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ABSTJUCT 

Primaquine an ant imalarial  drug was s tudied f o r  i t s  permea- 

t i on  behavior across the  human cadaver s k i n .  Ethylene v iny l  

ace ta te  copolymer (E .V .A .  cop) was used f o r  the  preparation o f  

d r u g  r e servo i r .  To opt imize the  d r u g  de l i very  from the  d r u g  

r e servo i r  E .  V . A .  cop o f  d i f f e r e n t  v iny l  ace ta te  mole content  (40%, 

25%, 18%) was used. To achieve an enhanced sk in  permeation an 

occ lus ive  face  adhesive type de l i very  system was fabr i ca ted .  

The prepared systems were characterized f o r  i n - v i t r o  s t u d i e s .  

The system tha t  del ivered the  d r u g  i n  accordance w i t h  t he  t h e o r t i -  

c a l l y  calculated required de l i very  r a t e  w a s  se lec ted  f o r  in -v i vo  

performance evaluat ion . The prepared system func t ions  over 

an predicted d e f i n i t e  time period i n  an uniform and de f ined  

fa sh ion .  The d r u g  transdermal appl ica t ion  has therapeut ic  

p o t e n t i a l .  

INTRODUCTION 

Primaquine i s  an except ional ly  important ant imalarial  d r u g  

ac t i ve  against several  l i f e  cyc l e  s tages o f  paras i t e s  (1). I t s  

mode o f  ac t ion  i s  exoery thocy t ic  (2). I t  i s  a c t i v e  against  the  
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1344 THASSU AND VYAS 

primary t i s s u e  sch izonts  thus  can func t ion  a s  prophylact ic  agent. 

Primaquine has low therapeut ic  index ,  low clearance and ex t ens i ve  

bio - d i s t r i b u t i o n .  I t  i s  subjccted t o  f i r s t  p a s s  metabolism 

and does not  accumulate i n t o  blood c e l l s  un l ike  other  a n t i -  

m a l a r j a l s  (3 ) .  

O f  numerous methods t h a t  have been employed t o  enhance the  

percutaneous absorption o f  drugs, the  complete impairment o f  

passive trans-epidermal water loss (occ lus ion)  a t  t he  appl ica t ion  

s i t e  i s  the  s implest  method. The increased c l i n i c a l  e f f i c a c y  o f  

topical  d r u g s  caused by covering the  s i t e  o f  appl ica t ion  was f i r s t  

documented by Garb ( 4 ) .  Occlusion has a lso  been reported t o  

increase the  percutaneous absorption o f  various other  t o p i c a l l y  

applied compounds (5,6) . 
Ethylene v iny l  ace ta te  co-polymer i s  being used f o r  

memberane control led d i f f u s i o n  dev ices .  The polymer has been 

found biocompatible, s tab le  and possesses  optimal d i f f u s i o n  

proper t ies  f o r  such appl ica t ion .  The v iny l  ace ta te  content  i n  the 

polymeric memberane regulates  re lease  k i n e t i c s  and o ther  physico- 

chemical proper t ies  o f  the  memberane. The greater  v iny l  ace ta te  

content i n  the  polymer resu l ted  i n  higher memberane permeation 

o f  nicardpine hydrochloride ( 7 ) .  

The present  s tudy i s  aimed a t  exploring and u t i l i z i n g  the  drugs 
permeation behavior t o  achieve transdermal d e l i v e r y .  F ina l l y  an 

attempt was made t o  prepare transdermal therapeut ic  system o f  p r i m a -  

u ine .  The systems were s tudied f o r  i n - v i t r o  charac ter i za t ion  and 
t h e  performance was  evaluted using human cadavers a s  s u b j e c t s .  

