
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 7(1), 1-25 (1981) 

DEVELOPllENT OF BIODEGFADABLZ 4ND 
INIJECTABLE LATICES FOR CONTROLLED 

RELEASE OF POTEMT DRUGS 

R. Gurny*), N. A. Peppas * * )  I 

* )  * **  
D. D. Harrinqton I and G. S. Banker 

*Department of Industrial and Physj.ca1 Pharmacy 
**School of Chemical Engineering 
***School of Veterinary Med.icine 

Durdue University 
\Jest Lafayette, Indiana 47907 

AB S T PACT - 

A new dosage form desiped to provide parenteral 

drug delivery over a prolonged period of time follow- 

ing a standard injection has been investigated using 

testosterone as the model drug. The druq carrier con- 

s i s t s  of a biojeqradable, biocoryatible nolymer in 

which the drug is dispersed on a rnolecular level. The 
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2 GURNY ET AL. 

golymer i t s e l f  i s  f o r m u l a t e d  a s  a p s e u d o l a t e x  w i t h  h igh  

s o l i d  c o n t e n t  ( 4 0 . 0 % ) .  The f o r m u l a t i o n  h a s  a low v i s -  

c o s i t y  ( 9 7  cps) which can  be  i n j e c t e d  e a s i l y  th rough  

a hypodermic n e e d l e .  The h i s t o p a t h o l o g y  s t u d y  showed 

good t i s s u e  c o m p a t i b i l i t y  of  t h e  p s e u d o l a t i c e s  and in- 
v i v o  tests on r a t s  conf i rmed a p ro longed  r e l e a s e  o f  

d r u g  o v e r  a 1 4  day p e r i o d .  The s t a b i l i t y  o f  t h e  b io -  

decjradable  p o l y - d , l - l a c t i c  a c i d  l a t e x  w a s  found n n t  t o  

be  s i g n i f i c a n t l y  changed o v e r  1 2 0  d a y s  o f  s t o r a g e  a t  

room t e m p e r a t u r e  (25  ) .  A s i x  month s t u d y  showed a 

s l i g h t  i n c r e a s e  ( 1 0 % )  i n  t h e  v i s c o s i t y  of t h e  pa ren -  

t e r a l  p r o d u c t  when s t o r e d  a t  room t e m p e r a t u r e .  The 

i n c r e a s e  was a t t r i b u t e d  t o  p a r t i a l  c o a l e s c e n c e  of t h e  

polymer p a r t i c l e s  which had a n  i n i t i a l  d i a m e t e r  of 

0.45 ux. 

0 

INTRODUCTION 

I n j e c t a b l e  sys t ems  i n t e n d e d  t o  p r o v i d e  c o n t i n u o u s  

c o n t r o l l e d  d r u g  release o v e r  n e r i o d s  of d s y s ,  weeks o r  

months have  been  i n v e s t i g a t e d  f o r  t h e  p a s t  t h r e e  de- 

cades .  S y n t h e t i c  r a t e r i a l s  used  i n  t h e  e a r l y  i n v e s t i -  

g a t i o n s  i n c l u d e d  wax I s i l i c o n e  networks2-6 I and v a r -  

i o u s  t y p e s  o f  h y d r o g e l s 7 ,  which w e r e  f o r m u l a t e d  so as 

t o  be  a p p l i c a b l e  i n  s u s t a i n e d  d r u 9  d e l i v e r y  sys t ems .  

A common problem o f  t h e s e  sys t ems  w a s  t h e  sequence  o f  

h i s t o p a t h o l o g i c a l  r e a c t i o n s  o c c u r i n g  w h i l e  t h e  pro-  
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BIODEGRADABLE AND INJECTABLE LATICES 3 

ducts were in contact with the natural tissue. Only 

relatively recently has the use of biodegradable 

polymers as drug carrying tissue imwlants been consid- 

ered as an approach to overcoming the major shortcom- 

ing of inadequate biocompatibility of earlier systems. 

Biodegradable polymers investigated €or this use have 

included polylactic acid (PLA) *-16 and polylactic gly- 

colic acid (PLGA) 17-19, glycerides2’, polyamino acids, 

polyvinyl alcohol derivatives, polysaccharide deriva- 

tives and protein derivatives. The majority of im- 

plants currently in use in agriculture are compressed 

pellets of essentially pure drug, which are placed in 

an area of meat producing animals not consumed by man, 

such as the ear. Such sites nay also have the advan- 

tage of Froducinu relatively slow drug ab- 

sorption. The direct contact of crystalline drug and 

localized lesions of high drug solute conCentrations 

from such implants causes them to be less than ideal, 

especially for applications in the human body. How- 

ever, the majority of these drugs have been utilized 

in implants. 

