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By Sat ishchandra P. P a t e 1  ann Char les  I. Jaro*sLi+ 

(Department of Allied Heal th  anU I n d u s t r i a l  Sciences,  St .  Jonnts  
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Jamaica, Pew York, 11439) 

aE!!!zcY 
p - E i t o s t e r o l ,  c h o l e s t e r o l  an0 i t s  a c e t a t e  and n-aecyla te  

esters were used. i n  3, 4.5 and G f o l a  e x c e s s  wi th  s a l i c y l i c  a c i a ,  

s a l i c y l a m i d e ,  a s p i r i n  and metnyl  s a l l c y l a t e  w i t h  and wi thout  

l a c t s s e .  D i s s o l u t i o n  stuaies were cortauctea i n  sirnulatea g a s t r o -  

i n t e s t i n a l  f l L i a r  with and wi thout  sodiu.0 c n o l a t e .  Tne in atrg 

a i s s o l L t i o n  r a t e  of s a l i c y l i c  6 ~ 1 0  sras markedly enhmcoa in t h e  

presence of the  D i l e  sa l t .  Although t h e  a i s s o l u t i o n  r a t e s  of the 

s a l i c y l a t e s  from the l i p i d  systems were s i g n i f i c a n t l y  reduced, 

t h e  rate and e x t e n t  of hppearhnce of s a l i c y l a t e  i n  the u r i n e  of 

two tes t  subdec ts  were similar t o  p l a i n  s a l i c y l i c  a c i a .  The u r i n e  

recovery  of free s a l i c y l a t e  seemed to  be i n c r e a s e d  when the  l i p i d  

v e h i c l e  was c h o l e s t e r y l  n-becylate .  

Jn t roauc  tJE 

P e n i c i l l i n s  C and V coated with c h o l e s t e r y l  acetate showed 

irnprovea s t a b i l i t y  i n  s imula ted  g a s t r i c  f lu icr .  Oral a a m i n i s r r a t i o n  

of such c o a t e d  p e n i c i l l i n s ,  a s  w e l l  a s  erythromycin, r e s u l t e a  i n  

+ To whom i n q u i r i e s  shoula  be s e n t .  
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666 PATEL AND JAROWSKI 

g r e a t e r  u r i n a r y  recovery of  a n t i b i o t i c  a c t i v i t y .  The u r i n a r y  

recovery of' t n e  p e n i c i l l l n s  has also signlL' icarr t ly  h i g h e r  f o r  t h e  

4 - B nour poolea samples a s  comparra w i t h  t h e  p l a i n  a n t i c l o t i c s  (1). 

Tne a r l a y e u  passage of the  l i p i a - c o a c e a  a n t i o i o t i c  p a r t i c l e s  from 

t h e  stomach i n t o  t h e  ouo~it?nu.m most l i k e l y  a c c o u n t s  f o r  t h e  l a t t e r  

observa t ion  ! 2 ) .  Beyond t n e  stomach, removal of  t h e  l i p i d  c o a t i n g  

woula oe rxpac tea  t o  oe r a p i a .  The a o s o r p t i o n  of lipids i s  e f f i c i e n t  

ana r a p i a  a f t e r  exposure to  b i l e  ana p a n c r e a t i c  d u c t  s e c r e t i o n s .  

In this r e p o r t  t h e  a i s s o l u t i o n  r a t e  ana  o ra l  a b s o r p t i o n  of 

s e l e c t r a  l i p i a - c o a t e d  s e l i c y l a t e s  a r e  i n v e s t i g a t e d .  S a l i c y l i c  a c i o ,  

sa l lcy lamiae ,  a s p i r i n  ana methyl  s a l i c y l a t e  were chosen a s  t h e  urugs 

t o  ow i n v e s t i g a t e d  s i n c e  their b i o p h a r r a c e u t i c  and pharmacokicet ic  

p r o p e r t i e s  are  well documented (3 - 13) .  The g a s t r i c  i r r i t a t i o n  

encountered w i t h  s a l i c y l i c  a c l o  ana a s p i r i n  might be preventea by 

l i p i a  c o a t i n g s  such as c h o l e s t e r o l ,  c h o l e s t e r y l  a c e t a t e  or n-cecan- 

o a t e  or  p s i t o s t e r o l .  These water - inso luble ,  n e u t r a l ,  D o n - i r r i t a t i n g  

compounas woula be expec tea  n o t  to exert a d e l e t e r i o u s  e f f e c t  on 

drug s t a b i l i t y .  It  was expec tea  that  o r a l  a o s o r p t i o n  of t h e  l i p i a -  

coated s a l i c y l a t e s  would be  more p r e d i c t a o l e  than those w i t h  e n t e r i c  

coa t ings .  Pecent ly  t h e  a b s o r p t i o n  e f f i c i e n c y  of the  l a t t e r  have 

been ques t ioned  (14, 15). 

