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On behalf o f  t he  Food and Drug Administrat ion,  I wish t o  thank Rutgers 

Un ivers i ty ,  College o f  Pharmacy, for extending me the  i n v i t a t i o n  t o  

p a r t i c i p a t e  i n  t h i s  syrnposjum dea l ing  with "Transdermal Con t ro l l ed  

Release Medication." 

A mi lestone f o r  the  evo lu t i on  o f  9 T o n t r o l l e d  Release Dosage Forms" was 

recent ly  made with the  development o f  several  new innovat ions,  p r i m a r i l y  

the  i n v e n t i o n  o f  polymer-mediated c o n t r o l l e d  re lease drug d e l i v e r y  

systems f o r  long-term medications. 

o f  progesterone-releasing "ogestasert IUD far one year i n t r a u t e r i n e  

contracept ion,  the  p i locarp ine- re leas ing  system f o r  weekly management o f  

glaucoma and the  scopolamine-releasing transderm-V system f o r  t h e  

prevention/treatment o f  motion sickness. 

c o n t r o l l e d  release drug de l i ve ry  systems has been granted on ly  i n  the  

past 5 years. More recent ly ,  the  FDA has granted approval on th ree  

separate transdermal n i t r o g l y c e r i n  drug de l i ve ry  systems, and i t  i s  

It i s  exempl i f ied  by the  development 

Regulatory approval o f  these 
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708 CABANA 

anticipated that  newer drug delivery systems are l ikely to  be approved i n  

the foreseeable future. 

Perhaps one needs to  ask "Why a l l  t h i s  in te res t  i n  transdermal drug 

delivery systems?" Aside o f  economic in te res t s ,  there are a number of 

sc ien t i f ic  reasons for the development of transdermal drug delivery 

systems. Among these reasons are the avoidance of f i r s t  pass l iver  or  

G-I  metabolism, long term theraDy f r o m  a single dose, improved patient 

compliance and minimal drug exposure by significant reduction of t h e  

dose. 

transdermal drug systems. 

can resul t  i n  a signjficant reduction i n  dose and bet ter  patient 

compliance over a longer period of time by pre-set delivery rates  of drug 

over several days. 

e f fec ts  by avoiding toxic plasma levels.  It should be feasible t o  

develop transdermal systems which will  f ac i l i t a t e  patient t i t r a t ion  t o  

predetermined therapeutic plasma levels and such systems w i l l  f a c i l i t a t e  

bi-weekly or even weekly dosage administration. 

Indeed i t  is possible t o  accomplish a l l  of these goals w i t h  

The avoidance of first pass metabolism often 

The zero-order drug delivery can also minimize side 

This  presentation w i l l  deal wi th  both the regulatory and biopharmaceutic 

aspects of  transdermal drug delivery systems. 

herein are employed to  i l l u s t r a t e  specific sc ien t i f ic  viewpoints as  well 

as to  i l l u s t r a t e  the basis of biopharmaceutics approval of the new drug 

application. 

endorsement of specific drug products but  rather as  my own personal views 

endorsing the sc ien t i f ic  principles or hypotheses p u t  for th .  Further, it 

is my opinion that  these examples best i l l u s t r a t e  a new trend i n  drug 

delivery system i n  the United States  which opens new sc i en t i f i c  horizons 

which needs to  be encouraged. 

to  establish s t r i c t  guidelines; and the Aqency needs to  be f lexible  i n  

The drug examples referred 

These statements should not be viewed as  an Agency 

By the same token, our data is too l imi t ed  
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TRANSDERMAL CONTROLLED MEDICATION 709 

establishing requirements a s  a basis of drug approval. 

t h i s  technology and the limited biopharmaceutic and c l in ica l  data 

particularly explains the various basis o f  drug aporoval. 

The newness of 

Regulatory Requirements 

Transdermal controlled release medications regardless of the active 

therapeutic moiety employed i s  regarded as  a new drug w i t h i n  the meaning 

of the  Federal Food, Drug and Cosmetic Act, Section 201(P) and a s  such 

require submission of  sc ien t i f ic  documents t o  substantiate c l in i ca l  

safety and efficacy. 

FDA to  be controlled release dosage forms and, therefore,  require 

demonstration of controlled release character is t ics  t o  support drug 

labeling . 

Furthermore, a l l  such drugs are considered by the 

Transdermal controlled release drugs are considered by the Agency t o  be 

new drugs intended f o r  the treatment o r  prevention of a systemic disease 

as  oDoosed to  the topical drugs intended f o r  a local effect .  

not negate the possibi l i ty  of a controlled release medication exerting a 

local e f fec t  nor does it necessarily r e s t r i c t  such drugs t o  the systemic 

circulation. 

pilocarpine-releasing system, Ocusert, used for  glaucoma and the 

progesterone-releasing Progestasert IUD. 

