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ABSTRACT 

A SIMPLE TECHNIQUE FOR DETERMINING 
CONTROLLED RELEASE KINETICS 

Tahseen Mirza 

Master o f  Science 

Young stown Sta te  Un ive rs i t y ,  1986 

A simple technique i s  developed which measures t h e  h y d r o l y t i c  

r e l e a s e  p r o f i l e s  o f  drugs from a  mu1 ticomponent polymer ic  system. A 

monomer, 1- (N-2-ethylmethacryl  carbamoy l  ) - 5 - f  1  u o r o u r a c  i 1 (EMCF) , was 

p r e p a r e d  b y  r e a c t i n g  5 - f l u o r o u r a c i l  (5-FU) w i t h  i s o c y a n a t o e t h y l  

m e t h a c r y l a t e  ( IEM).  EMCF was f u r t h e r  c o p o l y m e r i z e d  w i t h  m e t h y l  

m e t h a c r y l a t e  (MMA) i n  the  molar  r a t i o s  o f  25/75, 50150, and 75/25. The 

h y d r o l y t i c  r a t e s  o f  t h e s e  copo lymers  and EMCF were d e t e r m i n e d  b y  

p l a c i n g  t h e  p u l v e r i z e d  and sieved samples i n  gas d i spe rs ion  tubes o f  

two d i f f e r e n t  s izes. The tubes were immersed i n  a  f l a s k  con ta in ing  one 

l i t e r  o f  de ionized water which was f i t t e d  w i t h  a  mechan ica l  s t i r r e r .  
. . 

0 - -  The r e a c t i o n  was k e p t  a t  a  c o n s t a n t  temperature o f  37+0.5 C us ing  a  

water bath. A l i q u o t s  o f  t h e  s o l u t i o n  were removed p e r i o d i c a l l y  and 

assayed f o r  t he  5-FU concent ra t ion  spectrophotometr i  c a l l  y a t  265 nm. 

The cop01 ymers showed z e r o - o r d e r  k i n e t i c s  o v e r  ex tended 

p e r i o d s  o f  t i m e .  I n  t h e  e a r l  i e r  s t u d i e s  done i n  t h i s  l a b o r a t o r y ,  

Gebel e i n  and Hartsough 21a22 had used a  more complex technique i n v o l v i n g  - 

a  d i a l y s i s  membrane s u p p o r t e d  i n  a  wire-mesh cage. The p r e s e n t  



technique i s  much eas ie r  t o  assemble than the  d i a l y s i s  membrane ls tee l  

cage method. This  new technique can be use fu l  t o  d i f f e r e n t i a t e  between 

d i f f e r e n t  s ized sampl es and a1 so between the  d i f f e r e n t  cop01 ymers . The 

use o f  t h e  t e c h n i q u e  p r o v i d e s  h i g h  r e p r o d u c i b i l i t y  and t h e  r e s u l t s  

c o r r e l a t e  w i t h  the  e a r l  i e r  s tudies.  
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CHAPTER I 

GENERAL INTRODUCTION AND HISTORICAL 

The Developnent O f  Cancer Therapy 

C a n c e r  chemotherapy  e v o l v e d  d u r i n g  Wor ld  War I. I t  was 

o b s e r v e d  t h a t  p e o p l e  g a s s e d  w i t h  m u s t a r d  g a s ,  

[bis(beta-chlorethyl)sulfide], su f fe red  from damage o f  bone marrow and 

l y m p h o i d  t i s s u e .  F u r t h e r  s t u d i e s  on an ima l  s  r e v e a l e d  t h a t  h e a v y  

exposure t o  d i f f e r e n t  n i t r o g e n  mustard gases destroyed lynpho id  t i ssue.  

T h i s  l e d  t o  t h e  i d e a  o f  u s i n g  m u s t a r d  gases i n  t h e  t r e a t m e n t  o f  

lymphoid cancer. Very soon s c i e n t i s t s  discovered t h a t  exposure t o  t h i s  

k i n d  o f  t rea tment  was c a u s i n g  damage t o  t h e  p a t i e n t ' s  hea l  t h y  bone 

1 marrow. 

Mus ta rd  gases are m a i n l y  a1 k y l a t i n g  agents and depend on the  

e l e c t r o n  re leas ing  capac i t y  o f  t h e i r  n i t r o g e n  atom f o r  t h e i r  b i o l o g i c a l  

ac t ion .  I n  order  t o  make these drugs m i l d  i n  a c t i o n ,  s c i e n t i s t s  made 

compounds rep1 ac ing the  methyl group w i t h  var ious  e lec t ron- wi  thdrawing 

groups (Mustragen o r  ~ e c h l o r e t h a m i n e )  .' A v e r y  p r o m i s i n g  d r u g  i n  

t h i s  l i n e  was  U r a c i l  M u s t a r d  ( F i g u r e  1). I t  i n h i b i t s  t h e  

i n c o r p o r a t i o n  o f  precursors i n t o  n u c l e i c  ac ids  and the  amino ac ids  i n t o  

t-RNA. I t s  t r a d e  name i s  DOPAN and i t  i s  used i n  t h e  t r e a t m e n t  o f  

Hodgkin's disease, chron ic  l y n p h a t i c  leukemia and carcinoma o f  b reas t  



and ova ry .  As s i d e  e f f e c t s  it causes nausea, bone marrow depression, 

vomi t t ing,d iarrhea and d e r m a t i t i s .  2,3,4 

Cyclophosphamide ( F i g u r e  2 )  i s  a n o t h e r  n i t r o g e n  m u s t a r d  

d e r i v a t i v e  s t i  11 used i n  t r e a t i n g  Hodgkin's disease, breast ,  l ung  and 

ovar ian  cancer.' The a1 k y l a t i n g  agents such as n i t r o g e n  mustards  may 

produce m u t a t i o n s  i n  a t  l e a s t  t h r e e  ways: 1 )  a d d i t i o n  o f  methyl o r  

e t h y l  g roups  t o  guanine,  c a u s i n g  i t  t o  behave as a  base ana log  o f  

aden ine  and t h e r e b y  p r o d u c i n g  a  p a i r i n g  e r r o r ;  2)  l o s s  o f  a l k y l a t e d  

guanine bases (depur inated)  producing gaps i n  the  DNA rep1 i c a t i o n  o r  a  

s h o r t e n e d  nucl eo t i de  sequence; and 3) cross1 i n k i n g  between the  st rands 

o f  same o r  d i f f e r e n t  DNA m o l e c u l e s  c a u s i n g  l o s s  o r  e x c i s i o n  o f  

nucl  eo t ides  . 5 

Since 1947, a  d i f f e r e n t  approach has developed i n  the  t reatment  

o f  cance r  by chemotherapy. T h i s  i n v o l v e s  u s i n g  an an tagon is t  which 

i n h i b i t s  t he  b iosyn thes is  o f  nuc le i c  ac ids  by compet i t i ve  mechanism. I n -  

1954, Rutman, C a n t e r o v ,  and  P a s c h k i s  d i s c o v e r e d  t h e  e n h a n c e d  

u t i l i z a t i o n  o f  u r a c i l  f o r  DNA s y n t h e s i s  i n  r a t  hepatoma c o n t r a r y  tcl 

normal c e l l s  use o f  o r t i c  acid. 6  

I n  1956 ,  Cohen and  B a r n e r  r e p o r t e d  t h e  phenomenon o f  

" thym ine1  ess dea th"  i n  bac ter ia .  They observed t h a t  E. C o l i  d i e  when 
- - 

p laced i n  a  n u t r i e n t  medium l a c k i n g  thymine. L a t e r  t hey  suggested t h e  

p o s s i b l e  use o f  such compounds i n h i b i t i n g  synthesis  o f  DNA i n  cancer 

I n  1957, Heidelberger,  e t  a1 d i d  some -- i n  v i t r o  s t u d i e s  and 

observed t h a t  t h e  c o n v e r s i o n  o f  c14 - labeled formate i n t o  the methyl 

g roup  of t h y m i n e  was i n h i b i t e d  b y  5 - f l u o r o u r a c i l .  S i n c e  t h e n  



F i g u r e  1. S t r u c t u r e  o f  
p r a c i  1 M u s t a r d .  

F i g u r e  2 .  S t r u c t u r e  o f  
C y c l o p h o s p h a m i d e  

F i g u r e  3 .  S t r u c t u r e  o f  F i g u r e  4 .  S t r u c t u r e  o f  
5 - F l u o r o o r t i c  a c i d .  5 - F l  u o r o c y t o s i n e ,  

F i g u r e  5 .  S t r u c t u r e  of  
5 - B r o m o u r a c i  1 .  



5- f luorourac i l  has been i n  use i n  t r ea t ing  cer ta in  cancers. In fu r ther  

s tudies  i t  was found tha t  the a c t i v i t y  of 5- fluorouracil was f a s t e r  by 

25 t imes ,  5 t imes and 500 times than the a c t i v i t i e s  of 5- fluoroortic 

acid (Figure 3 ) ,  5-fluorocytosine (Figure 4) and 5-bromouraci 1 (F igure  

5) respectively. 

Heidelberger chose f luor ine  because i t  i s  more s imilar  to  the 

methyl group i n  thymine i n  i t s  molecular weight, atomic r a d i i  e t c .  a s  

opposed t o  bromine o r  c h l o r i n e .  In 1957, he a l s o  repor ted  t he  

mechanism of action and the  resu l  t s  of t h e  f i r s t  c l  i n i c a l  t r i a l  s  on 

r a t s  of 5- fluorouracil (5-FU) as an anti-cancer agent. The resu l t s  are  

sumnari zed be1 ow: 

1 )  The LD50 f o r  5-FU i n  r a t s  was 200 mg/Kg. 

2) The maximum to1 erated dose over ten days was 25 mg/Kg. 

3 )  5-FU was e f fec t ive  i n  t r ea t ing  d i f fe ren t  kinds of cancer and 

sarcoma 180. 

