
C H A P T E R  IV
RESULTS AND DISCUSSION

T h e  re su lts  o f  th e  e x p e rim e n ts  a re  d iv id ed  in to  tw o  m a jo r  sec tio n s  b u t th ey  are  

a lso  in te rre la ted . T h e  d a ta  fro m  th e  f irs t p a rt led  to  th e  d e v e lo p m e n t o f  th e  n ex t 

in v es tig a tio n s . E a c h  p a r t a lso  h a s  its  o w n  re su lts  an d  d iscu ss io n  an d  a ll o f  th e se  are  

th e n  su m m arized .

Part I. Studies to determine the reversible effect of the enhancers on the nasal 
membrane integrity following their removal from the rat nasal cavity.

1.1) Comparison of the efficacy of different enhancers on the nasal membrane 
permeability

H ig h  p re ssu re  liq u id  c h ro m a to g ra p h ic  an a ly sis

T h e  ch ro m a to g ra m s o b ta in e d  fro m  th e  H P L C  co n d itio n s  d e sc rib ed  in  C h ap te r  

III are  sh o w n  in  F ig u re  7. F ig u re  7A , sh o w s a  rep re sen ta tiv e  c h ro m a to g ra m  o f  L - 

P h e n y la la n in e  w h ic h  is a n  in te rn a l s tan d a rd  an d  F ig u re  7B  sh o w s a  rep re sen ta tiv e  

c h ro m a to g ra m  o f  [D -A rg 2]-K y o to rp h in . T h e  re ten tio n  tim e  o f  [D -A rg 2]-K y o to rp h in  

an d  L -P h e n y la la n in e  are  a b o u t 9 .2  an d  7 .0  m in , resp ec tiv e ly . T h ese  co m p o u n d s  are 

w e ll se p a ra te d  fro m  each  o th e r w ith  co m p le te ly  re so lv ed  b ase lin e . In  ad d itio n , th e ir  

p eak s  d id  n o t o v e rlap  w ith  an y  o f  th e  so lv e n t p eak s  and  th e  ad d itio n  o f  ch ito san s  

(C S  J an d  C S  G ), c y c lo d ex trin s  (H P -P -C D  and  D M -p -C D ) o r lau ro y lc a m itin e  

ch lo rid e  (L C C ) d id  n o t in te rfe re  w ith  th e ir  re te n tio n  tim es (F ig u re  8).
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F ig u re  7 H ig h  p re ssu re  liq u id  ch ro m a to g ra m  o f  (A ): L -P h e n y la la n in e  (7 .0  m in ) and  

(B ): [D -A rg 2]-K y o to rp h in  (9 .2 m in )
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F ig u re  8 H ig h  p re ssu re  liq u id  ch ro m a to g ra m  o f  (A ): C S  J  (B ): C S  G  (C ): H P -p -C D  

(D ): D M -P -C D  an d  (E ): L C C  in  iso to n ic  sa line
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S tan d a rd  C u rv e

S tan d a rd  [D -A rg 2]-K y o to rp h in  so lu tio n s  w ere  p re p a re d  a t th e  final 

c o n c e n tra tio n s  o f  0 .1 , 0 .2 , 0 .3 , 0 .4  an d  0.5 m M  in  iso to n ic  sa lin e  so lu tio n  p H  6.0. 

A fte r  ad d in g  th e  in te rn a l s tan d a rd , th e  so lu tio n  w as in je c te d  to  th e  H P L C . F ig u re  9 

sh o w s th e  re p re se n ta tiv e  ch ro m a to g ra m s  o f  s tan d a rd  [D -A rg 2]-K y o to rp h in  an d  L - 

P h e n y la la n in e  so lu tio n s  d isso lv e d  in  iso to n ic  sa lin e  so lu tio n  p H  6 .0 .

F ig u re  10 sh o w s th e  re p re se n ta tiv e  c a lib ra tio n  cu rv e  o f  s ta n d a rd  [D -A rg 2]- 

K y o to rp h in  in  iso to n ic  sa lin e  so lu tio n  p H  6 .0 . T h e  p lo t  w as  lin ear. T h e  re g re ss io n  

c o e ffic ien t (r2) w a s  0 .9 9 9 9 . A ll o th e r  s ta n d a rd  cu rv es  g av e  s im ila rly  g o o d  lin ea rity  

w ith  th e  v a lu e s  in  th e  ran g es  o f  0 .9 9 9 -0 .9 9 9 9  in  m o s t cases.

T e s tin g  o f  tu b in g  an d  c a n n u la  fo r  p o ss ib le  ad so rp tio n  o f  lD -A rg 21-K vo to rph in

T o  c o n firm  th a t  lo ss  o f  [D -A rg 2]-K y o to rp h in  fro m  th e  p e rfu s io n  so lu tio n  w as 

n o t d u e  to  a d so rp tio n  o f  th e  d ip e p tid e  o n to  th e  tu b in g  an d  e so p h a g e a l c a n n u la  d u rin g  

th e  n a sa l p e rfu s io n , 0.5 m M  so lu tio n  o f  [D -A rg 2]-K y o to rp h in  in  iso to n ic  so lu tio n  p H  

6 .0  w as  re c irc u la te d  th ro u g h  th e  p e rfu s io n  sy stem  w ith o u t th e  ra t. A n a ly se s  o f  [D - 

A rg 2]-K y o to rp h in  in  th e  p e rfu s io n  so lu tio n  a t 0 an d  120 m in  re v e a le d  th a t th e re  w as 

n o  ch an g e  in  th e  c h ro m a to g ra m s  o f  th e  d ip ep tid e  d u rin g  th is  p e rio d , in d ic a tin g  its 

g o o d  p h y s ic o c h e m ic a l s tab ility  in  th e  so lu tio n  w ith o u t an y  a p p a re n t a d so rp tio n  on to  

th e  tu b in g  an d  ca n n u la  d u rin g  p e rfu s io n .

T h e  te s tin g  o f  in te rfe ren c e  fro m  th e  n a sa l m u c o sa  d u rin g  p e rfu s io n

F ig u re  11 sh o w s th e  c h ro m a to g ra m  o f  th e  n a sa l p e rfu sa te  o f  th e  iso to n ic  

sa lin e  so lu tio n  a fte r  re c irc u la tin g  th ro u g h  th e  ra t n a sa l c av ity  fo r  60  m in . F ro m  th is  

F ig u re , it is c le a r  th a t o th e r co n te n ts  o f  th e  ra t n asa l p e rfu sa te  (e .g . m u cu s  p ro te in ) d id  

n o t in te rfe re  w ith  th e  c h ro m a to g ra m s  o f  th e  d ip ep tid e  an d  th e  in te rn a l s tan d ard .
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F ig u re  9 H ig h  p re ssu re  liq u id  c h ro m a to g ram  o f  th e  c a lib ra tio n  cu rv e  o f  [D -A rg 2]- 

K y o to rp h in  (9 .2 m in ) a t th e  co n cen tra tio n  o f  0.1 (A ), 0 .2  (B ), 0.3 (C ), 0 .4 (D ) an d  0.5 

m M  (E ) w ith  5 m M  L -P h e n y la la n in e  (7 .0  m in ) as in te rn a l s tan d a rd , in  iso to n ic  sa lin e  

p H  6 .0
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Standard [D-Arg2]-Kyotorphin Conc.(mM)

Y  =  -0 .0 0 1 + 1 .8 2 6 x  r2 =  0 .9999

P H R  =  p e a k  h e ig h t ra tio  o f  s tan d a rd  [D -A rg 2]-K y o to rp h in  to

L -P h en y la lan in e

X  =  s tan d a rd  [D -A rg 2]-K y o to rp h in  co n e . (m M )

F ig u re  10 R e p re se n ta tiv e  c a lib ra tio n  cu rv e  o f  [D -A rg 2]-K y o to rp h in  in  iso to n ic  

sa lin e  p H  6 .0
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F ig u re  11 H ig h  p re ssu re  liq u id  ch ro m a to g ram  o f  n asa l p e rfu sa te  co n ta in in g  

o n ly  sa lin e  a fte r  re c irc u la tin g  th ro u g h  th e  ra t nasa l cav ity  fo r  60 m in .
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A ll th e  en d o g en o u s  p eak s  e lu ted  ea rly  d u rin g  th e  f irs t f iv e  m in u te s . In  ad d itio n , 

F ig u re  12 sh o w s th e  c h ro m a to g ram s o f  th e  p e rfu sa te  a t 0 an d  60  m in  w h ic h  co n ta in ed  

o n ly  [D -A rg 2]-K y o to rp h in  an d  L -P h en y la lan in e  in  iso to n ic  sa lin e  so lu tio n  p H  6 .0  (no  

en h an ce r). R esu lts  in  th is  fig u re  c o n firm ed  th e  p re v io u s  rep o rt (T e n g am n u ay  and  

M itra , 1990a) th a t [D -A rg 2]-K y o to rp h in  w as en z y m a tic a lly  s tab le  in  th e  nasa l 

p e rfu sa te  w ith o u t h y d ro ly s is  in to  am in o  ac id s  L -T y r an d  D -A rg . I f  en zy m atic  

h y d ro ly s is  w e re  to  o ccu r, a  sh a rp  p e a k  o f  L -T y r sh o u ld  h av e  b e e n  o b se rv e d  at ab o u t 

3 .5  m in  . (D -A rg , o n  th e  o th e r h an d , d id  n o t ab so rb  u v  lig h t a t 274 n m  an d  th e re fo re  

d id  n o t g iv e  p e a k  u n d e r th is  H P L C  co n d itio n ). C o n seq u en tly , lo ss  o f  th e  d ip ep tid e  

fro m  th e  p e rfu sa te  sh o u ld  be  cau sed  b y  its  a b so rp tio n  ac ro ss  th e  ra t n asa l m u c o sa  and  

n o t by  loca l m e tab o lism . T h u s, th e  en h an ce rs  w h ic h  w ere  m o re  e ff ic ac io u s , sh o u ld  be  

ab le  to  p ro d u c e  p ro n o u n c e d  d ec rea se  in  th e  d ip ep tid e  c o n te n t o f  th e  n a sa l p e rfu sa te . 

T h e  p H  v a lu e  w as fix ed  a t 6 .0  in  all p e rfu s io n  e x p e rim en ts  re g a rd le ss  o f  th e  en h an ce rs  

b ecau se  L D H  en zy m e  w h ich  w as u tiliz e d  in  th e  to x ic ity  e v a lu a tio n  o f  nasa l 

m em b ra n e  in  th e  n e x t p a rt o f  e x p e rim en ts  d em o n stra te s  h ig h  ac tiv ity  a t th is  pH . 

M a rtin e k  (1 9 7 2 ) rep o rted  th a t L D H  h as  an  o p tim u m  a c tiv ity  a t p H  6.8 w h ile  P u ja ra  et 

al. (1 9 9 5 ) o b se rv ed  th e  lo ss  o f  L D H  a c tiv ity Ja t p H  b e lo w  4 .0 . S ince  th e  p e rfu s io n  

co u ld  n o t b e  ru n  at p H  6 .8 b ecau se  ch ito san  w ill p re c ip ita te  fro m  th e  so lu tio n  a t pH  

g re a te r  th a n  6 .0 . T h u s, p H  6 .0  w as se lec ted  as th e  m o s t fav o rab le  co m m o n  p H  

c o n d itio n  fo r a ll th e  en h an ce rs  u n d e r study .

T h e  c o n cen tra tio n s  o f  C S  J an d  C S  G  w ere  se lec ted  a t 0.1 an d  0 .5 % w /v  fo r 

each  c h ito sa n  acco rd in g  to  th e  re su lts  o b ta in ed  fro m  p re v io u s  e x p e rim en ts  

(S ah am e th ap a t, 1996). A lth o u g h  0 .1 %  w as a lread y  e ffec tiv e  in  e n h a n c in g  th e  n asa l 

ab so rp tio n  o f  [D -A rg 2]-K y o to rp h in , th e  co n cen tra tio n  o f  0 .5 %  w a s  a lso  s tu d ied  in  

o rd e r to  see  m o re  c lea rly  any  sp ec ific  e ffec t o f  ch ito san s  on  th e  p e rm e a b ility  an d  the  

in teg rity  o f  th e  ra t n asa l ep ith e liu m . C o m p ariso n  w as th en  m ad e  w ith  5%  H P -|3 -C D  as
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F ig u re  12 H ig h  p re ssu re  liq u id  ch ro m a to g ra m  o f  [D -A rg 2]-K y o to rp h in  (9 .2  m in ) and  

L -P h e n y la la n in e  (7 .0  m in )  in  iso to n ic  sa lin e  p H  6 .0  a t 0 (A ) a n d  60  m in  (B ) o f  th e  

p e rfu s io n
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u su a l s in ce  it is one  o f  th e  leas t irr ita tin g  e n h an ce rs  re p o rte d  so  fa r  w ith  re sp e c t to  

nasa l m o rp h o lo g y  (C h a n d le r  e t ah , 1 9 9 lb ) ,  m u c o sa l c o m p o n e n t re le a se  (S h ao  e t ah , 

1992; M a rttin  e t ah , 1995), an d  cy to to x ic ity  (M erk u s , S c h ip p e r e t ah , 1991) e t ah ,

1991). A n o th e r  cy c lo d e x trin -ty p e  e n h an ce r (D M -P -C D ) w as a lso  s tu d ied  fo r 

c o m p a riso n  sin ce  it has b e e n  sh o w n  to  b e  a  v e ry  e ffec tiv e  n asa l a b so rp tio n  en h an ce r 

o f  in su lin  an d  o th e r s te ro id  h o rm o n es  (S ch ip p e r et ah , 1990; M e rk u s , S ch ip p er e t ah , 

1991). T h e  c o n c e n tra tio n  o f  D M -P -C D  u sed  in  th is  s tu d y  w a s  se t a t 1 .25%  w h ic h  w as 

lo w e r th a n  th a t u su a lly  em p lo y ed  in  th e  in v ivo  n a sa l a b so rp tio n  s tu d ie s  (2 -5% ). 

H o w e v e r, p re lim in a ry  re su lts  h av e  sh o w n  th a t th e  in s itu  n asa l p e rfu s io n  u s in g  lo w er 

c o n cen tra tio n s  o f  D M -P -C D  can  b e tte r  m a in ta in  th e  v ia b ility  o f  th e  ra t th ro u g h o u t 

b o th  p e rfu s io n  p erio d s .

T a b le  4  sh o w s p e rc e n t [D -A rg 2]-K y o to rp h in  re m a in in g  in  th e  n a sa l p e rfu sa te  

a t d iffe re n t tim e s  d u rin g  th e  firs t 6 0 -m in  n asa l p e rfu s io n  in  th e  p re se n c e  o f  v a rio u s  

en h an ce rs . T h e  f irs t se t w as  a  co n tro l g roup . T h e  co n tro l so lu tio n  co n ta in e d  o n ly  0.5 

m M  [D -A rg 2]-K y o to rp h in  in  an  iso to n ic  sa lin e  so lu tio n  (n o  en h an ce r). F ro m  d a ta  in  

T ab le  4 , th e re  is v e ry  little  ab so rp tio n  o f  [D -A rg 2]-K y o to rp h in  th ro u g h  th e  n asa l 

m u c o sa  fro m  th e  co n tro l g ro u p  a fte r  p e rfu s io n  fo r 60  m in  (o n ly  ab o u t 1 .9± 6 .7%  

ab so rb ed ). P e rfu s io n  w ith  5%  H P -P -C D  also  sh o w s v e ry  little  d ip e p tid e  ab so rp tio n  

w ith  th e  sam e  re su lt as th e  co n tro l g ro u p  (o n ly  0 .4  ±  2 .3 % ). In  co n tra s t, 0 .1 %  L C C  

sh o w s 70 .33  ±  8 .4 p e rc e n t d ru g  rem a in in g  a fte r  p e rfu s io n  fo r  60  m in  w h ic h  is 

e q u iv a le n t to  ab o u t 3 0 %  ab so rp tio n . T h o se  o f  0 .5 %  C S J, 1 .25%  D M -P -C D  an d  0 .5 %  

C S  G  w ere  7 8 .2  ±  12.5, 80.3 ±  7.7 and  83 .2  ±  1 .6% , re sp e c tiv e ly , w h ic h  are  

e q u iv a le n t to  re sp ec tiv e  n asa l ab so rp tio n  o f  21 .8 , 19.7 an d  16.8% .



en h a n c e rs %  re m a in in g  o f  [D -A rg 2 ] -K y o to rp h in  in  th e  n a sa l p e rfu sa te A p p a re n t f irs t o rd e r  

ra te  c o n s ta n t, k o b s  

( m in ) x io 3

ท

0 m in 15 m in 30  m in 45  m in 60  m in

Iso to n ic  sa lin e 1 0 0 ± 0 .0 9 7 .Ü 3 .9 9 7 .7 ± 3 .9 9 7 .7 ± 6 .0 9 8 .Ü 6 .7 - 8

