
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Determination of Pentaerythritol Tetranitrate in Pharmaceuticals by High
Performance Liquid Chromatography
M. Carlsona; R. D. Thompsona

a U.S. Food and Drug Administration Pharmaceutical Analysis Section, Minneapolis, MN

To cite this Article Carlson, M. and Thompson, R. D.(1988) 'Determination of Pentaerythritol Tetranitrate in
Pharmaceuticals by High Performance Liquid Chromatography', Journal of Liquid Chromatography & Related
Technologies, 11: 12, 2603 — 2620
To link to this Article: DOI: 10.1080/01483918808076749
URL: http://dx.doi.org/10.1080/01483918808076749

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918808076749
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY,l 1( 12),2603-2620(1988) 

DETERMINATION OF PENTAERYTHRITOL 
TETRANITRATE IN PHARMACEUTICALS 

BY HIGH-PERFORMANCE LIQUID 
CHROMATOGRAPHY 

M. CARLSON AND R.D. THOMPSON 
U S .  Food arid Drug Adntiitistratiorr 

Pkarnzaceutical Analysis Sectiori 
Mitirieapolis, M N  55401 

ABSTRACT 

A h igh  performance l i q u i d  chromatographic procedure fo r  t he  
ana lys is  o f  pharmaceutical fo rmula t ions  conta in ing  p e n t a e r y t h r i t o l  
t e t r a n i t r a t e  i n c l u d i n g  t h e  d i l u t e d  bu lk  drug and f i n i s h e d  products 
cons is t i ng  o f  uncoated t a b l e t s  and t imed-release capsules and 
t a b l e t s  was developed. The method employs a reversed-phase system 
w i t h  UV de tec t i on  a t  230 nm. 
fo rmula t ions  ( 5  d i l u t e d  bu lk  drugs and 6 dosage forms gave p rec i s ion  
values (CV) having a range o f  0.17 t o  1.80%. Recovery values 
obtained from these commercial preparat ions v i a  f o r t i f i c a t i o n  ranged 
from 98.8 t o  102.0% w h i l e  recover ies from 3 syn the t i c  mixtures 
var ied  from 99.2 t o  100.8%. The de tec to r  response f o r  t he  ana ly te  
was observed t o  be l i n e a r  over a 50- fo ld  concent ra t ion  range us ing  
n i t r o g l y c e r i n  as the  i n t e r n a l  standard. The proposed HPLC method i s  
s p e c i f i c ,  easy t o  perform and e x h i b i t s  exce l l en t  accuracy and 
prec is ion .  
f o r  poss ib le  use w i t h  the  method. 

Rep l ica te  analyses o f  11 commercial 

Seven d i f f e r e n t  brands o f  HPLC columns were evaluated 
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INTRODUCTION 

CARLSON AND THOMPSON 

Pharmaceutical dosage forms 

t e t r a n i  t r a t e  (PETN) ( F i  g. 1) 

con t a i n i n g p e n t  ae ry t h r i t o l  

a r e  p r e s e n t l y  marketed as 

l o n g - a c t i n g ,  slow-onset co ronary  v a s o d i l a t o r s  f o r  t h e  p r o p h y l a x i s  

o f  angina p e c t o r i s  a t t a c k s .  
o f  t h i s  c l a s s ,  t h i s  compound has a l s o  found use as an e x p l o s i v e  

agent. 

t h e  a n a l y s i s  o f  PETN i n c l u d i n g  t i t r i m e t r y ( l ) ,  spect rophotometry  

(2-8) t h i n - l a y e r  chromatography (9-11 1 and g a s - l i q u i d  

chromatography (12,13). 
t i t r i m e t r i c  and s p e c t r o m e t r i c  approach i s  t h e  l a c k  o f  

s p e c i f i c i t y .  

f o r  PETN i n  pha rmaceu t i ca l s  (8)  i s  based on a r e a c t i o n  w i t h  

p h e n o l d i s u l f o n i c  a c i d .  T h i s  c l a s s i c a l  approach i n v o l v e s  t h e  a c i d  

h y d r o l y s i s  o f  PETM f o l l o w e d  by n i t r a t i o n  o f  p h e n o l d i s u l f o n i c  a c i d  

w i t h  t h e  f o r m a t i o n  o f  a y e l l o w  chromophore under  b a s i c  c o n d i t i o n s  

( i  .e., t h e  4-nitrophenoldisulfonate an ion ) .  Any o r g a n i c  n i t r a t e  

e s t e r  o r  n i t r a t e  f rom i n o r g a n i c  sources w i l l  f o rm t h e  c o l o r e d  

species.  The method a l s o  s u f f e r s  f rom excess i ve  m a n i p u l a t i o n  and 

i s  s u b j e c t  t o  i n t e r f e r e n c e s  such as c h l o r i d e  i o n  (14, 1 5 ) .  

