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ABSTRACT 

Using a double blind, randomized  c r o s s - o v e r  des ign ,  the 

h e a r t  r a t e  and sys to l ic  blood p r e s s u r e  of five healthy human  

sub jec t s  were  compared  following sublingual admin i s t r a t ion  of 

t h r e e  d i f fe ren t  n i t rog lycer in  tab le t s  and  a placebo. The  n i t ro -  

g lyce r in  formula t ions  included two c o m m e r c i a l l y  available 

t ab le t s  (one molded and one d i r ec t ly  c o m p r e s s e d )  and  a n  ex -  

pe r imen ta l  tablet  (d i rec t ly  c o m p r e s s e d )  which was developed in 

our l abo ra to r  q. Significant i n c r e a s e  in h e a r t  . ra te  (P('0. 05)  was 

demons t r a t ed  fo r  two of the t h r e e  n i t roglycer in  formula t ions  
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194  Y A P  ET AL. 

w h t ~ n  c o m p a r e d  t o  p l a c e b o ,  but  no d i f f e r e n c e  i n  h e a r t  r a t e  

e l e v a t i o n  c o u l d  be  o b s e r v e d  a m o n g  the t h r e e  a c t i v e  p r o d u c t s .  

D e c r e a s e  i n  s y s t o l i c  b lood  p r e s s u r e  w a s  s h o w n  t o  b e  a l e s s  

c o n s i s t t . n t  c i r c u l a t o r y  r e s p o n s e  t o  s u b l i n g u a l  n i t r o g l y c e r i n  in  

t h i s  s t u d y ,  a n d  n o  s t a t i s t i c a l  s i g n i f i c a n c e  (P) 0. 0 5 )  i n  t h i s  

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

a p p e a r e d  t h a t  f o r m u l a t i o n  f a c t o r s  s u c h  as a d d i t i o n  of s t a b i l i z e r s  

and i n s o l u b l e  a d j u v a n t s  to t h e  d o s a g e  forms a n d  c h a n g e  i n  t a b l e t  

p r t - p a r a t i o n  m e t h o d s  d i d  not  s i g n i f i c a n t l y  a f f e c t  the  p h a r m a c u -  

lug ica l  p e r f o r m a n c e  i n  c i r c u l a t o r y  e f f e c t s  of n i t r o g l y c e r i n .  

It 

I N T R  ODUCT ION 

Tlit. u s e  of s u b l i n g u a l  n i t r o g l y c e r i n  for the  s y m p t o m a t i c  

rcl irf  in  a n g i n a  p e c t o r i s  has  b e e n  wel l  e s t a b l i s h e d .  Unti l  

r (sct .nt ly .  h o w e v e r ,  the  f o r m u l a t i o n  of a s t a b l e ,  n o n - v o l a t i l e  

dobage form of n i t r o g l y c e r i n  h a d  b e e n  l a r g e l y  n e g l e c t e d .  

tht. p a s t  i c w  y e a r s ,  a n u m b e r  of a t t e m p t s  ( 1 - 5 )  had bt1c.n m a d e  

In 

t o  pry  par t .  stabi1izt.d n i t r o g l y c e r i n  t a b l e t s  i n  w h i c h  t h e  v o l a -  

t i l i ty  o f  th f ,  clrug i s  s u b s t a n t i a l l y  r e d u c e d  t h r o u g h  i n t e r a c t i o n  

nrith n o n - t o s i c  n x i c r o m o l r c u 1 t . s .  F u r t h e r m o r e ,  t h e r e  is  no= 

il Lr<.nti t o  p r r p a r c  n i t r o g l y c c  r i n  s u b l i n g u a l  t a b l e t s  by d i r e c t  

c ( 1 1 i i p r ( ~ s 5 1 o n ,  

t e n d s  to  givt- ristb t o  n i u r c  f r i a b l e  t a b l e t s  wi th  l a r g e r  v a r i a t i o n s  

r e p l a c i n g  thtb c l a s s i c a l  m o l d i n g  t c c h n i q u e  w h i c h  
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SUBLINGUAL NITROGLYCERIN FORMULATIONS 195 

in tablet  weight and potency. Included in  these  e f for t s  was our  

development of a s tab le ,  rapidly d i s in t eg rab le ,  and d i rec t ly  

c o m p r e s s e d  tablet  containing a mix tu re  of soluble and insoluble 

polyvinylpyr rolidone (1, 5 ). 

