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ABSTPACT 

The v i s c o s i t y  and o t h e r  r h e o l o g i c a l  p r o p e r t i e s  of t h e  molten 

base  a t  rectal  tempera ture  can markedly a f f e c t  t h e  r a t e  of release 

and a b s o r p t i o n  of drugs ,  from fa . t ty  s u p p o s i t o r i s s .  The rheograns 

of  pu re  mono-acid t r i g l y c e r i d e s ,  t h e i r  mix tures  and t r ig lycer I .de  

suppos i to ry  b a s e s  were determined a t  v a r i o u s  tempera tures  us ing  a 

r o t a t i o n a l  rheometer .  Completely molten s y s t e m  gave Newtonian 

behaviour ,  while incomple te ly  molten inixtures  , con ta in ing  a sus-  

pens ion  of h i g h e r  me l t ing  t r i g l y c e r i d e ,  exhibited p l a s t i c  

behaviour  w i t h  th ixo t ropy  which r e v e r t e d  t o  ::e..~tonlan behaviour  on 

I_-- 

' To ~7hom e n q u i r i e s  should  b e  d i r e c t e d .  
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248 GRANT AND LIVERSIDGE 

removal, d i s s o l u t i o n  or  mel t ing  of t h e  h ighe r  mel t ing  component. 

The p l a s t i c  y i e l d  va lues  ( t  67 Nm ) were less tnan t h e  r epor t ed  

rectal  p re s su re  (t 300 Ern ), sugges t ing  t h a t  thiJy e x e r t  l i t t l e  

e f f e c t  OR spreading  ir: t h e  rectuin. 

-2 

-2 

INTRO1)UCT I O N  
I 

The f i r s t  paper  i n  t h i s  s e r i e s  l ists  t h e  f a c t o r s  t h a t  a f f e c t  

In the p resen t  pape r  w e  the release of drugs  from supposi tor ies!  

d e s c r i b e  r h e o l o g i c a l  s t u d i e s  of t r i g l y c e r i d e s  and t h e i r  mix tures  

and t h e  e f f e c t  of  v i s c o s i t y  changes on t h e  sp resd ing  of s u p p o s i t o r i e s  

i n  the rat rectum. 

The v i s c o s i t y  of t h e  rrrolten base  a t  body temperzture  can  have 

2 a marked e f f e c t  on t h e  release of a drug. 

r epor t ed  t h s t  r e l e a s e  diminished i n  p ropor t ion  t o  the 1ogari.thm 

of v i s c o s i t y .  On the  o t h e r  hand, h’euwald and Ackad could f i r .d  no 

d i f f e r e m s  i n  tk-e  release of sodium s a l i c y l a t e  from microenenas of  

4 vary ing  v i s c o s i t y .  Rutten-Kingma noted  t h a t  an. i nc reased  

v i s c o s i t y  l e a d s  t o  a decreased r e l e a s e  of sodium ch lo r ide .  

Baichwal and 1,ohi.t 

3 

The e f f e c t  of v i s c o s i t y  of suppos i tory  base.s c.an be comy3.icated 

by r h e o l o g i c a l  f a c t o r s  such as p l a s t i c  flow, paeudop las t . i c i t p  

(decreas ing  v i s c o s i t y  wi th  inc reas ing  shea r  s t r e s s )  and tb ixo t ropy .  

For example M0Es5 a 6  deterniined rheogram of pure suppos i tory  

bases  and of s u p p o s i t o r i e s  covta in ing  paracetainol,  and o f t e n  ob- 

se rved  p l a s t i c  behaviour .  Tn some c a s e s  s l i g h t  t h lxo t ropy  was 

not iced .  As a consequence, a complete p r o f i l e  o f  shear  rate vs. 
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PROPERTIES OF SUPPOSITORIES. I11 249 

shear stress o f  t h e  b a s e  i s  r e q u i r e d  t o  p r e d i c t  the s p r e a d k g  

within the rectum. 

MATERIALS AhrD KETFODS 

The r a t e r i a l s ,  t he i r  p u r i t y ,  the  p r e p a r a t i o n  o f  b i n a r y  

m i x t u r e s ,  m e l t i n g  p o i n t  d e t e r m i n a t i o n s  a r d  t h e  procedure  f o r  

d i f f e r e n t i a l  thermal analysis(DTA) have been d e s c r i b e d  i n  a 

previor ts  paper! 

a v a r i a b l e  stress cone and p l a t e  r h e o x e t e r  (Deer Rheometers Ltd . )  

with a v a r i a b l e - t e m p e r a t u r e  thermal  j a c k e t .  Samples, s t o r e d  f o r  

one  week a f t e r  p r e p a r a t i o n ,  were p l a c e d  on the p l a t e ,  t h e  cone 

assembly was then lowered t o  a p r e - s e t  d i s t e n c e  from t h e  p l a t e  

and the t o r s i o n a l  f o r c e  (shear s t r e s s )  was p l o t t e d  a g a i n s t  t h e  

a n g u l a r  v e l o c i t y  (rate of  s h e a r )  a t  e a c h  of v a r i o u s  t e m p e r a t u r e s .  