4) Large dose caused convulsions and resulted i n  cardiac a c t i v i t y  

changes. - 

In  o r d e r  t o  min imize  s i d e  e f f e c t s ,  Duschinsky, e t  a1 - - 
synthesized 5-fluorodeoxyuridine and 5-fluorouri d i  ne. 5-Fl uorour i  d i  ne 

showed some promising resul t s  when t r i ed  on animal s  .899 . . 
- - 

Curreri ,  -- e t  a1 did the f i r s t  c l in ica l  t r i a l s  on cancer pat ients  

and found 5-FU t o  be of s i g n i f i c a n t  therapeutic value especia l ly  fo r  

t rea t ing  breast  and g a s t r o - i n t e s t i  nal cancers .  5-FU has a1 so been 

found t o  be e f f e c t i v e  i n  t r e a t i n g  cancers  of colon,  rectum, skin, 

thyroid, pancreas, kidney, b ladder ,  u t e r u s ,  c e r v i x ,  pharynx, l i v e r ,  

stomach and p r o s t a t e .  3 9 8 9 9  , lo I t  has been found useful in t reat ing 



sarcoma 180, adenosarcoma 775 and E0771, Walker carcinosarcoma, a s c i t e s  

tumors and some leukemia s t r a i n s .  2  

5-FU has been found t o  be more e f f e c t i v e  i f  g i v e n  b y  i n f u s i o n  

f o r  a  few days t o  a  few weeks than if given by mouth.899 C u r r e r i  and 

A n s f i e l d  proposed a  h igh  i n i t i a l  " load ing"  dose fo l lowed by lower doses 

u n t i l  no s ide  e f f e c t s  are seen. l1 It has been observed t h a t  doses o f  

15 mg/Kg 5-FU d i d  no t  r e s u l t  i n  s i de  e f f e c t s  f o r  36 days i f  g iven by 

i n fus ion .  Another approach was proposed by Meyers, Young and Chabner i n  

wh ich  5-FU wou ld  be adminis tered based on d i f f e r e n t i a l  i n t a k e  o f  5-FU 

by cancerous c e l l  s  as compared t o  the  normal heal t h y  c e l l  s. I n  a  s tudy 

done by Cur re r i  -- e t  a1 increased s u r v i v a l  t i m e s  were n o t e d  when 5-FU 

and  5-FUDR were used i n  a d j u n c t i v e  t h e r a p y .  A c o m b i n a t i o n  o f  

r a d i a t i o n  therapy and 5-FU have been t r i e d  by Ha l l  and Good. 5,12 

However, by u s i  ng the above-menti oned approaches, damage t o  t he  

normal  c e l l s  can n o t  be a v o i d e d .  The damage i s  c a u s e d  b y  t h e .  

conversion o f  5-FU t o  5- f l u o r o u r i d i n e  which i s  30 t imes more t o x i c  than 

5-FU. The use o f  some s o r t  o f  c o n t r o l l e d  re lease system might  solve- 

the  problem by r e s t r i c t i n g  t h e  d rug  t o  t h e  s i t e  o f  p h a r m a c o l o g i c a l  

ac t ion .  Over t he  years two approaches have been taken by s c i e n t i s t s  i n  

o r d e r  t o  i n c r e a s e  t h e  T I  ( t h e  r a t i o  o f  t o x i c  t o  minimum effect, i .ve 
- - 

concent ra t ion)  o f  5-FU and t o  r e s t r i c t  i t  t o  the tumor: 

1 )  by i nco rpo ra t i ng  the  drug i n t o  a  polymer 

2) and by making d e r i v a t i v e s  o f  5-FU. 



Derivatives o f  5-FU 

H i l l e r s ,  Zhuk and L idkas were the  f i r s t  t o  prepare a  d e r i v a t i v e  

o f  5-FU. I n  1967 t h e y  p r e p a r e d  1- ( 2 '  - f u r a n i d y l  ) - 5 - f l  u o r o u r a c i  1. I n  

1 9 7 2 ,  H i l l e r s ,  Z h u k ,  L i d k a s  a n d  Z i n d e r m a n e  p r e p a r e d  

1- ( 2 '  - p u r a n i  d y l  ) - 5- f l u o r o u r a c i  1. These d e r i v a t i v e s  were found t o  be 

1  ess t o x i c  than 5-FU. 9  

Me i ren ,  and Belousova demons t ra ted  t h a t  1 - ( 2 ' - f u r a n i d y l  ) -  

5 - f l u o r o u r a c i l  c o u l d  be t h e  t r a n s p o r t  system f o r  5-FU and i t s  a c t i o n  

was due t o  h y d r o l y t i c  re lease from the  parent  molecule. 13 

Nesnow, M i y a z a k i  , Khwaja, Meyer and H e i d e l  b e r g e r ,  i n  1972, 

p r e p a r e d  some 5-FU r e l a t e d  p y r i d i n e  n u c l  e o s i d e s  wh ich  i n c l u d e d  

2,4-dimethyl-5-fluoropyri d i n e ,  4 - h y d r o x y - 5- f l u o r o - 2- p y r i  done,  

4-hydroxy-5-fluoro-l-(2,3,5-tri-o-benzoy1-alpha-D-ribofuranosy1)- 

2 - p y r i  done,  4 - h y d r o x y - 5 - f l  u o r o - 1 - ( a 1  p h a - D - r i b o f u r a n o s y l  ) - 2 -  

p y r i d o n e ,  2 - h y d r o x y - 5 - f l u o r o - 1 - ( a 1  p h a- D- a r a b i n o- f u r a n o s y 1 )- 4-  

pyr idone(0- - 2' )  - c y c l  onuc l  e o t i  de and 4- hyd roxy- 5- f  1  uoro-1- (2 -deoxy-  

a1 pha-D-erythro-pentofuranosy1)-2-pyridone. -- I n  v i  t r o  s tud ies  showed 
- 

no i n h i b i t o r y  a c t i v i t y  on c e l l s .  14 

I n  1947, Okada, Nakayama and M i  t s u i  p r e p a r e d  1-ace ty l -5 -FU,  

1 - b e n z o y l - 5 - F U ,  1 , 3 - d i m e t h y l - 5 - F U ,  a l l y l - F U ,  b u t e n y l - 5 - F U ,  

carboethoxymethyl -5-FU, a c e t o x y e t h y l - 5- F U  and 1 - o - t o 1  uoy l  - 5 1 ~ ~  and 

demonstrated t h a t  1-acetyl-5-FU and 1-benzoyl -5-FU were more e f f e c t i v e  

and l e s s  t o x i c  than 5-FU i n  v i t r o .  15 -- 



In 1975, Hoshi , I i g o ,  Yoshida and Kuretani synthesized some 

1-carbamoyl d e r i v a t i v e s  which i n c l u d e d  methy l  carbamoyl- 5-FU,  

i  sopropyl carbamoyl-5-FU , phenyl carbamoyl -5-FU and cycl ohexylcarba- 

moyl-5-FU. These d e r i v a t i v e s  were more a c t i v e  and l e s s  t o x i c  than 

In  1978 ,  G e b e l e i n  and Morgan repor ted  t h e  s y n t h e s i s  of 

1 5-fluoro-N-(N -ethylcarbamoyl ) u r a c i l ,  5- f luoro-N-  ( N I - a 1  l y l  c a r b -  

1 a m o y l ) u r a c i l ,  5-fluoro-N-(N -isopropylidenecarbamoyl)-uracil and 

5-fluoro-N-(N'-vinylcarbamoyl u r a c i l  ) .  The a c r y l o y l  d e r i v a t i v e  

hydrolyzed too r a p i d l y  t o  be of any p rac t i c a l  application while the 

a l ly1 i c  derivative was not polymerizabl e. 17,18,19 

Umrigar ,  Ohashi and B u t l e r  made 1- ( Z - c a r b o m e t h o x y -  

acrylo1)-5-FU and found out t ha t  the monomer hydrolyzed too rapidly. 20 

In  1984 ,  G e b e l e i n  and Har t sough  r e p o r t e d  t h e  s y n t h e s i s  of 

1- (N-2-ethylmethacryl carbamoyl ) -5-FU monomer whi ch cou 1  d  be f u r t h e r  

cop01 ymeri zed w i t h  various acryl a t e s  or methacryl a t e s  ." (Figure 6)  

In May 1986, Burr and Bundgaard reported r e su l t s  of synthesis - 

and hydrolysis studies of seven 1-a1 koxycarbamoyl der ivat ives  of 5-FU. 

The d e r i v a t i v e s  were  more l i p o p h i l  i c  t h a n  5-FU. One of t h e  

d e r i v a t i v e s ,  1-(butoxycarbamoy1)-5-fluorouraci 1 when admin is te red  - - 

t h r o u g h  t h e  rec tum of r a b b i t s  showed 100% abso rp t i on  whi le  no 

bio-avai l ab i l  i t y  was observed when 5-FU was admin is te red  through t h e  

same route. 23 



5-Fl  u o r o u r a c i  1 I s o c y a n a t o e t h y l  1 - ( N - 2 - e t h y l m e t h a c r y 1 c a r b a r n o y l ) -  
( 5 - F U )  m e t h a c r y l  a t e  (IEM) 5 - f l  l u o r o u r a c i  ( E M C F )  

F i g u r e  6 .  S y n t h e s i s  o f  E M C F .  



Polyneric Systems Containing 5-Fluorouracil 

Ba l lweg ,  e t  a l ,  i n  1969  p r e p a r e d  a  p o l y m e r  ( F i g u r e  7 )  

c o n t a i n i n g  5-FU f o r  t h e  f i r s t  t ime. This  polymer cont ined 5-FU as a  

p a r t  o f  i t s  backbone and had shown some b i o l o g i c a l  a c t i v i t y .  24,25,26 

U m r i g a r ,  O h a s h i  and  B u t l e r ,  i n  1 9 7 9 ,  c o p o l y m e r i z e d  

2 - c a r b o m e t h o x y a c r y l  o y l - 5 - F U  w i t h  s t y r e n e ,  d i v i n y l  e t h e r  a n d  

2- ch lo roe thy l  v i n y l  e the r  and showed t h a t  t he  copolymer hydro lyzes more 

s l o w l y  than the  monomer. (F igures 8,9,10,11 and 12). They a1 so repor ted  

t h a t  t h e  r a t e  o f  h y d r o l y s i s  depended on two i m p o r t a n t  f a c t o r s :  1 )  

h y d r o p h o b i c i t y  of the  polymer and 2) t he  s t reng th  o f  the  bond at tached 

t o  the  5-FU. These copolymers have shown some a c t i v i t y  a g a i n s t  P388 

leukemia i n  mice. 20 

I n  1980,  G e b e l e i n ,  - e t  - a1 r e p o r t e d  t h e  s y n t h e s i s  o f  

poly[5-fluoro-l-(N-vinylcarbamoyl ) u r a c i  1  ] ( F i g u r e  13) .  T h i s  p o l  p e r  

showed some a c t i v i t y  aga ins t  P38 leukemia. 17 

Yoshida and Kaetsu, i n  1979, s tud ied  the  re lease o f  5-FU from 

polymers con ta in ing  an adsorbent and repor ted  t h a t  as the  concent ra t ion  

o f  t he  adsorbent increased, the  re lease o f  5-FU decreased. 27 

Kaetsu, Yoshida and Yamada, i n  1980, demons t ra ted  t h a t  t h e  

r e 1  ease r a t e s  cou ld  be v a r i e d  by  vary ing  the  hyd rophob ic i t y  and shape 
- - 

o f  the  composite i n  which 5-FU was entrapped. They s tud ied  r e l e a s e  o f  

5-FU e n t r a p p e d  i n  a  m a t r i x  o f  po ly(d iethy1ene g l yco l  d imethacry la te )  

i n c l u d i n g  a  sma l l  q u a n t i t y  of p o l y ( s t y r e n e )  , p o l y ( v i n y 1  f o r m a l  ) , 

p o l  y ( v i n y 1  - a c e t a t e )  o r  po l y (me thy1  m e t h a c r y l  a t e )  and poly(ethy1ene 

g l y c o l  ). 28 

Drobnik, Spacek and W i c h t e r e l e  d i d  s t u d i e s  on pe rmea t i on  o f  



F i g u r e  7 .  S t r u c t u r e  o f  t h e  polymer  made by 
2 6  

r 

F i g u r e  8. 

F i g u r e  9 .  

