
C H A P T E R  V

CONCLUSIONS

W ith  th e  c o n tin u in g  d e v e lo p m e n t o f  a  n u m b e r o f  p e p tid e -a n d  p ro te in -b ased  

p h a rm a c e u tica ls , n o n in v a s iv e  ro u te s  o f  a b so rp tio n  fo r th e se  m a c ro m o le c u la r  d ru g s  are 

rece iv in g  ex te n s iv e  sc ru tin y . T h e  n a sa l ro u te  e sp e c ia lly  is re c e iv in g  co n sid e rab le  

a tten tio n . H o w ev e r, th e  p e p tid e  an d  p ro te in  d ru g s  g en e ra lly  a re  p o o rly  ab so rb ed  

ac ro ss th e  n a sa l m u c o sa  an d  o ften  re q u ire  so m e  ty p e s  o f  a b so rp tio n  e n h an ce rs  to  

e ffec t s ig n ific a n t ab so rp tio n . B es id e s , th e  n a sa l p e rm e a tio n  e n h a n c e m e n t m e ch an ism s 

o f  th e  en h an ce rs  m a y  b e  d iffe ren t. So th e y  sh o u ld  b e  in v e s tig a te d  in  te rm s o f  th e  

e fficacy  an d  to x ic ity  as  w e ll as th e  e x te n t o f  m e m b ra n e  rev e rs ib ility . T h e  fina l step , 

an  in v ivo  h u m a n  m o d e l w a s  u sed  to  s tu d y  th e  n a sa l ab so rp tio n  o f  p ep tid e  in  th e  

p re sen ce  o f  se lec ted  en h an ce rs  b e fo re  fu rth e r c lin ica l te s tin g  can  b e  co n d u c ted . F o r  

th is  s tudy , sa lm o n  c a lc ito n in  (sC T ) w a s  se lec ted  as th e  m o d e l p e p tid e  drug .

T h e  re su lts  fro m  th is  s tu d y  c a n  be  su m m a riz e d  as  fo llo w s:

1. F iv e  en h an ce rs , n a m e ly  0 .5 %  C S J, 0 .5 %  C S  G , 1 .25%  D M -P -C D , 5 .0 %  H P -P - 
C D  an d  0 .1 %  L C C , w ere  in v e s tig a te d  fo r th e  e fficacy  o f  th e ir  a b so rp tio n  
e n h an c in g  a c tiv itie s  b a se d  on  c o m p a riso n  o f  p e rc e n ta g e  [D -A rg 2]-K y o to rp h in  
re m a in in g  in  th e  p e rfu sa te  a fte r  60  m in  n a sa l p e rfu s io n  an d  th e  a p p a re n t f irs t o rd e r 
ab so rp tio n  ra te  co n stan t.

2. A N O V A  an d  D u n c a n ’s te s t o n  th e  %  [D -A rg 2]-K y o to rp h in  re v e a le d  th a t th e re  
w ere  s ig n if ic a n t d iffe re n ce s  am o n g  th e  fiv e  en h an ce rs  in  th e ir  a b so rp tio n  
p ro m o tin g  ac tiv itie s . 5%  H P -P -C D  w as n o t e ffec tiv e  fro m  co n tro l w h e rea s  0 .1%  
L C C , 0 .5 %  C S J, 1 .25%  D M -P -C D  an d  0 .5 %  C S G  w ere  a ll e ffec tiv e  o v e r  the  
co n tro l. F u rth e rm o re , 0 .1 % L C C  w as  s ig n ific an tly  m o re  e ffe c tiv e  th a n  0 .5%  C S G
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w h ereas  0 .5 %  C S  J an d  1 .25%  D M -P -C D  gave  a b so rp tio n  en h an c in g  ac tiv itie s  
so m ew h a t in te rm ed ia te  b e tw e e n  0 .1 %  L C C  an d  0 .5%  C S G.