The c i r cu la to ry  e f fec ts  of ni t roglycer in ,  i. e .  , blood 

p r e s s u r e  lowering and h e a r t  r a t e  elevation, had  been  used  to 

evaluate the bioavailabil i ty of n i t rog lycer in  tab le t s  i n  the dog (6)  

and  of n i t roglycer in  inhalation a e r o s o l  i n  m a n  (7). The s a m e  

pharmacologica l  e f fec ts  were  used  in humans  to  demons t r a t e  

c r 0 s  s to l e rance  between n i t roglycer in  and pentae ry thr i to l  

t e t r a n i t r a t c  (8). 

R o s s e r l  (9 )  could not demons t r a t e  a d i r e c t  re la t ionship  between 

Although p re l imina ry  da ta  by Bogae r t  and 

h e a r t  r a t e  and p l a sma  n i t roglycer in  l eve l s ,  i t  is genera l ly  

believed that p a r t  of the beneficial  effect  of n i t roglycer in  may  

be due to its action in  lowering sys t emic  blood p r e s s u r e ,  and 

hence ,  the oxygen r equ i r emen t s  of the myoca rd ium (10, 11). 

Using a n  e x e r c i s e  t e s t  i n  pa t ien ts  with angina,  Colds te in  5 & (1  2)  

concluded that c l in ica l  improvemen t  a f t e r  n i t rog lycer in  m a y  be 

due to c i r cu la to ry  changes  in  blood p r e s s u r e ,  h e a r t  r a t e  and 

e jec t ion  t ime.  

Although the p a p e r s  c i ted  above a r e  of value to  those  

investigating n i t roglycer in  products ,  t h e r e  are  r a t h e r  con-  

s ide rab le  d i r f icu l t i r s  involved i n  compara t ive  biological ava i l -  
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196 Y A P  ET AL. 

abi l i ty  s t u d i e s  of p r o d u c t s  c o n t a i n i n g  t h i s  d r u g .  

half l i fe  a n d  l a c k  of a r e a l l y  c o n v e n i e n t  c h e m i c a l  a s s a y  

I t s  v e r y  short  

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

r e s p o n s e ,  c o m p l i c a t e s  b i o l o g i c a l  a v a i l a b i l i t y  d e t e  r m i n a t i o n s .  

In the  p r e s e n t  p a p e r ,  d a t a  is p r e s e n t e d  w h i c h  d e m o n s t r a t e s  the  

n a t u r e  of t h i s  p r o b l e m  a n d  p o i n t s  u p  the n e e d  for  i m p r o v e d  

methodology i n  t h i s  area. 

E X P E R I M E N T A L  

P h a r m a c o l o g i c a l  m e a s u r e m e n t s  - I n i t i a l l y ,  s i x  n o r m a l  

hcaalthy h u m a n  s u b j e c t s ,  o n e  f e m a l e  ( s u b j e c t  SA) a n d  f i v e  m a l e s ,  

r a n g i n g  i n  weight  of 112-210 pounds  a n d  a g e  2 7 - 3 2  yea r s ,  with 

n o  h i s t o r y  of c a r d i o v a s c u l a r  d i s e a s e s  w e r e  s e l e c t e d  f o r  the  

s tudy .  One s u b j e c t  ( JL)  h a d  a p r e c i p i t o u s  d r o p  i n  s y s t o l i c  blood 

pr t -ssurc .  of m o r e  than  60 mm Hg d u r i n g  t h e  f i r s t  t r e a t m e n t ,  

and  he  w a s  s u b s e q u e n t l y  d r o p p e d  f r o m  t h e  s t u d y .  E a c h  of the 

r e m a i n i n g  f i v e  s u b j e c t s  w e r e  g i v e n  s u b l i n g u a l l y  a p l a c e b o  

tab lc t  ( P ) a ,  0 . 6  ing n i t r o g l y c e r i n  s u b l i n g u a l  t a b l e t s  Ab, B' a n d  

Cd in a d o u b l e - b l i n d ,  r a n d o m i z e d  c r o s s - o v e r  m a n n e r  a s  shown 

in  T a b l r  I .  T h e  s u b l r c t s  w e r e  a l l o w e d  t o  cont inut .  with t h e i r  

n o r m a l  d a i l y  a c t i v i t i r s  bt . for t ,  a n d  a f t e r  e a c h  t r e a t m e n t .  

