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ABSTRACT 

The rate at which drugs are released from suppositories and 
absorbed by the rectal mucosa tends to decrease with increasing 
solubility of drug in the base or increasing strength of inter- 

action between them. The solubility of ketoprofen or metronida- 
zole in various molten mono-acid triglyceride constituents of 
fatty suppositories was determined at various temperatures and 
extrapolated to 37OC and to 100°C. With increasing acyl chain 

length of the triglyceride solvent the solubility of both drugs 
tended to decrease and the enthalpy and entropy of solution, 
determined by van't Hoff or Hildebrand plots, tended to become in- 

creasingly positive. 
regular solution theory, indicating that specific solute-solvent 
interactions are important in the solutions. 

The solubility data did not accord with 

The Rf values of 

-I_____-- ' To whom enquiries should be directed. 
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224 LIVERSIDGE AND G W T  

the drugs were determined on triglyceride-impregnated layers of 

silica gel using water: methanol: glacial acetic acid (1O:lO: 

1 v/v) as the moving phase. 
R values was the inverse of that of the solubility values, but 

metronidazole gave a poor rank order correlation between 

partition chromatography and solubility. 

tion of the drugs ( 3 . 4 %  w/w ketoprofen or 2 3 . 4 %  w/w metronidazole) 

had small effects on the phase diagrams of binary mixtures of the 

triglycerides, the eutectic temperatures being lowered by less 

than 1 C and the eutectic composition of the lower melting 

triglyceride being increased by about 10% w/w. 

of these data to drug release are discussed. 

For ketoprofen the rank order of the 

f 

Therapeutic concentra- 

0 

The implications 

INTKODUCTION 

The previous paper in this series considered the inter- 

actions occurring between the triglyceride constituents of fatty 

suppository bases. 

interactions occurring between drugs and the individual triglyc- 

eride suppository constituents (or excipients). Metronidazole 

and ketoprofen were the drugs chosen, mainly on account of their 

contrasting properties. Metronidazole has an aqueous solubility 

of approximately 1% (w/w), a low solubility in triglycerides and 

is present in fatty suppositories as a suspension consisting of 

about 25% w/w of metronidazole in the base. Ketoprofen, on the 
other hand, is practically insoluble in water even at 80 C, is 
quite soluble in triglycerides and is present in suppositories as 
a solid solution (i.e. a molecular dispersion) consisting of 

approximately 3% (w/w) of ketoprofen in the triglyceride base. 

In the present paper we shall consider the 

0 

The release of  a drug from a molten suppository base is 

dependent upon a number of factors which have been listed in a 
I previous paper. The rate at which the active substances are 

released from the suppository and absorbed by the rectal mucous 

membrane is directly linked to the solubility of the active 

substance in the excipient. Active substances which are highly 
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PROPERTIES OF SUPPOSITORIES. I1 225 

s o l u b l e  i n  t h e  e x c i p i e n t  u sua l ly  d i f f u s e  ou t  of t h e  e x c i p i e n t  

much less r a p i d l y  than  do those  which are spa r ing ly  s o l u b l e  

i n  t h e  exc ip i en t .  

e x c i p i e n t  are r e l a t i v e l y  poorly absorbed,  an obse rva t ion  which 

has  been widely repor ted .  

Hence s o l u t e s  which are h igh ly  s o l u b l e  i n  t h e  

2-12 

S o l u b i l i t y  parameters  have been much used f o r  p r e d i c t i n g  t h e  

s o l u b i l i t y  and p a r t i t i o n i n g  behaviour of  many compounds inc lud ing  

drugs  and have been reviewed by Barton.13 

s o l u b i l i t y  parameters  f o r  p r e d i c t i n g  t h e  s o l u b i l i t y  of  metronida- 

z o l e  and ke toprofen  i n  t r i g l y c e r i d e s  i s  t e s t e d  i n  t h e  p r e s e n t  

work. 

The a p p l i c a t i o n  of 

The use  o f  q u a n t i t a t i v e  s t r u c t u r e  a c t i v i t y  r e l a t i o n s h i p s  

(QSAR) and chromatographic techniques i n  p r e d i c t i n g  p a r t i t i o n i n g  

behaviour ,  f r e e  ene rg ie s  of mixing, group c o n t r i b u t i o n s  t o  i n t e r -  

a c t i o n s ,  R va lues ,  i o n i s a t i o n  cons t an t s  and t r e n d s  i n  homologous 

series have been rece ived  by Tomlinson !4 However, such work has  

concent ra ted  on homologous series o f  drug molecules  themselves  

and no work h a s  been r epor t ed  us ing  homologous series of  ex- 

c i p i e n t s ,  such as t r i g l y c e r i d e s .  I n  p r i n c i p l e ,  t h e  group con- 

t r i b u t i o n s  of  a l k y l  s i d e  chain t o  t h e  i n t e r a c t i o n  w i t h  t h e  drug 

could be  determined from the  R 

s t a t i o n a r y  phases.  

showing lower Rf va lues  would b e  expected t o  i n t e r a c t  more 

s t r o n g l y  wi th  t h e  t r i g l y c e r i d e  suppos i tory  bases .  

c reased  i n t e r a c t i o n  w i l l  reduce t h e  release of t h e  drug from t h e  

suppos i tory  mass, i t  may be  p r e f e r a b l e  t o  avoid inco rpora t ing  such 

drugs  i n t o  such suppos i tory  bases .  The p r e s e n t  work tests t h i s  

hypothes is  by comparing t h e  i n t e r a c t i o n s  of metronidazole  and 

ke toprofen  w i t h  va r ious  t r i g l y c e r i d e s .  

