752 UDUPA 

s i z e ,  shape, melting p c i n t ,  stud,y of U.V* and I . R ,  

spec t r a ,  d i s s o l u t i o n  and diffUsion s t u d i e s  o f  

var ious  phys ica l  forms o f  drugs were undertaken by 

Udupa e t  

i n v e s t i g z t e  t h e  e f f e c t  o f  c r y s t a l l i n i t y  o f  

Tne p resen t  work i s  undertaken t o  

Ibuprofen, Tinidazole  a d  Loraze,pam on t h e i r  

absorpt ion ijnd excre t ion  p a t t e r n s .  

Ibuprafen B.P., Tinidazole  (Standard 

Ctrgslnics, Hyderabad) , LorazePam (Thenis Chemicds,  

Bombay), D i s t i l l e d  Ethanol, P4E.G. 4000 and 

Propylene g lyco l  (PI/s. S.U. Fine Chemiczls,Bombay), 

Polyvinyl PyrPGlidGne (bi/s Loba Chem.ie) , 
Chloroform mci Acetone A.L (h/s fi13.Lr.Hr 1 . 
Prepmat ion  of supercooled v z r i e t y  - o f  drug by 

Shock coolin& 

1 gm. of  ecch U m g  was heated. c a r e f u l l y  

Over a ho t  p1::te i n  g l a s s  bezker, wi.th cons t an t  

s t i r r i n g  t o  prevent  chaiming. The melt w a s  spread 

quickly over a stdnless s tee l  p l a t e  k e p t  over 

water bath f i l l ed  with ice. The so l . l d i f i ed  

material was scrapped with t h e  aid of a S.S. 
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CRYSTALLINITY ON ABSORPTION AND EXCRETION PATTERNS 2753 

spatula  ground and passed through 80 mesh, The 

samples were label led as I a., 2a and 3a, 

Preparztion of slow cooled var ie ty  o f  drug 

1 gm. of each drug was melted as described 

i n  previous sect ion,  t he  m e l t  was transferr@d t o  a 

h o t  air ovenmaintained at 105°C. The oven was 

switched Off and the temperature w a s  allowed t o  

f a l l .  The sample was removed when oven reached 

the  room temperature, ground and pzssed through 

80 mesh. These samples were labe l led  as l b ,  2b 

and 3bo 

Preparation of various physical  foms O f  dmgs 

Precipi ta ted from ethanol , chloroform, propylene 

glycol and acetone 

1 gm. of each drug was dissolved separately 

i n  50 ml, each o f  s l i g h t l y  w a n n e d  solvent.  Ezch 

solution, WES f i l t e r e d  through Uhatman HO. 4 

F i l t e r  Paper and t h e  f i l t r s t e  was slowly added t o  

500 ml. of  ice  cold water around 5 ° C  i n  a beaker 

w i t h  s t i r r i n g .  

s e t t l e  for half an hour, it was separated by 

f i l t r a t i o n  through 8 Whatman l'do, 4 F i l t e r  Paper 

A f t e r  allowing t h e  precipitate t o  
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2754 UDUI?A 

and t h e  samples were s tored i n  a desiccator .  The 

samples were lebel led 2s (Ibuprofen;) Ic,  Id, l e  

and If, ( ' f inidazole)  2c, 2d, 2e end 2f, (Lorazepan) 

3c, 3d, 3e 2nd 3f respect ively.  

Evaluation of various Physicochemicd ProperYties 

The everage p a r t i c l e  s i z e  r,rtl shape of  the  

physical  form was determined by taking t h e  photo- 

m ic rog r ap hs  us  ing Z e i s  s Ph o t  om ic ros c: op e . 
Diffract ion pz t t e rn  of samples were obtained using 

Phi l ip s  P e W e  1010 X-Ray diffrac1tomet;er with 

Co.K-dpha radiation a d  Ki filler. 

d values were c d c u l a t e d  using i3ragg's equation, 

n), = 2 d, s i n  8 .  Study of Dif:t'erential scanning 

calorimetry o f  samples was undert&en using 

Perkin Elmer D,S.C, Unit. 

X- Kay 

From 2$ vE;Lues, 

Absorption Study 

I n s i t u  absorption study of various 

polymorphs was conducted i n  Rat In t e s t ine  by 

Doluis io  Technique, 20 mg. o f  Ibuprofen Powder, 

50 mg,  Tinidazole Powder and 1001 m g ,  Lorazepan 

Powder were dissolved in I00 ml each of pH 7,4 

buffer,  0.2 ml of samples were drawn every 15 

mins, for  estimating the  concentrzti.on o f  drug in 

8 
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CRYSTALLINITY ON ABSORPTION AND EXCRETION PATTERNS 2755 

the  i n t e s t i n a l  flyid. The d i f f e rence  i n  

concent ra t ion  represent ing  t h e  mount  o f  drug 

absorbed i s  calculated. For a n d y s i s  o f  d rugs  

spectrophotometric methods were employed. 7 

Excret ion Study 

Seven hea l thy  hunian volunteers  i n  the age 

group of 3 - 3 5  years having 55-60 kg. body weight 

were se lec ted .  400 mg o f  each c r y s t a l  form of 

Ibuprofen and 4 rig o f  Lorazepam were sepa ra t e ly  

fiU% i n  capsules  and &ministered orally d o n g  

w i t h  200 ml of water t o  hurlan volunteers  i n  a non 

randmized  cross over study. I 0  a1 o f  u r i n e  

samples excreted a t  each i n t e r v a l s  were numbered 

and preserved f o r  mdysis.  Af t e r  c o l l e c t i o n  of 

u r i n e  a t  each i n t e r v e l  t h e  volunteer  was asked to 

dr ink  200 r n l  of water. The aiiount of u r ine  

excreted a t  ezch i n t e r v a l  was niessured and r e c o d e d o  

The u r i n e  s a p l e s  were co l l ec t ed  upto 8 hours after 

o r d  dr r i in i s t ra t ion  o f  Ibuprofen o r  Lorazepan. The 

experiment w a s  repeated i n  the same seven volunteers ,  

a f t e r  2 weeks wash out period. 