T h i n - l a y e r  chromatographic  methods have q u a n t i t a t i v e  l i m i t a t i o n s  

and a r e  n o t  adap tab le  t o  automat ion.  

speed, s p e c i f i c i t y  and s e n s i t i v i t y  b u t  i n t r o d u c e s  t h e  p o s s i b i l i t y  

o f  thermal  d e g r a d a t i o n  o f  t h e  n i t r a t e  e s t e r  f u n c t i o n  a t  e l e v a t e d  

temperatures.  

S i m i l a r  t o  o t h e r  p o l y n i t r a t e  e s t e r s  

A v a r i e t y  o f  a n a l y t i c a l  methods have heen r e p o r t e d  f o r  

The m a j o r  shor tcoming o f  b o t h  t h e  

F o r  example, one o f  t h e  c u r r e n t  o f f i c i a l  methods 

Gas chromatography o f f e r s  

CH,-ONO, 
I 

OzNO-CH2-C-CHz-ONO: 
I 
CHZ-ONOZ 

PETN 

F i g u r e  1. S t r u c t u r e  o f  p e n t a e r y t h r i t o l  t e t r a n i t r a t e  (PETN) 
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More r e c e n t l y ,  HPLC has been s u c c e s s f u l l y  a p p l i e d  t o  t h e  

d e t e r m i n a t i o n  of seve ra l  p o l y n i t r a t e  e s t e r s  i n  pharmaceut ica l  

f o r m u l a t i o n s  i n c l u d i n g  PETN (16-18). 

advantages o f  s p e c i f i c i t y  and s e n s i t i v i t y  w i th  min imal  a n a l y s i s  
t i m e  under ambient c o n d i t i o n s .  

s t u d y  was t h e  development o f  a n a l y t i c a l  methodology which would 

b e  s u i t a b l e  f o r  r e g u l a t o r y  purposes and a p p l i c a b l e  t o  c u r r e n t l y  

marketed p roduc ts  c o n t a i n i n g  PETN. 

q u a n t i t a t i v e  a n a l y t i c a l  s tudy  was c a r r i e d  o u t  employ ing t h i s  

t e c h n i q u e  and a p p l i e d  t o  t h e  b u l k  d r u g  substance and v a r i o u s  

pharmaceut ica l  dosage forms. The proposed method i s  s p e c i f i c  

w i t h  rega rd  t o  o t h e r  o r g a n i c  n i t r a t e  e s t e r s  and t h r e e  known 

s y n t h e s i s  by-products  o f  PETN. 

d i l u t e d  b u l k  d r u g  substance, uncoated t a b l e t s  and t imed- re lease  

t a b l e t s  o r  capsules.  A n a l y t i c a l  r e s u l t s  f r o m  11 commercial 

p r o d u c t s  have been compared t o  those  ob ta ined  by a c o l o r i m e t r i c  

procedure. 

de te rm ine  t h e  chromatographic  b e h a v i o r  o f  t h e  compounds o f  

i n t e r e s t  w i t h  seve ra l  commercial brands o f  oc tadecy l  s i l a n e - t y p e  

HPLC c o l  umns. 

HPLC p r o v i d e s  t h e  

The p r i m a r y  o b j e c t  o f  t h e  p r e s e n t  

Therefore, an e x t e n s i v e  

It has been a p p l i e d  t o  t h e  

A b r i e f  comparat ive s tudy  was a l s o  under taken t o  

MATERIALS AND METHODS 

Reagents and Chemicals 

Reference m a t e r i a l s  were ob ta ined  f rom t h e  f o l l o w i n g  sources:  

p e n t a e r y t h r i t o l  t e t r a n i t r a t e  - 20% i n  l a c t o s e  (D inami te  S.p.A., 
Udine, I t a l y ) ,  n i t r o g l y c e r i n  - 10% i n  l a c t o s e  ( I C I  Americas, 

Wi lmington,  DE),  i s o s o r b i d e  d i n i t r a t e  - 25% i n  l a c t o s e ,  USP 

r e f e r e n c e  s tandard  (U.S. Pharmacopeial Convent ion,  Inc., 

R o c k v i l l e ,  MD) ,  e r y t h r i t y l  t e t r a n i t r a t e  - 11% i n  l a c t o s e  

(Burroughs Wellcome Co., Research T r i a n g l e  Park, NC) and m a n n i t o l  

h e x a n i t r a t e  - 9% i n  l a c t o s e  ( A t l a s  Powder Co., Tamaqua, P A ) .  The 
presence o f  i n e r t  d i l u e n t s  (i .e., sugars)  w i t h  t h e s e  m a t e r i a l s  
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2606 CARLSON AND THOMPSON 

a l l o w  f o r  s a f e  hand l i ng .  