F i g u r e s  8 and 9 .  S t r u c t u r e s  of  t h e  po lymer s  made b y  

. B u t l e r  e t  a l .  20 
- -  - -  



F i s u r e s  1 0 ,  1 1 - a n d  1 2 .  S t r u c t u r e s  o f  0 - - 
t h e  Lpo lymer s  made b y  B u t l e r  e t  a l .  2 0 

- -  - -  

'L7,3gf,A2 
F i g u r e  13.  S t r u c t u r e  o f  t h e  pc lymer  made by G e b c l e i n  g i  a l .  - - 



5-FU through hydroxyethyl methacryl a t e  and butyl methacryl a te .  Their 

work demonstrated t h a t  d i l u t i o n  c o u l d  be accompl i shed  by 1)  

inc rea s ing  the hydrophobicity of the membrane, 2) by increasing the 

thickness of the membrane and 3 )  by using d i lu te  solutions.  28 

Levowitz, La Guerra, Cal em, Goul d,  Sche r r e r  and Schoenf ie l  d 

impregnated 5-FU i n t o  Hydron discs  and studied i t s  release by placing 

these discs  i n  buffer  or human plasma. 2 9 

Gebelein and Hartsough copolymerized a 5-FU der iva t ive  [ E M C F ] ,  

[ I -  ( N - 2 - e t h y l m e t h a c r y l c a r b a m o y 1 ) - 5 - f l  u o r o u r a c i l ] ,  w i t h  methyl 

methacryl a t e ,  methyl acryl a t e ,  butyl acryl a t e ,  butyl methacryl a t e  and 

s t ea roy l  methacryl a t e .  They prepared a wide range of copolymers by 

varying the EMCF and comonomer molar r a t i o s  as 25:75, 50:50 and 75:25. 

Hydro1 y s i s  s t u d i e s  were done on t he se  polymers by placing a weighed 

sample i n  a wire-mesh-supported d ia lys i s  membrane cage and by immersing 

t h i s  a s sembly  i n  a c o n i c a l  f l a s k  c o n t a i n i n g  w a t e r  which was - 

con t i  nuously s t i r r ed .  Sampl es were taken out per iodical ly  and assayed 

spectrophotometricall y to determine the concentration of 5-FU re1 eased. - 

The hydrolysis studies showed perfect  zero-order release kinetics.  The 

r a t e  of re lease  could be varied by varying t h e  comonomer used or  t h e  

amount of EMCF i n  the copolymer. 21,22 

- - 



Pol yneric Control 1 ed Re1 ease Systems 

To q u o t e  Gebele in ,  " A  c o n t r o l l e d  re lease  system i s  s imp l y  any 

po lymer ic  system t h a t  r egu la tes  o r  c o n t r o l s  t he  re lease  o f  some t ype  o f  

b i o a c t i v e  agent. Genera l ly ,  these systems a r e  d e v e l  oped t o  r e s t r i c t  

t he  concen t ra t i on  o f  t h i s  agent t o  some f a i r l y  narrow range i n  o rde r  t o  

e l  i c i  t t h e  d e s i r e d  a c t i v i t y  w h i l e  r e d u c i n g  t h e  o t h e r  p o t e n t i a l l y  

dangerous s i d e  e f f e c t s  t o  acceptable 1  eve1 s" . 3 1 

Polymer ic  c o n t r o l l e d  re l ease  systems can be c l a s s i f i e d  on t h e  

b a s i s  o f  p h y s i c a l  and chemi c a l  approaches .32 Gebel e i n  d i s t i n g u i s h e s  

these systems i n t o  t h r e e  broad ca tegor ies :  

1) c o n t r o l 1  ed re1  ease systems 

2)  b i o l o g i c a l l y  a c t i v e  systems 

3 )  imnobol i z e d  b i o a c t i v e  m a t e r i a l s  

A drug may be enclosed i n  a  po lymer ic  m a t e r i a l  which e v e n t u a l l y  

d i sso l ves  o r  ge ts  dest royed i n  some p a r t  o f  the  body t he reby  r e l e a s i n g  

t h e  b i o a c t i v e  agen t .  "Timed capsules"  f o r  headaches and c o l d  problems 

a re  good examples o f  t h i s  c a t e g o r y .  The advan tage  o f  such  e r o d a b l e  

sys tems i s  t h a t  t he  po lymer ic  m a t e r i a l  degrades i n  the  body and i s  no t  

r e q u i r e d  t o  be removed s u r g i c a l l y .  The mos t  commonly used  s y n t h e t i c  

po l ymers  i n  e r o d a b l e  systems a re  p o l y ( 1 a c t i c  ac ids ) .  The drug may be 
. . 

p l a c e d  i n  t h e  e r o d a b l e  p o l y m e r  as a  d e p o t  ( r e s e r v o i r  s y s t e m )  o r  

d ispersed  through t he  polymer (mono1 i t h i c  system). 3 3 

I n  a n o t h e r  system, t h e  d r u g  i s  a l lowed t o  d i f f u s e  through a  

non- degradab le  p o l y m e r  l i k e  p o l y ( d i m e t h y 1  s i l o x a n e )  o r  a  h y d r o g e l  

p o l  y (  hyd roxye thy l  methacry l  a te ) .  The r a t e  o f  d i f f u s i o n  depends on t he  

composi t ion o f  polymer, t he  chemical s t r u c t u r e  o f  t h e  d r u g  and n a t u r e  



o f  t h e  system. D i  f f u s i o n - c o n t r o l 1  ed systems can be e i t h e r  r e s e r v o i r  

type o r  mono1 i t h i c  type. Some medical  devices o f  d i f f u s i o n - c o n t r o l  1  ed 

t y p e  a r e  a v a i  1  a b l e  which i nc lude  re lease o f  p i 1  ocarpine ( f o r  glaucoma 

t reatment)  from an e t h y l e n e- v i n y l  a c e t a t e  copo lymer  (Ocuse r tR ,  A1 za 

Corp. ) ,  and t h e  c o n t r o l  o f  f e r t i l  i t y  b y  the  re lease o f  progesterone 

from the  same polymer ic  system ( p r o g e s t a s e r t R '  A1 za Corp. ) . 34,35,36 

A r t i f i c i a l  tears, scopolamine, a  mot ion sickness drug del  i ve red  through 

s k i n  by  a  t r a n s d e r m a l  system and n i t r o g l y c e r i n e  f o r  prolonged re lease 

are a1 so avai  1  able. 

Drugs may be r e l e a s e d  f r o m  m i c r o c a p s u l e s  b y  t h e  p rocess  o f  

d i f f u s i o n .  The p rocess  i t s e l f  c o n s i s t s  o f  t h r e e  s teps :  1) w a t e r  

d i f f uses  i n t o  the  coat ing, 2 )  an aqueous s o l u t i o n  o f  t h e  d rug  fo rms 

i n s i d e  t h e  c o a t i n g  and 3)  t h e  d rug  s o l u t i o n  d i f f u s e s  o u t  o f  t h e  

coat ing.  3  7 

Pol ymeric Drugs 

I n  another approach, t h e  d rug  u n i t  i s  d i r e c t l y  a t t a c h e d  t o  t h e  

po lymer  by  c o v a l e n t  bond ing  t o  form the  polymer ic  drug. According t o  

Gebelein, "A po lymer ic  drug i s  a  macromolecu le  t h a t  c o n t a i n s  a  d r u g  

u n i t  a t t a c h e d  t o  o r  w i t h i n  t h e  backbone c h a i n  o f  a  po lymer  t h a t  

e x h i b i t s  medical a c t i v i t y  w i t h o u t  having such u n i t " .  32 A good exampl . . e  

o f  a  p o l y m e r i c  d r u g  w i t h o u t  a  known t h e r a p e u t i c  u n i t  i s  t h e d i v i n y l  

e ther lmal  e i c  anhydride c y c l  ocopolymer (DIVEMA o r  ' Pyranl copolymer). 38 

There are th ree  types o f  po lymer ic  drugs: 

1) I n s o l u b l e  polymer ic  drugs: These are s u r g i c a l l y  t r a n s p l a n t e d  

o r  i n j e c t e d  a t  the  s i t e  o f  pharmacological a c t i o n  f o r  extended per iods 

o f  time. However, t hese  drugs  a r e  good f o r  o n l y  e a s i l y  a c c e s s i b l e  



s i t e s  and not d e s i r a b l e  f o r  t r e a t i n g  i n t e r n a l  organs f o r  f e a r  of 

causing damage to  the del i cate organs. 

2) Soluble polymeric systems: These have advantage over t h e  

i n s o l u b l e  po lymer i c  drugs as  they  r e q u i r e  no su rge ry  and can be 

injected or ingested oral ly .  Moreover, they have a l o t  of v e r s a t i l i t y ,  

which means t ha t  the solubil i t y  or the spec i f i c i t y  of the polymer can 

be varied by varying the nature and amount of copolymer used. The i r  

drawback i s  lack of complete spec i f i c i t y  to  the t a rge t  c e l l s .  

3 )  Directed sol  u bl e pol yneric drugs: These are mu1 ticomponent 

polymeric drugs, generally composed of three parts: a )  the t h e r a p e u t i c  

agen t ,  b) a solubi l iz ing un i t ,  and c )  a directing u n i t .  The di rect ing 

uni t  may be another monomer or a biol og ica l  u n i t ,  such as  an enzyme, 

protein , e tc .  39,40,41 

Numerous references are  avai lable  i n  the l i t e r a t u r e  describing the 

synthesis of a monomer containing a bioactive agent which could then be. 

a t t a ched  t o  ano ther  monomer o r  polymeric matrix or encapsulated by a 

pol ymeric membrane. 42 
- 

The cancer drugs which have been a t t a ched  t o  polymer cha ins  

inc lude  5-FU, cyclophosphamides, and 5- methy l- 2- pheny l- l ,3- d ioxy-  

boriman-5-yl methyl methacryl a t e .  43 References a r e  c i t e d  i n  t he  
- - 

1 i t e ra tu re  describing attachment of phenyl ethyl ami ne, dl -amphetami ne, 

1-ephedrine and tyramine to poly(methacry1 i c  acid) and starch.  44 

The copolymer of 1 - v i n y l u r a c i l  has been found to  be act ive  

against  murine lukemia virus.  45-49 Poly(9-vinyl -adenine) has been found 

to  be an t iv i ra l  and has shown i n h i b i t i o n  of E .  Col i RNA polymerase. 

Statalon i s  a natural ly  occurring polysaccharide and has been found t o  



been found t o  be a c t i v e  a g a i n s t  mouse leukemia. Actinomycin i s  

a n o t h e r  example of a na tu r a l  polymer used i n  t r e a t i n g  Hodgkin's 

disease. 9-Alpha-fluorocorti co i  d s  a r e  used t h e  i n  t r e a tmen t  of some 

neoplasms of lymphoid t i ssue.  They i nh ib i t  incorporation of precursors 

of pur ines  i n  nucleic acid synthesis ,  and the incorporation of formate 

in to  DNA. 44 

Pol y(sodium a c r y l a t e )  has been found t o  be a c t i v e  a g a i n s t  

i n t r a m u s c u l a r  Walker ca r c inoma  256 i n  r a t s  and has a l s o  shown 

anti-tumor a c t i v i t y  against  sol id tumor ce l l  s .  Cer ta in  polymers a r e  

capable  of inducing product ion of in terferon,  which i s  known to  be a 

potential  neoplastic agent .40 The a1 ternating 1:2 divinyl ether:mal e i c  

anhydride copolymer (Pyran) has been found useful i n  t r e a t i n g  Ehl r i c h  

and Lewis lung cancer i n  mice. 20 

Ascol i , Casini , Ferappi and Tubaro have reported many polymers 

containing anti- bacterial  agen ts  showing a n t i  b a c t e r i a l  a c t i o n .  50 By 

v a r y i n g  t h e  s t r u c t u r e  of some s y n t h e t i c  hormones and enzymes a 

considerably higher a c t i v i t y  than t h e i r  natural c o u n t e r p a r t s  could be 

achieved .51 Pol y(2-vinyl  pyr id ine) -1-ox ide  has shown a n t i s i l  i cos i s  

a c t i v i t y .  5 2  C o p o l y m e r s  o f  d i r n e t h y l o l u r e a - s u l  p h a m i  d o r  

d imethylolureasulphone have been repor ted  a s  an t imala r ia l  drugs. 53 

Choul i s  and ~apadoupol  i s  prepared timed-re1 ease  tab1 e t s  coni%i n i  ng 

qu in ine  sul  f a t e . 5 4  To mask i t s  unpleasant t a s t e  and odor, Clofibrate 

(hypochol es t rol  emic agent) was encapsul ated. 5 5 

Mason, Theis and Cicero did in v i t r o  and i n  vivo s t u d i e s  on -- -- 
the re1 ease of cyclazoci ne (a narcotic agent) from dl-poly(1 ac t i c  acid)  

mic rocapsul e s  and demonstrated t ha t  the 1 arger capsul es  showed slower 



Newton and Razzo s t u d i e d  t h e  r e 1  ease o f  n i  t r o f u r a n o t i  n  , 

n i t ro fu razon ,  oxy te t racyc l  i n e  and t e t r a c y c l  i ne f rom g e l  a t i n  capsu l  es 

c o n t a i n i n g  d i l u e n t  w i t h  o r  w i t h o u t  a  l u b r i c a n t  and w e t t i n g  agent. 56 

They repor ted  t h a t  the  type o f  drug, type o f  d i l u e n t ,  1  eve1 o f  d i  1  u e n t  

and l u b r i c a n t  each a f f e c t  drug release, b u t  the  we t t i ng  agent does not .  

