
CHAPTER III
EXPERIMENTAL METHODOLOGY

The research project was divided into two major sections

I. S tu d ie s  to  d e te rm in e  th e  re v e rs ib le  e ffe c t o f  th e  e n h an ce rs  o n  th e  n a sa l m em b ran e  

in teg rity  fo llo w in g  th e ir  re m o v a l fro m  th e  ra t n a sa l c av ity , u s in g  in s itu  n asa l 

p e rfu s io n  te c h n iq u e .

a) E v a lu a tio n  o f  m e m b ra n e  p e rm e a b ility  to  [D -A rg 2] -K y o to rp h in  in  th e  

p re se n c e  an d  a f te r  re m o v a l o f  th e  en h an ce rs .

b ) E v a lu a tio n  o f  L D H  a c tiv ity  re le a se d  fro m  th e  n a sa l m u c o sa  in  th e  p re se n c e  

an d  a f te r  re m o v a l o f  th e  e n h a n c e rs .

II. S tu d y  to  c o iifn m  th e  e f f ic a c y  o f  th e  e n h a n c e rs  se lec ted  fro m  I in  im p ro v in g  th e  

n a sa l a b so rp tio n  o f  sC T  in  h e a lth y  v o lu n tee rs .

MATERIALS:

C h ito sa n  J  (C S  J) =  C h ito sa n  fre e  a m in e , K y o w a  T e c h n o s  C o ., L td ., Jap an .

C h ito sa n  G  (C S  G ) =  C h ito sa n  g lu ta m a te  sa lt  (S eacu re  G  2 1 0 + ), L o t N o . 2 0 6 -4 0 9 -0 3 , 

P ro n o v a  B io p o ly m e r, D ra m m e n , N o rw a y .

D L -L a u ro y lc a m itin e  c h lo r id e , L o t N o . 3 8 F 5 0 4 9 , S ig m a  C h e m ic a ls  C o ., S t. L o u is , 

U S A .

Hydroxypropyl-P-cyclodextrin (HP-P-CD), Lot No. 01925 JN, Aldrich Chemical
Company, Inc, USA.
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D im e th y l-P -c y c lo d e x tr in  (D M -(3-C D ), L o t N o . 8 7 H 0 5 2 9 , S ig m a  C h e m ic a ls  C o ., St. 

L o u is , U S A .

[D -A rg 2] -K y o to rp h in  = L -T y r-D -A rg  (ace ta te  sa lt), L o t N o . 4 5 H 1 5 3 7 , S ig m a  

C h e m ic a ls  C o ., S t. L o u is , U S A .

L -P h e n y la la n in e  (L -2 -A m in o -3 -P h e n y lp ro p a n o ic  ac id ), L o t N o . 1 0 4 H 2 6 0 5 , S ig m a  

C h e m ic a ls  C o ., S t. L o u is , U S A .

M iacalc ic®  (sy n th e tic  s a lm o n  ca lc ito n in ), L o t N o . 037  M F D 0 6 9 7 , S a n d o z  P h a rm a  

L td , B a s le ,ร พ itz e r la n d  .

A c e to n itr ile  H P L C  g ra d e , F a rm ita lia  C arlo  E rb a , M ilan , Ita ly .

M e th a n o l H P L C  g ra d e , L o t N o . 3 0 4 1 K P D E , L a b sc a n  C o .L td , B an g k o k , T h a ilan d . 

L ac ta te  d e h y d ro g e n a se  e n z y m a tic  a ssay  k it, S ig m a  D ia g n o s tic s , S t. L o u is , U S A . 

S o d iu m  c h lo r id e  A R  g rad e , L o t N o . 4 7 9 6 8 7 , F a rm ita lia  C a rlo  E rb a , M ila n , I ta ly . 

S o d iu m  h y d ro x id e  A R  g rad e , L o t N o . 1 9 2 9 4 D 0 3 6 , B D H  L a b o ra to r ie s  S u p p lie s , 

P o o le , E n g la n d .

S o d iu m  a c e ta te  tr ih y d ra te  A R  g rad e , L o t N o . 3 0 6 T A 4 0 4 6 9 5 , E . M e rc k , D a rm sta d t, 

G e rm an y .

C a lc iu m  s ta n d a rd , L o t N o . 0 6 9 1 /1 0 0 , F a rm ita lia  C arlo  E rb a , M ila n , I ta ly . 

EQUIPMENT:

F ra n z  D iffu s io n  C e lls  an d  D iffu s io n  A p p a ra tu s , C ro w n  G la ss  In d u s tr ie s , C a lifo rn ia , 

U S A .

u v  S p e c tro p h o to m e te r , M o d e l 7 8 0 0 , Ja sco  C o rp o ra tio n , T o k y o , Jap an . 

p H  M e te r, M o d e l 4 2 0 A , O rio n  R e se a rc h  O p e ra tio n , B o s to n , M a ssa c h u se tts , U S A . 

A n a ly tic a l B a la n c e , S a r to r iu s  1615 M P , R an g e  3 00  g m  / 1  m g , G o ttin g e n , G e rm an y . 

T h e rm o s ta tte d  C irc u la tin g  W a te r B a th , H e to  In te rM ed , H e to  B irk e ro d , D en m ark . 

V o rte x  M ix e r, M o d e l K -5 5 0 -G E , S c ien tif ic  In d u s tr ie s  In c ., N e w  Y o rk , U S A .
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U ltra so n ic  B a th , M o d e l 3 2 1 0 , B ra n so n  U ltra so n ic  C o rp o ra tio n , D a n b u ry , C o n n e c tic u t, 

U S A .