0 .5 %  C S  G 1 0 0 ± 0 .0 9 7 .5 Ü .3 9 4 .3 ± 3 .6 8 7 .0 ± 2 .6 8 3 .2 Ü .6 3 .3 9 ± 0 .2 2 4

0 .5 %  C S J 1 0 0 ± 0 .0 9 8 .8 ± 5 .7 89 .7 ± 7 .1 8 1 .5 Ü 7 .4 7 8 .2 ± 1 2 .5 4 .8 0 ± 3 .4 0 4

0 .1 %  L C C lOOiO.O 9 0 .4 ± 8 .3 8 1 .4 ± 7 .3 7 9 .0 ± 7 .8 7 0 .3 ± 8 .4 5 .6 6 ± 1 .5 8 3

1 .2 5 % D M -P -C D 1 0 0 ± 0 .0 9 4 .7 ± 6 .0 9 0 .4 ± 4 .6 8 6 .0 ± 6 .5 8 0 .3 ± 7 .7 3 .6 1 Ü .3 0 4

5 .0%  H P -p -C D 1 0 0 ± 0 .0 9 7 .7 ± 3 .5 9 8 .3 ± 7 .3 1 0 0 .4 ± 3 .6 9 9 .6 ± 2 .3 - 7

D a ta  =  m ean  ±  SD  ( ท  =  3 -8  ra ts /g ro u p  )

T ab le  4  T h e  p e rc e n t [ D -A rg 2 ]-K y o to rp h in  re m a in in g  in  th e  n a sa l p e rfu sa te  d u rin g  th e  f irs t h o u r  o f  n a sa l p e rfu s io n
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A n a ly s is  o f  v a r ia n c e  (A N O V A ) w as th en  ap p lied  to  th e  d a ta  o b ta in e d  fro m  th e  

s tu d ies  at 5%  s ig n ific an ce  lev e l. F ro m  A N O V A  tab le  (A p p e n d ix  H a), it is o b v io u s  

th a t th e re  w as a  s ig n if ic a n t d iffe re n ce  in  th e  %  rem a in in g  o f  d ru g  in  th e  p e rfu sa te  at 

T ôo o f  th e  f irs t h o u r  am o n g  th e  fiv e  en h a n c e rs  and  co n tro l g ro u p  (p <  0 .05). A  

m u ltip le  ra n k  te s t (D u n c a n ’s te s t)  w as  fu r th e r  ap p lied  in  o rd e r to  ran k  th ese  

d iffe ren ces  a t th e  sam e  s ig n ific a n c e  level. T h e  ra n k in g  o f  th e se  re su lts , in  an  

in c rea s in g  o rd e r, a re  as  fo llo w s:

L C C  C S  J  D M -P -C D  C S G  C o n tro l H P -p -C D

E n h an ce r 0 .1 %  0 .5 %  1 .25%  0 .5 %  0%  5 .0%

cone.

% R em a in in g  70 .33  7 8 .2  80.3 83 .2  98.1 99 .7

a t T 60

T h e  lin e  u n d e rn e a th  th e  le tte rs  s ig n ifie s  th a t th e re  w a s  no  s ig n ific a n t 

d iffe ren ce  b e tw e e n  th e  en h a n c e rs  o n  th e  sam e  line  (p  >  0 .05 ). D u n c a n ’s te s t re su lt 

in d ica te s  th a t a ll th e  en h a n c e rs  e x c e p t H P -P -C D  w ere  s ig n ific an tly  e ffec tiv e  o v e r th e  

co n tro l g ro u p  in  e n h a n c in g  th e  n a sa l a b so rp tio n  o f  th is  d ip ep tid e . M o reo v e r, 0 .1 %  

L C C  ap p ea rs  to  b e  m o re  e ffec tiv e  th a n  0 .5 %  C S  G  w h e rea s  0 .5 %  C S J an d  1 .25%  

D M -P -C D  gav e  an  a b so rp tio n  e n h a n c in g  e ffe c t in te rm ed ia te  b e tw e e n  0 .1 %  L C C  and  

0 .5 %  CS G. O n  th e  o th e r h an d , 5 .0 %  H P -P -C D  w as n o t e ffec tiv e  w ith  th e  v a lu e  o f  %  

rem a in in g  at T 60 s im ila r  to  th a t o f  co n tro l (p > 0 .0 5 ).

F ig u re  13 re p re se n ts  th e  se m ilo g a rith m ic  p lo ts  o f  p e rc e n t [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 t p H  6 .0  v e rsu s  tim e  d u rin g  th e  firs t p e rio d  in  

th e  p re sen ce  o f  each  en h an ce r.
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V alue =  m ean  ±  SD  (ท= 3-8 rats/group)

F igure 13 S em ilogarithm ic p lo ts o f  percen t [D -A rg2]-K yotorphin  rem ain ing  in  the  

perfusate versus tim e during the  first period  in  the  p resence o f  various enhancers..
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D e riv a tio n  o f  th e  eq u a tio n  d e sc rib in g  th e se  p lo ts  w as  f irs t c h a ra c te r iz e d  by  

H u an g  e t a l .(1 9 8 5 ) an d  b a sed  o n  th e  f irs t o rd e r tra n sp o rt k in e tic s , i.e . p a ss iv e  

d iffu s io n  o f  d ru g  ac ro ss  th e  ab so rp tiv e  m em b ran e .

I f  lo ss  o f  th e  d ru g  from  th e  p e rfu sa te  ap p ea rs  to  fo llo w  th e  f irs t o rd e r  k in e tics , 

th e  F ic k ’s f irs t law  o f  d iffu s io n  m ay  be  app lied :

d m  /d t -D A  •  d C /d x  ......................(1)

w h e re  m =  am o u n t o f  so lu te  p re sen t at tim e  t

d m /d t =  ra te  o f  ch an g e  o f  am o u n t o f  so lu te  in  th e  

p e rfu sa te

ว =  d iffu s io n  co e ffic ien t o f  d rug , cm 2 /  tim e

A =  su rface  a re a  o f  th e  nasa l m u co sa , c m 2

d C /d x =  c o n c e n tra tio n  g rad ien t ac ro ss th e  n asa l 

m em b ran e  b a rrie r, co n c /cm

T h e  c o n v e n tio n a l u n it fo r th e  am o u n t an d  tim e  in  e q u a tio n ( l)  a re  g m  an d  sec, 

re sp e c tiv e ly . H o w e v e r, it w as m o re  p re fe rab le  to  ex p ress  th e  tim e  in  te rm  o f  a  la rg e r 

u n it su ch  as  m in u te  sin ce  th e  len g th  o f  tim e  in v o lv ed  in  each  e x p e rim e n t w as  60  m in . 

In  a d d itio n , s in ce  all th e  so lu tio n s  w ere  p re p a re d  on  a m illim o la r  b a s is , th e  re sp ec tiv e  

a m o u n t o f  th e  d ru g  an d  co n cen tra tio n  w ere  th u s  ex p ressed  as m m o le  a n d  m m o le  /  lite r 

(m M ).

S in ce  d m  /d t =  V  •  d C /d t ................................................(2)

W here d c  /dt rate o f change o f  drug concentration in



6 4

th e  p e rfu sa te , m M /m in

an d  V  =  v o lu m e  o f  th e  p e rfu s io n  m ed iu m , c m 3

It is p o ss ib le , th e re fo re , to  rea rran g e  e q u a tio n  (1) in  te rm s  o f  d C /d t u sin g  

th e  fo llo w in g  ap p ro x im a tio n :

d C /d x  =  AC/Ax =  C d -C r /h (3)

W h ere  h =  th ick n ess  o f  th e  n asa l m em b ra n e  an d  

asso c ia ted  u n s tirre d  aq u eo u s  lay e r, cm

C d =  co n cen tra tio n  in  th e  d o n o r  s id e , m M  

=  co n cen tra tio n  o f  d ru g  in  th e  p e rfu s io n  m e d iu m

C r =  co n cen tra tio n  in  th e  re c e p to r  s id e , m M  

=  co n cen tra tio n  o f  d ru g  in  th e  b lo o d

B y  su b s titu tin g  e q u a tio n  (2) and  (3) in  e q u a tio n  (1), e q u a tio n  (4 ) c a n  b e  o b ta in e d

d C /d t =  - (D A /h V ) (C d -C r) .....................................(4 )

I f  s in k  c o n d itio n s  are  a ssu m ed  (C d  »  C r), th en  eq u a tio n  (5) is o b ta in e d  

d C /d t =  -kobsC d .................................................. (5 )

W h ere  kobs =  D A /h V  =  k m/ v  ................................... (6 )

kin =  in tr in s ic  ra te  co n stan t fo r n asa l a b so rp tio n  (cm 3/m in ) w h ic h  is  a  

p a ra m e te r  u n iq u e  to  th e  nasa l m u co sa  

=  D A /h
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kobs =  a p p a ren t in situ  f irs t o rd e r  a b so rp tio n  ra te  co n stan t, m in '1

E q u a tio n  (5) is  s im ila r to  th e  e q u a tio n  w h ich  d esc rib e s  th e  f irs t o rd e r e lim in a tio n  o f  

th e  d rug  fro m  a  s in g le  c o m p a rtm e n t m o d e l fo llo w in g  an  in trav en o u s  b o lu s  in jec tio n .

I f  eq u a tio n  (5 ) is in teg ra ted  b e tw een  th e  lim its  o f  Co an d  c ,  e q u a tio n  (7) is ach iev ed .

InC  =  InCo -  kobs •  t ...................................................(7)

o r L o g C  =  LogCo -  kobs •  t /2 .303 ................................ (8)

B y  m a k in g  a  p lo t  o f  lo g  c  as a  fu n c tio n  o f  tim e , a  s tra ig h t lin e  w o u ld  be  

o b ta in ed  w ith  a  s lo p e  an d  an  in te rc e p t o f  -kobs/2 .303 an d  logCo, re sp ec tiv e ly . T a b le  4 

a lso  sh o w s th e  m ean  an d  SD  o f  kobs w h ic h  w as ca lcu la ted  fro m  th e  s lo p e  o f  th e  

in d iv id u a l p lo t o f  th e  f irs t p e rfu s io n  p e rio d . T h e  p e rfu s io n  d a ta  o f  th e  in d iv id u a l ra t as 

w ell as its  kobs v a lu e  are  p ro v id e d  in  A p p e n d ix  I. It can  b e  seen  fro m  th e se  d a ta  and  

F ig u re  13 th a t th e  p e rfu s io n  p ro f ile s  fa irly  fo llo w e d  th e  f irs t o rd e r k in e tic s . A ll th e  

sem ilo g a rith m ic  p lo ts  sh o w  g o o d  lin ea rity  w ith  th e  re g re ss io n  co e ff ic ien t in  th e  ran g e  

o f  0 .9 -0 .9 9  in  m o s t cases, A p p e n d ix  I. T h e  v a lu e  o f  kobs re fle c ts  th e  ra te  o f  n a sa l d rug  

ab so rp tio n . T h is  p a ra m e te r  to g e th e r  w ith  th e  p e rc e n t [D -A rg 2]-K y o to rp h in  re m a in in g  

at 6 0  m in  (% T ôo) afte r th e  firs t p e rfu s io n  p e rio d  w e re  u sed  fo r s ta tis tic a l c o m p a riso n  

in  o rd e r to  d e te rm in e  th e  o p tim a l en h an c in g  ac tiv ity  fo r  each  en h an ce r. S in ce  H P -P - 

C D  w as n o t e ffec tiv e , it w as  ex c lu d e d  fro m  fu rth e r c o m p ariso n  an d  o n ly  C S  J, C S  G , 

D M -P -C D  and  L C C  w ere  co m p ared  fo r th e ir  re la tiv e  a b so rp tio n  e n h a n c in g  ac tiv ity .

O n e-w ay  an a ly sis  o f  v a ria n c e  (A N O V A ) w as a lso  ap p lied  to  th e  v a lu e s  o f  kobs 

and  %  T ôo a t th e  sam e s ig n ific an ce  level so as  to  co m p are  th e  a b so rp tio n  en h an c in g
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e ffec t o f  th e  fo u r  e n h a n c e rs  i.e . C S  G , C S  J, L C C  and  D M -p -C D . It w a s  fo u n d  th a t 

th e re  w ere  n o  s ig n if ic a n t d iffe ren ces  in  th e  v a lu es  o f  kobs an d  %  T 60 (p > 0 .0 5 , 

A p p en d ix  lie ) .

T h u s, th e  re su lts  fro m  th e se  ex p e rim en ts  in d ica te  th a t th e  fo u r  en h an ce rs , 0 .5 %  

C S  G, 0 .5 %  C S  J, 0 .1 %  L C C  and  1 .25%  D M -p -C D , h av e  ab o u t th e  sam e  ab ility  in  

en h an c in g  th e  n a sa l a b so rp tio n  o f  [D -A rg 2]-K y o to rp h in . H o w ev e r, th e  en h an c in g  

e ffec t o f  0.1 %  L C C  a p p ea rs  to  be  m o re  p ro n o u n ced  th a n  0.5%cs G , e sp e c ia lly  w h en  

th e  D u n c a n ’s te s t  w as  a p p lie d  on  % Tô0 o f  all th e  en h an ce r-trea ted  g ro u p s  a n d  co n tro l.

I liu m  e t al. (1 9 9 4 ) p ro p o se d  th a t th e  ca tio n ic  n a tu re  o f  c h ito sa n  co u ld  h av e  a  

tra n s ie n t e ffe c t o n  th e  g a tin g  fu n c tio n  o f  th e  tig h t ju n c tio n s  le ad in g  to  its  e n h a n c in g  

e ffec t o n  m e m b ra n e  p e rm eab ility . B ecau se  o f  th e ir  p o s itiv e  c h a rg e , c a tio n ic  

m a c ro m o le c u le s  su c h  as  p ro tam in e , p o ly ly s in e  an d  ch ito sa n  c a n  in te ra c t  w ith  th e  

an io n ic  c o m p o n e n ts  (s ia lic  a c id ) o f  th e  g ly co p ro te in s  on  th e  su rface  o f  th e  ep ith e lia l 

ce lls  (A rtu rsso n  e t a l., 1994). T h ese  re sea rch e rs  h av e  p ro p o se d  th a t  c h ito sa n  m ig h t be  

ab le  to  d isp lace  c a tio n s  fro m  e le tro n eg a tiv e  sites (su ch  as tig h t ju n c tio n s )  o n  a 

m em b ran e  w h ic h  req u ire  c o o rd in a tio n  w ith  ca tio n s  (su ch  as  c a lc iu m ) fo r d im e n s io n a l 

s tab ility . R e m o v a l o f  th e se  “ p iv o t ” io n s  co u ld  re su lt in  a lo o sen in g  o r  o p e n in g  o f  th e  

tig h t ju n c tio n  an d  in c re a se d  ab so rp tio n  o f  d ru g  v ia  p a ra c e llu la r  p a th w ay . In  ad d itio n , 

o th e r u n k n o w n  m e c h a n ism s  o f  ab so rp tio n  e n h an cem en t m ay  e x is t fo r  c h ito sa n  su ch  as 

its  p o ss ib le  d ire c t e ffe c ts  o n  th e  tra n sc e llu la r  p e rm eab ility .

A rtu rsso n  e t a l . ( l 9 94 ) a lso  su g g ested  th a t ch ito san  m ay  h a v e  a  d iffe ren t 

m e c h a n ism  o f  a c tio n  in  en h an c in g  th e  tra n sp o rt o f  d ip ep tid e  ac ro ss  ep ith e lia l 

m em b ran es  to  th a t d isp la y e d  by  “ c la ss ic a l” m a te ria ls  in  th e  fo rm  o f  su rfa c ta n ts  and  

b ile  sa lts . T h e  in te ra c tio n  b e tw een  th e  ap ica l m em b ran e  o f  th e  ep ith e lia l ce ll an d
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ch ito san  a p p ea rs  to  b e  sp ec if ic  an d  sa tu rab le , as o p p o sed  to  th e  n o n -sp e c if ic  an d  n o n 

sa tu rab le  e ffe c ts  se e n  fo r su rfac tan t. L C C , o n e  o f  th e  su rfa c ta n ts  d e riv ed  fro m  

a c y lc a m itin e s  w as re p o rte d  b y  K ag a tan i e t a l.( 1996) to  h av e  a  c ritic a l m ice lla r  

c o n c e n tra tio n  (C M C ) o f  ab o u t 0 .0 2 9 % , and  th a t its  e n h a n c in g  e ffe c t re ach ed  

m ax im u m  at 0 .1 %  w h ich  is ab o u t 3 tim es  th e  C M C  a t p H  4 .0 .

K ag a tan i e t a l.(1 9 9 6 ) su g g es ted  th a t th e  co n trib u tio n  to  th e  tra n sp o rt v ia  

in h ib itio n  o f  p ro te o ly tic  en z y m e  b y  L C C  seem s low . M a x im u m  e n z y m e  in h ib itio n  b y  

ap ro tin in  ( try p s in  in h ib ito r)  re su lte d  in  o n ly  1.4 tim es  e n h a n c e m e n t in  th e  ra t n a sa l 

sC T  ab so rp tio n  a t p H  4 .0  (M o rim o to , M iy azak i an d  K ak em i, 1995) w h ic h  is  d iff icu lt 

to  ex p la in  9 .5 tim e s  e n h a n c e m e n t in  th e  ra t n a sa l sC T  a b so rp tio n  in  th e  sam e 

co n d itio n  by  L C C . T h u s , m ic e lle  fo rm a tio n  w as  co n s id e red  to  b e  a n  im p o rta n t fa c to r  

in  th e  m e c h a n ism  o f  a b so rp tio n  e n h a n c e m e n t b y  L C C  o n  th e  n a sa l a b so rp tio n  o f  

p ep tid e  d ru g s .

