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ABSTRACT 

Stabil ity-indicating analytical methods are developed to 

monitor the stability of pharmaceutical dosage forms during the 

investigational phase of drug development, and, once the drug is 

marketed, for the ongoing stability studies which must be con- 

ducted. The development of these methods for pharmaceutical dosage 

forms forms can be approached from several avenues. Methods can be 

developed which measure the amount of drug remaining, the amount of 

drug lost (or the appearance of degradation products), or both. 

Traditionally, the analytical methods used to monitor the 

stability of dosage forms have involved a generally non-specific 

spectrophotometric or ti trimetric procedure for the assay of the 

active coupled with thin layer chromatography for the estimation of 

impurities and degradation products. In the last five years, this 
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1344 BOEHLERT 

approach has changed dramat cally. 

for the quantitation of the active and degradation products is 

rapidly becoming high perfo mance liquid chromatography. This 

method has obvious advantages since it both separates and measures 

and it lends itself well to automation. The disadvantages are 

that, in the absence of automation, the technique can be time- 

consuming, it is by no means universal, and it is relatively 

expensive. 

separation times to seconds and, i n  the next few years, this 

technique may find even greater utility. 

Currently, the method of choice 

Recent advances in column technology have reduced some 

HPLC, however, is not the only way to go. Other chromato- 

graphic methods still find a place, particularly gas chromatography 

when the stability of the component of interest does not pose a 

problem and thin layer chromatography for the rapid determination 

of degradation products. 

electrometric, e.g., polarography, and spectrophotometric, e.g., 

fluorimetry or NMR. 

depend on both a scientific and practical evaluation of the drug 

and its dosage form. 

Other methods may also be used, including 

The choice of an appropriate method must 

Once an analytical method is chosen, the most important aspect 

of the development of a stability-indicating procedure is method 

validation. 

parameters: 

tivity, and ruggedness. 

Validation should include evaluation of the following 

specificity, linearity, precision, accuracy, sensi- 

There are many other aspects to stability that could also be 

considered, e.g., the stability of the bulk drug and physical and 

organoleptic changes in a dosage form. These should be part of a 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



ASSAY DEVELOPMENT 1345 

separate discussion. 

o f  product  development, a n a l y t i c a l  methods evolve. 

learned about the  drug and i t s  dosage form, methods can be r e f i n e d  

and rev ised.  

I t  very  o f t e n  happens tha t ,  du r ing  the  course 

As more i s  

INTRODUCTION 

Developing methods f o r  t h e  determinat ion o f  t h e  s t a b i l i t y  o f  

pharmaceutical dosage forms f o r  both I N D  and post-NDA s tud ies  can 

be a time-consuming a c t i v i t y .  

pends upon the  na ture  o f  t he  drug, the  complex i t ies  o f  t he  dosage 

forms, and the  amount o f  i n fo rma t ion  a l ready  ava i lab le .  This  

a c t i v i t y  may requ i re  i n p u t  from a number o f  groups i n  a corpora t ion  

i n  o rder  t o  develop we l l - va l i da ted  procedures i n  t h e  most e f f i c i e n t  

manner. 

drug development w i l l  he lp  t o  avoid surpr ises  l a t e r  on and should 

f a c i l i t a t e  the  passage o f  t h e  drug through the  IND/NDA regu la to ry  

The amount o f  e f f o r t  expended de- 

Coord inat ion o f  t h i s  e f f o r t  du r ing  the  e a r l y  phases o f  

process. 

stab 

METHOD DEVELOPMENT 

The amount o f  t ime and e f f o r t  pu t  i n t o  

l i t y  i n d i c a t i n g  methods f o r  pharmaceut 

the  development o f  

ca l  dosage forms can be 

Dur ing the  minimized i f  a l o g i c a l  and systematic approach i s  used. 

e a r l y  phases o f  drug product development, a number o f  groups i n  a 

corpora t ion  are invo lved i n  the  determinat ion o f  t h e  phys ica l  and 

chemical p r o p e r t i e s  of a new drug (F igure 1). 

w i l l  be over lap  between the  groups invo lved i n  t h i s  process so t h a t  

f r e e  and open exchange o f  i n fo rma t ion  between groups i s  a necess i ty  

i n  o rder  t o  expedi te  drug development and avoid d u p l i c a t i o n  o f  

I nev i tab l y ,  t he re  
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1346 BOEHLERT 

FIGURE 1: Corporate Interactions 

e f f o r t .  

s t a b i l i t y  i n d i c a t i n g  methods can be o u t l i n e d  i n  th ree  bas ic  steps: 

review the l i t e r a t u r e ,  generate background data, and develop and 

va l i da te  the  method. 