P e ris ta ltic  p u m p , M in ip u ls  2  G ilso n , V ill ie r ’L e. B e l, F rance .

O sm o m e te r, O sm o m a t 0 3 0 -D , G o n o tec , B erlin , G erm any .

H ig h  P e rfo rm a n c e  L iq u id  C h ro m a to g ra p h  (H P L C )

- C o lu m n  ะ p B o n d a p a k  C l 8, 10 p m , s ta in le ss  s tee l co lu m n , 3 0 0  X 3 .9  m m , W a te rs , 

M A , U S A .

- H P L C  p u m p  ะ L C  -  3 A  (S h im a d z u ® , Jap an ) eq u ip p ed  w ith  v a r ia b le  w a v e le n g th  

u v  d e te c to r  (M o d e l S P D -1 0 A ) an d  co m p u te r so ftw a re  ( A c e rM a te  486 M o d e l 

7 0 3 5 B ).

A to m ic  A b so rp tio n  S p e c tro p h o to m e te r  (A A S ), S p ec trA A  M o d e l 3 0 0P .
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Part I. Studies to determine the reversible effect of the enhancers on the nasal, 
membrane integrity following their removal from the rat nasal cavity, using in 
situ  nasal perfusion technique.

In v e s tig a tio n a l T e c h n iq u e  ะ In situ  R a t N a sa l P e rfu s io n .

T h e  in s itu  n asa l p e rfu s io n  in  ra t m o d e l w a s  u se d  as  a  p r im a ry  m e th o d  o f  

in v e s tig a tio n  d u e  to  its  s im p le  ex p e rim en ta l se tu p  an d  ease  o f  s a m p le  h a n d lin g . I t w as 

f irs t d e v e lo p e d  b y  H ira i e t a l (1 9 8 1 ) an d  su c c e ssfu lly  u se d  b y  m a n y  o th e r  re se a rc h e rs  

to  sc reen  fo r  d ru g s  w ith  p o te n tia l n a sa l ab so rp tio n . W ith  s lig h t m o d if ic a tio n , 

T e n g a m n u a y  an d  M itra  (1 9 9 0 a ) h av e  fo u n d  th is  te c h n iq u e  to  b e  v e ry  u se fu l in  

ev a lu a tin g  th e  e ffe c t o f  n a sa l a b so rp tio n  en h an ce rs  su ch  a s  b ile  s a lt a n d  its  m ix e d  

m ic e lle s  w ith  v a r io u s  fa tty  ac id s. T h e  fo llo w in g  is  th e  d e ta ile d  d e sc r ip tio n  o f  th e  

p e rfu s io n  p ro c e d u re .

M a le  S p ra g u e -D a w le y  ra ts  w e ig h in g  2 5 0 -3 0 0  g w e re  o b ta in e d  f ro m  N a tio n a l 

L a b o ra to ry  A n im a l C en tre , M ah id o l U n iv e rs ity , N a k o m  P a th o m . A fte r  

a n e s th e tiz a tio n  b y  in tra p e r ito n e a l in je c tio n  o f  45  m g /k g  so d iu m  p e n to b a rb ita l .,  an  

in c is io n  w a s  m a d e  a t th e  n e c k  o f  th e  an im a l to  e x p o se  th e  tra c h e a . A  4  cm - 

p o ly e th y le n e  tu b e  w as  in se rte d  ab o u t 1.5 cm  d eep  in to  th e  tra c h e a  to w a rd  th e  lu n g  to  

m a in ta in  re sp ira tio n  d u rin g  th e  ex p e rim en t. T h e  e so p h ag u s  w a s  a lso  c a n n u la te d  w ith  

a n o th e r  s im ila r  p o ly e th y le n e  tu b e  w h ic h  w as in se rted  to w a rd  th e  p o s te r io r  p a r t  o f  th e  

n a sa l c av ity . T h is  c a n n u la  se rv ed  to  in tro d u ce  th e  p e rfu s io n  so lu tio n  in to  th e  n asa l 

cav ity . T h e  n a so p a la tin e  w as sea led  w ith  an  ad h es iv e  a g e n t (E le p h a n t G lue® ) to  

p re v e n t d ra in a g e  o f  th e  d ru g  so lu tio n  fro m  th e  n a sa l c av ity  in to  th e  m o u th . A  fu n n e l 

w a s  th e n  p la c e d  b e tw e e n  th e  n o se  an d  th e  re se rv o ir . R e sp e c tiv e  d ia g ra m s  o f  th e  

su rg e ry  an d  th e  se tu p  o f  th e  in s itu  p e rfu s io n  e x p e rim e n t a re  i l lu s tra te d  in  F ig u re  4 

a n d  F ig u re  5.



34

NASOPAUTlNE

trachea

tongue

F ig u re  4  D ia g ra m  o f  th e  su rg ica l p ro c e d u re  u se d  in  th e  in s itu  an d  in v ivo  
n a sa l a b so rp tio n  stu d ies.