The inco rpora t ion  of drugs i n t o  suppos i tory  bases  commonly 

m 

va lues  of  t h e  drugs  w i t h  va r ious  f 
I f  va r ious  drugs were chromatographed,those 

S ince  an in-  

a f f e c t s  t h e  mel t ing  p o i n t  of t h e  base ,  o f t e n  l ead ing  t o  a 

dramat ic  lowering of  t h e  mel t ing  p o i n t  of  t h e  suppos i tory .  This  

e f f e c t  may be compensated f o r  by a l t e r i n g  t h e  p ropor t ions  of  t h e  

t r i g l y c e r i d e s  i n  t h e  exc ip i en t .  For t h i s  purpose knowledge o f  

t h e  in f luence  of t h e  t h e r a p e u t i c  p ropor t ion  of drug on t h e  phase 

diagrams is  m o s t  u s e f u l .  
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226 LIVERSIDGE AND GRANT 

The c l a s s i c a l  U-tube and open-tube methods of de te rmining  

The e f f e c t  of suspeqded mel t ing  po in t  are not  equ iva len t .  "I5 
drug i n  the suppos i tory  may a l s o  c o n t r i b u t e  t o  t h e  I n e q u a l i t y  DF 

t h e  va lues  obta ined  from e i t h e r  test .  

MATERIALS AND METHODS 

The materials, t h e i r  sources ,  t h e  methods of puri . ty d e t e r -  

minat ion and t h e  p u r i t i e s  are descr ibed  i n  t h e  f i r s t  paper jn 

t h i s  series. 

1 

Binary mixtures  of t r i g l y c e r i d e s  and t h e  drugs were prepared 

as fo l lows .  The weighed c o n s t i t u e n t s  i n  a g l a s s  t e s t  tube :*;ere 

r a p i d l y  heated t o  76OC and maintained a t  t h i s  temperature  wi th  

shaking f o r  10 mins; th i s  provided s u f f i c i e n t  t i m e  f o r  a l l  t b +  

ketoprofen  t o  d i s s o l v e  and f o r  t h e  met ronidazole  t o  form a 

s a t u r a t e d  s o l u t i o n  i n  t h e  t r i g l y c e r i d e s .  

r a p i d l y  cooled t o  O°C and maintained a t  t h i s  temperature ,  s t i l l  

shaking f o r  5 mins. 

Af t e r  7 days 6 mg samples were removed, cooled t o  0 C axd 

analysed by d i f f e r e n t i a l  thermal  a n a l y s i s  (DTA) and by hot  s t a g e  

microscopy (HSM). Melt ing p o i n t s  were a l s o  determined kiy t h e  U- 

tube method l6-I8and by t h e  open-tube method. The suppos i to ry  

d i s i n t e g r a t i o n  test of t h e  B r i t i s h  P h a r m a c ~ p o e i a ~ ~ w a s  employed. 

Thin l a y e r  chromatographic p l a t e s  were prepared as fol lows.  

The mixtures  were thexi 

The mixtures  were s t o r e d  a t  room tempernriir-s. 
0 

1 

Merck TLC p l a t e s  20 x 20 cm, precoated w i t h  s i l i ca  g e l  60F 254 

t o  a th i ckness  of 0.25 mm were immersed i n  to luene  s o l u t i o n s  of  

each o f  t h e  fol lowing t r i g l y c e r i d e  materials: Witepsol  E75, 

Witepsol W35, Suppocire A,  t r i c a p r i n ,  t r i l a u r i n ,  t r i m y r i s t i n ,  

t r i p a l m i t i n ,  t r i s t e a r i n .  The concen t r a t ion  of t h e  t r i g l y c e r i d e s  

i n  t h e  s o l u t i o n s  were 5%, 10% and 30% w/v. 

s o l u b i l i t y  of t r i s t e a r i n  i n  toluene,analogous coa t ings  were 

obta ined  from chloroform s o l u t i o n s .  A f t e r  t h e  p l a t e s  had been 

thoroughly soaked they were removed from t h e  s o l u t i o n  and allowed 

t o  evapora te  t o  dryness  i n  a i r  i n  t h e  h o r i z o n t a l  p o s i t i o n  t o  

avoid a t r i g l y c e r i d e  g rad ien t  on t h e  p l a t e .  Small samples of 

Owing to t h e  in -  
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PROPERTIES OF SUPPOSITORIES. I1 227 

the triglyceride-coated silica gel were then removed and further 
dried under vacuum. 
in the coating was determined by analysis of the carbon and 

hydrogen content of these weighed samples using Belcher and 
Ingrams Elemental Analyser. 
or 50 ug of metronidazole in glacial acetic acid were spotted 
onto coated, dried TLC plates. 'L'he chromatograms were de- 
veloped with the solvent mixture: glacial acetic acid, water, 
methanol (1:5:5 v/v), a system which eluted the drugs but not the 
triglycerides. The spots were visualised under U.V. light and 
their R values measured. 