On i n c r e a s i n g  t he  t e m p e r a t u r e  from one run t o  a n o t h e r ,  expansion 

caused  t h e  gap between the  cone and the p l a t e  t o  d e c r e a s e .  Con- 

s e q u e n t l y ,  t h e  cone p o r t i o n  of the rheorneter had t o  b e  re-set at- 

each new tempera ture .  A f t e r  running  sarnples at h i g h  t o r s i o n a l  

f o r c e s ,  t h e - d e p e n d e n t  behaviour ,  e, g. t h i x o t r o p y  o r  rheopexy , 

were t e s t e d  by r e d u c i n g  the h i g h  t o r s i o n a l  f o r c e  t o  the f o r c e  

i n i t i a l l y  a p p l i e d .  k?y d i v e r g e n c e  between t h e  i n i t i a l  and f i n a l  

a n g u l a r  v e l o c i t i e s  a t  this same t o r s i o n a l  f o r c e  (between Yun UP" 

and "rtin 1 3 w ~ ' I )  i n d i c a t e d  e i t h e r  t h i x o t r o p y  o r  rheopexy c f  the 

samp 1 e . 

P b e o l o g i c a l  measurenents  \*ere c a r r i e d  o u t  us ing  

The p r o c e d u r e  used f o r  the p r e p a r a t i o n  o f  the s u p p o s i t o r i e s  

w a s  simiiar t o  t h a t  p r e v i o u s l y  d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  of 
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250 GRANT AND LIVERSIDGE 

b i n a r y  mixtures  of  t r i g l y c e r i d e s  and d rugs ,  except  t h a t  O i l  B lue  

dye (Colour Number N 61555, Sigma Chemical Company product  nurnber 

08376)  w a s  s u b s t i t u t e d  f o r  t h e  drug. 

mix tu re  was then  sucked i n t o  a 1 nl i n s u l i n  s y r i n g e  t o  t h e  0.2 ml 

mark. The s y r i n g e  w a s  t hen  p laced  i n  a n  i c e  b a t h  f o r  f i v e  miautes ,  

s t o r e d  a t  4 C f o r  one week. and then  the h e r  end of  t h e  s y r i n g e  w a s  

removed t o  enable  t h e  suppos i to ry  to  b e  i n s e r t e d  d i r e c t l y  from t h e  

s y r i n g e  i n t o  the rat's re.ctum. 

320 g w e r e  used t o  s tudy  t h e  i n g r e s s i o n  of  s u p p o s i t o r i e s  con ta in ing  

t h e  dye i n t o  t h e  rectum and t o  d e v i s e  t h e  n o s t  e f f i c i e n t  method of  

rectal sea l ing .  

The molten dye + t r i g l y c e r i d e  

0 

Female Wistar rats of mass 180 t o  

The fo l lowing  method was developed t o  test t h e  sp read ing  of 

s u p p o s i t o r i e s  i n  rats. Rats w e r e  depr ived  of food f o r  24 h r s  p r i o r  

t o  t h e  experiment bu t  water w a s  provided a d  l i b i t u m .  T h e  method 

took advantage of  the f a c t  thai: r a t s  d e f a e c a t e  when f r i g h t e n e d .  

The rat w a s  removed from i t s  cage  and h e l d  by i t s  t a i l  such t h a t  

i t s  rear l e g s  were h e l d  clear of  t h e  bench. Either a f t e r  f i v e  

minutes  o r  a f t e r  d e f a e c a t i o n  w a s  complete ,  whichaver was l a t e r ,  L;n 

o u t e r  cover  of a p l a s t i c  s y r i n g e  was g e n t l y  i n s e r t e d  i n t o  the ra t ' s  

rectum. 

s h a r p  i n c r e a s e  i n  t h e  r e s i s t a n c e  t o  i n s e r t i o n .  The p l a s t i c  cover  

w a s  t h e n  removed and t h e  rat  h e l d  u n t i l  t h e  p e l l e t  w2.s expe l l ed .  

The p l a s t i c  cover  WBS aga in  l n s e r t e d  and t h e  p rocess  r epea ted  u n t i l  

no f u r t h e r  p e l l e t s  were encountered.  