Gentamycin i n  p o l y ( m e t h y 1  me thac ry la te ) ,  when used as a  bone cement, 

e x h i b i t e d  l o c a l i z e d  b a c t e r i o c i d a l  a c t i o n  i n  dogs. I n  v i t r o  s tud ies  on --  
t h i s  system have shown susta ined re lease f o r  over  70 weeks. 57,58 The 

re lease r a t e  was dependent on the  gentamycin content  of the  system, the  

amount of e l u t i o n  l i q u i d ,  shape and s i z e  o f  the  system and pe r i od  o f  

con tac t .  

Abrams and Ronel have repor ted  a  Hydron d e v i c e  f o r  z e r o  o r d e r  

r e l e a s e  r a t e  o f  c y c l a ~ o c i n . ~ ~  They demonstrated t h a t  the  re lease r a t e s  

could be c o n t r o l l e d  by vary ing  the  copolymer composit ion and c r o s s l i n k  

dens i ty .  

Drug Elution Systems 

I n  the  i n  v i t r o  s tudies,  the  proper  design o f  a  s u i t a b l e  device -- 
t o  measure t h e  c o n t r o l 1  ed r e l e a s e  k i n e t i c s  o f  a  drug i s  a  ve ry  v i t a l  

task. The va r i ab les  which have t o  be c o n s i d e r e d  i n  d e s i g n i n g  such a  

c o n t r o l l e d  re lease drug d e l i v e r y  device inc lude a n a l y t i c a l  s e n s i t i v i t y ,  

m a i n t e n a n c e  o f  s i n k  c o n d i t i o n s ,  hydrodynamic c h a r a c t e r i s t i c s  o f  

s o l u t i o n  d i f f u s i o n ,  r e p r o d u c i b i l i t y  o f  r e s u l t s  and accurate maintenance 

o f  t empera tu re .  Repor t s  o f  many such des igns  can be f o u n d  i n  t h e  - 

1  i t e r a t u r e .  Chien c l a s s i f i e s  these designs i n t o  two main groups: 



1)  Continuous f l o w  apparatus and 2) Constant r o t a t i o n  apparatus. 60 

Continuous f l o w  apparatus: 

This  k i n d  o f  apparatus was used by  ~ a l k w a r f ~ l  and b y  Roseman 

and H i g ~ c h i . ~ '  The pro to type o f  the  drug d e l i v e r y  device i s  f i x e d  i n  an 

e l u t i o n  column maintained a t  3 7 ' ~  and the s o l u t i o n  t o  be e lu ted  i n t o  i s  

passed through it. The f l o w  r a t e  o f  the e l u t i o n  s o l u t i o n  i s  c o n t r o l l e d  

b y  u s i n g  a  p e r i s t a l i c  pump. Samples o f  t h e  e l u e n t  s o l u t i o n  are 

c o l l e c t e d  p e r i o d i c a l l y  and the c o n c e n t r a t i o n  o f  t h e  r e l e a s e d  d rug  i s  

Using t h i s  system, D. R. Kalkwarf  s tud ied  the  i n  v i t r o  -- 
r e 1  ease o f  p roges te rone  from a  ma t r i x- t ype  polyethy lene drug del i v e r y  

device.  As t h e  f l o w  r a t e  i n c r e a s e d ,  t h e  r a t e  o f  d rug  r e l e a s e  a l s o  

i n c r e a s e d  ti 11 i t  reached a  p la teau beyond which any f u r t h e r  increase 

i n  f l o w  r a t e  d i d  no t  a f f e c t  the r a t e  o f  drug release. A h igh  f l o w  r a t e  

(300 mL/minu te)  of e l u t i o n  s o l u t i o n  was used as t h e  d rug  has  l o w  

aqueous  s o l u b i l i t y .  The r e l e a s e  p r o f i l e  o f  t h e  d rug  c o u l d  be 

de te rm ined  e i t h e r  by  measu r ing  t h e  c o n c e n t r a t i o n  o f  t h e  e l u t i o n  

s o l u t i o n  p e r i o d i c a l l y  o r  by assaying the  res idua l  drug content  i n  the  
- 

deuice. Th is  p r i n c i p l e  was a1 so used by  Roseman and ~ i ~ u c h i ~ '  and 

~ o s e m a n ~ ~  t o  i n v e s t i g a t e  the  c o n t r o l  1  ed re1  ease o f  progesterone and i t s  

d e r i v a t i v e s  from m a t r i x  type medicated vaginal  r i n g s  made from s i l  icone 

r u b b e r .  The d;ug re lease  p r o f i l e s  depended on the p o l p e r  s i i u b i l  i t y  
and polymer d i f f u s i  b i l  ity.62'64 Continuous f l o w  apparatus i s  a1 so used 

t o  determine c o n t r o l  1  ed drug re1  ease p r o f i  1  es from capsule and sandwich 

type drug d e l i v e r y  systems. 60 



Constant Rotation Apparatus: 

This system developed by Chien -- e t  a165 i s  simpler in design 

than t h e  cont inuous f low appara tus .  The drug d e l i v e r y  device  was 

mounted i n  a c i r c u l a r  p l e x i g l a s R  holder  and r o t a t e d  i n  the elution 

medium a t  a cons t an t  speed using a sp in  bar .  A c o n s t a n t  a n g u l a r  

r o t a t i o n  speed was requ i red  in o rder  t o  maintain constant solution 

hydrodynamics. The re1 ease of deoxycorti costerone aceta te  from matrix 

type and sandwich type s i l i c o n e  fo rmula t ions  was s t ud i ed  and t h e  

resu l  t s  compared. The da i ly  dose of the drug released from the matrix 

type drug del ivery system was much higher than t he  sandwich type and 

g radua l l y  decreased w i t h  time. Sink conditions required fo r  the study 

of the release p rof i l es  using the constant device can be maintained by 

t he  use of a water-miscible  compatible co-solvent. In t h i s  way the 

aqueous so lub i l i t y  of low so lub i l i t y  drugs such as the s t e r o i d s  can be 

app rec i ab ly  enhanced. Another advantage of using a co-solvent system. 

i s  t h a t  on ly  a small volume of e l u t i o n  s o l u t i o n  i s  r e q u i r e d .  By 

changing the so lub i l i t y  of the drug in the e lut ion medium, the ra te  of- 

release can be varied. 60 

Using medroxyprogesterone aceta te  as a model drug, experiments 

were carried out t o  study i t s  re1 ease from a matrix-type drug del  i  very  
- - 

system using t h e  cont inuous flow apparatus and the constant rota t ion 

apparatus. The r e su l t s  obtained using t he se  dev ices  showed the  same 

d rug  r e l e a s e  p r o f i l e s .  The r e s u l t s  were a l s o  comparable t o  t he  

theoretical  cal cul at ions.  65 



Drug Delivery Device Used by Gebelein et a1 in Earlier 

Gebelein e t  a1 developed a device i n  order  t o  s tudy  the  re lease 

p r o f i l e s  o f  5-FU f rom EMCF, poly[EMCF] and EMCF copo lymers .  The 

apparatus was b a s i c a l l y  comprised o f  a d i a l y s i s  membrane supported by a 

w i r e  mesh cage (F igure  14,15). A c e l l u l o s e  d i a l y s i s  membrane, 6 cm i n  

l eng th  and 2.5 cm i n  diameter, was placed i n t o  7-8 m l  m o l t e n  wax i n  a 

beaker .  When t h e  wax hardened, t h e  membrane became embedded i n  the  

wax. This  wax-embedded membrane was r e t r i e v e d  f rom t h e  beaker  and was 

f i x e d  t o  t he  bottom o f  a s t a i n l e s s  s tee l  cage, 4.0 cm h igh  and 2.75 cm 

i n  diameter, u s i n g  m o l t e n  wax. The cage had a s t a i n l e s s  s t e e l  r o d  

soldered t o  it. The d i a l y s i s  membrane was t r imned t o  make i t even w i t h  

t h e  b o t t o m  o f  the  cage. The bottom was f u r t h e r  r e i n f o r c e d  by f i x i n g  a 

c i r c u l a r  w i r e  mesh p iece t o  i t us ing  mol t e n  wax. A t u b u l  a r  d i a l y s i s  

membrane, 4.0 cm h igh  and 2.75 cm i n  diameter, was in t roduced i n t o  the  

cage and f i x e d  t o  t he  the  bottom by  pour ing mol ten  wax f rom a p a s t e u r  

p i p e t t e .  The top  o f  the c y l  i n d r i c a l  cage was a l so  covered by employing 

the  d i a l y s i s  membrane/molten wax technique. A square p o r t  was c u t  i n t o  

i t  f o r  t h e  purpose o f  i n t roduc ing  the  sample. The top  was r e i n f o r c e d  

w i t h  a same-sized, c i r c u l a r  p iece  o f  wire-mesh, again us ing  wax; 

A t  the  s t a r t  o f  the  experiment, a sma l l  h o l e  was made i n  t h e  

t o p  o f  t h e  w i r e  m e s h / d i a l y s i s  membrane assembly and w a t e r  was 

in t roduced through i t  t o  expel a i r .  Once t h i s  was done, t h e  h o l e  was 

sea l  ed w i t h  wax. Th i s  apparatus was s l o w l y  p laced i n  a con ica l  f l a s k  

c o n t a i n i n g  1000  mL o f  w a t e r .  The c o n t e n t s  i n  t h e  f l a s k  w e r e  

e q u i l  i b r a t e d  a t  37*0 .5 '~  u s i n g  a water bath and were s t i r r e d  us ing  a 
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mechanical s t i r r e r .  A1 iquots  were removed periodical  1  y  and assayed 

spectrophotometri call  y  for  5-FU. 



CHAPTER I1 

STATMENT OF THE PROBLM 

The m a j o r  p rob lem a s s o c i a t e d  w i t h  any k i n d  o f  medicat ion i s  

o b t a i n i n g  an e f f e c t i v e  c o n c e n t r a t i o n  l e v e l  i n  t h e  b o d y .  A h i g h  

c o n c e n t r a t i o n  l e v e l  r e s u l  t s  i n  s ide  e f f e c t s  and a t  low concent ra t ion  

the  drug becomes i n e f f e c t i v e .  Keeping t h i s  i n  mind, dosage l e v e l  i s  

des igned  i n  such a  way t h a t  i t  f a l l s  between t h e s e  upper and lower 

l i m i t s .  The r a t i o  o f  t o x i c  t o  the  minimum e f f e c t i v e  c o n c e n t r a t i o n  i s  

known as t h e  the rapeu t i c  index, cormonly denoted as T I .  A drug w i t h  a  

h igher  T I  va lue i s  considered t o  be sa fe r  than the one w i t h  a  low TI. 