L i t e r a t u r e  Review 

A l o g i c a l  and systematic approach t o  the  development o f  

Before any l abo ra to ry  work i s  s ta r ted  on a new drug, a l l  o f  

the i n t e r n a l  in fo rmat ion  ava i l ab le  on the  drug and any e x i s t i n g  

dosage forms should be reviewed. 

in fo rmat ion  ava i l ab le  on a new drug which begins when t h e  drug i s  

f i r s t  syntheiszed by chemical research s c i e n t i s t s .  The chemist 

monitors the  progress o f  the  reac t i on  and checks the  p u r i t y  o f  the  

f i n a l  product by some a n a l y t i c a l  procedure, t y p i c a l l y  t h i n  l a y e r  

chromatography. 

i n te res ted  i n  s t ruc tu re  determinat ion and conf i rmat ion,  may a l so  

generate some l i m i t e d  a n a l y t i c a l  data, such as s o l u b i l i t i e s ,  spec- 

There i s  almost always a t r a i l  o f  

The physical  chemistry department, wh i l e  p r i m a r i l y  
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ASSAY DEVELOPMENT 1347 

t rophotometr ic  p roper t ies ,  and so on. Q u a l i t y  c o n t r o l  o r  some 

o ther  department generates i n fo rma t ion  on the  ana lys i s  o f  t he  drug 

per se and the  drug i n  the  veh ic le  used f o r  e a r l y  t o x i c o l o g i c a l  

studies, u s u a l l y  i nc lud ing  some l i m i t e d  s t a b i l i t y  data. 

I n  many instances, drugs are evaluated f o r  mutagenic p o t e n t i a l  

e a r l y  i n  development, o f t e n  p r i o r  t o  pharmacological and tox i co log -  

i c a l  screening. 

outcome o f  t h e  t e s t ,  methods f o r  determin ing p u r i t y  are o f t e n  

developed a t  t h i s  stage. 

i t s  impur i t i es ,  and degradation products as we l l  as l i m i t e d  s ta -  

b i l i t y  data on t h e  drug i n  the  so lvent  t o  be used f o r  t he  t e s t .  

Since the p u r i t y  o f  t h e  drug may in f l uence  the  

These may inc lude ana lys i s  o f  the  drug, 

The drug metabolism department develops a n a l y t i c a l  methods t o  

i d e n t i f y  and measure the major  metabo l i tes  o f  t he  drug as w e l l  as 

the  parent  drug i n  b i o l o g i c a l  systems. F i n a l l y ,  t h e  product  

development and q u a l i t y  con t ro l  departments generate phys ica l -  

chemical in fo rmat ion  as p a r t  o f  p re fo rmula t ion  s tud ies  and the 

development o f  methods f o r  t he  con t ro l  o f  the  drug and experimental 

dosage forms. 

L i t e r a t u r e  sources ex terna l  t o  the  corpora t ion  should a l s o  be 

reviewed f o r  in fo rmat ion  on t h e  drug o f  i n t e r e s t  as w e l l  as r e l a t e d  

compounds. 

deal o f  e f f o r t  can be saved i f  t h i s  in fo rmat ion  i s  used, a t  l e a s t  

as a s t a r t i n g  po in t .  

Data Generation 

I f  a n a l y t i c a l  methods have been published, a g rea t  

The a v a i l a b i l i t y  o f  c e r t a i n  bas ic  i n fo rma t ion  on the  drug i s  

inva luab le  i n  the  development o f  s t a b i l i t y  i n d i c a t i n g  a n a l y t i c a l  

methods. This  inc ludes a thorough knowledge o f  t he  phys ica l  and 
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1348 BOEHLERT 

Phys 

Sol ubi 1 i ties 

TABLE 1 

cal -Chemical Characteri za t 

Dissociation 

on 

Constants 

Parti tion Coefficients 

Fluorescent Properties 

Chromatographic Behavior Stability Studies 

Spectrop hotomet ri c Properties 

Oxidati on/reducti on Potenti a1 s 

chemical properties (Table 1) of the drug as well as identification 

of labile functional groups and the elucidation of degradation 

pathways. 

Solubilities should be determined in a number of solvents 

covering a range of polarities which are commonly used for method 

development (Table 2). 

list as dictated by the needs of a given drug, its dosage form, and 

potential methods. 

Solvents are added to or deleted from the 

Dissolution constants and parti tion coefficients can be used 

to develop efficient liquid/l iquid extraction procedures, and data 

on fluorescent, spectrophotometric, chromatographic, and oxidation/ 

reduction properties can be used to determine the best means of 

measuring and quantitating the component of interest. 