- ---..__ 

The presence  of any f a e c a l  p e l l e t s  was d e t e c t e d  by a 

A E t e r  t h e  i n i t i a l  purg ing  6esc r ibed  above the r a t  w a s  re- 

p laced  i n  i t s  cage ,  removed a f t e r  one hour  2nd the whole pxoccss  
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PROPERTIES OF SUPPOSITORIES. I11 25 1 

l i s t e d  above w a s  r epea ted  as a f i n a l  purging. 

w a s  t hen  i n s e r t e d  i n t o  the r e c t u n  fol lowed by s e a l i n g  of  t h e  

rectum w i t h  cyanoacrylate-  ester adhes ive  ( L o c t i t e  Super Glue 3 ) .  

The rat  w a s  t h e n  p laced  i n  a cage with food and s a c r i f i c e d  a f t e r  

the a l l o t t e d  t i m e  by humane a s p h i x i a t i o n .  The dead animal  was 

d i s s e c t e d  and t h e  d i s t a n c e  of i n g r e s s i o n  of t h e  suppos i to ry  con- 

t a i n i n g  t h e  dye was neasured from t h e  e x t e r n a l  a n a l  s p h i n c t e r .  

The suppos i to ry  

RESULTS Ah9 DISCUSSION 

The v i s c o s i t y  of t h e  base  i s  one of t h e  most import.ant 

parameters  governing t h e  release of a drug from a suppos i to ry .  

A b a s e  of l o w  v i s c o s i t y  should spread  f u r t h e r  up the rectum 

g iv ing  an  inc reased  s u r f a c e  area f o r  d i f f u s i o n  and abso rp t ion .  

I n  drug-suspension suppos i - tor ies  a b a s e  of  lower v i s c o s i t y  should 

g i v e  rise t o  a h ighe r  rate of sed imenta t ion  of  t h e  drug,  and i f  

the drug is r e a d i l y  s o l u b l e  i n  wa te r ,  t h i s  e f f e c t  w i l l  i n c r e a s e  

t h e  d i s s o l u t i o n  rate. When t h e  suppos i to ry  sp reads ,  i t s  bulk  

t h i c k n e s s  i s  reduced,  thereby  f u r t h e r  i n c r e a s i n g  t h e  rate of 

sed imenta t ion  of t h e  drug from t h s  base .  

The v i scous  behaviour  exh ib i t ed  by t r i g l y c e r i d e s  arid b ina ry  

mixtures  of t r i g l y c e r i d e s  can b e  c l a s s i f i e d  as  e i t h e r  Mevtonian. o r  

non-Newtonian. Newtonian behaviour  i s  i n d i c a t e d  r ~ h e n  n p l c  t of  

angu la r  v e l o c i t y  ( shear  r a t e )  vs. tors i .ona1 f a r c e  ( shear  stress) 

g i v e s  a s t r a i g h t  l i n e  through t h e  o r i g i n  (F igure  1, l i n e  A ) .  T h e  

s l o p e  of  t h e  l i n e  i s  taken  as t h e  s imple  Vi scos i ty ,  ns. 

Newtonian behaviour  encountersd i n  b i n a r y  mixtures  i s  i l l u s t r a t e d  

Non- 
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252  GEMT AND LIVERSIDGE 

fl fh 

Shea r  stress (D) 

FIGURE 1 

Rela t ionsh ip  between s h e a r  r a t e ,  T, and s h e a r  stress, 
D ,  €o r  materials t h a t  e x h i b i t  Newtonian flow ( l i n e  A) 
and p l a s t i c  flow ( l i n e  B) 

in Figure  1, l i n e  B. Th i s  t ype  of behaviour  i s  c l a s s i f i e d  as I I O ~ I -  

Newtonian p l a s t i c  behaviour .  In some cases s l i g h t  t h ixo t ropy  i s  

a l s o  observed. Non-Newtonian p l a s t i c  behaviour  can be  t r e a t e d  

i n  a n m b e r  of ways: Two p l a s t i c  v i s c o s i t y  va lues  are used i n  

t h i s  paper ,  namely apparent  v i s c o s i t y ,  and Hingham p l a s t i c  

v i s c o s i t y ,  rl 

a' 

Apparent v i s c o s i t y ,  
P I '  a '  i s  obta ined  by t r e a t i n g  

the d a t a ,  used t o  p l o t  l i n e  B i n  F igu re  1, t o  a l i n e s r  r e g r e s s i o n  
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PROPERTIES OF SUPPOSITORIES. I11 253 

‘a. a n a l y s i s ,  the s l o p e  corresponding t o  t h e  apparent  v i s c o s i t y ,  

The Eingham p l a s t i c  v i s c o s i t y ,  i s  obta ined  by t r e a t i a g  t h z  

mixtures  as Bingham bodies .  F igu re  1 l i n e  B shows a p l a s t i c  

system, where f 

lowes t  shea r  stress a t  which flow can  occur ) ,  f corresponds t o  

t h e  Bingham y i e l d  v a l u e  (determined by e x t r a p o l a t i o n  of t h e  l i n e a r  

p o r t i o n  of t h e  c u r e  t o  t h e  shea r  stress a x i s )  and f 

t o  the shea r  stress beyond which t h e  f low curve  becomes Itnear. 

