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Control of Diabetes with Polyacrylamide Implants  

An a t t e m p t  to prolong the  act ion of insulin by  im- 
p lan ta t ing  table ts  of the  hormone  under  the  skin of rabbi ts  
was repor ted  to be unsuccessful, in an ear ly  paper  by  
PARKES and YOUNG 1. The  dependence of diabet ic  animals  
upon adminis tered  insulin furnishes a useful physiological  
model  for tes t ing  imp lan t  media  t h a t  pe rmi t  prolonged 
cont inuous  adminis t ra t ion  of pro te in  drugs. I n  this work, 
po lyac ry lamide  (PAA) admixed  wi th  insulin has been 
subcutaneous ly  implan ted  in a l loxan diabet ic  ra ts  and the  
per formance  of these animals  is described wi th  respect  to 
survival ,  g rowth  and ur inary  sugar status.  I n  te rms  of 
these s tandards,  d iabet ic  rats  responded well  to P A A  
implants  conta in ing  insulin;  the  effect iveness of an im- 
p lan t  being subject  to its poros i ty  and the  amoun t  of 
hormone  contained.  

Three  week old albino rats  (CD), fasted overnight ,  were 
injected i.p. wi th  25 m g •  3 a l loxan ~ (re-crystallized) to 
induce diabetes.  Af te r  3 days, diabet ic  animals  among the  
survivors  showed emaciat ion,  po lyphagia  and polyurea  
associated wi th  e leva ted  ur inary  sugar levels, which were 
de tec ted  by  BENEDICT'S tes t  3. Comparable  wi th  var ious  
o ther  m a m m a l i a n  species, ra t  blood sugar levels, normal ly  
around 100 rag/100 ml, roughly  double in a l loxan diabe- 
tes 4,5 and this level  exceeds the  renal  sugar threshold 
since 4-6  g glucose is excre ted  dai ly  in the  ur ine s. His tolo-  
gical examina t ion  of pancrea t ic  t issue sections provided  
direct  evidence of a l loxan damage  to the  islets of Langer-  
hans in t r ea ted  animals.  Imp lan t s  conta ining insulin were 
prepared  f rom 25 and 40% acrylamide  (Eas tman;  re- 
crystall ized),  wi th  2~ N, N '  methy leneb isacry lamide  
serving to cross-link P A A  chains. R ibof lav in  was used to 
cata lyze pho to -po lymer iza t ionL Bovine  pancreat ic  in- 
sulin (24 I U / m g  ; Sigma) was added to the  react ion mix tu re  
before po lymer iza t ion  and during polymer iza t ion  this  
mix tu re  was gent ly  stirred. The  resul t ing slurry was 
washed wi th  disti l led wate r  and implants  of 0.2 ml  were 
then  ven t ra l ly  s.c. injected.  There  were 4 groups in the  
exper iment  and each group had 4 rats, Animals  in 3 groups 
received implan t s ;  1 mg  insulin in 25% P A A  and 10 mg  
insulin in 25 and 40~ PAA. The 4th group was an un- 
t r ea ted  Control.  Body-weight ,  length  of surv iva l  and the  
react ion of ur ine to BENEDICT'S reagent  were observed 
among  the  exper imenta l  animals.  

F r o m  the  results shown in the  Figure,  i t  can be seen t h a t  
the  response of a l loxan diabet ic  rats  t o  P A A  implants  
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Response of alloxan diabetic rats to polyacrylamide (PAA) implants 
containing insulin. The arrow designates when implants were removed 
from rats in the 10 mg insulin, 40% PAA group. 
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Containing Insulin 

conta in ing insulin is inf luenced both by  imp lan t  poros i ty  
(PAA concentrat ion)  and the  a m o u n t  of hormone  present.  
Animals  bear ing 1 mg insulin implants  of 25% P A A  
responded re la t ive ly  poorly;  the i r  body-weight  increased 
only briefly; glycosuria  was present  in this group through-  
out  the  exper imenta l  period and none of the  animals  
surv ived  for more than  7 days.  I n  contrast ,  i t  m a y  be 
observed (Figure) t h a t  diabet ic  rats  given 10 mg insulin, 
40% P A A  implants  grew at  a v i r tua l ly  normal  ra te  and 
had normal  (non-glycosuria) urine, unt i l  the  implants  
were removed  on day  21 following implanta t ion ,  when 
the symptoms  of diabetes  quickly  re-emerged.  In ter -  
media te  in the i r  per formance  were animals  wi th  10 mg  
insulin, 25% P A A  implants .  These rats,  as m a y  be noted, 
recovered body-weigh t  and showed no glycosuria  for a 
few days  fol lowing implanta t ion .  However ,  glycosuria  re- 
appeared on day  6 and they  lost  body-weight  sharply  
af ter  day  8. Three  of the  4 ra ts  in this group did not  l ive 
beyond day  11. 

These results d e a r l y  show t h a t  insulin in P A A  implants ,  
deposi ted by  s.c. injection,  can  serve to sustain diabet ic  
animals for a per iod of at  least  a few weeks. Imp lan t  
effectiveness is inf luenced by  P A A  concentra t ion  which 
is i l lus t ra ted  by  the  performance  of rats  t ha t  received 
10 mg insulin in 25% P A A  (pore size about  23/~) compared 
to t h a t  of rats  w i th  this a m o u n t  of hormone  in 40% P A A  
(pore size about  16 /~), The  la t te r  per formed better ,  
ev iden t ly  because 40~ P A A  releases insulin over  a longer 
in te rva l  t han  does 25% PAA.  Since an insulin d imer  
(prevalent  form in solution) is roughly cyclindrical,  wi th  
dimensions 2 0 •  ~8, a molecule of insulin should 
obviously  exper ience a much  lower fr ict ional  resistance 
dur ing diffusion in a 25% P A A  implan t  t han  in a 40% 
P A A  implan t  and consequent ly  would be released faster  
f rom it. Parenthe t ica l ly ,  porosi ty  in these implants  would  
increase somewhat  due to swelling. Apar t  f rom diffusion, 
insulin release m a y  also ref lect  its rate  of dissolution. 
Obviously,  i t  would  be of va lue  to obta in  quan t i t a t i ve  
informat ion  render ing the kinet ics  of insulin release f rom 
P A A  implants  reasonably  predictable.  The apparen t  
success of P A A  as an implan t  med ium for insulin raises 
the  prospects  of i t  being possible to also implan t  o ther  
drugs in this  medium.  

Zusammen/assung. Es wurdeu  du tch  insulinhalt ige s.c. 
inj izier te  Po lyac ry l amid - Imp lan t a t e  Glucosurie geheil t  
sowie Wachs tums-  und ~ber lebens ra te  Alloxan-diabe-  
t ischer  R o t t e n  gef6rdert .  
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