
CHAPTER II
LITERATURE REVIEW

T h e  n u m b e r o f  p e p tid e  h o rm o n e s  c lin ic a lly  av a ilab le  h a s  p ro g re ss iv e ly  

ex p an d ed  d u rin g  th e  cen tu ry . A  lim itin g  fac to r in  th e  th e ra p e u tic  u se  o f  th e se  d ru g s  is 

th e  lack  o f  a p p ro p ria te  d e liv e ry  sy stem . P e p tid e s  an d  p ro te in s  a re  sc a rce ly  ab so rb ed  

fo llo w in g  o ra l d e liv e ry  as a  re su lt o f  e n zy m a tic  d e g ra d a tio n  in  th e  g a s tro in te s tin a l 

tract. T h e re fo re , th e  o n ly  e ffe c tiv e  ro u te  o f  a d m in is tra tio n  o f  th e se  d ru g s  is by  

p aren te ra l ro u te s  (P o n tiro li.,1 9 9 0 ). H o w ev e r, th e  p a ren te ra l ro u te  su ffe rs  sev era l 

se rio u s d raw b ack s  su ch  as  p a tie n t c o m p lian ce , h ig h  r isk  o f  o v e rd o se , in fec tio n s  and  

loca l th ro m b o p h le b itis  as a  re su lt o f  its  in v a s iv e  n a tu re  o f  ad m in is tra tio n . T h ese  are  

so m e o f  th e  re a so n s  th a t led  to  th e  sea rch  fo r a lte rn a tiv e  ro u te s  o f  ad m in is tra tio n .

N o n -in je c tio n , n o n -o ra l ro u te s  o f  a d m in is tra tio n  su ch  as n a sa l, su b lin g u a l, 

rec ta l, p u lm o n a ry , an d  tra n sd e rm a l ro u te s  h av e  rece iv ed  g rea te r  a tte n tio n  as 

a lte rn a tiv e  ro u te s  fo r sy s tem ic  d e liv e ry  o f  p e p tid e  d rugs. A m o n g  th e se  ro u tes , nasa l 

ad m in is tra tio n  has b een  o f  g rea t in te re s t an d  ab so rp tio n  fro m  th is  ro u te  h a s  b een  

s tu d ied  w id e ly . T h e  nasa l e p ith e liu m  is h ig h ly  v a sc u la riz ed  an d  th e  p re se n c e  o f  

m ic ro v illi m ak es  a  la rge  su rface  a rea  o f  th e  n asa l cav ity . A s  a  re su lt, th e  d ru g s  are 

ab so rb ed  rap id ly  (D o n o v an , F ly n n  an d  A m id o n , 1990). In  ad d itio n , th e  v o lu m e  o f  th e  

nasa l sec re tio n  is a lso  m u c h  less  th an  th e  G l-se c re tio n , le ad in g  to  sm a lle r  d ilu tio n  o f  

th e  ad m in is te red  d ru g  an d  b e tte r  co n tac ts  w ith  th e  ab so rp tiv e  e p ith e liu m  (S tan fo rd  

and  Lee, 1986). T h e  im p o rtan t a d v an tag e  o f  n asa l d e liv e ry  is an  av o id a n c e  o f  firs t- 

p ass  h ep a tic  m e ta b o lism  (S h ao  an d  M itra , 1992). B esid es , th e  d ru g s  can  b e  g iv e n  in  a 

p a tte rn  w h ich  s im u la te s  the  re lea se  cy c le  o f  th e  e n d o g e n o u s  p ep tid e s , th e reb y
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p re se rv in g  th e ir  b io lo g ica l rh y th m s an d  re d u c in g  u n w an ted  side  e ffec ts  (B an g a  and  

C hien , 1988). N a sa l a d m in is tra tio n  is a lso  co n s id e red  to  be  n o n -in v as iv e  as  o p p o sed  

to  th e  p a ren te ra l ro u te , th e reb y  e n c o u ra g in g  se lf-ad m in is tra tio n  an d  in c rea s in g  p a tien t 

co m p lian ce .

T h e  m u co sa l m em b ra n e s  o f  th e  n asa l c av ity  are  th e  m o is t lin in g  ep ith e liu m , 

in c lu d in g  sev e ra l ty p es  o f  ep ith e lia . A  sm all p o rtio n  ex ten d in g  in to  th e  n asa l cav ity  

fro m  th e  n a re s  is a  s tra tif ied  sq u a m o u s  ep ith e liu m . T h e  re m a in d e r  o f  th e  n asa l 

m em b ran e  is  m ad e  up  o f  re sp ira to ry  ep ith e liu m , w h ich  is co m p o se d  o f  c ilia ted  

cu b o id a l an d  c o lu m n a r  ce lls , g o b le t ce lls  an d  th e  o lfac to ry  ep ith e liu m , w h ich  is a  

p seu d o s tra tif ied  n eu ro e p ith e liu m . A n o th e r  co n n ec tiv e  tissu e  la y e r c a lled  th e  

su b m u co sa  u su a lly  co n n ec ts  th e  m u c o sa  to  th e  u n d e rly in g  stru c tu res . O n  th e  su rface  

o f  th e  m u co sa l ep ith e liu m , th e re  ex is ts  a  lay er o f  m u cu s  c o m p o sed  o f  

m u c o p o ly sa c c h a rid e s  sec re ted  fro m  th e  g o b le t ce lls  in  th e  m u c o sa  (H sieh , 1994). 

F ig u re  1 sh o w s a  tra n s itio n a l e lec tro n  m ic ro sc o p ic  d iag ram  o f  th e  n a sa l ep ith e liu m .

T h e  n asa l v a sc u la tu re  co n s is ts  o f  a  r ic h  cap illa ry  n e tw o rk  in  th e  su b ep ith e liu m  

and  a ro u n d  th e  n a sa l g lan d s  an d  a c a v e rn o u s  p le x u s  deep  to  th e  g la n d u la r  zone . It is 

ch a rac te riz ed  b y  fe n e s tra ted  en d o th e liu m . T h e  cav e rn o u s  p lex u se s  rece iv e  b lo o d  fro m  

th e  cap illa ry  b ed  an d  fro m  a rte rie s  by  m ean s  o f  a rte rio v en o u s an a to m o ses . V en o u s  

d ra in ag e  o ccu rs  th ro u g h  a  n u m b er o f  v en o u s  p lex u ses , som e o f  w h ic h  c o m m u n ica te  

w ith  in trac ran ia l v e n o u s  s in u ses. T h u s, th e  n asa l m u c o sa  is o b v io u s ly  w ell su ited  fo r 

h ea t ex ch an g e  an d  fo r p o ten tia l d ru g  ab so rp tio n . In  gen era l, d ru g s  ab so rb ed  v ia  th e  

n asa l m u c o sa  e n te r  th e  r ig h t side  o f  th e  h e a rt fo r d is tr ib u tio n  to  th e  sy stem ic  a rte ria l 

c ircu la tio n  p r io r  to  tra v e rs in g  th e  liv e r (รน, 1991).
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F ig u re  1 T ra n sm is s io n  e le c tro n  m ic ro sc o p ic  d ia g ra m  o f  th e  fo u r  ce ll ty p e s  in  th e  n a sa l 

ep ith e liu m . (รน, 1991)

I. n o n c ilia te d  c o lu m n a r  ce ll w ith  m ic ro v illi

II. g o b le t c e ll  w ith  m u c o u s  g ran u le s  an d  a  w e ll-d e v e lo p e d  G o lg i 

ap p a ra tu s

III. b a sa l ce ll

IV . c ilia te d  c o lu m n a r  ce ll w ith  m an y  m ito c h o n d ria  in  th e  a p ic a l p a r t.

D M  =  d o u b le  m e m b ra n e

C T M  =  c o n n e c tiv e  tis su e  m em b ran e
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Barriers to nasal delivery of protein/peptide drugs

S in ce  p ro te in  an d  p e p tid e  d ru g s  are  reco g n ized  as  fo re ig n  p e p tid e s , th e  

m a m m a lia n  sy s tem  p o sse sse s  sev e ra l ex tre m e ly  e ffic ien t b a rrie rs  to  re s tr ic t th e  en try  

o f  th e  m ac ro m o le c u le s . T h ese  b a rrie rs  m ay  co m p le te ly  o r  p a r tia lly  o b s tru c t th e  

p e n e tra tio n  o f  th e  d ru g s  an d  th e re b y  p h y s io lo g ic a lly  p ro te c t th e  sa fe ty  o f  th e  

m a m m a lia n  b ody . T h e  m a jo r  b a rrie rs  a ffe c tin g  th e  a d m in is tra tio n  o f  p ro te in /p e p tid e  

d ru g s  a re  th e  s ig n if ic a n t p ro te o ly tic  en zy m e  ac tiv itie s  an d  th e  p re se n c e  o f  v a rio u s  

e p ith e lia  a t d iffe re n t lo ca tio n s  (Z h o u , 1994).