T h i s  does 

Perhaps the best examples of the l a t t e r  is the 

Transdermal controlled release medications require demonstration o f  

safety both i n  terms of local i r r i t a t ions  and systemic toxici ty .  In  the 

event that  the systemic toxicity o f  an active therapeutic moiety i s  well 

defined i n  the sc ien t i f ic  l i t e ra ture ,  e.g., nitroglycerin,  scopolamine, 

e tc . ,  the Agency may waive the demonstration of animal systemic toxici ty ,  

b u t  may require additional c l in ica l  tes t ing for safety i n  human 
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710 CABANA 

patients.  Where blood level comparisons of the transdermal medication t o  

an already-established systemic route of administration of the same drug,  

e.g. ,  I.V., I.M., P.O. is available,  the systemjc safety issues may be 

ruled out i C  the blood levels are  w i t h i n  established safe and efficacious 

limits i n  treated patients administered the currently approved labeled 

rlosaqes. 

the transdermal drugs far  exceed current c l in ica l  usage or the 

circulating systemic blood levels of the drug Far exceeds other systemic: 

routes of administration due to  by-passing f i rs t -pass  metabolism. 

The l a t t e r  is particularly applicable where the daily dose o f  

Clinical tes t ing for efficacy i s  always required of transdermal 

controlled release medications involving new drug e n t i t i e s  (drugs  not 

well defined i n  the sc ien t i f ic  l i t e ra ture)  and may be required to  support 

new efficacy claims on o l d  drugs. 

play an immense rule i n  the l a t t e r  determinations since the FDA may be 

able to  rely on blood level comparisons where the phsrmacodynamic e f fec ts  

of the drug are well defined employing a systemic route of drug 

administration, i . e . ,  intravenous, intramuscular, oral  routes. The 

l a t t e r  w i l l  be i l lus t ra ted  w i t h  the TTS-scopolamine system. 

Riopharmaceutic considerations can 

Clinical  efficacy data would always be required to  s u p p o r t  a new medical 

claim or  any claim o f  superior efficacy. 

enhanced superior reproducibility or prolonped therapy w i l l  require 

appropriate bioavailability/pharmacokinetic studies t o  support labeling. 

Because of the nature of such s tudies ,  i . e . ,  generally steady-state and 

the potential  for safety considerations, an Investigational New Drug 

( I N D )  exemption i s  currently required o f  the firm prior t o  in i t ia t ing  

such studies. 

Siopharmaceutics claim as  t o  

I n  cer ta in  instances, additional metabolism studjes i n  man may be 

required to  define the metabolism o f  the drug where it is suspected that  
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TRANSDERMAL CONTROLLED MEDICATION 711 

s i g n i f i c a n t  a l t e r a t i o n  i n  metabol ic pathways may be encountered due t o  

d i f f e rence  i n  hepat ic -por ta l  metabolism or  by-passing G - I  metabolism. 

instances where kidney func t i on  p lays  an important r o l e  i n  t h e  drug and 

metabo l i te  e l i m i n a t i o n  o f  transdermal drug, pharmacokinetic s tud ies  i n  

p a t i e n t s  with r e n a l  impairments o r  p a t i e n t s  undergoing hemodialysis may 

be f u r t h e r  requ i red  unless such data i s  c u r r e n t l y  ava i l ab le  i n  the  

l i t e r a t u r e  t o  support dosage admin is t ra t ion .  

I n  

The types o f  s tud ies  requ i red  as a bas i s  o f  approval  o f  a new drug 

a p p l i c a t i o n  need t o  be customized and are l a r g e l y  d i c t a t e d  by the  

fo l l ow ing  considerat ions:  

1) C r i t i c a l  nature o f  t he  a c t i v e  drug. 

2) A v a i l a b i l i t y  o f  already-marketed systemic dosage form o f  t he  

same drug. 

3) Medical and biopharmaceutic ra t i ona le .  

4) Current l i t e r a t u r e  data on t h e  drug e n t i t y .  

5 )  Pgency experience with the  drug and/or drug d e l i v e r y  system. 

I t  should be stressed t h a t  these nove l  drug d e l i v e r y  systems requ i re  

ca re fu l  s c i e n t i f i c  eva lua t i on  based on the  pharmacologic and 

pharmacokinetic p roper t i es  o f  t he  drug and drug de l i ve ry  system. 