I t  was f u r t h e r  aeciaed to compare t h e  v a r i o u s  l i p i d - s a l i c y l s t e  

combinations w i t h  l a e n t i c a l  combinat ions so lvent -oepos i ted  on 

l a c t o s e .  The increased  surface a f f o r d e d  by t h e  l a t t e r  would 

expectedly result in more prompt d i s s o l u t i o n  i n  v l t r o  ana f a s t e r  

absorp t ion  a f t e r  o r a l  a d m i n i s t r a t i o n .  

U n e r i m e n t a l  

M a t e r i a l s -  The f o l l o w i n g  were o b t a i n e a  from commercial 

sourcas ;  s a l i c y l i c  acia ' ,  sa l lcy lamide ' ,  a s p i r i n ,  powoer ( U . S . P . ) ' ,  
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LIPID-DRUG DELIVERY SYSTEMS 667 

i e t i i y l  sa l1 : f la te  , c h o l r s t e r o l  , c h o l e s t e r y l  a c e t a t e  , p-sito- 

stt:ro14, cnalcs te r ,* l  n-uecimoate , l a c i o s e ,  ?owutrr ( U . S . P . )  , 
ssoiiirn c n o l d ,  chloroform (N.P.) , sodium hyaroxi-de', soaium 

?hJ jnnhte ,  a m o a a s i c ,  annyorous (LaVJrhtory Grrcre) , potirssium 

3 h 3 S D I l z t C ,  u i o i r s i c ,  a ~ J I l y U r O U S  (Liroorclcory Graue) anu n y a r o c n l o r i c  

ac l a ,  concant rb tea  (heagent Graue) . 

2 4 

6 s 

s 

6 

8 

1 

z g u i s q & -  Tne f a l l o a i n g  p i e c e s  of rquipoent  kere used: 
r 

Conjtont  Temparii tu re  Enakdr & t h ,  moael V..d.R. , deckman Zeromatic, 

on n r t e r  Gyrotory Incuorttor Shaker, rpotiel C-.?5 , Inrnrrsion F i l t e r  

15,'.3 i n c h  by 2 i ac l ies ) ,  waim p o r o s i t y  , Beckman Gra t ing  Spectro-  

phatomzter ,  W J U e l  DB-OT F i t h  o i g i t a l  uisplay',  swinny Aaapter (13 mmj: 

l f i l l l p a r e  F i l t e r  Disc (13 mcl a iae ie te r ,  0.45 micron) 

7 

0 

10 

&ksLaLPEPS&BAQl'-%kB!&T E 2 . n e Q L U U Y U  
~ i e , ~ ~ ~ ~ e ~ - . . ~ k ~ a , d , Y e t h u h S B ~ i ~ -  S a l i c y l i c  

a c i d  was assayed spec t royhotometr ica l ly  in simulated g a s t r i c  f l u i d  

without  peps in  (U.S.P. XIX) (303  nm) ana In simulated i n t e s t i n a l  

f l L i d  wi thout  pancrea t in  (U.P.P XIX) (298 nm). A linear p l o t  of 

absorbance v e r s u s  known c o n c e n t r a t i o n s  i n  mcg/ml i n d i c a t e d  t h a t  the 

Beerrs r e l a t i o n s h i p  was o p e r a t i v e .  

Sa l icy lamide  was assayed  spec t rophotometr ica l ly  i n  s imula ted  

g a s t r i c  f l c l d  without  pepsin (300 IUD) and i n  s imulated i n t e s t i n a l  

f l u i a  without  pvncrea t in  (303 am). An absorbance v e r s u s  concentra-  

t i o n  p l o t  showed t h a t  Brerls r e l a t i o n s h i p  was being followed. 

A s p i r i n  was assayed spec t rophotometr lca l ly  in s imula ted  gas t ro-  

i n t e s t i n a l  f l u i d s  by a r e p o r t e d  d i f f e r e n t i a l  procedure (16). It had 

eeen shown t h a t  d i f f w e n c e s  between t h e  u l t r a v i o l e t  a b s o r p t i o n  of 

a s p i r i n  and i t s  h y d r o l y s i s  products  were s u f f i c i e n t l y  g r e a t  t o  

enable t h e  a c c u r a t e  de te rmina t ion  of both  a s p i r i n  and s a l i c y l i c  ac id .  

py means of simultaneous e q u a t i o n s  one can e x p r e s s  t h e  r e s u l t s  i n  

terms of t o t a l  a s p i r i n  (17). 
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468 PATEL AND JAROWSKI 

A c o l o r i m e t r i c  a s s a y  proceaure  was used for methyl s d i c y l a t e .  

