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ABSTRACT 

Progesterone s o l i d  dispersions i n  polyoxy6thylene g l y c o l  6000 

were prepared by fus ion  method i n  order t o  improve the progesterone 

w e t t a b i l i t y  and s o l u b i l i t y  i n  aqueous body f l u i d s .  I t s  c r y s t a l l i n e  

s t a t e  a f t e r  f us ion  was determined by rad iocrys ta l lography  on the  

pure drug and on the s o l i d i f i e d  melts. I t  has been es tab l i shed t h a t  

a slow coo l i ng  speed o f  the  melt  induced the s tab le  polymorph emer- 

gence i n  the s o l i d i f i e d  me l t  ( a  form). Moreover, X-ray d i f f r a c t i o n  

pa t te rns  i n v e s t i g a t i o n  showed a good phys i ca l  s t a b i l i t y  o f  the pre- 

para t ions  a f t e r  one year storage a t  room temperature. 

INTRODUCTION 

Progesterone, p roges ta t iona l  hormone used t o  c o n t r o l  h a b i t u a l  

abo r t i on  showed a very s l i g h t  water s o l u b i l i t y  (38 Umol.1 

12 pg.ml-' a t  37OC) (1) (2)  (3 )  (41, and was known t o  e x i s t  i n  a t  

l e a s t  two polymorphic forms i n  i t s  c r y s t a l l i n e  s t a t e  ( 5 )  (6) (7). 
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2 56 DUCLOS ET AL. 

The alpha form consisted o f  orthorombic prisms (space group 

P ZIZIZ1, a = 12,598 ; b = 13,832 ; c = 10,384 ; m.p. 127-13loC)(8), 

wh i l e  the  be ta  form consisted o f  orthorombic needles (space group 

P ZIZIZ1, a = 6,252 ; b = 12,592 ; c = 22,488 ; m.p. 121-123°C)(9). 

The alpha form was thermodynamically stable,  wh i l e  the be ta  form 

was metastable (10). 

Because o f  i t s  l i m i t e d  aqueous s o l u b i l i t y  i n  g a s t r o i n t e s t i n a l  

f l u i d s ,  c l i n i c a l  treatment with n a t u r a l  progesterone had prev ious ly  

been hampered by the l ack  o f  an ora l ly  ac t i ve  preparat ion,  b u t  recent- 

l y ,  s i g n i f i c a n t  absorpt ion has been demonstrated a f t e r  o r a l  adminis- 
t r a t i o n  o f  micronized progesterone (11). t i i t h  t h i s  aim i n  view, we 

have used s o l i d  d ispers ion  technology, methods already employed by 

numbers o f  authors f o r  improving the  d i s s o l u t i o n  r a t e  o f  many poor ly  

water-soluble drugs. 

I n  an e a r l i e r  study, we have shown, by d i f f e r e n t i a l  scanning 

ca lo r imet ry ,  that ,  according t o  the manufacturing condi t ions,  proges- 

terone i n  the s o l i d i f i e d  me l t  may occur amorphous or  i n  var ious crys- 

t a l l i n e  s ta tes  (12). To avoid problems such as the emergence o f  meta- 

s tab le  forms i n  the mel t  or polymorphic t ransformat ion dur ing  storage, 

we have establ ished t h a t  a slow coo l i ng  speed from the molten s t a t e  i n  

the  DSC apparatus, al lowed the  prepara t ion  o f  the  progesterone s tab le  

form (alpha form). 

The aim o f  t h i s  work was t o  conf i rm by rad iocrys ta l lography  t h a t  

the  fus ion  and coo l ing  processes i n  the  oil bath  lead t o  the  pure 

alpha form, and t o  examine the e f f e c t  o f  s o l i d  dispersions ageing 

a f t e r  one year storage a t  room temperature. 

