
8-16, and 16-64 pg/ml, respectively, variations normal to the twofold 
serial dilution technique. These results confirm the work of Houang et 
al. (8),  who were unable to detect resistance to this drug. 

These studies show that the development of drug resistance can be an 
important factor in the choice of a skin antiseptic. Pharmaceutical sci- 
entists should share equal awareness of this limitation with microbiolo- 
gists and physicians. There is no evidence from either the literature (8) 
or the present work that resistance to povidone-iodine is a potential 
problem in medical practice. However, previous observations of resistance 
to chlorhexidine and benzalkonium chloride (5) were confirmed and 
extended. Development of resistance to chlorhexidine in the genus Ser- 
ratia is newly reported here (MIC = 2000 pg/ml). This concentration can 
be obtained easily in the hospital with only a 20-fold dilution of full- 
strength surgical scrub. 

The practical significance of these findings with respect to nosocomial 
infections should not be underestimated, especially with increased use 
of chlorhexidine as a preservative, antiseptic, and oral drug. 
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Abstract  The stability of aspirin in its solid dispersion with urea or 
povidone was investigated at two accelerated storage conditions. The 
observed aspirin degradation in both systems followed the first-order 
rate equation. The water sorption ability of the two carriers as well as the 
alkalinity imparted by urea could possibly be the most important factors 
responsible for the observed acceleration of aspirin decomposition. The 
results also showed that the temperature effect was more pronounced 
than the humidity effect. Generally, coprecipitated samples exhibited 
slightly higher degradation rates than physically mixed ones. 

Keyphrases Aspirin-stability in solid dispersion binary systems with 
urea or povidone, effect of temperature and humidity Solid disper- 
sions--aspirin in binary systems with urea or povidone, effect of tem- 
perature and humidity 0 Stability-aspirin in solid dispersion binary 
systems with urea or povidone, effect of temperature and humidity 0 
Dosage forms-solid dispersion binary systems, aspirin with urea or 
povidone, effect of temperature and humidity on stability Analge- 
sics -aspirin, stability in solid dispersion binary systems with urea or 
povidone, effect of temperature and humidity 

Aspirin decomposition in the solid form is considered 
to be due to a hydrolytic reaction in the presence of water. 
The first reported humidity- and temperature-controlled 
experiments with aspirin tablets was conducted by Can- 
bzck (1). Stability studies on aspirin incorporated with 
antacids or lubricants in solid dosage forms were reviewed 
(2), and aspirin stability in various liquid and semisolid 
bases was investigated (3,4). Blocking free hydroxyl groups 
on polyethylene glycols retarded aspirin decomposition 
resulting from transesterification (5 ,6 ) .  

BACKGROUND 

In 1961, a unique approach was demonstrated (7) to reduce the particle 
size and increase the dissolution rates and absorption of poorly soluble 
drugs U ~ Q  the formation of solid dispersions with inert, highly soluble 
carriers. Since then, this concept has been applied successfully to the 
formulation of fast-release dosage forms containing sparingly water- 
soluble drugs (8-12). An investigation of possible enhancement of the 
dissolution rate of aspirin uia coprecipit.ation with polyethylene glycol 

6000 was reported (8). Urea and povidone were used commonly as inert 
carriers in solid dispersion binary systems (9-12). 

A literature review revealed that the effect of aging or storage under 
various conditions on the fast-release characteristics and chemical sta- 
bility of drugs in solid dispersion systems had not been reported exten- 
sively. Aging effects were manifested only as coarsening of eutectic 
mixtures (13), precipitation from solid solutions (14) or glass solutions 
(15), and polymorphic transformations or changes in dissolution rates 
(16). 

The present study was undertaken to evaluate the chemical stability 
of aspirin in its solid dispersion with a water-soluble carrier such as urea 
or povidone and to determine the influence of solid dispersion systems 
on drug stability. 

EXPERIMENTAL 

Materials-Aspirin’, urea2, povidone3, and calcium chloride hexa- 
hydrate4 were used as obtained. Absolute ethanol5 and chloroforni5 were 
analytical grade. 

Sample Preparation-Solid dispersion samples of aspirin with urea 
or povidone were prepared by the solvent method to avoid any possible 
aspirin decomposition if samples were prepared by the melt method (17). 
Coprecipitates of aspirin with both carriers in a ratio of 3:l were obtained 
by dissolving the components in the minimum volume of absolute ethanol 
and subsequently evaporating the solvent in U ~ C U O  at room temperature 
using a rotary evaporator. The residue was finely ground, sieved to a 
particle-size range of 80-125 pm, and stored in a desiccator over anhy- 
drous calcium sulfate. 

Physical mixtures of the same compositions as the coprecipitates were 
prepared by simple mixing of ingredients possessing the same particle- 
size range. Pure crystalline aspirin (80-125 pm) served as a control 
sample. 