To 4 m l  of a l i q u o t  sample was aaoed 10 m l  o f  0.066 o o l a r  soaiun 

phosphate, d i b a s i c ,  4 clrops of 2 percent  4-anrinoantipyrine s o l u t i o n  

and 2 ml of  one p e r c e n t  potassium f r r r i c y h n i u e .  Tne v o 1 ~ : ~ b  6as made 

up t o  20 m l  w i t h  d i s t i l l e d  water. The absorbsnce of t h e  f i n a l  solu- 

t i o n  was read a t  510 nu. b Beer's p l o t  has c o n s t r u c t e d  by p l o t t i n g  

absorbance versus k n o m  c o n c e n t r h t i o n s  of m e t h y l s a l i c y l a t e .  

Ijotermipa_tlen__of,~--I~~- &aJ$Sy&Ltg. o lk ,_bU i t ies  Jrr&:_tg_oJg= 

tesUWJW-dl- Excess drug  ( 1  to  2.3 sn) bas  placed i n  a 

120 m l  & l a s s  b o t t l e .  F i f t j  m l  o f  e i t h e r  s imulated C a s t r i c  or i n t r s -  

t i n a l  f l u i a  was edcied. The b o t t l e s  were screw-capped hnci  shaken for 

:+ LO id nokt'z - t  , 7OZ.  ,:untpic:> ot' t i le s o l c t i s n  r.err p k > ~ - c r  

trirvu5n ., r i i l l i r o r t .  f i l t e r  (T).-i;, i!ricr.on! :3ait.ian*.o ir t .  :,.,.irr.,;~ 

Adapter. The f i l t r a t e s  ,were a i lu tea  to ;cppropri,rLu ;t.rciigtns : , l t f i  

5i1rul;~teu : ~ r ~ t r o i r r t r s t i t r k l  f l u i c r  a m  i l [~~oroance  vblues  ~ t r e  utter- 

m i n d .  T r i p l i c a c t  runs were naue for each sample. 'Pnese r e s u l t s  

a r t  sur;marl&ea in Tkole I. 

~ : _ r p g ~ ~ & A & _ o f -  SgLyrpq=Lsp_o+&g- D_r_ue=Liplo _anuurgL:.-C_ipL_ui-C= 

Loss. j !Jxtwes-  Accurately naigneci sarpples o f  o r u y  nnc~ l i p i o  I. . ,  re 

placed i n  ir 400 m l  bearter (Grug-Lipia r a t i o s :  1:8, 1:d.S anci 1:C). 

S u f f i c i e n t  (10 t o  95 m l )  orghnic  s o l v e n t  (acetone,  chloroform or 

matnyl tne c h l o r i a e )  was aauea t o  u i s s o l v e  the C Y U ~  arra l i p i u .  ' inr 

r e s l r l t i n e  solution was s t i r r e a  with  a mhgnetic s t i r r e r  anci the  

s o l v e n t  was evaporlrtea oy a g e n t l e  strrhn of' n i t r o g e n .  Tnr resiutir 

was d r i e a  in hn oven a t  37OC. ( a t  l eas t  2 hours) .  The uriwu r t s i u u c  

was p u l v e r i z e a  i n  a mortar  and s i e v e  s i z e d  to t h e  do-mesh ranee. 

A f t e r  tumole olancling f o r  15 minutes t h r e e  snnpl ls  (.ere taken 1'3r 

an assay of conten t  uniformity. Only t m b e  samples snowing a 

uniI'3rn urug c o n t e n t  <l90 f 53) sere usea i n  the 1iissolrition 

s tua  l e s  . 
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LIPID-DRUG DELIVERY SYSTMS 669 
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4 70 PATEL AND JAROWSKI 

Solvent  c leposi t ion of urug anu l i p i a  on toe  s u r f a c e  or' liccose 

(Drug-Lip ia-bc tose  rkt ios:  1:3:d, 1:4.5:? ana 1 : S : B )  h a 5  carr leu  o u t  

by suspenaing t h e  l a c t o s e  in tnc s o l v e n t  solur;ioi# cunth ln in t :  t h e  

drug ana l i p i d .  bvaporacion, u r f i n g ,  ? u l v e r i L a t i o n ,  s ieva-s ie in i !  

ana a s s a y  I'or urug e m t e n t  un i t 'o rn i ty  kere conuuctea a s  p x v i L > ! i s l j  

uescr ioea .  