The proportion by weight of the triglyceride 

50 pg of ketoprofen in diethyl ether 

f 
The solubility of the drug in the triglyceride was deter- 

mined at a number of different temperatures. The temperature 
was measured at which each of the various mole fractions of the 
drug just became soluble in each triglyeeride; in practice the 
temperature was recorded at which the last crystal disappeared. 
The triglyceride (10 g) was placed in a large boiling tube 
surrounded by a paraffin bath which was heated electrically. 
Magnetic followers in the paraffin bath and boiling tube enabled 
both liquids to be stored to maintain thermal equilibrium. 
Nitrogen gas was passed very slowly over the liquid to prevent 
oxidation while heating. Under these Conditions evaporation of 
the solvent was negligible. An appropriate mass of drug (1-5% 
w/w) expressed as the mole fraction was added to the triglyceride. 
While heating at a constant rate of about 0.5 to 1.0 C per minute 

the temperature was noted at which the last crystal of solute 
just dissolved in the molten solvent. This temperature was 
within about l0C of the true equilibrium solubility temperature 
for the entire contents of the tube on account of the following 
observations: (a) the temperature was increased very slowly, 
(b) agitation was very rapid, (c) the temperatures were repro- 
ducible within 0.5 to l.O°C, (d) linear van't Hoff (or Hildebrand) 

plots 
correlation coefficients invariably better than ( 5 )  0.9987 and 
usually better than (+) 0.9995 as shown in Tables 2 and 3. The 

0 

of In solubility against 1/T (or In T) were obtained with 
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228 LIVERSIDGE AND GRANT 

procedure w a s  repeated €or  a t  least f i v e  d i f f e r e n t  mole f r a c t i o n s  

of t h e  drug. 

RESULTS AND DISCUSSION 

The s o l u b i l i t y  of t he  drug i n  t h e  base can determine t h e  

mechanism of release and i s  t h e r e f o r e  an  important quan t i ty .  

rate determining s t e p  f o r  drug release from s u p p o s i t o r i e s  con- 

t a i n i n g  t h e  drug suspended as p a r t i c l e s  i s  gene ra l ly  t h e  sed i -  

mentat ion of t he  suspended drug t o  t h e  i n t e r f a c e ,  whereas t h a t  

trom suppos i t ion  conta in ing  t h e  drug i n  s o l u t i o n  i s  t h e  

d i f f u s i o n  of t h e  drug 

Consequently, t he  s o l u b i l i t y  of ketoprofen o r  metronidazole  i n  

t h e  t r i g l y c e r i d e  bases  w a s  determined a t  va r ious  temperatures .  

The s tandard  temperature  chosen t o  d e f i n e  t h e  s tandard  s ta te  f o r  

comparison of the  s o l u b i l i t i e s  of t h e  drugs  i n  t h e  lower 

t r i g l y c e r i d e s  ( t r i c a p r i n  and t r i l a u r i n )  w a s  t aken  as 37OC 

(310.15 K) corresponding t o  body temperature .  For t h e  higher  

t r i g l y c e r i d e s  ( t r i m y r i s t i n ,  t r i p a l m i t i n  and t r i s t e a r i n )  t h e  

s tandard  s ta te  temperature  w a s  taken t o  be 100°C (373.15 K ) .  

reason f o r  t h e  choice  of t h e s e  two s tandard  temperatures  i s  as 

fol lows.  

determined po in t s  l i e  c l o s e  t o  37OC and e x t r a p o l a t i o n  t o  t h i s  

temperature  w i l l  b e  more accu ra t e  than e x t r a p o l a t i o n  t o  100 C. 

The converse i s  t r u e  f o r  t he  h igher  t r i g l y c e r i d e s .  

The  

6,20 from t h e  suppos i tory  t o  t h e  i n t e r f a c e .  

The 

For t h e  two lower t r i g l y c e r i d e s  t h e  exper imenta l ly  

0 

For t h e  thermodynamic a n a l y s i s  of t h e  s o l u b i l i t y  data,  t h e  

s tandard  s ta te  of u n i t  a c t i v i t y  of t h e  s o l u t e  i s  t h e  pure  super-  

cooled l i q u i d  a t  t h e  appropr i a t e  def ined  temperature  (310.15 K o r  

373.15 K) and t h e  temperature  dependence of t h e  s o l u b i l i t y  w a s  

expressed according t o  two a l t e r n a t i v e  methods, A and B. I n  

each method t h e  s tandard  Gibbs f r e e  energy change, AG8, w a s  cal- 

cu la t ed  from t h e  s o l u b i l i t y ,  x y  , a t  t h e  s tandard  temperature ,  T ,  

by means of t h e  equat ion  

AG* = -RT I n  x.. 0 
L 

Eq. 1 
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PROPERTIES OF SUPPOSITORIES. I1 229 