MATERIALS AND METHODS 

Primaquine diphosphate was obtained from IPCA Laboratories 

Bombay India.  The polymers used were ethylene v iny l  ace ta te  co- 

polymer o f  40%, 25%, 18% mole conten t .  A ldr ich  Chemical Company, 

Wisconsin USA and Polystyrene,  S igma Chemical Company, S t .  Louis ,  

USA,  N-octanol from Fluka Chemical Company. A l l  t he  so l ven t s  
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TRANSDERMAL OCCLUSIVE DELIVERY DEVICE 1345 

Table - I .  Characterizat ion o f  Primaquine Diphosphate. 

P a r t i  t i o n  c o e f f i c i e n t  Drug permeation r a t e  
(km) (ms/cm2/h r 1 

1.49t 0.08 0.055 t 0.019 

and other  chemicals used were o f  AnalaR grade and were used as 

supplied by E .  Merck India Limited.  

Characterization of Drug 

( a )  Par t i t i on  C o e f f i c i e n t  : The p a r t i t i o n  c o - e f f i c i e n t  (km) o f  

d r u g  was determined using octanol-phosphate sa l ine  b u f f e r  

( p H  7 . 4 ) .  The d r u g  was equi l ibra ted  i n  both the  phases a t  

37+loC f o r  36 hours, subsequently the  d r u g  concentration i n  

both the  phases was determined spectrophotometrical ly .  

( b )  Drug Permeation : Continuously perfused Franz d i f f u s i o n  c e l l  

was  used f o r  sk in  permeation s tud ie s .  The saturated so lu t ion  

o f  primaquine diphosphate was prepared by suspending an excess  

amount o f  d r u g  i n  40% v / v  aqueous PEG-400 so lu t ion .  The 

permeation s tud ie s  were carried out on human cadaver sk in  

(Medical College Jabalpur, I n d i a ) .  The same so lu t ion  except 

d r u g  was used i n  the  receptor  compartment. The s tud ie s  were 
carried o u t  f o r  24 hrs. The temperature o f  d i f f u s i o n  c e l l  

was maintained a t  3 7 t l O C  (Tab le - I ) .  

( c )  Drug Analysis  : The d r u g  content  i n  each a l iquot  was  de ter -  

mined spectrophotometrical ly  by measuring the  absorbance a t  
254 nm using S h i m a d z u  UV-150-02 double beam spectrophotometer. 

Beer ' s  l a w  was  obeyed i n  the  concentrat ion range o f  1-14mcg/ml. 

Preparation of Delivery Device 

( a )  F i l m  Casting (Preparation o f  Drug Reservoir)  : The 10% w / v  

polymeric so lu t ion  o f  e thy lene  v iny l  ace ta te  copolymer was 
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Backingmemberane 
Drug reservoir  
Adhesive layer  I Release l i n e r  

Fig. 1- Occlusive Transdermal Del ivery System (OTDS).  

used i n  the  preparation o f  matrix  i n  order t o  e s t a b l i s h  the  

e f f e c t  o f  v iny l  ace ta te  content  on drug re lease  modulation, 

e thylene v iny l  ace ta te  copolymer o f  varied v iny l  ace ta te  

content  i . e ,  18,  25, 40 mole percent were used f o r  the  pre- 

parat ion o f  d r u g  reservoir  matrix .  The d i f f e r e n t  so lvent  

systems were used f o r  the  preparation o f  polymeric so lu t ion  

(Tab le - I I ) .  Dibutyl p thala te  5% w / w  was  incorporated a s  a 
p l a s t i c i z e r  and propylene glycol 10% w/w a s  a coso lvent .  The 

drug reservoir  f i l m s  were prepared using the  method developed 

by I yer  and Vasavada (8). The dimensions o f  the  f i lms were 

control led by pouring constant volume o f  polymer so lu t ion  o f  

known concentration i n  the  g l a s s  r ings  o f  t he  same diameter 

and dimensions. The prepared f i lms  were s tored a t  control led 

humidity a t  Room temperature 3 0 t l O C .  