3. T h e  m em b ra n e -d a m ag in g  o r  m em b ran e -p e rtu rb in g  e ffec ts  o f  th e se  e n h an ce rs  w ere  
e v a lu a ted  b y  m e a su rin g  th e  ex ten t o f  in trace llu la r en zy m e  (L D H ) re lea se  in to  th e  
n asa l p e rfu sa te  d u rin g  th e  f irs t p e r io d  o f  p erfu sio n . A N O V A  re su lts  sh o w ed  th a t 
th e re  w a s  a  s ig n ific a n t d iffe re n ce  in  th e  L D H  re lease  a t T ôo am o n g  th ese  
e n h an ce rs  (p  <  0 .0 5 ), w h ic h  can  be  c la ss ified  in to  3 g ro u p s  w ith  d iffe ren t 
m e m b ra n e -d a m ag in g  e ffec ts . 0 .1 %  L C C  co n stitu ted  th e  f irs t g ro u p  h a v in g  th e  
g re a te s t e ffe c t o n  th e  n a sa l m em b ran e . T h e  seco n d  g ro u p , w h ic h  d em o n stra ted  
m o d e ra te  m em b ra n e  in te rac tio n s , co n s is ted  o f  1 .25%  D M -P -C D , 0 .5 %  C S  J  and  
0 .5 %  C S  G. T h e  th ird  g ro u p , w h ic h  ex e rted  th e  le a s t e ffec t o n  th e  n asa l 
m em b ran e , c o n s is te d  o f  5%  H P -P -C D  an d  th e  co n tro l sa line .

4 . S ig n ific an t c o rre la tio n  (p  <  0 .0 5 ) w a s  o b se rv ed  b e tw e e n  th e  p e rc e n t d ip ep tid e  an d  
th e  c o n c e n tra tio n  o f  L D H  fo u n d  in  th e  n asa l p e rfu sa te s  a t T ôo o f  th e  firs t 
p e rfu s io n . T h is  in d ica te s  th a t  th e  en h an ce rs  u n d e r s tu d y  w e re  ab le  to  e n h an ce  th e  
n a sa l a b so rp tio n  o f  th e  m o d e l d ip ep tid e  at le a s t b y  d irec t in te ra c tio n  w ith  th e  n asa l 
m em b ran e , i.e. th ro u g h  th e  tra n sc e llu la r  p a th w ay .

5. C o m p a riso n  o f  th e  L D H  ac tiv itie s  and  p e rcen t d ip ep tid e  re m a in in g  in  th e  
p e rfu sa te  b e fo re  an d  a fte r  rem o v a l o f  th e  en h an ce r re v e a le d  th a t 0 .1 %  L C C , 
1 .25%  D M -P -C D , 0 .5 %  C S  J  an d  0 .5 %  C S G  ex h ib ited  g o o d  m u co sa l re c o v e ry  in  
te rm s o f  b o th  m em b ran e  in te g rity  an d  p e rm eab ility  to  p ep tid e  ab so rp tio n . O n  th e  
o th e r h an d , 5%  H P -p -C D  an d  th e  co n tro l sa line  sh o w ed  n o  s ig n s  o f  su ch  
rev e rs ib ility . C lea rly , th is  w as  d u e  to  th e ir  w eak  e ffec ts  on  th e  n a sa l m u co sa .

6. O n e -te n th  o f  a  p e rc e n t L C C  an d  1 .25%  D M -P -C D  ap p ea r to  g iv e  fa s te r  re co v e ry  
th a n  0 .5 %  C S  J an d  0 .5 %  C S G  w ith  re sp ec t to  the  L D H  re lease . T h is  co u ld  be  
due  to  d iffe re n t m e c h a n ism s o f  m em b ran e  in te rac tio n s  ex e rted  b y  d iffe ren t 
en h an ce rs . I t is  p o ss ib le  th a t C S  J  an d  C S G  m ay  h av e  a  lo w e r b u t m o re  su sta in ed
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e ffec t o n  th e  n a sa l m e m b ra n e  th an  L C C  an d  D M -p -C D . A lso , th e  m u co a d h e s iv e  
p ro p e rtie s  o f  th e  tw o  c h ito sa n s  m a y  h av e  re su lted  in  in c o m p le te  rem o v a l o f  th e  
p o ly m er. S o m e  re s id u a l a m o u n t o f  ch ito san s  m ay  re m a in  in  th e  n a sa l cav ity  
d u rin g  th e  seco n d  p e rfu s io n  an d  co u ld  be  re sp o n s ib le  fo r th e  s lig h t in c rea se  in  th e  
L D H  level.