For Ringnam bod ies  the p l a s t i c  v i s c o s i t y ,  r2 i s  g iven  by 

P l y  

corresponds t o  the s t a t i c  y i e l d  va lue  ( i . e .  1 

B 

cor responds  h 

P l y  

where D r e p r e s e n t s  the s h e a r  stress and T t h e  sheax rate. 

arrangement g i v e s  

Re- 

Thus, a p l o t  o f  shea r  rate a g a i n s t  co r rec t ed  s5ear stress (D - f t )  

over  t h e  l i n e a r  p o r t i o n  of  t h e  cu rve  w i l l  g ive  a s t r a i g h t  l i n e  

whose s l o p e  corresponds t o  t h e  p l a s t i c  v i s c o s i t y  , 

t h i s  p l a s t i c  v i s c o s i t y  w i l l  on ly  man i fe s t  i t s e l f  above a g iven  

s h e a r  stress, f h ,  t h e  v a l u e  of  the p l a s t i c  v i s c o s i t y  must b e  

quoted with r e f e r e n c e  t o  a minimum v a l u e  of shea r  stress. 

B 

S ince  
Opl. 

The pure  nionoacid t r i g l y c e r i d e s ,  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  and t r i s t e a r i n ,  a l l  show Newtonian 

behaviour  with a simple v i s c o s i t y ,  ns, and no time-dependent 

e f f e c t s .  

p e r a t u r e ,  b u t  becomes less s e n s i t i v e  t o  temperature  v a r i a t i o n s  

F igu re  2 shows tha t  ns dec reases  with i n c r e a s i n g  t e m -  
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254 GRANT AND LIVERSIDGE 
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20 

FIGURE 2 

Variation of viscosity with temperature for: 

tricaprin (TC) , trilaurin (TL) , trinyristin (TM) , 
tripalnitin (TP), and tristearin (TS) 

-2 1 cp = 1 mN,m I s =,l d ‘ a . s  

at higher temperatures. On ascending the homologlws series of 

rnonoacid triglycerides, there is a general trend 3f increased 

ns at a given temperature. 

ception to this rule and Figure 2 also reveals a discrete dis- 

continuity in the curve of tripalmitin at 71 C to 73OC. 

similar, though less pronounced, discontinuity wae detected in 

However, tripalnitin was the ex- 

0 A 
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PROPERTIES OF SUPPOSITORIES. I11 255 

0 
t he  curve  f o r  t r i m y r i s t i n  a t  64 C .  

t o  m a l l  quant l l t i es  of i m p u r i t i e s  i n  the sample .  

Watson’” found t h a t  the presence of  small  q u a n t i t i e s  of i m -  

p u r i t i e s  i n  t r i s t e a r i n  had a l a r g e  e f f e c t  on t h e  v i s c o s i t y ,  

a l though i t  d idnot  al ter s i g n i f i c a n t l y  those  p r o p e r t i e s  whi.ch re- 

p re sen t  classical  c r i t e r i a  of p u r i t y ,  e.g. dens i ty  and r e f r a c t i v e  

index. 

These e f f e c t s  may be  a t t r i b u t e d  

Joglekar  and 

The va r i a t ion .  w i th  temperature  of t he  v i s c o s i t y  of t h e  

fol lowing b ina ry  mixtures  i s  i l l u s t r a t e d  i n  F igure  3:  

t r i c a p r i n  + 402 w/w t r i l a u r i n  ( t c , ) ;  

w/w t r i l a u r i n  ( t c2 ) ;  

go‘/, w/w t r i c a p r i n  + 10% w/w t r i p a h i t i n  ( t q ) ;  

8% w/w t r i s t e a r i n  ctc5). 

ponds t o  p o i n t s  t h a t  exh ib i t ed  Newtonian s i n p l e  v i s c o s i t i e s ,  

and t h e  d o t t e d  l i n e  corresponds t o  p o i n t s  t h a t  exh ib i t ed  non- 

60% v / w  

40X W / W  t r i c a p r i n  + 60% 

75% w/w t r i c a p r i n  -k 25% w/w t r i m y r i s t i n  ( t c 3 ) ;  

92% w i v  t r i c a p r i n  + 
I n  F igure  3 t h e  continuous l i n e  corres-  

‘ l S 1  

Newtonian behaviour from which apparent  v i s c o s i t i e s ,  na Y were 

ca l cu la t ed .  