F igure  5 S chem atic  d iagram  o f  th e  in situ  perfusion  o f  the  ra t nasal cavity
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D ru g  so lu tio n  w as p laced  in  a  re se rv o ir  b eak er, w h ic h  w as w a te r  ja c k e te d  at 

37±0.5°c v ia  a  c irc u la tin g  w a te r  ba th . T h e  so lu tio n  w as re c irc u la te d  th ro u g h  th e  ra t 

n a sa l c av ity  b y  m e a n s  o f  a  p e ris ta ltic  p u m p . T h e  ra te  o f  p e rfu s io n  an d  th e  p e rfu sa te  

v o lu m e  w ere  se t a t 2 .0  m l/m in  an d  5 .0  m l, re sp ec tiv e ly  in  a ll ex p e rim en ts . T h ese  are  

th e  v a lu e s  w h ic h  g av e  o p tim a l re su lts  d u rin g  p rev io u s  p e rfu s io n  s tu d ie s  (H u an g  e t ah , 

1985; T e n g a m n u a y  an d  M itra , 1990a). T h e  p e rfu sa te  w a s  c o n s ta n tly  p u m p e d  fro m  

th e  re se rv o ir  th ro u g h  th e  la rg er, 20  cm -lo n g  p o ly e th y le n e  tu b in g  th e  o th e r en d  o f  

w h ic h  w as c o n n e c te d  to  th e  e so p h ag ea l can n u la , f lu sh ed  th ro u g h  th e  n a sa l c av ity , and  

th e n  re tu rn e d  to  th e  re se rv o ir  v ia  th e  n o strils . T h e  c o n c e n tra tio n  o f  th e  d ru g  

re m a in in g  in  th e  p e rfu sa te  w as  an a ly z e d  as  a  fu n c tio n  o f  tim e  to  d e te rm in e  th e  ex ten t 

o f  n asa l ab so rp tio n .

P re p a ra tio n  o f  S am p le  S o lu tio n s

L - T y r - D - A r g  ( [ D -A rg 2 ] -K y o to rp h in  ) w as  se lec ted  as  a  m o d e l p e p tid e  in  

th is  study . It is  an  an a lo g  o f  L - T y r - L - A r g  o r k y o to rp h in , a  n e u ra l d ip e p tid e  w h ic h  

p o sse sse s  o p io id  a c tiv ity  b y  s tim u la tin g  th e  re lea se  o f  en d o g e n o u s  e n k ep h a lin . T h e  

rea so n s  fo r  ch o o s in g  th is  d ip ep tid e  are  d u e  to  its  g o o d  s tab ility  in  th e  n a sa l m u co sa . It 

is n o t h y d ro ly z e d  b y  th e  n asa l m u c o sa l en zy m es an d  a t th e  sam e  tim e  is  p o o rly  

ab so rb e d  fro m  th e  p e rfu sa te  (T e n g a m n u a y  an d  M itra , 1990a). It th u s  se rv es  as a 

su itab le  m o d e l d ip e p tid e  to  s tu d y  th e  e ffe c t o f  n asa l a b so rp tio n  e n h a n c e rs  s in ce  th e  

lo ss  o f  th e  c o m p o u n d  fro m  th e  p e rfu sa te , w o u ld  in d ica te  th e  o c c u rre n ce  o f  n a sa l 

ab so rp tio n .

O n e  m M  o f  [D -A rg 2]-k y o to rp h in  s to ck  so lu tio n  w as p re p a re d  b y  d isso lv in g  

th e  d ip ep tid e  in  iso to n ic  sa lin e  (0 .85  %  N aC l) so lu tio n . T h e  p H  w as  a d ju s te d  to  pH  

6 .0  by  d ro p  w ise  a d d itio n  o f  e ith e r 1 N  h y d ro ch lo ric  ac id  (HC1) o r 1 N  so d iu m
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h y d ro x id e  so lu tio n  (N aO H ). Iso to n ic ity  w as c h eck ed  b y  o sm o m e te r  (2 9 0 -3 1 0  

m o sm o le /K g  ). I f  n o t y e t iso to n ic , so d iu m  ch lo rid e  w as th e n  g ra d u a lly  ad d ed  to  

so lu tio n  u n til th e  iso to n ic ity  w as o b ta in ed . T h e  en h a n c e r s to c k  so lu tio n s  w ere  

p re p a re d  a t c o n c e n tra tio n s  o f  10.0 %  fo r H P -p -C D , 0 .2 %  fo r L C C  an d  2 .5  %  fo r D M - 

P -C D  in  iso to n ic  sa lin e  so lu tio n  p r io r  to  p H  6 .0  ad ju stm en t.

F o r th e  tw o  c h ito sa n s  (C S  J  an d  C S  G ), s to ck  so lu tio n s  (0 .2  an d  1.0 %  each ) 

w ere  p re p a re d  b y  d isso lv in g  each  o n e  in  0 .5  N  h y d ro c h lo r ic  a c id  so lu tio n  and  

a llo w in g  th e m  to  sw ell o v e rn ig h t an d  fo llo w ed  b y  p H  an d  iso to n ic  a d ju s tm e n t u s in g  

1 N  N a O H  an d  N a C l, re sp ec tiv e ly . T h e  p e rfu s in g  so lu tio n s  w e re  p re p a re d  by  m ix in g  

each  o f  th e  en h a n c e r so lu tio n s  w ith  1 m M  [D -A rg 2] -k y o to rp h in  so lu tio n  a t a  1:1 ra tio . 

T h e  fin a l c o n c e n tra tio n  o f  e a c h  en h a n c e r in  th e  p e rfu s in g  so lu tio n  w as  0.1 an d  0.5 %  

e a c h  fo r C S  J  an d  C S  G , 5 .0  %  fo r  H P -p -C D , 0 .1 %  fo r L C C , an d  1.25 %  fo r  D M -p - 

C D . R e a so n s  fo r se le c tin g  th e se  co n c e n tra tio n s  are  g iv e n  in  C h a p te r  IV .