It is  in te re s tin g  to  n o te  th a t p e rfu s io n  w ith  0 .1 %  L C C  w a s  fo u n d  to  s tim u la te  

th e  re lease  o f  so m e  red  b lo o d  ce lls  fro m  th e  n asa l m u c o sa  in to  th e  p e rfu sa te  b y  th e  

end  o f  f irs t h o u r. T h u s, in c rea s in g  co n cen tra tio n  o f  L C C  g rea te r  th a n  0 .1 %  m ay  cau se  

m o re  re lease  o f  red  b lo o d  ce lls  w h ic h  are  in d ica tiv e  o f  sev e re  m e m b ra n e  d a m a g in g  

effec ts . A lth o u g h  th e  en h an c in g  e ffec t o f  0 .1 %  L C C  ap p ea rs  to  be  c o m p a ra b le  o r 

s lig h tly  su p e rio r  to  th e  tw o  ch ito san s  an d  D M -P -C D  in  th is  s tu d y , its  p o te n tia l to x ic ity  

m u st be ca re fu lly  ev a lu a te d  b e fo re  any  c lin ica l te s tin g  can  be  co n d u c ted .

F o r H P -P -C D  an d  D M -P -C D  w h ic h  are d e riv a tiv e s  o f  c y c lo d e x tr in , th e  re su lts  

sh o w  d iffe ren ces  in  th e ir  ab ility  to  in c rease  th e  m em b ran e  p e rm e a b ility  o f  d ip ep tid e  

drug . H P -P -C D  an d  D M -P -C D  w ere  fo u n d  to  h av e  good  so lu b iliz in g  p o w e r
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(ex ceed in g  5 0 %  w /v ) (Y o sh id a  e t a l., 1988). S ev era l m e c h a n ism s  o f  a c tio n  by  w h ich  

cy c lo d e x trin s  can  im p ro v e  n a sa l p ep tid e  a b so rp tio n  h av e  b een  su g g es ted  (Irie  e t a l.,

1992). F o r in s tan ce , c y c lo d e x tr in s  a re  ab le  to  in te ra c t w ith  m e m b ra n e  lip id s  and  

p ro te in s  in  th e  nasa l ep ith e liu m , w h ic h  m ay  red u c e  th e  b a rr ie r  fu n c tio n  o f  the  

ep ith e liu m . C y c lo d ex trin s  c an  a lso  in h ib it p ro te o ly tic  en zy m e  ac tiv itie s  in  th e  nasa l 

m u c o sa  an d , fin a lly , th ey  m ay  ac t d irec tly  u p o n  th e  p ep tid e  o r p ro te in  m o lecu le  

th e reb y  in h ib itin g  a g g re g a tio n  o f  th e  m o lecu les .

In  th is  s tu d y , 1 .25%  D M -P -C D  w as s ig n ific a n tly  e ffec tiv e  o v e r  th e  co n tro l in  

in c rea s in g  th e  n asa l m em b ra n e  p e rm e a b ility , w h ile  5%  H P -P -C D  w as  no t. 5%  D M -P - 

C D  w as re p o rte d  to  ex e rt a  d ire c t e ffec t o n  th e  n a sa l m u c o sa  as ev id e n c e d  by  the  

re lea se  o f  sev e ra l m u co sa l co m p o n en ts  w h ic h  w as  m u c h  g rea te r  th a n  th a t  c au sed  by  

5 % H P -P -C D  (S h ao , K rish n a m o o rth y  an d  M itra , 1992). In  ad d itio n , th e  p rev io u s  

e x p e rim e n t d e m o n stra ted  th a t th e  in situ  n asa l p e rfu s io n  u s in g  5%  D M -p -C D  co u ld  

n o t m a in ta in  th e  v ia b ility  o f  th e  ra t th ro u g h o u t th e  tw o  p e rfu s io n  p e r io d s  b ecau se  o f  

th e  b le e d in g  o f  n a sa l m u co sa . T h is  m e m b ra n e -d a m ag in g  m e c h a n ism  m ay  be 

im p o rta n t in  p ro m o tin g  th e  n a sa l d ru g  a b so rp tio n  in  a  m a n n e r  s im ila r  to  0 .1 %  L C C . 

T h e re fo re , th e  c o n c e n tra tio n  o f  D M -P -C D  w as  lim ite d  to  o n ly  1 .25%  in  a ll th e  

p e rfu s io n  ex p e rim e n ts  to  av o id  e x cess iv e  d am ag e  to  th e  ra t n a sa l m u c o sa  an d  its 

v ita lity .

S in ce  th e  n asa l p e rm e a tio n  e n h a n c e m e n t m e c h a n ism s  o f  th e se  en h an ce rs  m ay  

b e  d iffe ren t, th ey  sh o u ld  b e  fu rth e r in v es tig a ted  in  te rm s  o f  th e  e ff ic a cy  an d  to x ic ity  

as w ell as th e  ex ten t o f  m e m b ra n e  rev e rs ib ility .
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1.2) Comparison of the membrane-damaging effect of different enhancers
based on the extent of LDH release.

T ab le  5 sh o w s th e  co n ten t (U /m l) o f  lac ta te  d e h y d ro g en ase  (L D H ) th a t w as 

re lea sed  fro m  th e  ra t n asa l m u c o sa  d u rin g  th e  f irs t h o u r o f  in situ  p e rfu s io n  in  the  

p re sen ce  o f  v a rio u s  en h an cers .

T h ese  d a ta  rev ea l th a t p e rfu s io n  w ith  o n ly  th e  iso to n ic  sa lin e  p H  6 .0  (co n tro l 

g ro u p ) re su lte d  in  v e ry  lo w  lev e ls  o f  L D H  re lease . A t th e  end  o f  th e  f irs t h o u r, th e  

av e rag e  L D H  c o n te n t w a s  38 .33  ±  9 .93 u/ml. T h e  v a lu e  o f  th e  co n tro l g ro u p  ag reed  

w ell w ith  th e  re su lts  o f  S h ao  an d  M itra  (1 9 9 2 ) w h o  re p o rte d  th a t n a sa l p e rfu s io n  w ith  

o n ly  iso to n ic  p h o sp h a te  b u ffe r  (p H  7 .4 ) fo r  90  m in  g av e  L D H  re lea se  o f  33 .0  ±  18.0 

U /m l.

P e rfu s io n  w ith  5%  H P -P -C D  y ie ld ed  th e  sam e  re su lts  as th a t o f  co n tro l, i.e ., 

th e re  w as v e ry  sm all a m o u n t o f  L D H  re lea se  a t th e  en d  o f  th e  f irs t p e rfu s io n  p e rio d , 

w ith  th e  av e rag e  c o n te n t at 60  m in  o f  50 .15  ±  8.93 u /m l .  O n  th e  o th e r han d , 

p e rfu s io n  w ith  o th e r en h a n c e rs  (0 .5 %  C S J, 0 .5 %  C S G , 0 .1 %  L C C  an d  1 .25%  D M -P - 

C D ) re su lte d  in  su b s tan tia l re lea se  o f  L D H  in  th e  n asa l p e rfu sa te s . T h e  L D H  co n ten ts  

a t th e  en d  o f  f irs t h o u r w e re  4 2 7 .8 7  ±  118 .74 , 478 .91  ±  133 .96 , 1154 .40  ±  226 .93  and  

510 .43  ±  109.53 u /m l  fo r  C S  J, C S  G , L C C  an d  D M -P -C D , re sp ec tiv e ly  .

T h e  re lea se  p ro file s  o f  L D H  d u rin g  th e  f irs t h o u r are  sh o w n  in  F ig u re  14. 

W h en  A N O V A  w a s  ap p lied  at 5%  s ig n ific an ce  lev e l to  th e  v a lu e s  o f  L D H  at th e  en d  

o f  th e  f irs t h o u r, s ig n if ic a n t d iffe ren ce  w as d e tec ted  am o n g  th e  s ix  g ro u p s  u n d e r s tu d y  

(p «  0 .05 ), A p p en d ix  V Ib . M u ltip le  c o m p a riso n  u s in g  D u n c a n ’s te s t w as  fu rth e r 

em p lo y ed  in  o rd e r to  ra n k  th e  e ffec t. T h e  re su lts , in  an  in c rea s in g  o rd e r, are  as



en h a n c e rs C o n c e n tra tio n  (บ /m l) o f  L D H  in  th e  n a sa l p e rfu sa te ท

15 m in 30  m in 45  m in 60  m in

C o n tro l g ro u p 3 3 .3 3 i l6 .3 3 3 7 .6 7 i3 0 .0 4 3 7 .2 3 i9 .4 3 3 8 .3 3 i9 .9 3 4

0 .5 %  C S  G 1 2 0 Ü 0 3 .4 2 2 3 1 .9 5 i l3 5 .1 5 3 8 4 .1 2 i  1 4 2 .0 4 4 7 8 .9 1 i l3 3 .9 6 4

0 .5 %  C S  J 8 8 .3 4 i4 6 .3 1 238 .1  Ü 7 2 .2 4 3 4 7 .0 4 Ü  0 2 .7 7 4 2 7 .8 7 Ü  18.74 4

0 .1 %  L C C 7 9 1 .6 7 i l0 1 .1 6 9 7 4 .2 6 i 2 4 1.03 l ,1 2 3 .7 4 i2 4 8 .0 0 1 ,1 5 4 .4 0 ± 2 2 6 .9 3 4

1 .2 5 % D M -P -C D 4 0 3 .3 3 i5 2 .3 5 4 3 4 .8 9 Ü  12 .27 4 9 7 .0 8 i l0 2 .8 3 5 1 0 .4 3 i l0 9 .5 3 4

5 .0 %  H P -p -C D 3 8 .3 3 i6 .3 9 3 6 . 3 8 i l l . 2 6 4 9 .3 1 i9 .4 9 5 0 .1 5 i8 .9 3 4

D a ta  =  m e a n  ±  SD  (ท =  4 ra ts /g ro u p )

T ab le  5 C o n c e n tra tio n  (บ /m l)  o f  la c ta te  d e h y d ro g e n a se  (L D H ) th a t  re le a se d  f ro m  th e  ra t n a sa l m u c o sa  d u rin g  th e  f irs t h o u r  o f  in s itu  

p e rfu s io n  in  th e  p re se n c e  o f  v a r io u s  e n h a n c e rs .
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V alu e  =  m e a n  ±  SD  (ท =  4 ra ts /g ro u p )

F ig u re  14 T h e  re lea se  p ro f ile s  o f  L D H  co n cen tra tio n  in  ra t n a sa l p e rfu sa te s  v e rsu s  

tim e  d u rin g  th e  f irs t p e r io d  in  th e  p re se n c e  o f  v a rio u s  en h an cers .



7 2

fo llow s:
Control H P -P -C D c s  J CSG D M -P -C D L C C

Enhancer cone. 0% 5.0% 0.5% 0.5% 1.25% 0.1%

LDH (บ/ทใ!) 38.33 50.15 427 .87 478.91 510 .43 1,154 .40

T h e  lin es  u n d e rn e a th  th e  e n h an ce rs  in d ica te  th a t  th e re  w a s  no  s ig n ific an t 

d iffe ren ce  in  th e  L D H  c o n te n t a t th e  en d  o f  th e  f irs t h o u r a m o n g  th e  g ro u p s on  th e  

sam e line  (p  >  0 .0 5 ). T h e re fo re , D u n c a n ’s te s t re su lts  re v e a l th a t  H P -P -C D  cau sed  

m in im a l leak ag e  o f  th e  en zy m e  an d  its  e ffec t w as  s im ila r  to  sa lin e  co n tro l. T h is  w as  

a lso  in  a g reem en t w ith  S hao  e t al. (1 9 9 2 ) an d  M a rttin  e t al. (1 9 9 5 ) w h o  re p o rte d  th a t 

5%  H P -P -C D  w as o n e  o f  th e  le a s t m em b ran e  d a m a g in g  e n h a n c e rs , g iv in g  m in im a l 

re lease  o f  m u co sa l co m p o n en ts . O n  th e  o th e r h an d , th e  o th e r  fo u r  en h a n c e rs  cau sed  

s ig n ific an tly  g re a te r  ex te n t o f  L D H  re lea se  th a n  th e  co n tro l a n d  5 %  H P -P -C D  (p  <  

0 .05 ). F u rth e rm o re , L C C  ap p ea rs  to  in d u ce  s ig n ific a n tly  g re a te s t e x te n t o f  L D H  

re lea se  (S lig h t b le e d in g  w as o b se rv ed  in  th e  n asa l p e rfu sa te s  o f  th e  L C C -tre a te d  g roup  

b u t all th e  ra ts  re ta in ed  th e ir  v iab ility  th ro u g h o u t b o th  p e rfu s io n  p e rio d s).

I t is  in te re s tin g  to  n o te  th a t th e  ra n k in g  o f  L D H  re le a se  a t T ôo b e a r  so m e 

s im ila rity  th a t  o f  % [D -A rg 2]-K y o to rp h in  rem a in in g  a t T ôo- 5%  H P -P -C D  w h ich  is n o t 

an  e ffec tiv e  en h a n c e r a lso  cau sed  v e ry  sm all re lease  o f  L D H  w h e re a s  0 .1 %  L C C , 

w h ic h  g av e  th e  h ig h e s t [D -A rg 2]-K y o to rp h in  ab so rp tio n , a lso  in d u c e d  th e  g rea te s t 

ex ten t o f  L D H  re lease . It th u s  ap p ea rs  th a t th e re  m ay  be  so m e  c o rre la tio n  b e tw e e n  th e  

a b so rp tio n  e n h a n c in g  p ro p e r ty  an d  m e m b ra n e -d a m a g in g  e ffe c t  a m o n g  th e se  

en h an cers .

F ig u re  15 is a p lo t b e tw een  th e  av e rag e  p e rc e n t [D -A rg 2]-k y o to rp h in  

re m a in in g  at th e  en d  o f  th e  firs t p e rfu s io n  and  th e  av e ra g e  c o n te n t o f  L D H  (บ /m l)
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F ig u re  15 T h e  av e rag e  p e rc e n t [D -A rg 2]-K y o to rp h in  rem a in in g  an d  th e  av erag e  
co n te n t o f  L D H  (บ/!ท!) re lea se  in to  nasa l p e rfu sa te  at th e  en d  o f  th e  f irs t p e rfu s io n  
p eriod .
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re leased  in to  th e  n asa l p e rfu sa te  a t th e  sam e  tim e  p o in t. F ro m  th is  fig u re  it c an  be 

seen  th a t s ig n ific a n t c o rre la tio n  b e tw e e n  th e  tw o  p a ra m e te rs  w a s  o b se rv ed  w ith  th e  

co rre la tio n  c o e ffic ien t o f  0 .9 2 1 5  (p  <  0 .0 5 ), A p p en d ix  X I. 0 .1 %  L C C , w h ic h  in d u ces  

th e  h ig h e s t L D H  re lea se , a lso  g iv es  th e  h ig h e s t n a sa l ab so rp tio n  o f  [D -A rg 2]- 

k y o to rp h in . O n  th e  o th e r  h an d , th e  sa lin e  an d  5 % H P -P -C D -trea ted  g ro u p s sh o w  v e ry  

p o o r a b so rp tio n  o f  th e  d ip e p tid e  in  a g re e m e n t w ith  th e  v e ry  lo w  lev e l o f  LDFI re lease  

at 60  m in . 1 .25%  D M -P -C D , 0 .5 %  C S  J an d  0 .5 %  C S G  e x h ib it th e  av e rag e  v a lu e s  o f  

b o th  p e rc e n t d ip ep tid e  an d  th e  L D H  co n te n t a t 60 m in  in  th e  in te rm ed ia te  re g io n  o f  

th e  c o rre la tio n  line . S in ce  L D H  is an  in tra c e llu la r  en zy m e , c o rre la tio n  w ith  th e  

d ip ep tid e  a b so rp tio n  su g g e s ts  th a t a ll th e  en h an ce rs  u n d e r  s tu d y  m a y  so m e h o w  be  

ab le  to  d irec tly  in te ra c t w ith  th e  n a sa l m em b ran e  w h ic h  m a y  lead  to  th e  n a sa l 

ab so rp tio n  o f  [D -A rg 2]-K y o to rp h in  b y  a  tra n sc e llu la r  p a th w ay . T h e  g rea te r  th e  d eg ree  

o f  e n h a n c e r-m e m b ra n e  in te ra c tio n , th e  g rea te r  th e  ex te n t o f  [D -A rg 2]-K y o to rp h in  

ab so rp tio n  v ia  th is  ro u te . T h e  e x a c t m e c h a n ism s  b y  w h ic h  th e se  en h a n c e rs  can  

d irec tly  in te rac t w ith  th e  n a sa l m e m b ra n e  are  n o t fu lly  k n o w n . H o w ev e r, L C C  w as 

rep o rted  to  in te rac t w ith  th e  m e m b ra n e  b y  m ice lle  fo rm a tio n  (K ag a tan i e t ah , 1996) 

w h e rea s  cy c lo d e x trin s  w e re  fo u n d  to  b e  able” to  ex trac t p h o sp h o lip id s  an d  ch o le s te ro l 

fro m  th e  n asa l m e m b ra n e , p ro b a b ly  b y  fo rm in g  in c lu s io n  co m p le x e s  (S h ao  e t 

a l.,1992 ; M arttin  e t a l.,1 9 9 5 ). A lth o u g h  ch ito san s  h av e  p re v io u s ly  b een  su g g e s te d  to  

en h an ce  th e  n asa l a b so rp tio n  v ia  p a ra c e llu la r  p a th w ay  (Iliu m  e t a l., 1994), ev id e n c e  o f  

d irec t m em b ra n e  in te ra c tio n  h a s  b e e n  re p o rte d  by  S ah am e th ap a t (1 9 9 6 ) w h o  o b se rv ed  

th a t b o th  C S  J an d  C S G  a t 0 .1 %  w ere  ab le  to  cau se  so m e  sm all re lea se  o f  m em b ra n e  

p h o sp h o lip id s  a fte r  in s itu  n asa l p e rfu s io n . T h e re fo re , co rre la tio n  re su lts  a p p e a r  to  

su g g est th a t th e  e n h a n c e rs  u n d e r  s tu d y , e sp e c ia lly  1 .25%  D M -p -C D , 0 .1 %  L C C , 0 .5 %  