80 C ,  the v i s c o s i t i e s  of t he  m i x t u r e s  tend t o  converge. 

t he  rank o r d e r  of  i nc reas ing  

A t  4 3  C the rank o rde r  of i nc reas ing  v i . scos i ty  is t c ) <  tc2< t c j  < 

tc,+ < tc5,  a l though a t  t h i s  temperature  t c g ,  tc4 and t cS  are ex- 

h i b i t i n g  11, and the s i g n i f i c a n c e  of the rank o rde r  is somewhat 

doubtful .  

It can b e  seen that a t  h igh  t enpe ra tu res ,  such as 

0 A t  80’6 

is: tcq < t C )  < t y  tc3< tc2 .  % 
0 

Figure 3 shows t h a t  Newtonian ( r l J  behaviour i s  exh ib i t ed  

1 
Comparison with the  phase d i ag ram,  by t c ,  over  t he  e n t i r e  range. 
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256 GRANT AND LIVERSIDGE 

4 0  1 
30 4 - . 1 

15 20 
Viscosity (cp) 

9 10 

FIGURE 3 

V a r i a t i o n  of v i s c o s i t y  w i t h  tempera ture  f o r  b i n a r y  mix tu res  
o f :  

60% w/w t r i c a p r i n  + 40% w/w t r i l a u r i n  (a) 
40% w/w t r i c a p r i n  + 60% w/w t r i l a u r i n  (a) 
75% w/w t r i c a p r i n  + 25% w/w t r i r n y r i s t i n  (0) 
90% w/w t r i c a p r i n  + 10% w/w t r i p a h i t i n  (0) 
92% w/w t r i c a p r i n  + 8% w/w t r i s t e a r i n  (c8 

----- = e x t r a p o l a t i o n  t o  a p o i n t  e x h i b i t i n g  
non-Kewtonian behaviour.  

-2 1 c P  = 1 m N . m . s  = 1 m P a . s  

Figure  4 ,  shows that  t c ,  corresponds t o  the e u t e c t i c  compcsit ion.  

S ince  complete R e l t i n g  of t h e  mixture  occurs  a t  t h e  e u t e c t i c  

temperature ,  no suspended p a r t i c l e s  of excess t r i g l y c e r i d e  are 

p resen t  i n  t c ,  above t h i s  temperature .  For t cp  Newtorian (p ) 
'S 

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.



PROPERTIES OF SUPPOSITORIES. I11 257 

V 

E 
E 

+- 

Q 

I- 
E 

6 0 .  

50 - 
0 , ) \  

40 . 

3 0 
0 

30. 

20 - 

0 

10. 

0 ,  

6 0 .  

50 - 
, ) \  

3 
0- " 

40 . 

0 
0 

30. 8 

0 

20 - 

0 
0 

0 
10 3 

0 ,  I , I 

0 0.2 0.4 0.6 0.8 1 .o 
TL Mass fraction of tricaprin TC 

FIGUXE 4 

Phase diagram of  b inary  mixtures of t r i c a p r i n  (TC) 
and t r i l a u r i n  (TL) determined by DTA 

0 - endotherm @ = e x o t h e m  

0 behaviour is exh ib i t ed  a t  4 3  C ,  and, f o r  the composition under 

cons ide ra t ion  (40% w/w t t i c a p r i n f 6 0 Z  wfw t r i l a u r i n ) ,  r e f e rence  t o  

the phase diagram (Figure 4 )  shows t h a t  th i s  temperature  corres- 

ponds q u i t e  c l c s e l y  t o  t h e  mel t ing  p o i n t  of the h igher  mel t ing  

t r i g l y c e r i d e ,  t r i l a u r i n ,  which i s  i n  excess .  Thus,  non-Newtonian 
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258 GRANT AND LIVERSIDGE 

behaviour i s  exh ib i t ed  when t h e  h igher  rnelt ing component, 

t r i l a u r i n ,  i s  p resen t  as a s o l i d  suspended i n  t h e  b ina ry  l i q u i d  

mixture .  When, a t  a h igher  temperature ,  t h e  excess  s o l i d  has  

melted (o r  d i s so lved) ,  rheo log ica l  behaviour  becomes Newtonian 

(ns). 

obse rva t ions  i n d i c a t e  t h a t  any mixture  of t r i g l y c e r i d e s  w i l l  be- 

have i n  a Newtonian (n ) manner provided a l l  t h e  components are 

i n  t h e  l i q u i d  state. 

