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Abstract 

The principles of color measurement established by the Commission International de I'l~clairage (CIE) have been 
applied to determine color formation during long-term storage and stability testing of four white commercial solid 
dosage forms. The products tested were preparations of captopril tablets, flucloxacillin sodium capsules, cefoxitin 
sodium powder for injection and theophylline controlled release tablets in their original packaging. Different batches 
of medicines were examined for color formation and chemical stability under ambient conditions and a single batch 
was monitored on accelerated testing. Only flucloxacillin sodium and cefoxitin sodium showed statistically significant 
degradation of active drug on ambient storage accompanied by color formation (yellowing) in the latter case. On 
accelerated testing, linear relationships were observed between color formation and drug content for all formulations 
except theophylline where color formation occurred without significant drug degradation. The rate of color formation 
obeyed the Arrhenius equation in every case. Color change can be quantified according to the CIE system and may 
be useful for potency predictions where a causal relationship between color change and drug decomposition can be 
established. Even where a causal relationship does not exist, patient confidence in a pharmaceutical product may be 
undermined by perceptible color change. In this situation, the shelf-life could be specified using the CIE colour 
system. 
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I. Introduction 

* Corresponding author. Tel.: + 64 3 4797290; fax: + 64 3 
4797034. 

I Present address: Kalene Mission Hospital, PO Box 10, 
Ikelenge, North Western Province, Zambia. 

The F o o d  and Drug  Adminis t ra t ion  Guidelines 
for stability testing o f  solid state pharmaceuticals  
includes appearance/color  as an impor tan t  char- 
acteristic o f  stability (FDA,  1987). Unfor tunate ly  
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visual observations and subjective assessments 
lack precision with respect to the communication 
of color information (Banker and Andersen, 
1986). A way to overcome this deficit, at least for 
solid surfaces, is to evaluate color and color dif- 
ferences by reflectance spectroscopy. The aim of 
this study was to apply reflectance spectroscopy 
based on the color system developed by the Com- 
mission International de I'l~clairage (CIE) to mea- 
sure color changes during long-term storage and 
stability testing of some solid dosage forms and 
assess color as an indicator of chemical degrada- 
tion. 

The quantitation of color change in solid state 
pharmaceuticals during stability testing has re- 
ceived only limited attention. Instrumental evalu- 
ation has been used to study the stability of 
certified dyes in formulated tablets exposed to 
light (Goodhart et al., 1967) and to examine color 
change of nystatin powders, ointments and 
creams during accelerated stability studies (Fair- 
brother et al., 1980). Quantitation of the color 
change of nystatin was shown to be useful for 
assessing its chemical and microbiological stability 
but a number of drugs are known to undergo 
color change without a measurable loss of po- 
tency, e.g. cephalosporins (AHFS, 1995). More 
recently color change in cefixime trihydrate pow- 
der stored at different temperatures has been mea- 
sured using the Hunter L-a-b color system 
(Kitamura et al., 1989) a direct forerunner of the 
CIE system. 

In this study we have examined color develop- 
ment in four different types of solid dosage forms 
stored under ambient and stress conditions to 
evaluate the power of reflectance spectroscopy 
based on the CIE color system to monitor chemi- 
cal stability. Of particular concern is whether 
color formation is useful in the assessment of 
shelf-life. 

2. Materials and methods 

2.1. Selection and storage of  products 

Four products were selected for study repre- 
senting a range of white solid dosage forms and 