C S J and  0 .5 %  C S  G  m ay  b e  ab le  to  en h an ce  th e  n a sa l ab so rp tio n  o f  [D -A rg 2]- 

K y o to rp h in  to  so m e e x te n t by  th e  tra n sc e llu la r  p a th w ay . T h e  e n h an c in g  ac tiv ity  o f  

each  en h a n c e r v ia  th is  ro u te  can  b e  fu rth e r d iffe ren tia ted  b a sed  on  its  e ffec t o n  th e
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L D H  re lease . H o w ev e r, it sh o u ld  be  re m in d e d  th a t tra n sc e llu la r  ro u te  is  ju s t  o n e  o f  

th e  tw o  m a jo r ab so rp tio n  p a th w ay s . N o  in fo rm a tio n  is av a ilab le  re g a rd in g  th e  

d iffe ren t ab ilitie s  o f  th e se  en h a n c e rs  in  p ro m o tin g  th e  n asa l a b so rp tio n  o f  p e p tid e s  v ia  

th e  p a ra c e llu la r  p a th w ay .

1.3) Comparison of reversible effect of different enhancers on the nasal 
membrane integrity and mucosal permeability

A  d es irab le  fea tu re  o f  an y  a b so rp tio n  e n h an ce r is th a t th e  c o m p o u n d  in  

q u estio n  m u st ac t o n ly  te m p o ra r ily  o n  th e  ab so rp tiv e  ep ith e liu m . R e c o v e ry  o f  th e  

nasa l m u c o sa  sh o u ld  o c c u r  in  d u e  tim e  fo llo w in g  rem o v a l o f  th e  a b so rp tio n  e n h an ce rs  

fro m  th e  ap p lic a tio n  site . In  th is  p a rt o f  th e  s tudy  th e  rev e rs ib le  e ffe c t o f  d iffe ren t 

e n h an ce rs  o n  th e  n a sa l m u c o sa  w a s  in v es tig a ted  in  te rm s o f  b o th  m u co sa l 

p e rm eab ility  and  m e m b ra n e  in te g rity  u s in g  th e  in situ  nasa l p e rfu s io n . A s in  th e

p rev io u s  p a rt, a b so rp tio n  o f  [D -A rg 2 ]-K y o to rp h in  w as u sed  as an  in d ic a to r  o f  

m u co sa l p e rm e a b ility  w h e rea s  th e  re lea se  o f  L D H  in  th e  n asa l p e rfu sa te  im p lic a te d  

th e  lo ss  o f  n asa l m e m b ra n e  in teg rity . A t th e  end  o f  th e  firs t p e rfu s io n  p e rio d , th e  

nasa l c a v ity  o f  each  ra t w as f lu sh ed  w ith  iso to n ic  sa lin e  to  rem o v e  an y  re s id u a l 

e n h an ce r o f  th e  p re v io u s  p e rfu s io n . T h en , th e  p e rfu s io n  w as re s ta rte d  u s in g  o n ly  [D - 

A rg 2 ]-K y o to rp h in  in  iso to n ic  sa lin e  as th e  p e rfu s in g  so lu tion .

F ig u re s  16 to  2 0  re p re se n t th e  re lease  p ro file s  o f  L D H  in  b o th  p e rfu s io n  

p e rio d s  fo r each  en h a n c e r an d  th e  co n tro l g roup . T h e  d a ta  are a lso  sh o w n  in  T ab le  6. 

F ro m  th e se  fig u res  it can  be  seen  th a t th e  re lease  o f  L D H  d u rin g  th e  seco n d  p e rfu s io n  

p erio d , a fte r th e  en h a n c e r h ad  b een  rem o v ed  fro m  th e  nasa l c av ity , m a rk ed ly  

d ec rea sed  fro m  th e  f irs t p e rfu s io n  p erio d . T h is  red u c tio n  in  L D H  re lea se  w as



ท 1st hour 2nd hour %AC60
(min) 15 30 45 60 (min) 15 30 45 60

Control group 4 33.33 37.67 37.23 38.33 33.33 46.84 58.40 70.20 74.07
±16.33 ±30.04 ±9.4.3 ±9.93 ±17.64 ±38.50 ±34.97 ±37.04 ±55.76

5.0% HP-P-CD 4 38.33 36.38 49.31 50.15 16.67 22.27 48.05 49.73 8.07
±6.39 ±11.26 ±9.49 ±8.93 ±8.61 ±10.24 ±35.60 ±19.93 ±68.35

1.25% DM-P-CD 4 403.33 434.89 497.08 510.43 38.33 57.29 86.57 76.36 -84.72
±52.35 ±112.27 ±102.83 ±109.53 ±16.67 ±16.08 ±37.26 ±37.40 ±7.65

0.1%LCC 4 791.67 974.26 1,123.74 1,154.40 48.33 68.09 75.05 102.23 -91.08
±101.16 ±241.03 ±248.00 ±226.93 ±10.00 ±19.79 ±22.10 ±22.10 ±1.64

0.5% CS J 4 88.34 238.11 347.04 427.87 75.00 114.55 129.78 153.63 -62.99
±46.31 ±72.24 ±102.77 ±118.74 ±23.33 ±22.52 ±24.28 ±34.22 ±7.45

0.5% CS G 4 120.00 231.95 384.12 478.91 78.33 121.27 133.28 170.52 -64.79
±103.42 ±135.15 ±142.04 ±133.96 ±38.25 ±66.15 ±58.37 ±78.56 ±13.62

D a ta  : m e a n  ±  S D  (ท =  4  ra ts /g ro u p )

% A C 60 =  P e rc e n ta g e  c h a n g e  in  co n e . L H D  a t th e  e n d  o f  2 nd h o u r  re la tiv e  to  th a t  o f  1st h o u r

=  A C 60/C ix lO O %

=  [(C 2- C ,) /C i] x l0 0 %

T a b le  6 C o m p a riso n  o f  th e  L D H  re le a se  p ro f i le s  b e tw e e n  th e  f irs t p e r fu s io n  p e r io d  (w ith  e n h a n c e r)  an d  th e  se c o n d  p e rfu s io n  p e r io d  

(w ith o u t en h an ce r).
OS
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Figure 16 The release profiles o f  LD H  in both perfusion periods for 5.0%  H P-P-C D
and control group.
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Figure 17 The release profiles o f  LD H  in  both perfusion periods for 0.5%  CS J and
control group.
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Figure 18 The release profiles o f  L D H  in both perfusion periods for 0.5%  CS G and
control group.
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Figure 19 The release profiles o f  LD H  in both perfusion periods for 1.25%  D M -P-
CD and control group
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Figure 20 The release profiles o f  LD H  in both perfusion periods fo r 0.1%  LCC and
control group
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o b se rv ed  in  m o s t o f  th e  e n h a n c e r-tre a te d  g ro u p s, e x c e p t fo r  th e  co n tro l and  5%  H P -p -  

C D , w h ich  g av e  s im ila r  L D H  re lea se  p ro f ile s  re g a rd le ss  o f  th e  p e rfu s io n  p erio d .

C o m p a riso n s  w ere  th en  m ad e  b e tw e e n  th e  L D H  c o n te n t a t th e  en d  o f  th e  firs t 

and  seco n d  p e rfu s io n s  (T g o ) u s in g  p a ire d  S tu d en t's  t- te s t a t 5%  sig n ific a n c e  level fo r 

each  tre a tm e n t g roup , A p p en d ix  V II. A s ex p ec ted , th e re  w e re  no  s ig n ific an t 

d iffe ren ces  in  th e  L D H  co n ten t at T g o  fo r th e  co n tro l (1 s t h r  =  38 .33  +  9 .93 v s 2 n d  h r

=  7 0 .2 0  +  3 7 .0 4  u /m l)  an d  H P -p -C D -tre a te d  g ro u p s (1 s t h r  =  50 .15  +  8.93 v s  2 n d  h r 

=  49 .73  +  19.93 u/ml) (p >  0 .0 5 , p a ire d  S tu d en t's  t- te s t) . H o w e v e r, th e re  w ere  

s ig n ifican t d iffe ren ces  in  th e  co n c e n tra tio n s  o f  L D H  a t T g o  b e tw e e n  th e  f irs t an d

seco n d  p e rio d s  fo r  all th e  o th e r en h an ce rs , i.e. 0 .5 %  C S J , 0 .5 %  C S G , 1 .25%  D M -P - 

C D  and  0 .1 %  L C C  (p <  0 .0 5 , p a ire d  S tu d en t's  t- test).

A fte r  re m o v in g  C S  J fro m  th e  ra t n asa l c av ity , th e  e x te n t o f  L D H  re lea se  at 

T g o  d ro p p ed  n ea rly  th re e  fo ld s fro m  4 2 7 .8 7  +  118 .74  to  153 .63  +  3 4 .2 2  u /m l .  In  the

case  o f  C S G , th e  L D H  co n ten t d e c re a sed  fro m  478 .91  +  133 .96  to  170 .52  +  78 .56  

U /m l. T h e  v a lu es  fo r L C C  an d  D M -P -C D  also  re d u c e d  sh a rp ly  fro m  1 ,154 .40  +  

2 26 .93  to  102.23 ±  2 2 .1 0  an d  fro m  510 .43  ±  109 .53  to  7 6 .3 6  ±  3 7 .4 0  u /m l ,  

re sp ec tiv e ly . T h e re fo re , it is a p p a ren t th a t 0 .5 %  C S J , 0 .5 %  C S G , 1 .25%  D M -P -C D  

an d  0.1 %  L C C  d e m o n stra ted  so m e d eg ree  o f  rev e rs ib le  e ffe c t o n  th e  n a sa l m em b ran e  

in teg rity . 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 g ro u p s  fa iled  to  p ro d u ce  

su ch  an  effec t. H o w ev e r, th e  lack  o f  m em b ran e  re v e rs ib ility  o b se rv e d  w ith  th e  

co n tro l and  th e  H P - p -C D -tre a ted  g ro u p s  is c lea rly  a  re su lt o f  th e ir  in tr in s ic a lly  w eak  

in te rac tio n  w ith  th e  nasa l m em b ran e . R esu lts  fro m  th e  f irs t p a rt o f  s tu d y  h as  

p rev io u s ly  sh o w n  th a t th e  tw o  g ro u p s fa iled  to  p ro d u ce  an y  n o tic e a b le  ab so rp tio n  o f  

[D -A rg 2 ]-K y o to rp h in  d u rin g  th e  firs t p e rfu s io n  p e rio d . T h ey  a lso  in d u ced  s im ila r
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m in im al re lea se  o f  L D H  in to  th e  n a sa l p e rfu sa te s . C o n seq u en tly , th e  seco n d  

p e rfu s io n  in  w h ic h  no  e n h a n c e r  w as  p re se n t w o u ld  h a rd ly  h av e  an y  e ffec ts  on  th e  

nasa l m u c o sa  and  it w as  fo u n d  th a t th e  L D H  co n ten ts  w ere  n o t d iffe ren t fro m  th e  firs t 

p e rfu s io n  (p  >  0 .05 ). S u m m ary  o f  th e  e x te n t o f  L D H  re lea se  at th e  en d  o f  b o th  

p e rfu s io n  p e rio d s  is  H is to g ra m  re p re se n te d  in  F ig u re  21 fo r all th e  en h an ce r-trea ted  

an d  th e  co n tro l g roup .

T h e  s ig n ific a n t d ec rea se  in  L D H  c o n te n t a fte r  rem o v a l o f  C S  J, C S  G , L C C  

an d  D M -p -C D  in d ica te s  th a t c h an g es  in  th e  m em b ra n e  in teg rity  as m o d ifie d  b y  th ese  

en h an ce rs  is rev e rs ib le  an d  th a t  th e  m u c o sa  is  ab le  to  re tu rn  to  its n o rm a l o rig in a l 

state . R a p id  d ec rea se  in  L D H  re le a se  sh o u ld  n o t b e  cau sed  b y  d e p le tio n  o f  th e  L D H  

co n ten t o f  th e  n asa l e p ith e liu m  sin ce  g rea te r  a m o u n t o f  L D H  co u ld  b e  re lea sed  fro m  

th e  n asa l m u c o sa  u p o n  ex p o su re  to  h ig h e r  co n cen tra tio n s  o r  d iffe ren t ty p es  o f  

en h an ce rs . F o r  ex am p le , S hao  e t al. (1 9 9 2 ) re p o rte d  th a t 5%  D M -P -C D  w as ab le  to  

in d u ce  a  m u c h  h ig h e r  re lea se  o f  L D H . A c c u m u la tio n  o f  L D H  w as o b se rv ed  to  

in c rease  lin ea rly  w ith  tim e , re a c h in g  6 ,1 2 0  บ /m l a fte r  90  m in -p e rfu s io n . 0 .1 %  L C C , 

th e  m o s t m e m b ra n e -p e rtu rb in g  e n h a n c e r  u se d  in  th is  s tu d y , w as  sh o w n  to  cau se  

m a x im u m  L D H  a c c u m u la tio n  o f  o n ly  1,230 u/ml. T h u s, th e  d e c rea se  in  L D H  sh o u ld  

ra th e r  b e  cau sed  b y  rap id  n o rm a liz a tio n  o f  th e  n asa l m em b ran e . R ap id  rec o v e ry  o f  

th e  m u co sa l in teg rity  h as  b een  p re v io u s ly  re p o rte d  by  E ric k so n  (1 9 8 8 ) w h o  o b se rv ed  

th a t m u c o sa l in ju ry  to  th e  ra t sm a ll in te s tin a l m u c o sa  by  b ile  sa lt, ch en o d eo x y ch o la te , 

w as  re v e rse d  w ith in  1 h r  fo llo w in g  its  rem o v a l. T h e  au th o r su g g es ted  th a t th is  rap id  

re p a ir  in v o lv e s  (a) v illu s  sh o rte n in g  w h ic h  re d u ces  th e  su rface  a rea  o f  in ju ry  an d  (b) 

ep ith e lia l ce ll m ig ra tio n  to  co v e r th e  in ju red  a rea  (M o o re , C a rlso n  an d  M ad a ra , 1989a 

an d  1989b). H o w ev e r, th e  c o m p le x  m e c h a n ism s by  w h ic h  th e  n asa l m u c o sa  can  

reco v e r i ts e lf  re m a in  to  be  in v es tig a ted .
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S in ce  th e  a b so rp tio n  o f  [D -A rg 2 ]-K y o to  rp h in  w as c o rre la ted  w ith  th e  L D H  

re lease , le ak ag e  o f  th is  en z y m e  fro m  th e  cy to so l in to  th e  n asa l p e rfu sa te s  co u ld  b e  a  

re su lt o f  an  in c rea se  in  th e  m em b ra n e  p e rm eab ility  a n d /o r d is ru p tio n  o f  th e  ep ith e lia l 

ce lls  c au sed  b y  th e  a b so rp tio n  en h an ce rs . In  th e  p re lim in a ry  s tu d y , it w as  fo u n d  th a t 

p e rfu s io n  o f  D M -P -C D  a t c o n c e n tra tio n  equal to  o r h ig h e r  th an  2 .5 %  ca u se d  b le e d in g  

o f  th e  ra t n a sa l c av ity , in d ic a tin g  sev ere  d is ru p tio n  o f  the  n a sa l e p ith e liu m  and  

u n d e rly in g  en d o th e liu m . T h is  w as  in  ag reem en t w ith  th e  s tro n g  h e m o ly tic  a c tiv ity  o f  

D M -P -C D  (Y o sh id a  e t a l., 1988). A t 5%  co n cen tra tio n , D M -P -C D  cau sed  rap id  

b leed in g  o f  th e  ra t n a sa l e p ith e liu m  w ith in  10 m in  a fte r  p e rfu s io n . T h e  ra ts  o fte n  d ied  

p rem a tu re ly  an d  th e  p e rfu s io n  ex p e rim e n ts  co u ld  n o t be  co n d u c ted  su c c e ss fu lly  a t th is  

co n cen tra tio n . P e rfu s io n  o f  0 .1 %  L C C  a lso  in d u ced  s lig h t b le e d in g  b u t th e  e x te n t w as  

m u c h  sm a lle r  an d  th e  ra t v ia b ility  w as  m a in ta in ed  th ro u g h o u t b o th  p e rfu s io n  p e rio d s . 

