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Abstract :  

e n t r y  channel b locker  was administered i n t r a n a s a l l y  t o  r a t s  and 

rhesus monkeys. 

r a t s  was s tud ied w i t h  aqueous veh ic les  con ta in ing  0.1 M c i t r a t e  

b u f f e r  pH 3.5, 0.01 M acetate/propylene g l y c o l  (9O:lO W/W) pH = 

5.0, and a s i m i l a r  acetate/propylene g l y c o l  system c o n t a i n i n g  

sodium taurocholate.  

30 minutes a f t e r  an i n t r a n a s a l  dose o f  1.0 mg/kg, and t h e  

f r a c t i o n  absorbed us ing each o f  t h e  vehic les descr ibed above was 

determined t o  be 0.85, 0.54, and 0.62 t h a t  o f  an equ iva len t  

intravenous dose. These i n i t i a l  screening s tud ies  were extended 

i n t o  a monkey model system, w i t h  a s i m i l a r  group o f  

formulat ions.  

q u a l i t a t i v e l y  s i m i l a r  t o  t h e  data generated i n  t h e  r a t  model 

N ica rd ip ine  hydrochlor ide,  a h i g h l y  po ten t  ca lc ium 

The i n t r a n a s a l  absorpt ion o f  n i c a r d i p i n e  i n  

Peak plasma l e v e l s  were found t o  occur 

The r e s u l t s  obtained i n  t h e  monkey were 
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1330 VISOR ET AL. 

w i t h  regard t o  r a p i d  at ta inment  o f  peak plasma l e v e l s  and 

subsequent e l i m i n a t i o n  from t h e  plasma. 

between t h e  two animal models s tud ied was t h e  s i g n i f i c a n t l y  

lower systemic a v a i l a b i l i t y  observed i n  t h e  monkey. 

The major d i f f e r e n c e  

INTRODUCTION 

In t ranasa l  d e l i v e r y  has been shown t o  be an e f f i c i e n t  r o u t e  o f  

admin i s t ra t i on  f o r  drugs t h a t  undergo s i g n i f i c a n t  f i r s t  pass 

(hepat ic)  e l i m i n a t i o n  (1-4). N ica rd ip ine  hydrochlor ide,  

d l  -2,6-dimethyl-4-( 3-ni t rophenyl  ) -1,4 d i  hyd ropy r id i  ne-3, 

5-dicarboxyl ic a c i d  3-( 2-( N-benzyl-N-methylamino))-ethyl e s t e r  

hydrochlor ide is a calc ium e n t r y  b lock ing  agent t h a t  is 

e f f e c t i v e  i n  the  t reatment o f  angina and hypertension (5,6). 

Despite i t s  rap id  and complete absorpt ion f rom t h e  

g a s t r o i n t e s t i n a l  t r a c t  f o l l o w i n g  an o r a l  dose, i t s  systemic 

a v a i l a b i l i t y  i s  low due t o  a l a r g e  f i r s t  pass e f f e c t  i n  t h e  

l i v e r  (7.8). Metabolic t ransformat ion products t h a t  r e s u l t  

demonstrate l i t t l e  card iovascular  a c t i v i t y  (9 ) .  

s tud ies using a rat. model, have demonstrated t h e  f e a s i b i l i t y  o f  

d e l i v e r i n g  n i c a r d i p i n e  t o  t h e  systemic c i r c u l a t i o n  i n t r a n a s a l l y  

(10). The r a t  model system was developed p r i m a r i l y  t o  screen 

f o r  physiochemical in f luences o f  b i o a v a i l a b i l i t y .  Resul ts f rom 

these s tud ies would be used t o  develop p ro to type  formulat ions 

f o r  b i o a v a i l a b i l i t y  s tud ies i n  pr imates and e v e n t u a l l y  humans. 

Previous 
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NASAL ABSORPTION OF NICARDIPINE 1331 

This paper describes some f u r t h e r  nasal absorpt ion s tud ies  

conducted w i t h  n i c a r d i p i n e  i n  t h e  r a t  and t h e i r  e x t r a p o l a t i o n  t o  

primates. The v a l i d i t y  o f  us ing such model systems t o  s imulate 

p o t e n t i a l  human stud ies w i l l  be discussed. 

MATERIALS AND METHODS 

I- c..emicals - N ica rd ip ine  hydrochlor ide was ob-dined from t h e  

I n s t i t u t e  o f  Organic Chemistry, Syntex Research. A l l  o t h e r  

chemicals and reagents were reagent grade. 