s y n t h e t i c  m i x t u r e s  were o b t a i n e d  th rough  v a r i o u s  commercial 

sources and i n c l u d e d  t h e  f o l l o w i n g :  l a c t o s e ,  mann i to l ,  c o l l o i d a l  

s i l i c a ,  s t a r c h ,  m e t h y l c e l l u l o s e ,  m i c r o c r y s t a l l i n e  c e l l u l o s e ,  

g e l a t i n ,  guar gum, carnauba wax, a t t a p u l g i t e  c l a y ,  sodium s t a r c h  

g l y c o l a t e ,  p o l y v i n y l p y r r o l i d o n e ,  p o l e t h y l e n e  g l y c o l ,  a l g i n i c  

ac id ,  cane sugar  bead, n o n p a r e i l  seeds, c a l c i u m  s u l f a t e ,  sucrose, 

d r i e d  m a l t  syrup, pharmaceut ica l  g laze,  s t e a r i c  ac id ,  magnesium 

s t e a r a t e ,  c a l c i u m  s t e a r a t e ,  and v a r i o u s  s y n t h e t i c  c o l o r s .  

A c e t o n i t r i l e  and methanol were HPLC grade (EM Science, Cherry  

H i l l ,  NJ) Deionized,  d i s t i l l e d  wa te r  passed th rough  a 0.22 um 
Versapor membrane f i l t e r  (Gelman Sciences, Inc., Ann Arbor, M I )  

was used th roughou t .  

E x c i p i e n t  m a t e r i a l s  employed f o r  t h e  

Chromatographic System 

The HPLC system c o n s i s t e d  o f  a Beckman/Altex Model l O O A  pump 

(Beckman Ins t rumen ts ,  Inc., Be rke ley ,  CA)  equipped w i t h  a K ra tos  

Model 757 v a r i a b l e  wavelength d e t e c t o r  (ABI A n a l y t i c a l ,  K ra tos  

Division,Ramsey, NJ); a Rheodyne Model 7120 sampl ing v a l v e  h a v i n g  

a 20.0 u l  f i x e d  l o o p .  (Rheodyne, Inc., C o t a t i ,  C A )  and a HP 

Model 3385A i n t e g r a t o r  (Hewlet t -Packard,  Avondal e, PA).  The 

column was a 25 cm x 4.6 mm i .d .  U l t r a s p h e r e  ODs, 5 vm (Beckman 

Ins t rumen ts ,  Inc.).  The m o b i l e  phase compos i t i on  was 65:35 

a c e t o n i t r i l e - w a t e r  p repared  b y  combin ing 650 m l  a c e t o n i t r i l e  and 

350 m l  water ,  e q u i l i b r a t i n g  t o  room tempera tu re  and pass ing  

t h r o u g h  a 0.45 Dm AMF/CUNO nylon-66 membrane f i l t e r  (AMF Corp., 
Meriden, CT), p r i o r  t o  use. T y p i c a l  o p e r a t i n g  c o n d i t i o n s :  

m o b i l e  phase f l ow  r a t e  1.0 ml/min, d e t e c t o r  s e t  a t  230 nm, 
s e n s i t i v i t y  0.01 AUFS, tempera tu re  ambient and c h a r t  speed 0.5 

cm/mi n. 

Standard and Sample P r e p a r a t i o n s  

I n t e r n a l  Standard S o l u t i o n :  Approx ima te l y  10.0 g o f  d i l u t e d  
n i t r o g l y c e r i n  (10% i n  l a c t o s e )  was t r a n s f e r r e d  t o  a 200-mL 
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v o l u m e t r i c  f l a s k ,  about  125 mL o f  methanol added and t h e  m i x t u r e  

immersed i n  an u l t r a s o n i c  b a t h  f o r  5 min. F o l l o w i n g  s o n i c a t i o n ,  

t h e  f l a s k  was p laced  i n  a mechanical shaker  f o r  30 min, d i l u t e d  

t o  volume w i t h  methanol and mixed tho rough ly .  The und isso lved  

l a c t o s e  was a l l owed  t o  s e t t l e  and t h e  superna tan t  passed t h r o u g h  

a I l c m ,  Whatman No. 40 f i l t e r  paper  o r  e q u i v a l e n t .  The f i l t r a t e ,  

c o n t a i n i n g  n i t r o g l y c e r i n  a t  a c o n c e n t r a t i o n  o f  5 mg/ml was s t o r e d  

i n  an a i r - t i g h t  f l a s k .  