Method A assumed tha t  the d i f f e r e n c e  i n  h e a t  c a p a c i t y ,  AC 
P 

between t h e  s o l i d  and t h e  supercooled  l i q u i d  was n e g l i g i b l e ,  o r  

i n  o t h e r  words that  t h e  tempera ture  dependence o f  t h e  s o l u b i l i t y  

x2,  obeyed t h e  v a n ’ t  Hoff i s o c h o r e  equat ion  

where x is  t h e  s o l u b i l i t y  a t  any tempera ture ,  T ,  R i s  t h e  gas  
-1 8- c o n s t a n t ,  8 . 3 1 4 4  J K-’ mol, and AH 

s o l u t i o n .  

tempera ture ,  a f f o r d s  

2 
is t h e  s t a n d a r d  e n t h a l p y  of 

I n t e g r a t i n g ,  assuming t h a t  AH* i s  independent  o f  

1 n Eq. 3 

where C i s  a c o n s t a n t .  I n  method A I n  x w a s  p l o t t e d  a g a i n s t  

1 / T ,  A# was c a l c u l a t e d  from the g r a d i e n t ,  x y  w a s  o b t a i n e d  by 
A 2 

i n t e r p o l a t i o n  (or  e x p o l a t i o n )  a t  t h e  s t a n d a r d  tempera ture  and 

AG w a s  c a l c u l a t e d  u s i n g  Eq. 1. S i n c e  
8 

AG+= AH@ - TAP Eq. 4 

t h e  s t a n d a r d  e n t r o p y  of  s o l u t i o n ,  AS: w a s  g iven  by t h e  i n t e r c e p t ,  

Method B assumed t h a t  AC a t  t h e  m e l t i n g  p o i n t  w a s  e q u a l  t o  
P 

AS a t  t h e  m e l t i n g  p o i n t  o r  i n  o t h e r  words t h a t  t h e  tempera ture  

dependence of  t h e  s o l u b i l i t y  x obeyed t h e  Hildebrand e n t r o p y  2 
e q u a t i o n  

Eq. 5 

P 
0 where A S  is  t h e  s t a n d a r d  en t ropy  o f  s o l u t i o n .  Thus, I n  x was 

43 8 p l o t t e d  a g a i n s t  I n  T ,  A S  w a s  c a l c u l a t e d  from the g r a d i e n t ,  

was obta ined  by i n t e r p o l a t i o n  ( o r  e x e r a p o l a t i o n )  a t  t h e  s t a n d a r d  

tempera ture ,  AG w a s  c a l c u l a t e d  u s i n g  Eq. 1 and AH from Eq. 4 .  
8 
2 ’  

x2 

8 8 

Table  1 p r e s e n t s  t h e  s t a n d a r d  s o l u b i l i t i e s  o f  t h e  d r u g s ,  x 

from each  method. There i s  a g e n e r a l  t r e n d  of d e c r e a s i n g  
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solubility of each drug upon ascending the homologous series of 
the triglyceride solvents. The exceptional position o i  tricaprin 
could be due to an inaccurate value at 100 C resulting from the 

large extrapolation. Thus, (with the exception of tricaprin) the 
standard free energy of solution for both drugs becomes more 
positive as the homologous series of triglycerides is ascended. 

0 

The thermodynamic quantities of solution for ketoprofen 
(table 11) or for metronidazole (table 111) determined by the two 
methods, A and B, show similar trends but differ in absolute 
values. This i s  ascribed to the different assumptions inherent 
in Eq. 2 and 3. 

group contribution methodz2 and Hoy' s23 concept of chamelionic 
The applicability of regular solution theory, Small's 

character, to the solubility data was tested. Solubility para- 
meters were calculated (table IV) using the data from HoY*~ and 
Ahmad and Ya~een?~ The smaller the numerical difference between 
the solubility parameters of the ketoprofen monomer and that of 
each triglyceride the greater the standard solubility, x2 , of 
the drug in the triglyceride at 37OC. 
100°C, with the notable exception of tricaprin, which, although 
it has the smallestdifference between its solubility parameter 

and that of  ketoprofen, gives the lowest solubility at 100°C. 

The anomalous behaviour of tricaprin at 100°C can be attributed 
to the following limitations: (a) the extrapolation previously' 
mentioned; (b) the proportional error in the calculation of 

the solubility parameter, which may be significant owing to the 
ability of the polar functional groups, carbonyl and carboxyl, to 
form hydrogen bonds 13'22 '25either with other solute molecules or 
with solvent molecules; the solute-solute interaction is steric- 
ally more favourable on account of the hydrocarbon chains; (c) 
breakdown of the geometric mean rule which strictly applied to 
molecules capable of interacting solely by London dispersion 
forces; (d) breakdown of the assumption that the entropy of 
mixing is ideal owing to differences in size of the solute and 
solvent molecules and t o  specific orientation effects. 

8- 

This is also valid at 
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TABLE IV 

Solubility Parameter values (6) of Various 
Triglycerides, Ketoprofen and Metronidazole. 