F iv e  m l o f  e a c h  e n h a n c e r  w ith  0.5 m M  [D -A rg 2] -k y o to rp h in  so lu tio n  w as 

re c irc u la te d  a t 37°c. th ro u g h  th e  ra t n asa l c av ity  fo r 60 m in  a t a  f lo w  ra te  o f  2 .0  

m l/m in . A liq u o ts  (80  p i e ach ) w e re  ta k e n  a t 15, 30 , 45 a n d  60  m in  fo r su b seq u en t 

an a ly ses . A t th e  en d  o f  p e rfu s io n , th e  n a sa l c av ity  w a s  f lu sh e d  fo r 10 m in  w ith  

iso to n ic  sa lin e  p H  6 .0  a t th e  sam e  flo w  ra te  to  rem o v e  th e  en h an ce r. A fte r  th a t, th e  

nasa l m u c o sa  w as re p e rfu se d  fo r fu rth e r 60  m in  w ith  5 .0 m l o f  o n ly  0.5 m M  [D - 

A rg 2] -k y o to rp h in  in  iso to n ic  sa lin e  p H  6 .0  (no  en h an ce r) a n d  a liq u o ts  w e re  s im ila rly  

ta k e n  a t 15 m in  in te rv a ls .

T h e  p u rp o se  o f  th is  p a rt w as  to  d e te rm in e  w h e th e r th e se  e n h a n c e rs  co u ld  h av e  a 

tra n s ie n t e ffec t o n  th e  ra t n a sa l m u c o sa  p e rm eab ility  an d  in teg rity . T h u s, a liq u o ts  o f  

the  p e rfu sa te s  w e re  a n a ly z e d  fo r a) th e  c o n c e n tra tio n  o f  [D -A rg 2]-k y o to rp h in  th a t
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w as a b so rb ed  d u rin g  p e rfu s io n , an d  b) th e  co n ten t o f  la c ta te  d e h y d ro g e n a se  (L D H ) 

re leased  fro m  th e  n asa l m u co sa .

a) Evaluation of membrane permeability to [D-Arg2]-Kyotorphin in the 
presence and after removal of the enhancers.

T h e  c o n c e n tra tio n  o f  [D -A rg 2]-K y o to rp h in  d isa p p e a rin g  fro m  th e  p e rfu sa te  

w as u sed  as a  p a ra m e te r  in d ic a tin g  th e  ex te n t o f  nasa l ab so rp tio n . T h e  [D -A rg 2] -  

K y o to rp h in  so lu tio n  w ith o u t an y  e n h a n c e r  sh o w ed  v e ry  p o o r  a b so rp tio n  f ro m  th e  

nasa l m u c o sa  (T e n g a m n u a y  an d  M itra , 1990a). H o w ev e r, in c re a s in g  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  u s in g  an  e n h an ce r m ay  cau se  th e  d a m a g e  to  

the  nasa l m u co sa . H o w e v e r, i f  an  en h a n c e r h ad  o n ly  a  tra n s ie n t e ffec t, its  rem o v a l 

fro m  th e  n a sa l m u c o sa  w o u ld  b e  a b le  to  re tu rn  th e  p e rm e a b ility  c lo se  to  its  o rig in a l 

state . C o m p a riso n  o f  th e  e x te n t o f  [D -A rg 2]-K y o to rp h in  a b so rp tio n  d u rin g  th e  f irs t 

h o u r o f  p e rfu s io n  ( in  th e  p re se n c e  o f  an  en h an ce r) w ith  th a t o f  th e  se c o n d  h o u r  

(p e rfu s io n  a fte r  re m o v a l th e  e n h a n c e r)  w o u ld  in d ica te  th e  re v e rs ib le  e ffe c ts  o f  th a t 

p a rticu la r  en h an ce r.

A n a ly tica l M e th o d

D ru g  c o n c e n tra tio n  in  th e  p e rfu sa te  w as  q u an tita ted  b y  a  re v e rse d -p h a se  h ig h - 

p e rfo rm an ce  liq u id  c h ro m a to g ra p h y  (H P L C ) u s in g  a  so lv en t d e liv e ry  p u m p  e q u ip p e d  

w ith  a  v a riab le  w a v e le n g th  u v  d e te c to r  se t a t 274 nm . A c e to n itr ile  1.0 %  v /v  in  

0.01 M  so d iu m  ace ta te  p H  4.0 w as u se d  as  a  m o b ile  p h ase  w ith  a  f lo w  ra te  o f  1.5 m l / 

m in . V a lu es  o f  th e  p e a k  a rea s  o r  p e a k  h e ig h ts  w ere  o b ta in e d  w ith  an  in teg ra to r. 

T w en ty  F iv e  p i o f  th e  p e rfu sa te  sam p le  w a s  m ix ed  w ith  75 p i o f  th e  in te rn a l s tan d a rd  

so lu tio n  (5 m M  o f  L -P h e n y la la n in e  in  p H  6 .0  iso to n ic  sa lin e ), an d  in je c te d  to  th e
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H P L C  co lu m n  (In je c tio n  v o lu m e  w as 25 p i) . S tan d ard  cu rv e  w as p re p a re d  by  

d isso lv in g  [D -A rg 2] -K y o to rp h in  in  p H  6 .0  iso to n ic  sa lin e  a t th e  co n cen tra tio n  o f  0 .1 , 

0 .2 , 0 .3 , 0 .4  an d  0.5 m M . E ach  o f  th e  s tan d a rd  cu rv es  a lso  co n ta in ed  re sp e c tiv e  ty p e  

o f  th e  e n h a n c e r ex c e p t fo r th e  g ro u p  co n ta in in g  p ep tid e  a lo n e  w ith o u t en h an cer. 