Stability studies are performed on the drug "as is," in solu- 

tion, and mixed with pharmaceutical ingredients as part of compat- 

ibility studies. Labile functional groups are identified and the 

susceptibility of the drug to hydrolytic, photolytic, oxidative, 

and thermal degradation is determined. 

performed to assess the stability of the drug when mixed with 

Compatibility studies are 
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ASSAY DEVELOPMENT 1349 

common excip 

b i l i t y  of i n  

TABLE 2 

Solubi l i ty  Determinations 

Water Chloroform 

Aqueous Buffers Ethyl Ether 

0.1 N HC1 Cycl ohexane 

0.1 N NaOH Ethyl Acetate 

Ethanol Acetoni t r i le  

ents and lubricants  a s  well a s  t o  determine the poss 

eraction of the d rug  w i t h  the ingredients. While 

routes of degradation observed w i t h  the d rug  per se a r e  not always 

t rans la tab le  t o  the dosage form, this information does t e l l  you 

what can happen t o  the drug.  

vent o r  slow down degradation reactions,  and, once the routes of 

degradation a re  known, they can be evaluated i n  order t o  ascer ta in  

i f  the same mechanisms observed i n  the drug are  operative i n  the 

dosage form. 

Method Deve7opment and Validation 

Dosage forms can be designed t o  pre- 

S t a b i l i t y  indicating methods f o r  pharmaceutical dosage forms 

can be developed using several d i f fe ren t  approaches. 

can be ut l ized w h i c h  measure the amount of drug remaining, the 

amount of d rug  l o s t ,  o r  single methods can be developed which 

separate and quant i ta te  a1 1 known impurit ies and degradation 

products as  well a s  the act ive.  

re ly  on chromtography and may be d i f f i c u l t  t o  handle since l ine-  

a r i t y  of response i s  required and a computer-assisted data handling 

Procedures 

These l a s t  methods almost always 
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1350 BOEHLERT 

system may be needed t o  quan t i t a te  accura te ly  the  wide ranges i n  

concentrat ions o f t e n  encountered. 

a n a l y t i c a l  technique may be used and q u a n t i t a t i o n  achieved by 

vary ing the  concentrat ion o f  the  sample and making more than one 

measurement i n  order  t o  achieve a l i n e a r  response and work w i t h i n  

the  cons t ra in t s  o f  the  data handl ing system. 

A1 te rna te l y ,  t he  same s i n g l e  

Separate methods may be developed, one f o r  t he  q u a n t i t a t i o n  o f  

the  ac t i ve  component, which i s  no t  necessar i l y  spec i f i c ,  and the  

other, genera l l y  spec i f i c ,  f o r  t he  es t imat ion  o r  q u a n t i t a t i o n  o f  

degradation products. Such methods may be based on the  same ana- 

l y t i c a l  p r i n c i p l e ,  e.g., chromatography, o r  t hey  may u t i l i z e  com- 

p l e t e l y  d iverse  techniques. The choice o f  the  method se lected 

depends upon the chemical nature o f  the drug, t he  complex i t ies o f  

the  dosage form, and, o f ten ,  on p r a c t i c a l  cons iderat ions r e l a t i n g  

t o  the a v a i l a b i l i t y  o f  resources and inst rumentat ion.  

method i s  t o  be used as a r o u t i n e  c o n t r o l  t e s t ,  as w e l l  as f o r  

s t a b i l i t y  studies, then p r a c t i c a l  cons iderat ions can become o f  

paramount importance. 

d i f f e r e n t  techniques may be a v a i l a b l e  f o r  the  assay o f  t he  a c t i v e  

and degradation products, a l l  o f  which y i e l d  equ iva len t  informa- 

t i o n ;  the choice o f  the  method i s  then made based on p r a c t i c a l  

cons iderat ions . 

I f  the  

I n  the  m a j o r i t y  o f  cases, a number o f  

I n  some instances, i t  may be poss ib le  t o  q u a n t i t a t e  o n l y  t h e  

a c t i v e  or ,  a1 te rna te ly ,  on l y  the  degradation products, a1 though the  

l a t t e r  i s  l e s s  l i k e l y .  Measurement o f  o n l y  t h e  a c t i v e  may occur 

where very low potencies are encountered ( i n  the  range o f  mcg o r  
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ASSAY DEVELOPMENT 1351 

l ess  per  dose) and the l i m i t s  o f  q u a n t i t a t i o n  o f  a v a i l a b l e  ana ly t -  

i c a l  techniques are no t  low enough f o r  accurate measurement o f  

degradation products. 

and i d e n t i f i c a t i o n  o f  degradation products and i m p u r i t i e s  can be a 

d i f f i c u l t ,  i f  n o t  impossible, task. Also,  some degradation products  

are formed a t  such low l e v e l s  t h a t  i s o l a t i o n  and i d e n t i f i c a t i o n  

becomes impra t i ca l .  