1 So lub i.li ty Parameter 
aha14 cm - 3 / 2  

Tricaprin 

Trilaur in 

Trimyristin 

Tr ipalmi t in 

Trist earin 

Ketoprofen {monomer) 

Ke top r o fen (d imer ) 

Metronidazole (monomer) 

Metronidazole (dimer) 

9.12 

9.06 

9.02 

8.99 

8.97 

12 .66  

8.95 

11.58 

8.19 

If the metronidazole data (table I) is treated in a manner 
similar to that of ketoprofen, the rank order of ascending solu- 

bilities at 3 7 O C  is: tristearin tripalmitin < trimyristin 

trilaurin < tricaprin. This is the order of  decreasing mole- 

cular weights. However, at 100 C metronidazole is more soluble 

in trilaurin than in tricaprin. 
attributed to the limitations (a) - (d) stated above for keto- 

profen, particularly those arising from the presence of the polar, 

hydrogen-bonding functional groups, hydroxyl, tertiary amino and 

nitro groups. 

0 

This anomoly a t  100°C can be 

Values o f  the solubility parameter obtained for the drug 

monomers indicate that metronidazole should be more soluble than 

metronidazole in the triglycerides. That this is not the case 

casts doubt on the validity of the calculated solubility para- 

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
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meters of  t h e  drugs .  This re -enforces  t h e  e x p l a n a t i o n s  f o r  t h e  

non-regular  behaviour  of  t h e  s o l u b i l i t y  of  each drug  i n  t h e  

t r i g l y c e r i d e s  l i s t e d  above under l i m i t a t i o n s  (a )  - ( d ) .  

I f  d i m e r i s a t i o n  of  t h e  drugs  i s  assumed, t h e  s o l u b i l i t y  para-  

meters t a k e  v e r y  s imilar  v a l u e s  t o  t h o s e  of  the t r i g l y c e r i d e s  

( t a b l e  IV).  S i m i l a r  v a l u e s  of s o l u b i l i t y  parameters  should ,  i f  

r e g u l a r  s o l u t i o n  t h e o r y  were a p p l i c a b l e ,  g i v e  rise t o  a lmost  i d e a l  

s o l u t i o n s .  However, t h e  exper imenta l  mole f r a c t i o n  s o l u b i l i t i e s  

of ke toprofen  or met ronidazole  i n  t h e  t r i g l y c e r i d e s  ( t a b l e  1) are 

c o n s i d e r a b l y  lower than  t h e  i d e a l  mole f r a c t i o n  s o l u b i l i t i e s  ( n e a r e r  

t o  1 . 0  a t  100°C i n  t a b l e  V) as  might b e  expected.  The i d e a l  so lu-  

b i l i t i e s  were c a l c u l a t e d  from t h e  e n t h a l p y  of  f u s i o n  c o r r e c t e d  f o r  

heat c a p a c i t y  d i f  fe rences?6  Thus, p r e d i c t i o n s  of  s o l u b i l i t y  and 

p a r t i t i o n i n g  behaviour  based on & v a l u e s  cannot  b e  made f o r  drugs  

i n  l i p i d  systems,  such as  t r i g l y c e r i d e s ,  because of t h e  breakdown 

of  r e g u l a r  and i d e a l  s o l u t i o n  theory .  

E x t r a p o l a t i o n  of t h e  s o l u b i l i t y  d a t a  t o  37OC p r e d i c t s  t h a t  

k e t o p r o f e n  should  form a s u p e r s a t u r a t e d  s o l u t i o n  which should  s lowly  

p r e c i p i t a t e  c r y s t a l s  of  k e t o p r o f e n  upon s t o r a g e ,  a s  i n  f a c t  observed.  

The i n c o r p o r a t i o n  of t h e r a p e u t i c  p r o p o r t i o n s  of e i t h e r  m e t r o n i d a z o l e  

( 2 3 . 4 %  w/w) o r  k e t o p r o f e n  ( 3 . 4  w/w) caused a change i n  t h e  phase 

diagrams o f  t h e  b i n a r y  m i x t u r e s  of  t r i c a p r i n l t r i l a u r i n  and 

t r i c a p r i n l t r i m y r i s t i n .  

p o i n t ,  b o t h  the e u t e c t i c  composi t ion and tempera ture  b e i n g  changed, 

as sumarised i n  t a b l e  V I .  The r e l a t i v e l y  small e f f e c t s  of  t h e  

drugs  on  t h e  phase diagrams are a t t r i b u t e d  t o  the low s o l u b i l i t i e s  

of t h e  drugs  i n  t h e  t r i g l y c e r i d e s .  

The e f f e c t  w a s  most marked n e a r  the e u t e c t i c  

The e f f e c t s  o f  t h e  i n c o r p o r a t i o n  of drugs  on t h e  U-tube and 

open-tube m e l t i n g  p o i n t s  and on  t h e  B.P.  d i s i n t e g r a t i o n  test of pro- 

posed new s u p p o s i t o r y  f o r m u l a t i o n s  were s t u d i e d  and the r e s u l t s  are 

summarised i n  t a b l e s  VIIa and b and VIIIa and b.  Agreement between 

t h e  U-tube and open-tube m e l t i n g  p o i n t s  i n  t a b l e s  VIIIa and VII Ib  

i s  poor.  T h i s  probably arises from d i f f e r e n c e s  i n  t h e  d e s i g n  o f  

t h e  tests.  The open-tube measurement i s  much more dependent on 

t h e  rheology,  such a s  t h e  s h e a r i n g  p r o p e r t i e s  and v i s c o s i t y  of  
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TABLE VIIa 