P ro te o ly s is  b a rr ie rs

T h e  tra n sp o rt b a rr ie r  o f  n asa l e p ith e liu m  is c o n s id e re d  to  b e  w e a k e r  fo r  th e  

a b so rp tio n  o f  p e p tid e s  an d  p ro te in s  th a n  th a t  o f  th e  in te s tin a l e p ith e liu m . H o w ev e r, 

th e  ab so lu te  b io a v a ila b ility  o f  n a sa lly  ad m in is te re d  p o ly p e p tid e s  is  s till le ss  th a n  th a t 

b y  p a re n te ra l ad m in is tra tio n  (M c M a rtin  e t ah , 1987). F o r  e x a m p le , n asa l 

a d m in is tra tio n  o f  in su lin  (T e n g am n u ay  a n d 'M itra , 1990b) an d  c a lc ito n in  (O ’H ag an  

an d  Iliu m , 1990) re su lte d  in  o n ly  1 %  ab so rp tio n . I t th u s  a p p e a rs  th a t sev e ra l 

a b so rp tio n  b a rrie rs  m ay  be  p re se n t in  th e  n asa l m u c o sa  w h ic h  a re  re sp o n s ib le  fo r  th e ir  

lo w e r- th a n -ex p ec te d  n asa l b io av a ilab ilitie s . T h ere  b a rr ie rs  in c lu d e  th e  p re se n c e  o f  

m an y  m u c o sa l p ro teo ly tic  en zy m es  w h ich  a re  re sp o n s ib le  fo r  b io c h e m ic a l 

d e g ra d a tio n  o f  p e p tid e s  b e fo re  an d  d u rin g  a b so rp tio n  as w e ll as  th e  e p ith e liu m  its e lf  

w h ic h  ac ts  as  an  e ff ic ie n t b a rr ie r  ag a in s t m em b ran e  p en e tra tio n .

T h e  p ro te o ly tic  en zy m e  b a rrie r  is p e rh a p s  th e  m o s t im p o rta n t b a rr ie r  to  th e  

p ro te in /p e p tid e  d rugs. T h e  rea so n s  are  th a t, in  gen era l, p ro te in /p e p tid e  d ru g s  h a v e  a 

h ig h  su sc e p tib ility  to  th e  p ro teo ly tic  en zy m es, an d  th a t m a n y  e n z y m e s  w ith  h ig h
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ac tiv itie s  a re  w id e ly  d is tr ib u ted  in  th e  h u m a n  b o d y , e sp e c ia lly  b e tw e e n  th e  en try  p o in t 

in to  th e  sy s tem ic  c irc u la tio n  an d  th e  ta rg e t site . T h ese  e n zy m es  in c lu d e  ex o p ep tid a se s  

(am in o p ep tid a se  and  c a rb o x y p ep tid a se ), en d o p e p tid a se s  (e n d o p e p tid a se  and  

an g io ten s in  co n v e rtin g  en zy m e), d ip ep tid a se s , a m in o trip e p tid a se s , p ro lid ases , 

p ro lin a se s  an d  ca rn o sin ases . S o m e e x a m p le s  o f  th e se  en z y m e s  an d  th e ir  lo ca tio n s  are 

sh o w n  in  T ab le  1.

T ab le  1 P ro te o ly tic  en zy m es and  th e ir  lo c a tio n  in  m a m m a lia n s  (Z h o u , 1994)

E n zy m e T issu e A n im a l

A m in o lig o p e p tid a se in te s tin a l,n a sa l,re c ta l, 

v ag in a l, b u cca l and  

derm al

ra t, ra b b it, d o g  a n d  q u in ea - 

p ig

A n g io te n s in ­

c o n v e rtin g  en zy m e

in te s tin a l, n a sa l, re c ta l, 

v ag in a l an d  b u c c a l '

h u m an ,ra t

L eu c in e In tes tin a l, n a sa l, rec ta l, ra t, ra b b it, d o g  an d  q u in ea -

am in o p e p tid a se b u cca l an d  d e rm al p ig

E n z y m a tic  ac tiv itie s  a lso  d iffe r  am o n g  d iffe r  a m o n g  d iffe re n t sp ec ies . It 

w as  fo u n d  th a t th e  h y d ro ly s is  ra te  o f  L e u -e n k e p h a lin  to  d e s - ty ro s in e  m e ta b o lite  in  ra t 

n asa l c av itie s  w a s  m u c h  h ig h e r th a n  th e  ra te  in  h u m a n  n asa l c a v itie s  (H u ssa in  e t al, 

1990). In d eed , v a rio u s  tissu e  h o m o g e n a te s  fro m  v a rio u s  an im a ls  sh o w  d iffe ren t 

p ro teo ly tic  a c tiv ity  p ro file s , su g g es tin g  th a t sp ec ies  d iffe re n ce s  a re  to  be  ex p ec ted  

w h en  c o m p arin g  th e  sam e tissu e  fro m  th e  d iffe ren t sp ec ies  u s in g  th e  sam e  p ep tid e
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drug . L ittle  is  k n o w n  ab o u t th e  p ro te o ly tic  b a rrie rs  in  d iffe ren t tis su e s  o f  th e  h u m an  

b o d y  an d  th is  re q u ire s  fu rth e r s tu d y . H o w e v e r, re liab le  d a ta  c an  b e  p re d ic te d  fro m  ra t, 

dog , ra b b it an d  g u in ea  p ig  m o d e ls  w h ic h  are , a t th e  en zy m e  lev e ls , h is to lo g ica lly  

s im ila r to  th e  h u m a n  b o d y , o n ce  th e  p ro te o ly tic  b a rrie rs  in  th e  h u m a n  tissu e s  are 

ch a ra c te riz e d  (Z h o u  an d  L i W an  P o , 1990).

A b so rp tio n  b a rr ie rs

A b so rp tio n  b a rrie rs  in c lu d e  c le a ran ce  sy s tem s a t a d m in is tra tio n  s ites , o b s tac le s  

o f  th e  ep ith e lia l m e m b ra n e  to  th e  d ru g s , as  w e ll as tra n sc e llu la r  an d  p in o cy to s is  

p ro cess in g . V a rio u s  o rg an s  m ay  h a v e  d iffe re n t c lea ran ce  sy s tem s, b u t little  

in fo rm a tio n  is a v a ilab le  ab o u t p a r tic u la r  tra n sc e llu la r  an d  p in o c y to s is  m e th o d s  o f  

p ro c e ss in g  p e p tid e /p ro te in  d ru g s. T h e re fo re , th e  fo cu s in  th is  p a r t o f  th e  re v ie w  is 

p laced  o n  th e  ep ith e lia l m u co u s  m em b ran es .

T h e  ep ith e lia l m e m b ra n e s  c o n s titu te  a  h ig h ly  e ff ic ie n t b a rr ie r  to  d ru g  

ab so rp tio n . T h ese  m em b ra n e s  u n iv e rsa lly  co v e r th e  o rg an  tis su e s  w h ic h  a re  u se d  in  

co m m o n  n o n -p a ren te ra l a d m in is tra tio n  o f  p ep tid e /p ro te in  d rugs. In  o rd e r  to  p a ss  th e  

m em b ran e , th e  d ru g s  h av e  to  p a ss  th ro u g h  th e  m em b ran e  ce lls  ( tra n sc e llu la r  tran sp o rt)  

by  m ean s  o f  p a ss iv e  o r c o n c e n tra tio n -g ra d ie n t d iffu s io n , b y  a c tiv e  tra n sp o rt o r  by  

tra n sp o rt v ia  v es ic le s . A lte rn a tiv e ly , th e  d ru g  m ay  h av e  to  p a ss  th ro u g h  th e  tig h t 

ju n c tio n s  b e tw e e n  ce lls  (p a ra c e llu la r  p a th w ay ). T h e  tra n sp o rt o f  m o le c u le s  a c ro ss  th e  

m em b ra n e  is  d e p e n d e n t o n  sev era l fa c to rs  su ch  as th e  m o le c u la r  w e ig h t, s tru c tu ra l 

co n fo rm a tio n , p H  an d  h y d ro p h ilic  ch a ra c te ris tic s  o f  th e  d ru g s  th e m se lv e s  (Z h o u , 

1994).
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T h e  p o re  ra d iu s  o f  th e  m u c o sa  can  be  co n s id e red  an  im p o rta n t lim itin g  fac to r 

o f  th e  p a ra c e llu la r  tra n sp o r t o f  p e p tid e  m o lecu les . T h is  w as  d e m o n s tra te d  by 

tran sp o rt e x p e rim e n ts  a c ro ss  m em b ra n e  w itn  m ac ro m o lecu le s  o f  d iffe re n t s izes 

(M cM artin  e t al, 1987). T h e  e q u iv a le n t p o re  rad iu s  d iam e te r o f  v a rio u s  m u co u s  

tissu e s  a p p ea rs  to  h a v e  a  ra n g e  fro m  4 to  8 A °. A m in o  ac id , d ip ep tid e s  and  

tr ip e p tid e s  a re  th e re fo re  ab le  to  p e n e tra te  th e  m u co u s m em b ran e  v ia  th e se  p a ra c e llu la r  

p o res w h ile  la rg e r  p e p tid e s  are  h in d e red . T h e  p o re  rad iu s  o f  th e  m u c o sa  w as fo u n d  to  

be re v e rs ib ly  e n la rg e d  b y  a b so rp tio n  en h an ce rs  su ch  as so d iu m  ch o la te  (H ira i e t a l, 

1981).