The t reatment  o f  cancer o r  leukemia us ing  the rapeu t i c  agents i s  

d i f f i c u l t  because t h e  m e d i c a t i o n s  u s u a l l y  cause u n d e s i r a b l e  s i d e  

e f f e c t s  such as l o s s  o f  a p e t t i t e ,  nausea, l o s s  o f  h a i r ,  e t c .  I n  

add i t i on ,  such drugs have low T I  va lues .  As a  r e s u l t  t h e  p a t i e n t  i s  

r e q u i r e d  t o  t a k e  m e d i c a t i o n  m o r e  o f t e n ,  a g g r a v a t i n g  t h e  - 

a1 ready-exi s t i  ng problem o f  s ide  e f f e c t s .  

The s o l u t i o n  t o  t h e s e  p r o b l e m s  i n  m e d i c a t i o n  m i g h t  be  - 

accomplished by us ing  a  c o n t r o l l e d  re lease system. I f  implanted a t  t he  

s i t e  o f  d e s i r e d  p h a r m a c o l o g i c a l  a c t i o n ,  i t  wou ld  r e l e a s e  t h e  drug 

molecules a t  a  c o n t r o l l e d  r a t e  i n  t h e  nea r  v i c i n i t y .  T h i s  way t h e  - - 

a c t i o n  o f  t h e  d rug  wou ld  be l o c a l i z e d  r a t h e r  t h a n  s y s t e m i c  t h u s  

m in im iz ing  i t s  exposure t o  t he  non- target  areas. 

Some p o l y m e r i c  systems u t i l i z i n g  5 - f l u o r o u r a c i l  have been 

r e p o r t e d  i n  t h e  1  i t e r a t u r e .  However, no imp1 antabl  e  polymers have 

been developed.  One such system was d e v e l o p e d  b y  G e b e l e i n  and  

~ o r ~ a n  ,17 b u t  i t  re leased 5-FU a t  a  f a s t e r  r a t e  than desi red.  18,69,70 



In another system, the reaction product of 5-FU and fumaroyl c h l o r i d e  

was u t i l i z e d .  I t  r e l e a sed  5-FU a t  a rapid r a t e  and would not be of 

any pract ica l  use." In a r e c e n t  a r t i c l e ,  Gebelein and Hartsough,  2 1 

have r epo r t ed  t he  controlled re lease  of 5-FU from acry la te  copolymers 

of 1-(N-2-ethylmethacry1carbamoyl)-5-fluorouracil [ E M C F ]  monomer. The 

c o n t r o l  1 ed re1 ease s tudies  demonstrated slow re1 ease of 5- fluorouracil 

over extended periods of time and exhibited zero-order k i n e t i c s .  The 

amount of 5-FU could be va r i ed  by varying the comonomer r a t i o  and/or 

the  comonomer. 

This study will be an extension of the Hartsough and Gebelein 

work emphasizing mos t ly  t h e  controlled re lease  s tudies  using a more 

simp1 i f i ed  technique. A carbamoyl der ivat ive  of 5-FU, [EMCF], w i l l  be 

prepared and copolymerized w i t h  methyl methacryl a t e  i n  25/75, 50/50, 

and 75/25 molar r a t i o s .  The solvent system fo r  these reactions will be 

1,4-dioxane. In order t o  avoid the possi bi 1 i t y  of photopolymerization , 

the s y n t h e s i s  of EMCF w i l l  be c a r r i e d  ou t  i n  a round bottom f l a s k  

c o v e r e d  w i t h  aluminum f o i l .  The r e a c t a n t s ,  i s o c y a n a t o e t h y l  - 

methacrylate and 5-FU will be reacted i n  the presence of a c a t a l y s t  a t  

room temperature. 

The copolymers of EMCF and MMA will be made a t  6 0 ' ~  using AIBN 

as the i n i t i a t o r .  Ear l i e r ,  Gebelein and Hartsough 21s22 r e p o r t e d  t h a t  

cop01 ymers of EMCF and MMA prepared a t  70-80'~ did not dissolve i n  any 

s o l v e n t s .  The i n s o l u b i l i t y  of t h e  copo lymer s  may be d u e  t o  

c r o s s l  inking of t h e  polymeric chains a t  higher temperatures or  t o  the 

re1 ease of 5-FU from the polymer followed by crossl inking (deb1 ocking) . 
In t he  p r e sen t  s t u d y  a lower r e a c t i o n  temperature  ( 6 0 ' ~ )  w i l l  be 



m a i n t a i n e d  w i t h  t h e  e x p e c t a t i o n  t h a t  t h e  r e s u l t i n g  copolymer would 

d i sso l ve  i n  some solvent .  

The h y d r o l y t i c  r e l e a s e  r a t e s  on t h e  EMCF monomer and  t h e  

f o l l o w i n g  copolymers w i l l  be c a r r i e d  ou t  us ing  a  much s imp ler  technique 

i n s t e a d  o f  t h e  amore complex one used p r e v i o u s l y  wh ich  i n v o l v e d  a  

d i a l y s i s  membrane supported by a  s t e e l  mesh basket (F igure  14). 
EMC F  : MMA EMCF:MA 

25: 75 7 5 7 5  

I n  t h e  p r e s e n t  new t e c h n i q u e ,  gas  d i s p e r s i o n  t u b e s  

( F i  1  t e r - s t i c k s )  o f  two d i f f e r e n t  s izes  w i  11 be used. Care fu l1  y-weighed, 

s i e v e d  (60-100 mesh), powdered samples o f  EMCF monomer o r  the  EMCF 

copolymers w i l l  be p laced i n  t he  f i l  t e r - s t i c k s  (F igure  15) immersed i n  

a  one l i t e r  f l a s k  f i t t e d  w i t h  a  m e c h a n i c a l  s t i r r e r ,  i n  a  

c o n s t a n t - t e m p e r a t u r e  b a t h  m a i n t a i n e d  a t  37f0.5'~. One l i t e r  o f  

water w i l l  be poured i n  t he  f l a s k  and s t i r r e d .  S t u d i e s  w i l l  be 

done u s i n g  d i f f e r e n t  sample s izes  and tubes. A l i q u o t s  w i l l  be removed 

from the  f l a s k  p e r i o d i c a l l y  and the  concent ra t ion  o f  the  5-FU r e l e a s e d  - 

w i  11 be de te rm ined  s p e c t r o p h o t o m e t r i c a l l y  a t  265 nm. Beckman DU-7 

and/or Beckman-26 spectrophotometers w i l l  be used f o r  the  assays. The 

r e s u l t s  o f  these s tud ies  w i l l  be compared w i t h  t he  r e s u l t s  o f  Hartsough . . 

- - 
and Gebel e i  n  . 



Figure 1 5 .  Gas d i s p e r s i o n  t u b e s .  



CHAPTER I11 

EXPERIMEHTAL 

Reagents 

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

a n a l y t i c a l  grade. I n  o rder  t o  remove the  peroxide, 1,4-dioxane was 

passed through a lumina .  5-FU was d r i e d  i n  an oven a t  1 1 0 ~ ~  f o r  24 

h o u r s  b e f o r e  use. Methyl  methacry late was washed several  t imes w i t h  

5% sodium hydroxide t o  remove t h e  p h e n o l i c  i n h i b i t o r  and t h e n  d r i e d  

o v e r  c a l c i u m  c h l o r i d e .  A l i s t  o f  reagents used, t h e i r  grades and the  
I 

names o f  supp l i e r s  i s  presented below: 

Table 1. Reagents used 

M a t e r i a l  Formul a Grade Suppl i e r  

2,2'-azobisisobutyronitrile C6H12N6 Laboratory A l d r i c h  

1,4-Dioxane C4H802 Reagent A1 d r i  ch 

5- Fluorourac i  1 C4H3N202FPractical P.C.R. 

Hydroqu i none C6H802 P u r i f i e d  F i she r  
- - 

Isocyanatoethy l  ~ e t h a c r ~ l  a t e  C7H9N03 Experimental Dow 

Methyl Methacryl  a t e  C5H802 Laboratory Rohm & 
Haas 



EQU IMENT 

A l l  o f  the  glassware used had 24/40 standard tapered j o i n t s .  

I n  o r d e r  t o  a v o i d  t h e  p o s s i b i l i t y  o f  t h e  monomer o r  t h e  po lymer  

undergoing premature hydro lys is ,  i t was necessary t o  d r y  t h e  a p p a r a t u s  

b e f o r e  use. A l l  o f  t h e  a p p a r a t u s  was washed w i t h  soap, r i nsed  w i t h  

deionized water  and then d r i e d  i n  the  oven a t  1 1 0 ~ ~ .  

A Buchler f l a s h  evaporator was used t o  e v a p o r a t e  1 $4 -d ioxane  

f rom EMCF monomer, a  M e t t l e r  PlOOO balance was used t o  determine the  

w e i g h t s  o f  t h e  c h e m i c a l s ,  a  B e c k m a n  A c c u l a b  4  I n f r a r e d  

s p e c t r o p h o t o m e t e r  was used f o r  ob ta in ing  the i n f r a r e d  spectra o f  t he  

monomer and the  p o l  ymer , Bec kman DU-7 s p e c t r o p h o t o m e t e r  and /o r  a  

Beckman 26 spectrophotometers were used f o r  the hyd ro l ys i s  s tudies,  a  

Sargent-Welch c o n t r o l  was used t o  ma in ta in  a  constant  bath t empera tu re  

o f  3 7 t 0 . 5 ' ~  d u r i n g  h y d r o 1  y s i s  s t u d i e s  and s i n t e r e d  g l a s s  t u b e r  

( p o r o s i t y  C) o f  two d i f f e r e n t  s izes  ordered from ACE Glass Company were 

used. - 

PROCEDURES 

- - 
P repara t ion  o f  l-(N-2-ethylmethacryIcarbarnoyl)-5-fluorouraci1 

The procedure f o r  the  f o l l o w i n g  synthesis  was taken from Robert 

R. Hartsough's M a s t e r ' s  t h e s i s .  66 I n t o  a  t h ree- necked  round  b o t t o m  

f l a s k ,  w r a p p e d  i n  an aluminum f o i l  and f i t t e d  w i t h  a  mechan ica l  

s t i r r e r ,  was poured 450 mL 1,4-dioxane, 0.5000 g  hydroquinone, 0.5000 g  

t r i e t h y l a m i n e  and 20.0000 g(O. 1358 moles) 5- f l uo rou rac i  1. Ni t rogen was 



purged through the  f l a s k  f o r  one hou r  a t  t h e  end o f  wh i ch  25.0000 g  

(0.1611 mol es ) i s o c y a n a t o e t h y l  m e t h a c r y l  a t e  was added slowly. The 

contents o f  the f l  ask were cont inuous ly  s t i r r e d .  The r e a c t i o n  ( F i  g u r e  

6)  was a l lowed t o  proceed f o r  f i v e  days. The s o l u t i o n  was f i l t e r e d  and 

t r a n s f e r r e d  i n t o  a  p rewe ighed one-1 i t e r  round- bot tom f l a s k .  The 

dioxane was f l a s h  evaporated a t  40 t o r r  and 45'~. The s o l i d  crude EMCF 

monomer was ye l low ish- whi te  i n  co lo r .  It was d r i e d  i n  a  vacuum a t  25 

t o r r  and room tempera tu re .  The average y i e l d  o f  f o u r  syntheses was 

36.29 (83% o f  the  t h e o r e t i c a l  y i e l d ) .  The me1 t i n g  p o i n t  was found  t o  

be 151-152'~. 