A new system for sustained drug delivery by the 

parenteral route has been investigated in our labora- 

tories; this system is based on the principal of druq 

inclusion or entrapment in a latex or pseudolatex dis- 

persion, the latter being used as the drug carrier . 21 
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4 GURNY ET AL. 

aiodegradable polymers are used to fabricate the dis- 

persion in this case. The resultant drug carrying bio- 

degradable colloidal or near colloidal formulations 

have low viscosities and can readily be injected with 

a conventional hypodermic needle to form a drug depot. 

knother unique feature of the biodegradable pseudola- 

tex dispersions described here is that drug may be 

molecularly dispersed in the latex particles; in this 

way no crystalline drug is in contact with the im- 

planted tissue, which further enhances the biocompati- 

bility of these systems. The nolecularly entrapped 

druy(s) are designed, so as to be released by slow 

diffusion from the matrix as the biodegradable poly- 

meric structure breaks down. 
2 3 - 2 6  ?LA is known to undergo slow degradation 

when introduced into animal tissues and to break down 

to lactic acid, a metabolite of low toxicity. 

Histopathological examination of implanted poly- 

d,L-lactic acid samples shows that these materials 

disappear from the implant site at a rate of 5 to 10% 

per month with only the mildest and most transient in- 

flammatory response 27 ‘  

chosen as the polymer carrier for pseudolatex prepara- 

tion and drug entrapment in this work. Poly-d,L-lac- 

tic acid is reported to have good stability and rela- 

tively slow degradation rate in copparison to the 1 

P L 9  in the 3,f-fCrF ..la’; thu.; 
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BIODEGRADABLE AND INJECTABLE LATICES 5 

type and t o  t h e  copolymer of t h e  PLA with g l y c o l i c  

a c i d .  H i s topa tho log ica l  and i n  v i t r o  c h e n i c a l  k i n e t i c  

s t u d i e s  f o r  PLA have been r e p o r t e d  i n  t h e  r e c e n t  lit- 

e r a t u r e  2 3 ’ 2 5 r 2 8  

l ac t i c  a c i d ,  a normal in t e rmed ia t e  i n  carbohydrate  

metabolism and t h e  end product  of t h e  anaerobic  r e t a b -  

o l i sm of glucose or  glycogen2’. 

converted t o  glucose o r  oxidized through pyruvic  a c i d  

t o  carbon d iox ide  and water .  This  l a t t e r  pathway t o  

carbon d iox ide  and products  i s  suggested by radio-  

a c t i v e  implant  s t u d i e s  which show t h a t  t h e  major f r a c -  

t i o n  of r a d i o a c t i v i t y  i s  lost v i a  r e s p i r a t i o n .  T h e  

biodegradable  forn?ulat ions of PLA are n o r n a l l y  f i l m s  

o r  c y l i n d e r s  which must be i n j e c t e d  subcutaneously by 

a t r o c h a r  o r  must be s u r g i c a l l y  implanted. Earlier 

work  i n  t h e  f i e l d  of molecular entrapment of drugs i n  

l a t ices  30-34 coupled with more r e c e n t  r e sea rch  on t h e  

p r e p a r a t i o n  of p ~ e u d o l a t i c e s ~ ~ - ~ ’  d i r e c t e d  t h e  in -  

v e s t i g a t o r s  toward t h i s  new type of biodegradable ,  

drug c a r r y i n g ,  i n j e c t a b l e  c o n t r o l l e d  release s y s t e m .  

The product  of  PLA biodeqradat ion i s  

L a c t i c  a c i d  can be 

F‘ATERIALS AND METHODS 

Latex P repa ra t ion  - The polymer la t ices  f o r  t h e  d i s -  

pe r s ion  s t u d i e s  were prenared by convent ional  methods 

desc r ibed  ear l ier  35-37. 

molecular weight 6 2 , 4 0 0 ,  Sandoz Pharmaceut icals ,  E a s t  

Poly-d,L-lact ic  a c i d  (average 
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6 GURNY ET AL. 

1 4  Hanover,  N J )  w a s  used  as a d r y  car r ie r  and [ 4 - -  C ]  - 

t e s t o s t e r o n e  ( >  50 mCi/mmol, Amersham Corp. ,  A r l i n g t o n  

H e i g h t s ,  I L )  was exp loyed  a s  a d r u g  marker  and w a s  

m o l e c u l a r l y  d i s p e r s e d  i n  t h e  l a t e x  sys tem.  The d r u g  

tracer w a s  added t o  t h e  nolymer s o l u t i o n  d u r i n g  t h e  

e m u l s i f i c a t i o n  s t e p  a s  r e p o r t e d  ear l ie r  

P l u r o n i c  F68 [PLUl (BASF I lyandot te  Corp. ,  Wyandotte ,  

Kith.), Tween 8 0  ( A t l a s  Chemica ls  I n d u s t r i e s  I n c . ,  

Ni lmington ,  D e l . ) ,  o r  sodium l a u r y l  s u l f a t e  U S P  [NaLS] 

( F i s h e r  S c i e n t i f i c  Corp. ,  F a i r l a w n ,  NZ) w e r e  used a s  

t h e  s u r f a c t a n t s  i n  t h e  l a t e x  p r e p a r a t i o n  (Tab le  1) .  

