
D IS C U S S I O N  A N D  C O N C L U S I O N

D I S C U S S I O N

The presence study intends to develop and evaluate diltiazem hydrochloride 
(DTZ HC1) transdermal drug delivery systems, hydroxypropyl methylcellulose 
(HPMC) and ethylcellulose (EC) were chosen as hydrophilic and hydrophobic film  
formers, respectively. Moreover, dibutyl phthalate (DBP), diethyl phthalate (DEP), 
and triethyl citrate (TEC) were chosen as organic ester plasticizers. The effects o f 
polymer ratios and plasticizer types on the physical characteristics o f free film s were 
evaluated.

An evaluation o f polymer ratio effects on film  thickness and mechanical 
properties were conducted for formulations F I  (10:0), F 2  (8:2), F 5  (6:4), and F 8  

(4:6). They show the differences in film  thickness (p<0.05); it m ight come from the 
f ilm  preparation step. Since the evaporation rate o f m ix solvent in film  casting is very 
fast, the glass plate should be carefully covered. The addition o f EC in E1PMC film  
produced lower UTS, percent elongation at break, Young’s modulus, and toughness, 
as may be seen in Figures 21 - 24. The presence o f EC might have been responsible 
for the lower strength and elongation (when compared to HPMC alone) because the 
EC molecular structure composed o f the interchain hydrogen bonding and the 
bulkiness o f the glucose subunits. This could explain the weak and soft character o f  
the polymer films. The increasing o f EC ratio from 20 to 60% o f total polymer 
weight resulted the increasing o f film  strength (higher UTS, percentage o f elongation 
and Young’ s modulus). According to Table 2, EC has a lower Tg (131.5°C) as 
compared to HPMC (153.5°C), the increasing o f EC ratio resulted the increasing Tg o f  
film s and tensile strength.
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The evaluation o f plasticizer effects on film  thickness and mechanical 
properties were conducted for the HPMC:EC film s at the ratio o f 8:2 and 6:4. D ibutyl 
phthalate (DBP) and diethyl phthalate (DEP) were used as hydrophobic plasticizers, 
while, triethyl citrate (TEC) was used as hydrophilic plasticizer. The solubility in 
water at 20°c o f DBP, DEP, and TEC are 0.04, 0.15, and 6.90 %, respectively 
(Frohoff-H iilsmann, et al., 1999). The 8:2, HPMC:EC film s plasticized w ith the 
water-soluble plasticizers, TEC, had higher elongation and lower strength values 
(correspondent to a lower modulus), while film s prepared w ith the water-insoluble 
plasticizers, had lower elongation and higher strength values (higher modulus). It can 
be concluded that the mechanical properties o f HPMC-EC film s were affected by the 
type o f plasticizer. Plasticization results in a decrease in the inter-molecular forces 
between polymer chains, generally causing a decrease in the glass transition 
temperature and tensile strength. It is well known that different plasticizers w ill affect 
the glass transition temperature and hence the mechanical properties to a different 
extent (Bodmeier and Paeratakul, 1994; Saettone, et al., 1995). In this study, the 
water-soluble plasticizers probably reduced the glass transition temperature more than 
the water-insoluble plasticizers, thus explaining the lower moduli.

Differences o f the film  thickness were found (p<0.05) at the ratio o f 4:6. The 
effect o f the water-soluble plasticizers, TEC and o f the water-insoluble plasticizers, 
DBP and DEP, on the mechanical properties o f HPMC-EC film s are shown in Figures 
24 - 28. The differences in the mechanical properties o f film s could be explained w ith  
the different plasticizing efficiencies o f the plasticizers on the polymer.