It was expsc tea t n a  c t h e  Lipid-!lo t h y 1  d a l i c j  l a  t c t  co!miria t i m  s 

woulu oe  u i l ' t ' i cu l t  t o  hanule  s i n c e  tna  l a t t e r  is a l l q u i a .  !iov.cver 

the  ar)-mcsh p a r t i c l e s ,  except  fo r  having tne c i i & r ~ c t a r i s t i c  o i l  of 
wintergreen ouor, were p e r f e c t l y  a r y  i m i  f ree- f lac l r ig .  

y e t e r a i n a t i o n  of t h e  Tn I ' i t ro  Dlsso l i i t ion  Ftata- Pe term i n  a - 
t i m  of  t n e  a i s s o l u t i o n  r a t e  t'or t h e  pure ({rug ,mu (.ru< mixcuras 

UBS contiucteii in slmulntecl p s t r i c  j u i c e  (9,itnoiic peps in)  or  sim- 

h t e u  i n t e s t i n a l  juice (wit:iout p a n c r e s t i n )  with or :rithout 0.94 

molar soailim c n o l a t e .  Two nunarea in1 ot' s i n u l h t a u  g a s t r o i n t e s t i n a l  

f l u i d  in a 900 m l  Deakrr was n a i n t a i n r d  a t  37 2 O.S°C. i n  a c v n s t i n c  

tamperature oath.  The U.S.P. X I X  a i s s o l u t i z m  oasr t r t  ha> c e n t e r e u  

in tne (1issol .J t ion meuium 20 mm auovr tnr battom of tho oeaker .  

Tne ohsket #as r o t a t e a  a t  60 2 5 r.p.m. A c c u r a t a l j  weighea samples 

of  the pure urug o r  t h e  urug mixtures  were spraaa  over the a u r f d c e  

of t h e  a i s s o l u t i o n  medium. 4ggrega tes  were l i g h t l y  oroken up w i t 0  

t h e  a i d  of a s p a t u l a  wi th in  50 seconas a f t e r  aaa ing  tne  sample. 

F i v e  m l  a l i q u o t s  were a i tharawn a t  various time i n t e r v a l s  oy 

means of a p i p e t  a t t a c h a d  with a piece  oi' rubuer tuoing t o  a f r i t t e a  

gl&s immaralon f i l t e r  ( c o l r s e  p o r o s i t y ) .  Tnusa a l l q u o t s  were 

rep lacea  w i t h  5 101 o f  g a s t .  2 i n c e s t i n a l  f l u i a  e q u i l i o r a t z u  at 87OC. 

The a l i q u o t s  witharawn for a s s a y  were f i l t e r e c r  through a millipore 

paa (9.15 micron) n e l d  in a Skinny a d a p t e r  (13 mm aiamrter).  n o  n l  

of tne  t ' i l t r a t e  was a i l u t e a  t3 an a p p r o p r i a t e  volume m u  assayaa D
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LIPID-DRUG DELIVERY SYSTR4S 471 

s p c t r o p h o t  Y-ictriChlly Oy t h e  p r o c r u w e s  r1n:jCPIdei.i :iuove. 'I'htl 

gitStrOinteStirrcl1 f l l r l 6 ,  u i h t z c i  w i t h  rahtar i n  a i a i L a r  : . .+~ner ,  ..s 

usen its the o1:mK. 

tdcti uatrr 2 a l n t  rel.trL'*:ients t n i  av=rilg:u st .*t 1 i : A a t  two n e t e r -  

mirratlonr. There W L S  no l n t z r f = r + n c s  from IitCtoSe, l i p i a  or sokl;urn 

cnoldta on the sxjrri 1'3r t n e  1'3ur sslicllatc?.:;. Yere ; ~ q h i n  i t  was 

expected t h a t  the  l ip la -methyl  s a l i c y l i , t e  :m-sbsh g r a n u l e s  d < h L  

t e c h n i c a l  proolems in t h e  uissol-2t ion s tuoy ,  such cls, l i q u i a  e s t e r  

s q u r a t l o n  or turDiUlty.  l k l t h a r  proolem v a s  encountareu. 

a i o a v s i l a o i l t t y  ~ ~ & ~ L i i t e  t ' r _ o m _ ~ r u E - ~ ~ . ~ - L n l i y n T y  Systems- 