Analogous behaviour  i s  exh ib i t ed  by t c g ,  tc4 and tc5.  These 

S 

Figure  5 shows t h e  temperature  dependence oE v i s c o s i t y  of 

t h r e e  commercial suppos i to ry  bases .  The cont inuous l i n e  co r re s -  

ponds to p o i n t s  t h a t  exh ib i t ed  Newtonian s imple v : i s c o s i t i e s  (q ) 

and t h e  do t t ed  l i n e  t o  p o i n t s  that  exh ib i t ed  non-Newtonian 

behaviour  from which t h e  apparent  v i s c o s i t i e s ,  qa, were ca l cu la t ed .  

For Witepsol  E75 Newtonian (q ) behaviour  i s  e x h i b i t e d  a t  o r  above 

42OC,  which exceeds the DTA mel t ing  point’  a t  40.4 C. 

d i c a t e s  that  Newtonian (n ) f l o w  i s  g iven  only  a t  tempera tures  

above t h e  mel t ing  po in t  of  t h e  h ighe r  me l t ing  component of  t h i s  

commercial base.  S imi l a r  behaviour  i s  exh ib i t ed  ‘by Witepsol  W35 

and Suppocire A.  Thus , the  g e n e r a l i s a t i o n  a t  t h e  end of t h e  las t  

s 

S 

0 This  in-  

S 

paragraph f o r  b ina ry  mixtures  of nono-acid t r i g l y c e r i d e s  a l s o  

a p p l i e s  t o  the complex mixtures  of t r i g l y c e r i d e s  that c o n s t i t u t e  

commercial suppos i to ry  bases .  Any suspended t r i g l y c e r i d e  material  

e v i d e n t l y  g ive  non-Newtonian behaviour . 

Mixtures t h a t  exh ib i t ed  non-Xewtonian p l a s t i c  flow a t  given 

p l ’  f B ’  f h  tempera tures  are l i s t e d  i n  Tzble  1 toge the r  w i t h  the Q 
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80 

7 0  

u 60 
0 

0)  
k 
3 
c, 
;f 50  

40 

30 . 
10 20  

I 

30 

V i s c o s i t y  (cP) 

FIGURE 5 

V a r i a t i o n  of v i s c o s i t y  w i t h  tempera ture  o f  t h e  
commercial suppos i to ry  bases  Witepsol  E75 (a), 
Witepsol  W35 (0) and Suppocire  A ( 0 )  

------ = e x t r a p o l a t i o n  t o  a p o i n t  t h a t  is 
e x h i b i t i n g  non-Newtonian behaviour  

-2 1 CP = 1 m N . m .  s = 1 m P a .  s 

and f v a l u e s  and t h e  c o r r e l a t i o n  c o e f f i c i e n t  of t h e  l i n e a r  D vs.  

T p l o t .  The d a t a  i n  Table  1 show t h a t  a l i n e a r  p l o t  c o r r e s -  

ponding t o  a f i n i t e  p l a s t i c  v i s c o s i t y  (n ) is  g iven  by each 

mixture  above a y i e l d  v a l u e  (f ) of 66.94 N m. S i n c e  the p r e s s u r e  h 

i n  the rectum is normally 300 N m, t h e  melted m a s s  e x h i b i t s  

p l a s t i c  flcw (71 ) i n  the rectum. Although t h i x o t r o p y  f u r t h e r  

1 

PI 
-2 

9-12 -2 

P I  
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complicates  p r e d i c t i o n s  of  t h e  rheo log ica l  behaviour  of the base  

i n  the rectum, t h i s  e € f e c t  i s  on ly  s l i g h t  i n  the p r e s e n t  system 

and would not  be expected t o  exert a s i g n i f i c a n t  e f f e c t  on t h e  

rheology i n  the rectum. 

p r e d i c t i o n s  of  t h e  v i s c o s i t y  of  a p l a s t i c  base  i n  t h e  rectum. 

It is  t h e r e f o r e  p o s s i b l e  t o  make v a l i d  

P las t ic  behaviour  and th ixo t ropy  have a l s o  been found by 

~ I o E s ~ ’ ~  and b y  MoEs and Jaminet13 i n  commercial t r i g l y c e r i d e  bases  

examined a t  temperatures  below t h e i r  clear p o i n t ,  which is t h e  

temperature  above which a l l  t h e  s o l i d  t r i g l y c e r i d e  components 

have r .elted o r  di.ssolved. 