Indeed, i n  such instances, the  e l u c i d a t i o n  

The a n a l y t i c a l  procedures genera l l y  u t i l i z e d  f o r  s t a b i l i t y  

i n d i c a t i n g  methods can be d i v ided  i n t o  th ree  general categor ies 

(Table 3). 

T r a d i t i o n a l l y ,  the a n a l y t i c a l  methods used t o  moni tor  t he  

s t a b i l i t y  o f  dosage forms have invo lved a genera l l y  non-spec i f i c  

spectrophotometric o r  t i t r i m e t r i c  procedure f o r  t h e  assay o f  t h e  

ac t ive ,  coupled w i t h  t h i n  l a y e r  chromatography f o r  the  es t imat ion  

o f  i m p u r i t i e s  and degradation products and t h i s  approach i s  s t i l l  

va l i d .  

d ramat ica l l y .  

o f  the  a c t i v e  and degradation products i s  i nc reas ing l y  becoming 

I n  the  l a s t  f i v e  years, however, the  s i t u a t i o n  has changed 

Current ly ,  t he  method of  choice f o r  the  q u a n t i t a t i o n  

TABLE 3 

S t a b i l  i t y - I n d i c a t i n g  Methods 

E l  e c t  romet r i  c 

T i  t r i m e t r i c  

Pol arograph i c 

Chroma tograp h i  c 

HPLC 

GC 

TLC 

Spectrometric 

uv/v I s 
NMR 

F1 uorescence 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1352 BOEHLERT 

high performance liquid chromatography. 

advantages since it is both specific and quantitative and it lends 

itself well to automation. The disadvantages are that, in the 

absence of automation, the technique can be time-consuming, it is 

relatively expensive, and detection is by no means universal. 

Recent advances in column technology have reduced separation times 

to seconds, and, in the next few years, this technique may enjoy 

even more utility. 

This method has obvious 

HPLC, however, is not the only way to go. Other chromato- 

graphic methods still find a place, particularly gas chromatography 

when the thermal stability of the component of interest does not 

pose a problem. Thin layer chromatography can be used for the 

rapid determination of degradation products, even when the assay of 

the intact drug may be performed by another chromatographic tech- 

nique. 

polarography, fluorimetry, NMR, colorimetric analysis, etc. 

choice of an appropriate method must depend on both a scientific 

and practical evaluation of the drug and its dosage form. 

Other methods may also be used, including titrimetry, 

The 

Once an analytical method is chosen, the most important aspect 

o f  the development of a stability indicating procedure is method 

validation [l]. 

following parameters: 

1. 

quantitating the component of interest. 

thesis precursors, known impurities, excipients, degradation prod- 

ucts, or other sources of bias must be considered. 

Method validation should include evaluation of the 

Specificity--The method chosen must be shown to be capable of 

The contribution of syn- 
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ASSAY DEVELOPMENT 1353 

2. 

over a range i n  concentrat ions spanning a t  l e a s t  50-150% o f  t h e  

expected work range. 

3. 

be determined by t h e  ana lys is  o f  sample r e p l i c a t e s  i n  t h e  f i r s t  

case and the  r e p e t i t i v e  measurement o f  a s i n g l e  sample i n  the  

l a t t e r .  

4. Accuracy--In ascer ta in ing  the  accuracy o f  t he  assay, i t  must 

be shown t h a t  a l l  o f  the  components o f  i n t e r e s t  a re  recovered from 

the  m a t r i x  w i t h  no bias. 

spanning a t  l e a s t  50-150% o f  expected content  are prepared and 

assayed. 

5. 

i n t e r e s t  which can be quan t i t a ted  should be determined. 

6. Ruggedness--The s t a b i l i t y  o f  a n a l y t i c a l  s o l u t i o n s  and t h e  

v a r i a b i l i t y  o f  components o f  the  a n a l y t i c a l  system, such as 

chromatographic columns, should be assessed. 

c i s i o n  should a l s o  be repeated by a second ana lys t  us ing  separate 

inst rumentat ion,  where feas ib le .  

L inear i ty- -The 1 i n e a r i  t y  o f  the  method must be demonstrated 

Precision--The p rec i s ion  o f  the  method and t h e  system should 

Synthe t ic  samples o f  t he  drug i n  m a t r i x  

Sens i t i v i t y - -The smal lest  q u a n t i t y  o f  the  component o f  

The t e s t  f o r  pre- 

APP L I CAT1 ONS 

The development o f  s t a b i l i t y - i n d i c a t i n g  methods can bes t  be 

i l l u s t r a t e d  by some p r a c t i c a l  examples. 