After e x t r s c t i o n  of  Ibuprofen frm the  u r i n e  

sample, it wm t r e a t e d  with 0.5% w/v aqueous 

solution o f  safranin a d  coloured complex wzs 
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2756 UDUPA 

extracted w i t h  chlorclform. The absorbmce o f  

co lou r  w a s  measured a t  570 nm. 9 9 10 

amount of Ibuprofen excreted upto 8 hours w a s  

calculated. 

~ m u 1  a t ive  

Lorazepam excreted in urin 'e  w m  esthla-ted 

spec t r o  flu or ornetric a l l y  ' by ac t . ivat ing t h e  s amp1 e s 

a t  402 nm and taking fluores%nce , r e d i n g s  a t  

448 nm i n  a Amino Bowman spectrofluorometer. 

Solvents w i t h  high surface tension and 

dielectr ic  constant  values and l o w  spec i f ic  grav i ty  

(acetone, ethanol and propylene glycol)  gzve s m d l e r  

pa r t i c l e s .  The physical  form of Ibuprofen, 

Tinidazole and Lorazepam prec ip i ta ted  from propylene 

glycol  and acetone had low p a r t i c l e  s i z e  and h a  

higher  d i f m s i o n  coef f ic ien t ,  absorpt;ion and 

excret ion r a t e s  (Table I, 2 and 3 ) .  The X.2.D. 

pat te rns ,  microphotographs, I .R.  spec t ra  and D.S.C. 

pa t t e rn  of various physical €oms d i f f e r  from each 

other  indicat ing the polymorphism. 

The di f fus ion  r a t e s  of i r r e g u l a r  and tubular  

forms are  lower but the  circular shsped p h y s i c d  
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!F 

2 F  

,2 E 

J 1 1 1 
1 2d 

1 1 I I I 1 I 1 I 
10 12 U 16 18 x )  22 24 26 28 30 32 34 36 38 40 

B 28 in degrees - 
56. x - R a y  Diffraction Patterns ot TINIDAZOLE SAMPLES 

Rodiatim : Ca\ , h =1.7902'A, lo/cm, 2O/minuio 

form ( p r e c i p i t a t e d  from propylene glycol) exhib i ted  

higher d i f f u s i o n  rate. The p a r t i c l e  size, shape, 

crystdlinity o f  var ious physical forms inf luence  

d i s s o l u t i o n ,  d i f f u s i o n ,  ebsorpt ion and excre t ion  

r a t e s  (Tables 1, 2, aria 3 )  of drugs. 
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6 x - R a y  Di f f rac t ion  Patterns of LORAZEPAY SAMPLES 

Radiat ion : Co. & , h :1.7902OA, lO,/cm, ZC’/minutp 

The d i f fe ren t  melting poin1;s and nature of 

exothermic peaks of vezious phys ica l  fonns of  

Ibuprofen, Tinidazole and Lorazepan are evident 

from the  D.S.C. scanning (Fig. I, 2 and 3 ) .  

Different c r y s t a l  forms o f  drugs iwe L L s O  characte-p 

rized by t h e  X-Ray d i f f r ac t ion  pa1;tern. The change 
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i n  d value ( i n t e r p l a n a r  b i s t m c e )  indict i tes  

d i f f e r e n t  arrangenent of molecule i n  p o l p o r p h s  of 

drugs (Fig. 4, 5 and 6 ) .  

The g i d i t i o n d  &Hay diffmiiction pe&s were 

observed i n  xhe monoclinic c r y s t a l l i n e  solvakes of 

Lorazepan (Fig, 6). I n  t h e  L.S.C. curves or" 

Lorazepam so lva te s  two exothermic peaks were 

observed whereas Lorazepan s tsnuard sanple had 

only one exotheriliic peak (Fig.  3 ) .  The s o l v a t e  is 

a adduct of so lvent  used i n  c r y s t a l l i z a t i o n  a d  

t h e  drug Lorazepam. The n s t u r e  o f  b.SeCe curves of 

d i f f e r e n t  pbys ica l  forms o f  Ibuprofen a lso  varied 

t o  some e x t e n t  (Fig. I). The exothemiic peaks o f  

Tinidazole phys ica l  forms did  not  d i f f e r  much 

(Fig. 2).  but t h e  lnelting p o i n t s  o f  Tinidazole 

p o l p o r p h s  were d i f f e r e n t .  

By modif icat ion of  c r y s t d  forms o f  poorly 

water so lub le  drugs l i k e  Ibuprofen, Yinidazole and 

Lorazepan by p r e c i p i t a t i o n  from s u i t a b l e  so lvent ,  

it i s  poss ib l e  t o  a l t e r  t h e  d i f f u s i o n ,  absorption 

and excre t ion  r a t e s .  
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