P e n t a e r y t h r i  t o 1  T e t r a n i  t r a t e  (PETN) Reference Prepara t i on :  

Approx ima te l y  125 mg o f  d i l u t e d  PETN (20% i n  l a c t o s e )  was 

a c c u r a t e l y  weighed and t r a n s f e r r e d  t o  a 250-mL v o l u m e t r i c  f l a s k ,  

about  125 mL o f  m o b i l e  phase added and t h e  m i x t u r e  shaken 

m e c h a n i c a l l y  f o r  30 min. A 5.0 mL a l i q u o t  o f  t h e  i n t e r n a l  

s tandard  s o l u t i o n  was added and t h e  s o l u t i o n  d i l u t e d  t o  volume 

w i t h  m o b i l e  phase. 

a 3-4 mm diameter ,  0.45 um membrane f i l t e r  (e.g., ny lon-66 o r  

p o l y v i n y l i d i n e  d i f l u o r i d e  (PVDF)) p r i o r  t o  i n j e c t i o n .  The 

c o n c e n t r a t i o n  f o r  b o t h  PETN and t h e  i n t e r n a l  s tandard  i n  t h i s  

r e f e r e n c e  p r e p a r a t i o n  was 0.1 mg/mL. 

A p o r t i o n  o f  t h i s  s o l u t i o n  was passed th rough  

Sample P r e p a r a t i o n  - D i l u t e d  Bu lk  PETN, Uncoated Tab le ts ,  

Timed-Release T a b l e t s  o r  Capsules: 

e q u i v a l e n t  t o  25 mg PETN f r o m  a wel l -mixed d i l u t e d  b u l k  

f o r m u l a t i o n  o r  f i n e l y  powdered t a b l e t  o r  capsu le  m a t e r i a l  

r e p r e s e n t i n g  a 20 u n i t  composite was t r a n s f e r r e d  t o  a 250 mL 
v o l u m e t r i c  f l a s k  and t h e  above procedure desc r ibed  f o r  t h e  

r e f e r e n c e  p r e p a r a t i o n  f o l l o w e d  b e g i n n i n g  w i t h  "about 125 mL o f  

mob i l e  phase added ...". C e r t a i n  t imed- re lease  f o r m u l a t i o n s  

r e q u i r e d  an a d d i t i o n a l  5 m in  s o n i c a t i o n  s t e p  p r i o r  t o  30 min o f  

mechanical shak ing  due t o  t h e  f o r m a t i o n  o f  clumps f o l l o w i n g  t h e  

a d d i t i o n  o f  125 mL o f  m o b i l e  phase. 

An a c c u r a t e l y  weighed p o r t i o n  

Chromatography 

System S u i t a b i l i t y :  

p r e p a r a t i o n  was i n t r o d u c e d  i n t o  t h e  l i q u i d  chromatograph and t h e  

Twenty m i c r o l i t e r s  o f  t h e  PETN r e f e r e n c e  
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2608 CARLSON AND THOMPSON 

i n s t r u m e n t a l  parameters a d j u s t e d  t o  p r o v i d e  peak responses which 

a r e  a t  l e a s t  50% FSD ( o r  e q u i v a l e n t  t o  about  75-100 mm). 
chromatographic  system was cons ide red  s a t i s f a c t o r y  when t h e  CV 

v a l u e  o b t a i n e d  f rom 5 consecu t i ve  i n j e c t i o n s  o f  t h e  PETN 

reference p r e p a r a t i o n  was - < 2.0% and t h e  r e s o l u t i o n  f a c t o r  (R) 
f o r  t h e  PETN and t h e  i n t e r n a l  s tandard  was - > 4.0. The r e t e n t i o n  

t i m e s  f o r  t h e  i n t e r n a l  s tandard  and PETN shou ld  be about  5-6 min 

and 6-7.5 min r e s p e c t i v e l y ,  depending on t h e  brand o f  column 

empl oyed . 

The 

Procedure: Twenty m i c r o l i t e r s  o f  t h e  f i l t r a t e  f rom t h e  PETN 

r e f e r e n c e  p r e p a r a t i o n  and sample p r e p a r a t i o n  was i n j e c t e d  i n  

d u p l i c a t e  under t h e  c o n d i t i o n s  d e s c r i b e d  above u s i n g  a b r a c k e t i n g  

sequence. 

comparison o f  t h e  average peak response (a rea  o r  peak h e i g h t )  

r a t i o s  o f  t h e  a n a l y t e  t o  t h e  i n t e r n a l  ‘standard. 

The q u a n t i t y  o f  PETN p resen t  was determined by 

RESULTS AND D I S C U S S I O N  

The HPLC procedure f o r  t h e  assay o f  PETN o f f e r s  many improvements 

ove r  t h e  c u r r e n t  compendial methods (6,8) w i t h  rega rd  t o  

s p e c i f i c i t y ,  r e l i a b i l i t y  and s i m p l i c i t y .  Comparative assay 

r e s u l t s  f o r  e leven  p r o d u c t s  o b t a i n e d  i n  r e p l i c a t e  by t h e  USP X X I  

c o l o r i m e t r i c  method and t h e  proposed HPLC approach a r e  shown i n  

Table 1. 