A n a l y t i c a l  Inst rumentat ion - An HPLC system w i t h  e lect rochemical  

de tec t i on  and a c a p i l l a r y  column-GC w i t h  e l e c t r o n  capture 

de tec t i on  were used i n  the  ana lys i s  o f  plasma samples f rom r a t s  

and rhesus monkeys ( r e s p e c t i v e l y ) ,  as p r e v i o u s l y  descr ibed 

(10.11). 

Animal Studies - Male Sprague-Dawley r a t s  weighing 350-500 g 

were anesthet ized w i t h  an i n t r a p e r i t o n e a l  i n j e c t i o n  o f  sodium 

pen tobarb i ta l  (50 mg/kg) and kep t  under a heat lamp d u r i n g  the  

course o f  t h e  experiments. As i n  previous s tud ies,  b lood was 

c o l l e c t e d  from a hepar in ized cannula implanted i n  t h e  c a r o t i d  

a r t e r y  and 3-5 drops were discarded p r i o r  t o  sampling. Blood 

was c o l l e c t e d  a t  5, 15, 30, 60 and 120 minutes pos t  dosing. No 

f u r t h e r  surgery was performed t o  circumvent o r  minimize normal 
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1332 VISOR ET AL. 

mucoc i l i a ry  clearance and drainage from t h e  nasal  c a v i t y .  

Dosing was performed (n=3 o r  4) us ing a m ic rop ipe t te  t o  d e l i v e r  

(30-40 p l )  t he  appropr ia te aqueous s o l u t i o n  o f  n i c a r d i p i n e  

hydrochlor ide (1 mg/kg) i n t o  t h e  nasal  c a v i t y  o f  t h e  animals. 

Rhesus Monkeys (Macaca Mulat ta)  - Animals weighing 6-9 kg were 

used f o r  these s tud ies,  w i t h  th ree  monkeys pe r  group. 

dosing t h e  monkeys were t r a n q u i l i z e d  with 5-8 pg/kg 1.m. 

i n j e c t i o n  o f  Ketamine HC1. Three m i l l i l i t e r s  o f  predose blood 

was drawn p r i o r  t o  nasal admin i s t ra t i on  t o  e s t a b l i s h  a base l i n e  

plasma l e v e l .  

P r i o r  t o  

Approximately 100 m i c r o l i t e r s  o f  t h e  nasal f o rmu la t i on  was 

sprayed i n t o  each n o s t r i l  w h i l e  t h e  head o f  t h e  animal was held 

i n  an u p r i g h t  p o s l t i o n .  

placed i n  a supine p o s i t i o n  f o r  5 minutes. 

then placed i n  metabolism cha i r s  f o r  10 hours a f t e r  nasal 

admin i s t ra t i on .  

study per iod.  

determined by t h e  d i f ference i n  t h e  weight o f  the spray pump 

p r i o r  t o  and f o l l o w i n g  dosing ( 3 mg/kg). Three m i l l i l i t e r  

blood samples were c o l l e c t e d  v i a  an i n d w e l l i n g  ca the te r  i n  t h e  

saphenous vein. Blood was c o l l e c t e d  a t  2, 5, 10, 15 and 

30 minutes, and 1, 2, 4, 6, 10 and 24 hours post-dose. Blood 

samples were centr i fuged and t h e  plasma separated and f rozen 

u n t i l  analys is .  

Immediately a f t e r  dosing t h e  monkey was 

The animals were 

Food and water was permi t ted throughout t h e  

The exact amount o f  dose administered was 
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NASAL ABSORPTION OF NICARDIPINE 

RESULTS AND DISCUSSION 
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Rat S tud ies  

Average plasma l e v e l s  achieved i n  r a t s  a f t e r  i n t r a n a s a l  

a d m i n i s t r a l i o n  (1 mg/kg) a r e  shown i n  F ig .  1. A summary o f  

pharmacokinet ic parameters and systemic a v a i l a b i l i t y  a r e  

presented i n  Table I .  Peak plasma l e v e l s  achieved w i t h  t h e  

t h r e e  fo rmu la t i ons  t e s t e d  were a l l  a t t a i n e d  w i t h i n  t h i r t y  

minutes. Previous s t u d i e s  performed by H iguch i ,  e t  a l .  (7 )  w i t h  

o r a l  ( s o l u t i o n )  doses o f  n i c a r d i p i n e  hyd roch lo r i de  i n  r a t s  

r e q u i r e d  2-5 f o l d  l a r g e r  doses t o  p r o v i d e  comparable peak plasma 

l e v e l s  and systemic a v a i l a b i l i t y .  