I s o t r e t i  no i  n 

I s o t r e t i n o i n  (F igure 2) i s  a l so  known as 1 3 - a - r e t i n o i c  a c i d  

and, as an analog o f  v i tamin  A, presented a chal lenge i n  the  

separat ion and i d e n t i f i c a t i o n  o f  i t s  degradation products  s ince  
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1354 BOEHLERT 

FIGURE 2: Isotretinoin 

many o f  them are very unstable and degrade r e a d i l y  i n  the  presence 

o f  oxygen and l i g h t .  

A g rea t  deal i s  known about t h e  chemistry o f  v i tamin  A and i t s  

analogs. 

s i t e s  on the  molecule and isomer iza t ion  when exposed t o  l i g h t .  

S t a b i l i t y  s tud ies  were conducted; they  showed t h a t  i s o t r e t i n o i n  i s  

very  s tab le  when stored under an i n e r t  atmosphere, p ro tec ted  from 

l i g h t  a t  room temperature. 

pounds, i n  the  presence o f  oxygen, the  drug degraded s i g n i f i c a n t l y  

t o  a number o f  products w i t h i n  a few weeks and exposure t o  l i g h t  

resu l ted  i n  the  format ion o f  p r i m a r i l y  the  a l l - t r a n s  isomer 

fo l lowed by a number o f  o ther  c i s  isomers. 

i z a t i o n  and ox ida t i ve  degradation products  were separated and 

co l l ec ted  us ing a semi-preparative HPLC system and s t ruc tu res  were 

determined by NMR spectroscopy and mass spectrometry. 

The major routes o f  degradation are ox ida t i on  a t  several 

As expected w i t h  t h i s  c lass  o f  com- 

Samples o f  t he  isomer- 

Four poss ib le  ox ida t i ve  degradation products were i d e n t i f i e d  

The major and f i r s t - f o r m e d  ox ida t i on  product  was the  

The 5,6-epoxide cou ld  then rearrange t o  the  

(Figure 3). 

5,6-epoxide (1). 

5,8-furan (2 )  compound as the  second most p reva len t  degradation 
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cycoo" 

1 \ \ \ \  
?r 

3 CH 

FIGURE 3: Oxidative Degradation Products 
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product. 

y i e l d s  the  5,6-dihydroxy compound (3) .  

was a t tack  a t  the  4 p o s i t i o n  on the  r i n g  t o  y i e l d  a keto degrada- 

t i o n  product (4). 

Hyd ro l y t i c  opening o f  e i t h e r  o f  t he  epoxides (1, 2)  

A second rou te  o f  ox ida t i on  

Two HPLC systems were developed f o r  the  ana lys i s  o f  i s o t r e t i n -  

o i n  i n  capsules, one f o r  r o u t i n e  c o n t r o l  (System l ) ,  t he  o the r  f o r  

s t a b i l i t y  s tud ies  (System 2) .  

i somer iza t ion  products from the  i s o t r e t i n o i n ;  however, t he  f i r s t  

method does n o t  separate the  isomer iza t ion  products from one 

another. 

r e t e n t i o n  timne which makes the  method amenable t o  the  r a p i d  

ana lys is  o f  the  i n t a c t  drug f o r  content  u n i f o r m i t y  measurements. 

The second method may be used a t  a l l  times; however, s ince i t  

separates and quan t i t a tes  the  isomer iza t ion  products, i t  i s  con- 

s iderab ly  more lengthy. 

regard t o  the  parameters mentioned above. 

Both methods separate a l l  o f  t he  

I n  t h i s  method, the  i s o t r e t i n o i n  has a r e l a t i v e l y  sho r t  

Both HPLC procedures were va l i da ted  w i t h  

S p e c i f i c i t y :  The HPLC systems resolved a1 1 known degradation 

products and impur t i e s  from the  i s o t r e t i n o i n ,  and, i n  t h e  case o f  

the  second method, i somer iza t ion  products and i m p u r i t i e s  were re -  

solved from each o ther  (F igures 4 and 5). 

i s o t r e t i n o i n  peak was confirmed by r a p i d l y  scanning the  UV-v is ib le  

spectrum o f  the  peak as i t  e lu ted  from the  chromatograph and com- 

par ing  t h i s  spectrum t o  t h a t  o f  a re ference standard. 

peak he igh t  r a t i o s  were the  same f o r  the e l u t e d  peak f rom the  

capsule and the  reference standard, w i t h i n  experimental e r r o r  

(F igure 6). 