H o \ \ I , v c L . ,  un t r r a t m c n t  d a y s  p r i o r  t o  the  a d m i n i s t r a t i o n  of t h e  

t i i f i t  rtbnt t a b l e t  i u r m u l a t i o n s ,  they  w c r v  a s k c d  to a b s t a i n  f r o m  
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SUBLINGUAL NITROGLYCERIN FORMULATIONS 197 

Subject I 

SA A 

MB B 

D L  C 

BF C 

co P 

J L”’ B 

TABLE I 

EXPERIMENTAL DESIGN 

Trea tmen t  Group 

XI I1 I IV 

P B C 

C A P 

A B P 

B P A 

A C B 

’ Dropped a f t e r  T rea tmen t  # I  

smoking, s t renuous e x e r c i s e s ,  and caffeine.  After the, subject 

was seated in a comfortable position and well r e s t ed ,  as  de te r -  

mined by s table  baseline readings of both blood p r e s s u r e  and 

h e a r t  r a t e ,  the appropriate  t e s t  formulation was adminis tered 

sublingually. 

using LA, L L ,  RA,  R L  leads.  

was used during the study. 

was m e a s u r e d  and converted to beats  pe r  minute using a p r e -  

cal ibrated ru l e re .  

w a s  r eco rded  as the h e a r t  r a t e  a t  a pa r t i cu la r  t ime .  

H e a r t  r a t e  was r eco rded  by a n  e l ec t roca rd iog ram 

A c h a r t  speed of 25 m m / s e c  

The dis tance between two QRS cycles  

The mean of s ix  consecutive m e a s u r e m e n t s  

All blood 
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198 Y A P  ET AL. 

p r t . ~ s i i r c  n i v a s u r e m e n t s  w r r e  r e c o r d e d  by one  i n d i v i d u a l  us ing  

a s p h y g m u m a n o m e t e r .  

t0rt.d at -10 .  - 5 ,  0, 1, 2 ,  3 ,  4, 5 ,  6 ,  7 ,  8,  9 ,  1 0 ,  1 5 ,  2 0 ,  30 and 

6 0  m i n u t e s  a f t t r  d r u g  a d m i n i s t r a t i o n .  T h e  i n t e r v a l  b e t w e e n  

,.ac h t r e a t i i i c n t  w a s  a p p r o x i m a t e l y  one week on  t h e  a v e r a g e .  

Both  of t h e s e  p a r a m e t e r s  w e r e  m o n i -  

N i t r o g l y c e r i n  c o n t e n t  i n  t e s t  f o r m u l a t i o n s  - S i n c e  i t  w a s  - 

e s s e n t i a l  to m a i n t a i n  u n i f o r m i t y  i n  n i t r o g l y c e r i n  c o n t e n t  i n  a l l  

the  t e s t  f o r m u l a t i o n s  d u r i n g  t h e  whole c o u r s e  of the  s t u d y ,  the  

ful lowing s a m p l i n g  p r o c e d u r e  w a s  a d o p t e d .  

ntore  t h a n  f o u r  b o t t l e s  of t h e  same p r o d u c t i o n  l o t  of c o m m e r c i a l  

tabl t . ts  A a n d  B w e r e  c o l l e c t e d .  