shelf-lives in a range of different types of packag- 
ing. The products were Capoten 12.5 mg tablets 
(captopril), Flucloxin 250 mg capsules 
(flucloxacillin sodium), Mefoxin 1 g powder for 
injection (cefoxitin sodium) and Theo-Dur 200 mg 
CR tablets (theophylline controlled release) in 
their original manufacturers' packaging. Capoten 
tablets were strip packaged in sheets of 15 tablets, 
Flucloxin capsules were in amber glass bottles 
with polystyrene seals, Mefoxin 1 g injections 
were in 10 ml glass vials capped with silicon 
rubber bungs with aluminium crimps and Theo- 
Dur tablets were in amber glass bottles with plas- 
tic press fit lids. The registered shelf-lives of the 
four products were 3, 1, 2 and 3 years respec- 
tively. Batches of various ages within and beyond 
their registered expiration dates were collected 
from pharmacies throughout New Zealand to 
evaluate changes in color on long-term storage 
under ambient conditions. The mean temperature 
and relative humidity (RH) of storage were in the 
ranges 20-23°C and 45-70% RH respectively. 
Color formation during stability testing under 
stress conditions was evaluated using containers 
from a recent batch of each product kept at 70, 55 
and 40°C, 50% RH and 40°C, 75% RH for 84 and 
168 days. 

L* = 100 
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a* - b* + 

green ~ y e l l o w  

b*-  " ] "a* + 
blue 

L* = 0 red 

black 

Fig. 1. CIELAB color space diagram. 
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2.2. Chemical stability 

Pure drug samples of captopril, cefoxitin 
sodium and theophylline monohydrate were 
AnalaR grade from Sigma Pharmaceuticals (Aus- 
tralia). Captopril disulphide USP and 
flucloxacillin sodium BP were kindly supplied by 
Bristol-Myers Squibb (Auckland, NZ) and Smith- 
Kline Beecham (Auckland, NZ) respectively. All 
other chemicals were of AnalaR or HPLC grade. 
Chemical stability of products was assessed using 
stability indicating HPLC assays for active drug 
and in the case of captopril, the decomposition 
product, captopril disulphide, was also quantified. 
Assays were developed on the basis of published 
procedures for captopril (Taketomo et al., 1990), 
cloxacillin sodium (Salem and Alkaysi, 1987), ce- 
foxitin sodium (Stiles et al., 1989; O'Brien et al., 
1979) and theophylline (Macheras et al., 1989), 
and were validated for linearity, precision and 
stability indicating ability by established methods. 
Stability of batches stored under ambient condi- 
tions was assessed by assay of three samples of 
powder from 20 tablets/capsules or three bottles 
of Mefoxin injection. The stability under stress 
conditions involved assay of a single sample from 
5 tablets/capsules or 1 bottle of Mefoxin injection. 

2.3. Color measurement 

The CIE color system gives an exact numerical 
specification of human color vision. The system 
has been described in detail by Weatherall and 
colleagues in their studies of fruit colors 
(Weatherall and Lee, 1991) and human skin 
(Weatherall and Coombs, 1992). The system defi- 
nes the conditions for perceiving color by (a) 
specifying the relative spectral energy distribu- 
tions of various illuminants, known as CIE Stan- 
dard Illuminants (CIE, 1986), (b) dictating that 
the modification of an illuminant by interaction 
with an object be measured with a reflectance 
spectrocolorimeter conforming to CIE recommen- 
dations and (c) quantifying the nature of human 
color vision in terms of three color matching 
functions £, f and Y whose numerical values are 
available in published tables and are known col- 
lectively as a CIE Standard Observer. Three func- 

tions are required because color vision has been 
found to be trichromatic, i.e., a single perceived 
color results from the effect of three separate 
stimuli on the visual cortex (Hunter and Harold, 
1987). 

Colors are measured in terms of their tristimu- 
lus values X, Y and Z which combine the illumi- 
nant, reflectance and observer data in three 
summations of the form: 

x = y ER~  (1) 

Here E is the relative energy of the chosen illumi- 
nant, R is the fraction reflected and £ 07 or ~) is 
the numerical value of the Standard Observer. 
The tristimulus values are used to calculate the 
1976 CIE L*, a*, b* (CIELAB) color space val- 
ues which enable colors to be regarded as existing 
in an approximately uniform three dimensional 
space. Each particular color has a unique location 
defined by its cartesian coordinates with respect to 
the L*, a* and b* axes (Fig. 1). 