Composition of Mixtures of Triglycerides and Drugs 
C b e e n  for Empirical Testing. 

is used in Table VIIIa 
The Coding Described 

Proportions (% w/w> of the 
excipient components 

100% tricaprin 

1002 tricaprin 

100% tricaprin 

90% tricaprin/lO% trilaurin 

90% tricaprin/W% trilaurin 

60% tricaprin/40% trilaurin 
60% tricaprin/40% trilaurin 
60% tricaprin/40% trilaurin 

50% tricaprin/50% trilaurin 

50% tricaprin/50% trilaurin 
40% trFcaprin/60% trilaurin 

40% tricaprin/60% trilaurin 

40% tricaprin/60% trilaurin 

85% tricaprin/l5% tri- 
myr i s t in 

85% tricaprin/l5% tri- 
myristin 

85% tricaprin/l5% tri- 
myris tin 

75% tricaprin/25% tri- 
myris t in 

90% tricaprin/lO% tri- 
palmi t in 

90% tricaprin/IOX tri- 
palmitin 

90% tricaprin/lO% tri- 
palmi tin 

Drug present in 100 nig 
of suppository formulation 

23.4 nrg metronidazole 

3.4 mg ketoprofen 

23.4 mg metronidazole 

3.4 mg ketoprofen 

23.4 mg metronidazole 

3.4 mg ketoprofen 

23.4 mg netronidazole 

3.4 rcg ketoprofen 

23.4 mg metronidazole 

3.4 mg ketroprofen 

23.4 mg metronidazole 

3.4 mg ketoprofen 

23.4 mg metronidazole 

3.4 mg ketoproten 
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TABLE VILb 

Composition of Mixtures of Triglycerides and Drugs 
Chosen for Empirical Testing. 

is used in Table V I I I b  
The Coding uescribed 

~ ~ ~~ 

Proportions (% w/w> of  the 
excipient components 

70% tricaprin/30% tri- 
pa hit in 

70% tricaprin/30% tri- 
palmitin 

70% tricaprin/30% tri- 
palmit in 

90% tricaprin/IO% tri- 
stearin 

90% tricaprin/lO% tri- 
s tear in 

90% tricaprin/lO% tri- 
s t earin 

80% tricaprin/20% tri 
s tear in 

80% tricaprin/2O% tri- 
stearin 

80X t ricaprinf 20% tri- 
s tear in 

Witepsol E75 
Witepsol E75 

Witepsol E75 

Witepsol W35 

Witepsol W35 

Wit ep s o l  W35 
Suppocire A 

Suppocire A 

Suppocire A 

May and Baker suppository 
of netronidazole freshly 
prepared 
May and Baker suppository 
of metronidazole aged 

I__ 

Drug present in 100 mg 
of suppository formulatior 

23.4 mg metronidazole 

3.4 mg ketoprofen 

23.4 mg metronidazole 

3.4 mg ketoprofen 

23.4 mg metronidazole 

3.4 mg ketoprofen 

23.4 mg metronidazole 

3.4 mg ketoprofen 

23.4 mg metronidazole 

3.4 mg ketoprofen 

23.4 mg metronidazole 

3.4 mg ketoprofen 
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TABLE VIIIa 

Resu l t s  of t he  Empir ical  Tests on t h e  Formulations L i s t e d  
i n  Table VIIa 

Code 
composition 

01 

am 

ak 

Bm 

Bk 

Y 

Ym 

yk 
6m 

6k 

E 

Em 

Ek 

5 
cm 
5k 
n 
0 

O m  

Ok 

BP D i s i n t e g r a t i o n  
t es t  

Pass  

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass  

Pass 

Pass 

F a i l  

F a i l  

F a i l  

Pass 

Pass  

P a s s  

F a i l  

Pass 

Pass 

Pass 

'U '  tube 
m e 1  t ing  
po in t  C 

31.6 

30 .4  

31 .3  

30 .8  

29.9 

37.6 

36 .9  

31 .3  

3 7 . 0  

36 .2  

38 .4  

38.4 

37.6 

40.6 

40.0 

39.3 

44.6 

45.6 

39 .6  

4 2 . 6  

Open tube 

; 2 3 c  

3 1 . 1  

31.1 

30.8 

31.0 

29.7 

35.9 

3 8 . 1  

36.8 

38 .2  

37 .6  

3 9 . 0  

4 0 . 0  

33.9 

38.3 

39.7 

35.5 

3 9 . 8  

31.4 

41.3 

31.4 

t h e  system, than is t h e  U-tube method!5 For mixtures  con ta in ing  

metronidazole  t h e  open-tube mel t ing  p o i n t  i s  g e n e r a l l y  less than  

t h e  U-tube va lue ,  t h e  except ions  being Sk, ~ k ,  Yk. The rank 

o rde r  o f  mel t ing  p o i n t s  €or  mixtures  con ta in ing  metronidazole  i s  

gene ra l ly  U-tube < open-tube, t h e  except ions  being g m ,  l m ,  pm, 

Ern, OF. The r e v e r s a l  of rank o rde r  i s  a t t r i b u t e d  t o  t h e  follow- 
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TABLE VIIIb 