( b )  Drug Loading : The required re lease  r a t e  w a s  calculated on 

the  bas i s  of pharmacokinetic parameters using the  formulae 

C The polymeric f i lms  were loaded wi th  

drug 1.5 mg/cm2 and the  adhesive layer  contained 50 mcg/cm2 d r u g  

a s  priming dose. 

x Vd x K e  (9,113 1. 
P 

( c )  Preparation of OcclusiveTransdermal System : The OTDS was 

prepared using impermeable backing memberane o f  po lys tyrene  

t h a t  checks the  transepidermal water l o s s .  The adhesive layer  

o f  the  system w a s  o f  pressure s e n s i t i v e  polymer loaded wi th  

priming dose. The de l i very  device was  protected using a 
re lease  l i n e r  ( F i g .  1 ) .  The s p e c i f i c a t i o n s  o f  the  components 

o f  the  de l i very  device are shown i n  Table I I .  
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THASSU AND VYAS 

Table-III .  In -v i t ro  Characterizat ion o f  t he  Del ivery Devices. 

Del ivery Cumulat ive  percent Release T r  a n s d e rma 1 

i n  24 hr s  (mg/cm2/day) (mg/cn?/day) 
systems d r u g  released f l u x  f l u x  

~~ 

OTDSl 58.89 2 3.77 0.883 0.076 0.766 2 0.046 

0TDS2 41.88 2 2.76 0.628 2 0.056 0.498 2 0.031 

OTDS3 33.172 2.11 0.497 2 0.033 0.316 2 0.029 

In-Vitro Release P r o f i l e  

The i n t r i n s i c  i n - v i  t r o  re lease  o f  d r u g  from transdermal 

systems was measured fo l lowing  the  conventional method (cont inu-  

ously  perfused Franz d i f f u s i o n  c e l l ) .  The formulat ions were 

placed between two halves  o f  t he  d i f f u s i o n  c e l l .  For each poly-  

meric system four  rep l i ca te s  were run and t he  d a t a  provides cumu- 
la t ive  amount o f  d r u g  released per u n i t  time ( T a b l e - I I I ) .  

Transdermal Del ivery  

Validat ion s tud ie s  have been conducted with human cadaver 

sk in .  The f u l l  th ickness  human cadaver s k i n  (procured wi th in  48  

hours o f  death,  stored i n  deep f r e e z e r )  was  mounted on donor 

compartment of the  Franz d i f f u s i o n  c e l l  and t he  patches were 

p l a c e d  on s tratum corneum s i t e  o f  t he  s k i n  sur face .  The 

primaquine content i n  the receptor  compartment was  e s t i m a t e d  

spectrophotometrically. The experiments were run i n  
t r i p l i c a t e  (Table I I I ) .  

In-Vivo Studies  

( a )  S p e c i f i c a t i o n s  o f  Human Volunteers  : Male human volunteers  o f  
age group (21-29 years)  weighing 60 t o  72 kg with no premedi- 

ca t ion  h i s t o r y  were choosen. 

( b )  O r a l  A d m i n i s t r a t i o n  : Two t a b l e t s  o f  primaquine diphosphate 

7 .5  mg each ( I D P L  Hyderabad) were administered t o  10 heal thy  
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TRANSDERMAL OCCLUSIVE DELIVERY DEVICE 1349 

human volunteers .  The drug p l a s m a  concentrat ion was  

monitered per iod ica l l y .  The withdrawn blood samples were 

estimated f o r  primaquine using HPLC method ( 1 1 ) .  

( c )  Transdermal Appl icat ion : Occlusive transdermal de l i very  

device (20 cm ) was applied f o r  30 hours on forearm region.  
A washing period o f  7 days a f t e r  oral adminis trat ion was 

allowed pr ior  t o  appl ica t ion  o f  transdermal system. 