H o w ev e r, b le e d in g  re su lte d  in  a  sh arp  rise  in  L D H  lev e l w h ic h  su rp a sse d  a ll th e  o th e r 

en h an ce rs  (F ig u re  14). O n  th e  o th e r h an d , p e rfu s io n  w ith  a  lo w e r c o n c e n tra tio n  o f  

D M -p -C D  (1 .2 5 % ), 5 %  H P -P -C D  and  th e  tw o  ch ito san s  (0 .5 % ) d id  n o t cau se  an y  

b leed in g  an d  th e  L D H  re lea se  w as a c co rd in g ly  lo w er th a n  th a t b y  0 .1 %  L C C  (p  <  

0 .05 , D u n can 's  te s t on  L D H  a t th e  en d  o f  th e  firs t p e rfu s io n  (T go))- T h u s , i t  is

ap p a ren t th a t th e  level o f  m em b ran e  in te rac tio n  ex e rted  by  th e se  e n h a n c e rs  a t th e  

co n c e n tra tio n s  s tu d ied  w a s  m ild e r  th an  0 .1%  L C C . F u rth e rm o re , D u n c a n 's  te s t re su lt 

a lso  rev ea led  th a t th e  e ffe c ts  o f  1 .25%  D M -p -C D , 0 .5 %  C S J  an d  0 .5 %  C S  G  on  

L D H  re lea se  at T g o  w e re  n o t d iffe ren t fro m  each  o th e r (p  > 0 .0 5 )  b u t w e re

s ig n ific an tly  g re a te r  th a n  th e  co n tro l and  H P -p -C D -tre a te d  g ro u p s  (p  <  0 .05 ). 

H o w ev er, w h e n  A N O V A  an d  su b seq u en t D u n can 's  te s t w ere  a p p lie d  o n  th e  L D H  

co n ten ts  a t 15 m in  p e rfu s io n  ( T j 5 ) (A p p en d ix V Ia ), 1 .25%  D M -P -C D  w as fo u n d  to  

g iv e  g rea te r  L D H  re lea se  th an  th e  tw o  ch ito san s , w ith  th e  fo llo w in g  ra n k in g  resu lt:
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Enhancers control HP-P-CD cs J CSG DM-p-CD LCC
Cone. 0% 5.0% 0.5% 0.5% 1.25% 0.1%

LDH at T15 33.33 38.33 88.33 120 403.33 791.67
(ฆ/ml)

T h u s , ev en  a t a  lo w er co n e , o f  1 .25% , D M -P -C D  m a y  s till b e  ab le  to  cau se  

g re a te r  m e m b ra n e  irr ita tio n  th an  th e  tw o  ch ito san s , a t le a s t d u rin g  th e  in itia l p e rio d  o f  

p e rfu s io n . A lso , it is in te re s tin g  to  n o te  th a t  o th e r ty p es  o f  e n h a n c e rs  su c h  as b ile  sa lts  

an d  sy n th e tic  su rfac tan ts  can  cau se  a  m u c h  g rea te r  L D H  re le a se  an d  th u s  are  

p o te n tia lly  m o re  m em b ran e  irrita tin g  th a n  a ll th e  e n h an ce rs  u se d  u n d e r  th is  s tu d y . F o r 

ex am p le , S h ao  e t a l.(1 9 9 2 ) re p o rte d  th a t n a sa l p e rfu s io n  o f  so d iu m  d e o x y ch o la te  

re su lted  in  L D H  re lea se  a t 90  m in  o f  12 ,600  u /m l  w h ic h  is  a b o u t 10 tim e s  th e  v a lu e  

o b se rv ed  fo r  0 .1 %  L C C  a t 60 m in  (1 ,1 5 4  u /m l) .  T h e re fo re , th e  e x te n t o f  m em b ra n e  

in te ra c tio n  an d  ep ith e lia l d am ag es  co u ld  v a ry  w id e ly  a m o n g  d if fe re n t en h an ce rs , 

d ep en d in g  o n  th e ir  ch em ica l s tru c tu re  an d  co n cen tra tio n  (M a rttin  e t a h , 1995).

R e g a rd le ss  o f  th e  sev e rity  o f  m em b ra n e  in te ra c tio n , h o w e v e r , th e  n asa l 

m u c o sa  a p p ea rs  to  reco v e r i ts e lf  q u ite  rap id ly , as  d e te rm in e d  fro m  th e  p e rc e n t 

re c o v e ry  o f  th e  n asa l m em b ran e  in teg rity  o r % A C . % A C  is  d e f in e d  as p e rc e n t 

re d u c tio n  in  th e  ex ten t o f  L D H  re lea se  at T 5 0  o f  th e  seco n d  p e rfu s io n  re la tiv e  to  th a t 

o f  th e  f irs t p e rfu s io n . It is c a lcu la ted  fro m  th e  fo rm u la :

% A C  =  [(C 2 - C i ) / C i ] x  1 0 0 %

w h e re  C ] an d  c 2  a re  th e  co n te n ts  o f  L D H  a t th e  en d  (T g o ) o f  th e  f irs t an d

seco n d  p e rfu s io n , re sp ec tiv e ly .
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In  th e  case  o f  L C C  rev e rsa l o f  m e m b ra n e  in te g rity  w as  n e a rly  co m p le te  w ith in  

1 h r  (c lo se  to  1 0 0 % ), in d ic a tin g  a  v e ry  ra p id  re c o v e ry  a fte r  e n h a n c e r  rem o v a l w ith  

av e rag e  % A C  o f  -9 1 .0 8  +  1.64 % . (T h e  m in u s  s ig n  im p lie s  th e  re d u c tio n  in  L D H  

co n ten t). 1 .25%  D M -p -C D  a lso  gave  ra p id  re c o v e ry  w ith  av e rag e  % A C  o f  -84 .7 2  

±  7 .65  %  w ith in  an  h o u r  a fte r  its rem o v a l. T h e  tw o  ch ito san s , C S  J  an d  C S  G  a t 0 .5%  

each , sh o w ed  s lig h tly  lo w er m e m b ra n e  re c o v e ry  a t o n e  h o u r, w ith  av e ra g e  % A C  o f  

-6 2 .9 9  +  7 .45 %  an d  -6 4 .7 9  +  13 .62  % , re sp ec tiv e ly . O n  th e  c o n tra ry , th e  p o s itiv e  

v a lu e s  fo r  % A C  o b se rv ed  w ith  th e  co n tro l an d  5%  H P -P -C D  g ro u p s  in d ica ted  

re sp ec tiv e  in c rea se s  in  L D H  o f  7 4 .0 7  +  5 5 .7 6 %  an d  8 .07  ±  6 8 .3 5 % . T h e  d a ta  ag ree  

w e ll w ith  th e  p a ire d  S tu d en t's  t- te s t re su lt th a t  th e se  tw o  g ro u p s  sh o w ed  no  s ig n  o f  

m em b ran e  re v e rs ib ility  d u e  to  th e ir  p o o r  m e m b ra n e  in te ra c tio n , A p p e n d ix  V II.

T h e  fo u r  en h an ce rs  w h ic h  d e m o n s tra te d  s ig n if ic a n t re v e rs ib le  e ffec t o n  th e  

L D H  re lea se , i.e . 0 .1 %  L C C , 1 .25%  D M -P -C D , 0 .5 %  C S  J  an d  0 .5 %  C S  G , w e re  th en  

co m p ared  to g e th e r  w ith  re g a rd  to  e x te n t o f  m e m b ra n e  re c o v e ry  b y  ap p ly in g  o n e -w ay  

A N O V A  o n  th e  v a lu e s  o f  % A C  a t 5%  s ig n ific a n c e  lev e l, A p p e n d ix  V III. A N O V A  

re su lts  in d ica ted  a  s ig n ific a n t d iffe re n ce  in  % A C  v a lu es. D u n c a n 's  n e w  m u ltip le  ra n g e  

te s t w as  fu rth e r ap p lied  a t 5%  lev e l w ith  th e  fo llo w in g  ra n k in g  re su lt:

0.1 %  L C C  1 ,25%  D M -B -C D  0 .5 %  C S G  0 .5 %  C S J

% A C  -91 .0 8  -8 4 .7 2  -6 4 .7 9  -6 2 .9 9

T h e  lin e  jo in in g  each  e n h a n c e r  in d ica te s  th a t  th e re  w a s  n o  s ig n ific a n t 

d iffe ren ce  in  % A C  am o n g  th e  e n h an ce rs  o n  th e  sam e  line . T h e re fo re , th e  D u n can 's  

te s t re su lt su g g ests  th a t th e  fo u r en h a n c e rs  can  b e  c la ss if ie d  in to  tw o  g ro u p s o f  

d iffe ren t m em b ra n e  rev e rs ib ility . T h e  f irs t g ro u p  co n s is ts  o f  L C C  an d  D M -p -C D  

w h ic h  sh o w ed  s ig n ific an tly  m o re  rap id  m em b ra n e  re c o v e ry  th a n  th e  seco n d  g ro u p
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w h ich  co n s is ts  o f  th e  tw o  c h ito sa n s  (p  <  0 .05 ). T h e  p e rcen tag e  re c o v e ry  w as s im ila r 

b e tw een  th e  tw o  en h a n c e rs  w ith in  th e  sa m e  g ro u p  (p  >  0 .05).

In te re s tin g ly , re su lts  fro m  p re v io u s  p a rts  h av e  sh o w n  th a t 0 .1 %  L C C  and  

1 .25%  D M -P -C D  in te ra c te d  w ith  th e  ra t  n asa l m em b ran e  m o re  s tro n g ly  th a n  0 .5%  

C S J and  C S  G  as ju d g e d  fro m  th e  e x te n t o f  L D H  re lease  d u rin g  th e  f irs t p e rfu s io n  

p erio d . H en ce , it h a d  p re v io u s ly  b e e n  e x p e c te d  th a t re c o v e ry  o f  m em b ra n e  in teg rity  

fo r L C C  an d  D M -P -C D  fo llo w in g  th e ir  rem o v a l sh o u ld  h av e  o c c u rre d  m o re  s lo w ly  

th a n  th e  tw o  c h ito sa n s  w h ic h  e x h ib ite d  m ild e r  m em b ran e  in te rac tio n s  an d , in  tu rn , 

sh o u ld  h av e  h a d  fa s te r  re c o v e ry . H o w e v e r , as c an  b e  seen  th e  fro m  th e  abo v e  

D u n can 's  te s t re su lt, L C C  an d  D M -P -C D  d em o n stra ted  rap id  m e m b ra n e  reco v ery , 

ev en  b e tte r  th a n  C S  J  an d  C S G.

T h e  re a so n s  as  to  th is  o b se rv a tio n  a re  n o t c lea rly  k n o w n . N e v e rth e le ss , it m ay  

in v o lv e  th e  m u c o a d h e s iv e  p ro p e rtie s  o f  ch ito san s . A rtu rsso n  e t al. (1 9 9 4 ) su g g ested  

th a t ch ito san s  p o sse ss  fa irly  g o o d  m u c o a d h e s io n  v ia  an  e lec tro s ta tic  a ttrac tio n  

b e tw e e n  th e  p o s itiv e ly  c h a rg e d  c h ito sa n  m o lecu le  an d  th e  n e g a tiv e ly  c h a rg e d  sia lic  

ac id  re s id u es  o f  th e  m u cu s . A fte r  f lu sh in g  th e  n a sa l c av ity  w ith  iso to n ic  sa lin e , it is 

p o ss ib le  th a t a  re s id u a l a m o u n t o f  c h ito sa n  m ay  rem a in  in  th e  n a sa l m u c o sa  w h ich  

co u ld  lead  to  so m e  e x te n t o f  m e m b ra n e  in te rac tio n . O n  th e  co n tra ry , L C C  an d  D M -P - 

C D  are  n o t m u c o a d h e s iv e  p o ly m e rs . T h e ir  rem o v a l fro m  th e  n a sa l c av ity  b y  flu sh in g  

w ith  sa lin e  ap p e a re d  to  b e  co m p le te , th e re b y  a llo w in g  th e  m e m b ra n e  to  reco v e r 

rap id ly  w ith o u t c o n c o m ita n t in te rfe ren c e s  fro m  th e  en h an cer. T h is  ra p id  reco v e ry  

co u ld  ev en  be  o b se rv e d  d u rin g  th e  f irs t p e rfu s io n  p erio d . F ig u re s  19 an d  20  sh o w  th a t 

L D H  level in c re a se d  sh a rp ly  d u rin g  th e  f irs t 15 m in  w h en  ra ts  w e re  n a sa lly  p e rfu se d  

w ith  re sp ec tiv e  so lu tio n s  o f  1 .25%  D M -P -C D  an d  0 .1%  L C C . A fte r  15 m in , 

h o w ev er, th e  rise  in  L D H  c o n c e n tra tio n  ap p ea rs  to  level o ff. T h is  m a y  in d ica te  th a t
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so m e  d e g re e  o f  n a sa l m e m b ra n e  re c o v e ry  w as a lread y  o c c u rrin g  d u rin g  th e  firs t 

p e rfu s io n  p e rio d  in  th e  p re se n c e  o f  th e  en h an cer, le ad in g  to  sa tu ra tio n  o f  th e  L D H  

level. A fte r  th e ir  re m o v a l, th e  e x te n t o f  L D H  re lease  w as re d u c e d  to  th e  sam e  lev e l as 

sa lin e  fo r b o th  en h a n c e rs  (F ig u re s  19 an d  20). O n  th e  o th e r h an d , F ig u re s  17 an d  18 

in d ica te  th a t rem o v a l o f  0 .5 %  C S  J an d  C S G  fro m  th e  nasa l c a v ity  sh o w e d  a  s lo w e r 

m em b ran e  re c o v e ry  ra te . C o m p a riso n  o f  L D H  co n ten t a t th e  en d  o f  th e  seco n d  

p e rfu s io n  (T g o ) re v e a le d  th a t th e re  w as  a  s ig n ifican t d iffe ren ce  am o n g  th e  fiv e  

en h a n c e rs  a n d  th e  c o n tro l g ro u p  (o n e -w a y  A N O V A , p  <  0 .0 5 ), A p p e n d ix  V ic . 

S u b seq u en t D u n c a n 's  te s t g av e  th e  fo llo w in g  ran k in g  resu lt:

H P -B -C D C o n tro l D M -B -C D L C C cs J C S G

E n h a n c e r co n e . 5% 0 % 1.25% 0 . 1% 0 .5 % 0 5 %

L D H  at T 6 0  49 .73 7 0 .2 0 76 .36 102.23 153.63 170 .52

A fte r  re m o v a l o f  D M -P -C D  an d  L C C , th e  re lease  o f  L D H  in  th e  n a sa l 

p e rfu sa te s  d ro p p e d  to  th e  lev e l n o t s ig n ific an tly  d iffe ren t fro m  th e  co n tro l ( iso to n ic  

sa lin e ) an d  H P -P -C D -tre a te d  g ro u p s  (p  >  0 .05). T he  s im ila rity  in  L D H  co n ten ts  

su g g ests  th a t rem o v a l o f  D M -P -C D  an d  L C C  resu lted  in  a  n e a r  c o m p le te  m em b ra n e  

reco v ery . O n  th e  o th e r  h an d , th e  v a lu e s  fo r C S  J and  C S G  a re  s ig n if ic a n tly  g rea te r  

th a n  th e  co n tro l an d  th e  o th e r en h a n c e rs  (p  <  0 .05 ), in d ica tin g  th e  re s id u a l e ffec ts  o f  

ch ito san s  w h ic h  still p e rs is te d  lo n g  a fte r  th e ir  rem o v al fro m  th e  n asa l cav ity . A s 

p re v io u s ly  su g g e s te d , th is  co u ld  b e  d u e  to  th e ir  m u co ad h es iv e  n a tu re . A n o th e r  

p o ss ib ility  is  th a t, d e sp ite  th e ir  re la tiv e ly  m ild e r in te rac tio n s  w ith  th e  n a sa l m e m b ra n e , 

th e  e ffec ts  o f  ch ito san s  co u ld  be  m o re  su sta in ed  th an  th o se  o f  0 .1 %  L C C  an d  1 .25%  

D M -P -C D . T h is  m ay  acc o u n t fo r a  lo w  b u t g radual in c rease  in  L D H  d u rin g  th e  first 

p e rfu s io n  an d  a s lo w e r reco v e ry  a fte r  th e ir  rem o v al in  th e  se c o n d  p e rio d . 