C r i t i c a l  drugs (drugs w i t h  narrow therapeut ic  index) o r  drugs which 

requ i re  ca re fu l  p a t i e n t  t i t r a t i o n  may need a d d i t i o n a l  spec ia l i zed  s tud ies  

t o  de f i ne  bo th  t h e  sa fe ty ,  e f f i c a c y ,  and l a b e l i n q  requirements. Such 

studies, i n  my opinion, need t o  be customized. I n  most ins tances  where 

systemic t o x i c i t y  o f  t h e  drug e n t i t y  i s  w e l l  known, f u r t h e r  animal 
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712 CABANA 

t o x i c i t y  t e s t i n g  is obvia ted .  Where t o x i c i t y  d a t a  is r e q u i r e d ,  such 

requirements  should p a r a l l e l  o t h e r  systemic drugs  o f  t h e  same 

pharmacological c l a s s .  

Biopharmaceutic Cons idera t ions  

Riopharmaceutic c o n s i d e r a t i o n s  a r e  p i v o t a l  i n  the e v a l u a t i o n  of 

t ransdermal  c o n t r o l l e d  r e l e a s e  medicat ions.  There is an a b s o l u t e  need t o  

d e f i n e  the dosage form d e l i v e r y  system i n  terms o f  i t s  r a t e  and e x t e n t  o f  

drug d e l i v e r y  as  well as  i t s  r e p r o d u c i b i l j t y .  A d d i t i o n a l l y ,  there may be 

a need t o  d e f i n e  t h e  pharmacokinet ics  and metabolism o f  t h e  a c t i v e  

t h e r a p e u t i c  moiety i t s e l f  where such informat ion  i s  l a c k i n g .  

be stressed t h a t  the pharmacokinet ic  and metabol ic  p r o f i l e  of t h e  a c t i v e  

t h e r a p e u t i c  moiety i n  a t ransdermal  d e l i v e r y  system may d i f f e r  

s i g n i f i c a n t l y  from the o r a l  r o u t e s  o f  a d m i n i s t r a t i o n  due t o  the 

by-passing l i v e r  of  G-I metabolism. In  such i n s t a n c e s ,  the  

pharmacokinet ic  p r o f i l e  o f  the drug  should p a r a l l e l  an i n t r a v e n o u s  

i n f u s i o n  which d e l i v e r s  the drug by a zero-order  mechanism. 

I t  should  

From my p e r s p e c t i v e  i n  e v a l u a t i n g  t ransdermal  drug delivery systems, 

there i s  the  need t o  e v a l u a t e  the s i t e  o f  drug a d m i n i s t r a t i o n  i n  o r d e r  t o  

opt imize  the dosage d e l i v e r y .  

parameters  a s  a r e a  of drug a d m i n i s t r a t i o n ,  blood flow a t  t he  s i t e ,  and 

perhaps even the consequence of  p h y s i c a l  a c t i v i t y .  

need t o  a s s e s s  the role of  the s k i n  i n  c o n t r o l l i n g  (and i n  some 

i n s t a n c e s ,  s u s t a i n i n g )  drug d e l i v e r y  t o  the  systemic c i r c u l a t i o n .  The 

example o f  i p s o l a t e r a l  versus  c o n t r o l a t e r a l  plasma l e v e l s  from S e a r l e t s  

MDD-Nitroglycerine d i s c u s s e d  by Or. Yarim p o i n t s  o u t  t h e  need t o  d e f i n e  

the opt imal  s i t e  o f  drug a b s o r p t i o n .  

One f u r t h e r  needs t o  c o n s i d e r  such 

There i s  the f u r t h e r  
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TRANSDERMAL CONTROLLED MEDICATION 713 

Idea l ly ,  transdermal cont ro l led  r e l ease  medications a re  bes t  def ined  i n  

comparison t o  an intravenous dose. 

f igure  which compares Alza's trandermal scopolamine t o  an intravenous 

infusion (courtesy of  Dr. Jane Shaw, Alza Corporation). I t  can be 

readily seen t h a t  following the sudden bolus observed i n  t he  i n i t i a l  

12 hours, scopolamine i s  released a t  a zero order r a t e  over a 3-day 

period. 

constant,  i .e . ,  0.5 ng/hr over an 84 hour period f o r  t h e  

TTS-scopolamine. 

the  drug a t  comparable t o  a zero order  in fus ion  over a 3-day period 

(Figure 1). 