7. A lth o u g h  1 .25%  D M -P -C D  gav e  L D H  re lease  a t T ôo s im ila r  to  0 .5 %  C S J and  
0 .5 %  C S  G , it  a p p ea red  to  s tim u la te  fa s te r re lease  o f  L D H  th a n  th e  tw o  ch ito san s , 
e sp e c ia lly  d u rin g  th e  f irs t 15 m in  o f  p erfu s io n . T h is  o b se rv a tio n  su g g es ts  th a t 
D M -p -C D  m ay  b e  m o re  m e m b ra n e -irrita tin g  th a n  ch ito san s  d e sp ite  its  m o re  rap id  
reco v ery . Its  to x ic ity  b e c a m e  m u c h  m o re  p ro n o u n ced  w h e n  th e  c o n c e n tra tio n  w as 
in c reased  fro m  1.25 to  2 .5  % , as  e v id en ced  b y  b le e d in g  o f  th e  n a sa l m u co sa .

8. O n  th e  o th e r h an d , th e  e x te n t o f  re co v e ry  w ith  re sp e c t to  d ip e p tid e  a b so rp tio n  w as 
s im ila r  a m o n g  0.5 %  C S  J, 0 .5 %  C S  G , 1 .25%  D M -p -C D  an d  0 .1 %  L C C . T h e  
ra n k in g  w a s  n o t c o rre la ted  w ith  th e  ex ten t o f  re c o v e ry  b a se d  o n  th e  L D H  re lease . 
N o  c lea r  e x p la n a tio n s  co u ld  be  o ffe red  fo r th is  o b se rv a tio n . H o w e v e r, th e  
d iffe ren tia l ex te n t to  w h ic h  th e se  e n h an ce rs  c an  in c rease  th e  n a sa l p e rm e a b ility  
v ia  th e  p a ra c e llu la r  p a th w a y  is  n o t p re se n tly  k n o w n . S in ce  th e  a b so rp tio n  o f  [D - 
A rg 2]-K y o to rp h in  can  o c c u r  th ro u g h  b o th  th e  tra n sc e llu la r  an d  p a ra c e llu la r  
p a th w ay s , it is  p o ss ib le  th a t th e  d iffe ren ces  am o n g  th e se  e n h a n c e rs  in  th e ir  ex te n t 
o f  a b so rp tio n  e n h a n c e m e n t v ia  th e  la tte r  ro u te  co u ld  b e  re sp o n s ib le  fo r th e  la ck  o f  
co rre la tio n .

9. C o m p a riso n  o f  th e  p e p tid e  a b so rp tio n  en h an c in g  a c tiv ity  an d  m e m b ra n e 
d am ag in g  e ffec t b e tw e e n  0 .1 %  an d  0 .5 %  o f  b o th  ch ito san s  re v e a le d  n o  s ig n ific a n t 
d iffe ren ces  (p  >  0 .05 , u n p a ire d  S tu d e n t’s t- test). T h is  in d ica te s  th a t  th e  e ffe c ts  o f  
C S  J  an d  C S G  o n  th e  n a sa l m em b ran e  in teg rity  an d  m u c o sa l p e rm e a b ility  w e re  
n o t d e p e n d e n t o n  co n c e n tra tio n , at le a s t in  th e  ran g e  0 .1 -0 .5 % .