Accelerated Storage Conditions-Samples, equivalent to 50 mg of 
aspirin, were placed in separate small beakers and kept in a desiccator 
under controlled relative humidity (R.H.) and temperature conditions 
of 100% R.H.-40° and 42% R.H.-65’. The latter condition was attained 
by using a saturated solution of calcium chloride hexahydrate. No ap- 

1 Bayer, Leverkusen, West Germany. 
E. Merck, Darmstadt, West Germany. 
BASF, LudwigshafenBhein, West Germany. 
Riedel-De Haen AG, Seelze-Hannover, West Germany. 
BDH Chemicals Ltd., Poole, England. 
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Figure 1 -Semilogarithmic plots of percentage of aspirin undecom- 
posed in aspirin-urea system (3:l ratio) against time at  100% R.H.-40° 
(0) and at 42% R.H.-6S0 (0). Key: A and 3, crystalline aspirin; C and 
E ,  physical mixture; and D and F, coprecipitate. 

preciable change in humidity was observed during the experiment. At 
frequent intervals, samples were withdrawn and assayed. 

Assay-UV spectrophotometric analysis, as reported by Tinker and 
McBay (181, was employed to measure aspirin and salicylic acid. The 
content of each beaker, equivalent to 50 mg of aspirin, was dissolved in 
20 ml of chloroform containing 1% acetic acid. After filtration and further 
appropriate dilution, the absorbance was read6 at 282 nm for aspirin and 
310 nm for salicylic acid. The calculation of the quantitics of aspirin and 
salicylic acid was based on the standard method of simultaneous spec- 
trophotometric determinations. 

RESULTS AND DISCUSSION 

Accelerated storage conditions were applied to evaluate aspirin sta- 
bility in solid dispersion systems. Only samples having the same mesh 
size were investigated to avoid any discrepancies due to particle-size effect 
(19). Figures 1 and 2 show the semilogarithmic plots of the percentage 
of aspirin undecomposed in the control sample and physically mixed and 
coprecipitated samples with urea and povidone, respectively, against time 
after storage at 100% RM-40' and 42% R.H.-65'. 

Under the accelerated storage conditions, an initial induction period, 
which could be attributed to water absorption, was generally observed 
(Figs. 1 and 2). After this lag period, aspirin degradation appeared to 
follow the first-order rate equation. 

Crystalline Aspirin System-As may be seen from Figs. 1 and 2, 
crystalline aspirin (curve A) was the most stable. In this sample, no de- 
composition was noted during the 1st week of storage at  either studied 
condition. Less than 10% degradation was detected after either 8 weeks 

Unicam SP 1800 U V  spectrophotometer. 
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Figure 2-Semilogarithmic plots of percentage of aspirin undecom- 
posed in aspirin-povidone system (3:l ratio) against time at  100% R.H. 
-40O (0) and at 42% R.H.-65' (0) .  Key: A and B, crystalline aspirin; 
C and E ,  physical mixture; and D and F,  coprecipitate. 

of storage at  100% R.H.40' (curve A) or 4 weeks at 42%0 R.H.-65' (curve 
B); the degradation rate constants were 0.008 and 0.015 week-', respec- 
tively. This relatively slight amount of aspirin decomposition could have 
been caused by small moisture sorption by the hydrophobic aspirin 
(20). 

Aspirin-Urea System-Contrary to the reported stability of aspirin 
mixed with urea as a powder or tablet after 1 year of storage (21), urea 
showed an adversely affected aspirin degradation in the present study. 
The physically mixed aspirin-urea sample exhibited a high degradation 
rate constant of 0.061 week-' after 8 weeks of storage at  100% R.H.-40° 
(Fig. 1, curve C). Furthermore, a comparison of curves C and E of Fig. 1 
shows a drastic difference in the aspirin decomposition rate in the 
physically mixed sample stored at  10096 R.H.-40° compared to that 
stored at  42% R.H.-65O. A t  the former condition, the decomposition 
reached approximately 35% after 8 weeks; at the latter storage condition, 
the decomposition was greater than 90% after only 4 weeks, the samples 
being melted and changed in color. 

The acceleration of aspirin hydrolysis in the presence of urea could 
possibly be due to the hydrophilicity of this carrier and its ability to ab- 
sorb water. One could describe this system as a suspension of aspirin in 
a minimum quantity of water in which urea is dissolved or as particles 
with each surrounded by a thin film of solubilized aspirin in a saturated 
urea solution. Moreover, urea itself imparts a slight alkalinity to this 
humid microatmospheric film, which further increases the degradation 
rate. This film is likely to be present at the two humidities studied. 