DTZ HC1 is a water-soluble drug. Okumura and others (1989) reported that 
DTZ HC1 so lubility in water at 37°c is 557.06 mg/ml. Since the skin temperature is 
approximately 32°c, the solubilities o f DTZ HC1 in various solvents were examined 
at this temperature. These solvents were classified into three groups according to 
their dielectric constant values (e), including non-polar (ร ~2-3), semi-polar (e ~ 12- 
46), and polar (ร = 80) solvents (Martin, 1993). However, there are no sharp 
boundaries between polar, semi-polar, and polar solvents. The rank order o f 
solubilities (mg/m l) o f DTZ HC1 in various solvent systems according to Table 9, is:
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DI water (486.4) > PBS (461.9) > PG (86.0) > ethyl alcohol (52.0) > PEG (20.5) > 
IPP (19.0) > IPM  (14.3), respectively. This is almost the same order as dielectric 
constant values o f these solvents which is D I water (80.4) > PBS (less than 80.4) > 
PG (32.0) > ethyl alcohol (24.3) > PEG (12.4) > IPM  (3.3) > IPP (less than 3.3), 
respectively.

The methods to demonstrate the compatibility include scanning electron 
microscopic observation, thermal analysis, and so lubility parameter analysis (Lin, 
Lee, and L in , 1991). In the presence, compatibility o f the drug-free HPMC-EC film  
was evaluated using scanning electron photomicrograph (SEM) observation. It was 
found from Figures 36 -  39 that the surface topography o f the HPMC:EC free films at 
the ratio o f 10:0 appeared porous, whereas the surface topography o f the free film s at 
the ratios o f 8:2 and 6:4 were uniform and smooth. In the case o f the free film  at the 
ratio o f 4:6, it was the separation o f EC appeared. Scott (1949, cited in Lin, Lee, and 
Lin, 1991) has suggested that a solution o f two polymers in a common solvent w ill 
separate into two phases i f  the total concentration is increased a few percent. Thus, in 
this study, the HPMC-EC film  at the ratio o f 4:6 should not be used. Furthermore, 
compatibility o f the drug-contained HPMC-EC film  was done in the same way. 
Figures 4 0 - 4 1  demonstrates the rod shape DTZ HC1 crystal stuck on the film  
surface. However, the flower-like DTZ HC1 crystal was investigated on the surface 
topography o f HPMC:EC film s at the ratio o f 6:4 and 4:6 in Figures 42-43.

Then, the surface topography o f the drug-contained HPMC-EC film s at the 
ratio o f 8:2 w ith  different enhancers was observed. It was found in Figures 44 -  45 
that the traces o f o il drop (IPM  and IPP, respectively) appeared on the film  surface. 
The film  w ith IPM  (Figure 44) shows the porous surface like HPMC film  containing 
DTZ HC1 (Figure 40). Surprisingly, there is a lot o f DTZ HC1 crystals spread almost 
the surface topographies o f film s in Figures 46 -  49 (contained NMP, OA, PEG and 
PG, respectively). These surfaces seemed to be the same as film s w ithout enhancers. 
However, the DTZ HC1 crystals covered all the film  w ith Tw  (Figure 49). Thus, the 
changing in surface topography can not be investigated.
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In addition to determine the transparency o f the drug-contained plasticized 
films, the spectrophotometry was used to investigate the compatibility. The 
decreasing o f HPMC ratio resulted in the more transparent films. In this case, 
decreasing o f HPMC ratio resulted increasing o f EC ratio. The film  formulations 
were plasticized w ith DBP (hydrophobic); as a result the f ilm  became more 
transparent. However, at the 100% o f EC ratio, the film  became hazier. This might 
occur from the lim it o f DTZ HC1 solubility in EC and DBP.

The effect o f enhancers on the transparency o f the plasticized film s was also 
evaluated. According to Figures 35, it was found that the addition o f enhancers 
resulted in the haziness o f the films. The worst transparent was found from the films  
w ith Tween 80. A llen et al. (1959, cited in Lin, Lee, and Lin, 1991) have reported 
that the extent o f phase separation increases w ith the molecular weight o f the 
polymer. Therefore, the phase separation by the higher molecular weight could 
account for the haziness o f the film . The presence o f Tween 80 (M W  1,310) might 
have bee responsible for the phase separation (resulted in the haziness o f the film ). 
Hildebrand and Scott (1950) have defined the so lub ility parameter (8 ) o f a substance 
as the square root o f its cohesive energy density. Thus, heat o f m ixing (ÀH )  is 
represented by Eq. (15):

A// = V (8i -Ô2) 4>1 <t>2 (15)

where V  is the total volume o f the mixture,
<j)i and (j>2 are the volume fraction o f components 1 and 2  in the mixture, and 
§1 and 82 are the solubility parameters o f components 1 and 2 , respectively.