EXPERIMENTAL 

Mate r ia l s  

Pure c r y s t a l l i z e d  progesterone ( < 200 pm, alpha form) (Laboratoire 

Besins - Iscovesco, France) and PEG 6000 ( L u t r o l  6000, BASF) were used 

w i thout  f u r t h e r  p u r i f i c a t i o n .  
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EFFECT OF AGEING ON PROGESTERONE 257 

Methods 

Preparat ion o f  s o l i d  dispersions 

S o l i d  d ispers ion  cons is t i ng  i n  mixtures a t  var ious concentrat ions 

o f  progesterone i n  polyoxyethylene g l y c o l  6000 (PEG 6000) were prepared 

us ing  the  fus ion  method c l e a r l y  de f ined by Chiou and Riegelman (13 ) .  
The samples, corresponding t o  a t o t a l  amount o f  5 9, covered the  

range 2 , 5 5  - 75% w/w o f  progesterone - PEG 6000 r a t i o .  A f t e r  weighing 

they were b o t t l e d  i n  a screw - capped pyrex g lass  conta iner  and placed 

f o r  10 m i n .  i n  a Turbula mixer. The phys i ca l  m ix tu re  were heated a t  

13OoC i n  the  same container by immersion i n  an o i l  ba th  u n t i l  comple- 

t e l y  melted. Fused mixtures were s lowly  s o l i d i f i e d  with continuous 

s t i r r i n g  a t  a constant 1°C/min .  coo l i ng  speed i n  order t o  achieve the  

progesterone alpha form i n  the  s o l i d i f i e d  melt .  Then, the  s o l i d  d isper -  

s ions  were removed from the o i l  ba th  and kept f o r  48 H i n  a g lass  

dessicator conta in ing  anhydrous phosphoric acid. A f t e r  hardening, t he  

s o l i d i f i e d  me l t  was pu lver ized  i n t o  a f i n e  powder wi th a g r i n d i n g  m i l l  

and sieved t o  a p a r t i c l e  s i z e  range 

t e l y  b o t t l e d  i n  a g lass  container and s to red  a t  room temperature u n t i l  

phys i ca l  measurements could be made. 

<200 pm. The powders were immedia- 

Pure drug samples were subjected t o  the  same thermal treatment i n  

order t o  evaluate the  fus ion  and coo l i ng  processes i n f l uence  on the  

X-ray d i f f r a c t i o n  patterns.  

Two phys i ca l  mixtures samples (2,576 and 5% w/w progesterone - 
PEG 6000) were prepared by simple mixing o f  these l a s t  two pure 

components possessing the  same p a r t i c l e  s i z e  range ( < 200 p m >  and 

obtained a f t e r  f us ion  and coo l i ng  i n  the  o i l  bath. 

X-ray d i f f r a c t i o n  s tud ies  

An X-ray powder d i f f rac tomete r  (CGR the ta  60) was used t o  deter-  

mine the  phys i ca l  s t a t e  o f  progesterone i n  the  s o l i d  dispersions. 

Powdered samples, pu lver ized  i n  an agate mortar, were mounted 

with adhesive paper on a screen sample holder,  and the  X-ray d i f f r a c -  

t i o n  pa t te rns  were determined us ing  Mo K a1 r a d i a t i o n  ( A  = 0,7093 A )  
f i l t e r e d  by monochromator (2  8 scan speed O,SO/min, 1. 
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2 58 DUCLOS ET AL. 

Powedered samples o f  progesterone, PEG 6000 and phys i ca l  mix tures 

(2,52 and 5% w/w) were examined f o r  standards. 

RESULTS AND DISCUSSION 

The X-ray d i f f r a c t i o n  pa t te rns  o f  progesterone, PEG 6000, phys i -  

c a l  mix tures and var ious s o l i d i f i e d  mel ts  a re  i l l u s t r a t e d  i n  f i g u r e s  

1 - 5 .  