The L* coordinate serves as the psychometric 
correlate of perceived lightness and covers a range 
from white (100) to black (0) along a grey scale. 
The a* and b* coordinates are related to Hering's 
opponent color theory (McDonald, 1987) and 
give the locations of the various hues on scales of 
red-versus-green (a*) and yellow-versus-blue (b*). 
If both a* and b* are zero, the color lies on the 
L* axis and is termed achromatic. Color differ- 
ence (AE) is calculated using coordinate geometry 
as the length of the line joining the positions of 
the two colors: 

AE= [ (AL*)  2 + (z~a*) 2 -+- (Ab*)2] 1'2 (2) 

A change or difference in color corresponding to 
a value of AE> 1.5 can be perceived by the 
human eye. 

A Labscan 6000 (Hunter Associates Inc. USA) 
scanning reflectance spectrocolorimeter using 0 ° 
illumination and 45 ° viewing geometry with the 
spectral component excluded was used. A 6 mm 
diameter viewing port with a 3 mm diameter 
illuminated area in the horizontal upper surface of 
the sensor module was used for all tests. The 
spectrocolorimeter was controlled by an IBM XT 
microcomputer which performed all color calcula- 
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Table 1 
Color testing and drug content of product batches of various ages stored under ambient conditions (data for L*, a*, b* are means 
for 3 vials containing powder from 10 tablets/capsules or 3 bottles of Mefoxin injection) 

Age (months) a Drug content b L* a* b* AE SD of AE 

Capoten tablets 
4 100 + 2 96.2 0.15 2.72 

12 103 + 1 96.27 0.11 2.72 0.08 0.36 
20 102 ± 2 96.15 0.13 2.54 0.19 0.14 
27 101 + 3 96.22 0.13 2.74 0.03 0.24 
33 100 +_ 3 95.9 0.1 3.25 0.61 0.22 
41 101 _+ 1 96.01 0.18 2.75 0.19 0.39 
50 100 ± 1 96.25 0.13 2.44 0.29 0.10 
52 100 +_ 1 96.18 0.13 2.43 0.29 0.10 

Flucloxin capsules 
3 100 + 1 96.66 0.01 2.7 
8 100 ± 1 96.60 0.03 3 0.31 0.31 

22 100 ___ 1 96.80 0.06 2.47 0.27 0.15 
29 97 _-4- 1 96.80 0.21 2.86 0.29 0.08 
59 92 ± 1 96.41 0.33 2.8 0.43 0.80 

Mefoxin powder for injection 
15 100 __+ 1 94.20 0.01 7.9 
18 I00 + 1 93.80 0.10 9.44 1.59 0.20 
26 98 ± 2 94.50 0.05 8.5 0.67 0.58 
34 99 + 2 93.90 0.11 8.6 0.77 0.50 
90 ¢ 96 + 1 91.30 0.93 13.5 6.37 0.60 
90 c 97 + 1 91.90 0.80 13.1 5.74 0.87 

190 ' 87 ___ 2 87.00 2.60 19 13.48 0.31 

Theo-Dur CR tablets 
8 100 ± 1 95.70 -0 .42 2.7 

18 101 + 1 96.30 -0 .09 1.9 1.05 0.35 
20 99 + 1 96.70 -0 .14  2.01 1.25 0,24 
50 100 ± 1 96.40 -0 .19 2.02 1.03 0,24 
61 101 ± 1 96.80 -0 .16  1.95 1.36 0.28 

147 100 _+ 1 96.90 -0 .22  2.1 1.36 0.28 

a Age was determined from the date of manufacture (expiry d a t e -  registered shelf-life) and the month of analysis. 
b Percent of initial content + SD. 
c Different batches. 

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

m e n u - d r i v e n  su i t e  o f  p r o g r a m s  s u p p l i e d  w i t h  t h e  

i n s t r u m e n t .  