2 )  was found t o  be o u t s i d e  of t h e  compendial l i m i t s  o f  95.0 t o  

105.0% o f  t h e  d e c l a r e d  amount u s i n g  t h e  c o l o r i m e t r i c  method 

(89.0%) b u t  was w i t h i n  t h e  r e q u i r e d  range u s i n g  t h e  HPLC method 

(98.0%). The reason f o r  t h i s  d i f f e r e n c e  i s  n o t  r e a d i l y  apparent. 

P o t e n t i a l  sources o f  l o s s  w i t h  t h e  c o l o r i m e t r i c  procedure a r e  

e v a p o r a t i o n  s t e p s  i n  t h e  presence o f  acetone o r  f rom i n t e r f e r i n g  

i o n i c  species p r e s e n t  i n  t h e  reagents used. 

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

adhered t o  and f r e s h  reagents prepared f rom a common source were 

employed th roughou t  t h e s e  assays, t h e  observed l o s s e s  w i t h  

One o f  t h e  f i v e  d i l u t e d  b u l k  d r u g  f o r m u l a t i o n s  (Product  

S ince  t h e  
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Product  2 may be due t o  smal l  amounts o f  c h l o r i d e  p resen t  i n  t h i s  

f o r m u l a t i o n .  

have been demonstrated by  o t h e r s  (14, 15). The t h r e e  uncoated 

t a b l e t  f o r m u l a t i o n s  i n c l u d e d  i n  t h i s  s t u d y  were w i th in  t h e  93.0 

t o  107.0% campendial requ i remen ts  by  b o t h  a n a l y t i c a l  procedures.  

A t  t h e  p r e s e n t  t ime ,  such requ i remen ts  have n o t  been e s t a b l i s h e d  

f o r  t imed-re1 ease fo rmu l  a t i  ons . 

Such l o s s e s  r e l a t e d  t o  t h e  presence o f  c h l o r i d e  

The d a t a  i n  Tab le  1 a l s o  i n d i c a t e  b e t t e r  p r e c i s i o n  a t  a l l  

c o n c e n t r a t i o n  and dosage l e v e l s  by  t h e  HPLC method w i t h  most 

p roduc ts  hav ing  a C V  v a l u e  of l e s s  t h a n  1.0%. The h i g h e r  C V  

va lues ob ta ined  by b o t h  methods f o r  Product  5 may be due i n  p a r t  

t o  non-homogeneity o f  t h e  p r e p a r a t i o n .  

va lues  c a l c u l a t e d  f rom seven s e t s  o f  d a t a  r e p r e s e n t i n g  rep1 i c a t e  

i n j e c t i o n s  o f  a r e f e r e n c e  p r e p a r a t i o n  (n=5) o v e r  a p e r i o d  o f  4.5 

months ranged f rom 0.10 t o  0.46% CV. 

I n t e r - d a y  p r e c i s i o n  

The a d a p t a t i o n  o f  t h e  p h e n o l d i s u l f o n i c  a c i d  r e a c t i o n  employed 

w i t h  t h e  c u r r e n t  USP X X I  method i s  a 10-step procedure which can 

be per formed i n  about  70 minutes.  The p r i m a r y  advantage o f  t h i s  

approach i s  e x c e l l e n t  s e n s i t i v i t y  and a p p l i c a b i l i t y  t o  b o t h  

o r g a n i c  n i t r a t e  e s t e r s  and i n o r g a n i c  n i t r a t e s .  

procedure i s  a 6-s tep l e s s  m a n i p u l a t i v e  means of assay ing  PETN 

r e q u i r i n g  an es t ima ted  t i m e  o f  60 minutes and i s  e a s i l y  adap tab le  

t o  automat ion a t  t h e  i n j e c t i o n  step. 

The HPLC 

F i g u r e  2 r e p r e s e n t s  t y p i c a l  chromatograms o f  a r e f e r e n c e  

p r e p a r a t i o n  and a sample p r e p a r a t i o n  o b t a i n e d  f r o m  a d i l u t e d  b u l k  

PETN f o r m u l a t i o n  under reversed-phase c o n d i t i o n s  showing 

we1 1 - reso l  ved responses f o r  t h e  a n a l y t e  and i n t e r n a l  s tandard.  

Chromatograms o f  o t h e r  p r o d u c t  e x t r a c t s  i n c l u d i n g  uncoated 

t a b l e t s  and t imed- re lease  t a b l e t s  a r e  d e p i c t e d  i n  F i g u r e  3. 

The sample p r e p a r a t i o n s  were passed t h r o u g h  a sma l l  d iamete r  

membrane f i l t e r  made o f  nylon-66 o r  p o l y v i n y l i d e n e  d i f l o u r i d e  
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Figure  2. Chromatograms o f  A: a reference prepara t ion  and B: 
a d i l u t e d  bu lk  PETN ex t rac t .  Peak 1 = n i t r o g l y c e r i n  ( i n t e r n a l  
standard), Peak 2 = p e n t a e r y t h r i t o l  t e t r a n i t r a t e .  Condi t ions 
described under Mater i  a1 s and Methods. 