The d i f f r a c t i o n  spect ra o f  progesterone a lpha form, be fore  hea t ing  

and a f t e r  f us ion  and monitored cool ing,  are represented on the  f i g u r e s  

1 (a)  and 1 (b). On t h i s  second spectrum, the  l a r g e  d i f f u s e  hump, the  

weak i n t e n s i t y  and the  broadenning o f  the  peaks i n d i c a t e  t h a t  the  

progesterone i s  i l l - c r y s t a l l i z e d .  However, progesterone main peaks can 

be no t iced  p a r t i c u l a r l y  a t  6O45 and 8 O 5 5  which charac ter ize  t h e  alpha 

form. Add i t ionna l ly ,  the  l ack  o f  metastable progesterone d i s t i n c t i v e  

peaks ( a t  6 O 8  and 8 O 2 )  i n d i c a t e  t h a t  t he  drug c r y s t a l l i z e s  on ly  i n  

i t s  s tab le  form (alpha) when prepared according t o  s o l i d i f i e d  mel ts  

manufacturing condi t ions.  

The X-ray d i f f r a c t i o n  pa t te rns  o f  PEG 6000 r u n  be fore  and a f t e r  

f us ion  are shown on f i g u r e  2.  They are  near ly  superposable and 

e x h i b i t  two peaks o f  h i g h  i n t e n s i t y  ( a t  9O65 and 1 l070) ,  and some 

peaks o f  less  i n t e n s i t y  ( 7 O 7 5 ,  13O20, 13O50, 13O90) ; the  7 O 7 5  peak 

being s t rong ly  reduced a f t e r  mel t ing.  

On f i g u r e  3, the  two s tud ied  p h y s i c a l  m ix tu res  spec t ra  possess 

a l l  the  c h a r a c t e r i s t i c  spectrum l i n e s  o f  PEG 6000, but, i n  add i t i on ,  

they e x h i b i t  two peaks a t  6O45 and 8O55, c h a r a c t e r i s t i c  o f  proges- 

terone alpha form. Moreover, i f  the  f i r s t  peak ( 6 O 4 5 )  i s  near the  

l i m i t  o f  detect ion,  t he  second i s  c l e a r l y  detached from the  noise. 

Th is  means t h a t ,  i n  s p i t e  o f  i t s  sma l l  p r o p o r t i o n  i n  the  mix tu re ,  

t he  c r y s t a l l i z e d  progesterone i s  detectable.  

F igure  4 i l l u s t r a t e s  the  X-ray d i f f r a c t i o n  pa t te rns  examined on 

f resh ly  prepared s o l i d i f i e d  melts. On these spect ra,  f o r  a l l  d i s  - 
pers ions conta in ing  more than 10% progesterone, t he  simultaneous 

presence o f  progesterone and PEG 6000 peaks, w i thout  new peaks nor  

peak displacements, demonstrates the  ex is tence o f  a c r y s t a l l i n e  

mix tu re  of t he  two components. The peaks sharpenning denotes an 
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EFFECT OF AGEING ON PROGESTERONE 259 

I 

I I '  

2 e  

i 

i 

FIGURE I 

X-ray diffraction patterns o f  pure crystallized progesterone alpha 
form before (a) and after (b) controlled fusion and cooling in the 
oil bath. 
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2 60 DUCLOS ET AL. 

i 1 
7" b I I 

13' lo0 
I I I I I 

FIGURE 2 

X-ray d i f f r a c t i o n  pa t te rns  o f  pure pu lver ized  PEG 6000 before (a> 
and a f t e r  (b) con t ro l l ed  fus ion  and coo l i ng  i n  the o i l  bath. 
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EFFECT OF AGEING ON PROGESTERONE 261 

a 

L 
10" 7" 

I 
13" 

I 

2 8  
FIGURE 3 

X-ray d i f f r a c t i o n  pa t te rns  o f  two progesterone-PEG 6000 phys i ca l  
mixtures. Key : a = 2,5:97,5 ; b = 5:95 w/w progesterone-PEG 6000. 
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li 