T h e  l a t i c e s  were p r e p a r e d  t o  have a. t o t a l  s o l i d  con- 

t e n t  o f  4 0 . 0 % .  The a p p a r e n t  v i s c o s i t y  ( B r o o k f i e l d  

V i s c o m e t e r  - RVT 7 ,  S p i n d e l  No. 3)  of t h e  l a t i c e s  

( A , B , C )  was measured a t  20° and was found t o  be  be- 

t w e e n  9 7  -- 6 2 3  cas (Tab le  1) .  The a p p a r e n t  a v e r a g e  

p a r t i c l e  s i z e  of a s e l e c t e d  l a t e x  was d e t e r n i n e d  by 

scann ing  e l e c t r o n  microscopy,  (SEX) ( J e o l c o  Scanninu  

E l e c t r o n  Xic roscope ,  JSK-U3, Tokyo, J a p a n ) ,  measur ing  

1 0 0  p a r t i c l e s .  The l a t e x  was  d i l u t e d  w i t h  an  e q u a l  

volume of a 1 0 %  w/v n?e thy lhydroxyDropy lce l lu lose  

(I-lethocel 3 5  Premium, Dow C h e m i c a l  Company, Midland,  

( M N )  s o l u t i o n  i n  w a t e r  t o  f a - c i l i t a t e  p r e p a r a t i o n  of a 

sample f o r  SEM. 

hours and c o a t e d  w i t h  g o l d  and ca rbon  i n  a vacuum 

e v a p o r a t o r  equipped  w i t h  a r o t a t i n g  s t a g e  (Edwards,  

21 ,35 ,36  

T h i s  sample was d r i e d  a t  30° f o r  2 4  
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8 GURNY ET AL. 

:*lode1 E12-E2, ?lanor Royal ,  Crawley,  S u s s e x ,  E n g l a n d ) .  

I n - v i t r o  E v a l u a t i o n  - T h e  i n - v i t r o  release o f  d r u g  

from t h e  l a t e x  sys te r r  [ P I  (see Tab le  1) was de te rmined  

by measur ing  t h e  d i s s o l u t i o n  r a t e s  by a d i a l y s i s  pro-  

cedure .  The ra te  of d i f f u s i o n  of n e a t  d r u g  from pea-  

n u t  o i l ,  [ H I  (10 1 d C i  ner ml), was used  a s  t h e  r e f e r -  

ence  sys t em of t h e s e  s t u d i e s .  D i a l y s i s  t uk l ing ,  3 /5”  

d.ianeter X 1’’ l o n u ,  ( F i s h e r  S c i e n t i f i c  Company, 

P i t t s b u r g h ,  ? A )  was washed w i t h  r e d i s t i l l e d  w a t e r  

p r io r  t o  use .  F i f t y  m l  of Krebs  b u f f e r *  was warmed t o  

37  ? 1’ i n  a jacke ted .  heake r  ( 4 ”  x 2 ” )  and s t i r r e d  

s lowly  w i t h  a magne t i c  s t i r r e r  ( 5 0  r?r:!). A 1 m l  sam- 

p l e  w a s  p i ? e t t e d  i n t o  t h e  d i a l y s i s  bag ,  and suspended  

in t h e  b u f f e r .  Samples o f  0 . 5  m l  were removed from t h e  

s i n k  a t  p r e d e t e r n i n e d  t i m e  p o i n t s .  The samples w e r e  

counted  f o r  1 0  m i n u t e s  w i t h  PCS (Amersham/Searle,  

A r l i n g t o n ,  H e i g h t s ,  I L )  a s  t h e  s c i n t i l l a t i o n  f l u i d  i n  a 

Beckman LS-250 (Beckman I n s t r u m e n t s ,  F u l l e r t o n ,  CA)  

l i q u i d  s c i n t i l l a t i o n  c o u n t e r .  A quench ing  c u r v e  was 

c o n s t r u c t u r e d  u s i n g  a ser ies  of l 4 C  s t a n d a r d s .  