S tan d ard  so lu tio n s  w ere  a lso  m ix ed  w ith  th e  in te rn a l s tan d ard  in  a  s im ila r  m an n e r 

p rio r  to  H P L C  in jec tio n . E ach  c a lib ra tio n  cu rv e  w as co n s tru c ted  by  p lo ttin g  th e  p eak  

h e ig h t ra tio s  (o r  p e a k  a re a  ra tio s)  o f  [D -A rg 2]-K y o to rp h in  to  L -P h en y la lan in e  v ersu s  

th e  c o n c e n tra tio n  o f  [D -A rg 2] -K y o to rp h in  an d  th e  s tra ig h t lin e  w as o b ta in e d  b y  lin ea r 

reg ress io n .

T h e  ra te  an d  ex ten t o f  n asa l a b so rp tio n  w as d e te rm in ed  fro m  th e  

sem 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  rem a in in g  in  th e  p e rfu sa te  

v e rsu s  tim e . T h e  a p p a re n t f irs t o rd e r  a b so rp tio n  ra te  co n stan ts  a fte r  n asa l p e rfu s io n  

w ere  c a lc u la ted  fro m  th e  s lo p es  o f  th e se  p lo ts  w h e rea s  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  a t 60  m in  w as u se d  as  a  p a ra m e te r  in d ica tin g  th e  ex te n t o f  

n asa l ab so rp tio n .

S ta tis tica l A n a ly s is

S ta tis tica l ev a lu a tio n  o f  th e  d a ta  w as  m ad e  b y  S tu d e n t’s t- te s t, an a ly s is  o f  

v a rian ce  (A N O V A ) an d  by  m u ltip le  co m p a riso n  o f  th e  m ean s  u s in g  D u n c a n ’s te s t a t 

5 %  s ig n ific an ce  lev e l w h e re  ap p ro p ria te . T h e  co m p u ta tio n  w as p e rfo rm e d  u s in g  a 

s ta tis tica l so ftw a re  p a c k a g e  (S A S  Inc.).
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b) Evaluation of LDH activity released from the nasal mucosa in the presence 
and after removal of the enhancers.

T h e  lac ta te  d eh y d ro g e n a se  (L D H ) is an  in trace llu la r  en z y m e  w h ic h  m a y  h av e  

b een  re lea sed  fro m  th e  n asa l e p ith e liu m  due  to  ch an g es  in  th e  m e m b ra n e  in teg rity  

cau sed  b y  th e  en h an ce rs . T h e re fo re , an y  leak ag e  o f  th is  en zy m e  in to  th e  n asa l 

p e rfu sa te s  co u ld  b e  u se d  a s  a  sp ec ific  b io ch em ica l in d ic a to r o f  th e  e x te n t o f  

m e m b ra n e - ir r i ta t in g  e ffe c t (P u ja ra  e t ah , 1995). F u rth e rm o re , i f  an  e n h a n c e r  h a d  o n ly  

a  tra n s ie n t e ffec t, its  re m o v a l fro m  th e  n a sa l m u co sa  w o u ld  b e  ab le  to  re s to re , in  

w h o le  o r  in  p a r t, th e  m e m b ra n e  in te g rity  to  its  o rig in a l s ta te . C o m p a riso n  o f  th e  ex te n t 

o f  L D H  re le a se  d u rin g  th e  f irs t h o u r  o f  p e rfu s io n  (in  th e  p re se n c e  o f  th e  en h an ce r)  

w ith  th a t o f  th e  se c o n d  h o u r  (p e rfu s io n  a fte r  rem o v a l o f  th e  e n h an ce r)  w o u ld  th e re fo re  

p ro v id e  so m e  id e a s  as to  th e  re v e rs ib le  e ffec ts  o f  th a t p a r tic u la r  en h an ce r.

A n a ly tic a l m e th o d

A n a ly se s  w e re  m a d e  im m ed ia te ly ' a f te r  co m p le tio n  o f  e a c h  p e rfu s io n  

ex p e rim en t. T h e  p ro c e d u re  w a s  b a sed  o n  th e  sp e c tro p h o to m e tric  m e th o d  o f  

W ro b lew sk i an d  L aD u e  (1 9 5 5 ). T h e  ac tiv ity  o f  L D H  w as m e a su re d  b y  m o n ito r in g  

th e  ra te  a t w h ic h  th e  su b s tra te , p y ru v a te , w as red u ced  to  lac ta te . T h e  re d u c tio n  w as 

c o u p le d  w ith  th e  o x id a tio n  o f  n ico tin am id e  ad en in e  d in u c leo tid e , re d u c e d  fo rm  

(N A D H ), w h ic h  w a s  fo llo w e d  sp e c tro p h o to m e tric a lly  in  te rm s o f  re d u c e d  ab so rb a n c e  

at 340  nm .

P y ru v a te  +  N A D H  ^ .......LDH.........L acta te  +  N A D

(H ig h  A340) (Low A34o)
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S in ce  N A D H  h as  a  h ig h  ab so rb a n c e  a t 3 40  n m  co m p ared  to  N A D , th e  reac tio n  

w as m e a su re d  in  te rm s o f  th e  ra te  o f  d e c re a se  in  a b so rb an ce  a t th is  w av e len g th .