Therefore, it was not surprising that, at the low humidity and high 
temperature condition (42% R.H.-65'), aspirin in this system exhibited 
a much higher degradation rate of 0.891 week-' compared to that a t  the 
other storage condition. The marked instability of aspirin at this high 
temperature could be due to the effect of increased pH on the medium 
by ammonia caused by the partial decomposition of urea during heating 
(17). In addition, an increase in temperature could enhance the passage 
of aspirin to the surrounding film of urea solution, resulting in further 
degradation. 
As may be seen from Fig. 1, the degradation rate constants of aspirin 

from the coprecipitated samples were 0.077 and 1.05 week-' (curves D 
and F, respectively), which were higher than those from the physically 
mixed samples of identical composition (curves C and E). Aspirin par- 
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ticles in the coprecipitated samples are in a fine state of subdivision and 
in intimate contact with urea. In such a solid dispersion system, the re- 
duced particle size of aspirin, the conconlitant increase in its surface area 
exposed to the suggested film layer of urea solution, and the resultant 
increase in its solubility appear to be the major factors responsible for 
the observed acceleration of aspirin degradation. Traces of alcohol in the 
coprecipitated sample also may play a part (22). 

Aspirin-Povidone System-In the aspirin-povidone system, the 
effects of humidity, temperature, and aspirin solubilization by this 
water-soluble carrier seem to be operating in the microenvironment 
surrounding aspirin particles at  the two storage conditions studied. The 
physically mixed and coprecipitated aspirin-povidone samples (curves 
C and D) exhibited decomposition rate constants of 0.069 and 0.077 
week-’, respectively (Fig. 2), which were comparable to those found with 
the aspirin-urea system. Possibly, the degradation-enhancing effect due 
to the high moisture sorption inherent to povidone (23), compared to that 
with urea, would be outweighed by the slight alkalinity imparted by 
urea. 

However, for comparable times, the percent decomposition of both 
physically mixed and coprecipitated aspirin-povidone samples stored 
at  42% R.H.-65” was approximately one-seventh that observed with the 
same samples in the aspirin-urea system. This difference in aspirin sta- 
bility could be attributed to the partial decomposition of urea at  this high 
temperature. The apparent similarity between the stability of both 
physically mixed and coprecipitated aspirin-povidone samples stored 
at  42% R.H.45” may be due to a complex reaction (24) that seems to be 
temperature dependent. This complex formation was reported for aspirin 
with other similar, structurally related compounds (25). 

From these results, it can be concluded that the polar and perhaps the 
hygroscopic nature of urea and povidone tend to allow aspirin to degrade 
when incorporated into this type of carrier as physical mixtures or 
coprecipitates. Although the aspirin-povidone system exhibited lower 
degradation rates than those for the aspirin-urea system, the percent of 
decomposition in the former system was still prohibitively high. Conse- 
quently, the application of solid dispersion should be handled with care 
for drugs showing stability problems. 
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Odoratin and Paucin: Cytotoxic Sesquiterpene 
Lactones from Baileya pauciradiata (Compositae) 
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Abstract 0 An ethanol extract of Baileya pauciradiata exhibited cy- 
totoxic activity against the human epidermoid carcinoma of the naso- 
pharynx and the lymphocytic leukemia test systems. Two constituents 
responsible for this activity were isolated and identified as odoratin and 
paucin. Their identities were proven by IR, PMR, and mass spectral data; 
elemental analysis; preparation of their acetates; and melting-point de- 
terminations. Odoratin was confirmed by comparison with an authentic 
sample. 

Keyphrases 0 Baileya pauciradiata-whole plant ethanol extract, 
odoratin and paucin isolated and identified 0 Paucin-isolated and 
identified from whole plant ethanol extract of Baileya pauciradiata 0 
Odoratin-isolated and identified from whole plant ethanol extract of 
Baileya pauciradiata 0 Cytotoxic sesquiterpene lactones-odoratin and 
paucin, isolated from whole plant ethanol extract, of Baileya pauciradi- 
ata 

In the continuing search for plants having antitumor 
properties, an ethanol extract of the whole plant of Baileya 
pauciradiata Harv. and Gray (Compositae)l exhibited 

cytotoxic activity against the human epidermoid carci- 
noma of the nasopharynx (KB) and lymphocytic leukemia 
(P-388) test systems2. 

The plant was collected in California in March 1972. Identification was con- 
firmed by Dr. Robert E. Perdue, Medicinal Plant Resources Laboratory, US. De- 
partment, of Agriculture, Beltsville, Md _, where a reference specimen (PR25375) 
is maintained. 

Data on the cytotoxic and in uiuo activity were provided through the courtesy 
of the Division of Cancer Treatment, National Cancer Institute, National Institutes 
of Health, Bethesda, Md. 
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