T a b u l a t e d  d a t a  f o r  C I E  I l l u m i n a n t  D 6 5  a n d  t h e  

C I E  1964 10 ° S t a n d a r d  O b s e r v e r  w e r e  s e l ec t ed  

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

s p e c t r a l  d a t a  a t  10 n m  i n t e r v a l s  to  c o m p u t e  t h e  

L * ,  a * ,  b *  va lues .  T h e  m e a n  a n d  v a r i a n c e  o f  t h e  

d a t a  f o r  e a c h  se t  o f  t h r e e  v ia l s  w e r e  o b t a i n e d  a n d  

u s e d  t o  c a l c u l a t e  A E  a n d  t h e  v a r i a n c e  o f  A E  

( V A E ) .  T h e  v a r i a n c e  o f  A E  w a s  c a l c u l a t e d  f r o m  

t h e  f o r m u l a  

L\ M /  

(3) 

w h e r e  M = [ (L*)  2 + ( a * )  2 + (b*)2]. T h e  s t a n d a r d  

d e v i a t i o n  ( S D )  o f  A E  w a s  c a l c u l a t e d  as  t h e  s q u a r e  

r o o t  o f  t h e  VAE. 
F o r  t e s t i n g  o f  b a t c h e s  o n  a m b i e n t  s t o r a g e ,  

g r o u p s  o f  10 t a b l e t s  o r  t h e  c o n t e n t s  o f  10 c a p s u l e s  

w e r e  g r o u n d  in  a g lass  m o r t a r  f o r  t w o  m i n u t e s .  
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Table 2 

Color testing and drug content of a single batch of each product stored under temperature-stressed and humidity-stressed conditions 
(data for L*, a*, b* are means for powder from 5 tablets/capsules or 1 bottle of  Mefoxin injection) 

Test condition Storage (days) Drug content L* a* b* AE SD of AE 

Capoten tablets 
70°C, 50% RH 84 51 93.52 -0 .13 10.85 8.40 0.52 
55°C, 50% RH 84 94 95.85 -0 .19  4.05 1.41 0.10 
40°C, 50% RH 84 101 96.07 0.03 2.81 0.54 0.20 
40°C, 75% RH 84 97 96.24 -0 .04  2.93 0.75 0.17 
70°C, 50% RH 168 23 91.07 0.91 15.35 13.72 0.61 
55°C, 50% RH 168 68 95.73 -0 .28 5.09 2.46 0.12 
40°C, 50% RH 168 97 96.14 0.05 2.88 0.45 0.10 
40°C, 75% RH 168 96 96.37 -0 .08 2.82 0.28 0.08 

Flucloxin capsules 
70°C, 50% RH 84 0 95.00 - 1.22 11.79 9.88 0.28 
55°C, 50% RH 84 40 96.58 -1 .79  7.31 5.44 0.35 
40°C, 50% RH 84 88 97.03 -0 .18  2.54 0.40 0.10 
40°C, 75% RH 84 80 97.13 -0 .49  3.28 1.21 0.14 
70°C, 50% RH 168 0 94.60 -0 .83 14.65 12.24 0.64 
55°C, 50% RH 168 3 96.15 -1 .78 9.39 7.06 0.45 
40°C, 50°/,, RH 168 83 97.17 -0 .36  2.99 1.05 0.24 
40°C, 75% RH 168 51 96.86 -1 .19  5.63 3.34 0.20 

Mefoxin powder Jor injection 
70°C, 50% RH 84 83 80.14 4.73 30.54 26.9 1.7 
55°C, 50% RH 84 91 88.14 1.24 18.77 12.3 1.5 
40°C, 50% RH 84 100 91.92 0.46 11.06 3.73 0.75 
40°C, 75% RH 84 100 91.97 0.22 11.43 3.99 0.90 
70°C, 50% RH 168 78 76.98 5.78 31.57 29.2 1.5 
55°C, 50% RH 168 90 85.98 2.37 21.28 15.2 1.3 
40°C, 50% RH 168 97 91.82 0.54 12.34 4.46 0.98 
40°C, 75% RH 168 99 91.87 0.50 12.17 4.3 1.0 