P r i o r  to  the  s t u d y ,  

T a b l e t  C w a s  p l a c e d  i n . a  wel l  

f i l l ed  g l a s s  c o n t a i n e r .  B e f o r e  e a c h  p h a r m a c o l o g i c a l  e x p e r i -  

m e n t ,  a f r e s h  b o t t l e  of A a n d  B w a s  o p e n e d  a n d  s i x  t a b l e t s  of 

e a c h  f o r m u l a t i o n  w e r e  t a k e n  out  f o r  a s s a y ,  u s i n g  t h e  k ine t ic  

mc.thod ( 1 3 ,  1 4 ) .  

weighed b e f o r e  t h c y  w e r e  a d m i n i s t e r e d  t o  t h e  s u b j e c t s .  

ind iv idua l  u n c h i p p e d  t a b l e t s  w e r e  s e l e c t e d  and 

R E S U L T S  AND DISCUSSION 

T h r  n i t r o g l y c e r i n  c o n t e n t s  of t h e  t h r e e  t e s t  f o r m u l a t i o n s  

d u r i n g  d i f f e r e n t  t r e a t m e n t  w e e k s  a r e  s h o w n  in T a b l e  XI. 

t h r  n i t r o g l y c e r i n  t a b l e t s  t e s t e d  l i e  within t h e  of f ic ia l  U S P  

s p c c i f i c a t i o n  of 7 5  t o  135% of l a b e l e d  s t r e n g t h .  G e n e r a l l y ,  

t a b l e t  C ,  w h i c h  w a s  p r e p a r e d  i n  o u r  l a b o r a t o r y ,  c o n t a i n e d  

All  
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200 YAP ET AL. 

slightly less ac t ive  drug  than the c o m m e r c i a l  p roducts .  

s t anda rd  deviation was  cons iderably  h ighe r  in the molded tablet  A,  

than the two d i r ec t ly  c o m p r e s s e d  t a b l e t s ,  B and C .  T h i s  finding 

i s  in ag reemen t  with that desc r ibed  by Dorsch  and  Shangraw (15)  

who a l s o  found be t t e r  n i t rog lyce r in  content un i formi ty  with 

d i rec t ly  c o m p r e s s e d  tablets.  

The 

The t ime  -dependent changes  in  h e a r t  r a t e  brought about 

by the t e s t  t ab le t s  w e r e  shown in F ig .  1. The  placebo t r e a t -  

ment  was found to  have l i t t l e  e f fec t  on the obse rved  h e a r t  r a t e  

while a l l  t h r e e  n i t rog lyce r in  formula t ions  produced noticeable 

elevation in th i s  pharmacologica l  p a r a m e t e r  soon a f t e r  n i t ro-  

glycerin adminis t ra t ion .  

observed  around four  minu tes  post dosing. In a l l  c a s e s ,  the 

h e a r t  r a t e  r e tu rned  to  i t s  n o r m a l  value about 20 minu tes  a f t e r  

admin i s t r a t ion  of the drug .  

Maximum increases w e r e  gene ra l ly  

The m a x i m u m  i n c r e a s e  in  h e a r t  r a t e  in e a c h  subjec t  a f t e r  

S ta t i s t ica l  t r e a t m e n t  each  t r ea tmen t  i s  tabulated in Tab le  111. 

of the da ta  using one-way ana lys i s  of var iance  showed a 

s t a t i s t i ca l  significance between t r e a t m e n t s  a t  the 0. 05  leve l .  

P a i r  ana lys i s  using the T u k e y ' s  method (16)  showed that e l eva -  

tion of h e a r t  r a t e  produced by t r e a t m e n t  A and C w e r e  s ign i f i -  

cantly d i f fe ren t  f r o m  that produced by placebo. However ,  no 

s t a t i s t i ca l  d i f fe rence  could be demons t r a t ed  among the t h r e e  
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100 1 

- P 

- A 

- B 

- C 

+ -10 0 0 . l o  20 30' 60 
60 J' . 

M I NUTES 
FIG. 1 

t h4ean - S. D. of hear t  ra tes  in beats /min.  of all  subjects after 

administration of test  formulations. Vertical  lines represent  

1 S.D. 

active tablet formulations, or  between tablet B and placebo. 

I t  is  interesting to note that the average increase in the number 

of hear t  beats per minute produced by tablet A ( 1 9 . 6 ) ,  B (12. 0 )  

and C (18 .1 )  in this study was comparable to that produced 

(12 .  7 )  b y  a 0. 52 nig dose of nitroglycerin administered through 

an acrosol  (7) .  
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T A B L E  111 

Y A P  ET A L .  