(PVOF) p r i o r  t o  i n j e c t i o n .  

e i t h e r  type were found t o  produce a l a t e  e l u t i n g  response (i.e., 

a leachable) having a r e l a t i v e  r e t e n t i o n  o f  1.8-2.2 w i t h  respect 

t o  PETN. 

Some brands o f  membrane f i l t e r s  of 

The chromatographic response f o r  PETN was observed t o  be l i n e a r  

over a 50- fo ld  range i n  concent ra t ion  (0.0125 - 0.63 mg/mL) 
r e l a t i v e  t o  n i t r o g l y c e r i n  a t  a concent ra t ion  o f  0.1 mg/mL. The 

c o r r e l a t i o n  c o e f f i c i e n t  values from 8 data po in ts  were 1.0000 

based on peak area and 0.9998 based on peak height.  
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F i g u r e  3. Chromatograms o f  A :  
a t imed- re lease  t a b l e t  e x t r a c t .  
C o n d i t i o n s  d e s c r i b e d  under M a t e r i a l s  and Methods. 

an uncoated t a b l e t  e x t r a c t  and B:  
F o r  peak i d e n t i t y  see F i g u r e  2. 

Accuracy 

Recovery d a t a  ob ta ined  by f o r t i f y i n g  f o u r  d i l u t e d  b u l k  
f o r m u l a t i o n s  and seven f i n i s h e d  dosage forms r e p r e s e n t i n g  f o u r  

and f i v e  manu fac tu re rs  r e s p e c t i v e l y ,  i s  presented i n  Table 2. 

Recover ies f o r  PETN ranged f r o m  98.8 t o  102.0% w i th  a mean 
recove ry  va lue  o f  100.3% f rom a l l  p roduc ts ,  The accuracy o f  t h e  

procedure was a l s o  e v a l u a t e d  by  t h e  use o f  t h r e e  s y n t h e t i c  

p r e p a r a t i o n s  t y p i c a l  t o  t h i s  s tudy .  The r e p l i c a t e  r e s u l t s  (n=3) 

f o r  t hese  s p i k e d  p lacebo m i x t u r e s  shown i n  Tab le  3 ranged f rom 

99.2 t o  100.8% f o r  PETN. 
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TABLE 2 

Recovery Data f o r  P e n t a e r y t h r i t o l  T e t r a n i t r a t e  From F o r t i f i e d  
D i l u t e d  Bu lk  P r e p a r a t i o n s  and F i n i s h e d  Dosage Forms ( n = l )  

Product  Product  Type 

1 

2 
3 

4 

5 
6 

7 

a 
9 

10 
11 

D i l u t e d  B u l k  Drug 

D i l u t e d  Bulk  Drug 

D i l u t e d  Bu lk  Drug 

D i l u t e d  Bu lk  Drug 

A Tab le ts ,  UC 
Tab le ts ,  UC 

Tab le ts ,  UC 

Tab le ts ,  TRB 
Tab le ts ,  TR 

Capsules, TR 

Capsules, TR 

Added ,ng Recovered ,mg % Recovery 

25.0 25.0 100.0 

25.0 25.2 100.8 
12.0 12.0 100.0 

11.9 11.8 99.2 

25.4 25.3 99.6 

25.3 25.5 100.8 

25.2 25.7 102.0 

25.4 25.1 98.8 
24.4 24.4 100.0 

27.1 27.5 101.5 

26.0 26.2 100.8 

i(=100.3 

A Uncoated 

T ined-re lease 

Speci f i c i  t y  

R e t e n t i o n  d a t a  was ob ta ined  f o r  PETN, i t s  t h r e e  known s y n t h e s i s  

by-products ;  p e n t a e r y t h r i  t o ?  t r i n i t r a t e  (PETri N)  , 
d i  p e n t a e r t h r i  t o 1  hexani  t r a t e  ( D i  PEHN) , tr i  p e n t a e r y t h r i  t o 1  

o c t a n i t r a t e  (TriPEON) and f o u r  a d d i t i o n a l  o r g a n i c  n i t r a t e  e s t e r s  

o f  t h e  same pharmacologica l  c l a s s .  The r e l a t i v e  va lues a r e  

p resen ted  i n  Tab1 e 4 and I n d i c a t e  exce l  1 e n t  r e s o l  u t i o n  between 

t h e  p a r e n t  compound and t h e  s y n t h e s i s  by-products .  The 
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2614 CARLSON AND THOMPSON 

TABLE 3 

Recovery o f  P e n t a e r y t h r i t o l  T e t r a n i t r a t e  from 
S y n t h e t i c  Fo rmu la t i ons  (n=3) 

Fo rmu la t i on  Type Added, % Found, % % Recovery 

20.3 20.4 100.5 A D i  1 u t e d  Bul k Drug( 5) 