Theo-Dur CR tablets 
70°C, 50% RH 84 99 59.46 7.75 24.78 43.50 0.95 
55°C, 50% RH 84 100 92.16 0.61 9.05 7.6 1.2 
40°C, 50% RH 84 98 96.05 -0 .54  3.43 0.93 0.32 
40°C, 75% RH 84 101 96.27 -0 .49  3.21 0.79 0.41 
70°C, 50% RH 168 97 53.69 6.64 20.50 47.1 1.8 
55°C, 50% RH 168 100 84.74 2.46 14.08 17.00 0.53 
40°C, 50% RH 168 95 95.68 -0 .57 4.39 2.41 0.14 
40°C, 75% RH 168 99 95.19 -0 .75 5.06 3.24 0.24 

The powder was then transferred to three 2 ml 
Cryolok vials (Bioteck, Auckland, NZ) and the 
mouths covered with a single layer of thin clear 
polyethylene film (Gladwrap, Auckland, NZ). 
Each vial was then inverted several times before 
being placed over the viewing port of the reflec- 
tance spectrocolorimeter. Ten readings were per- 
formed on each vial with the vial being inverted to 
mix the sample between each reading. Color of 
Mefoxin powder for injection was determined us- 

ing three of the original glass vials after replacing 
caps and bungs with a layer of polyethylene film. 
For testing of batches stored under stress condi- 
tions, groups of 5 tablets/capsules or a single 
bottle of Mefoxin powder were treated as above. 
The latest batch of each product was used as the 
standard for batches stored under ambient condi- 
tions. Samples of the same batch stored at 4°C 
were used as standards for batches stored under 
stress conditions. 
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2.4. Statistics 

Data for color are presented as means for L*, 
a*, b* values and mean + SD for AE values and 
drug content. Mean concentration-time data for 
drug content were analysed by linear regression 
analysis using a validated computer program 
(Pharmaceutical Statistical Regression, School of 
Pharmacy, University of Otago). Decomposition 
was assumed if the slope of the regression line was 
significantly less than zero (one-tailed t-test). The 
level of significance was set at P < 0.05. 

3. Results 

The CIELAB color space values and AE for 
batches of various ages stored under ambient 
conditions together with the content of active 
drug are shown in Table 1. All except one of the 
batches had L* values greater than 90 consistent 
with white pharmaceuticals. Of the four products, 
only Mefoxin and Flucloxin showed statistically 
significant decomposition of active drug and only 
Mefoxin powder showed a significant increase in 
AE on storage corresponding to a visually per- 
ceived yellowing (increase in b* value) of the 
powder. There was a correlation between color 
and age for Mefoxin where linear regression of 
AE versus age (months) gave y = - 0.9 + 0.075x, 
Re=  0.98, P <0.001. Yellowing during stability 
testing of amorphous and crystalline cefoxitin 
sodium has been previously observed (Ober- 
holtzer and Brenner, 1979). 

The results of color measurements for batches 
stored under stress conditions are shown in Table 
2. Storage at 55°C and above resulted in tablets 
and powder darkening and taking on a burnt 
appearance. This is quantified by the increase in 
positive b* and decrease in L* values. For Ca- 
poten, the a* values showed little change. Flu- 
cloxin a* values became negative on storage while 
for Mefoxin and Theo-Dur, values of a* became 
increasingly positive. 