Two h e a l t h y  male, human s u b j e c t s ,  2d a t 1  56 y e a r s  of 3se were usen 

x'or t n e  ViJO s t u u i e s .  4 s a l l c y l l c  a c i u  (rose of 650 ro,: or  drug- 

l i p i a  mixtures  c o n t r i n l n g  t h e  same uose itas auminis t r reo  orally t o  

the SUDjeCtS Who haa faStWl overn izh t .  Tne tJrU<- l . ip iU CDt'JUi18H tloIJS 51' 

40/d0 mash p a r t i c l e  s i z e  bere auminis te reu  irb s u p e n s i o n ' s  i n  1 ~ 1 1  to 

150 ml of' water. VJrine samplds c o l l e c t e d  oefore  orug a a m l n i s t r a t l o n  

were ubeu as blanks. The s u o j e c t s  fasted f o r  P hours et'ter urug 

a d m i n i s t r a t i o n .  krlne  sitmplts were c o l l c c t i u :  0 - 1 hour, 1 - 2 
nours ,  2 - 1 nours, 3 - 8 hours, d - 12 hows, 12 - 24 nnurs, 

94 - 36 hours ,  36 - 4d hours ,  48 - 72 hours  and 72 - 96 hours. 

The t o t a l  volume and pH of  t h e  u r i n e  c o l l e c t e d  dur ing  each i n t e r v a l  

was noted.  The t e s t  s u b j e c t s  drank l i b e r a l  q u a n t i t i e s  of  Cater t o  

i n s u r e  a u r i n e  output  of 50 - 103 m l  per  hour. 

Q u a n t i t a t i v e  de te rmina t ion  of f r e e  s a l i c y l i c  a c i d  i n  urine 

& (13) as  modified by was conducted by t h e  method of  Smith 

Levy and Procknal (19) .  T o t a l  s a l l c y l a t e  was determined by the 

modified method of Bedford &. (20). A l l  samples were kept  

frozen u n t i l  assayed. Analyses were conducted viithln 3 aays a f t e r  

c o l l e c t i s n  o f  tne  samples. ~ l l  samples bere assayed i n  a u p l i c a t e .  D
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4 7 2  PATEL AND JAROWSKI 

&&ts and Discussion 

J j r u  (2) bar. r e p o r t a a  r n a t  Loth g a s t r i c  s e c r e t i , m  anu emptying 

are inni3it1.a oy f a t s  *nu ' 'a t ty  aclas. 4s a corirequence a delayed 

aasr;rgz of  tiit: Llpid-cQatea a r u g  p a r t i c l e s  fron tne stan:tch was 

e x p e z t d .  S e l a c t i m  of the q u a n t i t y  of drug to b e  used in t h e  u i s -  

s o l u t i m  studies was Ziven c a r e f u l  c o n s l u e r a t i o n .  It  was f e l t  t h a t  

drus  c o n t a n t r a t i m s  approaching s a t u r a t i o n  in the dissolutisn 

aeaiun waula be mq3rs p r e a i c c i v e  of I n  v i v o  r e s u l t s  o o t a i n e d  a f t e r  

Jral  a u m i n i s t r a t i s n .  Gru: d e l i v e r y  systems that remained i n  t h e  

stomach longer  woula oe exposed t o  s m a l l e r  volumes of g a s t r o i n t e s t i -  

nal f l u i d  u n t i l  passage beyond t h e  p y l o r u s  haa thken place .  

In Table I a r e  shorn t h e  s a t u r a t i o n  s o l u b i l i t i e s  of the  four 

S d l i c y l h t e s  in si rnulatea g a s t r i c  ana i n t e s t i n a l  f l u i d  a t  370,". 4 

s i g i i t ' i c a n t  i n c r e a s e  i n  s o l u b l l i t y  In t h e  l a t t e r  o n l y  occurrea  for 

those s a l i c y l a t e s  p o s s e s s i n g  the  f r e e  carboxyl  group. As shown i n  

Taole I1 and Flgure  1, the rate of a i s s o l u t l ~ n  i n  s imula ted  g a s t r  

f l u i d  is a i r e c t l y  r e l a t e d  t o  t h e  degree of s a t u r a t i a n .  Thus, as t 

sample weight  decreases from 356.9 mg (90% s a t u r a t i o n  of 200 ml) 

t a  113 mg (30% s a t u r a t i o n )  the  rate of d i s s o l u t i o n  increased .  