I f  the values o f these two components are nearly equal, the heat o f m ixing approaches 
zero and the substances w ill be miscible. The addition o f enhancers which have lower 
solubility parameters (compared to HPMC and EC), for example IPM, IPP and OA, 
increased the heat o f m ixing, thus, the phase separation occurred.

The water uptake or absorption behavior o f the polymeric film  plays an 
important role at the beginning stage o f drug release from dosage form (Golomb,
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Fisher, and Rahamim, 1990). It is clearly indicates that the moisture uptake is 
dependent on the polymer ratio, as seen in Figure 32. HPMC has a high a ffin ity for 
water, therefore it induced higher moisture uptake as the HPMC ratio in the films 
increased.

Furthermore, the effect o f enhancers on the moisture uptake o f the film  was 
evaluated. The percentage o f moisture uptake o f film s are in the order o f A47 (Tw, 
37.8%) > A41 (IPM , 35.9%) > A45 (PEG, 34.9%) > A44 (OA, 33.2%) > A43 (NMP, 
30.9%) > A46 (PG, 29.6%) > A42 (IPP, 23.8%), respectively. It can be seen from  
Figure 33 that the two highest formulations were composed o f Tw  and IPM. 
In contrast, the formulation A42 which composed o f IPP gave the lowest moisture 
uptake. Although, IPM  so lubility in water is very low, it produced the porous surface 
o f the film , according to the surface topography in Figure 44. The appeared porosity 
could explain the higher moisture uptake o f the film  w ith IPM  as compared to the film  
with IPP.

Formulations for skin can be classified into two categories according to the 
target site o f action o f the containing drugs. One has systemic action after drug 
uptake from the cutaneous microvascular network and the other exhibits local effects 
in the skin. DTZ HC1 is classified as calcium channel blocker. It has a mean plasma 
half-life o f 3.5 hr and only 40% o f the orally administered drug reaches the circulation 
due to hepatic metabolism (Mazzo, Obetz, and Shuster, 1994). The i n  v i t r o  release 
and i n  v i t r o  permeation o f DTZ HC1 from polymeric have been evaluated. The pig 
ear skin was used in the permeation study. Analysis o f drug-release kinetics through 
skin is important in the assessment o f transdermal drug-delivery system, and in vitro  
skin permeation experiments are valuable and necessary fo r studying the rate and 
mechanisms o f percutaneous absorption o f drugs (Gupta and Mukherjee, 2003).

The i n  v i t r o  release study was to investigate the effects o f polymer ratios on 
the release-time profiles o f DTZ HC1 from the film  formulations. The increasing o f  
EC ratios produced the lowering o f the in itia l rates o f DTZ HC1 released (the slopes 
o f 0-1 hour) from the film  formulations. A t 12 hours o f the release study, DTZ HC1
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a lm o st n o t re le a se d  fro m  th e  E C  film s. T h e  p re se n c e  o f  E C  m ig h t hav e  been  
re sp o n s ib le  fo r th e  lo w e r o f  the  in itia l ra tes  o f  D T Z  HC1 re lea sed  fro m  th e  film  
fo rm u la tio n s  b ecau se  o f  th e  h y d ro p h o b ic  p ro p e rty  o f  E C . H o w e v e r, th e re  is n o t a  
s ta tis tic a lly  s ig n if ic a n t d iffe ren ce  (P  =  0 .2 0 1 ) b e tw e e n  each  re le a se -tim e  p ro file s  o f  
th e  film s c o n ta in in g  E C  ra tio s  fro m  0 to  80%  o f  to ta l p o ly m e r w e ig h t.