The f r a c t i o n  absorbed a f t e r  i n t r a n a s a l  a d m i n i s t r a t i o n ,  as 

measured by t h e  area under t h e  concen t ra t i on - t ime  curve, was i n  

t h e  range 0.54-0.85 o f  t h a t  a f t e r  an e q u i v a l e n t  i n t ravenous  dose. 

The i n t r a n a s a l  abso rp t i on  o f  n i c a r d i p i n e  f rom each o f  t h e  

v e h i c l e  f o r m u l a t i o n s  may i n v o l v e  a number o f  d i s t i n c t  

processes. 

values (3.5 and 5.0) w e l l  below t h e  pKa o f  n i c a r d i p i n e  (pKa 7) 

and t h e  su r face  pH o f  t h e  nasal  mucosa 7.4 (12), t h e  p o s s i b i l i t y  

of aqueous channels o r  pores f o r  n i c a r d i p i n e  a b s o r p t i o n  seems 

p l a u s i b l e .  

membrane has p r e v i o u s l y  been suggested t o  p l a y  a major  r o l e  i n  

Since each o f  t h e  v e h i c l e s  were fo rmula ted  a t  pH 

The presence o f  aqueous channels i n  t h e  mucous 
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1334 VISOR ET AL. 

Figure 1. 

NICARDIPINE NASAL 
BIOAVAILABILITY IN THE RAT 

TIME IN MINUTES 

Mean plasma n i c a r d i p i n e  l e v e l s  a f t e r  i n t r a n a s a l  
d e l i v e r y  o f  0.1M C i t r a t e  pH 3 .5  (A), 0 . O l M  
Acetate propylene g l y c o l  (9O:lO) pH 5 . 0  ( Q )  and 
0.OlM Acetate propylene g l y c o l  (9O:lO) pH 5.0 
2% Sodium Taurocholate (0)  i n  r a t s .  

t h e  i n t ranasa l  absorpt ion o f  hydrazal ine ( l ) ,  another bas ic  

drug. This compound a l s o  e x h i b i t s  good b i o a v a i l a b i l i t y  a t  a 

r e l a t i v e l y  low pH. 

The nasal absorpt ion o f  n i c a r d i p i n e  i n  t h e  r a t  was determined t o  

be greatest  f rom a simple c i t r a t e  b u f f e r  v e h i c l e  (pH 3 . 5 )  and an 
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NASAL ABSORPTION OF NICARDIPINE 1335 

Table I - Bioavai lab l l i ty  of Nicardlplne i n  Rats 
Following lntranasal A h i n i s t r s t l o n  

Relative Systemicd 
Avai lab1 I i t y ,  X 

solut ion a,b AU@ Tmax %ax 
Canpasition ng min/mL (min.) ng/mL 

0.lM Cit ra te 4610 t 748 30 56.5 
pH = 3.5' 

0.01M Acetate 2960 2 442 30 28.0 

Propylene Glycolb 
pH = 5.0 + 10% 

0.01M Acetate 4400 442 30 37.4 
pH = 5.0 + 10% 
Propylene Glycol 

2% sodium 
Taumcho I a b  

+ 

85 

54 

82 

aAl I solutlons contained 0.25% (w/w) hydroxyethyl cel lulose 
b l u t i o n s  contained 1% nicardipine hydrochloride 
cVaIues represent mean 5 SEW (n = 3 or 4) 
h l c u l a t e d  re la t i ve  to  an intravenous dose of 1.0 mg/kg, 5440 k 245 
ng min/ml. 

acetate propylene g l y c o l  system con ta in ing  t h e  abso rp t i on  

promoter sodium taurocholate (Table I ) .  

however, t o  note t h e  s i g n i f i c a n t  decrease i n  abso rp t i on  

e f f i c i e n c y  observed w i t h o u t  t h i s  b i l e  s a l t  be ing present  i n  t h i s  

d r u g h e h i c l e  system. 

taurocholate/glycocholate absorpt ion promoters a f f e c t  t h e  mucous 

membrane as w e l l  as i n h i b i t  enzymatic degradat ive process (13).  

It is i n t e r e s t i n g  

Previous s tud ies have suggested t h a t  
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1336 VISOR ET AL. 

The r o l e  o f  such surface a c t i v e  agents w i t h  n i c a r d i p i n e  i s  n o t  

c lea r ,  b u t  i t  may i n v o l v e  a drug-promoter i o n  p a i r  complex t h a t  

f a c i l i t a t e s  d i f f u s i o n  across the  membrane. 

Studies i n  Rhesus Monkeys 

In t ranasa l  absorbt ion s tud ies were extended t o  the  monkey model 

using a s i m i l a r  se t  o f  aqueous based formulat ions as those 

p rev ious l y  used i n  r a t s .  