Resu l t s  of t h e  Empir ica l  Tests on t h e  Formulations 
Lis ted  i n  Table  VIIb 

- 
Code 

Composition 

i n g  e f f e c t s :  (a )  

BP D i s i n t e g r a t i o n  'U' tube  
me1 t i n g  

- ----I-- po in t  OC 

F a i l  

F a i l  

F a i l  

Pass  

Pass  

Pass  

F a i l  

F a i l  

F a i l  

Pass  

Pass  

Pass  

Pass  

Pass  

Pass  

Pass  

Pass  

Pass  

Pass  

Pass  

55.3 

55.1 

55.8 

35.4 

36.4 

32.2 

61.4 

57.4 

60.6 

38.0 

38.4 

37.4 

37.0 

35.6 

34.6 

35.8 

35.8 

35.4 

35.4 

37.4 

I 

Open tube  
m e 1  t ing  
p o i n t  OC 

47.0 

52.9 

46.6 

32.0 

40.3 

30.9 

52.4 

58.2 

51 .9  

37.4 

37.9 

36.7 

35.3 

35.4 

35.1 

34.9 

35.6 

33.9 

35.2 

n o t  
a p p l i c .  

Suppos i tor ies  conta in ing  metronidazole  have a 

h igh  propor t ion  of t h e  drug i n  the  form of  suspended matter. 

Thus t h e  apparent  v i s c o s i t y  and shea r  stress will be  h igher  than 

i n  s u p p o s i t o r i e s  conta in ing  ketoprofen o r  i n  drug-free base.  The 

open-tube method i s  more s e n s i t i v e  t o  t h e s e  e f f e c t s  and w i l l  
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242 LIVERSIDGE AND GRANT 

t h e r e f o r e  g ive  a h igher  mel t ing  p o i n t  va lue  f o r  metronidazole  

s u p p o s i t o r i e s  t han  f o r  ke toprofen  s u p p o s i t o r i e s  o r  f o r  t h e  drug- 

f r e e  base.  (b)  The f i r s t  s i g n  of movement of s u p p o s i t o r i e s  con- 

t a i n i n g  metronidazole  i n  t h e  U-tube method i s  a t t r i b u t e d  t o  t h e  

f i l t r a t i o n  of t h e  molten t r i g l y c e r i d e  base  through t h e  more r i g i d  

drug p a r t i c l e s  and i s  less dependent on t h e  o v e r a l l  shea r  of t h e  

suppos i tory .  Consequently,  a lower U-tube temperature  i s  obta ined .  

For s tudying  t h e  e f f e c t s  of ageing on t h e  mel t ing  po in t  of  a 

t r i g l y c e r i d e  suppos i tory ,  i t  is  recommended t h a t  t h e  U-tube 

method be  used, because a sample i s  taken  d i r e c t l y  from t h e  s o l i d  

suppos i tory  us ing  a t rocha r ,  a procedure which does no t  a f f e c t  

t h e  polymorphic conten t  of  t h e  suppos i tory .  On t h e  o t h e r  hand, 

i n  t h e  open-tube method t h e  aged suppos i tory  has  f i r s t  t o  b e  

melted;  c a p i l l a r y  tubes  are then dipped i n t o  t h e  molten f a t  and 

t h e  samples are s t a b i l i s e d  a t  O°C f o r  24 hours.  

p rev ious  thermal  h i s t o r y  of t h e  suppos i tory  i s  erased  and t h e  

mel t ing  po in t  determined i s  t h a t  of s u p p o s i t o r i e s  which are 

always only  24 hours  o ld .  The open-tube method is ,  however, more 

s u i t a b l e  f o r  the  q u a l i t y  c o n t r o l  of t r i g l y c e r i d e  i n g r e d i e n t s  p r i o r  

t o  suppos i tory  manufacture,  than f o r  tests i n  which t h e  e f f e c t s  

of ageing are impor tan t ,  as f o r  example i n  h o s p i t a l s .  

Upon me l t ing ,  a l l  

The drugs ketoprofen and metronidazole  were chromatographed 

us ing  r eve r se  phase TLC p l a t e s  coated w i t h  va r ious  t r i g l y c e r i d e s .  

The Rf va lues  obta ined  could then be  r e l a t e d  t o  t h e  r e l a t i v e  

i n t e r a c t i o n s  of each drug wi th  each t r i g l y c e r i d e .  

summarised the  r e s u l t s  f o r  a 13X w/w c o a t i n g  of t r i g l y c e r i d e  

on s i l i c a .  More concent ra ted  coa t ings  gave reduced s e n s i t i v i t y  

which was a t t r i b u t e d  t o  the  adherence of s e p a r a t e  s i l i c a  p a r t i c l e s  

l ead ing  t o  a reduct ion  i n  s p e c i f i c  s u r f a c e  area. Thus a less concentra- 

ted  coa t ing  (13% w/w) g ives  more a c c u r a t e  R v i t u e s  as t h e r e  i s  

a g r e a t e r  s u r f a c e  area f o r  p a r t i t i o n i n g .  The rank o r d e r  i n  

ascending va lues  of Rf f o r  ke toprofen  i s :  

