
CHAPTER I 
INTRODUCTION

T h e  sy s tem ic  d e liv e ry  o f  th e ra p e u tic  ag en ts  su ch  as  p e p tid e  an d  p ro te in  d rugs 

th ro u g h  th e  tra n sm u c o sa l ro u te  h as  severa l p o ten tia l ad v a n ta g e s  in c lu d in g  rap id  

a b so rp tio n  an d  a v o id a n c e  o f  f irs t-p a ss  g a s tro in te s tin a l an d  h e p a tic  m e tab o lism . 

R ecen tly , th e  in tra n a sa l ro u te  h as  re c e iv e d  a  g rea t d ea l o f  a tte n tio n  d u e  to  its  ad d ed  

a d v an tag es  o f  ease  o f  a d m in is tra tio n  an d  g o o d  p a tie n t a c c e p tab ility .(C h a n d le r , Iliu m  

and  T h o m as , 1991a).

N e v e r th e le s s , th e  b io a v a ila b ility  o f  in tran asa l a d m in is tra tio n  o f  p e p tid e -b a se d  

p h a rm a c e u tic a ls  is  o ften  lo w  b ecau se  o f  th e ir  h ig h  m o le c u la r  w e ig h t and  

h y d ro p h ilic ity . F o r  ex am p le , it h as  b e e n  re p o rte d  th a t th e  av e rag e  b io a v a ila b ility  o f  

sa lm o n  c a lc ito n in  (sC T ) in  h u m a n  o b ta in ed  a fte r  in tran asa l a d m in is tra tio n  w as ab o u t 

1 . 6 %  (L ee  e t ah , 1994).

A c c o rd in g ly , n a sa l p ep tid e  d e liv e ry  u su a lly  n e e d s  an  a b so rp tio n  e n h an ce r 

w h ic h  fa c ilita te s  th e  d ru g s  to  reach  an  e ffec tiv e  a b so rp tio n  lev e l fro m  th e  n asa l 

m u c o sa  w ith o u t c au s in g  lo ca l irrita tio n . U n fo rtu n a te ly , little  is  k n o w n  a b o u t p o ten tia l 

s id e  e ffe c ts  o f  th e se  en h an ce rs , w h ic h  is a  d raw b ack  fo r th e  c lin ica l a p p lic a tio n  .

T h e  in flu en ce  o f  th e  en h a n c e rs  on  th e  ab so rp tio n  o f  th e  d ru g  ac ro ss  th e  n asa l 

m e m b ra n e  is re la te d  to  a  d irec t e ffe c t on  th e  d ru g  su ch  as  so lu b iliz a tio n  an d  /  or 

in flu en ce  o n  th e  n a sa l m em b ran e . T h e  e n h an ce rs  m ay  ac t b y  a lte ra tio n  o f  th e  

p ro p e rtie s  o f  th e  n a sa l m em b ra n e  b y  o p en in g  th e  tig h t ju n c tio n s  b e tw e e n  ep ith e lia l
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ce lls  o r b y  in c re a s in g  m e m b ra n e  f lu id ity , e ith e r b y  c rea tin g  d iso rd e rs  in  the  

p h o sp h o lip id  d o m a in  in  th e  m e m b ra n e  o r b y  fa c ilita tin g  th e  le a c h in g  o f  p ro te in s  and  

lip id s fro m  th e  m e m b ra n e  (M erk u s  e t ah , 1991). T h ese  m e c h a n ism s  m ay  so m eh o w  

lead  to  th e  n asa l m u c o sa l irr ita tio n  th a t m a y  b e  ev a lu a te d  b y  d e te rm in in g  th e  am o u n t 

o f  m em b ran e  p ro te in s , p h o sp h o lip id s , in tra c e llu la r  en zy m es  (e .g . lac ta te  

d eh y d ro g en ase  (L D H )) an d  m e m b ra n e -b o u n d  en z y m e s  (e .g . n u c leo tid a se  (5 'N D ))  th a t 

are re lea sed  fro m  th e  n a sa l e p ith e liu m  (S h ao , K rish n a m o o rth y  an d  M itra , 1992 ; 

M arttin  e t a l.,1995  ; A sp d e n  5 I liu m  an d  S k a u g ru d  , 1996 ; P u ja ra  e t a l .,1995).

S ince , m a n y  en h a n c e rs  m a y  b e  a s so c ia te d  w ith  side  e ffec ts  su ch  as  irrev e rs ib le  

ch an g es  in  th e  n a sa l m e m b ra n e , th e se  m a te r ia ls  a re  co n se q u e n tly  u n a c c e p ta b le  fo r 

ch ro n ic  u se  in  h u m an s . N e v e rth e le s s , s in ce  th e  p o ten tia l th e ra p e u tic  b e n e fits  o f  n asa l 

p ep tid e  d ru g  d e liv e ry  a re  e n o rm o u s , th e re  is  c o n s id e rab le  in te re s t in  f in d in g  n o v e l 

n asa l a b so rp tio n  en h a n c e rs  th a t  m ay  b e  e ffe c tiv e  w ith o u t ev id e n c e  o f  to p ica l o r 

sy s tem ic  to x ic ity  fo llo w in g  n a sa l ad m in is tra tio n .