2 

( d )  Drug Estimation : The blood samples ( 5  m l )  were taken from 

median cubi ta l  ve in ,  centr i fuged f o r  15 min a t  5000 r p m ,  a f t e r  

addi t ion o f  0.03 m l  heparin so lu t ion  (5000 uni t /ml  i n  0.4% 

physiological  s a l i n e ) .  The d r u g  content  i n  supernatent (serum) 

was determined fol lowing ( s e n s i t i v e  w i t h  UV de t ec t ion )  HPLC 

method described by Park hurs t  e t  a l .  ( 1 1 )  using LKB h i g h  

pressure l i q u i d  chromatogram (model 2158 UVI Cord S D ) .  The 

est imation was  performed i n  t r i p l i c a t e  and mean o f  values  was 

considered. 

RESULTS AND DISCUSSION 

A saturated so lu t ion  o f  primaquine diphosphate i n  40% PEG 

phosphate b u f f e r  sa l ine  o f  pH 7.4 was applied t o  human cadaver 

s k i n ,  the  drug permeation ra te  determined w a s  0.5520.019 mg/cm / h r .  

Drug par t i t i on ing  i n  octanol/PBS ( p H  7.4) system w a s  found t o  be 

1.49i0.08. The values ind ica te  the  a m p h i l i c  nature o f  the  drug. 

The poss ib le  drug d i f f u s i o n  pathway shal l  be through both aqueous 

and l i p o p h i l i c  l ayer s  e x i s t i n g  i n  the  sk in .  Although because o f  

r e l a t i v e l y  l e s s  l i p o p h i l i c  nature o f  t h e  drug, the  stratum carneum 

can be the  r a t e  l i m i t i n g .  

2 

The ethylene v iny l  ace ta te  copolymer wi th  d i f f e r e n t  v iny l  

ace ta te  content  has been used i n  t h e  preparation o f  memberane 

permeation control led transdermal therapeut ic  system. Previous 

repor ts  have shown t h a t  EVA copolymer memberane permeabili t i e s  

t o  various types  o f  d r u g s  increased with decreasing e thy lene  

content  ( 7  1 .  The EVA copolymer w a s  used t o  prepare the  d r u g  
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A OTDSl 
E OTDS2 
C = OTDS3 

0 1 2 3 4  8 12 16 22 25 

T i m e  ( h r s . )  

F I 6  2. Comparative release profiles o f  primaquine from various transdermal 
delivery devices (OTDS,. OTDS2. OTDS3) (n = 3 ;  3721°C). 

reservoir w i t h  40%, 25%, 18% mole vinyl  acetate content,  t o  op t i -  

mize and t o  achieve desired release k i n e t i c s .  

Occlusive transdermal del ivery systems were designed and 

fabricated as occlusion induced hydration not only reduces the 

l a g  phase but a l s o  gives the enhanced skin permeation e f f e c t .  
Polystyrene wi th  almost negl igible  t o  n i l  water permeability was 
used t o  prepare backing memberane o f  the device. The backing 
memberane checks transepidermal water loss (TEWL) and eventually 

induces the hydration e f f e c t .  

The required theori t ical  release rate  to  achieve therapeutic 

e f f e c t  was  calculated considering pharmacokinetic parameters (3,12). 

The e f f e c t i v e  plasma concentration t o  be achieved was taken 
2 30 ng/ml. The prepared drug  reservoirs were loaded w i t h  1.5mg/cm 
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Delivery Devices 

F I 6  3. Cumulative percent drug released ( i S . D . 1  in 24 hours 
from different delivery devices at 3 7 f  1 ° C .  

d r u g  f o r  drug de l i very  a t  desired r a t e  f o r  24 hours. The adhesive 

layer  w a s  loaded w i t h  50 mcg/cm o f  drug as priming dose ( 1 3 ) .  

