Table I1—Interlaboratory Collaborative Evaluation

First Second
Run Laboratory Laboratory
Phenol, % 0.499 0.509
0.490 0.519
0.505 0.503
X 0.498 0.510
RSD, % 1.5 1.6
Chloroxylenol, % 1.95 1.98
2.01 1.97
2.02 2.01
X 2.00 1.99
RSD, % 1.9 0.9
Lidocaine hydrochloride, % 2.04 2.02
2.04 2.03
2.06 2.01
X 2.04 2.02
RSD, % 0.33 0.68

sulfoxide internal standard solution and then diluted with dimethyl-
formamide.

An internal standard for each analyte was preferable because of the
temperature programming. Comparisons of all three drugs to any one
of the internal standards did not yield acceptable precision for all of them.
Phenol and p-cresol eluted during the initial constant-temperature pe-
riod, chloroxylenol and 4-chlorophenol eluted at about 180° during the
program, and lidocaine and 2-amino-4-phenylthiazole eluted during the
final upper level temperature (225°). The attenuation was lowered for
the first part of the chromatogram because of the lower dosage of phe-
nol.

Two synthetic samples were prepared at the label values and assayed
10 times by two analysts on 4 different days. The sample size was varied
from 80 to 120% of the recommended amount. Since the response curves
are linear over the range of interest and have acceptably low y-intercepts,
the calculations may be performed using a single-point ratio of peak re-

sponse. There was no statistical difference in results between calculations
using peak heights or areas. The ratios (R) are calculated as the peak
response {heights or areas) of the analyte divided by the peak response
of its internal standard.

The final calculation for each component is:

R
percent drug = Zsample o Zstd % K
std Esample

(Egq. 1)

where K is a constant incorporating dilution factors and, for lidocaine,
the molecular weight ratio of lidocaine hydrochloride to lidocaine.

The average percent recovery and relative standard deviations (%)
were: phenol, 100.6 + 1.4; chloroxylenol, 100.3 £ 1.1; and lidocaine hy-
drochloride, 99.1 + 1.4.

Eighteen analyses were performed on a 2-year-old actual sample by
one analyst on 4 different days. The relative standard deviations of the
assays were: phenol, £0.9%; chloroxylenol, £0.8%; and lidocaine hydro-
chloride, £1.2%.

This method was further evaluated by simultaneous interlaboratory
collaborative analyses on identical samples (Table II).

This simultaneous three-assay procedure represents a significant
saving in time. Approximately eight samples (24 assays) can be performed
per worker day.
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Abstract O Species of Proteus, Serratia, and Pseudomonas became
resistant to chlorhexidine after five to eight transfers in vitro. Cross-
resistance to benzalkonium chloride also was detected. Resistance to
povidone-iodine was not encountered. Chlorhexidine resistance was
stable after drug-free transfers of Serratia and Pseudomonas but was
transitory for Proteus.

Keyphrases 0 Chlorhexidine gluconate—resistance by various micro-
organisms in vitro O Povidone-iodine—resistance by various microor-
ganisms in vitro O Resistance—various microorganisms to chlorhexidine
gluconate and povidone-iodine in vitro O Antiseptics, topical—chlor-
hexidine gluconate and povidone-iodine, resistance by various microor-
ganisms in vitro

Chlorhexidine, N,N’”’-bis(4-chlorophenyl)-3,12-di-
imino-2,4,11,13-tetraazatetradecanediimidamide, first
described in 1954 by Davies et al. (1), has been used ex-
tensively in England and Europe as a preservative, disin-
fectant, and topical antiseptic. It recently was introduced
in the United States for use in hospitals as a topical anti-
microbial cleanser.
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Resistant strains of Proteus mirabilis were isolated from
postoperative urinary infections and in paraplegics
undergoing catheterization of the bladder following re-
peated use of chlorhexidine for cleansing the external gen-
italia (2-4). More recently, Stickler (5) examined 104
clinical isolates of P. mirabilis for sensitivity to chlor-
hexidine and found minimum inhibitory concentrations

Table I—Baseline In Vitro Activity of Three Topical Antiseptics
against Parent Gram-Negative Rods

MIC, pg/ml (in Dubos Broth, 48 hr at 35°)

Benzal- Available
Chlorhexidine  konium Yodine from
Organism Gluconate Chloride  Povidone-lodine
P. mirabilis 8 16 8
Ps. aeruginosa 8 128 8
Ps. cepacia 1 1000 16
Ser. marcescens 8 16 8
Ser. rubidae 32 512 32
Sal. enteritidis 8 32 16
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Table II-—Development of Resistance to Chlorhexidine Gluconate 2 by the Serial Passage Technique