Witepsol  E75 < t r i l a u r i n  < t r i p a l m i t i n  < t r i s t e a r i n  < Suppocire  A < 

Witepsol  W 35. The R va lues  are a func t ion  of  p a r t i t i o n i n g  of 

ke toprofen  i n t o  t h e  t r i g l y c e r i d e s  under t h e  chromatographic con- 

Table  M 

f 

t r i c a p r i n  < t r i m y r i s t i n  < 

f 
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TABLE IX 
R Values of Ketoprofen and M.etronidazole on 
fTLC Rlates coated with a Pure Triglyceride 

Coating % 
w/w triglyceride 

None 
13% tricaprin 
18% tricaprin 
39% tricaprin 
13% trilaurin 
18% trilaurin 
38% trilaurin 

13% trimyristin 
18% trimyristin 
13% tripalmitin 
13% tristearin 
18% t r is t ear in 
13% Witepsol W35 
13% Witepsol E75 
13% Suppocire A 

Rf value of 
ketoprofen 

0.95 

0.31 

0.36 

0.62 

0.42 

0.51 

0.56 

0.32 

0.50 

0.48 

0.53 

0.54 

0.59 

0.40 

0.57 

~~ 

Rf value of 
metronidazole 

0.92 

0.53 
0.69 

0.75 

0.31 

0.50 

0.60 

0.42 

0.73 

0.45 
0.52 

0.63 

0.48 

0.57 

0.7') 

ditions and, on thermodynamic grounds, should be inversely re- 
lated to the solubility of ketoprofen in the triglycerides. This 
prediction was tested at 22OC at which the solubility of ketoprofen 
was evaluated by extrapolating the plots by methods A and B and 
taking the arithmetic mean of the two In xs values at 22OC. 
rank order of the mean extrapolated values of the solubility of 
ketoprofen in the triglycerides at 22OC is: 
trimyristin < trilaurin < tripalmitin < tristearin. 
values show a perfect inverse rank order correlation with the 
solubilities, as predicted thermodynamically, despite (a) the 
long extrapolation in the case of trimyristin, tripalmitin and 

The 

tricaprin < 

The Rf 
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t r i s t e a r i n ,  and (b) t h e  f a c t  t h a t  t h e  va lues  obta ined  r e f e r  t o  

t h e  drug’s  s o l u b i l i t y  i n  t h e  supercooled l i q u i d  t r i g l y c e r i d e  and 

not  n e c e s s a r i l y  t o  t h e  concent ra ted  s o l u t i o n s  of t h e  drug and 

t r i g l y c e r i d e  c rea t ed  on t h e  p l a t e  by t h e  developing so lven t .  

f When t h e  s o l u b i l i t y  and R va lues  are compared f o r  metronida- 

z o l e  t h e  rank o r d e r  c o r r e l a t i o n  i s  poor.  This  l a c k  of c o r r e l a -  

t i o n  may r e s u l t  from t h e  fol lowing e f f e c t s :  (a )  Metronidazole  

i s  much less s o l u b l e  than ketoprofen i n  t h e  t r i g l y c e r i d e s  by a 

f a c t o r  of approximately 30 and may t h e r e f o r e  b e  :Less s e n s i t i v e  

t o  changes i n  t h e  n a t u r e  of t h e  t r i g l y c e r i d e  coa t ing  i n  t h e  

s t a t i o n a r y  phase,  

f o r  metronidazole  than  f o r  ketoprofen.  (b) Under t h e  a c i d i c  

chromatographic cond i t ions  metronidazole  may be p a r t i a l l y  i o n i s e d  

owing t o  i t s  amphoteric n a t u r e ,  whereas most of :the ke toprofen  

w i l l  remain unionised.  This  may f u r t h e r  reduce .the s e n s i t i v i t y  

of t h e  chromatography of metronidazole  t o  changes i n  t h e  s t a t i o n -  

a r y  phase and a l s o  reduces t h e  ex ten t  of  p a r t i t i o n i n g  i n t o  t h e  

t r i g l y c e r i d e s  which r e s u l t s  i n  t h e  much h ighe r  Rf va lues  f o r  

metronidazole  than  f o r  ketoprofen.  

This  i s  r e f l e c t e d  i n  t h e  much h ighe r  Rf va lues  

Under t h e  chromatographic cond i t ions  employed, a comparison 

of the R va lues  f o r  metronidazole  cannot be  used t o  p r e d i c t  t he  

r e l a t i v e  i n t e r a c t i o n s  o r  a f f i n i t i e s  occur r ing  i n  suppos i tory  

formula t ions  f o r  t he  reasons  s t a t e d  above. 

f 

The next  paper i n  t h i s  series cons ide r s  t h e  r h e o l o g i c a l  pro-  

p e r t i e s  of t he  t i - i g lyce r ides ,  of the  proposed new suppos i to ry  

formula t ions  and of some commercial suppos i tory  bases .  The 

r e l a t i o n s h i p s  between t h e  rheo log ica l  p r o p e r t i e s  of  t h e  suppos i tory  

bases  and spreading  i n  t h e  rectum are a l s o  inves t iga t ed .  
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