H i s t o p a t h o l o g y  - A f o r e i g n  body h i s t o p a t h o l o g i c  eva lu -  

a t i o n  of v a r i o u s  latex sys t ems  and a d d i t i v e s  w a s  

c a r r i e d  o u t  by i n j e c t i n g  t h e  tes t  materials i n t o  t h e  

0 

* I n  [ g / l ] :  N a C 1 :  6 . 9 , I ; C l :  0 . 3 5 ,  CaC12: 0.28,rqgSO,: 
7 H 2 0 :  0 . 2 9 ,  N a H C 0 3 :  2 . 1 0 ,  KH2PC4: 0 . 1 6 ,  D e x t r o s e : .  

1-00. 
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BIODEGRADABLE AND INJECTABLE LATICES 9 

anterior thigh muscles of white, adult, male spracjue- 

Dawley rats (250-27Gg) using a sterile syringe 

equipped with a 2 1  gauge needle. Studies were carried 

out in 2 phases, the first of which evaluated the short 

term (3 to 4 day) acute tissue reaction to various 

surfacants, vehicles and control materials. In the 

second phase, tissue reaction to latex PLGA, latex PLA 

and PLU-F86, were evaluated in rats sacrificed at 

varying post injection ( P I )  time intervals. The 

samples evaluated, dosage and PI days of sacrifice are 

shown in Table 2. 

sure over dry ice, necropsied immediately, and the 

thigh muscle with injection site, were removed and 

fixed in standard neutral phosphate-buffered formalin. 

Multiple transverse sections of the anterior thigh 

muscle group injection site were collected from each 

rat at approximately 2-3 mm intervals. Samples were 

processed using standard paraffin embedding techniques, 

sectioned and stained with hematoxylin and eosin . 
Stability - The degradation of the polymer due to prep- 
aration of the latex, and the stability of the polymer 

in the latex system, were determined by molecular 

weight analysis. The average molecular weights of each 

polymer was determined by a gel permeation chromato- 

graph (GPC) (Waters Associates, Inc. , Milford, MA) 

equipped with a differential refractive index detector 

All rats were killed by C 0 2  expo- 

38 
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10 GURNY ET AL. 

TABLE 2 

Xsterials S u b j e c t e d  t o  H i s t o p a t h o l o g i c  Exnin ina t ion  

I n  j ect i o n  P o s t  I n j e c t i o n  
Sample V o l u m e  (ml) Days E v a l u a t e d  

A c u t e  S t u d i e s  

I. S u r f a c t a n t  Group 

1. N2LS 0.25  

2. Tween 8 5  0.25 

11. V e h i c l e  Group 

1. PLGA 

2 .  PLA 

0.25 

0.25 

111. C o n t r o l  Group 

1. S a l i n e  0 . 2 5  

Long Term S t u d i e s  

I.  V e h i c l e  Group 

1. PLGA L a t e x  0 . 5  

2 .  PLA L a t e x  0 . 5  

11. S u r f a c t a n t  Group 

1. PLU - F68 0 . 5  

3 

4 

3 

4 

3 

7 , 1 4 , 2 8 , 5 6 , 8 4  

7 , 1 4 , 2 3 , 5 6 , 8 4  

7 , 2 8  

and 5 co lumns  (p S t y r a g e l )  (Waters Associates  I n c . ,  

M i l f o r d ,  M A )  h a v i n g  t h e  f o l l o w i n g  n o m i n a l  e x c l u s i o n  

l i m i t  d e s i g n a t i o n s :  

Changes i n  n i o l e c u l a r  w e i g h t  of t h e  polymer  were f o l -  

lowed o v e r  a t h r e e  month p e r i o d .  The s o l v e n t  u s e d  w a s  

t e t r a h y d r o f u r a n  (THF) (Waters Associates I n c . ,  M i l f o r d ,  

1 0 6 i ,  1 0 5 i ,  104i, 103i, 1 0 2 i .  
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BIODEGRADABLE AND INJECTABLE LATICES 11 

MA) a t  a flow ra te  of 2 ml/min us ing  a s o l v e n t  d e l i v -  

e r y  system t y p e  6000  A (Waters A s s o c i a t e s  I n c . ,  Nilford, 

MA).  The sample c o n c e n t r a t i o n  w a s  0 . 1 %  and t h e  i n j e c -  

t i o n  XTolume w a s  500 u l  using an i n j e c t i o n  loop U 6 K  

(Wate-s Assoc ia t e s  I n c . ,  Mi l fo rd ,  MA).  Samples of 

l a t e x  were d r i e d  under vacuum i n  o r d e r  t o  remove t h e  

w a t e r  w i t h  a minimal e f f e c t  on t h e  polymer s t a b i l i t y ;  

t h e  polymer w a s  r e d i s s o l v e d  i n  THF and f i l t e r e d  through 