Such an example is shown i n  the  next  

Beyond 24 hours, urinary excre t ion  r a t e  i n  (mg/hr) was f a i r l y  

T h i s  s t u d y  demonstrates t h a t  TTS-scopolamine de l ive r s  

These f ind ings  a re  i n  marked con t r a s t  t o  t h a t  obtained from a pa ren te ra l  

I . Y .  dose of  200 mcg of scopolamine hydrabromide which i s  equivalent t o  

-_-  TTS scopolamine programmed to deliver 0 5 m g  
over 3 days i n  = 71 

Continuous intravenous inlusion 0 1  scopolamine T 
- 

I 
I 

3 7 6 Opglhr (n = 6) 
r--r--7 t Scopolamine administration started 
1 1 1  4 Scopolamine administration stopped : : I  
I Area denotes dilference in rate of scopolamine 
I I 
I I 
I I and lransdermal administralion 0 1  the druq 

excretion alter slopping (at 72 hri intravenous 

I 

+ 0-12 12-24 24-36 36-48 48-60 60-72 4 72-84 84-96 96-108 108-120 

TIME (hr) 

Figure 1 - Urinary excre t ion  r a t e  of scopolamine i n  man following 
TTS-scopolamine and intravenous infus ion  (Courtesy of fUza 
Corporation). 
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W 8  
5 
I 

z 
+ 4  
W 
U 
0 

> 
U 

0 

2 3  
a 2  z 
= 1  
U 

0 

I- 

1 2 3 4 5 6  t TIME (hr) 
200rg SCOPOLAMINE 
HYBROBROMIDE I.M. 

Figure 2 - Urinary excre t ion  of scopolamine and pharmacodynamic effects 
following intramuscular administration (Courtesy o f  Alza 
Corporation). 

the amount administered i n  1 hour I.V. The I.Y. dose achieves rapid peak 

plasma l eve l s  which a re  assoc ia ted  w i t h  t he  side e f f e c t s ,  e .g . ,  

drowsiness, tachycardia (Figure 2). 

I t  should be noted tha t  i n  t h e  case of TTS-scopolamine, t h e  s k i n  behaves 

a s  a source of drug reservoi r  maintaining l e v e l s  a t  l e a s t  f o r  12 hours 

a f t e r  removal o f  the TTS de l ivery  system. 

by comparing urinary excre t ion  r a t e s  a t  72-84 hours a f t e r  removal of  t h e  

drug delivery device. 

T h i s  can be readi ly  observed 

I t  should be noted t h a t  the  TTS scopolamine was so designed so a s  t o  

de l ive r  the  drug a t  a r a t e  which resu l ted  i n  a urinary excre t ion  r a t e  of  
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TRANSDERMAL CONTROLLED MEDICATION 715 

less t h a n  1 mcg/hr well below t h e  t o x i c i t y  range which o c c u r s  a t  h i g h e r  

l e v e  Is. 

Ps well a s  d e f i n i n g  the pharmacokinet ic  p r o f i l e s  of a new drug d e l i v e r y  

system, i t  i s  necessary  t o  demonstrate  t h e  r e p r o d u c i b i l i t y  o f  such 

systems. 

manufacturing as  well a s  i n  in t ra -and  i n t e r - p a t i e n t  v a r i a b i l i t y .  

can be achieved by comparison o f  d i f f e r e n t  batches o f  a drug d e l i v e r y  

system i n  t h e  same p a t i e n t s .  

(F igure  3 )  ( c o u r t e s y  of  Dr. J. Shaw, Alza Corpora t ion) .  

This  i n v o l v e s  both demonst ra t ing  r e p r o d u c i b i l i t y  i n  

T h i s  

T h i s  j s  b e s t  i l l u s t r a t e d  i n  the  n e x t  f i g u r e  

In  c o n s i d e r i n g  s y s t e m i c a l l y  e f f e c t i v e  drug d e l i v e r y  systems u s i n g  

a b s o r p t i v e  s u r f a c e s  o t h e r  than  the upper G I  t r a c t ,  one cannot  ignore  t h e  

l i k e l i h o o d  t h a t  such dosage forms w i l l  r e s u l t  i n  s i g n i f i c a n t l y  d i f f e r e n t  

pharmacokinet ic  p r o f i l e s  than  t h e  o r a l  dosage forms. For example, it 

should be p o s s i b l e  t o  demonstrate  t h a t  a systemically e f f e c t i v e  

- ; 1.2 

2 1.0 

s 

+I 

Q: 
2 0.8 
A 

\ 

z 0.6 

+ w a 0.4 
0 
X w 
>- 0.2 a: 
Q z a: 
3 0  

0 

I 
Lot No. CM01326 (Group I, n = 7) 