A p l o t  of Log per  c e n t  remaining una isso lved  a g a i n s t  time f o r  se lec-  

t e d  data i s  shown in Figure  2. The p o i n t s  a r e  experimenta1,while  

the lmes a r e  urawn from t h e  p r e d i c t e u  va lues  oota lned  from the  

least  squdres method using a computer. The a i s s o l u t l o n  r a t e s  for 

r e l l c y l i c  a c l d  a t  005 s a t u r a t i o n  foLlows s imple f i r s t  o r d e r  k i n e t i c s .  

')n t h e  o t h e r  hana, t h e  data for s a l i c y l i c  acid:cholestarol:lsctose 

( r a t i y ,  1:4.5:6) shows two apparent  f i r s t  o r a e r  rates. The h igher  

r a t e  occurred nur ing  t h e  f i r s t  60 minutes. Cibalai  (21) bad d e -  

s c r i b e d  a similar o b s e r v a t l a n  in p l o t t l n g  a i s s o l u t i o n  d a t a  for a r u s s  

with l t m i t e a  aqueous s o l u b i l i t y .  He demonstrated t h a t  such apparent  

f i r s t  oraer p l 3 t s  a r e  obta ined  unuer sink coriai t ions.  The higher  rste 
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Por Cen L 

50 

Dlrrolrod 4o 

Sellcyl lc  

*C i d  

I t 4 
"0 15 30 45 60 90 1eo 150 

T ~ u  (mlnut*r) 

Figure  I. E f f e c t  o f  t h e  Degree of S a t u r a t i o n  on t h e  J n  V i t r q  

DissoluLioa Rate of S a l i c y l i c  Acid in  Sirnulatea 

Gastric? F l u i d  a t  37OC. 

c o n s t a n t  r e p r e s e n t s  t h e  d i s s o l u t i o n  of  f i n e  p a r t i c l e s ,  t h e  o t h e r  

r a t e  c o n s t a n t  r e p r e s e n t s  t h e  d i s s o l u t i o n  of t h e  remaining drug par -  

t i c l e s .  

To avoid  t h i s ,  the 'Keibul l  d i s t r i b u t i o n  e q u a t i o n  was used for 

p l o t t i n g  a l l  t h e  d i s s o l u t i o n  data: 

Log ( - In ( 1  - m) = 

Langeobucher (22) r e p o r t e d  that l i n e a r i z a t i o n  of  a l l  common types of 

d i s s o l u t i o n  curves  r e s u l t s  from a Log-Log p l o t  of - l n ( l  - GI) versus  

( t  - Ti). The term e x p r e s s e s  t h e  accumulated f r a c t i o n  of the  drug 

i n  s o l u t i o n  a t  time a r e p r e s e n t s  t h e  slope o f  t h e  l i n e ;  Log g 

is the y - i n t e r c e p t j  Ti r e p r e s e n t s  t h e  time l a g  b e f o r e  the a c t u a l  

o n s e t  of t h e  o i s s o l u t i o n  p r o c e s s  ( i n  t h i s  i n s t a n c e ,  Ti = 0) .  The 

b Log ( t  - Ti) - Log a 
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LIPID-DRUG DELIVERY SYS- 

1.0 

0.8 

0.6 

0.4 

0.2 

0 . i  

475 

(1:4.516) 
- 
- 
- 
- 

- 
' - a I I  

term T used in t h e  Tables  r e p r e s e n t s  t h e  time r e q u l r e d  t o  d i s s o l v e  
d L 

62.2$ of t h e  drug ( t h i s  is d e r i v e d  from t h e  r e l a t i o n s h i p  a = (Td,)". 

The T .  v a l u e s  der lveo  from Figure  3 are summarized in Tab le  11. 
a 

Wh.en the d i s s o l u t i o n  r a t e  was determined at 505 s a t u r a t i o n ,  Td n a s  

95.4 minutes. A t  30% s a t u r a t i o n ,  t h i s  va lue  was less than 18.5 

minutes. 

on t h e  basis of these  i n i t i a l  a i s s o l u t i o n  studies i t  bas 

decided t o  conduct t h e  experiments, a t  least  for s a l i c y l i c  a c i d  
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(-ln (1 - m) 

1.: - 

1.c - 
0.9 - 
0 . 8 -  

0.7 - 

0.e- 

0.5- 

0.4 - 
0.3 - 
0.2 - 

0.1 - 
0 -  

-0.1 - 

-0.2 - 
-0.3 - 
-0.4 

-0.5 - 

- 

I DO 
m 

Bo Per 

70 

83.2 
Cent 

50 

PO 

30 

20 

.O 

Log t 
Figure 3. 5ffect of the Degree o r  Saturation on the In Vitro Dissolution 

Rote o f  Salicylic Acia in Simulated Gastric Fluia at 37OC., 

PlrJtted as X e i b u l l  Distribution. 
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LIPID-DRUG DELIVERY SYSTDlS 477 

and sal icylarnide,  a t  30% s a t u r b t i o n .  Brcaust oi' Lhr greater so lu-  

o i l i t y  o f  a s p i r i n  rrno methyl s a l i c y l b t e ,  tht r r s u l t i r J g  bulk vulumr 

of d r u g : l i p i a : l s c t o s e  sol i r rs  required for 30: s a t r ; r a t i o n  nas t o o  

g r e e t  f o r  trre 200 a1 of  a i a s o l u t i o n  medium, conscquent ly ,  loHer 

weights  were used (Table 111). 