T h u s  far, th e  n a sa l m u c o sa  seem s to  hav e  th e  lo w e s t a b so rp tio n  b a rrie r  fo r  

a d m in is te red  p ep tid e s . T h e  rea so n s  fo r it a re  th e  re la tiv e ly  h ig h  p e rm e a b ility  and  

la rge  v a sc u la r  m u c o sa l b e d  so  th a t g o o d  ab so rp tio n  can  b e  ex p ec ted  fo r m o le c u le s  o f  

up  to  1 k D a . In  a d d itio n , fo r  m o le c u le s  less th an  10 k D a  in  s ize , su ff ic ie n t q u an titie s  

o ften  can  b e  ab so rb e d  in to  th e  sy s tem ic  c ircu la tio n  by  u s in g  sp ec ia l d o sag e  fo rm s 

such  as d e g ra d a b le  s ta rch  m ic ro sp h e re s  (D S M ) w ith o u t th e  n eed  o f  ab so rp tio n  

e n h an ce rs  (B jo rk  an d  E d m a n , 1988 a n d ' 1990). T h ese  fo rm s o f  fo rm u la tio n  

p re su m a b ly  e n h a n c e  p e p tid e  a b so rp tio n  b y  a ffec tin g  tig h t ju n c tio n s . T h is  aq u eo u s  

ch an n e l ro u te  (tig h t ju n c tio n s )  m ay  a lso  be  p re se n t in  o th e r m u c o sa  su ch  as b u cca l, 

rec ta l, v a g in a l an d  o c u la r  m e m b ran es . T h e  m u co u s b a rrie r  m ay  a lso  be  o f  p a r tic u la r  

im p o rtan ce  fo r p e p tid e  d ru g s  d u e  to  th e  p ep tid e -m u cu s  in te rac tio n s . I t a p p ea rs  th a t 

th e  p e p tid e  d ru g s  o r p ro d ru g s  d e s ig n e d  w ith  an io n ic  o r  n eu tra l ch a rg e  h a v e  less 

in te rac tio n  w ith  n e g a tiv e ly  ch a rg e d  ce ll m em b ran e  su rfaces. C o n v e rse ly , en h a n c e rs  

d e s ig n ed  w ith  c a tio n ic  ch a rg e  m ay  h e lp  to  in c rease  th e  b io a v a ila b ility  o f  p e p tid e  

d ru g s  v ia  in te ra c tio n s  w ith  th e  m u co sa l m em b ran e  su rface . A  g o o d  e x a m p le  is 

D E A E -d e x tran , a  p o ly c a tio n ic  p o ly sacch arid e . T h is  co m p o u n d  w as d e m o n s tra te d  to  

en h an ce  th e  b io a v a ila b ility  o f  in tran asa l in su lin . T h e  in te rac tio n  b e tw e e n  th e  ca tio n ic
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ch arg ed  e n h a n c e r  an d  m u c u s  m ay  lead  to  a  ch an g e  in  m e m b ra n e  p e rm e a b ility  to  

m ac ro m o lecu le s  an d  s tim u la tio n  o f  p icn o cy tic  u p tak e  (C h a n d le r  e t ah , 1991b).

General approaches to bypassing enzymatic and epithelial barriers

In  o rd e r  to  b y p a ss  th e  e n zy m a tic  an d  ep ith e lia l b a rrie rs  fo r  th e  p u rp o se  o f  

in c reas in g  th e  n a sa l b io a v a ila b ility  o f  h ig h  m o le c u la r  w e ig h t p ro te in  an d  p ep tid e  

d ru g s , sev e ra l a p p ro a c h e s  a re  av a ilab le : (I) in h ib itio n  o f  th e ir  e n z y m a tic  d eg rad a tio n , 

(ii) im p ro v in g  th e ir  re s is ta n c e  to  b re a k d o w n  o r th e ir  p e rm e a b ility  a c ro ss  th e  

m em b ran e  b y  s tru c tu ra l m o d ific a tio n ; (iii) b y  p h a rm a c e u tica l fo rm u la tio n s  w h ich  

p ro lo n g  th e ir  re te n tio n  tim e  w ith  m u c u s  a t th e  ad m in is tra tio n  site ; an d  (iv ) in c rea s in g  

th e ir  p e rm e a b ility  a c ro ss  th e  re le v a n t m em b ran e  b y  u s in g  c h e m ic a l ab so rp tio n  

en h an ce rs  (Z h o u , 1994).

Inh ib ition  o f  p ro te o ly tic  en zym es

F o r sev e ra l y e a rs  it h as  b een  k n o w n  th a t p ro tea se  in h ib ito rs  in c rea se  the  

ab so rp tio n  o f  p ro te in  d ru g s . C o m p o u n d s  su ch  as b o ro le u c in e  a n d  p h o sp h in ic  ac id  

d ip ep tid e  h a v e  b e e n  su g g es ted  as  h av in g  g o o d  p o te n tia l in  e n h a n c in g  th e  

b io a v a ila b ility  o f  p e p tid e  an d  p ro te in  d ru g s  d u e  to  th e ir  a p p ro p ria te  m o le c u la r  s izes 

an d  p o te n t in h ib ito ry  e ffe c ts  o n  v a rio u s  p ro teo ly tic  en zy m es  (H u ssa in  e t ah , 1989). 

H o w ev e r, th e  sa fe ty  o f  th e se  in h ib ito rs  a fte r  n asa l a d m in is tra tio n  is  d o u b tfu l an d  m u st 

be  fu rth e r te s te d  (H u ssa in  e t ah , 1992). B es ta tin  an d  p u ro m y c in  a re  a n o th e r  c la ss  o f  

in h ib ito rs  th a t h av e  b e e n  s tu d ied . N e v e rth e le ss , th e ir  e ffec ts  o n  p e p tid a se s  w e re  m u ch  

le ss  e ffec tiv e  th a n  b o ro le u c in e  (H u ssa in  e t ah , 1989).
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C h em ica l m od ifica tion

H y d ro g e n  b o n d in g  p o ten tia l o r  lip o p h ilic ity  o f  p e p tid e s  a lso  can  b e  a lte red  by  

ch em ica l m o d ific a tio n . T h is  o ften  le ad s  to  co n fo rm a tio n a l c h an g es  o f  th e  p ep tid e s  

an d  th e re b y  m ay  in c rea se  th e ir  p e rm e a b ility  a n d /o r s tab ility  d u rin g  tra n sp o rt ac ro ss 

th e  ce llm em b ran e . F o r  ex am p le , w h en  fo u r m e th y l g ro u p s  w e re  a d d e d  to  th e  p ep tid e , 

a c e ta m id o -D -P h e -D -P h e -D -P h e -c a rb o x a m id e  by  m é th y la tio n , it w as  fo u n d  th a t th e  

p e n e tra tio n  ra te  o f  th is  p ep tid e  th ro u g h  C aco -2  ce ll m e m b ra n e  w a s  s ig n ific an tly  

e n h an ced  (C o n rad i, H ig e rs  an d  B u rto n , 1992). T e n g a m n u a y  an d  M itra  (1 9 9 0 a ) a lso  

rep o rted  th a t b y  su b s titu tin g  L -A rg  w ith  D -A rg  in  th e  L -T y r-L -A rg  s tru c tu re  re su lte d  

in  a  d ip ep tid e  an a lo g u e  w h ic h  w as h ig h ly  re s is ta n t to  h y d ro ly s is  b y  th e  n a sa l m u co sa l 

en zy m es.

F orm u la tion  a p p ro a ch

T h e  fo rm u la tio n  ap p ro ach  h a s  b een  e m p lo y e d  to  d ev e lo p  an  e ffe c tiv e  n asa l 

d e liv e ry  sy s tem  fo r p ep tid e  an d  p ro te in  d ru g s  fo r  m a n y  y ears . T h e  m o s t p o p u la r  

d o sag e  fo rm  is  a  p o w d e r  o r m ic ro sp h e re s  sy s tem  sin ce  th e  n a sa l so lu tio n s  an d  sp ray s  

ten d  to  p ro v id e  lo w er p ep tid e  d ru g  av a ilab ility . In  a  re c e n t s tu d y  b y  B jo rk  a n d  E d m a n  

(1 9 8 8 ), in su lin  (0 .75  an d  1.7 IU /k g ) w h ic h  w a s  d isp e rse d  in  d eg rad ab le  s ta rch  

m ic ro sp h e re s  (D S M ) an d  ad m in is te re d  n a sa lly  as a  d ru g  p o w d e r  re su lte d  in  a  d o se- 

d e p e n d e n t d e c rea se  in  b lo o d  g lu co se  in  ra ts . T h e  b io a v a ila b ility  o f  th e  n a sa l in su lin  

w as fo u n d  to  b e  30  % , w h e rea s  th e  ad m in is tra tio n  o f  D S M  a lo n e  o r  so lu b le  in su lin  

a lo n e  p ro d u c e d  no  e ffec t. T h e  e ffec tiv en ess  o f  th e  n a sa lly  d e liv e re d  p e p tid e  in  th is  

d o sag e  fo rm  w as d u e  to  th e  u p tak e  o f  w a te r  by  D S M  an d  su b se q u e n t sw e llin g  w h ic h  

p ro d u ced  d eh y d ra tio n  o f  th e  ep ith e lia l ce lls , le ad in g  to  a  w id e n in g  o f  th e  tig h t 

ju n c tio n s  an d  th e reb y  fac ilita tin g  p a ra c e llu la r  tra n sp o rt o f  la rg e  h y d ro p h ilic  m o lecu le s
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(B jo rk  an d  E d m an , 1990). W h en  D S M  w as co m b in ed  w ith  an  en h an ce r, 

ly so p h o sp h a tid y lc h o lin e  (L P C ), th e  e x te n t o f  in su lin  n asa l a b so rp tio n  w as im p ro v ed  

ev en  fu rth e r (F arra j e t ah , 1992). T h is  im p ro v e d  fo rm u la tio n  a lso  h a s  b e e n  u se d  fo r 

en h an ced  n asa l a b so rp tio n  o f  h u m a n  g ro w th  h o rm o n e  (Iliu m  et a l., 1990).