- Lot No. CM01326 (Group 1 1 ,  n =61 _ _ _  Lot NO. CM01338(n=7) 

f System applied 

4 System removed 

- 

- 
T - z ST1 

- 
AL 

-57 .- -- -- - 
+ 0-1 2 12-24 24-36 36-48 48-60 60-72 4 72-84 84-96 96-108 108-120 

TIME (hr) 

Figure  3 - Comparison of two l o t s  of  TTS-scopolamine (Courtesy o f  Alza 

‘Urinary excretion of free scopolamine = 9 5 t 0 9% (avg ? S E ) of total drug administered 

c o r p o r a t i o n ) .  
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716 CABANA 

transdermal drug delivery system avoids f i r s t - p a s s  liver metabolism 

and/or is a f a r  more r e l i a b l e  drug delivery system. 

may further ind ica t e  t h a t  the dosage form de l ive r s  the  drug f o r  a longer 

period of  time. 

by comparing two systemically effective n i t rog lyce r in  products,  a 

sublingual dose of n i t roglycer in  and a new transdermal drug de l ivery  

system (courtesy of Dr. Cohen of Key Laboratories).  

Dr. P i t t  and coworkers a t  the  University of  Michigan Medical Center 

c l e a r l y  demonstrated t h a t  cutaneous absorption of n i t roglycer in  from the 

transdermal drug delivery system (TNG Polymer, Key Laboratories) r e su l t ed  

i n  de tec tab le  plasma l eve l s  f o r  24 hours (Figure 4 )  i n  con t r a s t  t o  plasma 

l e v e l s  fo r  only 16 minutes a f t e r  a sublingual dosage form (Figure 5) .  

E ioava i l ab i l i t y  data 

Both the  l a t t e r  hypotheses can be readi ly  demonstrated 

Studies performed by 

3.0 

2 8  

2.6 

2.4 

E 2.2 

- 2.0 
v z 
0 1.8 
0 
5 1.6 
a 
W 
0 1 4  

9 1 2  

t 1.0 z 
0.8 

0.6 

0.4 

0 2  

0 

= 
0, 
- 
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Figure 4 - Cutaneous absorption of  ni t roglycer in  from a transdermal drug 
delivery system, TNG Polymer (Courtesy of Key Laboratories).  
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MINUTES POST ADMINISTRATION 

Figure 5 - Plasma concentration o f  nit roglycer in  following sublingual 
dose (Courtesy of  Key Laboratories).  

The bas i s  of  approval o f  such a dosage form from a biopharmaceutics 

standooint cons i s t s  of  demonstration of :  

1. reproducibi l i ty  of plasma l e v e l s  

2. 

3 .  

defined pharmacokinetic parameters t o  support d rug  label inq;  and 

demonstration t h a t  the plasma concentration a re  within reasonable 

therapeut ic  limits of those achieved wi th  the o r a l  sublingual 

dosage form. 

the once-a-day dosage regimen, and t o  rule out  physiological 

tolerance.  

recommendations b u t  may also document more r e l i a b l e  drug delivery.  

Additional c l i n i c a l  t r i a l s  are  needed t o  support 

Such t r i a l s  may not only support maintenance dosage 
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7 18 CABANA 

I t  i s  not always f eas ib l e  t o  define the b ioava i l ab i l i t y  p r o f i l e  of a 

transdermal drug r e l a t i v e  t o  an I . V .  dose (bolus or  zero order i n fus ion ) ,  

and o f t en  the use o f  o the r  m u t e s  o f  drug administration may provide 

addi t iona l  pharmacokinetic da t a  so a s  t o  permit appropr ia te  labe l ing .  

I l l u s t r a t e d  i n  Figure h a re  comparative plasma levels of  n i t rog lyce r in  

Following administration of  t h i s  drug either i n  an ointment (Nitro-Bid) 

every 8 hours or a s  TTS-nitroglyercin once a day (courtesy o f  

Dr. J. Shaw, Plza ,  Corporation). 

I n  t h i s  s t u d y  involving 12 human subjec ts ,  the  ointment containing 9.2 mg 

per 10 cm area was administered every 8 hours f o r  a t o t a l  da i ly  dose 

of 27.6 mq. 

was administered a s  two separa te  patch (20 cm ) once a day. 