Crude monomer (30 g )  was d isso lved  i n  250 mL dioxane and passed 

t h r o u g h  a  s i  1  i ca- ge l  column. Frac t ions  were c o l l e c t e d  between 50 t o  

250 mL and f l a s h  evapo ra ted  under  4 0 - t o r r  vacuum and a t  4 5 ' ~ .  The 

p u r i f i e d  monomer was t h e n  d r i e d  under 25- tor r  vacuum and the  average 

y i e l d  was 28.3 g. The pure product  had a  sharp me1 t i n g  p o i n t  o f  154'~. 

The i n f r a r e d  ana l ys i s  f u r t h e r  conf irmed the p roduc t  and was i d e n t i c a l  

t o  t h a t  repor ted  by Hartsough. 6  6  
- 

The monomer was found  t o  be so lub le  i n  1,4-dioxane, acetone, 

methylene c h l o r i d e ,  c h l o r o f o r m ,  d i m e t h y l  s u l  f o x i d e ,  and c e l  l u s o l v e  

a c e t a t e .  I t  s w e l l e d  i n  n - b u t y l  a c e t a t e ,  e t h y l  a c e t a t e ,  m e t h y l  

c e l l u s o l v e ,  m e t h y l  e t h y l  k e t o n e ,  g a m m a - b u t y r o l  a c t o n e ,  a n d  

t e t r a h y d r o f  u r a n  . The monomer was i n s o l u b l e  i n  n- buty l  a lcohol ,  carbon 

t e t r a c h l o r i d e ,  t o l u e n e ,  n-heptane, e t h y l  e t h e r ,  and benzene. When 

heated t o  80°C, it d isso lved i n  gamna-butyrol actone, methyl  i so- bu ty l  



ketone, methyl  e t h y l  ketone, a c e t o n i t r i  l e ,  to luene,  e t h y l  a c e t a t e  and 

n- buty l  a lcoho l .  

Prepara t ion  o f  Copolymers o f  Methyl Methacryl  a t e  and EMCF 

To a three- necked f l ask ,  f i t t e d  w i t h  a mechanical s t i r r e r  and 

calcium c h l o r i d e  d r y i n g  tube, were added t h e  a p p r o p r i a t e  amounts o f  

comonomer, EMCF and 100.00 mL o f  1,4-dioxane. B e f o r e  a d d i n g  t h e  

i n i t i a t o r  (AIBN), t he  f l a s k  and i t s  contents were purged f o r  one hour  

w i t h  n i t rogen.  The f l a s k  was then submerged i n  an o i l  bath mainta ined 

a t  6 0 ' ~ .  The r e a c t i o n  was a l l o w e d  t o  be c o n t i n u e d  f o r  twenty- four  

hours w h i l e  t he  contents i n  the  f l a s k  were s t i r r e d .  A t  the end o f  t h e  

r e a c t i o n ,  t h e  copo lymer  was r e c o v e r e d  by  p r e c i p i t a t i n g  i n  600 mL o f  

methanol. The copolymer was a l lowed t o  d r y  i n  a vacuum oven a t  25 t o r r  

a t  room temperature. Weight  o f  AIBN and comonomers and y i e l d s  a r e  

g iven  i n  t ab les  ( 2  & 3). 

The I R  s p e c t r a  o f  t h e  copo lymers  c o n f i r m e d  the  presence o f  

respec t i ve  peaks expected due t o  the  comonomers. The magnitude o f  t h e  

peaks a1 so va r i ed  according t o  t he  monomer concentrat ion.  It i s  worth 
- 

no t i ng  t h a t  t h e  copo l ymer i za t i on  r e a c t i o n s  were c a r r i e d  o u t  a t  6 0 ' ~  

i n s t e a d  o f  70-80°c, as r e p o r t e d  by  ~ a r t s o u ~ h , ~ ~  w i t h  t h e  hope o f  

syn thes iz ing  so lub le  copolymers. The copolymers were i n s o l u b l e  i n  a1 . . 1  
- - 

t he  so lven ts  t r i e d ;  the  r e s u l t s  are t abu la ted  i n  Table 4. 



Table 2. Synthesis data 

Comonomer Amount o f  comonomer Amount o f  EMCF 
charge (9 )  (moles) ( 9 )  (moles) 

50% MMA 5.1300 0.5120 
50% MMA 2.5981 0.0260 
25% MMA 1.0474 0.0105 

Table 3. Synthesis data 

Comonomer Amount o f  AIBN 
charge (9 )  (mol es) 66 

75% MMA 0.1125 0.0688 4.0200 9.9310 
50% MMA 0.0860 0.0524 5.7500 9.8723 
25% MMA 0.0695 0.0432 6.3000 8.4539 

Tab1 e 4. Sol u b i  1 i t i e s  o f  EMCF: MMA Cop01 ymers 

Sol vent  25% MMA 50% MMA 75% MMA 

Acetone 
Acetoni tri 1 e 
Benzene 
Bu ty l  a lcoho l  
Gamna-bu t y ro1  actone 
Carbon t e t r a c h l o r i d e  
Chl oroform 
Ce l l  usolve acetate 
1,4-Dioxane 
DMSO 
E thy l  e ther  
n-Heptane 
MEK 
Methyl ene c h l  o r i  de 
THF 
To1 uene 

i = inso lub le ,  f = f l o a t s ,  sw = swe l ls  



Hydrolysis studies 

The re l ease  o f  5-FU f rom EMCF and t h e  copo l ymers  o f  EMCF was 

s tud ied  us ing  gas d i s p e r s i o n  tubes o f  two d i f f e r e n t  s i zes  (F igu re  15). 

A t y p i c a l  gas d i s p e r s i o n  t u b e  i s  b a s i c a l l y  a  g lass  tube, one end of 

which i s  open and a t  t he  o the r  end i s  a  hol low, p o r o u s  b u l b  made o u t  

o f  s i n t e r e d  g lass.  The sma l l e r  gas d i s p e r s i o n  tube had a  c a v i t y  o f  2.5 

mm d i a m e t e r  and a  h e i g h t  o f  10.0 mn. w h i l e  t he  c a v i t y  o f  t h e  l a r g e r  

tube had a  d i a m e t e r  o f  13.0 mm and a  h e i g h t  o f  25 mm. The c a v i t y  

vo lume o f  l a r g e r  t ubes  was 67 t imes b igge r  than t h a t  o f  sma l le r  tubes 

and cou ld  accomnodate l a r g e r  sample s i z e s .  The p o r o s i t y  was " C "  i n  

bo th  s izes.  

P u l v e r i z e d  samples, s i eved  t o  be i n  t he  60-100 mesh p a r t i c l e  

s ize ,  were used. E x a c t l y  1000 mL o f  de ion ized  water  was p i  p e t t e d  i n t o  

a  three-necked round-bottom f l a s k  f i t t e d  w i t h  a  s t i r r e r .  The f l a s k  was 

t h e n  immersed i n  a  wate r  ba th  ma in ta ined  a t  37.t0.5'~ and h e l d  i n  p l a c e  

w i t h  a  clamp f o r  24 hours be fo re  s t a r t i n g  t h e  e x p e r i m e n t  so t h e  f l a s k  

and c o n t e n t s  w o u l d  e q u i l i b r a t e  t o  t e m p e r a t u r e .  The p u l v e r i z e d  and 
- 

s ieved sample was p laced i n  a  gas d i s p e r s i o n  tube and then immersed i n  

t h e  round- bo t t om f l a s k .  The con ten ts  o f  t he  f l a s k  were con t i nuous l y  

s t i r r e d  us ing  a  mechanical s t i r r e r .  A l i q u o t s  were removed a t  r e g u l a r  . . 

i n t e r v a l s  f r o m  t h e  f l a s k  u s i n g  a p i p e t t e .  These samples we%! then  

assayed f o r  5-FU us ing  a  Beckman DU-7 s p e c t r o p h o t o m e t e r  a t  265 nm. 

T e s t  samples were  r e t u r n e d  t o  t h e  r e a c t i o n  vessel  a f t e r  t he  assay was 

done. 



In o rde r  t o  e s t a b l i s h  t he  optimum sample s i z e  f o r  t h e  gas 

dispersion tubes, hydro1 y s i s  s tudies  were done using 0.1000-g, 0.2000-9 

and 0.5000-g EMCF samples. W i t h  t h e  small e r - s i  zed gas d i spers ion  

tubes, 0.1000 g proved t o  be the maximum amount of sample t ha t  could be 

used; above this the cavi ty  was overfi l l  ed and the re lease  r a t e s  tended 

t o  be ident ica l  w i t h  0.1000-g data. Hence, i n  t h e  subsequent  s t u d i e s  

on t h e  copo lymer  s a m p l e s  0.1000-g samples were used. W i t h  t h e  

larger- sized gas dispersion tubes, samples of 0.5000 g o r  1 a r g e r  could 

be used wi thou t  over load ing  t h e  cavity. The l a rger  tubes could a l so  

accomnodate pel 1 e t s  of the sampl es . 
In order t o  e s t ab l i sh  t h e  r ep roduc ib i l  i t y  of t h e  t echn ique ,  

d u p l i c a t e  s t u d i e s  were done on EMCF samples a t  d i f f e r e n t  times. To 

invest igate  i f  the amount of 5-FU released depended on the sample s i z e ,  

s tudies  were carr ied  out on 0.1000-g, 0.2000-9 and 0.5000-g sampl e s .  

F i n a l l y ,  t o  e s t a b l i s h  w h e t h e r  t h e  t e c h n i q u e  c o u l d  be used t o  - 

d i f f e r e n t i a t e  between copo lymer s  v a r y i n g  o n l y  i n  mol a r  r a t i o ,  

hydrolysis s tudies  were done on the following copolymers 

EMCF : MMA 

75:25 

EMCF :MA 

75 : 25 

Comparisons w i  11 be done between the f o l l  owing resul ts: 

a )  the di f ferent- s i  zed samples (Figure 17) 

b )  the d i f f e r en t  copolymers of MMA/EMCF (Figure 19) 

c )  the d i f fe ren t  copolymers of MA/EMCF (Figure 20) 

d )  gas dispersion tubes vs d i a ly s i s  membrane (Figure 21) and 



e )  small tubes vs larger tubes (Figures 22 and 24) 



CHAPTER I V  

RESULTS AND DISCUSSION 

As men t i oned  e a r l i e r  i n  t h e  i n t r o d u c t i o n ,  t he re  are v e r y  few 

examples a v a i l a b l e  i n  the  1  i t e r a t u r e  i n  wh ich  5-FU has a c t u a l l y  been 

at tached t o  t he  main polymer ic  backbone o r  as a  p a r t  o f  t h e  backbone. 

Gebe le in ,  - e t  - a1 21922 have done the most promis ing work i n  t h i s  f i e l d  

b y  s y n t h e s i z i n g  a  p o l y m e r i z a b l e  monomer (EMCF) , f r o m  5-FU a n d  

i s o c y a n a t o e t h y l  m e t h a c r y l  a t e  ( IEM) . The EMCF monomer was f u r t h e r  

copo lymer ized  w i t h  d i f f e r e n t  a c r y l a t e s  and t h e  h y d r o l y s i s  r e l e a s e  

p r o f i l e s  o f  t h e  r e s u l t i n g  c o p o l y m e r s  w e r e  d e t e r m i n e d  u s i n g  a  

compl icated w i re  mesh/d ia lys is  membrane device. The copo lymers  were 

i n s o l u b l e  i n  any so lven t  and showed zero-order re1  ease k i n e t i c s .  