Use o f  n a sa l a b so rp tio n  en h an cers

M an y  re se a rch e rs  in  n a sa l d ru g  d e liv e ry  h av e  in c lu d ed  c e rta in  a d ju v an ts  in  

n asa l p e p tid e  fo rm u la tio n s  in  an  a tte m p t to  in c rea se  th e ir  sy s tem ic  b io av a ilab ility . 

T h e  c o m p o u n d s  th a t  h a v e  b e e n  s tu d ie d  as n a sa l a b so rp tio n  en h a n c e rs  a re , fo r 

ex am p le , an io n ic  an d  ca tio n ic  su rfac tan ts  (H ira i e t ah , 1981), b ile  sa lts  (G o rd o n  e t ah , 

1985, P o n tiro li,1 9 9 0 ) , b ile  sa lt-fa tty  ac id  m ix e d  m ic e lle s  (T en g am n u ay  an d  M itra , 

1990a an d  1990b), fu s id ic  ac id  d e riv a tiv e s  (L o n g e n e c k e r e t a l., 1987 , B a ld w in  e t ah , 

1990), m e d iu m  ch a in  fa tty  a c id s  (M ish im a , W a k ita  an d  N a k o n o , 1987) an d  

c y c lo d e x tr in s  (M erk u s  e t ah , 1991).

T h e  m e c h a n ism s  o f  a c tio n  o f  th e se  a b so rp tio n  en h an ce rs  are  n o t c lea rly  

k n o w n , b u t sev e ra l p o ss ib ilitie s  h av e  b e e n  p o s tu la ted . T h e  f irs t is th e  in c reased  

so lu b ility  o f  th e  d ru g s  b ro u g h t ab o u t by  th e  su rfac tan t- ty p e  en h an ce rs . B ecau se  

p ro te in s  and  p e p tid e s  u su a lly  fo rm  ag g re g a te s  in  aq u eo u s  so lu tio n s , th e ir  d isso c ia tio n  

in to  m o re  re a d ily  so lu b le  m o n o m e rs  b y  th e se  en h an ce rs  m a y  fac ilita te  th e ir  

p a ra c e llu la r  tra n sp o rt (B ran g e , H a v e lu n d  an d  H o u g aa rd , 1992). S eco n d ly , su rfac tan t- 

ty p e  en h a n c e rs  lik e  h y d ro p h o b ic  b ile  sa lts  m ay  a lso  fac ilita te  tra n sc e llu la r  tra n sp o rt o f  

in su lin  p ro b a b ly  b y  re v e rse  m ic e lle  fo rm a tio n  (G o rd o n  e t ah , 1985). A  th ird  

m e c h a n ism  o f  th e  e n h a n c e r  is to  in h ib it th e  ac tiv ity  o f  p ro teo ly tic  en zy m es. S om e 

e n h an ce rs  su ch  as b ile  sa lts , fu s id ic  a c id  d e riv a tiv e s  an d  c y c lo d ex trin s  h av e  b een  

sh o w n  to  in h ib it m u c o sa l p ro teo ly tic  ac tiv ity . H o w ev e r, th e se  co m p o u n d s  a re  n o t
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sp ec ific  in h ib ito rs  o r  su b s tra te  a n a lo g u e s  o f  th e  p ro te in a se s  o r p e p tid a se s  (Z h o u  and  

Li W an  P o , 1991). I t is p o s tu la te d  th a t b in d in g  o f  th e  p ep tid e  d ru g  w ith  th e  en h a n c e r 

m ay  p re v e n t th e  fo rm a tio n  o f  th e  en z y m e -su b s tra te  (e n z y m e -p ro te in  d ru g ) co m p le x e s  

w h ich  a re  in te rm e d ia te s  o f  th e  d e g ra d a tio n  p ro cess . F o u rth ly , th e  p o s itiv e ly  ch a rg ed  

en h an ce rs  m a y  re a c t w ith  th e  n e g a tiv e ly  ch a rg ed  m em b ra n e  su rfa c e , an d  th e reb y  

red u ce  th e  p e p tid e  d ru g -m u c u s  in te ra c tio n s  (C h an d le r, I liu m  an d  T h o m a s , 1991a) 

re su ltin g  in  an  in c rea se  o f  th e  d ru g  b io av a ilab ility . T h e  fifth  p o ss ib ility  is  th a t  th e  

en h an ce rs  can  lo w e r th e  b a rr ie r  fu n c tio n  o f  th e  m u co sa l m e m b ra n e  an d  a sso c ia ted  

m u cu s layer. F o r  ex am p le , b ile  sa lts , in c lu d in g  so d iu m  ta u ro d ih y d ro fu s id a te  

(S T D H F ), h a v e  b e e n  sh o w n  to  re d u c e  th e  v isc o s ity  o f  th e  m u c u s  la y e r  a d h e re n t to  all 

m u co sa l su rface s  an d  in c re a se  th e  p o re  s ize  w ith in  th e  ce ll m e m b ra n e , th e re b y  

a llo w in g  d iffu s io n  o f  in su lin  th ro u g h  th e  ce lls  (L o n g en eck e r e t ah , 1987). T h e  b a rrie r  

fu n c tio n  o f  th e  m u c o sa l m e m b ra n e  co u ld  a lso  b e  lo w ered  b y  a  m o re  sev e re  

m ech an ism , e .g ., th e  re m o v a l o f  c e r ta in  m e m b ra n e  co m p o n e n ts  lik e  m e m b ra n e  

p ro te in s  an d  p h o sp h o lip id s . S ev e ra l en h an ce rs , e sp ec ia lly  th e  su rfa c ta n t- ty p e  

co m p o u n d s , h av e  s tro n g  so lu b iliz in g  cap ac ity  w h ic h  m ay  n o t  o n ly  d isso lv e  o r 

d isso c ia te  th e  p e p tid e  ag g re g a te s  b u t a lso  m ay  e ffec tiv e ly  ca u se  le a c h in g  o f  th e se  

m em b ran e  c o m p o n e n ts , le a d in g  to  a  su b s tan tia l in c rease  in  m e m b ra n e  p e rm e a b ility  

(T en g am n u ay , 1989).

A lth o u g h  th e se  en h a n c e rs  a re  ab le  to  s ig n ific an tly  in c rea se  n a sa l a b so rp tio n  o f  

p ep tid e s , m a n y  s tu d ie s  h a v e  la te r rev ea led  th a t th e ir  u se  can  ca u se  d a m a g e s  to  th e  

m em b ran e . T h is  h a s  cau sed  g rea t co n ce rn s  an d  p re v e n te d  th e m  fro m  p o te n tia l 

ap p lic a tio n  in  c lin ica l se ttin g , p a r tic u la r ly  d u rin g  ch ro n ic  a d m in is tra tio n . F o r 

ex am p le , m a n y  e n h a n c e rs  can  cau se  ce llu la r  ch an g es  in  th e  m u c o sa  w h ic h  in c lu d e  

lo ss  o f  n a sa l m e m b ra n e  co m p o n e n ts  (S h ao  e t al., 1992: S hao  a n d  M itra , 1992), 

c ilio to x ic ity  (H e rm en s  e t ah , 1990), an d  sev e re  a lte ra tio n s  in  th e  m o rp h o lo g y  o f  the
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n asa l m u c o sa  su ch  as n ec ro s is  an d  e v en  co m p le te  lo ss  o f  e p ith e liu m  (T e n g a m n u a y  

an d  M itra , 1990b; D o n o v an  e t ah , 1990; E n n is , B o rd en  an d  L ee , 1990). T he  

m em b ran e  d a m a g in g  p ro p e rtie s  o f  th e se  en h an ce rs , e sp ec ia lly  in  lo n g  te rm  th e ra p y  o f  

m an y  h o rm o n e -d e fic ien t d iseases , h av e  p rec lu d ed  th en  fro m  c lin ica l a p p lic a tio n . A s a 

resu lt, m o re  e ffo rts  h av e  b een  p u sh ed  to w ard  f in d in g  n o v e l a b so rp tio n  e n h an ce rs  

w h ich  can  g iv e  b e tte r  sa fe ty  an d  efficacy .

C y c lo d e x trin s , o n e  c lass  o f  cy c lic  p o ly sacch a rid e s , h a v e  b e e n  su g g e s te d  as 

p o ten tia l en h a n c e rs  fo r n o n -p a re n te ra l p ep tid e  ab so rp tio n . M e rk u s , S c h ip p e r  e t al. 