The dato  in Table IV f o r  t h e  ljrugrLipid c o m i c a t i o n s  shows no 

e x c e p t i o n  to  t h e  g e n e r a l i z a t i o n  that as l i p i a  concent ra t ion  is 

i n c r e a s e d ,  Ta in simulated g a s t r i c  f l u i d  is increased .  Deposi t ion 

of  t h e  drug: l ip id  combination on l a c t o s e  r e s u l t s  in a r e d u c t i o n  in 

T 

(1:4.5:6); the T va lue  f o r  t h e  c rug: l ip id  combination (1:4.5) 

is 804.8 minutes, whereas t h a t  f o r  the same combination w i t h  l a c t o s e  

is 205.2 minutes. 

va lues .  The only except ion  is aspi'rin:p-sitostero1:lactose d 

d 

In Table V only t h e  a i s s o l u t i o n  dnth of s a l i c y l i c  a c i c  and 

a s p i r i n  in s imula tea  i n t e s t i n a l  f l u i d  is shown. S i n g l e  ue te rmina t ions  

Table  111. Weights of tne Various S a l i c y l a t e s  Usea in t h e  

In V i t r o  D i s s o l u t i m  Rate Studies .  

Degree of S a t u r a t i o n  
i n  200 m 1  of  Simulated 

G a s t r i c  J u i c e  
( 4)  

S a l i c y l i c  Aciil 356.9 90 

Vieight 
Drua (ma) 

Sal icy lamide  514.1 

Aspi r in  509.5 

90 

45+ 

Me thy 1 S a l  i c  y l a  t e  273.7 4+ 

+ Lower d l g r e e s  of s a t u r a t i o n  were n e c e s s i t a t e d  Decause t h e  

more soluole s a l i c y l a t e s  would r e q u i r e  an i m p r a c t i c a l  volume 

of s o l i d ,  t o  be used i n  the a i s s Q l u t i o n  s tudy.  
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of the  d isso lu t ion  rhte of salicylamide ana me thy l  s a l i c y l a t e  and 

487 

severa l  of t h e i r  l i p i d  combinations were conducted. There was no 

s i g n i f i c a n t  d i f fe rence  from the  aot6 co l lec ted  in s i m l a t e d  g a s t r i c  

f l u l a .  This observation was not unexpected since these compounds 

showed lns ign l i l aan t  increases in s o l u b i l i t y  i n  simulated in tes -  

t i n a l  f h i a  ( 'bb le  T). On the  other hand, t he  grea te r  s o l u b i l i t y  of 

s a l i c y l i c  acid and a sp i r in  i n  simulated i n t e s t i n h l  f h i a  should 

have an e f f e c t  on the d i s so lu t ion  ra te .  Comparison of the  da ta  in 

Tables IV and V bears ou t  t h i s  expectation. Fxcept for the  two 

comoinations, s a l i c y l i c  ac1d:cholssteryl acetate (1:4.5) and 

s a l i c y l i c  acid:j3-sitosterol ( l t a )  , the Q values a r e  cons is ten t ly  

lower when the  d isso lu t ion  medium was simulated i n t e s t i n a l  f lu id .  

The presence of the  surface ac t ive  b i l e  salt,  sodium cholate, 

i n  the  simulatea i n t e s t i n a l  f l u i a  was expectea t o  acce le ra t e  the  

d isso lu t ion  r a t e  of s a l i c y l i c  ac id  from t he  various l i p i d  matrices. 