a 0.45 u m  X i l l i p o r e  f i l t e r  ( M i l l i p o r e  Corporat ion,  

Bedford, MA).  Th i s  f i l t e r i n g  p rocess  w a s  c a r r i e d  o u t  

ve ry  s lowly so as t o  avoid polymer deg rada t ion  due t o  

s h e a r  e f f e c t s  o r  breakage of t h e  membrane. An i n d i r e c t  

method of c a l i b r a t i n g  t h e  GPC columns w a s  s u c c e s s f u l l y  

used t o  o b t a i n  average molecular weights  averages f o r  

t h e  PLA. F ive  po lys ty rene  s t a n d a r d s  (Waters Assoc ia t e s  

I n c . ,  Mi l fo rd ,  MA, molecular weight average: 2,350 - 
470,000) wi th  a very narrow molecular weight d i s t r ibu t ion  

were analyzed t o  c o n s t r u c t  t h e  c a l i b r a t i o n  curve and t o  

c a l c u l a t e  t h e  Q f a c t o r .  Molecular s i z e  ave rages  of an 

unknown molecular weight w e r e  converted t o  molecular  

weight by means of t h e  Q f a c t o r  method3’. A Q f a c t o r  of  

4 1 . 4  w a s  used! f o r  po lys ty rene  . 40 

In-Vivo Evaluat ion - The in-vivo release p r o f i l e s  o f t h e  

drug entrapment p roduc t s  w e r e  determined employing rats as 

d e s c r i b e d  previously in the histopathology section. wain a 
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1 2  GURNY ET AL. 

0 . 2  ml sample  o f  l a t e x  w a s  i n j e c t e d  i n  t h e  rear t h i g h o f  

t h e  an ima l  u s i n g  a 2 1  gauge  hypodermic n e e d l e .  Blood 

samples  of 2 0 0  ~1 were t a k e n  f r o m  t h e  o r b i t a l  s i n u s  

p l e x u s  and w e r e  d i g e s t e d  i n  a s o l u t i o n  of  2 0 0  ~1 of 

p e r c h l o r i c  ac id ,  7 0 %  (Mal l inchrodt  Inc.) , 2 0 0  ul of 

h y d r o c h l o r i c  a c i d  (1N) , ( F i s h e r  S c i e n t i f i c  Corp.), ar,d 30 

u l  of hydrogen p r o x i d e ,  30% (Na&ichrcdt Inc.)  , f o r  a t  

l e a s t  4 h o u r s  a t  6 0 " .  A f t e r  d i g e s t i o n ,  Aquasol-2 (New 

England Nuc lea r ,  Bos ton ,  MA) w a s  added .3.S t h e  s c i n -  

t i l l a t i o n  c o c k t a i l  and  t h e  samples  were s c i n t i l l a t i o n  

coun ted  f o r  1 0  m i n u t e s  a s  d e s c r i b e d  ear l ier .  

RESULTS AMD DISCUSSION 

The g o a l s  of t h i s  ongoing  r e s e a r c h  p r o j e c t  w e r e  (i) 

t o  d e t e r m i n e  t h e  f e a s i b i l i t y  of p r e p a r i n g  a b iodegrad -  

a b l e  polymer i n  l a t e x  form,  (ii) t o  de te r in ine  t h e  

h i s t o p a t h o l o g i c a l  c o m p a t i b i l i t y  of such  a sys t em,  (iii) 

t o  d e t e r m i n e  t h e  s t a b i l i t y  of  t h e  polymer i n  s u c h  aque- 

ous  d i s p e r s i o n  forn ,  ( i v )  t o  e v a l u a t e  t h e  release pro- 

f i l e  and r a t e  of  an e n t r a p p e d  d r u g  i n - v i t r o  from t h e  

new sys tem and ( v )  t o  p r e l i m i n a r i l y  e v a l u a t e  t h e  

r e l e a s e  p r o f i l e  of a model d ru9  from t h i s  new t y p e  o f  

dosage  form i n  a t e s t  an ima l .  

T o  a c h i e v e  t h e s e  o b j e c t i v e s  a p r e p a r a t i o n  method 

of  a l a t e x  d i s p e r s i o n , o f  t h e  polymer i n  a co l lo ida l  o r  

n e a r  c o l l o i d a l  form,  w i t h  a d e q u a t e  p h y s i c a l  s t a b i l i t y ,  
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BIODEGRADABLE AND INJECTABLE LATICES 13 

(freedom from s e t t l i n g  and caking,  d i s p e r s i b i l i t y ) ,  and 

l o w  v i s c o s i t y  t o  permit  i n j e c t i o n ,  w a s  r equ i r ed .  I t  

was a l s o  necessary t o  developed a la tex-drug formula- 

t i o n  i n  which t h e  drug could be inco rpora t ed  wi thou t  

producing coagu la t ion  of t h e  la tex .  