T h e  e ffe c t o f  p la s tic iz e rs  on  th e  in  v i tr o  re le a se -tim e  p ro f ile s  o f  D T Z  HC1 
fro m  th e  f ilm  fo rm u la tio n s  w as in v estig a ted . It w as  fo u n d  th a t v a r io u s  ty p es  o f  
p la s tic iz e rs  o n ly  a ffe c ted  o n  to  th e  in itia l re le a se  ra te  o f  d ru g  fro m  H P M C  film s. 
T h ere  is n o t a  s ta tis tic a lly  s ig n ific a n t d iffe ren ce  (P  =  0 .4 0 0 ) b e tw e e n  each  p e rm e a tio n 
tim e  p ro f ile s  o f  th e  H P M C  film s p la s tic ized  w ith  d iffe re n t p la s tic ize rs . In  th e  sam e 
w ay , th e re  is n o t a  s ta tis tic a lly  s ig n ific an t d iffe re n ce  (P  =  0 .2 4 7 ) b e tw e e n  each  
p e rm e a tio n -tim e  p ro f ile s  o f  th e  6 :4 , H P M C :E C  film s p la s tic iz e d  w ith  d iffe ren t 
p la s tic ize rs .

T h e re  w e re  th re e  film  fo rm u la tio n s  c h o sen  fo r fu rth e r in  v i t r o  p e rm ea tio n  
study . T h e y  a re  th e  film  fo rm u la tio n s  o f  H P M C :E C  p o ly m e rs  a t th e  ra tio s  o f  10:0, 
8 :2 , an d  6 :4 , re sp e c tiv e ly . A s m ay  seen  in  F ig u re  54, th e  p e rm e a tio n -tim e  p ro file s  o f  
th e  p r io r  tw o  fo rm u la tio n s  a re  a lm o st th e  sam e, w h ile  th a t o f  th e  6 :4 , H P M C :E C  film  
fo rm u la tio n  is  lo w er. A c c o rd in g  to  T ab le  18, th e  flu x es  o f  D T Z  HC1 fro m  th e  H P M C  
film  an d  th e  8 :2 , H P M C :E C  film  w ere  n o t d iffe ren t, 97  p g /c m 2.h. T h e  lag  tim es 
(in te rcep t)  fro m  b o th  fo rm u la tio n s  w ere  a lso  s im ila r  (0 .75  an d  0 .73  h r.). T h u s, th e  
film  fo rm u la tio n  c o m p o se d  o f  H P M C :E C  at th e  ra tio  o f  8 :2 , p la s tic iz e d  w ith  D B P , 
w as se lec ted  to  ad d  th e  en h an ce rs  an d  ev a lu a te  th e  sk in  p e rm e a tio n  p a ra m e te r  from  
th e  in  v itro  p e rm e a tio n  study .

A lth o u g h  th e  o rd e rs  o f  s lo p es  an d  cu m u la tiv e  p e rc e n t o f  d ru g  re lease  o f  film  
w ith  8:2 a re  lo w e r th a n  10:0, its  co n ten t w as h ig h e r  (h ig h e r  A C). T h e  p e rm ea tio n  
k in e tic  o f  th e  H P M C  film s  an d  th e  8 :2, H P M C :E C  film s  seem ed  to  fo llo w  th e  
H ig u c h i’s e q u a tio n  w ith  th e  h ig h e r c o rre la tio n  v a lu e s  fro m  H ig u c h i’s p lo t as co m p are  
to  th e  z e ro ’s o rd e r  p lo t.
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T h e  film  fo rm u la tio n s  w ith  IP M , IP P , an d  T w  g av e  h ig h e r  p e rm ea tio n -tim e  
p ro file s  as  d e p ic te d  in  F ig u re  56. T h e  flu x es  fro m  th e se  fo rm u la tio n s  in c reased  
a p p ro x im a te ly  1 . 5 - 2  tim es  o f  th e  fo rm u la tio n  w ith o u t th e  en h an ce r. H o w ev er, there  
w as o n ly  th e  fo rm u la tio n  w ith  T w  sh o w ed  th e  lo w er lag  tim e  (0 .03  h o u r)  as  co m p ared  
to  th e  fo rm u la tio n  w ith o u t th e  en h a n c e r (0 .73  hou r). L ag  tim e s  fro m  th e  fo rm u la tio n s  
w ith  IP M  an d  IP P  w e re  1.67 and  1.9 hr, re sp ec tiv e ly .