(1 9 9 1 ) re p o rte d  th a t 109 %  o f  n a sa l b io a v a ila b ility  (2 .0  IU / k g ) c o u ld  b e  o b ta in ed  

w h en  in su lin  w as co -a d m in is te re d  w ith  5 %  d im e th y l-p -c y c lo d e x tr in  (D M -P -C D ), a  

h ig h ly  so lu b le  cy c lo d e x tr in  d e riv a tiv e . A  re c e n t re p o rt b y  Irie  e t a l. (1 9 9 2 ) a lso  

p ro v id e d  s im ila rly  p ro m is in g  re su lts  fo r th is  co m p o u n d . H o w e v e r, i t  w a s  fo u n d  la te r  

th a t D M -P -C D  cau sed  th e  re lea se  o f  m an y  m em b ran e  an d  c e llu la r  c o m p o n e n ts  su ch  

as p h o sp h o lip id s , en zy m es  an d  p ro te in s  (S hao  e t a l., 1992). T h e se  re se a rc h e rs  a lso  

fo u n d  th a t h y d ro x y p ro p y l-P "  cy c lo d ex trin  (H P -P -C D ), a n o th e r d e r iv a tiv e , w a s  th e  

le a s t m e m b ra n e  d am ag in g . H o w ev e r, i t s 'a b s o r p t io n  e n h a n c in g  e ffe c t w a s  a lso  

m in im a l (V e rh o e f  e t ah , 1994). D M -P -C D  also  sh o w s, to  so m e  e x te n t d e p e n d in g  on  

c o n c e n tra tio n  (1-5  % ), d am ag es  to  th e  c ilia ry  sy stem  o f  c h ic k e n  e m b ry o  trach ea , 

a lth o u g h  its  c ilio s ta tic  p o te n c y  is m u c h  less th an  th a t fo u n d  fo r  S T D H F  (0 .5  % ), L P C  

(0 .5  % ) a n d  b ile  sa lts  su ch  as d eo x y ch o la te  (0 .2  % ), g ly c o c h o la te  (1 .5  % ) and  

ta u ro c h o la te  (1 .3  % ) (M erk u s  e t ah , 1993). T h e re fo re , th e  lo n g  te rm  c lin ic a l u se  o f  

D M -P -C D  as a  p o te n t ab so rp tio n  e n h an ce r in  nasa l p ep tid e  fo rm u la tio n s  a p p e a rs  to  be  

q u es tio n ab le  an d  m o re  s tu d ies  are n eed ed  to  v e rify  its  sa fe ty  p ro file s .

R ecen tly , a c y lc a m itin e s , en d o g en o u s  am in o  ac id -lik e  c o m p o u n d s , w h ic h  p lay  

a  k ey  ro le  in  th e  m ito c h o n d ria  tra n sp o rt sy s tem  in  ce lls  b y  c a rry in g  fa tty  ac id s  ac ro ss



18

th e  m ito c h o n d ria  m em b ran e  h av e  b e e n  su g g es ted  as  n asa l a b so rp tio n  o f  p e p tid e s  is 

m ice lle  fo rm a tio n . A c y lc a m itin e s  w ith  a  fa tty  ac id  c h a in  le n g th  le ss  th a n  12 ca rb o n s 

w ere  e sse n tia lly  in e ffec tiv e  in  e n h a n c in g  d ru g  ab so rp tio n  fro m  th e  re c tu m  o f  ra ts , 

w h e rea s  a c y lc a m itin e s  w ith  a  c h a in  len g th  o f  12-18 c a rb o n  u n its  s ig n ifican tly  

in c rea sed  th e  b io a v a ila b ility  o f  so d iu m  ce fo x itin  (fro m  2 %  to  an  av e rag e  o f  60% ) 

(L eC lu y se , A p p e l an d  S u tto n , 1991). T h e  12 ca rb o n s  lau ro y lc a m itin e  ch lo rid e  w as 

fo u n d  to  be  th e  s tro n g e s t e n h a n c e r am o n g  a c y lc a m itin e s  an d  it h ad  th e  s tro n g est 

en h an c in g  e ffe c t fo r sC T  n a sa l ab so rp tio n  in  ra t a t th e  c o n c e n tra tio n  o f  0 .1%  

(K ag a tan i e t ah , 1996). H o w ev e r, m o re  s tu d ies  ab o u t th e  to x ic ity  o f  L C C  o n  th e  n asa l 

m em b ran e  are  n eed ed  b e fo re  it can  b e  u se d  in  lo n g  te rm  c lin ica l se ttin g .

Chitosan as potential nasal absorption enhancer of peptides

C h ito sa n  is a  p o ly m e r o b ta in e d  fro m  d eac e ty la tio n  o f  ch itin , a  n a tu ra lly -  

o c c u rrin g  s tru c tu ra l p o ly m e r a b u n d a n t in  c rab  an d  sh rim p  sh e lls . C h ito san , o r  p a r tia lly  

N -d e a c e ty la te d  ch itin , is a  c a tio n ic  p o ly sa c c h a rid e  w ith  lin e a r c h a in  c o n s is tin g  o f  tw o  

m o n o sa c c h a rid e s , i.e . N -a c e ty l-D -g lu c o sa m in e  an d  D -g lu c o sa m in e , jo in in g  to g e th e r  

by  (3 -(l,4 )-g ly co sid ic  lin k ag e . T h e  g re a te r  th e  e x te n t o f  d eace ty la tio n , th e  sm a lle r  is 

th e  p ro p o rtio n  o f  N -a c e ty l-D -g lu c o sa m in e  in  th e  p o ly m e r chain . F ig u re  2 sh o w s th e  

ch em ica l s tru c tu re s  o f  c h itin  an d  ch ito san . S ince  c h itin  an d  c h ito sa n  a re  o b ta in ed  

fro m  crab  an d  sh rim p  sh e lls  w h ic h  a re  th e  w as te  p ro d u c ts  o f  T h a ila n d ’s m arin e  fo o d  

in d u s try  an d  can  b e  m a n u fa c tu re d  an d  p u rif ie d  in  la rg e  sca le , an y  re se a rc h  a ttem p t to  

in c rea se  th e  a p p lic a b ility  o f  ch ito sa n  is a lw ay s h ig h ly  a ttrac tiv e .

T h ere  are  sev e ra l p h a rm aceu tica l ap p lica tio n s  o f  c h ito san . F o r ex am p le , it has 

b een  u sed  as a  p h a rm a c e u tica l e x c ip ie n t to  in c rease  w a te r  so lu b ility  o f  sev e ra l o ra l
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Chitin

F ig u re  2 C h e m ic a l s tru c tu re s  o f  c h itin  an d  c h ito sa n
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drug  fo rm u la tio n s  (Im ai e t a l., 1991). It h as  a lso  b een  u sed  as  p o ly m e r  m a trix  in  

th e su s ta in e d  re le a se  d ru g  p re p a ra tio n s  (M iy azak i e t a l., 1988). B e in g  a  su b s ta n c e  o f  

n a tu ra l o r ig in  w ith  b io co m p a tib ility , ch ito san  has fo u n d  m a n y  a p p lic a tio n s  in  o th e r 

areas su ch  as fo o d  an d  co sm etic  in d u strie s . R ecen tly , A rtu rs so n  e t al. (1 9 9 4 ) h av e  

s tu d ied  th e  e ffec ts  o f  ch ito san  o n  th e  tra n sp o rt o f  w a te r-so lu b le  m o le c u le s  ac ro ss  th e  

cu ltu red  m o n o la y e r  o f  in te s tin a l ep ith e lia l can ce r ce lls  (C aco -2  ce lls )  g ro w n  in v itro . 
T h ey  fo u n d  th a t ch ito san  s ig n ific an tly  in c rea sed  th e  p e rm e a b ility  o f  th e se  ce lls . T h ey  

a lso  p o s tu la te d  th a t  c h ito sa n  m ay  reac t w ith  th e  p ro te in  o f  th e  c e llu la r  tig h t ju n c tio n s , 

lead in g  to  th e  o p e n in g  o f  th e  tig h t ju n c tio n  an d  su b se q u e n t p a s sa g e  o f  h y d ro p h ilic  

m a c ro m o lecu le s  th ro u g h  th e  p a ra c e llu la r  p a th w ay . In  th e  sam e  y ea r, I liu m ,F a rra j and  

D av is(1 9 9 4 ) s tu d ie d  th e  n asa l a d m in is tra tio n  o f  in su lin  in  sh eep  an d  ra ts  w ith  an d  

w ith o u t ch ito san . T h ey  fo u n d  th a t in c lu s io n  o f  ch ito sa n  a t c o n c e n tra tio n s  fro m  0.1 to  

1.0 %  w /v  in  th e  n asa l in su lin  so lu tio n s  co u ld  s ig n ific a n tly  e n h a n c e  th e  nasa l 

ab so rp tio n  o f  th is  p ep tid e  o v er th e  co n tro l g ro u p  (n asa l in su lin  w ith o u t ch ito san ). 