The i n t e g r i t y  o f  the  

Selected 
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I 

i 

- 
2.0 4.0 

MINUTES 

FIGURE 4 :  System 1. 

lsomerization Products 

4.0 8.0 12.0 16.0 20.0 24.0 28.0 32.0 36.0 40.0 
MINUTES 

FIGURE 5: System 2 .  
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ELUTED ISOTRETINOIN PEAK 

I I I I 1 I I I I 
1 0  

1 

260 280 300 320 340 360 380 400 420 440 
WAVELENGTH (NM) 

F I G U R E  6: Eluted Isotretinoin peak 

Linearity: The method was shown to be linear over 50-1501 of 

the expected working range (Figure 7). The linearity was determined 

numerically using linear regression analysis according to Eq. (1). 

Equation 1. log(y-b) = n log x + log c [: 11 

The intercept was determined to be -0.0247 and a value for n of 

0.995 was obtained, which was sufficient to demonstrate the linear- 

ity of the method. 

Sensitivity: The limits of detection were determined and found 

to be about 1 ng for the active and the isomerization products 

could be quantitated at the 0.1% level. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



ASSAY DEVELOPMENT 1359 

LINEARITY OF ISOTRETINOIN HPLC SYSTEM 

DATA POINTS 

x-axis y-axis 
0.50480 0.44550 
0.80768 0.72030 

1.21200 1.09060 
1.51 360 1.38060 

b = -0.0247 

1.00960 0.91 060 

n = 0.995 

I I I I I I I I I  1 I I I I I 1 I 1  
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

CONC. ISOTRETINOIN (mg/100 ml) 

FIGURE 7: Linearity of Isotretinoin HPLC System 

Precision: The entire assay procedure was car r ied  out on 10 

rep1 i c a t e s  from an analytical  sample. 

t ion was calculated t o  be 0.4% and the 90% confidence interval  on 

an assay performed i n  duplicate was calculated t o  be 98.2-101.8%. 

The precision of the method was deemed acceptable f o r  the product. 

A system s u i t a b i l i t y  t e s t  was developed and included i n  the direc- 

t ions f o r  t e s t i n g  t o  assure t h a t  a l l  components of the system are  

f uncti oni na s a t  i s fac tor i  1 y. 

The r e l a t i v e  standard devia- 

" 

Accuracy: Synthetic samples of i so t re t ino in  capsule f i l l  were 

prepared, i n  this instance,  over the range of 10-150% of label 
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1360 BOEHLERT 

potency. The recovery of i so t re t ino in  from the matrix was complete 

w i t h  no bias. 

Rugqedness: Several of the recommended columns from one 

manufacturer were evaluated and there was no discernible  column- 

to-column var iab i l i ty  i n  the resolution demonstrated i n  the assay. 

Columns from one other maufacturer were also found t o  sui table .  An 

interlaboratory check was carried out f o r  System 1 and there were 

no problems encountered i n  t ransferr ing the analysis t o  a second 

laboratory. 

Since the oxidation products of i so t re t ino in  a re  very polar, 

and the assay procedure was a reverse-phase HPLC method, a t h i n  

layer chromatographic method was developed t o  separate and 

quant i ta te  these compounds should they occur i n  the drug. The 

method separates the oxidation products from iso t re t ino in ,  i t s  

precursor, and i t s  isomerization products. 

Procarbazine HC1 

Procarbazine HC1 i s  an example of a compound where an approach 

other than chromatography i s  appropriate. For compounds which are  

e lectroact ive,  polarography often demonstrates the necessary speci- 

f i c i t y  and i s  a technique which should be considered. 

The major route o f  degradation of procarbazine hydrochloride 

(Figure 8 ) ,  both i n  v i v o  and i n  v i t r o ,  is  oxidation of the hydra- 

zine (-NH-Ntt-) center t o  the azo (-N=N-) moiety. 

graphic oxidation of procarbazine hydrochloride occurs a t  the same 

reactive center and thus of fers  a specif ic ,  s t a b i l i t y  indicating 

method f o r  the in tac t  drug. 

Polaro- 

In pH 12 Britton-Robinson buffer,  the 
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height of the hydrazine-to-azo oxidation wave at -0.2V is propor- 

tional to the concentration of intact hydrazine group (Figure 9). 

The site and major product of the polarographic oxidation were 

confirmed by subjecting procarbazine hydrochloride to control led 

potential coulometry for various time periods and polarographically 

analyzing the resulting solutions. As coulometric oxidation caused 

a decrease in the polarographic oxidation wave at - O . Z V ,  a cor- 

responding increase in a reduction wave at -1.4V was observed. 

Comparison to a known sample of azo impurity confirmed that this 

reduction wave was caused by the azo moiety (being formed by the 

coulometric oxidation of procarbazine). Secondary degradation 

products, a hydrazone (-CH=N-NH-) and an aldehyde, reduced 

polarographically at potentials more negative than the azo reduc- 

tion and did not interfere with the major polarographic waves. 

total number of electrons transferred in the complete coulometric 

oxidation of procarbazine was calculated to be two, consistent with 

the hydrazine-to-azo reaction. 

carbazine HC1 are independently measured using thin layer chroma- 

tography. 