Humidity had an effect on color development 
in Flucloxin capsules and Theo-Dur tablets. For 
Flucloxin after 84 and 168 days and Theo-Dur 
after 168 days, AE at 40°C, 75% RH, increased 

significantly more rapidly than at 40°C, 50% RH. 
In the case of Flucloxin, this was accompanied by 
greater drug decomposition but in the case of 
Theo-Dur the color difference at 168 days be- 
tween 40°C, 50% RH and 40°C, 75% RH was 
presumably the result of degradation of excipient. 
The lack of effect of increased humidity on color 
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Fig. 2. Cor re la t ion  o f  color  difference (AE) an d  d r u g  conten t  

(% initial content )  for  (a) Mefoxin,  (b) Flucloxin and  (c) 

Cap o t en  formula t ions .  D a t a  for  Mefoxin  and  Flucloxin com-  

bine results f r o m  different  ba tches  on ambien t  s torage  and  

f r o m  a single ba tch  on accelera ted storage.  D a t a  for Cap o t en  

are for  accelerated s torage  only. 
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formation and drug decomposition in Mefoxin 
and Capoten suggests the packaging of these 
products is moisture proof. 

The relationship between drug content and 
color change for Mefoxin, Flucloxin and Capoten 
is shown in Fig. 2. The results show linear rela- 
tionships between increasing AE values and de- 
creasing drug content for all three formulations. 
For Flucloxin and Mefoxin, results from storage 
under ambient and stress conditions fit on the 
same straight line. In the case of Flucloxin at 
70°C, color formation continues after all drug has 
decomposed. As shown in Table 2, formation of 
color was clearly temperature dependent. Arrhe- 
nius plots of log(AE/day) against the reciprocal of 
the absolute temperature were reasonably linear 
(R 2 >0.88) for all four formulations (data not 
shown) despite the fact that for Theo-Dur, no 
statistically significant decomposition of active 
drug occurred. 

4. Discussion 

Color testing of white commercial solid state 
pharmaceuticals revealed that in three of the 
products tested, there was a good correlation 
between color formation and drug decomposition. 
The exception was the controlled release formula- 
tion of theophylline where color formation oc- 
curred during accelerated testing without 
significant drug decomposition. Even where color 
change correlates with drug decomposition, this 
does not necessarily imply a causal relationship. 
Indeed color may arise due to decomposition of 
excipients or due to interaction between drug and 
excipients. Whatever the source of the color 
change during stability testing of solid dosage 
forms, the fact that it can be quantified using 
CIELAB color values suggests color may be use- 
ful in assigning shelf-lives. 

As for any physical property, the problem in 
using color as a basis for shelf-life lies in specify- 
ing exactly what level of change is acceptable. 
Given that a value of AE > 1.5 is perceptible by 
the human eye, it seems reasonable to specify a 
shelf-life based on this degree of color change. 
Then only Mefoxin powder for injection would 

expire on storage under ambient conditions in 
approximate agreement with its registered shelf- 
life of 2 years. For the other products, color 
formation is consistent with drug content in pre- 
dicting shelf-lives much longer than the registered 
values. 

In all four formulations, color formation on 
aging of these 'white' pharmaceuticals took the 
form of yellowing or browning. Although the rate 
of color formation is different for each product, 
and does not always reflect decomposition of 
active drug, it appears color change on stress 
testing obeys the Arrhenius Law. A similar con- 
clusion was reached by Kitamura et al. (1989) for 
discoloration produced by grinding of cefixime 
trihydrate powder stored at different tempera- 
tures. Thus color change on stress testing may be 
used to predict shelf-life. It may also be a more 
sensitive and convenient indication of some inade- 
quacy in a particular batch of a pharmaceutical 
product. 

Recent instrumental developments in the field 
of colormeasurement include portable spectrocol- 
orimeters with data storage capacity. Such instru- 
ments have the potential to simplify and expand 
the application of color measurements in the 
pharmaceutical industry such as in quality control 
of solid dosage form production. Developments in 
color difference assessment include an improved 
formula called CIE94 published by the CIE for 
use in industrial color difference work (McDonald 
and Smith, 1995). 
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