R ecen tly , S ah a m e th a p a t(1 9 9 6 ) fo u n d  th a t  C S  J  (0 .1 -0 .5 %  a t p H  4 .0 ) an d  C S  G  (0 .1 - 

0 .5 %  a t p H  6 .0 )w ere  h ig h ly  e ffe c tiv e  in  en h an c in g  n a sa l a b so rp tio n  o f  [D -A rg 2]- 

K y o to rp h in  an d  at c o n c e n tra tio n  o f  0 .1 %  b o th  ch ito san s  sh o w ed  v e ry  sm a ll irr ita tin g  

e ffec ts  o n  th e  ra t n a sa l m u co sa  as ju d g e d  fro m  th e  e x te n t o f  m u c o sa l p ro te in  and  

p h o sp h o ru s  re lease . A fte rw a rd s , S in sw a t (1 9 9 7 ) fo u n d  th a t l% w /v  C S  J an d  C S  G  

co u ld  in c rea se  b y  tw o -fo ld  th e  ra t n asa l sy s tem ic  b io a v a ila b ility  o f  sC T  re la tiv e  to  th a t 

o f  co n tro l g roup . T h ese  p re lim in a ry  re su lts  in d ica ted  th e  p o te n tia l a p p lic a tio n  o f  

ch ito sa n  as a b so rp tio n  e n h an ce r o f  p o o rly  ab so rb ed  d ru g s  lik e  p e p tid e s . H o w ev e r, 

v e ry  fe w  in fo rm a tio n  is av a ilab le  w ith  re sp ec t to  its  sa fe ty  an d  e ffic acy . It is 

in te re s tin g  to  k n o w  i f  ch ito san  co u ld  en h an ce  nasa l a b so rp tio n  o f  o th e r  p e p tid e s  ap art 

fro m  th e  co m m o n ly  s tu d ied  in su lin . M o reo v e r, its sa fe ty  p ro f ile s  w ith  re sp e c t to  th e  

m em b ran e  d a m a g in g  e ffec ts  n eed  to  be e s tab lish ed  as w e ll as  its  p o ss ib le  m e c h a n ism s
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o f  a b so rp tio n  en h an cem en t. T h e  p rim a ry  p u rp o se  o f  th is  re se a rc h  p ro je c t is to  fu rth e r 

c h a rac te riz e  ch ito sa n  in  te rm s o f  its  sa fe ty  and  e fficacy .

H o w ev e r, th e  e ff ic acy  an d  sa fe ty  o f  n asa l a b so rp tio n  en h a n c e rs  h av e  b een  

s tu d ied  m o s tly  in  an im a l m o d e ls . T h e re  a re  g rea t an a to m ic  d iffe re n ce s  in  th e  n asa l 

tis su e s  b e tw een  sm all lab o ra to ry  an im a ls  an d  h u m an s . T h e re fo re , i t  is  d iff ic u lt to  

ex tra p o la te  th e  re su lts  o b ta in ed  fro m  a  p a r tic u la r  an im a l s tu d y  to  m an . A n d  it is 

ad v ised  to  p e rfo rm  h u m a n  e x p e rim en ts  a t an  e a rly  s tag e  in  th e  d e v e lo p m e n t o f  n asa l 

d rug  fo rm u la tio n s . A n im a l s tu d ies  w ill th e n  re m a in  u se fu l fo r  a  f irs t  sc re e n in g  o f  th e  

e ff ic acy  an d  sa fe ty  o f  n a sa l d ru g  fo rm u la tio n s  as  w e ll as  fo r  th e  su b se q u e n t 

o p tim iz a tio n  o f  th e  fo rm u la tio n s  o n ce  th e  e ffec tiv en ess  in  m a n  h a s  b e e n  e s ta b lish e d  

(M erk u s  e t ah , 1993).

T h e re  a re  m a n y  ap p ro ach es  to  id en tify in g  th e  to x ic  p o te n tia l o f  n asa l 

fo rm u la tio n s . S h o rt- te rm  te s ts  h av e  d is tin c t d isa d v a n ta g e s  w h e n  c o m p a re d  to  re p e a te d  

d o se  s tu d ies . H o w e v e r  th e y  c a n  p ro v id e  a  b a s is  fo r  ea rly  d e c is io n s  ab o u t in tran asa l 

fo rm u la tio n s . T h e  to x ic ity  o f  n asa l a b so rp tio n  e n h an ce rs  h a s  b e e n  e s tim a te d  in  re c e n t 

y ea rs  b y  m e a su rin g  th e ir  e ffec t on  th e  m u c o c illia ry  tra n sp o rt ra te , n a sa l m o rp h o lo g y , 

c ilia ry  b e a t freq u en cy , sacch a rin  c lea ran ce  te s t an d  b io c h e m ic a l ev a lu a tio n  (A sp d e n  et 

ah , 1995; E n n is , B o rd en  an d  L ee, 1990; S c h ip p e r ,V e rh o e f  an d  M erk u s , 1991; A sp d e n  

e t al. 1997; S hao  an d  M itra , 1992 ).

M u co c ilia ry  tra n sp o r t ra te
T h e  p o te n tia l to x ic ity  o f  so m e a b so rp tio n  en h a n c e rs  h a s  b e e n  te s te d  w ith  th e  

fro g  p a la te  m o d e l, m easu rin g  th e  m u c o c ilia ry  tra n sp o r t ra te  b e fo re  an d  a fte r 

ap p lic a tio n  o f  an  a b so rp tio n  e n h an ce r fo rm u la tio n  (G iz u ra rso n  e t ah , 1990).
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N a sa l m o rp h o lo g y
S ev era l re se a rc h  g ro u p s h av e  in v e s tig a te d  in  an im a l tissu e s  th e  h is to lo g ica l 

e ffec ts  o f  a b so rp tio n  en h an ce rs , su ch  as  d eo x y c h o la te  (H ersey  an d  Jack so n , 1987), 

lau re th -9  (C h an d le r , I liu m  an d  T h o m as , 1991b), c y c lo d e x trin  (G ill e t ah , 1994) on  the  

nasa l m o rp h o lo g y . U sin g  d iffe re n t c o n ta c t tim es  w ith  th e  n asa l e p ith e liu m  all th ese  

en h an ce rs  w e re  re p o rte d  to  cau se  m o re  o r less sev ere  ep ith e lia l d is ru p tio n . T h e  

scan n in g  e le c tro n  m ic ro sc o p y  w as u se d  to  ch a ra c te riz e  g ro ss s tru c tu ra l an d  ce llu la r  

ch an g es. F o llo w in g  d iffe re n t tim es  ex p o su re  to  th e  en h an ce rs , m ic ro g ra p h s  o f  th e  

n asa l tis su e s  w e re  e v a lu a te d  m a in ly  fo r  su rface  in teg rity , c ilia ry  m o rp h o lo g y , and  

m u cu s  e x tra c e llu la r  d eb ris  ( E n n is  e t ah , 1990).

F o r  ex am p le , in  a  s tu d y  by  Iliu m  e t ah  1994 , it w as  fo u n d  th a t  e x p o su re  o f  th e  

ra t n asa l m u c o sa  to  a  c h ito sa n  so lu tio n  a t a  c o n c e n tra tio n  o f  0.5 %  o v e r a  p e r io d  o f  60 

m in u tes  fa iled  to  cau se  an y  s ig n if ic a n t ch an g e  in  th e  m o rp h o lo g y  o f  th e  m u c o sa  as 

co m p ared  to  th e  co n tro l, in d ic a tin g  a  p o te n tia l sa fe ty  o f  th is  n o v e l c la ss  o f  a b so rp tio n  

en h an ce rs . F u rth e rm o re , S a h a m e th a p a t (1 9 9 6 ) a lso  fo u n d  th a t d a ily  n asa l 

a d m in is tra tio n  o f  in ta c t r a ts ’ n o s tr ils  fo r  2  w eek s  cau sed  o n ly  m ild  to  m o d e ra te  

irr ita tio n  to  th e  n a sa l m u co sa , w ith  th e  m o s t p re v a le n t e ffec ts  b e in g  ju s t  m u cu s 

h y p e rse c re tio n  an d  in c rea se  in  g o b le t ce ll ac tiv ity .

C ilia ry  B ea t F req u en cy  (CBF)
C ilia ry  b e a tin g  is  th e  m o s t im p o rta n t p a ra m e te r  in  n asa l m u c o c ilia ry  c lea ran ce . 

It sh o u ld  n o t b e  h a m p e re d  b y  n a sa lly  a d m in is te red  d ru g s  an d  ad d itiv e s  su ch  as 

p re se rv a tiv e s  an d  a b so rp tio n  e n h an ce rs  (M erk u s  e t ah , 1993). C ilia ry  b e a t fre q u e n c y  

m e a su re m e n ts  w ere  p e rfo rm e d  on  c ilia ted  tis su e s  o f  ch ic k e n  em b ry o  tra c h e a  o r 

h u m an  a d e n o id  tis su e  w ith  a  p h o to e le c tr ic  re g is tra tio n  dev ice . (D o n k , Z u id e m a  an d  

M erk u s , 1982). H o w e v e r, th e  in h ib ito ry  e ffe c t o f  ab so rp tio n  e n h an ce rs  o n  th e  C B F
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in v itro  is  m u c h  m o re  p ro n o u n c e d  th a n  th a t in vivo. In v itro , th e  c ilia te d  tis su e  is 

d irec tly  e x p o se d  to  th e  c o m p o u n d s  in v estig a ted , w h e rea s  in v ivo  th e  c ilia  are  

p ro tec ted  b y  th e  m u c u s  layer. M o re o v e r, u n d e r th e  in v ivo  co n d itio n s  th e  n a sa lly  

a d m in is te red  d ru g s  w ill b e  d ilu ted  b y  th e  m u cu s and  su b seq u en tly  e lim in a te d  b y  th e  

m u co c ilia ry  c le a ran ce  (M erk u s  e t a l., 1993).