MIC, ug/ml (in Dubos Broth, 48 hr at 35°)

Organism 1% 2 3 4 5 6 7 8 9

P.mirabilis 8 8 16 32 32 32 64 128 128
Ser.mar- 8 4 16 64 128 128 128 256 256
_ cescens
Se()i'. rubi- 32 120 256 256 256 256 256 512 1024
ae

Ps. cepacia 1 2 2 4 4 4 8 16 32

Ps. aeru- 8 4 4 8 8 8 16 32 16
ginosa

Sal.enter- 8 8 16 16 16 16 16 8 16
itidis

Geo-
metric
In-
crease
10 11 12 13 14 15 16 17 18 20 at¢
128 128 128 128 256 255 256 256 512 1024 128X
512 1024 1024 1024 2048 2048 1024 2048 2048 2048 256X
1024 1024 1024 1024 1024 1024 1024 1024 1024 2048 128X
32 64 64 16 16 32 32 32 128 128 128X

16 16 8 8 16 16 16 8 32 16 2X
16 32 16 32 16 16 8 16 16 16 2X

@ Hibiclens. ® Transfer number. ¢ Resistance was considered to have occurred when the MIC value was 10-fold greater than the parent strain (Transfer 1}; italicized

figure equals resistance.

ranging from 10 to 800 pg/ml with cross-resistance to
benzalkonium chloride.

The present study was undertaken to determine the: (a)
rate and extent to which resistance to chlorhexidine glu-
conate could be induced in Gram-negative rods as com-
pared to povidone-iodine, (b) presence or absence of
cross-resistance to topical antiseptics widely used in this
country, and (c) possible coinduction of other phenotypic
changes in strains selected for resistance.

EXPERIMENTAL

Drugs—Chlorhexidine gluconate cleanser! as the 4% (w/v) solution,
7.5% povidone-iodine?, and benzalkonium chloride® antiseptic, 1:750
agueous, were studied.

Procedure—All formulations were diluted in unsupplemented Dubos
broth base without glycerin or albumin since this minimally organic
medium allowed detection of reproducible values with povidone-iodine.
Twofold serial dilutions were prepared in this broth, ranging from 4000
t0 0.125 ug of active ingredients/ml. Aliquots of 2 ml of drug were added
to 2 ml of broth to achieve the twofold dilution; a fresh pipet was used
for each dilution step.

Baseline minimum inhibitory concentrations (MIC values) were ob-
tained by inoculating tubes with 0.1 ml of a 1:1000 dilution of 24-hr
trypticase soy broth cultures (~104 cells/tube of broth-drug mixture).
The inhibitory end-point in micrograms per milliliter was taken as the
lowest concentration free of gross turbidity after 48 hr at 35°. The de-
velopment of drug resistance was then determined by the serial passage
technique of Grunberg and Prince (6).

Studies with chlorhexidine gluconate and povidone-iodine were per-
formed concurrently. After 48 hr, the tubes containing growth in the
presence of the highest tolerated concentration of drug were diluted 1:
1000 and used as the inoculum for the following transfer. A total of 20
passages was performed with each of the following organisms, all initially
purified from an isolated colony on MacConkey’s agar: Proteus mirabilis
(ATCC 7002, GBL 15), Pseudomonas aeruginosa (ATCC 15442, GBL
67), Pseudomonas cepacia (wild strain GBL 110), Serratia marcescens
(clinical isolate GBL 104), Serratia rubidae (wild strain GBL 181), and
Salmonella enteritidis (clinical isolate GBL 78). The baseline MIC values
for the seven organisms are shown in Table 1.

Drug resistance was considered to have occurred if the MIC value in-
creased at least 10-fold above the baseline. When resistance was detected,
biochemical tests employing freeze-dried miniaturized cupules* and in-
traperitoneal virulence assays in mice (septicemia and death) were per-
formed (7), and the results were compared with the parent strains. These
tests included the fermentation of glucose, arabinose, mannitol, sorbitol,

1 Hibitane, Ayerst Laboratories, Montreal, Canada; Hibiclens, Stuart Pharma-
ceuticals, Wilmington, Del.

2 Betadine Surgical Scrub, Purdue-Frederick Co., Norwalk, Conn.

3 Zephiran, Winthrop Lahoratories, New York, N.Y.

4 API System, Analytical Products, South Plainfield, N.J.
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rhamnose, sucrose, lactose, and amygdalin; dissimilation of arginine,
lysine, ornithine, tryptophan, urea, and citrate; and production of hy-
drogen sulfide, nitratase, and cytochrome oxidase. When resistant strains
emerged, cross-resistance to benzalkonium chloride and povidone-iodine
was determined employing the same broth dilution technique in Dubos
broth.