Rutten-Kingma e t  alt: found that a dec rease  i n  the v i s c o s i t y  

caused an  i n c r e a s e  i n  spreading  i n  t h e  gut .  

are dragged a long  w i t h  t h e  suppos i to ry  base ,  provided t h a t  the 

d.ensity of t h e  p a r c i c l e s  i s  not  too high.  Var i ab le s ,  such  as 

p a r t i c l e  s i z e  and concen t r a t ion ,  are seen  t o  have l i t t l e  e f f e c t  on 

t h e  spreading  behaviour of the  suppos i to r i e s .  Th i s  was conf inned 

by Schoonm -- e t  a l f5  

.importance i n  de te rmic ing  spreadi.ng. With t h i s  i n  riiind, 

s u p p g s l t o r i e s  o f  vary ing  v i s c o s i t y  and composition, and con ta in ing  

a dye, were i n s e r t e d  i n t o  rat r e c t a .  The measured d i s t a n c e  0.f 

i n g r e s s i o n  of t h e  dye up t h e  g a s t r o i n t e s t i n a l  t r ac t  i s  shown in 

Table 2. The spread  of t h e  molten m a s s  of t h e  suppos i to ry  was 

found t o  b e  i n h i b i t e d  by t he  lowest  f a e c a l  p e U e t  i n  t h e  t r a c t .  

Th i s  i s  i l l u s t r a t e d  by Table  2 columns 2-5 which relate t o  t h e  

methods of purging. With no purgi-ng a t  a l l ,  s u p p o s i t o r i e s  spread 

orily as f a r  as th s  f i r s t  f a e c a l  p e l l e t .  Using only  t h e  i n . i t i a 1  

Suspended p a r t i c l e s  

Thus t h e  v i s c o s i t y  of t h e  base is of p r i a e  
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Tvo purgings 

i n t e r v a l  
purging purging with a 1 0  m i r i  

suppos i to ry  
(see below) 

3 . 3  6.1 11 .4  t c  

tc2E) 3.1 4.2 5.6 

t c  4 . 4  7.6 8 .2  

2.8 2.8 10.0 

1 D  

3D 

tC4D 

tc5D 3 . 6  4.9 9.8 

,--I.- 

GRANT AND LIVERSIDGE 

Two purg ings  
w i t h  a 120 min 

i n t e r v a l  

13.1 

7.2 

10.0 

12.2 

12.5 

--I 

TABLE 2 

1 D  t c  

t CZD 

t C 3 D  

t C 4 D  

tc5D 

The i n g r e s s i o n  of s u p p o s i t o r i e s  con ta in ing  d;re from 
the rectum i n t o  t h e  g a s t r o - i n e s t i n a l  tract  of r a t s  
de te rn ined  by us ing  various methods of purging. 

I 
20.0 108.0 

2Q.0 72.0 

20.0 135.0 

1 I 

- 
Other triglyceride 

.- 

72.0 mg of t r i l a u r i n  

103.0 mg of t r i l a u r i n  

45.0 rng of t r i m y r i s t i n  

18.0 mg of t r i p a h i t i n  

14.4 mg of t r i s t e a r i n  

t , I- 4 
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purging,  t h e  i n g r e s s i o n  of t h e  suppos i tory  i s  s t i l l  l i m i t e d  by t h e  

lowest  f a e c a l  p e l l e t .  However, when t h e  rat i s  sub jec t ed  t o  bo th  

the i n i t i a l  and f i n a l  purging,  no f a e c a l  p e l l e t s  were encountered 

upon spreading  by t h e  suppos i tory  mass. Thus, the sp read ing  

should now be r e l a t e d  t o  the physico-chemical p r o p e r t i e s ,  such as 

t h e  v i s c o s i t y  of the base.  

For r a t s  t h a t  have been s u b j e c t  t o  both  the i n i t i a l  and f i n a l  

purging,  Table  2 shows t h a t  the. i n i t i a l  spreading  i s  very  r a p i d  

(e.g. t c  which correspoxds t o  formula t ion  t c  with dye added, 

sp reads  1 1 . 4  c m  i n  10 m i r . )  , fol lowed by a much slower rate of 

1D 1 

spreading  (corresponding t o  a f u r t h e r  1.7 c m  i n  the subsequent  

110 m i d .  

i n g  the rectum t o  b e  i n i t i a l l y  d is tended  by a s o l i d  suppos i to ry  
3 

of volune 0.2 cm. 

i n  the a r e a  of the suppos i to ry  s o  t h a t ,  dur ing  mel t ing ,  t h e  

suppos i to ry  is squeezed ou t  a long the g a s t r o - i n t e s t i n a l  (g . i .  ) 

tract  u n t i l  t h e  m a s s  has  rml ted  comple tdy .  Following t h i s  r a p i d  

process ,  subsequent sprezding  i s  governed by the normal p r e s s u r e  

i n  the g. i .  t ract ,  such as  t h a t  caused by p e r i s t a l s i s .  The ex- 

t e n t  of i n i t i a l  spreading  w i l l ,  of course ,  be  determined by the 

v i s c o s i t y  as well as by t h e  distension of tI., 3- rectum. 