2 

The TTS-nitroglycerin containing 25.6 rng per 10 cm2 device 
2 Each drug 

PLASMA CONCENTRATIONS OF NITROGLYCERIN FOLLOWiNG 
ADMINSTRATION OF OINTMENT AND TTS-NITROGLYCERIN 

300.0 

200.0 

100.0 

0.0 
0.0 10.0 20.0 30.0 

TIME (hours) 

Figure 6 - Plasma concentrations of n i t roglycer in  following 
administration o r  Nitro-Bid ( 0  ) ointment, Marion 
Laboratories and TTS-Nitroglycerin ( 0 1, Alza Corporation 
(Courtesy of  Plza Corporation). 
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TRANSDERMAL CONTROLLED MEDICATION 719 

was administered t o  the  human sub jec ts  over a 28 hour pe r iod  employing a 

balanced random design. 

sp i k ing  i n  plasma l e v e l s  o f  n i t r o g l y c e r i n ,  bo th  drug admin i s t ra t i on  

resu l ted  i n  reasonably we l l - con t ro l l ed  pseudo steady-state plasma l e v e l s  

over the  28 hour per iod ,  and a r a p i d  dec l i ne  i n  n i t r o g l y c e r i n  plasma 

l e v e l s  was manifest  upon cessat ion  of  dosage a t  28 hours. 

It can be r e a d i l y  seen t h a t  f o l l o w i n g  an i n i t i a l  

Since bo th  dosage forms were administered a t  d i f f e r e n t  dosages and area 

o f  s k i n  app l i ca t ions ,  i.e,, 10 cm vs 20 cm , i t  was necessary t o  

normalize the  da ta  by comparing the  n i t r o g l y c e r i n  plasma l e v e l s  

normalized f o r  area o f  s k i n  a p p l i c a t i o n  (Figure 7). 

seen t h a t  t he  TTS-ni t roglycer in i s  s l i g h t l y  h igher  but s t a t i s t i c a l l y  

equ iva len t  t o  the  N i t ro -B id  Ointment over the  e n t i r e  28 hour per iod.  

2 2 

It can be r e a d i l y  

On 

the  average, plasma levels o f  12-15 pq/ml was achieved per  cmL area o f  

PLASMA CONCENTRATIONS OF NITROGLYCERIN NORMALIZED 
FOR AREA OF SKIN APPLICATION 

20.0 r 

0.0 10.0 20.0 

TIME (hours) 

30.0 

Figure 7 - Plasma concentrat ions o f  n i . t roq l yce r in  normal ized f o r  
area of s k i n  app l i ca t i on ,  N i t ro -B id  ointment ( 0 1, 
TTS-Nitroglycer in ( 0 ) (Courstesy o f  Alza Corporat ion).  
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720 CABANA 

s k i n  a p p l i c a t i o n  o v e r  the  28 hours .  

levels o f  n i - t r o g l y c e r i n  p r e c i p i t o u s l y  dropped t o  about  one-half t h e s e  

l e v e l s  w i t h i n  1 hour i n d i c a t i n g  t h a t  the s k i n  does n o t  s e r v e  a s  a t i s s u e  

r e s e r v o i r  ( i n  c o n t r a s t  t o  TTS-scopolamine) . 

Upon c e s s a t i o n  o f  dos ing  t h e  plasma 

Ourinq the course  o f  the s tudy  the  f i r m  assayed t h e  r e s i d u a l  amount of 

n i t r o q l y c e r i n  w i t h i n  each TTS-Nitroglycerin p a t c h  a t  the end of 28 hours  

and t h e  r e s i d u a l  amount i n  t h e  Nitro-Bid Ointment (Marion) a t  t h e  end o f  

the  8 hour dosage reqimens. 

assessment  and comparison of a b s o l u t e  b i o a v a i l a b i l i t y ,  t o t a l  "apparent8 '  

plasma c l e a r a n c e  o f  n i t r o g l y c e r i n  fol lowing both dosage regimen and ra tes  

o f  drug d e l i v e r y  over  the  28 hour per iod  i n  t h e  i n d i v i d u a l  s u b j e c t s .  

A d d i t i o n a l l y ,  t h i s  s t u d y  des ign  permi ts  assessment  o f  the r e p r o d u c i b i l i t y  

o f  each  pa tch  and o in tments  w i t h i n  any g iven  s u b j e c t .  