F igu re  1 p r e s e n t s  an e l e c t r o n  micrograph of t h e  

p a r t i c l e s  of t h e  t y p i c a l  PLA l a t e x ,  as  prepared,  and/or 

F I G U R E  1 

Elec t ron  Micrograph of t h e  PLA Latex. 10,OOOX. 
Average Pa r t i c l e  S i z e  0.45um. 
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1 4  GURNY ET AL. 

following loading with the test drug (testosterone). 

The average particle size of the latex shown [formula- 

tion A] is 0 . 4 5  pm i S . D .  0.16. The viscosity 

of the latex shown, containing 40% solid, was 96 cps at 

2 0 " ,  immediately following manufacture, and increased 

about 10% following 6 months storage at room tem- 

perature. 

Table 3 presents average molecular weight data 

for the polymer, and the polymer in latex form over a 

120 day storage period. The weight average molecular 

weight of this polymer, :"I decreased 9 to 10% as a 

result of the latex manufacturing process. This 

molecular weight reduction was attributed primarily to 

a shear depolymerization rather than a chemical effect. 

- 
W 

TABLE 3 

Weight Average Molecular Weight of the PLA 
Polymer and of the Polymer in Latex Form as 

Measured over a Storage Period. 

Neat 
Polymer 

~ ~~~ 

Latex Formulation 

a Average 62,400 57,020 56,740 56,230 54,932 55,396 

Standard 
Lkviation 325 1 ,617  2,037 1,340 1 , 1 3 6  5 7 4 8  

a Three measurements 
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BIODEGRADABLE AND INJECTABLE L A T I C E S  15 

A more critical finding was that the PLA did not siynif- 

icantly change in molecular weight in pseudolatex form 

when stored over a 4 month period (Figure 2). The Q 

factor used for the PLA molecular weight determination 

was 30.42. The in-vitro dissolution dialysis release 

of (100 uCi/ml) [4-l4c] testosterone product in PLA 

latex [A], together with the profiles of a conventional 

oil based formula is shown in Figure 3 .  The oil based 

formulation [HI (10 pCi/mli released the active com- 

pound at a rate more than ten tines faster than the 

latex system, where the conipound is molecularly 

dispersed in the polymer matrix. The release of the 

drug from the latex system in the Krebs buffer 

COUNTS 

FIGURE 2 

GPC Analysis of the Neat Polymer and the Polymer Latex 
[A] after 1 2 0  Days of Storage at Room Temperature. 
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16 GURNY ET AL. 

t I 1 1 I 

12 36 60 84 

HRS 

FIGURE 3 

In Vitro Release from Latex [A] and Solution [ H I  
Loaded with Testosterone. 
-- 

(simulated tissue fluid), shows a somewhat more rapid 

release over the first 12 to 24 hours. This initial 

more rapid release may be the result of drug located on 

the particle surface, the second slower part of the 

release profile being due to drug diffusion out of the 

polymer particles and breakdown of polymeric material. 
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BIODEGRADABLE AND INJECTABLE LATICES 17 

Histopatho logy 

Acute - Studies - Histopathologic examination of muscle 

injection sites disclosed that all agents evaluated in 

the acute studies, with the exception of saline, caused 

muscle necrosis and inflammatory reactions. However, 

the degree of necrosis as well as nature of the inflam- 

matory response to various agents differed. Using the 

amount of muscle degeneration and necrosis seen, in 

conjunction with the character of the inflammatory 

reaction (elecited as criteria), agents were placed 

in one of 3 groups. 

Group I agent, Tween 8 5 ,  appeared to be least 

irritating. Muscle degeneration and necrosis occurred. 

However, lesions consisting of a large focus muscle 

degeneration and myofiber lysis or liquefaction similar 

to that observed with agents in groups I1 and I11 were 

not evident. The inflammatory cell infiltrate consisted 

largely of microphage although some neutrophils were 

present. The finding of basophilic muscle fibers with 

multiple centrally placed nuclei (rowing) was observed 

and interpreted as early attempts at regeneration. A 

mild steatitis was sometimes observed. 

Group I1 agent produced lesions of intermediate 

severity; agent placed in this category was sodium 
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18 GURNY ET AL. 

lauryl sulfate. The injection site lesions comlonly 

appeared as a large, irregularly shaped focus of coag- 

ulative muscle necrosis. In some lesions, there was 

separation of inyocytes within muscle bundles due to 

edema and fibrin deposition. Small foci of extravasa- 

tion of erythrocytes were occasionally seen. Minerali- 

zation of myocytes at the periphery of lesions was also 

cornmon in this group. The inflammatory cell infiltrate, 

as in group I, was primarily mononuclear. Evidence of 

attempts at muscle regeneration was also found. Some 

inflammation of adipose tissue adjacent to foci of 

muscle necrosis was usual. 