STATISTICAL ANALYSIS O F  T H E  MAXIMUM ELEVATION 
O F  HEART R A T E  

Maximum i n c r e a s e  In h e a r t  r a t e  ( b e a t s / m i n .  ) 
SubJc.c't produced  by t ab le t  

C 

S A  8 24 6 21 

hl B 3 25 1 1  11 

D L  7 19  22 28 

B F  4 9 10 10 

co 3 21 11 22 

- B - A - P - 

ANOVA. 

S k J u r c r  d.  f .  Sums of S q u a r e s  (SS) Mean  SS F P '  

B c Lw L, t' n 3 575 .35  191 .78  1. 98 0 . 0 5  
T r e a t m e n t s  

ErrcJr 16 616 .40  38 .53  

Tutal  19  1191. 75  

~Multiplc C o m p a r i s o n  Using the T u k e y ' s  Method: 

Pair  C o m p a r e d  
.t _._ 

Mean d i f f e rence  s ''. "' P a t o .  05 leve l  

P V c . r s u s  h 14, 6 S 

P V i . r s u s  B 7 .0  n. s .  

P V c . r s u h  C 13.  4 S 

A \'lLrsus H 7 .  6 n. s. 

A \ ' L . r s u s  C I .  2 n. s .  

H Vc . l . sua  c 6. 4 n. s .  

P<O. 0 5  whr.n F ( 3 ,  10))/3. 21 
T U ~ L - Y  a l lowable  m e a n  difft*ri-nczs a r e  11. 14 and  11. 27 a t  
P : O .  0 5  and  P=O. 01  r c s p e c t i v r l y .  
5 : Significant 
11. s .  = Not s i g n i f i c a n t  
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Fig.  2 shows the changes in systolic blood pressure a s  a 

function of time after administration of the four test products. 

Again, the placebo tablet produced little changes in blood 

n -+ 
-10 0 0 10 20 30 60 

MINUTES 
FIG. 2 

Mean 

subjects after administration of test formulatioils. Vertical 

lines represent 1 S.D.  

Ordinate: 

Abscissa . Minutes. 

S. D.  of systolic blood pressure in m m  Hg of all 

Me‘an systolic blood pressure in mm Hg.  D
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204 YAP ET AL 

p r e s s u r e  whereas  the t h r e e  ac t ive  products  appea red  to produce 

cons is ten t  d e c r e a s e s  within the f i r s t  ten minutes  a f t e r  drug 

dos ing .  lndividual da t a  a r e  shown in Table IV. H%en a one- 

way ana lys i s  of va r i ance  was c a r r i e d  out,  the F value ba re ly  

m i s s e d  out a t  the 0. 05 leve l  and s t a t i s t i ca l  significance between 

t r e a t m e n t s  a t  th i s  leve l ,  t h e r e f o r e ,  could not be demons t r a t ed .  

TABLE IV 

STATISTICAL ANALYSIS OF THE MAXIMUM DEPRESSION 
OF SYSTOLIC BLOOD PRESSURE 

Maximum d e c r e a s e  in sys to l i c  blood 
Subject p r e s s u r e  (mm. Hg. ) produced by t ab le t  

C 
SA 10 5 5 0 

- B - A - P - 

MB 0 25 42 20 

DL 0 5 10 22 

BF 0 15 15 20 

co 0 25 20 30 

ANOVA 

Source d . f .  Sums  of Squa res  (SS) Mean SS F P’ 

Between 3 912. 55 343.6 3.07 ) 0 . 0 5  
T r e a t m e n t s  

E r r o r  lo 179. 24 1 1 2 . 1  

Total  1 9  270-1. 96 

P GO. 05 when F ( 3 ,  16)& 3. 2-1 
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lnsprction of the data revealed that one of the subjects,  SA, 

gave a completely opposite blood p r e s s u r e  response to those 

observed for the others ;  i n  subject SA, the decrease i n  blood 

p r e s s u r e  was highest af ter  placebo administration, and little or  

no effect was observed af ter  dosing with the active tablets. The 

wide intersubject variabil i ty in the pertubation of systolic blood 

p r e s s u r e  observed here  is consistent with another l i terature  

repor t  (17). I t  should a l so  be noted that estimation of blood 

p r e s s u r e  by means of a sphygmomanometer is ra ther  subjective 

even though the same individual took all  the measurements  in 

the study. 