S acch arin  c lea ra n ce  te s t
In  1989 , L io te  e t al. sh o w ed  th a t n asa l m u co c ilia ry  tra n sp o r t t im e , as 

d e te rm in e d  b y  a  sa c c h a rin  c le a ran ce  te s t, co rre la ted  to  tra n sp o rt ra te s  o f  n a sa l m u cu s  

b u t n o t to  c ilia ry  b e a t fre q u e n c y  (C B F ) in  h ea lth y  h u m a n  v o lu n tee rs . C lea ran ce  ra te s  

w ere  a sse sse d  b y  a  s ta n d a rd  sa c c h a rin  ta s te  test. T h e  sacch arin  c le a ran ce  te s t is  a  

n o n in v as iv e  te s t th a t in v o lv e s  a d m in is te r in g  a  sm all p iece  o f  a  sa c c h a rin  ta b le t to  one  

n o s tr il an d  re c o rd in g  th e  tim e  ta k e n  fo r  th e  v o lu n te e r  to  ta s te  th e  sw e e tn e ss  o f  th e  

sacch arin . T h e  a d v a n ta g e s  o f  th e  sa c c h a rin  c lea ran ce  te s t as  a n  in d ic a to r  o f  

m u c o c ilia ry  tra n sp o r t ra te s  (M T R ) in c lu d e  its  s im p lic ity  an d  re la tiv e  in e x p e n s iv e n e ss , 

w h ic h  m ak e  it  a  ro u te in ly  u se d  an d  p o p u la r  p ro ced u re  in  rh in o lo g y  c lin ic s . T h e  te s t 

h as  p re v io u s ly  b e e n  sh o w n  to  g iv e  re su lts  s im ila r  to  th o se  o b ta in ed  u s in g  ra d io la b e le d  

p a rtic le s  an d  g a m m a  sc in tig rap h y . F o r ex am p le , in  1997, A sp d en  e t al. sh o w e d  th a t  a 

on ce  d a ily  n a sa l a p p lic a tio n  o f  a  0 .25  %  so lu tio n  o f  th e  ch ito sa n  fo r 7 d ay s  h a d  no  

e ffec t o n  sa c c h a rin  c lea ran ce .

B io ch em ica l eva lu a tio n s
A  b io c h e m ic a l a p p ro a c h  h a s  b e e n  d ev e lo p ed  by  S hao  an d  M itra  (1 9 9 2 ) and  

S hao  e t a l.(1 9 9 2 ) to  a sse ss  to x ic ity  to  th e  n asa l m em b ran e  b y  v a r io u s  g ro u p s  o f  

ab so rp tio n  en h an ce rs . T o ta l p ro te in , p h o sp h o ru s , lip id  p h o sp h o ru s , n a sa l m em b ran e - 

b o u n d  an d  in tra c e llu la r  en z y m e  re le a se s  h av e  b een  ex am in ed  to  p ro v id e  a  w id e  ran g e  

o f  in fo rm a tio n  c o n c e rn in g  th e  ex ten t o f  n asa l irrita tio n  o r ep ith e lia l ce ll d am ag e . T he
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ex ten t o f  re lea se  o f  to ta l p ro te in  an d  th e  en zy m es, lac ta te  d eh y d ro g e n a se  (L D H ) and  

5 ’-n u c le o tid a se  (5 ’-N D ), in d ica te s  d irec tly  th e  ex ten t o f  d am ag e  su s ta in e d  b y  th e  

nasa l m u co sa . M e m b ra n e -b o u n d  5 ’-N D  re lease  in  th e  n a sa l p e rfu sa te  g iv es  an  

in d ic a tio n  o f  th e  lev e l o f  m em b ran e  p e rtu rb a tio n  w h ile  L D H , b e in g  a  cy to so lic  

en zy m e , in d ica te s  th e  a m o u n t o f  ce ll leach in g  an d  /  o r ly s is  th e re b y  p ro v id in g  

ad d itio n a l in fo rm a tio n  ab o u t th e  in tra c e llu la r  d am ag e  su s ta in ed  b y  th e  n a sa l m u co sa . 

T h e  to ta l p ro te in  re le a se  d a ta  a lth o u g h  n o t v e ry  sp ec ific  in  th e  ty p e  o f  d am ag e , 

p ro v id e  a  g en e ra l in d ic a tio n  ab o u t th e  ex te n t o f  irrita tio n . In  ad d itio n , th e  re v e rs ib ility  

o f  p e rm e a b ility  e n h a n c e m e n t can  b e  a sse ssed  by  m e a su rin g  th e  re le a se  o f  b io c h e m ic a l 

m a rk e r(s )  fro m  e p ith e liu m  b e fo re  and  a fte r rem o v a l o f  th e  a b so rp tio n  e n h a n c e r  

(S w en so n , M ilis e n  an d  C u ra to lo , 1994).

S in ce  la rg e  in te rsp e c ie s  d iffe re n ce s  ap p e a r to  e x is t in  th e  n a sa l a b so rp tio n  o f  

d ru g s , n a sa l a b so rp tio n  e n h a n c e rs , m ay  d iffe r su b s tan tia lly  in  th e ir  e f f ic a c y  an d  sa fe ty  

(M erk u s  e t a l., 1993). T h e  a b so rp tio n  en h an ce rs  w h ic h  h a v e  b e e n  te s te d  fo r e ff ic acy  

an d  sa fe ty  in  an im a ls  sh o u ld  a lso  be  te s ted  in  h u m an s. In  th is  s tu d y , th e  e ff ic acy  

c h ito san , to g e th e r  w ith  o th e r  n a sa l ab so rp tio n  en h an ce rs  w e re  th e re fo re  e v a lu a te d  in  

h u m a n  v o lu n te e rs  u s in g  sC T  as a  m o d e l d rug .

Salmon calcitonin as  model drug for in  v ivo  nasal administration

S a lm o n  c a lc ito n in  (sC T ) h as  b e e n  ch o sen  as a  m o d e l p o ly p e p tid e  in  th is  s tudy  

fo r tw o  reaso n s . F irs t o f  all, th is  p ep tid e  is one  o f  th e  m o s t w id e ly  s tu d ie d  p e p tid e  

d ru g s  fo r p o ss ib le  a b so rp tio n  th ro u g h  a lte rn a tiv e  ro u tes , p a r tic u la r ly  th e  n a sa l rou te . 

A p p ro x im a te  c o m p a riso n  b e tw e e n  th e  re su lts  o b ta in ed  in  th is  s tu d y  a n d  o th e r  re p o rte d  

re su lts  w o u ld  b e  p o ss ib le . S eco n d ly , im p ro v ed  m e th o d s  o f  sC T  d e liv e ry  co u ld  

s ig n ific an tly  fac ilita te  th e  tre a tm e n t o f  P a g e t’s d isease , h y p e rc a lc em ia , o s te o p o ro s is
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and  p o s tm en o p au sa l d iso rd ers . sC T  is a  s tra ig h t-c h a in e d  p o ly p e p tid e  c o m p o sed  o f  

th ir ty -tw o  am in o  ac id s, an d  is p ro d u c e d  sy n th e tic a lly . T h e  h o rm o n e  is jo in e d  a t 

p o s itio n s  o n e  an d  sev en  b y  d isu lf id e  lin k ag e  an d  co n ta in s  a  p ro lin e  am id e  a t p o s itio n s  

th irty -tw o  (F ig u re  3). T h e  stru c tu re  o f  sC T  w h ic h  is o b ta in ed  fro m  sa lm o n  d iffe rs  

s ig n ific an tly  fro m  h u m an  and  b o v in e  ca lc ito n in  th ro u g h o u t th e  ch a in . T h is  p ro b ab ly  

acco u n ts  fo r sa lm o n  c a lc ito n in ’s g rea te r  p o te n c y  an d  s tab ility . A ll th e  th irty -tw o  

am in o  ac id s  are  im p o rtan t fo r ac tiv ity , as  m a n ip u la tio n  o f  th e  a rra n g e m en t an d  stu d ies  

w ith  iso la ted  p o rtio n s  o f  th e  ch a in  re su lte d  in  re d u c e d  ac tiv ity . T h e  p o te n c y  o f  sC T  is 

ex p re ssed  in  In te rn a tio n a l U n its  (IU ), w h ich  a re  eq u a l to  M ed ica l R e se a rc h  C o u n c il 

U n its  (M R C  U n its). O ne u n it co rre sp o n d s  to  0 .2  p g  o f  th e  p u re  p ep tid e . A  p o ly p ep tid e  

co n ta in in g  th e  32  am in o  ac id s  in  th e  sam e  seq u en ce  as in  sC T  h a s  b e e n  sy n th es ized  

and  is co m m erc ia lly  av a ilab le  in  s te rile  an d  ly o p h iliz e d  fo rm .