Group I11 agents included latex PLGA and PLA. 

Morphologically, lesions produced by these agents 

differed from those seen with group I1 agents primarily 

in that there was both a necrotizing myositis as well 

as a steatitis with liquefaction. Liquefaction was 

accompanied by iaarked infiltration by neutrophils. 

Other features of the lesions were similar to those 

seen in group 11 rats. 

Long Term Studies 

PLU-F68: Histologically, muscle necrosis in rats 

injected with PLU-F68 was minimal. Lesions in animals 

killed on PI day 7 appeared as small foci composed of a 

few niultinucleated giant cells and macrophages with 
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BIODEGRADABLE AND INJECTABLE LATICES 19 

f i n e l y  v a c u o l a t e d  cytoplasm. Les ions  i n  r a t s  k i l l e d  

on P I  day  28 c o n t a i n e d  o n l y  macrophages. 

PLGA Latex :  Les ions  i n  musc le  a t  P I  day  7 

c o n s i s t e d  of  myof iber  n e c r o s i s  w i t h  a d e n s e  i n f i l t r a -  

t i o n  by macrophages, accumula t ion  of m u l t i n u c l e a t e d  

g i a n t  ce l l s  and mi ld  s teat i t is .  L i q u e f a c t i o n  of 

n e c r o t i c  inuscle and a d i p o s e  t i m e  w a s  pronounced i n  t h e  

P I  day  14 musc le  s e c t i o n s .  P4ul t inuc lea ted  g i a n t  ce l l s  

and macrophages w i t h  foamy cytoplasm w e r e  numerous i n  

t h e  t i s s u e  su r round ing  t h e  f o c i  o f  l i q u e f a c t i o n .  Sinall 

f a t t y  c y s t s  w e r e  p r e s e n t  i n  a d i p o s e  t i s s u e  a d j a c e n t  t o  

muscle  l e s i o n s .  N e c r o t i c  muscle  debr i s  i n  s e c t i o n s  

c o l l e c t e d  on P I  day 2 3  had been l a r g e l y  removed and 

r e p l a c e d  by macrophages and m u l t i n u c l e a t e d  g i a n t  cel ls .  

Adipose t i s s u e  i n  t h e s e  s e c t i o n s  a lso c o n t a i n e d  s m a l l  

c y s t s  s i m i l a r  t o  t h o s e  seen  i n  P I  day  1 4  s e c t i o n s .  

Les ions  i n  musc les  s e c t i o n s  from ra t s  k i l l e d  on P I d a y s  

56 and 8 4  w e r e  similar excep t  f o r  s i z e .  P I  day 8 4  

l e s i o n s  were smaller. Both were composed of dense  

accumula t ions  of  macrophages and a few m u l t i n u c l e a t e d  

g i a n t  cel ls .  

PLA Latex:  Examinat ion of P I  day  7 s e c t i o n s  

r e v e a l e d  a l a r g e  i r r e g u l a r  f o c u s  of  l i q u e f a c t i v e  

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

n e u t r o p h i l  i n f i l t r a t i o n .  The p e r i p h e r y  of t h e  l e s i o n  

w a s  i n f i l t r a t e d  by macrophages. M u l t i n u c l e a t e d  g i a n t  
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20 G U N  ET AL. 

ce l l s  and m y o f i b e r s  showing e v i d e n c e  of a t t e m p t e d  

r e g e n e r a t i o n  w e r e  a l s o  p r e s e n t .  L e s i o n s  i n  s e c t i o n s  of 

inuscle c o l l e c t e d  on P I  day  1 4  w e r e  composed o f  a d e n s e  

admix tu re  of  macrophage,  m u l t i n u c l e a t e d  g i a n t  c e l l s  and 

some lymphocytes .  V a r i a b l e  s i z e  v a c u o l e s ,  some con- 

t a i n i n g  s m a l l  amounts of u n s t a i n e d  g r a n u l a r  material, 

were found i n  some p o r t i o n s  o f  t h e  l e s i o n s .  P I  day 2 3  

l e s i o n s  w e r e  smaller t h a n  t h o s e  found i n  P I  day  1 4  sec- 

t i o n s  b u t  c o n t a i n e d  a s i m i l a r  in f lammatory  ce l l  pogula-  

t i o n .  However, many of t h e  macrophages and g i a n t  cells 

had a v a c u o l a t e d  cy toplasm.  V a r i a b l e  s i z e  f a t t y  c y s t s  

l i k e  t h o s e  s e e n  i n  P I  day  1 4  s e c t i o n s  w e r e  a l so  p r e s e n t  

Except  f o r  a r e d u c t i o n  i n  s i z e ,  l e s i o n s  i n  P I  day  56  

s e c t i o n s  w e r e  i d e n t i c a l  t o  t h o s e  s e e n  i n  P I  day  2 8  

muscle .  No l e s i o n s  w e r e  found i n  P I  day  3 4  muscle  sec- 

t i o n s  examined. 