Bates J (23) reported t h a t  b i l e  s a l t s  enhanced the  d isso lu t ion  

r a t e  of hexoestrol  and griseofulvin.  In addition, several repor t s  

heve appeared in the l i t e r a t u r e  (24, 25) on the importance of b i l e  

s a l t s  in the  i n t e s t i n a l  absorption of cholesterol.  Consequently, i t  

was not surpr i s ing  to  l ea rn  a f t e r  comparing the r e s u l t s  i n  Tables 

v and V I ,  t h a t  marked reductions i n  Td values occur when b i l e  salt 

is present. In te res t ing ly ,  the grea te r  the  l i p i d  content,  the 

smaller the  T value i n  the case of choles te ro l  and choles te ry l  

ace ta te .  Thus, the Td values a r e  43.5, 38.5 and 11.5 minutes ,  

respec t ive ly ,  for the  l:3, lr4.5 and 1:6 r a t i o s  of s a l i c y l i c  acid: 

choles te ro l .  Tn the case of s a l i c y l i c  acid:cholestcryl ace ta te ,  

r a t i o s  of 1:3, lr4.5 and l :6 exhib i t  Td values of 53.0, 24.6 and 

6.4 minutes respectively.  It  is a l s o  of i n t e r e s t  t o  point out that 

there is essen t i a l ly  no d i f fe rence  i n  Td values for a l l  three of the 

p - s i to s t e ro l  combinations. 
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The & *ro d i s s o l u t i o n  a a t a  i n  t h e  t h r e e  s imula ted  gas t ro-  

i n t e s t i n a l  nsedia i n a i c a t e o  t h a t  t h e  o r a l  a b s o r p t i o n  e f f i c i e n c y  of 

s a l i c y l i c  acid from t h e  l i p i a  d a l i v r r y  systems should be  s a t i s f a c -  

t o r y .  The urirar) e x c r e t i o n  d a t a  s m e a r i z e d  i n  "able VIJ confirms 

t h i s  e x p e c t a t i o n ,  The r a p l a  appearsnce of  s a l i c y l a t e  i n  the u r i n e  

a f t e r  oral  a d m l n i s t r a t i o n  o f  t h e  l i p i d  combinat ions was unexpected 

s i n c e  it mas assumed t h a t  the l i p i d s  would cause l e n g t h i e r  resi- 

dence of  t h e  drug  o e l i v e r y  system in t h e  stomach where d i s s o l u t i o n  

was slowest .  S ince  only  two suajects were used i n  the u r i n e  recovery 

s t u a i e s  no s i g n i f i c a n c e  can be a t t a c h e d  t o  tna a i f f e r e n c e s  i n  

t o t a l  s h l i c y l a t e  recovered a f te r  24 hours  f o r  t he  v a r i o u s  sampl€s 

t e s t e d .  The evi.ll;ation of s a l i c y l i c  a c i 0 : c h o l e s t e r y l  n - d e c y l a t e  

(1:6) was undertaken because o f  t h e  o b s e r v a t i o n  by Kim (26) that  

t h e  o i s s o l u t i o n  r s te  of hyarocor t i sone  was most e f f e c t i v e l y  

depressed by the n-clecylate a s t e r  from B series of  c h o l e s t e r y l  

esters. I t  would appear  t h a t  t h e  free s a l i c y l a t e  recovered i n  t h e  

u r i n e  a f t e r  o r a l  a d m i n i s t r a t i o n  of s a l i c y l i c  r c i d : c h o l e s t e r y l  

n - a e c y l a t e  ( l r 6 )  was aouble  that ootcrined with s a l i c y l i c  a c i o  

f o r  both s u b j e c t s .  Here aga in ,  t h e  s i g n i f i c a n c e  o f  t h i s  ooserva t ion  

must await a more e x t e n s i v e  o r a l  a b s o r p t i o n  study. Papp and 

Coburn (27) repor ted  t h a t  a d o l e s c e n t s  anu a d u l t s  e x c r e t e  about  80% 

of  i n g e s t e o  sodium s a l i c y l a t e .  The t o t a l  s P l i c y l a t e  recovered con- 

sists of: s a l i c y h t e  ( 2 0 1 ) ,  s a l i c y l u r a t e  (%:), g l w u r a n i o e s  (25%) 

and g e n t i s i c  a c i d  and r e l a t e d  compounds (4 - 8%). On t h e  b a s i s  of  

t h e i r  r e p o r t ,  t h e  Z4 hour cumulat ive e x c r e t i o n  of  s a l i c y l a t e  should 

have been 13.75 f o r  CIJ (20% of 68.6) and 12.6: f o r  SP. These 

i n t e r e s t i n g  r e s u l t s  d e s e r v e  f u r t h e r  conf i rmat ion  t o  e s t a b l i s h  

whether  t h e  s a l i c y 1 a t e : l i p i d  d e l i v e r y  systems can reduce the meta- 

b o l i c  t ransforrnht ion o f  o r a l l y  e a m i n i s t e r e d  drugs. D
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