The t imes  a t  which maximum circulatory responses  were 

observed for  each formulation a r e  of in te res t  because they 

may be related to the in v i v o  release ra te  of nitroglycerin from 

the respective dosage form.  

s tab i l izers  or  insoluble adjuvants in the dissolution ra te  of 

nitroglycerin f r o m  sublingual tablets may bring about con- 

Any g r o s s  interference by 

comitant changes in the onset of maximum circulatory responses .  

Table V and V i  show respectively the t imes a t  which maximum 

h e a r t  ra te  elevation (Thr)  and maximum hypotension (T 

occurred.  

bP’ 

It is evident that a l l  three active products gave 

prompt c i rculatory responses .  

(P 

N o  s ta t is t ical  difference 

0 . 0 5 )  could be observed between the tes t  products in this 

respect .  
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TABLE V 

TIME OF MAXIMUM HEART RATE RESPONSE 

Time of maximum increase in heart rate 
(minutes) produced by tablet 

C P 

SA 9 5 3 6 

- B - A - Subject - 

M B  6 4 3 5 

DL 20 4 3 5 

BF 

co 

9 4 4 4 

2 2 2 5 

TABLE V I  

TIME OF MAXIMUM SYSTOLIC 
BLOOD PRESSURE RESPONSE 

Time of maximum decrease in systolic blood 
pressure (minutes) produced by tablet 

C - B - A - P - subject 

SA 

MB 

DL 

BF 

co 

7 5 3 

4 7 5 

6 2 6 

2 5 6 

5 4 3 

I t  is  w e l l  known ( 8 ,  18) that repeated administration of 

organic ni trates  may bring about tolerances toward circulatory 

responses.  Existence of such a phenomenon in our study would 

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
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



SUBLINGUAL NITROGLYCERIN FORMLTLATIONS 20 7 

ser iously complicate our interpretation on the relative pharma- 

cological performxnce of the tes t  products. 

however,  revealed insignificant differences in the circulatory 

Statist ical  analysis,  

responses  evoked by the different order  of administration 

( P  0. 05) .  This indicated that the subjects apparently did not 

develop tolerance to the circulatory effects of nitroglycerin 

during the course of the study. 

Results of this study showed that,  at the dosage used,  the 

ci rculatory responses  elicited by the three different nitro- 

glycerin formulations tested were essent ia l ly  identical, both in 

t e r m s  of magnitude and rate  of response.  

formulations differed in their  method of preparation (molding 

v s .  d i rec t  compression)  a s  well as in the types and amounts of 

s tabi l izers  and insoluble adjuvants contained therein.  

appears ,  therefore ,  that these formulation factors  did not 

significantly affect the pharmacological performance of nitro- 

glycerin in these dosage f o r m s ,  insofar as the circulatory 

responses  were concerned. Caution must  be exerc ised ,  however, 

These three  

It 

when one wishe? t o  extrapolate the apparent equivalence of 

these products in their  pharmacological performance to mean 

equivalence in bioavailability. Any attempt in this regard  must  

take into consideration the dose-response,  o r  more  vigorously, 

the biophase concentration-response,  profiles of these pharma- 

c ol og ical pa l a m e  t e r  s . 
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FOOTNOTES 

YAP ET AL. 

a Tablet  P w a s  p r e p a r e d  according to  F o r m u l a  I1 in r e fe rence  5 

except that  ni t roglycer in  was  excluded. 

bTab le  A: E l i  Lil ly & C o . ,  0 .6  mg,  lot #FAG5613. 

‘Table B :  Warne r /Ch i l co t t ,  Div. W a r n e r -  L a m b e r t  Co.  , 

0 . 6  mg, lot #4908064A. 

Tablet  C was p r e p a r e d  according to Formula I1 in  

r e fe rence  5.  

Pf izer  Labora to r i e s  Division, P f i ze r .  Inc., New York,  

NY 10017. 
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