Added, mg Found, mg 

Uncoated Tab1 e t s  (18) 25.6 25.8 100.8 

Timed Release T a b l e t s /  
Capsul es ( 13) 25.0 24.8 99.2 

A (  ) = number o f  e x c i p i e n t s  p r e s e n t  

s t  r u c t u r e - r e t e n t i o n  re1  a t i  onshi  p w i t h  respec t  t o  a d d i t i o n a l  

n i t r a t e  e s t e r  groups i s  c l e a r l y  e v i d e n t  f rom t h i s  data.  

h e x a n i t r a t e  was found t o  e x h i b i t  a ma jo r  peak and an e a r l i e r  

e l u t i n g  m ino r  peak which i s  l i k e l y  a more p o l a r  d e n i t r o  compound. 

There were no  i n t e r f e r i n g  responses observed f o r  any o f  t h e  30 

e x c i p i e n t  m a t e r i a l s  used i n  t h e  p lacebo recove ry  m ix tu res .  

compos i t i on  o f  t h e  m o b i l e  phase can be m o d i f i e d  t o  a l l o w  

r e s o l u t i o n  o f  t h e  r e l a t e d  v a s o d i l a t o r  agents  shown i n  Tab le  4. 
Separa t i on  of t hese  compounds has been r e p o r t e d  u s i n g  

reversed-phase HPLC w i t h  a methanol -water  mobi 1 e phase (18). 

Mann i to l  

The 

S t a b i l i t y  

Three PETN p r e p a r a t i o n s  were i n c l u d e d  i n  t h i s  s t u d y  c o n s i s t i n g  of 
p u r i f i e d  PETN ( i s o l a t e d  f r o m  l a c t o s e ) ,  a b u l k  d r u g  f o r m u l a t i o n  
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TABLE 4 

R e t e n t i o n  Data f o r  P e n t a e r y t h r i t o l  T e t r a n i t r a t e ,  Severa l  
Syn thes i s  By-Products and Other Organic  N i t r a t e  E s t e r s  

Column: U l t r a s p h e r e  ODs,  5 um, 25 cm x 4.6 mm I.D. 
M o b i l e  Phase: 65:35 a c e t o n i t r i l e - w a t e r  

Compound 

P e n t a e r y t h r i t o l  T r i n i t r a t e  (PETriN) 

I s o s o r b i d e  D i n i t r a t e  

N i t r o g l y c e r i n  

E r y t h r i t y l  T e t r a n i t r a t e  

P e n t a e r y t h r i t o l  T e t r a n i t r a t e  (PETN) 

Manni t o 1  Hexani t r a t e  

Peak 1 

Peak 2 (major  peak) 

D i p e n t a e r y t h r i t o l  H e x a n i t r a t e  (DiPEHN) 

T r i p e n t a e r y t h r i t o l  O c t a n i t r a t e  (TriPEON) 

R e l a t i v e  R e t e n t i o n  

( n i t r o g l  y c e r i  n = l  .OO) A 

0.86 

0.91 
1 .oo 
1.20 

1.24 

1.26B 

1.74 
2.04 

3.52 

A R e t e n t i o n  t i m e  = 5.16 m in  

16% response r e l a t i v e  t o  Peak 2 

and a t imed- re lease  capsu le  sample. 

were s t o r e d  on a bench t o p  and assayed weekly  over  a p e r i o d  o f  6 

weeks w i t h  comparison t o  a f r e s h  r e f e r r n c e  p r e p a r a t i o n .  

p r e c i s i o n  o f  t h e  assay va lues  f r o m  t h e  aged s o l u b i l i z e d  samples 

ove r  t h i s  t ime-span ranged f rom 0.94 t o  0.99% C V  i n d i c a t i n g  

l i t t l e  i f  any d e g r a d a t i o n  under  these  s t o r a g e  c o n d i t i o n s .  

Assay p r e p a r a t i o n s  o f  each 

The 
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2616 CARLSON AND THOMPSON 

Column performance s t u d y  

I n  o r d e r  t o  p r o v i d e  an i n d i c a t i o n  as t o  t h e  a p p l i c a b i l i t y  o f  

v a r i o u s  brands o f  o c t a d e c y l s i l a n e  columns f o r  t h e  proposed HPLC 

assay, a b r i e f  compara t i ve  s tudy  was c a r r i e d  ou t .  

c r i t e r i a  i n c l u d i n g  r e s o l u t i o n  (R) o f  t h e  n i t rog l yce r in -PETN p a i r  

and column e f f i c i e n c y  ( N )  and asymmetry ( T )  based on PETN was 

o b t a i n e d  f o r  seven commerc ia l l y  packed HPLC columns and p resen ted  

i n  Table 5. I n  a d d i t i o n ,  r e t e n t i o n  d a t a  f o r  n i t r o g l y c e r i n ,  PETN 

and two o f  t h e  s y n t h e s i s  by-products  was inc luded .  The column 

t e s t  parameters examined were i n  accordance w i t h  t h e  c u r r e n t  USP 