N ev e rth e le ss , m o re  s tu d ie s  a re  n e e d e d  to  su p p o rt th is  h y p o th esis . A lso , w h e th e r  su ch
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su s ta in ed  e ffec ts  a re  a sso c ia ted  w ith  th e ir  m u co ad h es iv e  p ro p e rtie s  a re  n o t p re sen tly  

k n o w n . In  ad d itio n , rap id  rev e rsa l o f  m em b ran e  in teg rity  m ay  b e  o b se rv e d  fo r L C C  

an d  D M -P -C D  a t o n ly  lo w  co n cen tra tio n s  as u tiliz e d  here . S hao  e t a l.(1 9 9 2 ) rep o rted  

th a t nasa l p e rfu s io n  w ith  5%  D M -P -C D  re su lted  in  a  lin ea r in c rea se  in  L D H  level 

th ro u g h o u t th e  90  m in -p e rfu s io n , w ith  a  v e ry  h ig h  L D H  level at th e  en d  o f  p e rfu s io n  

(6 ,1 2 0  u/ml). P re lim in a ry  p e rfu s io n  stu d ies  w ith  h ig h e r co n c e n tra tio n s  o f  L C C  and  

D M -p -C D  a lso  re su lte d  in  su b stan tia l b leed in g  o f  th e  nasa l m u co sa . It is th e re fo re  

p o ss ib le  th a t th e  e x te n t o f  m em b ran e  in te rac tio n  ex e rted  b y  h ig h e r  c o n c e n tra tio n s  o f  

L C C  and  D M -P -C D  co u ld  be  to o  sev ere  to  a llo w  fo r ra p id  re c o v e ry  o f  th e  n asa l 

m em b ran e .

T h e  ab o v e  d iscu ss io n  w as b ased  on  th e  re v e rs ib le  e ffe c ts  o f  th e  

en h a n c e rs  on  th e  n a sa l m em b ran e  in teg rity , as d e te rm in e d  fro m  th e  e x te n t o f  L D H  

re lease . R e c o v e ry  o f  th e  n a sa l m u co sa  w as a lso  e v a lu a ted  in  te rm s  o f  its  p e rm eab ility

to  p e p tid e  tra n sp o rt u s in g  [D -A rg 2 ]-K y o to rp h in  as a  m o d e l d ip e p tid e  F ig u re s  22  to

26  d ep ic t th e  se m ilo g a rith m ic  p lo ts  o f  %  [D -A rg 2 ]-K y o to rp h in  re m a in in g  in  th e  nasa l 

p e rfu sa te s  v e rsu s  tim e  in  th e  p resen ce  o f  d iffe ren t en h a n c e rs  (f irs t h o u r)  an d  a fte r 

th e ir  rem o v a l fro m  th e  ra t n asa l cav ity  (seco n d  h o u r). T h e  d a ta  o f  th e  co n tro l g ro u p  

(p e rfu s io n  o f  th e  d ip e p tid e  w ith o u t en h an ce r) a re  a lso  p ro v id e d  in  ev e ry  p lo t fo r  d irec t 

co m p ariso n . T h e  in id iv id u a l d a ta  to g e th e r  w ith  th e  av e rag e  v a lu e s  a re  sh o w n  in  T ab le

7. A s can  be  se e n  fro m  th e se  fig u res , rev e rsa l o f  n asa l p e rm e a b ility  to  [D -A rg 2 ]- 

K y o to rp h in  w as  o b se rv e d  fo r all en h an ce rs  ex cep t 5%  H P -P -C D . P a ired  S tu d en t's  t- 

te s t w as  ap p lied  to  co m p are  th e  v a lu es  o f  th e  d ip ep tid e  re m a in in g  a t th e  en d  o f  the  

f irs t an d  seco n d  p e rfu s io n s  (% T goX  A p p en d ix  III. In  a g re e m e n t w ith  th e  L D H  re su lts ,

s ig n ific a n t re d u c tio n  in  [D -A rg 2 ]-K y o to rp h in  ab so rp tio n  (o r in c rea se  in  % T 5 o)w as 

fo u n d  fo r 0 .1 %  L C C , 1 .25%  D M -p -C D , 0 .5 %  C S J an d  0 .5 %  C S  G  (p  <  0 .0 5 , p a ired



ท 1st hour (min) 2nd hour (min) %AC
0 15 30 45 60 0 15 30 45 60

Control group 8 lOO.OiO.O 97.Ü3.9 97.7±3.9 97.7±6.0 98.Ü6.7 lOO.OiO.O 97.5±3.4 97.0±3.2 97.8i5.2 96.0i4.4 -1.69±8.69
0.5% CS G 4 lOO.OiO.O 97.5Ü.3 94.3±3.6 87.0±2.6 83.2Ü.6 lOO.OiO.O 96.2i3.2 94.Ü3.1 95.5±2.2 91.4i2.4 9.98i3.54
0.5% CS J 4 lOO.OiO.O 98.8±5.7 89.7±7.1 81.5Ü7.4 78.2Ü2.5 lOO.OiO.O 99.3i3.0 96.3i4.1 95.Ü3.0 95.0i6.4 23.18il4.42
0.1% LCC 3 lOO.OiO.O 90.4±8.3 81.4±7.3 79.0±7.8 70.33±8.4 lOO.OiO.O 93.9±4.1 94.6i8.5 89.0i7.7 83.8±8.3 19.53±8.37
1.25%DM-P-CD 4 lOO.OiO.O 94.7±6.0 90.4±4.6 86.0±6.5 80.3±7.7 lOO.OiO.O 98.0i4.5 95.7±4.7 92.8±6.5 92.Ü6.5 14.99i5.48
5.0% HP-P-CD 7 lOO.OiO.O 97.7±3.5 98.3±7.3 100.4±3.6 99.6±2.3 lOO.OiO.O 98.9±3.0 96.5±3.2 100.9±6.0 101.0i5.9 1.44±7.49

D ata  : m e a n  ะ!ะ SD  (ท =  3 -8  ra ts /g ro u p )

% A C  =  C 2- C 1/C 1 X  100%

C l =  [D -A rg 2]-K y o to rp h in  co n e , a t T ôo o f  th e  f irs t p e r fu s io n  p e r io d  

C 2 =  [D -A rg 2]-K y o to rp h in  co n e , a t T ôo o f  th e  se c o n d  p e r fu s io n  p e r io d

T ab le  7 % [D -A rg 2]-K y o to rp h in  re m a in in g  in  th e  n a sa l  p e r fu sa te s  v e rsu s  tim e  in  th e  p re se n c e  o f  d if fe re n t e n h a n c e rs ( f irs t h o u r)  an d  

a fte r  th e ir  re m o v a l f ro m  th e  ra t  n a sa l c a v ity  (se c o n d  h o u r) .

V O
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Figure 22 Sem ilogarithm ic p lo ts o f  percent [D -A rg2]-K yotorphin rem aining versus

tim e in presence o f  5.0%  HP-|3-CD (first hour) and after its rem oval from  the rat nasal
cavity (second hour) and control group.



Lo
g 

(%
 [D

-A
rg

2]-
Ky

ot
or

ph
in

 r
em

ai
ni

ng
)

93

Figure 23 Sem ilogarithm ic plo ts o f  percent [D -A rg2]-K yotorphin  rem aining versus
tim e in presence o f  0.5 %  CS J (first hour) and after its rem oval from  the rat nasal
cavity (second hour) and control group.
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0 15 30 45 60

Time (min)

Figure 24 Sem ilogarithm ic plots o f  percent [D-Arg2]-K yotorphin  rem aining versus

tim e in presence o f  0.5 % CS G (first hour) and after its rem oval from  the rat nasal
cavity (second hour) and control group.
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Figure 25 Sem ilogarithm ic plo ts o f  percent [D-Arg2]-K yotorphin rem aining versus

tim e in presence o f  1.25 %  DM-(3-CD (first hour) and after its rem oval from  the rat

nasal cavity (second hour) and control group.
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Figure 26 Sem ilogarithm ic plots o f  percent [D -A rg2]-K yotorphin rem aining versus
tim e in presence o f  0.1%  LCC (first hour) and after its rem oval from  the rat nasal
cavity (second hour) and control group.
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S tu d en t's  t- te s t) . In  co n tra s t, no  s ig n ific a n t d iffe ren ce  in  % T g o  w as o b se rv ed  b e tw een

th e  f irs t an d  se c o n d  p e rfu s io n s  fo r th e  co n tro l an d  H P -P - C D -tre a te d  g ro u p s (p  >  0 .05 , 

p a ired  S tu d en t's  t- te s t) . T h u s, th e  d a ta  co n firm ed  th e  L D H  re su lts  th a t th e se  tw o  

g ro u p s e x e rte d  v e ry  w e a k  e ffec ts  on  th e  n a sa l m u c o sa  in  te rm s o f  b o th  m em b ran e  

in teg rity  an d  p e rm e a b ility  to  p ep tid e  ab so rp tio n , le ad in g  to  an  a p p a ren t lack  o f  

m u co sa l re v e rs ib ility  as o p p o sed  to  th e  o th e r fo u r en h an ce rs . H is to g ra m  c o m p arin g  

th e  p e rc e n t [D -A rg 2]-K y o to rp h in  re m a in in g  in  th e  n a sa l p e rfu sa te  a t th e  end  o f  th e  

f irs t an d  seco n d  p e rfu s io n s  is illu s tra ted  in  F ig u re  27.

T h e  p e rc e n t ch an g e  in  %  [D -A rg 2 ]-K y o to rp h in  re m a in in g  a t th e  en d  o f  th e  

seco n d  p e rfu s io n  re la tiv e  to  th a t o f  th e  f irs t p e rfu s io n  w a s  c a lc u la ted  fro m  th e  

fo llo w in g  fo rm u la :

% A C  =  [(C 2 - C 1 )/C  1 ] X 100 %

w h ere  C ] an d  c 2 a re  %  [D -A rg 2 ]-K y o to rp h in  re m a in in g  a t th e  en d  (% T g o ) o f  

th e  f irs t an d  se c o n d  p e rfu s io n , re sp ec tiv e ly .

T h e  d a ta  fo r  % A C  are  a lso  g iv en  in  T ab le  7 fo r each  o f  th e  en h an ce rs . T h e  

av e rag e  v a lu e s  a re  -1 .6 9 , 1 .43, 9 .98 , 2 3 .1 8 , 19.53 an d  14 .99  %  fo r th e  co n tro l (sa lin e ), 

5%  H P -P -C D , 0 .5 %  C S  G , 0 .5 %  C S J , 0 .1 %  L C C  an d  1 .25%  D M -P -C D , re sp ec tiv e ly . 

(T he  n e g a tiv e  s ig n  in d ic a te s  a  d ec rea se  in  % T g o  re la tiv e  to  th e  f irs t p e r io d  an d  v ice  

v e rsa , th e  p o s itiv e  s ig n  im p lie s  an  in c rea se  in  % T g o  (o r re d u c tio n  in  p ep tid e  

ab so rp tio n )). O n e -w ay  A N O V A  w as th en  ap p lied  on  th e  % A C  v a lu es  to  c o m p a re  th e  

rev e rs ib le  e ffec ts  o f  0 .5 %  C S G, 0 .5 %  C S J, 0 .1 %  L C C  an d  1 .25%  D M -P -C D  on  [D - 

A rg 2 ]-K y o to rp h in  n a sa l ab so rp tio n . (T h e  co n tro l an d  H P -P -C D -tre a te d  g ro u p s w ere
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Isotonic saline 5.0% HP-b-CD 1.25%DM-b-CD 0.1% LCC 0.5%cs J 0.5% CS G

S ig n if ic a n t f ro m  1st h r  ( p  <  0 .0 5 , p a ire d  S tu d e n t’s t- te s t)

F ig u re  27 H is to g ra m  c o m p a r in g  th e  p e rc e n t [D -A rg 2]-K y o to rp h in  re m a in in g  in  th e  n a sa l p e rfu sa te  a t th e  e n d  o f  th e  f irs t 

an d  seco n d  p e rfu s io n .

๐0
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ex c lu d ed  fro m  c o m p a riso n  sin ce  th e y  h a d  fa ile d  to  en h an ce  th e  n a sa l ab so rp tio n  o f  

th is  d ip ep tid e  an d  d id  n o t p o sse ss  an y  rev e rs ib ility ) . A N O V A  re su lt sh o w s th a t th e re  

w as no  s ig n if ic a n t d iffe ren ce  am o n g  th e  fo u r en h an ce rs  w ith  re sp e c t to  % A C  (p >  

0 .05 ), A p p e n d ix  IV . H o w ev e r, it is in te re s tin g  to  n o te  th a t 0 .5 %  C S J gav e  the  

h ig h es t % A C  v a lu e  o f  2 3 .1 8  %  w h e rea s  C S  G , at th e  sam e c o n cen tra tio n , ex h ib ited  

th e  s lo w es t re co v e ry , w ith  th e  % A C  v a lu e  o f  o n ly  9 .98  % . O n  th e  o th e r han d , 0 .1%  

L C C  an d  1 .25%  D M -P -C D  sh o w ed  in te rm ed ia te  v a lu e s  o f  19.53 an d  14.99 % , 

re sp ec tiv e ly . T h e  ran k in g  re su lt, a lth o u g h  n o t s ig n ific a n t s ta tis tic a lly , w as  so m ew h a t 

in  co n flic t w ith  th e  L D H  resu lt. A c c o rd in g  to  th e  L D H  data , 0 .1 %  L C C  an d  1 .25%  

D M -P -C D  sh o w ed  s ig n ific an tly  fa s te r  re c o v e ry  th a n  th e  tw o  c h ito san s , w ith  th e  L D H  

co n ten ts  d ro p p ed  d o w n  to  th e  co n tro l lev e l a fte r  th e ir  w ith d raw a l. H o w ev e r, th e ir

rev e rsa l in  [D -A rg 2 ]-K y o to rp h in  a b so rp tio n  ap p ea rs  to  o c c u r a t a  s lig h tly  s lo w er ra te  

th a n  0 .5 %  C S  J  b u t fa s te r th a n  0 . 5 % C S G .  C S J  an d  C S G  th u s  seem  to  d iffe r 

m a rk ed ly  w ith  re sp e c t to  th e  re v e rs ib ility  o f  [D -A rg 2 ]-K y o to rp h in  ab so rp tio n . N o  

c o rre la tio n  w as  a lso  o b se rv ed  b e tw e e n  % A C  (L D H  re lea se ) an d  % A C  (d ip ep tid e  

rem a in in g ) (p  >  0 .05 ; te s t o f  ze ro  co rre la tio n ), A p p e n d ix  X II. F ig u re  28  sh o w s th e  

co rre la tio n  b e tw e e n  th e  L D H  an d  [D -A rg 2]-K y o to rp h in  reco v ery .

L ack  o f  c o rre la tio n  and  th e  d isc re p a n c ie s  b e tw een  th e  L D H  an d  [D -A rg 2 ]- 

K y o to rp h in  re c o v e ry  re su lts  m ay  b e  e x p la in e d  in  te rm s o f  th e  p a th w a y s  o f  d ip ep tid e  

a b so rp tio n  an d  L D H  re lease . S in ce  L D H  is an  in tra c e llu la r  en zy m e , its  re lea se  in to  

th e  n asa l p e rfu sa te  is a  re su lt o f  d irec t m e m b ra n e  p e r tu rb a tio n  cau sed  b y  th e  e n h an ce r 

v ia  a  tra n sc e llu la r  p a th w ay . A b so rp tio n  o f  [D -A rg 2 ]-K y o to rp h in , o n  th e  o th e r h an d , 

can  o ccu r th ro u g h  b o th  th e  p a ra c e llu la r  an d  tra n sc e llu la r  ro u tes. D iffe ren tia l ab ilitie s  

o f  th e se  en h a n c e rs  in  p ro m o tin g  th e  n a sa l ab so rp tio n  o f  th is  d ip ep tid e  by  the  

tra n sc e llu la r  p a th w a y  h av e  b een  ch a ra c te riz e d  b ased  o n  th e  L D H  re lease  p ro files .
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H o w ev er, th e  m e c h a n ism s  an d  th e  ex ten t to  w h ic h  v a rio u s  e n h a n c e rs  can  ac t 

v ia  th e  p a ra c e llu la r  ro u te  m a y  d iffe r c o n s id e rab ly  an d  c u rre n tly  a re  n o t k n o w n . 

T h e re fo re , th e  d iffe re n tia l co n trib u tio n  o f  th is  p a th w ay  to  th e  o v e ra ll a b so rp tio n  m ay  

lead  to  d iffe ren t re v e rs ib le  e ffec ts  o f  th e  en h an ce rs  on  th e  m u c o sa l p e rm e a b ility , 

y ie ld in g  a  ra n k in g  re su lt th a t m ay  n o t be  in  th e  sam e d ire c tio n  as  th a t  o f  m em b ra n e  

in teg rity .