M an y  so lv e n ts  en te r  th e  sc, ch an g e  its so lu tio n  p ro p e rtie s  by  a lte rin g  the  
ch em ica l e n v iro n m e n t, an d  th u s  in c rease  p a r titio n in g  o f  th e  d ru g  in to  th e  h o m y  layer 
(i.e . r ise  K  in  E q .(1 2 )). Iso p ro p y l m y ris ta te  (IP M ) an d  iso p ro p y l p a lm ita te  (IP P ) m ay  
h av e  th e  d iffe re n t m o d e  o f  a c tio n  in  e n h a n c in g  th e  p e rm e a tio n  o f  d ru g  fro m  T D D S . 
T h ese  co u ld  b e  se e n  fro m  th e  d iffe ren ce  in  su rface  to p o g ra p h y . IP M  g av e  h ig h e r d ru g  
c o n te n t an d  h ig h e r  m o is tu re  u p tak e  as c o m p a re d  to  IP P . F u rth e rm o re , IP M  gave  
h ig h e r  lag  tim e  ( lo w e r d iffu s iv ity ) , b u t lo w er flu x  ( lo w e r K p). In  co n tra s t, IP P  m ay  
im p ro v e  p a r titio n in g  b e tw e e n  th e  fo rm u la tio n  an d  th e  sc  (p e rh a p s  b y  a lte rin g  th e  
so lv en t n a tu re  o f  th e  sk in  to  im p ro v e  p a r titio n in g  in to  th e  in n e r tissu e ).

S u rfa c ta n ts  a re  a d d ed  to  fo rm u la tio n s  in  o rd e r  to  so lu b ilise  lip o p h ilic  ac tive  
in g red ien ts , an d  so  th ey  h av e  p o ten tia l to  so lu b ilise  lip id s  w ith in  th e  sc. T hey  
ty p ic a lly  c o m p o se d  o f  a  lip o p h ilic  a lky l o r a ry l fa tty  ch a in , to g e th e r  w ith  a 
h y d ro p h ilic  h e a d  g ro u p ; su rfac tan ts  a re  o ften  d e sc rib e d  in  te rm s  o f  th e  n a tu re  o f  the  
h y d ro p h ilic  m o ie ty . A n io n ic  an d  ca tio n ic  su rfac tan ts  h av e  p o te n tia l to  d am ag e  h u m an  
sk in ; b y  sw e llin g  th e  sc  an d  in te rac t w ith  in te rc e llu la r  k e ra tin . N o n -io n ic  su rfac tan ts  
ten d  to  b e  w id e ly  re g a rd e d  as  safe. S u rfac tan ts  g en e ra lly  h a v e  lo w  ch ro n ic  to x ic ity  
an d  m o s t h a v e  b e e n  sh o w n  to  en h an ce  th e  flu x  o f  m a te r ia ls  p e rm e a tin g  th ro u g h  
b io lo g ica l m e m b ra n e s  (W illia m  an d  B arry , 2 0 0 4 ). R e je n d ra n  an d  o th e rs  (1997) 
s tu d ied  th e  e ffe c t o f  n o n -io n ic  su rfac tan ts  (S p an s  an d  T w e e n s) o n  th e  tran sd e rm al 
d e liv e ry  o f  p ra z o s in  HC1 ac ro ss  g u in ea  p ig  sk in  in  v i tr o .  T h e y  fo u n d  th a t T w een s 
p ro d u ced  h ig h e r  p e rm e a tio n  th an  S pans; T een  80 w as  fo u n d  to  p ro d u c e  th e  h ig h est 
p e rm e a tio n  o f  th e  d rug . S h o k ri, e t al. (2 0 0 1 ) and  N o k h o d c h i, e t al. (2 0 0 3 ) rep o rted  
th a t T w e e n  80  in c re a se d  th e  p e rm e a tio n  ra te  o f  lo razép am  th ro u g h  ra t sk in .
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T h ere  a re  tw o  p o ss ib le  m e ch an ism s by  w h ic h  th e  ra te  o f  tra n sp o rt is en h an ced  
u s in g  n o n io n ic  su rfac tan ts . T h e  su rfac tan ts  m ay  in itia lly  p e n e tra te  in to  th e  
in te rc e llu la r  re g io n  o f  sc, in c rease  flu id ity  an d  e v e n tu a lly  so lu b ilise  an d  e x tra c t lip id  
c o m p o n en ts . S eco n d ly , p e n e tra tio n  o f  th e  su rfac tan t in to  th e  in te rc e llu la r  m atrix  
fo llo w ed  b y  in te ra c tio n  an d  b in d in g  w ith  k e ra tin  f ila m e n ts  m ay  re su lts  in  a  d is ru p tio n  
w ith in  th e  c o m e o c y te  (B reu e r, 1979, c ited  in  N o k h o d c h i, e t ah , 2 0 0 3 ; W alte rs , e t al., 
1987). T w e e n  80 is th o u g h t to  en h an ce  th e  D T Z  HC1 v ia  b o th  th e  lip o p h ilic  an d  th e  
h y d ro p h ilic  m o le c u la r  m ech an ism s, an d  to  d is ru p t th e  lip id  a rra n g e m en ts  in  th e  sc 
an d  to  in c rea se  th e  w a te r  co n ten t o f  th e  p ro te in s  in  th e  b a rrie r. T w e e n  80 co n ta in s  the  
e th y len e  o x id e  an d  a  lo n g  h y d ro c a rb o n  ch a in . T h is  s tru c tu re  im p a rts  b o th  lip o p h ilic  
an d  h y d ro p h ilic  c h a ra c te r is tic s  to  en h an ce r, a llo w in g  it to  p a r titio n  b e tw e e n  lip o p h ilic  
m o rta r  su b s ta n c e  an d  th e  h y d ro p h ilic  p ro te in  d o m ain s . It m a y  in te ra c t w ith  th e  p o la r 
h ead  g ro u p s  o f  th e  lip id s  an d  th e  m o d if ic a tio n  o f  H -b o n d in g  an d  io n ic  fo rces  m ay  
occu r.
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C O N C L U S I O N