During the  re lease  r a t e  s tud ie s  higher burs t  re lease  was observed 

invar iably  w i t h  each product (OTDS1, OTDSz, OTDS ) f i r s t  hour 

reason l i k e l y  a t t r ibu ted  t o  t he  priming dose contained i n  the  

adhesive layer .  Almost near zero order re lease  k i n e t i c s  was 

observed f o r  a l l  t he  products upto 24 hrs ( F i g .  2 ) .  The de l i very  

device OTDSl w i t h  40% v iny l  ace ta te  content  showed t h e  h ighes t  

cumulative percent drug released 58.89 t 3 .77 .  The re lease  r a t e  

s tud ie s  revealed t h a t  a s  the  v iny l  ace ta te  content  i n  co-polymer 

decreases the  cumulative percent drug re lease  decreases ( F i g .  3 ) .  

Ethylene port ion i n  the  co-polymer r e s t r i c t s  the  d i f f u s i o n  o f  t he  

d r u g  hence checks the  permeation charac te r i s t i c s  o f  the  memberane. 

2 

i n  3 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1352 THASSU AND VYAS 

Delivery Dev ices  
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F I6  4- C o r r e l a t i o n  o f  t ransdermal  f l u x  o f  pr imaquine w i t h  d i f f e r e n t  v i n y l a c e t a t e  
content  i n  t h e  d e l i v e r y  dev ices  (OTDS1, OTDS2,  OTDS3) ( n  = 3; 3 7 t l " C ) .  

Dependency o f  t h e  enhancement f a c t o r  ( v i n y l a c e t a t e  c o n t e n t )  for t h e  s k i n  

permeation ( n  = 6 ;  3 7 t l " C )  and r e l e a s e  ( n  = 3 ;  3 7 t l " C )  o f  pr imaquine i s  

shown. 

To characterize  the  prepared products the  transdermal permea- 

t i o n  s tud ie s  were carried out using human cadaver s k i n .  The 

transdermal f l u x  was  noted t o  be re la ted  w i t h  v iny lace ta t e  content  

i n  co-polymer, which a f f e c t s  drug permeat ion/d i f fus ion .  The 

corelat ion between var ia t ion  i n  v iny lace ta te  content  and re lease  

f l u x  and transdermal f l u x  was es tabl ished ( F i g .  4 ) .  The v iny l  

acetate  content  governs both the  re lease  as well a s  transdermal 
f l u x .  The increase i n  v iny l  ace ta te  content  increases  the  re lease  

f l u x  thus eventual ly  t he  transdermal f l u x  a l s o .  

The occlusive de l i very  device OTDSl d e l i v e r s  the  d r u g  across 

the  sk in  0.7662 0.48 mg/cm / d a y  w a s  chosen f o r  in-v ivo  s tud ie s  
2 
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FI6 5. Plasma concentration time profile during oral treatment (two tablets 
7.5 mg each) and transdermal once a day application ( 2 0  cm2) o f  OTDSl 
system. The data were collected at short time interval during the first 
4 hours (n = 10). 

as the  de l i very  device can de l i ver  the  drug a t  the  calculated 

theor i t i ca l  re lease  ra t e  (0.759 mg/cm / d a y ) .  2 

The two  primaguine diphosphate t a b l e t s  weighing 7.5mg (IDPL, 

Hyderabad) each were given t o  s i x  human volunteers .  Per iodica l ly  

co l lec ted  blood samples were estimated f o r  drug conten t .  The 

de l i very  devices  were applied on the  forearm region ( inner  por t ion)  

o f  another s i x  human volunteers  f o r  30 hrs. Comparison o f  genera- 
ted p l a s m a  p r o f i l e  ( F i g .  5 )  reveals  t ha t  i n  the  case of oral 

treatment 0 .632  0.11 hrs l a g  time was observed while 1.55  0.41 

hrs  l a g  time was  observed with transdermal treatment .  A1 though 

l a g  time observed i n  case of transdermal treatment was higher than 

the oral treatment but s i g n i f i c a n t l y  lower as compared t o  the  l a g  

time normally recorded i n  the  case o f  non occ lus ive  transdermal 
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1354 THASSU AND VYAS 

Table-IV. Pharmacokinetic parameters o f  primaguine a f t e r  oral 
2 (15 m g )  and transdermal a p p l i c a t i o n  (20 cm ).  