T h i s  a d d i t i o n a l  a n a l y s i s  permi t ted  the  

The l a t t e r  was made p o s s i b l e  s i n c e  2 TTS-Nitroglycerin p a t c h e s  and 3 

Nitro-Bid Ointment a p p l i c a t i o n s  were made f o r  each  s u b j e c t .  Assuming 

e q u i v a l e n t  c l e a r a n c e  v a l u e s  f o r  each drug d e l i v e r y  system, t h i s  a n a l y s i s  

permi ts  f u r t h e r  normal iza t ion  o f  plasma l e v e l s  of  n i t r o g l y c e r i n  based on 

a n  e q u i v a l e n t  absorbed dose,  i .e . ,  10 mg absorbed dose. It  should be 

s t r e s s e d  t h a t  t h i s  comparison was made p o s s i b l e  because both t h e  

TTS-Nitroglycerin and the  Nitro-Bid Ointment were adminis te red  i n  a 

r i g o r o u s l y  pre-measured dosage and pre-def ined a r e a  o f  s k i n  a p p l i c a t i o n s  

for both drugs.  

the c u r r e n t  l a b e l e d  i n s t r u c t i o n s  f o r  the o in tments  and would be expected 

t o  perhaps result i n  h igher  plasma o f  n i t r o q l y c e r i n  o f  shorter d u r a t i o n  

because o f  the r a p i d  p a r t i t i o n i n g  of  t h i s  drug when adminis te red  o v e r  a 

l a r g e  s k i n  a r e a .  

The l a t t e r  d a t a  could  not  be f e a s i b l y  o b t a i n e d  employing 

Comparison o f  c l e a r a n c e  va lues  ( C 1 )  i n d i c a t e  comparabls c l e a r a n c e  o f  

n i t r o g l y c e r i n  i n  both systems, i . e . ,  42.7 L h i n  ( +  - 26.4% C.V.) f o r  
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TRANSDERMAL CONTROLLED MEDICATION 721  

TTS-Nitroglycerin v s  47.8 L / m h  (2  31.7% C.V. 1 for  Nitro-Bid o in tment  

r e s p e c t i v e l y .  S i m i l a r l y ,  comparison o f  the r e p r o d u c i b i l i t y  o f  u n i t  

dosage d e l i v e r y  i n  each s u b j e c t  i n d i c a t e d  no s t a t i s t i c a l  d i f f e r e n c e .  

Thus, it was p o s s i b l e  t o  normalize the plasma l e v e l s  t o  an e q u i v a l e n t  

absorbed dose (Figure  81, which demonst ra tes  t h e  e q u i v a l e n t  plasma l e v e l s  

can be achieved when adminis te red  e q u i v a l e n t  doses  a r e  absorbed.  

O f  p a r t i c u l a r  i n t e r e s t  was t h e  f i n d i n g s  t h a t  wi th  both dosage forms, 

approximately one- th i rd  o f  t h e  dose was absorbed i n  28 hours  o n  average ,  

i .e.,  30.9 - + 40.6% C.V. and 36.0 - + 28.4% C.V. w i t h  the  f l u x  be ing  about  

. 0 3  mg/hr/cmL N i t r o g l y c e r i n  f o r  both  drugs.  

d a t a  o b t a i n e d  i n  i n d i v i d u a l  s u b j e c t s  revea led  that  there were slow a b s o r b e r s  

and f a s t  a b s o r b e r s  r e g a r d l e s s  o f  what dosage form was employed ( range  17-58 

percent  o f  dose p e r  28 hour a d m i n i s t r a t i o n ) .  

the  FOP i s  the  f a c t  t h a t  TTS-Nitroglycerin d e l i v e r s  drug a t  a c o n s t a n t  

Closer examinat ion of  the 

O f  p a r t i c u l a r  i n t e r e s t  t o  

PLASMA CONCENTRATIONS OF NITROGLYCERIN 
NORMALIZED TO A 10 MG ABSORBED DOSE 

I 
300.0 

200.0 - 

1 
30.0 

-J z 
I? 

0.0 10.0 20.0 

TIME (hours) 

Figure 8 - Plasma c o n c e n t r a t i o n s  o f  n i t r o g l y c e r i n  normalized t o  a 10 mg 
absorbed dose. 
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722 CABANA 

r a t e  (zero order r a t e )  over the 28 hour pe r iod  and f u r t h e r  suggest t h e  

s t rong p o s s i b i l i t y  t h a t  plasma l e v e l s  cou ld  be maintained 48 t o  72 hours 

with such a drug device. 

To warrant such a l a b e l i n g  c l a i m  the  f i r m  would be requ i red  t o  

demonstrate (1) t h a t  equivalent plasma l e v e l s  are maintained when such 

drug devices are administered once a day f o r  2 or 3 consecutive days as 

opposed t o  a s i n g l e  3-day dosage app l i ca t i on ;  and (2) no phys io log i ca l  

to le rance i s  manifest  when the  drug i s  administered once a day, 

S im i la r  r e s u l t s  were a l so  demonstrated by Searle Labora tor ies  as a b a s i s  

o f  approval o f  the  N i t r o g l y c e r i n  Microsealed Drug De l i ve ry  System 

(MDD-NG). 

t o t a l  16 cm s k i n  a p p l i c a t i o n  area t o  t h a t  o f  a 2% Ni t ro -B id  ointment 

(Marion Laborator ies) administered as a 16 mg dose over an area o f  53 

Comparison of MOD-NG administered as 2 X 16 mg pad over a 
2 

cmL once a day, revealed comparable plasma l e v e l s  over a 36 hour pe r iod  

(Figure 9 ) .  