T o  see  th e  e ffe c t o f  ch ito san s  m o re  c lea rly , p e rfu s io n  e x p e rim e n ts  w ere  

rep ea ted  u s in g  0 .1 %  an d  0 .5 %  o f  C S  J  and  C S  G  as th e  p e rfu s in g  so lu tio n s . A s 

sh o w n  in  T ab le  8, th e  re lea se  p ro f ile s  o f  L D H  as w e ll as th e  p e rc e n t [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 s  w ere  s im ila r  b e tw e e n  0 .1 %  an d  0 .5 %  

c o n c e n tra tio n  fo r b o th  C S  J  an d  C S G  reg a rd le ss  o f  th e  p e rfu s io n  p e rio d . T h e  av e rag e  

L D H  v a lu e s  a t th e  en d  o f  th e  f irs t p e rfu s io n  w ith  C S  J  a re  4 4 2 .5 6  +  173 .05  an d  4 2 7 .8 7  

+  118 .74  u /m l  fo r  0.1 an d  0 .5 %  co n e ., re sp ec tiv e ly . T h e  a v e ra g e  L D H  v a lu e s  a t 60  

m in  a fte r  rem o v a l o f  C S  J  d ec reased  to  185.23 +  9 8 .3 0  an d  153 .63  +  3 4 .2 2  u /m l  fo r

0 .  1 an d  0 .5 %  co n e ., re sp ec tiv e ly . N o  s ig n ific an t d iffe ren ces  in  th e  L D H  v a lu e s  w e re  

o b se rv ed  b e tw e e n  th e  0.1 an d  0.5 %  C S J in  b o th  p e rio d s  (p  >  0 .0 5 , u n p a ire d  S tu d en t's  

t- te s t) , A p p e n d ix  IX d  an d  IX e , C S  G  a lso  sh o w ed  s im ila r  re su lts  to  th a t  o f  0 .5 %  C S  J,

1. e. th e  L D H  v a lu es  a t th e  end  o f  b o th  p e rio d s  are  n o t s ig n ific a n tly  d if fe re n t b e tw e e n  

th e  tw o  c o n cen tra tio n s  (0 .1 %  v s 0 .5% , firs t p e r io d  =  4 7 9 .2 4  +  9 9 .0 8  v s  478 .91  +  

133 .96  an d  0 .1 %  v s  0 .5 % , seco n d  p e r io d  =  192.81 +  4 3 .5 9  v s 1 70 .52  +  7 8 .5 6  u /m l ;  p 

>  0 .05 , u n p a ired  S tu d en t's  t- te s t) , A p p e n d ix  X d  an d  X e. T h e  p e rc e n ta g e  re c o v e ry  o f  

m em b ra n e  in teg rity  (% A C ldh) w as  a lso  ca lcu la ted  fo r 0 .1 %  C S  J  an d  0 .1 %  C S  G. 

T h e  v a lu es  a re  -5 4 .8 7  +  31 .05  %  an d  -5 7 .4 0  +  17.20 % , re sp e c tiv e ly , w h ic h  a re  n o t 

d iffe ren t fro m  0 .5 %  C S J  (-6 2 .9 9  ±  7 .4 5 % ) and  0 .5%  C S G  (-6 4 .7 9  ±  1 3 .6 2 % ) u s in g  

th e  sam e  t- te s t (p >  0 .0 5 ), A p p en d ix  IX f  and  X f. A lso , th e re  w e re  n o  s ig n ific a n t 

d iffe ren ces  w ith  re sp ec t to  %  [D -A rg 2 ]-K y o to rp h in  re m a in in g  b e tw e e n  0.1 an d  0 .5 %



ท

1st h o u r  (m in ) 2 nd h o u r  (m in ) % A c

0 15 30 45 60 0 15 30 45 6 0

% d ip e p tid e
re m a in in g

% AC K yo

0.1 % cs J 4 100.0±0.0 97.1 ±4.1 87.0±2.7 81.7±5.8 77.5±4.8 100.0±0.0 100.9±4.2 99.2±2.1 99.0±2.9 97.4±4.1 26.04±9.27

0.5% CS J 4 100.0±0.0 98.8±5.7 89.7±7.1 81.5±17.4 78.2±12.5 100.0±0.0 99.3±3.0 96.3±4.1 95.1 ±3.0 95.0±6.4 23.18±14.42

L D H  c o n te n t % AC LDH
0.1  %  C S  J 3 " 28.89

±13.88
233.80
±133.92

291.00
±205.47

442.56
±173.05

“ 93.33
±43.72

143.74
±78.55

172.78
±105.34

185.23
±98.30

-54.87
±31.05

0.5 %  C S  J 4 “ 88.34
±46.31

238.11
±72.24

347.04
±102.77

427.87
±118.74

“ 75.00
±23.33

114.55
±22.52

129.78
±24.28

153.63
±34.22

-62.99
±7.45

% d ip e p tid e
re m a in in g

% AC Kyo

0.1 % e s  G 3 100.0±0.0 99.0±8.3 89.4±7.0 86.7±8.6 86.0±9.7 100.0±0.0 100.3±6.1 94.0±5.1 94.2±4.3 95.5±6.9 11.48±7.46

0.5% e s  G 4 lOO.OiO.O 97.5±1.3 94.3±3.6 87.0±2.6 83.2±1.6 100.0±0.0 96.2±3.2 94.1±3.1 95.5±2.2 91.4±2.4 9.98±3.54

L D H  c o n te n t V % AC LDH
0.1 %  e s  G 3 • 48.89

±13.88
198.57
±17.00

372.96
±71.54

479.24
±99.08

“ 137.78
±69.39

193.35
±101.15

174.32
±48.65

192.81
±43.59

-57.40
±17.20

0.5 % e s  G 4 - 1 2 0 .0 0
±103.42

231.95
±135.15

384.120
±142.04

478.91
±133.96

” 78.33
±38.25

121.27
±66.15

133.28
±58.37

170.52
±78.56

-64.79
±13.62

%  AC K yo =  P e rc e n ta g e  c h a n g e  in  co n e , o f  % [D -A rg 2]-K y o to rp h in  a t Ï 60 o f  2 nd h r  re la tiv e  to  th a t  o f  1st h r  

%  AC l d h ~  P e rc e n ta g e  ch an g e  in  co n e , o f  L D H  a t T 60 o f  2 nd h r  re la tiv e  to  th a t  o f  1st h r

T ab le  8 C o m p a riso n  o f  th e  re le a se  p ro f ile s  o f  L D H  a n d  th e  p e rc e n t [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 s  o f  0.1 % , 0 .5 %  o f  C S  J
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co n cen tra tio n  o f  b o th  C S  J an d  C S G. T h e  v a lu e s  a re  n o t d iffe ren t fro m  each  o th e r 

reg a rd le ss  o f  th e  p e rfu s io n  p e r io d  (p  >  0 .05 , u n p a ire d  S tu d en t's  t- test. T h e  d a ta  are 

p ro v id ed  in  T ab le  8, to g e th e r  w ith  th e  p e rc e n ta g e  ch an g e  in  th e  level o f  d ip ep tid e  

rem a in in g  a t th e  en d  o f  e a c h  p e rfu s io n  p e r io d  (% A C ). F o r  ex am p le , th e  %  [D -A rg2]- 

K y o to rp h in  re m a in in g  a t th e  end  o f  th e  f irs t p e rfu s io n  w ith  0 .1 %  an d  0 .5 %  C S J are 

77 .5  +  4 .8  %  and  7 8 .2  +  12.5 % , re sp ec tiv e ly . A fte r  th e ir  rem o v a l fro m  th e  nasa l 

cav ity , th e  re sp e c tiv e  %  d ip ep tid e  re m a in in g  in c rea sed  to  9 7 .4  +  4.1 %  an d  95 .0  +  6 .4  

%  w h ic h  co rre sp o n d e d  to  % A C  o f  2 6 .0 4  +  9 .2 7  %  an d  2 3 .1 8  +  14 .42  % .), A p p en d ix  

IX  an d  X  (a, b  an d  c)

T h ere fo re , th e  d a ta  fro m  L D H  re le a se  an d  [D -A rg 2 ]-K y o to rp h in  a b so rp tio n  

in d ica te  th a t  th e  e ffe c ts  o f  th e  tw o  ch ito san s  o n  th e  ra t  n a sa l m em b ra n e  in teg rity  and  

m u co sa l p e rm e a b ility  a p p e a r  to  b e  co n c e n tra tio n -in d ep e n d e n t o r  sa tu rab le , a t le a s t in  

th e  c o n c e n tra tio n  ra n g e  o f  0.1 to  0 .5 % . T h e  re su lts  o b ta in ed  h e re  a re  so m ew h a t 

d iffe ren t fro m  th o se  p re v io u s ly  re p o rte d  b y  S in sw a t (1 9 9 7 ) w h o  fo u n d  th a t  th e  

a b so rp tio n  e n h an c in g  e ffe c t o f  th e  tw o  ch ito san s  w as c o n c e n tra tio n  d e p en d en t fro m  

0.25 to  1.0% . T h e  e n h a n c in g  e ffec t s ta rted  to  lev e l o f f  o n ly  a t c o n c e n tra tio n  h ig h e r 

th an  1.0% . T h e  d iffe re n ce  in  th e  o b se rv ed  re su lts  co u ld  b e  d u e  to  d iffe ren ces  in  th e  

ex p e rim en ta l te c h n iq u e  an d  th e  ty p e  o f  m o d e l p ep tid e  th a t  w e re  u sed  in  each  study . 

In S in sw a t's  s tu d y , th e  in v ivo  n a sa l ab so rp tio n  te ch n iq u e  w as em p lo y ed  in s tead  o f  th e  

in s itu  n asa l p e rfu s io n  an d  sa lm o n  ca lc ito n in , a  p o ly p e p tid e  w ith  32 am in o  ac id  

re s id u es , w as  u se d  as a  m o d e l d ru g  to  in v es tig a te  th e  a b so rp tio n  en h an c in g  e ffec ts  o f

ch ito san s  as o p p o se d  to  a  sm a lle r  d ip e p tid e  [D -A rg 2 ]-K y o to rp h in  u tiliz e d  in  th is  

study . It is p o ss ib le  th a t th e  ch ito sa n  co n c e n tra tio n s  a t w h ich  th e  en h a n c e r e ffec ts  

s ta rt to  leve l o f f  o r b eco m e  sa tu ra ted  co u ld  v a ry  fro m  o n e  s tu d y  to  an o th e r, d ep en d in g  

on  th e  ex p e rim en ta l m e th o d o lo g y  b e in g  em p lo y ed .
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A lth o u g h  th e  tw o  ch ito san s  gav e  s ig n ific an tly  h ig h e r re lea se  o f  L D H  th an  th e  

con tro l an d  5%  H P -p -C D -tre a te d  g ro u p s, th e ir  L D H  lev e ls  w ere  s ig n ific an tly  sm a lle r  

th an  th a t in d u ced  b y  0 .1 %  L C C  and  1 .25%  D M -P -C D , su g g es tin g  a  le sse r  ex te n t o f  

m em b ran e  irrita tio n . T h e  d iffe ren ce  in  L D H  re lea se  w as c lea rly  n o tic eab le  d u rin g  the  

in itia l p e rio d  o f  th e  firs t p e rfu s io n  (p <  0 .05 , D u n c a n 's  te s t o n  L D H  level a t 15 m in  

p e rfu s io n ). T h ey  a lso  sh o w ed  fa irly  g o o d  rev e rs ib ility  in  te rm s  o f  b o th  th e  n asa l 

m em b ran e  in teg rity  and  p e rm e a b ility  to  p e p tid e  ab so rp tio n . O n  th e  o th e r  h an d , H P-P* 

C D  is n o t an  e ffec tiv e  en h a n c e r d e sp ite  its  ex c e lle n t sa fe ty  p ro f ile s  as re p o rte d  h e re  

an d  e lsew h e re  (S h ao , K rish n a m o o rth y  an d  M itra , 1992). In  m a n y  case s , i t  fa iled  to  

en h an ce  nasa l a b so rp tio n  o f  sev e ra l p ep tid e s  e v en  a t a  h ig h  c o n c e n tra tio n  o f  5 %  

(V e rh o e f  e t ah , 1994).

T h e re fo re , th e  re su lts  a c c u m u la te d  so fa r  h av e  in d ic a te d  th a t  C S J  an d  C S G  

m ay  h av e  a  p ro m is in g  p o te n tia l fo r u se  as a  sa fe  an d  e ffec tiv e  n asa l ab so rp tio n  

en h an cer. T h ey  p o sse ss  sev e ra l a d v an tag es  o v e r th e  tw o  c y c lo d e x tiin s  an d  L C C  in 

te rm s o f  a b so rp tio n  en h an c in g  e ffic acy  an d  safe ty . A t 0.1 an d  0 .5 % , b o th  ch ito san s  

are m o re  e ffec tiv e  th an  5%  H P -P -C D  and  less  m em b ran e  irr ita tin g  th a n  0 .1 %  L C C  

an d  1 .25%  D M -P -C D . A  re c e n t s tu d y  in  h u m an  v o lu n tee rs , A sp d e n  e t a l.(1 9 9 7 ), h as  

fo u n d  th a t ch ito san s  d id  n o t p ro d u ce  any  d e le te rio u s  e ffec ts  on  th e  n asa l e p ith e liu m  

and  its  n o rm a l m u co c ilia ry  fu n c tio n  fo llo w in g  d a ily  n asa l ad m in is tra tio n  o f  ch ito san  

so lu tio n s  fo r  o n e  w eek . H en ce , an  in v ivo  e x p e rim en t w as  ca rried  o u t as  d e sc r ib e d  in  

th e  n e x t sec tio n  to  co n firm  th e  ab so rp tio n  en h an c in g  e ffec t an d  to le ra b ility  o f  th e  

ch ito san  in  h ea lth y  v o lu n tee rs  u s in g  sa lm o n  ca lc ito n in  as a  m o d e l p ep tid e . T h e  re su lts  

w ere  th en  co m p ared  w ith  th e  co n tro l sa lin e  and  D M -P -C D , a  re fe ren c e  en h an cer.
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Part II Study to confirm the in vivo  efficacy chitosans in improving the nasal 
absorption of sCT in healthy volunteers

A lth o u g h  it h a s  b een  fo u n d  th a t 0.1 and  0 .5 %  o f  C S G  d id  n o t d iffe r  in  th e ir  

n asa l a b so rp tio n  e n h a n c in g  e ffec t an d  sa fe ty  o n  th e  ra t n asa l m u co sa . F ro m  p rev io u s  

s tu d ies, S a h a m e th a p a t (1 9 9 6 ) rep o rted  th a t 0 .5 %  o f  C S G  a t p H  6 .0  h a d  th e  s tro n g es t 

en h an c in g  e ffe c t o n  [D -A rg 2]-K y o to rp h in  a b so rp tio n  in  ra t. T h u s , 0 .5 %  C S  G  a t p H  

6.0 w as se le c te d  in  o rd e r  to  d e te rm in e  its  n asa l ab so rp tio n  e n h a n c in g  e ffic acy  o f  sC T  

in  h u m a n  v o lu n te e rs  an d  th e  re su lts  w e re  co m p ared  w ith  1 .33%  D M -p -C D  an d  th e  

con tro l g ro u p  a t th e  sam e  pH .

S in ce  th e  n o rm a l p H  o f  th e  ad u lt n asa l sec re tio n s  ra n g e s  a p p ro x im a te ly  fro m

5.5 to  6.5 (C h ie n  5 รน an d  C h an g , 1989) and  sC T  is k n o w n  to  be  s tab le  o n ly  in  ac id ic  

co n d itio n s  (L ee  e t ah , 1992). T h ere fo re , th e  p H  6 .0  se lec ted  fo r th is  e x p e rim e n t 

ap p ea red  to  b e  su ita b le  fo r  th is  study .

In  ad d itio n , th e  p la sm a  sC T  lev e ls  fo llo w in g  in tran asa l a d m in is tra tio n  o f  sC T  

w as p re v io u s ly  sh o w n  to  h av e  a  d o se -d ep en d en t in c rease  o v e r  th e  d o sa g e  ra n g e  o f  

2 00  to  4 0 0  IU  an d  p la sm a  ca lc iu m  co n cen tra tio n s  d ro p p ed  s ig n if ic a n tly  60  m in  a fte r  

a d m in is tra tio n  (K u ro se  e t ah , 1987). A  d o se -d ep en d en t in c rea se  in  p la sm a  sC T  w as 

a lso  d e m o n s tra te d  in  a  s tu d y  ev a lu a tin g  lo w er do ses (50  to  2 0 0  IU ) a d m in is te re d  as a 

n asa l sp ray  in  40  p o s tm e n o p a u sa l w o m e n  (T h am sb o rg  e t a l., 1990). N o  re d u c tio n  in  

se ru m  ca lc iu m  w as  d e m o n stra ted  at th e se  d o ses  an d  it w as fo u n d  th a t th e  m in im u m  

e ffec tiv e  d o se  to  red u c e  p la sm a  ca lc iu m  sh o u ld  be b e tw e e n  2 0 0 -3 0 0  IU  (T h a m sb o rg  

e t a l.,1990).
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T h u s , th e  d o sag e  o f  n a sa l sC T  c h o sen  fo r th is  s tu d y  w as 3 00  IU  

M iacalcic®  (e q u iv a le n t to  300  IU  sC T ). T h e  p re p a ra tio n  o f  th e  n a sa l so lu tio n s  an d  

the  m e th o d  o f  n a sa l a d m in is tra tio n  h av e  p rev io u s ly  b een  d e sc r ib e d  in  C h a p te r  III.