FIG, 

k 

e 

2 e  

, 4 X-ray diffraction patterns of various progesterone-PEG 6000 
freshly prepared s o l i d  dispersions. Key: a=2,5:97,5 ; b=10:90 ; 
c=30:70 ; d=50:50 and e=75:25 w f w  progesterone-PEG 6000. 
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FIG. 

a 

5 X-ray diffraction patterns of various progesterone-PEG 6000 
solid dispersions after one year storage at room temperature. 
Key: a=2,5:97 ,5  ; b=10:90 ; c=30:70 ; d=50:50 and e=75:25 
w/w progesterone-PEG 6000. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2&4 DUCLOS ET AL. 

increase i n  the c r y s t a l l i n i t y  when the  progesterone concentat ion 

r i s e s  i n  the s o l i d  dispersions. The lack  o f  progesterone charac- 

t e r i s t i c  peaks, on the f i r s t  d i f f rac tograms ( a )  corresponding t o  

2,5L progesterone - PEG 6000 d ispers ion  ( e u t e c t i c  cornpusition 

(12) >, ind ica tes  t h a t  progesterone i s  n o t  c r y s t a l l i z e d  i n  the  me l t  

a t  t h i s  concentrat ion. I n  th i s  p a r t i c u l a r  case, the  l ack  o f  d i sp la -  

cement o f  t he  PEG 6000 peaks leads t o  the  conclusion t h a t  an i n t e r -  

s t i t i a l  s o l i d  s o l u t i o n  has been formed dur ing  manufacturing. 

I n  f i g u r e  5, the X-ray d i f f r a c t i o n  pa t te rns  run one year l a t e r  

on the same s o l i d i f i e d  melts, show a s l i g h t  increase i n  the  proges- 

terone peaks he igh ts  with ageing. This phenomenon a f f e c t s  the  s o l i d  

dispersions with h igh  progesterone content and may be a t t r i b u t e d  t o  

an increase e i t h e r  i n  the  degree o f  c r y s t a l l i n i t y  or i n  the  s i z e  o f  

the  progesterone p a r t i c l e s .  On the  contrary,  on the  f i r s t  d i f f r a c t o -  

gram which concern the 2,5X s o l i d i f i e d  mekt, t he  absence o f  proges- 

terone c h a r a c t e r i s t i c  peaks i s  always observed. 

CONCLUSION 

The X-ray d i f f r a c t i o n  spectra show t h a t  i n  s o l i d i f i e d  melts, t he  

progesterone i s  always present i n  i t s  alpha form and does n o t  undergo 

any s t r u c t u r a l  mod i f i ca t ion .  The presence o f  the  only s t a b l e  form o f  

progesterone i n  the dispersions avoids drug polyrnorphis transforma- 

t i o n s  which might induce mod i f i ca t i ons  i n  s o l u b i l i t y  or d i s s o l u t i o n  

k i n e t i c  with ageing (14) (15) (16) (17) (18). 
The spectra a lso  show a q u i t e  good phys i ca l  s t a b i l i t y  o f  t he  

preparat ions dur ing  storage. A f t e r  12 months, no important change 

appears, except f o r  a s l i g h t  r i s e  o f  the  c r y s t a l l i n i t y  i n  dispersions 

conta in ing  h ighes t  progesterone concentrat ions. Moreover, the  me l t  

w i th  e u t e t i c  composition keeps i t s  amorphous s t a t e  and d i sp lays  an 

exce l l en t  s t a b i l i t y .  

However, the  s t a b i l i t y  o f  s o l i d  dispersions has t o  be estimated 

by the evo lu t i on  o f  d i s s o l u t i o n  k i n e t i c s  and s tud ies  are i n  progress 

i n  our labora tory  i n  order t o  confirm these r e s u l t s  and t o  conclude 

t h i s  work. 
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