The plasma l e v e l  p r o f i l e s  o f  n i c a r d i p i n e  w i t h  f o u r  nasal 

so lu t i ons  i s  shown i n  Fig.  2, and t h e  b i o a v a i l a b i l i t y  summarized 

i n  Table 11. 

absorpt ion i s  q u i t e  rap id,  w i t h  detectable l e v e l s  obtained 

w i t h i n  2-5 minutes. 

cons i s ten t  l e v e l  o f  absorpt ion observed between animals. The 

b i o a v a i l a b i l i t y  o f  0.3 mg/kg i n t r a n a s a l  doses o f  n i c a r d i p i n e  

r e l a t i v e  t o  i . v .  a d m i n i s t r a t i o n  va r ied  between 15% and 27%. 

This i s  d r a m a t i c a l l y  lower than t h a t  observed i n  r a t s .  For 

example a 0.1 N c i t r a t e  fo rmu la t i on  (Formulat ion A) had a 

systemic a v a i l a b i l i t y  o f  14% i n  monkeys vs. 85% i n  r a t s .  

i n  p a r t  may be explalned i n  terms o f  t he  reduced m u c o c i l i a r y  

clearance and drainage from t h e  nasal  c a v i t y  i n  r a t s  which were 

anesthet ized throughout t h e  study. There may a l s o  be a dramat ic 

d i f f e r e n c e  i n  absorpt ion due t o  t h e  method and technique o f  

i n t r a n a s a l  d e l i v e r y  i n  r a t s  and monkeys. Hence t h e  use o f  

As i s  commonly seen w i t h  i n t r a n a s a l  d e l i v e r y ,  

Also s i g n i f i c a n t  i s  t h e  remarkably 

This  
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NASAL ABSORPTION OF NICARDIPINE 

Figure 2 .  

NICARDIPINE NASAL 
BIOAVAILRBILITY IN THE MONKEY 

0 1 2  3 4 5 6 7 8 9 10 

TIME IN HOURS 

1337 

Mean Plasama Concentrations o f  Nicardip ine i n  
Monkeys fo l lowing Nasal Administrat ion o f  
N i  card ip i  ne Hydrochloride 1 n Aqueous Solut ion . 
(-.OlM c i t r a t e  pH 3 .5) .  ( v w  
0.OlM acetate ,  pH5, + 10% propylene g l y c o l ) ,  
( O - - ~ - ~ ~ O I M  acetate  PH 5 ,  + 10% propylene 
g lycol  + 2% sodium glycocholate) ,  ( 
0.1M c i t r a t e  pH 3.5) ,  (0-0- I .  
administrat ion 0.3 mg/kg). 
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1338 VISOR ET AL. 

Table I I. Bloavai Iabi I l t y  of Nlcardlplne In  
Rhesus Monkeys following Intranasal Ahin ist rst ion 

Aq. Soln. 
Aq. Soln. pH 5.0 + loX rX NaGlyaxholate Aq. Soln. 

pH 3.5 Propy I ene pH 5.0 + loX pH 3.0 
0.01 M Citrate Glycol Propylene Glycol 0.1 M Citrate  

Tmax (hr) 0.5 2 0 0.42 f 0.14 0.42 f 0.14 0.5 f 0 

Cmax (ng/ml) 84 f 12 70 f 25 78 f 12 62 f 8 

t1/2 2.71 f 1.25 2.34 f 0.2 2.55 f 0.5 2.85 f 0.64 

AUC 166 f 54 129 f 29 139 f 33 127 f 13 

F 27 f 13 15 f 5 16 f 5 14 f 4 

Dose, mg/kg 0.28 f 0.02 0.30 f 0.01 0.29 f 0.01 0.31 f 0.02 

F = fraction of dose absorbed, s y s h i c  ava1Iabllil-y. 

AUC(Nasa I 
F =  

I V) 

drop-wise administ rat ion i n  one model system may not  c o r r e l a t e  

w e l l  w i th  spray d e l i v e r y  i n  another. Thus t h e  ex tent  o f  drug 

dispersal  and coverage i n  t h e  nasal c a v i t y  as w e l l  as r e s u l t i n g  

clearance o r  pos i t ion ing  of  the animal (supine v s .  upr ight )  may 

g r e a t l y  a f f e c t  absorption e f f i c i e n c y  (14) .  
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NASAL ABSORPTION OF NICARDIPINE 1339 

Drug absorpt ion from each o f  t h e  aqueous veh ic les  were 

q u a l i t a t i v e l y  s i m i l a r  t o  t h a t  observed i n  r a t s .  The c i t r a t e  

b u f f e r  system (pH 3.5) again provided t h e  h ighes t  plasma l e v e l s  

and drug b i o a v a i l a b i l i t y .  The systemic a v a i l a b i l i t y  i n  monkeys 

was a f f e c t e d  by t h e  i o n i c  s t reng th  o f  t h e  c i t r a t e  b u f f e r  

system. 