RESULTS AND DISCUSSION

The data in Table I show that chlorhexidine gluconate and povi-
done-iodine were of similar activity in the broth dilution assay and that
both were superior to benzalkonium chloride.

The effect of serial transfer on the development of resistance to
chlorhexidine gluconate is summarized in Table II. Four of the six or-
ganisms studied became resistant to chlorhexidine.

P. mirabilis displayed a 128-fold increase in resistance to chlorhexidine
gluconate, with initial resistance seen to emerge by the eighth transfer.
Transfer 20 showed MIC values of 512 gg/ml against benzalkonium
chloride and 8 ug/ml against povidone-iodine. Thus, resistance to
chlorhexidine developed rapidly and extensively with cross-resistance
to benzalkonium chloride but not to povidone-iodine. Resistance to
chlorhexidine was not permanent since three drug-free transfers pro-
duced a strain for which the MIC decreased to 32 ug/ml, a value similar
to the value obtained in Transfer 1 with the parent strain. The resistant
strains were not altered with respect to biochemical properties or viru-
lence for mice.

Ser. marcescens developed a 256-fold increase in resistance to chlor-
hexidine gluconate, with initial resistance seen as early as the fifth
transfer. Transfer 20 was cross-resistant to benzalkonium chloride (MIC
= 512 ug/ml) but not to povidone-iodine (MIC = 8 ug/ml). A similar
pattern of resistance and cross-resistance was detected for Ser. rubidae.
Resistance of these two species of Serratia to chlorhexidine was stable,
since three drug-free transfers produced strains with MIC values rem-
aining at 512-1024 ug/ml. The resistant strains were not altered with
respect to biochemical properties or mouse virulence.

Ps. cepacia developed a 128-fold increased resistance to chlorhexidine.
This organism, initially insensitive to benzalkonium chloride (MIC =
1000 ug/ml), did not display baseline cross-resistance to chlorhexidine
(Table I). Such resistance had to be induced in a stepwise manner, indi-
cating, perhaps, that chlorhexidine and benzalkonium chloride differ in
their mechanism of action against this organism. Resistance of Ps. cepacia
to chlorhexidine was stable, since three drug-free transfers produced
strains with an MIC value remaining at 128 ug/ml. This chlorhexidine-
resistant strain also failed to ferment lactose, the only coinduced phe-
notypic change encountered in this study. Deletion of 3-galactosidase
was as stable as the acquisition of resistance, since the lac™ condition was
maintained after three drug-free transfers.

Neither strain of Ps. aeruginosa nor Sal. enteritidis became resistant
to chlorhexidine gluconate, and additional strains are under test. Simi-
larly, Staphylococcus aureus (FDA 209, ATCC 6538) failed to develop
resistance to this drug.

In contrast to chlorhexidine, resistance to povidone-iodine was not
induced after 20 transfers in any of the six Gram-negative rods studied.
The MIC ranges for P. mirabilis, Ser. marcescens, Ser. rubidae, Ps.
cepacia, Ps. aeruginosa, and Sal. enteritidis were 8-16,8-16, 16-64, 8-16,



8-16, and 16-64 ug/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 ug/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 O 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 [0 Aspirin—stability in solid dispersion binary systems with
urea or povidone, effect of temperature and humidity O Solid disper-
sions—-aspirin in binary systems with urea or povidone, effect of tem-
perature and humidity O Stability—aspirin in solid dispersion binary
systems with urea or povidone, effect of temperature and humidity O
Dosage forms—solid dispersion binary systems, aspirin with urea or
povidone, effect of temperature and humidity on stability 00 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-
back (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 via 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 via coprecipitation with polyethylene glycol
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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, povidone®, and calcium chloride hexa-
hydrate? were used as obtained. Absolute ethanol® and chloroform® 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 3:1 were obtained
by dissolving the components in the minimum volume of absolute ethanol
and subsequently evaporating the solvent in vacuo at room temperature
using a rotary evaporator. The residue was finely ground, sieved to a
particle-size range of 80-125 um, 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 um) 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.

2 E. Merck, Darmstadt, West Germany.

3 BASF, Ludwigshafen/Rhein, West Germany.

4 Riedel-De Haen AG, Seelze-Hannover, West Germany.
5 BDH Chemicals L.td., Poole, England.
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