The p u r p o s e  o f  t h e  p r e s e n t  s t u d y  was t o  s y n t h e s i z e  t h e  

copolymers us ing  d i f f e r e n t  r e a c t i o n  cond i t i ons  w i t h  t h e  hope t h a t  t h e  

copo lymers  would d i sso l ve  i n  some so lvent .  I n  o the r  words, t h i s  s tudy.  

was aimed a t  making so lub le  copo lymers  o f  EMCF and a t  t h e  same t i m e  

simp1 i f y i n g  t h e  techn ique f o r  measuring the  re lease p r o f i l e  o f  a  drug - 

from a  mu1 ticomponent polymer ic  system by us ing  gas d i spe rs ion  tubes. 

The r e a c t i o n  i n v o l v i n g  s y n t h e s i s  o f  EMCF proceeded w e l l  and 

gave a  h igh  y i e l d  (about 83% o f  t h e o r e t i c a l ) .  The monomer was p u r i f i e d  
- - 

b y  p a s s i n g  i t  t h r o u g h  a  chromatography column packed w i t h  50-200 mesh 

s i l i c a  gel .  The y i e l d s  be fore  and a f t e r  p u r i f i c a t i o n  were 93.3% and 

77% o f  t h e  t h e o r e t i c a l  y i e l d .  The i n f r a r e d  a n a l y s i s  showed t h e  

spec t ra l  peaks c h a r a c t e r i s t i c  o f  a  methacryl  a te  monomer. The monomer 

had a  sharp me1 t i n g  p o i n t  o f  154'~. 

EMCF was copolymerized w i t h  MMA i n  25/75, 50/50, and 75/25 mole 



% r a t i o .  Gebelein and Hartsough 21,22 carried out the copolymerization 

reactions a t  70-80'~ and obtained insoluble copolymers. In th i s  study 

the reac t ion  temperature was maintained a t  60°c, hoping t h a t  t h e  

c ross l inking  would be minimized a t  lower temperatures and that  the 

copolymer would dissolve in some solvent. B u t  t h i s  attempt proved t o  be 

unsuccessful as the copolymers were insoluble  in any of the so lvents  

t r ied (Table 4 ) .  Soluble copolymers were desired in order to study the 

e f f e c t s  of c ross l inking ,  c rys ta l l in i ty ,  molecular weights etc. on the 

release rates of the therapeutic agents. 

Crossl inking i s  one of the important f a c t o r s  t h a t  a f f e c t  

r e l ease  r a t e s .  In a study by Chien -- e t  a l ,  polymer d i f f u s i v i t y  of 

progestrins in a hydrogel matrix was observed to  decrease in response 

to  the addition of a crosslinking agent. 67y68 Polymer d i f fus iv i ty  i s  a 

l inear  function of the reciprocal of the extent of c ross l  inking. The 

addi t ion  of a c ross l  inking agent resul ts  in the crossl inking of some 

pol ymer chains. Crossl inking reduces the mobi 1 i t y  of the polymer chains 

and decreases the porosity for  the diffusion of drug mol ecul es in the - 

polymer matrix. 67 

Crystal l ini ty  also affects  release rates in a similar fashion 

to crosslinking. A study done by A. S. Michaels and H .  J .  Bix ler  7 1 

demons t ra t ed  t h a t  c r y s t a l l i n i t y  introduced regions of %ry low 

di f fus ion ,  r e l a t i v e  t o  the d i f fus ion  in the surrounding amorphous 

s t r u c t u r e ,  leading to  a s i g n i f i c a n t  reduction in the gross polymer 

d i f fus iv i ty  in polyethylene. 

In order  to  maintain uniformity in t h e  r e s u l t s ,  i t  was 

n e c e s s a r y  t o  use t h e  same range of p a r t i c l e  s i z e  in a l l  of the 



h y d r o l y s i s  s t u d i e s .  The powdered sample was s i e v e d  and on1 y t h e  

p a r t i c l e s  o f  60-100 mesh s i z e  were used. The s m a l l e r  t ubes  cou ld  

accommodate a maximum o f  0.1000-g sample, above wh ich  t h e  c a v i t y  

o v e r f i  11 ed and the  data tended t o  become s i m i l a r  t o  t h a t  o f  a  0.1000-g 

sample (F igure 17). It i s  wor th n o t i n g  t h a t  o n l y  a 0.1000-g sample was 

s u f f i c i e n t  f o r  ob ta in ing  a c l e a r  r e l e a s e  p r o f i l e  o f  a  d rug .  P e l l e t s  

and sample s i z e s  o f  0.5000-g and l a r g e r  could be used i n  the  l a r g e r  

tubes. 

Release p r o f i l e s  o f  t h e  EMCF monomer and o f  t h e  copo lymers  

showed t h a t  c o n s t a n t  amounts o f  5-FU were re leased over a p e r i o d  o f  

more than ten  days. Therefore, t he  p r o f i l e s  i n d i c a t e d  t h a t  t h e  EMCF 

monomer f o l l o w e d  a l m o s t  zero- order  k i n e t i c s  and t h a t  t he  copolymers 

e x a c t l y  f o l l  owed zero-order k i n e t i c s  (F igures 17 and 18).  

F igu re  16 shows r e l e a s e  p r o f i l e s  o f  two EMCF samples. The 

c u r v e  shows t h a t  5-FU was r e l e a s e d  a t  a  f a s t e r  r a t e  i n  the  i n i t i a l  - 

stages. The re lease p r o f i l e s  o f  t he  two EMCF samples are v e r y  s i m i l a r  

t o  each o the r .  Since the  experiments were run  a t  d i f f e r e n t  t imes, the- 

c l  ose rep1 i c a t i o n  suggests t h a t  t he  technique i s  reproducib le.  

As expec ted ,  t h e  h y d r o l y s i s  s t u d i e s  o f  0 .0500- g,  

0.1000-g and 0.2000-9 samples demonst ra ted  t h a t  t h e  s m a l l  e r- s i zed  - - 

samples re leased l e s s e r  amounts o f  5-FU. The data i s  p l o t t e d  i n  f i g u r e  

17, and c l e a r l y  h i g h l i g h t s  t h a t  the  technique can d i f f e r e n t i a t e  between 

d i f f e r e n t - s i z e d  samples. 

The p r o f i l e  data o f  the  d i f f e r e n t  EMCF:MMA and EMCF:MA (methyl 

m e t h a c r y l  a t e )  cop01 ymers i s  p r e s e n t e d  i n  F i g u r e  18. The p r o f  i 1 es 

i n d i c a t e  t h a t  t he  amount o f  5-FU re leased from the  copolymers increased 



as the amount of EMCF increased. The data a l so  indicates  t h a t  the r a t e  

of re1 e a s e  was h igher  i n  MMA copolymers than the MA copolymers (a1 so 

see f igures  19) and 20). Gebelein and Hartsough 21s22 reported t h a t  BA 

cop01 ymers r e l e a s e d  5-FU slower than MA copolymers. From the se  

f indings,  i t  can be inferred t h a t  the hydrophobicity of t h e  comonomer 

a f f e c t s  t h e  r a t e  of r e l e a s e .  I nc r ea se  i n  t h e  hydrophobic i ty  of 

comonomer i nh ib i t s  the di f fus ion of water in to  the polymeric matrix and 

t h e  subsequent  d i f f u s i o n  of t he  drug s o l u t i o n  ou t  of t h e  m a t r i x .  

Similar  observations were made by some other researchers. 28929 Further, 

i t  can be noted t h a t  t h e  polymer r e l e a s e s  5-FU more slowly than the 

monomer and a l l  of the copolymers show zero- order  k i n e t i c s .  Umrigar, 

Ohashi ,  and Bu t l e r  made s i m i l a r  observa t ions  w i t h  t h e i r  monomer and 

homopolymer, but both hydrolyzed 5-FU a t  a r ap id  r a t e  and would not  

have any pract ica l  appl ica t ion.  20 

The data obtained from the new technique when normalized could - 

be c o r r e l a t e d  w i t h  t h a t  of t h e  wire basket apparatus (Figure 21). In 

the wire basket apparatus, Gebelein and Hartsough 22a22  had used 0.50-9 

samples. The r e su l t s  obtained from small gas d i s p e r s i o n  t ubes ,  w i t h  

0.1000 g sample, when mu1 t ip1  ied by a fac to r  of 5.0 f i t t e d  on the same 

l i n e  a s  t h e  r e l e a s e  da t a  of t h e  same copolymer i n  t h e  wi re  bask.et 

appa ra tu s .  ~ h i k  demonstra tes  t h a t  t h e  techniques a re  measuring t h e  

same thing and t h a t  the technique t s e l f  does not  cause  t h e  observed 

r e l e a s e  r a t e s  f o r  t h e  d r u g .  S i m i l a r l y  t h e  da t a  ob ta ined  from 

hydrolysis of 0.2000-9, o r  0.5000-g samples using l a rger  tubes ,  can be 

c o p l o t t e d  w i t h  t h e  da t a  ob ta ined  from 0.1000-g EMCF samples using 

s m a l l e r  t ubes ,  m u l t i p l i e d  by a f a c t o r  of 2.0 o r  5.0 r e s p e c t i v e l y  



(Figure 22). 

F i  gure  2 3 ,  shows the re1 ease prof i 1 es  of 0.1000-g, 0.2000-9 

and 0.5000-g samples obtained by using la rger  tubes. The prof i l es  show 

tha t  a proportionately higher amount of 5-FU was released from 0.5000-g 

and 0.2000-9 samples when compared t o  t h a t  r e l ea sed  from 0.1000-g 

sample . 
The r e l e a s e  data  obta ined from small and la rge  tubes using 

0.1000-g EMCF samples are  plotted i n  Figure 24. The da t a  f a l l  on t h e  

same cu rve ,  fu r ther  confirming tha t  the release ra tes  are not affected 

by the technique used. 

The r e l e a s e  of a drug from a monol i th ic  polymeric mat r ix  

normally demonstrates the popular "Higuchi" kinet ic  pattern,  which i s  a 

1 i nea r  re la t ionsh ip  between the amount of drug released and the square 

root of time. B u t  t h e  r e l e a s e  of 5-FU from the  copolymers of EMCF 

shows zero- order  k i n e t i c s ,  which means t h a t  t h e  amount of the drug . 

released i s  d i r e c t l y  propor t ional  t o  t h e  time e lapsed .  In o rde r  t o  

understand t h i s  behavior of 5-FU, one has t o  look into  the  process of _ 

hydrolysis which occurs  i n  t h r e e  s t e p s :  a )  water  d i f f u s e s  i n t o  t h e  

polymer matrix, b )  hydrolysis of the drug from the polymer occurs, and 

c )  t h e  drug s o l u t i o n  d i f f u s e s  o u t  of t h e  m a t r i x .  Accord ing  t o  
- - 

Gebelein t h i s  process i s  fu r ther  complicated by the f ac t  tha t  the 

chemical nature of the EMCF portion of the polymer (Figure 25) changes 

w i t h  t h e  e x t e n t  of t he  r e l e a s e  of 5-FU, which would change diffusion 

ra tes  and possibly the ra te  of release. . 



F i g u r e  16.  R e l e a s e  o f  5- FU f r o m  t w o  d i f f e r e n t  ( A , A )  
0 .1000- g  E M C F  s a m p l e s  u s i n g  s m a l l  t u b e s .  