D esc rip tio n

W h ite , f lu ffy  p o w d e r; ly o p h iliz ed

P h y s ico ch em ica l ch a rac te ris tic s  

M o le c u la r  w e ig h t : 3431 .88

S o lu b ility  ะ V ery  so lu b le  in  w a te r  ; s lig h tly  so lu b le  in  a lco h o l an d  in so lu b le

in ch lo ro fo rm , e th e r

M e c h a n ism  o f  a c tio n

H y p e rc a lc em ia  ะ sC T  has b een  sh o w n  to  e ffec tiv e ly  lo w e r se ru m  ca lc iu m  

c o n cen tra tio n s  in  h y p e rca lcém ie  p a tie n ts  w ith  ca rc in o m a , m u ltip le  m y e lo m a , o r, to  a  

le sse r d eg ree , p rim ary  h y p e rp a ra th y ro id ism . T w o  m e c h a n ism s h av e  b e e n  p ro p o se d  

w h ereb y  ca lc ito n in  ex e rts  its h y p o ca lcém ie  e ffec ts . T h e  p rim ary  ac tio n  is th ro u g h  an  

in h ib itio n  o f  b o n e  re so rp tio n , a  rap id ly  o ccu rrin g  p ro c e ss  d u rin g  th e  ac tiv e  s tag es  o f
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P a g e t’s d isease . It cau ses  a  d o w n w a rd  sh ift in  th e  n u m b er o f  o s teo c la s ts  fo rm ed  

(o s teo c la s ts  a re  e lev a ted  d u rin g  b o n e  re so rp tio n ) in  fav o r o f  an  in c rease  in  o s teo b la s t 

p ro d u c tio n  (o s teo b la s ts  are  e le v a te d  d u rin g  b o n e  fo rm atio n ) le ad in g  to  a  g rea te r bone  

su rface  a rea  w ith  a  reap p e a ra n c e  o f  n o rm a l h is to lo g ic a l s tru c tu re  (B ro d ie r, 1974). A  

seco n d a ry  ac tio n  o ccu rs  th ro u g h  an  in h ib itio n  o f  th e  tu b u la r  re a b so rp tio n  o f  b o th  

ca lc iu m  an d  p h o sp h o ru s  re su ltin g  in  in itia l h y p e rc a lc iu ria  an d  h y p e rp h o sp h o u ria .

P a g e t’s d isea se  o f  b o n e  ะ sC T  is  e ffec tiv e  in  th e  tre a tm e n t o f  P a g e t’s d isease . 

T h is  d isea se  is  c o m m o n ly  fo u n d  in  ax ia l sk e le to n , b u t m ay  in v o lv e  an y  bo n e . T h e  

ea rlie s t p a th o lo g y  le s io n  ap p ea rs  to  b e  an  in c rea se  in  o s teo b la s tic  b o n e  re so rp tio n . 

T h is  in  tu rn  is fo llo w e d  b y  a co m p e n sa to ry  in c rea se  in  o s teo b la s tic  ac tiv ity . T h e  

re su ltan t c lin ica l sy m p to m s in c lu d e  b o n e  p a in  a t th e  s ite  o f  les io n , in c rea sed  sk in  

tem p e ra tu re  o v e r th e  a ffec ted  a re a  d u e  to  an  in c rea sed  v a sc u la rity  o f  a ffec ted  b o n e  

an d  an  in c rea se  in  th e  in c id en ce  o f  frac tu res . C a lc ito n in  red u ces  th e  ra te  o f  b o n e  

tu rn o v e r, p o ss ib ly  b y  a n  in itia l b lo c k in g  o f  b o n e  re so rp tio n , re su ltin g  in  d e c rea ses  in  

se ru m  a lk a lin e p h o sp h a ta se  (re fle c tin g  in c re a se d  b o n e  fo rm a tio n  ) an d  d ec rea se  in  

u rin a ry  h y d ro x y p ro lin e  ex c re tio n  (re fle c tin g  d ec rea sed  b o n e  re so rp tio n , i.e ., 

b re a k d o w n  o f  co llag en ).

O steo p o ro s is , p o s tm e n o p a u sa l : sC T  m ay  be  u sed  in  c o n ju n c tio n  w ith

ad eq u a te  ca lc iu m  an d  v itam in  D  in tak e  in  th e  m an a g e m e n t o f  p o s tm en o p au sa l 

o s teo p o ro s is  to  p re v e n t p ro g re ss iv e  lo ss  o f  b o n e  m ass. T h e  ev id en ce  o f  e ff ic acy  w a s  

b a sed  o n  in c rea se s  in  to ta l b o d y  ca lc iu m . S p ec ific  th e ra p e u tic  e ffec ts  (e .g ., th e  e ffec t 

o f  th e  d ru g  o n  fra c tu re  ra te s ) re m a in  to  be  fu lly  ev a lu a ted . sC T  a lo n e  ap p ea rs  to  be  

in e ffec tiv e  in  th e  m a n a g e m e n t o f  o s teo p o ro sis .
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A d v erse  E ffec ts

A d v e rse  e ffe c ts  o f  n a sa l sa lm o n  ca lc ito n in  h av e  in c lu d ed  fac ia l f lu sh in g , h o t 

flash es, n asa l in to le ra n c e  ( s tin g in g , rh in itis , rh in o rrh ea , n asa l d ry n ess , ép is ta x is ) , 

back  p a in , a rth ra lg ia , n au sea , h y p o te n s io n  and  a lle rg ic  re ac tio n s(K u ro se  e t ah , 1987). 

A d v erse  e ffec ts , p a r tic u la r ly  f lu sh in g  an d  n au sea , o ften  le ssen  o r d isap p eae  w ith  

co n tin u ed  th e ra p y  ( G ag e l e t a l . ,1988). O th e r c o m m o n  s id e  e ffec ts  in c lu d e  in f lu e n z a ­

like  sy m p to m s, fa tig u e , rash , m y a lg ia , a rth ro sis , b ro n ch o sp asm , h y p e rte n s io n , an g in a  

p ec to ris , d y sp ep s ia , c o n s tip a tio n , ab d o m in a l p a in , d ia rrh ea , cy s titis , d izz in e ss , 

p a res th esia , ab n o rm a l la c rim a tio n , co n ju n c tiv itis , ly m p h ad en o p a th y , an d  d e p re ss io n  

(O v erg aa rd  e t ah , 1994).

A lte rn a tio n s  in  n a sa l m u c o sa  o r  tra n s ie n t n asa l co n d itio n s  (e .g ., n a sa l c ru s ts , 

d ry n ess , re d n e ss  o r  e ry th em a , n a sa l so res , irr ita tio n , itch in g , “th ic k  fe e lin g ,”  so ren ess , 

p a llo r, in fec tio n , s ten o s is , ru n n y /b lo c k e d  p a ssag es , sm all w o u n d s , b le e d in g  w o u n d s , 

ten d e rn ess , u n c o m fo rta b le  fee lin g , an d  so ren ess  ac ro ss  b rid g e  o f  n o se ) h a v e  o cc u rre d  

in  b o th  p a tie n ts  tre a te d  w ith  p la c e b o  an d  p a tie n ts  re c e iv in g  ac tiv e  d ru g  th e ra p y . T h e  

m o st fre q u e n t p ro b le m s  h av e  b e e n  r h in i t i s '(1 2 % ), ep is tax is (3 .5 % ), s in u s itis (2 .3 % ), 

and  iso la te d  n a sa l u lce ra tio n s . R e p e a te d  rh in o sco p y  in  100 p o s tm e n o p a u sa l w o m e n  

trea ted  w ith  n a sa l sa lm o n  c a lc ito n in  re v e a le d  th a t th e  d ru g  is w e ll to le ra ted . T h e  o n ly  

ab n o rm al f in d in g  w as a  d iffu se  m u co sa l h y p e re m ia  o f  m ild  to  m o d e ra te  in te n s ity  in  

11 p a tie n ts  (F o ti e t ah , 1995).

B io assay , P re p a ra tio n s  an d  D o sag e

B io assay  o f  ca lc ito n in  p re p a ra tio n s  is p e rfo rm ed  by  a sse ss in g  th e ir  ab ility  to  

lo w er th e  p la sm a  c o n c e n tra tio n  o f  c a lc iu m  in  rat. S a lm o n  c a lc ito n in  is  a v a ila b le  fo r 

c lin ica l u se  as C alc im ar® or M iacalc ic® , a  sy n th e tic  p re p a ra tio n  su p p lie d  in  v ia ls  

co n ta in in g  50 o r 100 I.บ . p e r  m ililite r. T h e  reco m m en d ed  d o sag e  (ad m in is te re d
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in tran asa lly ) is  2 0 0 -4 0 0  IU  d a ily  in  sev e ra l d iv id ed  d o ses  fo r h y p e rc a lc e m ia  a n d  an  

in itia l d o se  o f  200  IU  tw ice  d a ily  is u sed  fo r P a g e t’s d isease .
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H 2N  - è y s  - S e r  - A sn  - L e u  - S e r  - T h r  - d y s  - V a l - L e u  - G ly  - L y s
1 2 3 4 5 6 7- 8 9 10 11

- P r o T y r - T h r - G lu L eu L y s - H i s - L eu  - G lu - G l u - S e r L e u  -23 22 21 20 19 18 17 16 15 14 13 12

- A rg - T h r - A sn  - T h r- G ly S e r - G ly - T h r - P ro - c o n h 2
24 25 26 27 28 29 30 31 32

F ig u re  3 A m in o  ac id  se q u en ce  o f  sa lm o n  c a lc ito n in
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