X X I  genera l  c r i t e r i a  f o r  system s u i t a b i l i t y  (19). The d a t a  

i n d i c a t e s  t h a t  columns 1 and 2 would n o t  be s u i t a b l e  f o r  t h i s  

a n a l y s i s  based on t h e  requi rements o u t l i n e d  under 

Chromatography-System S u i t a b i l i t y  o f  t h e  proposed procedure f o r  

r e s o l u t i o n .  Column 2 a l s o  e x h i b i t e d  excess i ve  asymmetry f o r  t h e  

PETN response. The rema in ing  f i v e  columns p r o v i d e d  s i m i l a r  

performance c h a r a c t e r i s t i c s  w i t h  t h e  e x c e p t i o n  o f  Column 4 which 

was found t o  be s l i g h t l y  more r e t e n t i v e  f o r  each o f  t h e  t e s t  

compounds. 

Performance 

A d d i t i o n a l  a p p l i c a t i o n s  

The HPLC assay can be a p p l i e d  t o  p roduc ts  c o n t a i n i n g  PETN i n  

combinat ion w i t h  o t h e r  a c t i v e  i n g r e d i e n t s .  

f o r m u l a t i o n s  c o n t a i n i n g  10 o r  20 mg PETN w i t h  200 mg o f  t h e  

a n t i a n x i e t y  agent, meprobamate, were assayed i n  r e p l i c a t e  (n=5). 

The pe rcen t  o f  t h e  d e c l a r e d  amount found was 98.9 and 98.5 w i t h  

p r e c i s i o n  va lues ( C V )  o f  1.10% and 1.25% f o r  t h e  10 and 20 mg 

Two t a b l e t  

mult i-component t a b l e t s ,  r e s p e c t i v e l y .  Meprobamate does 

i n t e r f e r e  due t o  t h e  l o w  a b s o r p t i v i t y  o f  t h i s  spec ies  a t  

and i t s  l i m i t e d  s o l u b i l i t y  i n  t h e  e x t r a c t i o n  media. 

The HPLC methodology desc r ibed  h e r e i n  i s  a p p l i c a b l e  t o  a 

range o f  commercial p roduc ts  c o n t a i n i n g  PETN. The simp1 

n o t  

230 nm 

wide 

c i t y  o f  
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TABLE 5 

Comparative Column Performance Data f o r  P e n t a e r y t h r i t o l  
T r i n i t r a t e  (PETriN), N i t r o g l y c e r i n  (NG), P e n t a e r y t h r i t o l  

T e t r a n i t r a t e  (PETN) and D i p e n t a e r y t h r i t o l  H e x a n i t r a t e  (DiPEHN) 

M o b i l e  Phase: 65:35 a c e t o n i t r i l e - w a t e r  

Re ten t i on ,  min 

R e s o l u t i o n  E f f i c i e n c y  Asymnetry 
Col umnA R (NG/PETN) N( PETN) T(  PETN) PETri N NG PETN D i  PEHN 

1 2.43 8208 1.22 3.72 4.09 4.53 5.84 
2 3.47 6597 2.08 4.49 4.93 5.83 8.52 

3 4.58 5986 1.07 4.17 4.94 6.20 10.47 

4 5.25 8532 1.23 5.10 5.90 7.36 12.11 

5 5.89 14,256 1.02 4.28 4.86 5.90 9.25 

6 6.21 13,633 1.07 4.47 5.17 6.47 10.70 
7 6.27 13,501 1.11 4.36 4.98 6.15 10.05 

_I_---- 

A 1 Dupont Zorbax UDS, 5-6um, 25cm x 4.6mm 
2 Waters uBondapak C-18, 10um, 30cm x 3.9mm 

3 F i s h e r  Resolvex C-18, 10um, 25cm x 4.6m 
4 Whatman P a r t i s i l  5 ODs-3, 5um, 25cm x 4.6mm 

5 Phase Separa t i ons  Spher i so rb  ODs, 5um, 25cm x 4.6mm 
6 Beckman/Altex U l t r a s p h e r e  ODs, 5um, 25cm x 4 .6m 
7 Supelco S u p e l c o s i l  LC-18-DB, 5um, 25cm x 4.6m 
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t h e  assay procedure and improvements i n  s p e c i f i c i t y ,  p r e c i s i o n  

and accuracy ove r  e x i s t i n g  methodology suggest p o s s i b l e  use f o r  

r e g u l a t o r y  purposes. 

c o l l a b o r a t i v e  s t u d y  o f  t h e  method i n c l u d i n g  12  p a r t i c i p a n t s  i s  

c u r r e n t l y  i n  progress.  

F u r t h e r  work i n v o l v i n g  an i n t e r - l a b o r a t o r y  
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