Figure  18. Re lease  of 5- FU from 2 5 %  ( A ) ,  5 0 %  ( a ) ,  7 5 %  (e) MA 
and 2 5 %  ( A ) ,  5 0 %  (a), 7 5 %  (0) M M A  copolymers us ing  
0.1000-CJ samples  i n  smal l  t u b e s .  
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Figure 17. Release o f  5-FU from 0 .0500 -9 ,  0 .1000- g a n d  
0 .2000- g  (a,LI,o)Eb!CF samples using small 
tubes. 
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F i g u r e  19 .  R e l e a s e  o f  5 - F U  f rom 25% ( A ) ,  50% (a) ,  7 5 %  (0) 
M M A  copo lymer s  u s i n g  0.1000-g s a m p l e s  i n  s m a l l  
t u b e s .  



HOURS 

Figure  2 0 .  Re lease  of 5-FU from 25% ( A ) ,  50% (a ) ,  75% (e) MA 
copolymers  u s i n g  0 .1000- g  samples  i n  smal l  t u b e s .  
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Figure  2 1 .  Release  of 5-FU from 0 .5000- g ,  50% MA copolymer iin 
d i a l y s i s  membrane/wire mesh cage a p p a r a t u s  (u) and 
0.1000-g,  50% MA copolymer i n  smal l  gas  d i s p e r s i o n  
t u b e  m u l t i p l i e d  by a  f a c t o r  of 5 . 0  ( m ) .  
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F i g u r e  2 2 .  R e l e a s e  o f  5-FU f r o m  E M C F  s a m p l e s ,  
( a )  0 . 1 0 0 3  g x 5.0 u s i n g  s m a l l  t u b e s ,  0 . 1 0 0 0  g x 
2 . 0  u s i n g  s m a l l  t u b e  ( a ) ,  0 . 2 3 0 0  q u s i n g  l a r a e  
t u b e  ( n ) ,  a n d  0 . 5 0 0 0  g  u s i n g  l a r g e  t u b e  ( 0 ) .  



l o o  H O U R S  150 

Figure 2 3 .  Release o f  5 - F U  from 0 .1000- g ,  0..2000-u and 
0 .5000-9  EMCF samples i n  l a r a e  t u b e s . ( & )  , ( o )  , (a ) .  



HOURS 

F i g u r e  24 .  Release  o f  5- FU from 0 .1000-g  E M C F  samples  us ing  
smal l  t u b e s  ( A )  and us ing  l a r g e  t u b e s  ( A ) .  





CHAPTER V 

CONCLUSION 

The present  technique uses gas d ispers ion  tubes which are much 

eas ier  t o  assemble and use than the d i a l y s i s  membrane/wire-mesh baske t  

assembly o f  the  e a r l i e r  technique. Another advantage o f  us ing  t h i s  new 

method i s  o n l y  0.1000-g o f  t h e  sample i s  enough t o  get  a  c l e a r  and 

s a t i s f a c t o r y  re lease p r o f i l e  o f  a  drug. The technique can a l so  be used 

t o  d i f f e r e n t i a t e  between copolymers w i t h  d i f f e r e n t  re lease ra tes  and i s  

h i g h l y  r e p r o d u c i b l e .  T h i s  new t e c h n i q u e  can be used t o  p e r f e c t l y  

demonstrate zero-order k i n e t i c s  p r o f  i 1  es as a1 so repor ted by Gebel e i n  & 

Har tsough 2 1 y 2 2  f rom t h e  da ta  o b t a i n e d  b y  u s i n g  t h e  more complex 

method. 

It can be concluded t h a t  the gas d i spe rs ion  tube  t e c h n i q u e  i s  

r e p r o d u c i b l e ,  easy t o  assemble and use, can be used t o  d i s t i n g u i s h  

between polymers w i t h  d i f f e r e n t  re lease rates,  and the r e s u l t s  can be' 

c o r r e l a t e d  w i t h  t h e  e a r l  i e r  s t u d i e s ,  per fo rmed b y  Gebe le in  and 

Har tsough i n  t h i s  l a b o r a t o r y  u s i n g  t h e  more  c o m p l e x  d i a l y s i s  

mevbrane/wi re-mesh apparatus. 



APPENDIX A 

Data  From Hydrolysis Studies 



DATA FROM HYDROLYSIS STUDIES 

TRIAL 1 - 0.1 g/L EMCF 

Time (hours) - 
0.50 
1.75 
2.00 
3.00 
6.00 
7.00 

12.25 
25.25 
35.50 
52.00 
80.00 
95.50 

121 .oo 
143.50 
168.00 
193.50 
222.00 
252.00 

D i l u t i o n  

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 

Absorbance 

0.1920 
0.3294 
0.3387 
0.3782 
0.4194 
0.4468 
0.5425 
0.6904 
0.7801 
0.8841 
1.1211 
1.2632 
1.4382 
1.5610 
1.6765 
1.7678 
1.8507 
1.9364 



T r i a l  2 - 0.1 g /L EMCF - 
Time (hours )  D i l u t i o n  

0.25 None 
0.50 None 
1.00 None 
1.50 None 
2.00 None 
3.00 None 
7 .OO None 
8.00 None 

21 .OO None 
24.00 None 
26.00 None 
27.00 None 
46.00 None 
49.00 None 
55.00 None 
71 .OO None 
76.50 None 
97.25 None 

103.75 None 
128.00 None 
141.00 None 
144.00 None 
150.00 None 
174.25 None 
199.00 None 
203.00 None 
224.00 None 
249.00 None 
271.00 None 

Absorbance 

0.1311 
0.2135 
0.2880 
0.3057 
0.3261 
0.3695 
0.4595 
0.4951 
0.7314 
0.7784 
0.7951 
0.8101 
1.0285 
1.0570 
1.1124 
1.2460 
1.2994 
1.4502 
1.4691 
1.6094 
1.6407 
1.6497 
1.6801 
1.7152 
1.7577 
1.7852 
1.8007 
1.8295 
1.8718 

5-FU r e 1  egsed 

w 
30.42 
41.04 
43.56 
46.47 
52.65 
65.48 
70.55 

104.22 
110.92 
113.30 
115.44 
146.56 
150.62 
158.40 
177.56 
185.11 
206.62 
209.33 
229.35 
233.80 
235.08 
239.41 
244.42 
250.47 
254.39 
256.60 
260.70 
266.73 



Trial 3 - EMCF 0.1 g/L 

Absorbance 
0.1348 
0.1825 
0.2132 
0.2362 
0.2965 
0.4314 
0.4721 
0.7095 
0.7511 
0.7728 
1.0248 
1.0560 
1.1118 
1.2481 
1.4157 
1.4237 
1.5545 
1.5860 
1.6370 
1.6820 
1.7295 
1.7892 
1.8238 

5-FU released (M  X 1 0  ) 6 

25.29 
26.01 
30.76 
33.66 
42.25 
61.47 
67.26 

101.10 
107.03 
110.12 
146.03 
150.48 
158.46 
177.81 
201.65 
202.38 
221.52 
226.01 
233.37 
239.85 
246.45 
254.96 
259.90 



Trial 4 - 0.2 g/L EMCF 

w Absorbance 
0.0851 

0.50 0.1517 
1.00 0.2460 
5.00 0.5640 
7.50 0.6118 

12.50 0.6845 
24.50 0.8318 
34.50 0.9020 
51 .OO 1.0577 
81.00 1.3674 

100.00 1.5510 
124.00 1.7698 
142.50 1.9262 
167.00 2.1172 
198.00 2.3344 
225.00 2.4956 
255.00 2.7951 

Trial 5 - 0.05 g/L EMCF 

w Absorbance 
0.1620 

1.00 0.1727 
1.50 0.1908 
2.00 0.2067 
3.50 0.2570 
7.00 0.3154 

22.75 0.5081 
59.00 0.7780 
95.00 0.8991 

102.00 0.9104 
121.00 0.9417 
167.00 0.9585 
190.00 0.9730 
270.00 0.9771 

5-FU released (M  X 1 o 6 ~  
12.11 

5-FU released (M X 10 ) 6 

23.09 



T r i a l  6 - 0.1 g/L 25% MMA 

w Absorbance 
0.07// 

1.00 0.1242 
2.50 0.2039 
3.00 0.2214 
5.00 0.2694 

21.50 0.6484 
25.00 0.7170 
58.00 1.2492 
94.00 1.4564 

101.00 1.4685 
128.00 1.4820 
166.00 1.4625 
189.00 1.4925 

T r i a l  7 - 0.1 g/L 25% MMA 

Absorbance 
0.0634 
0.5652 
0.8552 
1.0964 
1.3762 
1.4247 
1.5187 
1.5224 
1.5427 
1.5405 

5-FU re leased  (M X l o 6 )  

5-FU re l eased  (M X 10 6 ) 
9.03 



Trial 9 - 0.1 a/L 50% MMA 

Absorbance 
0.0372 

5-FU released ( M  X l o 6 )  

5-FU released (M  X l o 6 )  
15.30 



Tr ia l  10 - 0.1 a/L 50% MMA 

Absorbance 
0.0442 

T r i a l  11 - 0.1 g/L 75% MMA 

Absorbance 

; :::A; 
0.1075 
0.1201 
0.1431 
0.1591 
0.1650 
0.1865 
0.2511 
0.2867 
0.3201 
0.3482 
0.3787 

5-FU re leased  (M X lo6)  
8 

5-FU re leased  (M X 10 ) 6 

3.92 



Trial 12 - 0.1 g/L 75% MMA 

Absorbance 
0.0500 

Trial 13 - O.lg/L 25% MA 

Absorbance 
0.0001 
0.0311 
0.0421 
0.0788 
0.1091 
0.1607 
0.2048 
0.2715 

Trial 14 - O.lg/L 25% MA 

Absorbance 
0.1881 
0.2772 
0.3067 
0.4394 
0.5254 
0.5605 
0.5881 
0.7468 
0.8292 

5-FU released ( M  X 1061 
/.84 

5-FU released ( M  X l o 6 )  

5-FU released ( M  X l o b )  
26.80 



T r i a l  15 - O.lg/L 50% MA 

Absorbance 
0.1951 
0.2887 
0.3781 
0.4004 
0.4238 
0.4832 
0.5674 
0.6211 

T r i a l  16 - O.lg/L 75% MA 

Absorbance 
0.0931 
0.1285 
0.3647 
0.9500 
1.2302 
1.2787 
1.2934 
1.3520 
1.3704 
1.3718 

T r i a l  17 - O.lg/L 75% MA 

Absorbance 
0.1671 
0.2677 
0.4592 
0.5312 
0.6197 
0.6515 
0.8141 
0.9014 

5-FU re leased  (M X 10  ) 6 

21.81 

5-FU re leased  (M X l o 6 )  
13.40 

5-FU re leased  (M X 10 ) 6 

23,89 



LARGE TUBE DATA 

Tria l  18 - O.la/L EMCF 

Tria l  19 - 0.2g/L EMCF 

Absorbance 
0.048 

Time (hours) Dilution Absorbance 

0.102 
0.190 
0.322 
0.710 
0.747 
1.488 
1.176 
2.112 
2.339 
0.310 
0.367 
0.413 
0.472 

5-FU released (M X 10 ) 6 

3.84 

5-FU Rlegsed 

w 
27.08 
45.89 

102.60 
106.45 
211.21 
167.81 
300.96 
333.31 
441.75 
522.98 
588.53 
672.21 



T r i a l  20 - 0.5aIL EMCF 

Time (hours) D i l u t i o n  Absorbance 
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