0.01 M vs. 0.1 M c i t r a t e  i n d i c a t e s  t h a t  t h e  h ighe r  b u f f e r  

capaci ty  o f  t h i s  veh ic le  may cause increased clearance from t h e  

nasal c a v i t y  due t o  d e v i a t i o n  f rom p h y s i o l o g i c a l  

compatabi 1 i t y / i  s o t o n i c i  t y .  

The s i g n i f i c a n t l y  l a r g e r  Cmax and AUC achieved w i t h  

Studies w i t h  the acetate/propylene g l y c o l  v e h i c l e  revealed t h a t  

t h e  i n c l u s i o n  o f  t he  b i l e  s a l t  sodium g lycocholate d i d  n o t  

enhance the  nasal absorpt ion o f  n i c a r d i p i n e  i n  the  monkey. 

DISCUSSION 

The i n t r a n a s a l  d e l i v e r y  o f  n i c a r d i p i n e  appears t o  be a v i a b l e  

rou te  o f  admin i s t ra t i on  i n  the  animal models s tud ied.  

I n t ranasa l  absorpt ion o f  t h e  drug r e s u l t s  i n  s i g n i f i c a n t  l e v e l s  

i n  t h e  systemic c i r c u l a t i o n  o f  both r a t s  and monkeys. 

o f  using a r a t  model t o  study and s imulate t h e  i n t r a n a s a l  

absorpt ion processes i n  primates has been q u a l i t a t i v e l y  

es tab l  i shed. 

The value 
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Drug absorpt ion i n  these species appears t o  have a low pH 

optimum, and t h i s  suggests t h a t  t he  pr imary absorpt ion pathway 

i s  p a r a c e l l u l a r  r a t h e r  than t r a n s c e l l u l a r  i n  nature.  

channels i n  t h e  mucous membrane t h e r e f o r e  probably p rov ide  t h e  

major rou te  f o r  n i c a r d i p i n e  absorpt ion i n t o  t h e  systemic 

c i r c u l a t i o n .  

Aqueous 

The apparent enhancement o f  drug absorpt ion i n  r a t s  w i t h  t h e  

b i l e  s a l t  sodium taurocholate however was n o t  observed i n  

monkeys. 

f u r t h e r  s tud ies w i t h  o the r  surface a c t i v e  agents/promoters i n  

both animal models. 

The s i g n i f i c a n c e  o f  t h i s  i s  n o t  c l e a r  and w i l l  r e q u i r e  

The l a r g e  d i f f e rences  i n  b i o a v a i l a b i l i t y  observed i n  r a t s  and 

monkeys w i t h  a s i m i l a r  group o f  v e h i c l e  formulat ions may be an 

inherent  l i m i t a t i o n  i n  t h e  model systems and techniques used. 

The method o f  drug a d m i n i s t r a t i o n  (drops vs. spray) and phys i ca l  

o r i e n t a t i o n  (supine vs. seated u p r i g h t )  as w e l l  as the concious 

s t a t e  o f  t he  animals (anesthet ized vs. sedat ion) a l l  p l a y  major 

r o l e s  i n  u l t i m a t e  drug b i o a v a i l a b i l i t y .  

systemic a v a i l a b i l i t y  and es t ima t ion  o f  dose requirements 

between species i s  d i f f i c u l t  and w i l l  r e q u i r e  continued 

emp i r i ca l  evaluat ion.  Fur ther  compl icat ions o f  t h i s  t ype  o f  

i n te rspec ies  absorpt ion data and i t s  poss ib le  value a re  t h e  

dramatic d i f f e rences  i n  metabolism and e l i m i n a t i o n .  

Therefore p r e d i c t i o n  o f  
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Extension o f  these s tud ies t o  a c l i n i c a l  s e t t i n g  has been 

f a c i l i t a t e d  by the background data generated. As w i t h  any 

nonparenteral rou te  o f  drug admin i s t ra t i on ,  t h e  e x t r a p o l a t i o n  o f  

i n t r a n a s a l  drug absorpt ion data f rom animals t o  humans must be 

c a r e f u l l y  c o n t r o l l e d  t o  account f o r  major d i f f e r e n c e s  i n  

physiology and metabolic d i s p o s i t i o n .  This should not ,  however, 

l i m i t  t he  u t i l i t y  o f  t h i s  rou te  o f  admin i s t ra t i on .  
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