P ro ced u re

T h e  L D H  a ssay  k it (S ig m a  C h e m ic a ls  C o .) c o n ta in ed  20  p re w e ig h e d  v ia ls  o f  

d ried  N A D H  (0 .2  m g /v ia l) , o n e  b o ttle  (1 0 0  m l) o f  0.1 M  p o ta ss iu m  p h o sp h a te  b u ffe r , 

p H  7 .5 , an d  o n e  b o ttle  (100  m l) o f  2 2 .7  m M  so d iu m  p y m v a te  so lu tio n  in  0.1 M  

p h o sp h a te  b u ffe r, p H  7 .5 .

1. M a in ta in  c u v e t c o m p a rtm e n t a t 3 7 ° c .

2. P ip e t d irec tly  in to  an  N A D H  v ia l 2 .85  m l p h o sp h a te  b u ffe r  an d  0 .05  m l (5 0  p i)  

p e rfu sa te  sam p le . C ap  an d  m ix  w ell.

3. L eav e  th e  v ia l in  a  te m p e ra tu re -c o n tro lle d  w a te r  b a th  a t 37°c fo r 20  m in .

4 . A d d  0.1 m l so d iu m  p y ru v a te  so lu tio n . C ap  an d  m ix  w e ll b y  in v e rs io n  an d  tra n s fe r  

to  cu v e t o f  1 -cm  lig h tp a th  len g th .

5. R ead  a n d  re c o rd  a b so rb an ce  (A ) at 3 4 0  n m  a t 3 0 -seco n d  in te rv a ls  fo r  3 m in u te s  v s 

w a te r as re fe ren ce .

C a lcu la tio n s

S e lec t a  p e r io d  w h e n  th e  d e c rea se  in  a b so rb an ce  is  lin ea r w ith  tim e . C a lcu la te  

th e  AA p e r  m in u te  fo r  th is  p e rio d .

L D H  ac tiv ity  in  n a sa l p e rfu sa te  

(บทits/m l)

= AA p e r  m in  X  T C F  

0.001 X 0.05 X L ig h tp a th  (cm )



4 2

W h ere  : 0.001 = AA e q u iv a le n t to  1 u n it o f  L D H  ac tiv ity

in  a  3- m l v o lu m e  W ith  1-cm  lig h tp a th  a t 37 ๐c

0.05 = P erfu sa te  v o lu m e  (m l) in  c u v e t

T C F  = T em p e ra tu re  c o rrec tio n  fa c to r  (0 .51 a t 3 7 °C )

T em p era tu re  c o rre c tio n  fac tio n s

I f  th e  te m p e ra tu re  u se d  in  th e  en zy m e  re a c tio n  is  25°c, n o  te m p e ra tu re  

c o rre c tio n  is  n eed ed . A t o th e r tem p e ra tu res  it is  n e ce ssa ry  to  u se  a  T e m p e ra tu re  

C o rrec tio n  F a c to r  (T C F ) in  ca lcu la tin g  th e  ac tiv ity .

C u v e t T em p era tu re T C F C u v e t T em p era tu re T C F

(°C ) (°C )

20 1.45 30 0.73

21 1.37 31 0 .6 9

22 1.25 32 0.65

23 1.16 33 0 .62

24 1.06 34 0 .58

25 1.00 35 0 .55

26 0.93 36 0.53

27 0.88 37 0.51

28 0 .82 38 0 .48

29 0 .78 39 0 .46
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T h u s, i f  a  1 -cm  lig h tp a th  is u sed , th e  ab o v e  e q u a tio n  red u ces  to: 

L D H  a c tiv ity  =  AA p e r  m in  X 2 0 ,0 0 0  X T C F

C a lib ra tio n

V a lu e s  o b ta in e d  b y  th e  p ro c e d u re  w e re  rep o rted  in  L D H  u n its  as  d e sc rib e d  by  

W ro b le w sk i an d  L a D u e  (1 9 5 5 ), b a sed  o n  th e  ab so rp tiv ity  o f  N A D H  a t 3 4 0  n m . T he 

ra te  o f  d e c re a se  o f  th e  ab so lu te  a b so rb an ce  w as m e a su re d  a t th is  w a v e le n g th  in  a 

n a rro w -b a n d w id th  sp e c tro p h o to m e te r. T h e  ac tiv ity  o f  L D H  in  th e  n a sa l p e rfu sa te  w as 

th e n  e x p re sse d  as u n its /m l/m in , w h e re  1 u n it eq u a ls  an  a b so rb an ce  d e c re a se  o f  0.001 

u n d e r th e  sp e c if ie d  te s t co n d itio n s .

T h e  m a x im u m  L D H  ac tiv ity  th a t  m a y  be  m e a su re d  b y  th is  p ro c e d u re  is 

a p p ro x im a te ly  7 0 0  u n its /m l. H ig h e r  ac tiv ity  sam p les  m ay  be  a ssa y e d  b y  p re -d ilu tio n  

w ith  p h o sp h a te  b u ffe r  an d  m u ltip ly  th e  re su lts  by  th e  ap p ro p ria te  d ilu tio n  fac to r.

T h e  re a c tio n  c a n  b e  se t a t an y  c o n s ta n t tem p e ra tu re  b e tw e e n  20 - 39°c. I f  the  

re a c tio n  is ru n  a t 25°c, no c o rre c tio n  fac to r is n eed ed  (T C F  =  1). O th e rw ise , th e  

re su lt m u s t be  m u ltip lie d  b y  an  ap p ro p ria te  T C F  v a lu e  a t a  p a r tic u la r  tem p e ra tu re .