Mi dazol am 

The 

The degradation products of pro- 

In analytical studies, NMR spectroscopy possesses the virtues 

of high specificity and non-destructiveness. This technique 

virtually ensures 

advantage of NMR 

available in pure 

four i er t ran s f orm 

determination of intact compounds. Another 

s that compounds being analyzed need not be 

form for use as standards. 

NMR spectrometers are available where operations 

Currently, pulsed 
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ASSAY DEVELOPMENT 1363 

PROCARBAZINE 
HCL 

I I I 1 I 
-0.4 -0.3 -0.2 -0.1 0.0 

POTENTIAL, mV (vs. Ag/AgCI) 

FIGURE 9 :  Polarogram of Procarbazine H C 1  D
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c1 c1 

F 

2 
?1 

1 
"v 

FIGURE 10: Midazolam Related Compounds 

requiring high sensitivity, desirable in validating short- and 

long-term stability studies, can be routinely performed. NMR 

brati ng determinations can also play an valuable role in cal 

results obtained by less specific methods. 

A typical application of the NMR technique is i lustrated in 

the following example where fluorine-19 NMR was employed for a 

stability indicating determination of intact midazolam, a mono- 

fluoro substituted [1,4]benzodiazepine [3]. While the use of NMR 

is not practical for a routine control test, this study did serve 

to validate more conventional methods which might be employed. 
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ASSAY DEVELOPMENT 1365 

Figure 10 shows the  s t ruc tu res  o f  the  var ious re levan t  compounds i n  

t h i s  study. Compound i s  midazolam, the  main compound o f  i n t e r e s t .  

Compound 5 (a l so  r e f e r r e d  t o  as the  open-ring form o f  midazolam) 

e x i s t s  i n  r e v e r s i b l e  e q u i l i b r i u m  w i t h  1 i n  p r o t i c  so lvents .  NMR 

has shown t h a t  compound 2 i s  unstable i n  methanol and t ransforms 

i n t o  $ completely i n  a few hours. 

tha t ,  u n l i k e  many o ther  techniques, there  are i n t e r n a l  checks which 

are poss ib le  i n  NMR measurements. 

here are character ized no t  o n l y  by t h e i r  chemical s h i f t s  ( s igna l  

p o s i t i o n )  bu t  a l s o  by t h e i r  unique s p l i t t i n g  ( m u l t i p l e t )  pa t te rns  

which serve as an add i t i ona l  con f i rmat ion  o f  the  i d e n t i f i c a t i o n s  o f  

the compounds der ived from t h e i r  chemical s h i f t s  a lone i n  ana ly t -  

i c a l  s tud ies.  

2. 

% 

It i s  impor tant  t o  p o i n t  o u t  

For example, the  two compounds 

An a p p l i c a t i o n  o f  the  NMR technique f o r  the  simultaneous s ta -  

b i l i t y  i n d i c a t i n g  determinat ions o f  compounds 

form i s  shown i n  F igure 11. 

was necessary i n  t h i s  determination. 

conta ins 5 mg/ml o f  compound 1 i n  e q u i l i b r i u m  w i t h  2 i n  an aqueous 

ma t r i x  (%pH 3.3). Both compounds 1 and 2 are  q u a n t i t a t i v e l y  

determined, i n  con t ras t  t o  a p rev ious l y  employed c o l o r i m e t r i c  

f luorescamine method where o n l y  the  open-ring form, ,2, i s  detected 

and the  main compound o f  i n t e r e s t ,  i, i s  t o t a l l y  undetected s ince  

the  f luorescamine reac t i on  takes p lace o n l y  w i t h  pr imary amines. 

Also, because o f  t he  pH-dependent and so lvent  a f f e c t e d  e q u i l i b r i u m  

between compounds 

f o r  i n t a c t  determinat ion o f  these compounds, a1 though c o l o r i m e t r i c  

and 2 i n  a dosage 
,-b 

N o  sample prepara t ion  o r  e x t r a c t i o n  

The p a r t i c u l a r  dosage form 

2. ,-lJ 

2. % 

and <, HPLC and TLC methods are  n o t  s u i t a b l e  
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1366 BOEHLERT 

LB = 12 Hz 

LB = 12 Hz 
PARTIALLY lH DECOUPLED 

F I G U R E  11: 
The position of is arbitrarily marked as "0" to 
show the relative chemical shift difference. 