1. T o  d e v e lo p  d iltia z e m  h y d ro ch lo rid e  tra n sd e rm a l d ru g  d e liv e ry  sy stem s, 
h y d ro x y p ro p y l m e th y lc e llu lo se  and  e th y lc e llu lo se  co u ld  be  ap p ro p ria ted  as 
h y d ro p h ilic  a n d  h y d ro p h o b ic  film  fo rm ers , re sp ec tiv e ly .
2. D ib u ty l p h th a la te  as  o rg an ic  e ste rs  p la s tic iz e rs  g av e  th e  g o o d  th e  p h y sica l 
c h a ra c te ris tic s  o f  free  film s.
3. T h e  p la s tic iz e r  ty p e s  w ere  n o t a ffec ted  to  th e  re lea se  tim e  p ro f ile s  o f  th e  film  
fo rm u la tio n s .
4. Iso p ro p y l m y ris ta te , iso p ro p y l p a lm ita te , an d  T w e e n  80 co u ld  be  u sed  as the  
en h a n c e rs  fo r  th e  8 :2 , H P M C :E C  film  fo rm u la tio n s .
5. T h e  f lu x e s  fro m  8 :2 , H P M C :E C  film  fo rm u la tio n s  w ith  iso p ro p y l m y ris ta te  o r 
iso p ro p y l p a lm ita te  re a c h e d  th e  ta rg e t flux  o f  th is  s tudy

S u g g e s t io n  f o r  f u r t h e r  s t u d y :

T h e  c o -e n h a n c e r  b e tw e e n  iso p ro p y l m y ris ta te  o r  iso p ro p y l p a lm ita te  w ith  
T w een  80 m ig h t in c rea se  th e  en h an c in g  e ffec t o f  d iltia z e m  h y d ro c h lo r id e  p e rm ea tio n  
fro m  th e  tra n sd e rm a l d e liv e ry  sy stem s. F in a lly , th e  lo a d in g  d o se  o f  d iltiazem  
h y d ro c h lo r id e  in  th e  tra n sd e rm a l d e liv e ry  sy stem  m ig h t a lso  be  d ec rea sed .
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