T h e  a b so rp tio n  e n h a n c e rs  th a t h av e  b e e n  re c e n tly  in v e s tig a te d  in c lu d ed  

h y d ro x y p ro p y l-P -c y c lo d e x tr in  (H P -P 'C D ) , d im e th y l-P -c y c lo d e x tr in  (D M -P -C D ) 

lau ro y lca rn itin e  ch lo rid e  (L C C ) (Irie  e t a l., 1992; K ag a tan i e t a l., 1996). 

C y c lo d ex trin s  a re  b io c o m p a tib le  cy c lic  o lig o sa c c h a rid e s  co n ta in in g  a  m in im u m  o f  6 

D -g ly co p y ran o se  u n its  a tta c h e d  b y  a - 1-4 lin k a g e s  an d  th ey  w e re  fo u n d  ab le  to  

in c rease  th e  p e rm e a b ility  o f  n a sa l m u c o sa  an d  red u c e  p ro te o ly s is  (V e rh o e f  e t ah , 

1994). C o a d m in is tra tio n  o f  5%  D M -p -C D  re su lte d  in  c o n s id e rab le  in c rea se  in  n asa l 

in su lin  a b so rp tio n  in  ra t, th u s  m a k in g  D M -P -C D  o n e  o f  th e  m o s t e ffec tiv e  n asa l 

a b so rp tio n  e n h an ce rs  e v e r  fo u n d  (S h ao , K rish n a m o o rth y  and  M itra , 1992). D u rin g  

c lin ica l s tu d ies  u p  to  6 m o n th s  no  s id e  e ffec ts  in  th e  w o m e n  u s in g  th e se  n asa l D M -P - 

C D  -  e s trad io l /  p ro g e s te ro n e  fo rm u la tio n s  tw ice  d a ily  h a v e  b een  rep o rted
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(H erm an s e t a l., 1991). H P -P -C D  is g en e ra lly  less e ffec tiv e  th an  D M -p -C D . 

H o w ev e r, it w as  a lso  fo u n d  to  b e  a  v e ry  sa fe  n a sa l p e rm e a tio n  en h an ce r. I t w as fo u n d  

to  re su lt in  o n ly  m in im a l re lea se  o f  e p ith e lia l m em b ran e  p ro te in s  an d  to ta l ab sen ce  o f  

L D H  ac tiv ity  (S h ao  an d  M itra , 1992) A lso , it h as  b een  rep o rted  re c e n tly  th a t L C C , 

th e  su rfac tan t, h ad  a  v e ry  s tro n g  e n h a n c in g  e ffe c t o n  sC T  n asa l a b so rp tio n  in  ra t a t th e  

c o n c e n tra tio n  o f  0.1 %  w /v (K a g a ta n i e t ah , 1996). In  th e  p re lim in a ry  รณdy  o f  th is  

th es is , it w as  fo u n d  th a t 0 .5 % w /v  o f  b o th  ch ito san s  an d  0 .1 % w /v  L C C  ca u se d  ce llu la r  

d am ag e  less th an  cau sed  b y  5 % w /v  D M -P -C D .

C h ito san , o n e  o f  th e  in te re s tin g  n o v e l en h an ce rs , is  a  c a tio n ic  p o ly sa c c h a rid e  

d e riv ed  fro m  n a tu ra lly  o c c u rrin g  c h itin  in  c rab  an d  sh rim p s sh e lls  b y  d eace ty la tio n . 

T h e  ch ito san s , e sp e c ia lly  th e  free  am in e  fo rm  (C S  J  p H  4 .0 ) an d  (C S  G  p H  6 .0 ), w ere  

recen tly  sh o w n  to  g rea tly  e n h an ce  th e  a b so rp tio n  o f  d ip ep tid e  ( L -T y r-D -A rg  ) ac ro ss  

th e  ra t n asa l m u c o sa  (S a h a m e th a p a t, 1996). A t 1%  w /v , C S  J an d  C S  G  co u ld  in c rease  

th e  n a sa l b io a v a ila b ility  o f  sa lm o n  ca lc ito n in  in  ra t b y  tw o  fo ld s  re la tiv e  to  th a t o f  th e  

co n tro l g ro u p  (S in sw a t, 1997). F u rth e r, th e  ch ito san s  cau sed  no  m e m b ra n e  o r c e llu la r  

d am ag es  in  a  ra t n asa l p e rfu s io n  m o d e l (A sp d en  e t ah , 1996) , w ith  o n ly  a  tra n s ie n t 

d ec rea se  in  m u c o c ilia ry  tra n sp o rt v e lo c ity  as o b se rv ed  in  fro g  p a la te  m o d e l (A sp d e n  

et ah , 1995). T h e  0 .25 % w /v  so lu tio n  o f  th e  ch ito sa n  ap p lied  to  h u m a n  n asa l tis su e s  

fo r 7 d ay s  h ad  no  e ffec t on  m u c o c ilia ry  tra n sp o rt ra te s  o r  n asa l h is to lo g y  in  h e a lth y  

h u m a n  v o lu n te e rs  (A sp d en  e t ah , 1997) an d  it  w as  m u c h  le ss  to x ic  to  th e  n asa l 

m e m b ra n e  th a n  1%  w /v  L a u re th  9, a  n o n io n ic  su rfac tan t (A sp d e n  e t ah , 1996). 