The spreading  of t h e  molten suppos i tory  m a s s  w i l l  occur  i n  

This spreading  behaviour can b e  expla ined  by consider-  

T h i s  causes  a r e l a t i v e l y  l a r g e  r e c t a l  p r e s s u r e  

b o t h  d i r e c t i o n s  along t h e  g . i .  t ract .  

i r r i t a n t  method of rec ta l  s e a l i n g  must b e  used t o  prevent  ex- 

pu l s ion  of t h e  suppos i tory  material by t h e  rat .  

methods used for s e a l i n g  t h e  rat 's  rectum can on ly  be performed 

Thus an  e f f i c i e n t  b u t  non- 

The v a r i o u s  
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on r a t s  t h a t  have been anaes the t i s ed  o r  r e s t r a i n e d  i n  some way. 

All t h e s e  methods a l t e r  t h e  g . i .  t rac t  movement arid some procedures  

e.g. anaes thes i a ,  a l s o  al ter the rectal  temperature.  Cyanaocrylate  

ester g l u e  was placed over  t h e  rectum a f t e r  inse . r t ion  of t h e  

suppos i tory .  Th i s  procedure was very  e f f e c t i v e  and had the 

fo l lowing  advantages:  (a) i t  produced a s t rong  :Seal w i t h  no 

l eak ing ,  as  ind ica t ed  by no l o s s  oE dye; (b) i t  was n o t  d i s t r e s s -  

i n g  t o  t h e  ra t .  Unfor tuna te ly ,  t h e  seal. is permanent, s o  t h e  

animal must be  s a c r i f i c e d  a f t e r  such a procedure.  

I f  t h e  v i s c o s i t y  of a base  i s  t h e  determining f a c t o r  in t h e  

spreading  of  a suppos i tory ,  a decreased v i s c o s i t y  should l ead  t o  

inc reased  spreading .  The rank o rde r  c o r r e l a t i o n  between t h e  

spreading  of suppos i to ry  (Table 1: 

the v i s c o s i t i e s  (Figure 3 ,  T a b l e  I: 

show a n  i n v e r s e  r e l a t i o n s h i p ,  bu t  a poor rank o r d e r  c o r r e l a t i o n ,  

2 1  
T, w a s  ob ta ined .  Using Kendal l ' s  method of rank c o r r e l a t i o n  

t c I  t c ,  > tc5> t c  > t c ,  ) and 
4 3 2  

t cg> t c g >  tc+> tc2> t c l )  should 

= -0.2 w i th  a s t a t i s t i c a l  s i g n i f i c a n c e  of  less than 0.5 (having 

made a c o r r e c t i o n  f o r  c o n t i n u i t y  i n  t h e  s t a t i s t i c a l  s i g n i f i c a n c e ) .  

I f  a similar comparison i s  made aEter 120 min (rank. o rde r  of 

sp read ing  t c l >  t c 5  > t cq>  tc3> t c 2 ) ,  a b e t t e r  c .o r r e l a t ion  

i s  obta ined  wi th  a s i g n i f i c a n c e  of appro:-::iiatcly 0.1, though :i 

p e r f e c t  rank o r d e r  c o r r e l a t i o n ,  T = -1.0, i s  no t  observed. 

T = -0.6, 

This i n d i c a t e s  that  a d d i t i o n a l  f a c t o r s  may govern t h e  spread of 

t h e  molten suppos i tory  mss i n  t h e  rectum, f o r  example, movement 

by p e r i s t a l s i s  o r  movement a r i s i n g  from t h e  v a r i a b l e  pos tu re  of 

the rat. The i n t e r f a c i a l  t e n s i o n  could a l s o  a f f e c t  the spreading  
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b u t  may be of  minor o r  n e g l i g i b l e  s i g n i f i c a n c e  i n  view of  t h e  

fact  that the normal g . i .  t ract  p r e s s u r e  i s  about  300 Nm. 

I n i t i a l  sp read ing  c o r r e l a t e s  w i t h  v i s c o s i t y  w i t h  less s t a t i s t i c a l  

s i g n i f i c a n c e  than  sp read ing  a f t e r  a longe r  pe r iod  of t i m e ,  f o r  t h e  

r easons  o u t l i n e d  i q  t h e  p rev ious  paragraph. 

-2 

22 
The p rev ious  paper  i n  t h i s  series considered the i n t e r a c t i o n s  

between t h e  c o n s t i t u e n t s  of  f a t t y  b a s e s  and t h e  drugs,  ke top ro fen  

and met ronidazole ,  wh i l e  t h e  nex t  paper  w i l l .  assess t h e  i n f l u e n c e  of 

t h e  r h e o l o g i c a l  and spreading  d a t a  on t h e  

d rugs  from s u p p o s i t o r i e s .  

viva release of t h e  
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