10. O n e -h a lf  p e rc e n t C S  G  w as se lec ted  as  a  rep re sen ta tiv e  o f  ch ito san s  to  ev a lu a te  its 
n asa l ab so rp tio n  e n h a n c in g  e ffe c t in v ivo  u s in g  h e a lth y  m a le  v o lu n tee rs  as
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su b jec ts  in  a  th re e -w a y  c ro sso v e r s tu d y  w ith  a  c o m p le te ly  ra n d o m iz e d  b lo ck  
d esig n . S a lm o n  c a lc ito n in  (sC T ) w as u sed  as a  m o d e l p e p tid e  an d  1 .33%  D M -P - 
C D  as a  re fe ren c e  en h an cer. T h e  ex ten t o f  sC T  n asa l a b so rp tio n  w a s  assessed  
fro m  th e  d e c rea se  in  p la sm a  ca lc iu m  fo llo w in g  its  n a sa l ad m in is tra tio n . A rea  
u n d e r th e  p la sm a  ca lc iu m  v e rsu s  tim e  cu rv e  (AUCo-9hr) w as c a lc u la ted  fo r each  
su b jec t an d  th e  re su lts  w ere  co m p ared  am o n g  th e  co n tro l (n o  e n h an ce r), 0.5% c s  
G - an d  1 .33%  D M -P -C D -trea ted  g ro u p s u s in g  ANOVA.

11. A N O V A  an d  su b se q u e n t D u n c a n ’s te s t re v e a le d  th a t 0 .5 %  C S  G  w a s  su p e rio r  to  
th e  co n tro l an d  1 .33%  D M -P -C D -trea ted  g ro u p s in  e n h a n c in g  th e  n a sa l ab so rp tio n  
o f  sC T  (p  <  0 .05 ). A fte r  n asa l ad m in is tra tio n  w ith  C S G , th e  p la sm a  ca lc iu m  
d ec reased  g rad u a lly , re a c h in g  m in im u m  o f  89 .5  %  o f  th e  in itia l v a lu e  a t 6 h r  p o s t 
dose . T h e  c a lc iu m  lev e l w as s till s ig n ific an tly  lo w e r th a n  th e  co n tro l an d  1 .33%  
D M -P -C D  ev en  a t 9 h r a fte r  ad m in is tra tio n . O n  th e  o th e r  h a n d , p la sm a  ca lc iu m  
fo r th e  co n tro l an d  1 .33%  D M -P -C D  d ec reased  o n ly  s lig h tly  d u rin g  th e  f irs t 3 h r 
b e fo re  re tu rn in g  to  th e  in itia l v a lu e , in d ica tin g  a  sm a lle r  e x te n t o f  sC T  nasa l 
ab so rp tio n .

12. In  c o n c lu s io n , it h as  b een  d em o n stra ted  in  th is  s tu d y  th a t  th e  ca tio n ic  
p o ly sa c c h a rid e  ch ito san s  p o sse ss  s ig n ific an t n a sa l a b so rp tio n  e n h a n c in g  e fficacy , 
sa fe ty  as w e ll as  fa irly  g ood  rev e rs ib ility  o n  th e  ra t n a sa l m u co sa . In v ivo  
ab so rp tio n  s tu d y  in  h u m a n  v o lu n tee rs  a lso  su b s tan tia ted  th e  su p e rio r  p ro p e rty  o f  
ch ito san s  o v e r D M -P -C D , an o th e r n o v e l c la ss  o f  en h an ce r, in  p ro m o tin g  th e  nasa l 
ab so rp tio n  o f  p e p tid e  like  sC T . T h e re fo re , ch ito san s  e sp e c ia lly  C S  G  ap p ea rs  to  
h av e  a p ro m is in g  p o ten tia l fo r u se  as a  sa fe  an d  e ffec tiv e  n a sa l ab so rp tio n  
e n h an ce r in  n asa l p ep tid e  fo rm u la tio n s  p ro v id e d  th a t  m o re  c lin ica l te s tin g  has 
b een  co n d u c ted .
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