Determination of Compounds ,& and 1 
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ASSAY DEVELOPMENT 1367 

procedures can be used w i t h  ease. The NMR analysis i s  bo th  specific 

and non-destructive, and compounds in pure form are no t  required 

for use as reference standards in this  determination. 

i s  also s tab i l i ty  indicating since expected impurites can be dif-  

The analysis 

ferentiated. 

the NMR results can be employed in many cases t o  calculate Cali- 

bration factors for d a t a  obtained by another technique which i s  

non-specific for the major compound of interest  (such as the 

colorimetric method, which i s  incapable of detecting compound ,1 i n  

midazolam direct ly) .  

Because of the unique features of  the NNR technique, 

Such calibration factors can be used for  

subsequent routine analyses of similar samples, for  example, by 

the colorimetric method. 

Cal ci trio1 

Calcitriol i s  an example of a compound where you m i g h t  not 

quantitate a l l  peaks in a chromatogram. High performance liquid 

chromatography i s  utilized t o  quantitate ca lc i t r io l ,  a physiologi- 

cally active metabolite of vitamin D3 , i n  the presence of i t s  

previtamin (Figure 12) and the capsule f i l l  matrix of i t s  dosage 

form. 

i n  equilibrium with the calci t r iol  and a pure reference standard is 

therefore n o t  available. Direct injection of capsule f i l l  yields a 

calci t r iol  peak which i s  well resolved from the matrix peaks and a 

previtamin peak, the area ( o r  height) o f  which is  proport ional  t o  

concentration of intact  d rug  (Figure 13). T h a t  the method i s  s ta -  

bil i ty  indicating was shown by heating sample solutions a t  several 

temperatures for various time periods and observing the decrease in 

the intact  drug peak with increasing temperature and heating time. 

The previtamin i s  not directly quantitated since i t  exis ts  
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c'13 I 1 
I I 

Calcitriol Previtamin 

FIGURE 12: C a l c i t r i o l  and Rela ted  Compounds [ 4 ]  

g o  100  1 1 0  1 2 0  1 3 0  1 4 0  1 5 0  1 6 0  1 7 0  180  
MINUTES 

FIGURE 13: C a l c i t r i o l  
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The prev i tamin,  present i n  small amounts i n  temperature-dependent 

e q u i l i b r i u m  w i t h  c a l c i t r i o l  i n  so lu t i on ,  i s  n o t  quant i ta ted .  Since 

prev i tamin  conver ts  r e a d i l y  t o  c a l c i  t r i o 1  , the thermodynamically 

more s t a b l e  form, pure prev i tamin  could no t  be i s o l a t e d  f o r  use as 

a standard. 

Diazepam 

Above, i t  was s ta ted  t h a t  HPLC can o f t e n  be q u i t e  t ime- 

F igure  14 i l l u s t r a t e s  a separat ion which was developed consuming. 

i n  which diazepam i s  separated from i t s  metabo l i tes  i n  about 30 

seconds. The separation, i n  t h i s  example, was accomplished us ing  a 

microbore column and i l l u s t r a t e s  one o f  the  d i r e c t i o n s  the  tech- 

nique o f  HPLC w i l l  be going i n  the  fu tu re .  

CONCLUSION 

This  d iscuss ion has considered the  development o f  methods t o  

assess the  chemical s t a b i l i t y  o f  pharmaceutical dosage forms. There 

are, o f  course, many o ther  aspects t o  s t a b i l i t y  t h a t  could be 

considered, i nc lud ing  the s t a b i l i t y  o f  t he  bu lk  drug and phys ica l  

and organo 

a separate 

very o f t e n  

a n a l y t i c a l  

i t s  dosage 

e p t i c  changes i n  a dosage form. 

discussion. I t  should be mentioned, however, t h a t  i t  

happens tha t ,  dur ing  the  course o f  product  development, 

methods evolve. As more i s  learned about the  drug and 

form(s), methods can be r e f i n e d  and revised. 

These should be p a r t  o f  

No method 

t h a t  i s  developed should ever  be considered f i n a l .  

nology becomes ava i lab le ,  i t  i s  o f t e n  advantageous t o  go back and 

As new tech- 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1370 BOEHLERT 

OPERATING CONDITIONS 

COLUMN 15 CM x 1 MM I.D. 

PARTlSlL 10, 1.5 ml/min 

8% MeOH, 10% Ethyl Acetate, Heptane 

1 

1 I 

0 6 12 18 24 30 
SECONDS 

Q 
Clot421 

INTERNAL 
STANDARD 

CH 

CI 

&oH3 

/ NH2 

FIGURE 1 4 :  Diazepam 

eva luate  t h e  methods i n  use and update them t o  t h e  c u r r e n t  s t a t e  o f  

the  a r t .  
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