U n it d e fin itio n s

O n e  u n it o f  L D H  ac tiv ity  w ill cau se  a  d ec rea se  in  A 340 o f  0 .001 p e r  m in u te  at 

25°c in  a  3 -m l re a c tio n  m ix tu re  in  a  cu v e t o f  1-cm  lig h tp a th . O n e  in te rn a tio n a l U n it 

(IU ) o f  an  en zy m e  is  d e fin ed  as  th a t am o u n t w h ich  w ill co n v e rt 1 p .m o l o f  su b stra te
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p e r m in u te  u n d e r th e  sp e c if ie d  c o n d itio n s  o f  th e  p ro ced u re . T h e  c o n v en tio n a l u n its  o f  

L D H , as u se d  in  th e  d e sc rib e d  m e th o d , m ay  b e  c o n v e rte d  to  IU  b y  m u ltip ly in g  by  

0 .48 lite r  (W ro b lew sk i an d  L aD u e , 1955). F o r ex am p le , 100 L D H  u n its  p e r  m l eq u a ls  

48 IU  p e r liter.

Part II. In  v ivo  study of the efficacy of chitosan in improving nasal absorption of 
sCT in healthy volunteers.

S u b jec ts

E ig h t h e a lth y  T h a i m a le  v o lu n te e rs  w ith  th e  ag e  ra n g in g  fro m  20  to  29  y ea rs , 

w e ig h t b e tw e e n  40  an d  95 k ilo g ra m s  p a rtic ip a te d  in  th is  รณdy. P rio r  to  study , 

s tan d a rd  p h y s ic a l e x a m in a tio n , an d  c lin ica l la b o ra to ry  te s t w e re  ca rried  o u t in  all 

su b jec ts . S u b jec ts  w e re  ex c lu d e d  fro m  th e  in v e s tig a tio n  i f  a  h is to ry  o f  d ru g  ab u se  

ex is ted , i f  th ey  w ere  re c e iv in g  c h ro n ic  in tran asa l m e d ica tio n , o r  i f  an y  re sp ira to ry  

ab n o rm a litie s , in fec tio n s , o r  a lle rg ie s  w ere  n o ted . T h e y  g av e  w ritten  in fo rm ed  

co n sen ts  b e fo re  p a r tic ip a tin g  in  th e  s tu d y  an d  th ey  w e re  a sk ed  to  ta k e  no  m ed ica tio n , 

a lco h o lic  p re p a ra tio n s  an d  c ig a re tte s  fo r at le a s t o n e  w eek  p re c e e d in g  th e  s tu d y  and  

d u rin g  th e  ex p e rim en ta l p e riod .

A ll su b jec ts  re c e iv e d  each  d o se  (3 0 0  I.บ . sC T ) in  th e  m o rn in g  a fte r  an  

o v e rn ig h t fast. N o  fo o d  o r d r in k  (o th e r th a n  w a te r)  w a s  p e rm itte d  u n til tw o  h o u rs  a fte r  

dosing .
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P rep a ra tio n  o f  sam p le  so lu tio n s

T w o  e n h an ce rs  u sed  in  th is  p a r t w ere  C S  G  an d  D M -P -C D . R easo n s  fo r 

se lec tin g  th e se  e n h an ce rs  are g iv en  in  ch ap te r  IV . T h e  e n h a n c e r  so lu tio n s  w ere  

p rep a red  a t 1 %  w /v  fo r C S  G an d  2 .5  %  w /v  fo r D M -P -C D  in  iso to n ic  sa lin e  so lu tio n , 

w ith  th e  p H  ad ju s ted  to  6 .0 . T h e  m e th o d  o f  p rep a rin g  th e  en h a n c e r so lu tio n s  w as  the  

sam e  as in  P a rts  I. T h e  sam p le  so lu tio n  w as p re p a re d  by  m ix in g  2 0 0  p i o f  the  

e n h a n c e r  so lu tio n  w ith  175 p i o f  M iacalc ic®  (eq u iv a len t to  300  IU  sC T ). So th e  fina l 

sam p le  so lu tio n  (375  p i)  co n ta in ed  3 00  IU  sC T  in  0.53 %  w /v  C S G , an d  3 00  IU  sC T  

in  1.33 %  w /v  D M -P -C D  and  300  IU  sC T  in  iso to n ic  sa lin e  (co n tro l g roup).

E x p e rim e n ta l d e s ig n

T h e  s tu d y  w as co n d u c ted  u s in g  a  ra n d o m ized  b lo c k  d e s ig n  in  w h ic h  th e  

tre a tm e n t seq u en ce  fo r th e  in d iv id u a l su b jec t w as  co m p le te ly  ran d o m ized . E ach  

su b je c t re c e iv e d  th e  d ru g  acco rd in g  to  th e  seq u en ce  sh o w n  in  T a b le  2 w ith  a t le a s t 1 

w e e k  w a sh o u t p e r io d  b e tw e e n  each  ad m in is tra tio n .