Systemic plasma l e v e l s  o f  300 pg/ml n i t r o g l y c e r i n  were achieved w i t h i n  

one hour o f  dosing and remained e s s e n t i a l l y  constant for 36 hours. 

mean n i t r o g l y c e r i n  remaining i n  the  MDD-NG system a t  t he  end o f  48 hours 

was s i m i l a r  i n  the two pads i n  each subject  and on the  average accounted 

for 30 percent o f  t he  t o t a l  dose. 

plasma l e v e l s  i n  p ropor t i on  t o  t h e  area o f  skin app l i ca t i ons  (as 

prev ious ly  described i n  Figure 6), bu t  t h i s  data i n d i c a t e s  t h a t  the  drug 

release r a t e s  per cm s k i n  app l i ca t i ons  d i f f e r  s i g n i f i c a n t l y  f o r  these 

two drugs since N i t ro -3 id  was app l ied  over a s i g n i f i c a n t l y  l a r g e r  area; 

53 cm2 for Ni t ro -R id  vs 16 cm for MDD-NG. 

The 

No attempt was made t o  normalize the  

2 

2 
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TRANSDERMAL CONTROLLED MEDICATION 723 
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PLASMA LEVELS OF NITROGLYCERIN 

0.0 Q I I I 1 I I I I 1 J 

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 

TIME (hours) 

Figure 9 - Plasma concent ra t ions  o f  n i t r o g l y c e r i n  fol lowing 
s i n g l e  app l i ca t ion  of  Nitro-Bid ( 0 ) ointment ,  
Marion Labora tor ies  and S e a r l e ' s  Ni t roglycer in  
Microsealed Drug Delivery System ( 
(Data Courtesy of S e a r l e  Labora tor ies ) .  

) 

I r r e spec t ive  o f  the above f ind ings ,  the s t eady- s t a t e  plasma levels f o r  

both drugs would s t rong ly  suggest  comparable r a t e s  and e x t e n t  o f  drug 

absorp t ion ,  i . e . ,  approximately .47 mg per  hour over  a 48 hour per iod  on 

average for both drugs.  

t h a t  repor ted  for  t h e  TTS-Nitroglycerin (Alza) i .e . ,  0.55 mg/hr and 

probably accounts  fo r  the s i m i l a r  plasma levels repor ted  e a r l i e r  

(F igure  6 ) .  

T h i s  r a t e  o f  drug de l ive ry  i s  very s i m i l a r  t o  

On the b a s i s  of t h e  above f ind ings ,  t h e  Agency has come t o  a better 

understanding o f  t ransdermal  n i t r o q l y c e r i n  druq delivery systems and w i l l  

be a b l e  t o  recommend s p e c i f i c  study des igns  f o r  f u t u r e  drugs. 

p a r t i c u l w ,  there i s  the  need t3  de f ine  both the  r a t e  and e x t e n t  o f  drug 

I n  
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724 CABANA 

delivery t o  es tabl ish comparable c l e a r a n c e s  i n  the  c r o s s o v e r  d e s i g n  and 

t o  e v a l u a t e  the effects o f  s u r f a c e  a r e a  o f  s k i n  a p p l i c a t i o n s  and dose on 

t h e  a b s o r p t i o n .  

o f  d a i l y  a c t i v i t y  and blood c i r c u l a t i o n  may be p i v o t a l .  

one should n o t  r u l e  o u t  the e f f e c t  o f  s k i n  tempera ture .  

I n  my o p i n i o n ,  the  r a t e  o f  drug a b s o r p t i o n  a s  a f u n c t i o n  

P d d i t i o n a l l y ,  

In  summary, t h i s  p r e s e n t a t i o n  h a s  d e a l t  w i t h  both the  r e g u l a t o r y  and 

s c i e n t i f i c  c o n s i d e r a t i o n s  involved  i n  e v a l u a t i n g  t ransdermal  c o n t r o l l e d  

r e l e a s e  medicat ions.  There i s  much mure d a t a  t h a t  needs t o  be cons idered  

p r i o r  t o  e s t a b l i s h i n g  s tudy  g u i d e l i n e s ,  and each  drug e n t i t y  needs t o  be 

cons idered  on its merit. 
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