Parameters O r a l  Transdermal 

‘max (ng/ml)  60.00211.30 33.29 2 4.89 

( h r )  2.11 t 0.53 4.11 2 0.39 Tmax 
Aue (mcg  . h/ml)  4 . 2 3 t  0.79 7.07 2 1.86 

Duration a ( h r )  9.002 1.80 21.00 22.60 

L a g  time ( h r )  0 . 6 3 t  0.11 1.50 2 0.41 

( a )  Time f o r  which e f f e c t i v e  p l a s m a  concentration (30 n g )  was 
maintained. 

systems. Occlusive systems because o f  induced hydration e f f e c t  
on the  corneocytes o f  s t r a t u m  corneum reduces the  l a g  time 

considerably. 

In  case o f  oral  treatment Cmax 60t 11.30 ng/ml was achieved 

i n  2.11 2 0.53 h r s  while t he  Cmax a f t e r  transdermal treatment 

(33 .29t  4.89) was achieved i n  4.14 5 0.39 hrs. Oral treatment shows 

r a p i d  f a l l  i n  p l a s m a  concentration as the  time passed a t 8 h r s  p o s t  

adminis trat ion 9.0 ng/ml  w a s  estimated i n  the  p l a s m a  which i s  
s i g n i f i c a n t l y  low when compared with p l a s m a  concentrat ion achieved 

through transdermal route  . 
However i n  case o f  transdermal treatment ,  once the  1 C was 

achieved it  was a lmos t  maintained f o r  21.Of 2.6 h r s  a t  or around 

30 ng/ml concentration l e v e l .  The 15 mg ora l  dose only  maintained 

30 ng  concentration f o r  9 . 0 2  1.8 h r s .  Whils t  approximately the  

same quant i ty  when delivers by the  device OTDS, the  blood l e v e l  
was maintained a t  or around 30 ng/ml  concentration f o r  around 

21 hours. The in-vivo d a t a s  are discussed i n  the  tab le  IV .  

max 

The system was t e s t ed  f o r  occlusion induced i r r i t a t i o n .  
I t  was observed tha t  out  o f  s i x  human volunteers  only  one 

volunteer showed a s l i g h t  redness o f  the  s k i n  a f t e r  30 h r s  a p p l i c a -  
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TRANSDERMAL OCCLUSIVE DELIVERY DEVICE 1355 

t i o n .  T h i s  s u g g e s t  t h a t  a n  e l a b o r a t e d  s k in  t o x i c o l o g i c a l  s t u d y  

f o l l o w e d  b y  c l i n i c a l  t r ia l  s h o u l d  be c o n d u c t e d .  

I t  i s  c o n c l u d e d  f r o m  t h i s  s t u d y  t h a t  p r i m a q u i n e  h o l d s  

p r o m i s e  f o r  t r a n s d e r m a l  a p p l i c a t i o n .  T h e  c o m p o s i t i o n  o f  p o l y m e r  

m o d i f i e s  the  r e l e a s e  k ine t ics  o f  the d r u g  hence p r o g r a m e d  r e l e a s e  

o f  the d r u g  c a n  be a c h i e v e d .  T h e  o c c l u s i v e  d e v i c e  r e d u c e s  the  

l a g  p h a s e  and  h e l p s  i n  a c h i e v i n g  C e a r l i a r  hence s h o u l d  be p r e -  

f e r e d  over non occlusive s y s t e m .  T h e  s c o p e  and l i m i t a t i o n  o f  t h i s  

a p p r o a c h  s h o u l d  be f u r t h e r  d e f i n e d .  

max 
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