S am p le  co lle c tio n

F iv e  m l o f  b lo o d  sam p les  w ere  c o lle c ted  fro m  a  fo re a rm  v e in  u s in g  a 

d isp o sab le  sy rin g e . T h e y  w ere  im m ed ia te ly  tran sfe rred  to  h e p a rin iz e d  tu b es. B lo o d  

sam p le s  w ere  co lle c ted  ju s t  b e fo re  d ru g  ad m in is tra tio n  ( tim e  ze ro ) an d  a t 0 .5 , 1, 1.5, 

2 , 2 .5 , 3, 4 , 5, 6, 7, 8 an d  9 h r a fte r  d o sin g . T h e  b lo o d  w as  im m e d ia te ly  cen trifu g ed  at 

2 ,5 0 0  rp m  fo r 10 m in u te s  and  th e  p la sm a  w as sep a ra ted  an d  k e p t a t -20°c un til 

su b se q u e n t ana lysis .
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T ab le  2 T re a tm e n t seq u en ce  fo r e a c h  su b jec t in  th e  ra n d o m iz e d  b lo c k  design .

Subject No. Order of Treatments

1st week 2 nd week 3rd week
1 B A c

2 B c A

3 c B A

4 A c B

5 A B c

6 B A c

7 A c B

8 c B A

A  =  3 00  IU  sC T  in  iso to n ic  sa line

B =  3 00  IU  sC T  in  1,3 3 % w /v  D M -P -C D

c  =  3 0 0  IU  sC T  in  0 .5 3 % w /v  C S G
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A n aly tica l M eth o d

T h e  ca lc iu m  c o n te n ts  in  th e  p la sm a  at v a rio u s  sam p lin g  p o in ts  w e re  m e a su re d  

by  a to m ic  a b so rp tio n  sp e c tro p h o to m e te r  (A A S ) u s in g  th e  o p e ra tin g  c o n d itio n s  as 

sh o w n  b e lo w  in  T ab le  3.

T ab le  3 A to m ic  A b so rp tio n  S p e c tro p h o to m e te r C o n d itio n s

Element Calcium
W av e len g th  (nm ) 4 2 2 .7

S lit w id th  (p m ) 0.5

F lam e A ir-ace ty len e

A ce ty len e  f lo w  (L /m in ) 2 .5

A ir f lo w  (L /m in ) 13.5

T h is  p ro c e d u re  w a s  b a se d  on  th e  m e th o d  o f  Z e ttn e r  an d  S e lig so n  (1 9 6 4 ). 

O n e -H a lf  p e rc e n t w /v  L a n th a n u m  ch lo rid e  (L aaC h ) in  0.1 m m ol/1 HC1 w as  u se d  as  a 

c a rrie r so lu tio n  fo r  rem o v a l o f  io n  in te rfe ren ce . T w o  h u n d re d  p i o f  e a c h  p la sm a  

sam p le  w as d ilu te d  w ith  5 m l o f  th e  ca rrie r so lu tio n  (2 6 -fo ld  d ilu ted ). C o m m e rc ia l 

ca lc iu m  stan d a rd  (F a rm ita lia  C arlo  E rb a  L td .) w as  u sed . S tan d a rd  cu rv e  w a s  p re p a re d  

by  d isso lv in g  ca lc iu m  s ta n d a rd  in  th e  ca rrie r so lu tio n  at th e  c o n c e n tra tio n  o f  0 .1 , 0 .2 , 

0 .4  m g /d l. A b o u t 2 m l o f  th e  sam p le  so lu tio n  w as in jec ted  in to  th e  n e b u lise r  o f  an  

A A S  (S p ec trA A  M o d e l 3 0 0 P ). T h e  ca lib ra tio n  cu rv e  w as c o n s tru c te d  b y  p lo ttin g  th e  

ab so rb an ce  o f  c a lc iu m  v e rsu s  th e  co n cen tra tio n  o f  c a lc iu m  s tan d a rd  an d  th e  s tra ig h t 

line  w as o b ta in ed  b y  lin e a r re g re ss io n  (F ig u re  6).
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F ig u re  6 R e p re sen ta tiv e  c a lib ra tio n  cu rv e  o f  c a lc iu m  co n ten t
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T h e  d e c rea se  in  p la sm a  c a lc iu m  c o n c e n tra tio n  v e rsu s  tim e  w as u sed  as a 

p a ra m e te r  in d ica tin g  th e  ex te n t o f  sC T  n asa l ab so rp tio n . T h e  p e rc e n ta g e  o f  c a lc iu m  

re la tiv e  to  th e  in itia l lev e l a t e a c h  tim e  p o in t a fte r  d o s in g  w a s  c a lc u la ted  an d  p lo tted  

ag a in s t tim e . T h e  a rea  u n d e r  th is  cu rv e  (A U C ) d u rin g  0 to  9 h r  w as  th e n  d e te rm in ed  

fo r e a c h  su b jec t. In c rea sed  sC T  a b so rp tio n  w a s  in d ic a te d  b y  a  d e c rea se  in  b lo o d  

ca lc iu m  lev e ls  an d  th u s  a  sm a lle r  A U C  value .

S ta tis tic a l A n a ly s is

S ta tis tic a l ev a lu a tio n  o f  th e  d a ta  w as  m ad e  b y  ra n d o m iz e d  

v a ria n c e  (A N O V A ) an d  b y  su b se q u e n t m u ltip le  c o m p a riso n  o f  

D u n c a n ’s te s t a t 5 %  s ig n ific a n c e  lev e l w h e re  a p p ro p ria te . T h e  

p e rfo rm e d  u s in g  a  s ta tis tica l so ftw a re  p ack ag e  (S A S  Inc.).

b lo c k  an a ly s is  o f  

th e  m ean s  u s in g  

co m p u ta tio n  w as
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