T h e re fo re , ch ito san s  ap p e a r to  h av e  a  v e ry  s tro n g  p o ten tia l fo r  fu r th e r  te s tin g  in  

hu m an s.

S in ce  th e  la rg e  in te rsp e c ie s  d iffe re n ce s  ap p ea r to  ex is t in  th e  n asa l ab so rp tio n  

o f  d rugs. F o r ex am p le , in su lin / D M -P -C D  so lu tio n  w as in e ffec tiv e  in  e n h a n c in g  n asa l
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in su lin  a b so rp tio n  in  ra b b its  an d  m en , w h ereas  s tu d ies in  ra ts  sh o w ed  a  v e ry  g o o d  

n asa l b io a v a ila b ility  o f  ab o u t 7 0 -1 0 0 %  (V e rh o e f  et ah , 1994). th u s , it is d iff ic u lt to  

ex tra p o la te  th e  n a sa l ab so rp tio n  re su lts  o b ta in ed  fro m  a  p a r tic u la r  an im a l s tu d y  to  

m an , an d  it is  ad v ised  to  p e rfo rm  h u m a n  ex p e rim en t at an  ea rly  to  c o n firm  th a t  th e  

p a rtic u la r  e n h a n c e r  is, in  fac t, safe  and  e ffec tiv e  fo r h u m an  ap p lica tio n . A n im a l 

s tu d ies  w ill th e n  re m a in  u se fu l fo r the  fast sc reen in g  o f  v a rio u s  e ff ic acy  o f  n asa l d rug  

fo rm u la tio n s  as w e ll as fo r th e  su b seq u en t o p tim iza tio n  o f  th e  fo rm u la tio n s  o n ce  th e  

e ffe c tiv en e ss  in  m an  an d  ap p ro p ria te  co rre la tio n  b e tw een  h u m a n  an d  a n im a l d a ta  h av e  

b een  e s ta b lish e d  (V e rh o e f  e t ah , 1994).

T h e  c h ito sa n s  (C S  J an d  C S  G ), cy c lo d ex trin s  (D M -p -C D  an d  H P -P -C D ) and  

a lk y lc a m itin e  (L C C ) u se d  in  th is  s tu d y  h av e  b een  sep a ra te ly  ev a lu a te d  fo r  th e ir  sa fe ty  

an d  e ff ic a cy  (S a h a m e th a p a t, 1996; S h o a  an d  M itra , 1992; K a g a ta n i e t ah , 1996). 

H o w e v e r, th e y  h av e  n e v e r b een  co m p ared  to g e th e r in  th e  sam e  รณd y  w ith  re sp e c t to  

th e ir  e ffe c ts  o n  th e  n a sa l m u co sa l m em b ran e . T hus, it w o u ld  b e  in te re s tin g  to  c o m p are  

th e m  to g e th e r  in  an  a ttem p t to  ev a lu a te  th e ir  re la tiv e  sa fe ty  an d  a b so rp tio n  e n h an c in g  

e ffic acy  b a se d  o n  th e ir  , e ffec ts  on  th e  rev e rs ib ility  o f  th e  ra t n a sa l m u co sa . C h ito san  

and  o n e  o f  th e  ab o v e  ab so rp tio n  en h an ce rs  w h ich  h ad  d e m o n stra te d  re a s su rin g  sa fe ty  

and  e ff ic a cy  fro m  th e  f irs t p a rt w o u ld  th en  be  se lec ted  fo r fu r th e r  s tu d y  to  co n firm  

th e ir  a b so rp tio n  e n h a n c in g  e ffec ts  in  h u m an  sub jects.

T h e re fo re , th e  o b je c tiv e s  o f  th is  th e s is  w ere  as fo llow .

1. T o  c o m p a re  th e  re la tiv e  sa fe ty  and  e fficacy  am o n g  th re e  d iffe re n t ty p e s  o f  n o v e l 

n a sa l a b so rp tio n  en h an ce rs , i.e. ch ito san s  (C S G , C S J), c y c lo d e x tr in s  (H P -P -C D , 

D M -p -C D ) an d  a lk y lc a m itin e  ( L C C ) by th e  rev e rs ib ility  ev a lu a tio n  o f  ra t n asa l 

m e m b ra n e  p e rm e a b ility  u s in g  in s itu  nasa l p e rfu s io n  tech n iq u e .
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2. T o  c o n firm  th e  e ff ic a cy  o f  th e  ch ito san s  as n a sa l ab so rp tio n  e n h a n c e r  o f  p ep tid e  in  

h u m a n s  u s in g  sa lm o n  c a lc ito n in  as a  m o d e l an d  co m p are  th e  re su lts  w ith  one  o f  

the  a b o v e  en h a n c e rs  se lec ted  fro m  1 b a sed  on  th e ir  re la tiv e  sa fe ty  an d  e fficacy  

p ro files .
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