M e a su re m e n t o f  p la sm a  ca lc iu m  lev e l w as u se d  to  a sse ss  th e  e ff ic a cy  o f  

ch ito san s  in  e n h a n c in g  th e  sC T  ab so rp tio n . In c rea sed  sC T  a b so rp tio n  w a s  in d ica ted  

by a  g rad u a l fa ll in  p la sm a  ca lc iu m  level an d  th u s  a  sm a lle r  A U C  v a lu e .

T ab le  9 sh o w s th e  p e rc e n t p la sm a  ca lc iu m  lev e l re la tiv e  to  th e  in itia l p o in t at 

v a rio u s  tim e s  an d  its  A U C  v a lu es  d u rin g  th e  9 -h r  p e r io d  fo llo w in g  n asa l 

ad m in is tra tio n  o f  sC T  in  th e  p re sen ce  o f  0 .5 %  C S G , 1 .33%  D M -(3-C D  an d  th e  

co n tro l g ro u p . T h e  d a ta  o f  th e  in d iv id u a l su b jec ts  a re  p ro v id e d  in  A p p e n d ix  X IV . 

P lo ts  o f  ch an g es  in  p e rc e n t p la sm a  ca lc iu m  as a  fu n c tio n  o f  tim e  a re  illu s tra te d  in  

fig u re  29 . S ta tis tic a l co m p a riso n  u s in g  ran d o m ize  b lo ck  A N O V A  a t 5%  sig n ific a n t 

leve l re v e a le d  th a t  th e  A U C o -9 hr o f  th e  p la sm a  ca lc iu m  lev e ls  w as  s ig n ific a n tly  

d iffe ren t a m o n g  th e  th re e  g ro u p s (p < 0 .0 5 ). A N O V A  re su lts  a re  p ro v id e d  in  tab le  10.

T ab le  10 T h e  ra n d o m iz e d  b lo c k  ANOVA re su lt o f  th e  AUC 0-9hr o f  th e  p la sm a  

ca lc iu m  lev e ls

S o u rc e d f ss M S F P r o b .

S u b jec ts 7 4 9 8 6 7 1 2 .2 8 5 7 1 .272913 0 .3 3 0 6

E n h an cers 2 9640 4820 8 .6 1 3 7 3 5 0 .0 0 4 0

E rro r 14 7834 559 .5715

T otal 23 2 2 4 6 0
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T ab le  9 T h e  p e rc e n t p la sm a  ca lc iu m  lev e l re la tiv e  to  th e  in itia l p o in t an d  its  A U C  

v a lu es  d u rin g  th e  9 -h r p e r io d  fo llo w in g  n a sa l a d m in is tra tio n  o f  sC T  in  th e  p re sen ce  o f  

v ario u s  en h an cers .

D a ta  : m e a n ะเะ S E M  (ท  =  8 su b jec ts /g ro u p )

Time (hr) Control 1.33% DM-P-CD 0.53% CS G
0 lOOiO.OO lOOiO.OO lOOiO.OO

0.5 99 .0±1 .01 9 9 .0 i0 .7 2 9 7 .5 i0 .7 9

1 9 8 .4 i l .2 2 9 8 .8 i0 .6 7 9 4 .Ü 2 .7

1.5 9 9 .2 i l .0 3 1 0 0 .0 i l .1 7 9 6 .3 i l .4 8

2 9 7 .2 i l .6 1 9 8 .9 i l .0 5 9 5 .9 i l .0 1

2.5 9 6 .5 i l .7 5 9 7 .5 i l .7 6 9 4 .8 i l .3 1

3 9 8 .6 i0 .7 3 9 9 .2 i l .9 9 9 4 .8 i l .6 1

4 1 0 0 .4 i l .5 3 9 8 .7 i0 .8 8 9 6 .0 i0 .8 8

5 9 7 .0 i l .4 7 1 0 0 . l i l . 2 9 9 1 .4 i2 .2 6

6 9 5 .9 i0 .8 0 9 8 .6 i l .0 7 8 9 .5 i3 .5 5

7 9 7 .4 i0 .6 9 9 9 .4 i l .0 6 9 1 .7 i2 .6 7

8 9 6 .9 i l .1 8 9 8 .2 i l .1 7 9 3 . l i 2 .0 0

9 9 8 .7 i l .3 7 1 0 0 .5 i0 .9 0 9 5 .5 i l .0 6

A U C  0-9hr. 8 8 1 .1 5 i7 .4 0 8 9 1 .6 7 i5 .3 2 8 4 4 .8 8 i l2 .0 8
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ไAr S ig n ific an tly  d iffe re n t fro m  iso to n ic  sa lin e  an d  1 .33%  D M -P -C D  a t a  =  0.05

u s in g  D u n c a n ’s n e w  m u ltip le  ra n g e  te s t

F ig u re  29  P e rc e n t p la sm a  ca lc iu m  lev e l re la tiv e  to  th e  in itia l v a lu e  a fte r  n asa l

ad m in is tra tio n  o f  sC T  w ith  an d  w ith o u t en h an cers .
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D u n c a n ’ ร te s t w as  fu rth e r ap p lied  in  o rd e r  to  ran k  th is  d iffe ren ce . T h e  ran k in g  resu lt, 

in  an  in c re a s in g  o rd e r, w as

0.5% CS G <  co n tro l <  1 .33%  DM-P-CD

m ean  AUCo-9hr 84 4 .8 9  88 1 .1 5  891 .67

(% .h r)

T h e  line  u n d e rn e a th  th e  co n tro l a n d  1 .33%  D M -P -C D -tre a te d  g ro u p s  im p lies  

th a t th e re  w as no  s ig n if ic a n t d iffe ren ce  in  AUCo-9hr b e tw e e n  th e  tw o  g ro u p s  (p> 0 .05 ). 

H o w ev er, th e  AUCo-9hr o f  0 .5 %  C S  G  w as s ig n ific a n tly  sm a lle r  th a n  co n tro l and  

1 .33%  D M -P -C D  (p < 0 .0 5 ), in d ica tin g  th a t th e  e x te n t o f  sC T  a b so rp tio n  w as g rea te r 

th an  th o se  tw o  g ro u p s. F ig u re  30  d e m o n s tra te s  a  h is to g ra m  co m p a rin g  th e  AUC o f  

th e  p e rc e n t p la sm a  ca lc iu m  re la tiv e  to  th e  in itia l lev e l (AUC0-9) b e tw e e n  th e  co n tro l, 

0 .5 %  C S  G  an d  1 .33%  D M -p -C D .

A s can  be  seen  fro m  F ig u re  2 9  th e  v a lu e s  o f  p e rc e n t p la sm a  ca lc iu m  fo r th e  

co n tro l an d  D M -p -C D -tre a te d  g ro u p s d e c re a sed  o n ly  s lig h tly  th ro u g h o u t 9 h r-p e rio d . 

O n  th e  o th e r h an d , a  s ig n ific a n t h y p o c a lc é m ie  re sp o n se  w as o b se rv e d  a fte r  nasa l 

a d m in is tra tio n  o f  sC T  in  0 .5 %  C S G. T h e  m in im u m  se ru m  c a lc iu m  lev e l w as 

o b se rv ed  a t 6 h r  a fte r  n a sa l ad m in is tra tio n . T h is  w as  s lig h tly  d iffe re n t fro m  th e  

re su lts  o f  T h a m sb o rg  e t a l .(1 9 9 3 ) w h o  re p o rte d  th a t  th e re  w as a  s ig n if ic a n t d ec rea se  in  

se ru m  io n iz e d  ca lc iu m  w ith  a  n a d ir  a t 4  h r  a fte r  n a sa l sp ray  a d m in is tra tio n  o f  

c a lc ito n in  2 0 0  IU as a  s in g le  d o se  in  h e a lth y  v o lu n tee rs . T h is  m a y  b e  ca u se d  b y  the  

d iffe ren ce  in  th e  n asa l fo rm u la tio n s  an d  th e  m e th o d s  o f  a d m in is tra tio n  T h a m sb o rg  et 

al. (1 9 9 3 ).u sed  co m m erc ia l n asa l sp ray  a t p H  4 .0  w h e rea s  in  th is  s tu d y  th e  

co m m erc ia l sp ray  w as p re d ilu te d  w ith  iso to n ic  sa lin e  pFI 6 .0  (w ith  o r  w ith o u t



control 1.33% DM-b-CD 0.53% CSG

F ig u re  30  H is to g ra m  c o m p a r in g  th e  A U C  o f  th e  p e rc e n t  p la s m a  c a lc iu m  re la tiv e  to  th e  in itia l lev e l ( A U C  0-9) b e tw e e n  th e  

co n tro l, 0 .5 3 %  C S G  a n d  1 .3 3 %  D M -P -C D .



I l l

en h an ce r) an d  a d m in is te re d  b y  a  m ic ro p ip e tte . In  th is  s tu d y , sC T  in  sa lin e  (co n tro l)  

sh o w ed  firs t m in im u m  in  th e  ca lc iu m  level o f  ab o u t 9 6 .5 %  a t 2 .5  h o u r  p o s t-d o se . 

T hen , th e  lev e l in c re a se d  to  th e  in itia l v a lu e  at 4 h r  b e fo re  d e c re a s in g  ag a in , re a c h in g  

seco n d  m in im u m  o f  9 5 .9 %  a t 6 h r  p o st-ad m in is tra tio n . W h en  C S  G  w as in c lu d e d  in  

th e  n asa l fo rm u la tio n , th e  f irs t fa ll in  p la sm a  ca lc iu m  lev e l co u ld  b e  o b se rv e d  as  e a rly  

as at 1 h r  p o s t-d o se  (9 4 .1 % ). H o w ev e r, th is  w as n o t s ig n ific an tly  d iffe re n t fro m  th e  

co n tro l an d  D M -P -C D  (p > 0 .0 5 , A N O V A ). A fte r  4 h r  p o s t-a d m in is tra tio n , th e  p la sm a  

ca lc iu m  fo r C S  G  b e c a m e  s ig n if ic a n tly  lo w er th an  th a t o f  co n tro l an d  D M -P -C D  a t all 

p o in ts  ex c e p t a t 8 h r  (p < 0 .0 5 , D u n c a n ’s test). T h e  lo w es t d ro p  in  p la sm a  ca lc iu m  

o ccu rred  a t 6 h r  w ith  th e  m e a n  v a lu e  o f  89 .5% . A t 9 h r, th e  c a lc iu m  lev e l o f  C S  G  

w as still lo w e r th a n  th e  o th e r  tw o  g ro u p s (p < 0 .0 5 , D u n c a n ’s te s t) . T h e re fo re , 

s ta tis tica l c o m p a riso n  o f  p la sm a  ca lc iu m  at d iffe ren t tim e  p o in ts , e sp e c ia lly  a t 4 , 5, 6, 

7, 9 h r, ag reed  w ith  th e  re su lts  o f  A U C  v a lu es  in  th a t 0 .5 %  C S  G  is  a n  e ffe c tiv e  n a sa l 

a b so rp tio n  e n h a n c e r  o f  sC T . T h e  h y p o ca lcém ie  e ffe c t is  a lso  m o re  p ro lo n g ed . T h e  

m u co ad h es iv e  p ro p e rty  o f  C S  G  m a y  b e  re sp o n s ib le  fo r  a  su s ta in e d  h y p o c a lc é m ie  

e ffec t o f  sC T  o b se rv e d  h e re . O n  th e  o th e r h an d , th e  e n h a n c in g  e ffe c t o f  1 .33%  D M - 

P -C D  w as  v e ry  p o o r  an d  d id  n o t d iffe r  fro m  th e  co n tro l a t a ll tim e  p o in ts  (p > 0 .0 5 , 

D u n c a n ’s test).

B es id e s , K u ro se  e t a l.(1 9 8 7 ) fo u n d  th a t a  d ec rea se  in  th e  p la sm a  ca lc iu m  

c o n c e n tra tio n  lev e l w a s  n o t s ig n if ic a n t i f  th e  sC T  lev e l w as  n o t h ig h  e n o u g h  (lo w er 

th an  90  p g /m l). T h u s, th e  c o n tro l an d  D M -P -C D  m ay  en h an ce  th e  n a sa l a b so rp tio n  o f  

sC T  to  a  lev e l lo w e r th a n  90  p g /m l. M o reo v er, it w as  fo u n d  th a t  in  h u m a n , th e  n a sa l 

d ro p s  w ere  d e p o s ite d  p o s te r io r ly  an d  c lea red  v e ry  rap id ly  (H a rris  e t ah , 1986). S ince  

sC T  w as a p p lie d  to  th e  n a sa l m u c o sa  b y  m ic ro p ip e tte  (d irec t n a sa l in s tilla tio n )  in  th is  

study , th e  a b so rp tio n  o f  sC T  co u ld  be  lo w e r th an  th a t a fte r  n asa l sp ray . N e v e rth e le s s , 

in c lu s io n  o f  0 .5 %  C S G  w as  s till ab le  to  s ig n ific an tly  in c rease  th e  n a sa l a b so rp tio n  o f
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sC T  as e v id en ced  fro m  th e  h y p o c a lc é m ie  e ffe c t d esp ite  th e  n o t-so -e ffe c tiv e  m e th o d  o f  

nasa l ad m in is tra tio n  u se d  here .

It is e x p e c te d  th a t im p ro v e m e n t in  th e  m e th o d  o f  sC T  d e liv e ry , su ch  as u s in g  a 

m e te red -d o se  n a sa l sp ray , w o u ld  lead  to  an  ev en  b e tte r  a b so rp tio n  sin ce  a p p lica tio n  o f  

th e  n asa l d ro p s  re su lte d  in  s lig h t d isco m fo rt o f  th e  n o se  so m e  su b jec ts  w h o  hav e  

co m p la in ed  o f  sw a llo w in g  so m e p o rtio n  o f  th e  p re p a ra tio n  as  a  re su lt o f  rap id  

m u co c ilia ry  c lea ran ce . I t is  th e re fo re  p o ss ib le  th a t th e  e n h a n c in g  e ffe c ts  o f  ch ito san s  

on  sC T  ab so rp tio n  c o u ld  b e  fu rth e r im p ro v ed  i f  th e  n a sa l sp ray  d o sa g e  fo rm  w as  u sed  

and  th e  p H  o f  th e  so lu tio n  w as ad ju s ted  to  4 .0 , an  op tim al p H  v a lu e  fo r  sC T .

It is a lso  in te re s tin g  to  n o te  th a t th e  re sp o n se  o f  p la sm a  ca lc iu m  lev e l in  th is  

re su lt w as  ra th e r  v a riab le . T h is  is  in  ag reem en t w ith  th o se  o f  B u c lin  e t a l.(1 9 8 7 ) w h o  

fo u n d  th a t  th e  re sp o n se  to  th e  n asa l fo rm  w as v a riab le , an d  th e  re sp o n se  to  th e  

su p p o sito ry  w a s  m o re  co n stan t.

In  p re v io u s  s tu d y , V e rh o e f  e t a l.(1 9 9 4 ) su g g ested  th a t th e  in flu en ce  o f  DM -(3- 

C D  on  th e  p o ly p e p tid e  n a sa l ab so rp tio n  m ay  d iffe r la rg e ly  b e tw e e n  an im a l spec ies . 

F o r ex am p le , s tu d ie s  in  ra ts  sh o w ed  th a t D M -(3-C D  la rg e ly  im p ro v e d  th e  ab so rp tio n  

o f  in su lin , re su ltin g  in  b io a v a ila b ility  o f  a b o u t 109%  (M erk u s, S c h ip p e r  e t a l., 1991a). 

In  co n tra s t to  th e  re su lts  in  ra ts , 5%  D M -P -C D  in  so lu tio n  d id  n o t h av e  a  s ig n ific an t 

e ffec t on  n a sa l in su lin  ab so rp tio n  in  h ea lth y  v o lu n tee rs  (M e rk u s ,V e rh o e f  e t a l . ,1 9 9 1 b ).

T h e re fo re , th e  co m b in ed  re su lts  fro m  p a rt I and  II in d ic a te  th e  a d v a n ta g e s  o f  

ch ito san s  o v e r th e  tw o  c y c lo d ex trin s  (H P -P -C D  an d  D M -P -C D ) in  te rm s  o f  

ab so rp tio n  e n h a n c in g  e ffic acy  and  safe ty . T h e ir  en h an c in g  e ffe c ts  a lso  ap p e a r to  be
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rev e rs ib le . A p p a ren tly , 0 .5 %  C S  G  ex h ib ite d  a  s tro n g e r a b so rp tio n  en h an c in g  e ffec t 

fo r sC T  in  h u m a n  v o lu n tee rs  th a n  1 .33%  D M -P -C D . T h e  e ffec t o f  D M -P -C D , on  the  

o th e r h an d , w a s  fo u n d  to  be  a lm o st in e ffec tiv e  in  e n h a n c in g  th e  n a sa l sC T  ab so rp tio n  

o f  th is  p e p tid e  in  h u m an s.
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