F i g u r e  4 shows t h e  r e s u l t s  of  t h e  d r u g  release 

s t u d i e s  c a r r i e d  o u t o n  an a v e r a g e  of 5 rcts :or e a c h  

f o r m u l a t i o n  tested. The r a p i d  r e l e a s e  of t h e  d r u g  from 

t h e  o i l  s o l u t i o n  s e e n  i n - v i t r o  o b v i o u s l y  occured  &viva 

T h e  much s l o w e r  release of t h e  e n t r a p p e d  d r u g  from t h e  

PLA l a t e x  is s e e n  i n  t h e  s-w s t u d y .  Whi le  t h e  d r u g  

c o n t a i n i n g  PLA l a t e x  A p r o d u c t  d o e s  n o t  p roduce  a n  

i d e a l  release p r o f i l e  i n -v ivo  (showing a peak  b e f o r e  

t h e  p l a t e a u ) ,  it d o e s  d e m o n s t r a t e  the  a b i l i t y  t o  

_- 
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BIODEGRADABLE AND INJECTABLE LATICES 2 1  

5d 

1 
I I I 1 I 1 
2 6 15 i4 

DAYS 

FIGURE 4 

- I n  Vivo ___ Release from Latex [;\I and S o l u t i o n  [HI Loaded 
w i t h  T e s t o s t e r o n e  Tes ted  on S i x  Animals Over 1 4  Days. 

produce a p r o t r a c t e d ,  n e a r l y  s t e a d y  s t a t e  blood l e v e l  

from day 4 through day 1 4 .  

CONCLUSION 

I n  conc lus ion ,  t h i s  s tudy  has  demonstrated t h a t  a 

b iodegradable  polymer may be prepared  a s  a c o l l o i d a l  or  

nea r  c o l l o i d a l  l a t ex ,  which appea r s  t o  have good molec- 

u l a r  weight s t a b i l i t y  a t  room tempera ture  s t o r a g e .  
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2 2  GURNY ET AL. 

Drug en t r apmen t  a t  a m o l e c u l a r  l e v e l  i s  p o s s i b l e  i n  

such  l a t i c e s  and t h e  r e s u l t a n t  p r o d u c t s  may r e a d i l y  b e  

i n j e c t e d  t h r o u g h  a s t a n d a r d  hypoderniic s y r i n g e .  The 

f o r m u l a t i o n  [ A ]  had f a i r l y  good t i s s u e  c o m p a t i b i l i t y  

and t h e  sys tem a p p e a r s  t o  have  a p o t e n t i a l  t o  produce  

pro longed  b lood  d r u g  l e v e l s  in -v ivo .  medrug con ta in ing  

l a t e x  sys t ems  d i d  p r o v i d e  an  i n i t i a l  (and  u s u a l l y  

u n d e s i r a b l e )  b u r s t  o f  d r u g  r e l e a s e ,  and r e l e a s e d  more 

r a p i d l y  t h a n  d o  i m p l a n t s .  N e v e r t h e l e s s ,  t h i s  new 

dosage  form for p a r e n t e r a l  d r u g  d e l i v e r y  a p p e a r s  t o  

show promise  f o r  c o n t r o l l e d  p ro longed  d r u g  r e l e a s e  of  

an i n j e c t a b l e  p r o d u c t  w i t h  good t i s s u e  b i o c o m p a t i b i l -  

i t y .  T h i s  new a2proach  t o  u s i n g  b i o d e g r a d a b l e  polymer 

a s  a d r u g  carr iers  is t h o u g h t  t o  be  a p romis iny  s t e p  

toward t h e  development  of c l i n i c a l l y  u s e f u l  new 

p a r e n t e r a l  p r o d u c t s .  Research  is  c o n t i n u i n g  t o  

produce more uni for ,v  t o t a l  d r u g  release p r o f i l e s  

t h rough  fo rmula  m o d i f i c a t i o n s , b y  b e t t e r  c o n t r o l -  

l i n g  t h e  d rug  en t r apmen t  w i t h i n  t h e  l a t e x  p a r t i c l e s  

and the compactness  of t h e  i n j e c t e d  d e p o t s .  
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