Determination of Sulfonamides and Local Anesthetics with
9-Chloroacridine by Quenching Fluorometry
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Abstract [] Sulfonamides and local anesthetics containing a pri-
mary aromatic amino group react with 9-chloroacridine to yield
aminoacridine hydrochlorides. The formation of these derivatives
results in quenching of fluorescence of the 9-chloroacridine reagent
solution. Monitoring the fluorescence at activation and emission
wavelengths of 385 and 420 nm., respectively, enables one to an-
alyze drug in the 1075-10—% M range. The method was applied to
various sulfonamides, local anesthetics, and mixtures of pharma-
ceuticals containing these entities. A comparative study of this
technique was made with other known fluorometric procedures.
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Fluorometric methods for the analysis of pharma-
ceuticals such as sulfonamides and local anesthetics
containing a primary aromatic amino moiety were re-
viewed by various authors (1-4). These procedures in-
volve derivation of the amino group with a reagent,
which may or may not possess fluorescence itself, fol-
lowed by measurement of the resulting fluorescent
product. Amano and Mizukami (3) used o-phthalde-
hyde and 4,5-methylenedioxyphthaldehyde as reagents
and obtained fluorescent substituted phthalimidine
products that could be employed to determine sulfon-
amides in the 10—°-10-% M range. Recently, Dom-
browski and Pratt (4) introduced the use of 2,6-diamino-
pyridine as a new fluorescence reagent and showed that
the sensitivity was in the 10—%-10-7 M range for sul-
fanilamide and benzocaine.

No additional information could be found in the
literature regarding fluorescence methods for other
local anesthetics. It is assumed that the Amano and
Mizukami (3) method can also be employed for local
anesthetics since it involves reaction with the amine
function of the drug. In all the reported analyses, the
reaction mixture possesses an increased fluorescence
over that of the blank solution.

It was observed recently in this laboratory that the
reaction of sulfonamides and/or local anesthetics with
9-chloroacridine to yield 9-substituted aminoacridines
resulted in a decrease in fluerescence of the reaction
mixture compared to that of the blank acridine solu-
tion. This condition was advantageous for the analysis
of trace quantities of sulfa and/or local anesthetics
based upon measurement of the quenching of fluores-
cence of the acridine solution caused by the presence of
drug. Determination of the drug is obtained even in the
presence of a fourfold excess of acridine reagent.
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In this study, the method was applied to several sul-
fonamides and local anesthetics. Its usefulness in the
analysis of these drugs in combination with other
pharmaceuticals is shown. A comparative study of this
technique was made with other known fluorometric
procedures.

EXPERIMENTAL

Apparatus—Fluorescent spectra and measurements were made
with a spectrophotofluorometer!. Clear, fused quartz cells (12.5 X
45 mm.) were used as sample cells, and the instrument supplier’s
slit arrangement number three was used throughout the work.

Reagents and Chemicals—9-Chloroacridine? was used as the
fluorescent reagent. Powdered samples of sulfamethizoled, sul-
fisoxazolet, sulfamethoxypyridazines, sulfanilamide®, benzocaine?,
butesin’, butacaine sulfate’, and metabutethamine hydrochloride?
were used in the analytical procedure for preparation of standard
curves. All other chemicals and pharmaceuticals used were the
highest grade of the commercially available materials.

Solutions were prepared by dissolving weighed amounts of the
sulfonamides, benzocaine, and butesin in ethanol. The remaining
local anesthetics were dissolved in water. Solutions of 9-chloro-
acridine were prepared by dissolving the acridine in tetrahydro-
furan and storing in a light-resistant volumetric flask®.

Procedure—A quantity of an ethanolic or water solution of a
sulfonamide and/or local anesthetic in the range 6.25-200 X 1075 M
was placed in a 50-ml. volumetric flask. If the drug was present as a
hydrochloride salt, a 0.1 N sodium hydroxide solution was added
dropwise until a neutral pH was obtained using indicator pH paper,
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Figure 1—Relative fluorescent intensity readings of sulfanilamide
solutions versus blank and background solutions. Key: A, blank
solution containing 9-chloroacridine reagent; B, background solution
containing succinylsulfathiazole, tetracycline hydrochloride, and 9-
chloroacridine; and C, sample solution containing sulfanilamide along
with succinylsulfathiazole, tetracycline hydrochloride, and 9-chioro-
acridine.
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3 Ayerst Laboratories, New York, N. Y.
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? Low actinic volumetric flask (Corning No. 55640).



Table I—Analysis of Known Sulfonamide and/or Local Anesthetic
Mixtures for Sulfonamide and Local Anesthetic

Percent
) Components, Concentration of  Found, of
Mixture 4 X 1075 M M X 1078  Theory
[« Sulfisoxazole 4.00 100.0
Succinylsulfathiazole?
11 Sulfisoxazole 4.12 103.0
Tetracycline hydrochlorides
1114 Sulfanilamide 3.86 96.6
Succinylsulfathiazole
Tetracycline hydrochloride
v Metabutethamine hydrochloride 4.00 100.0
Chlorpromazine hydrochloride*
Phenobarbital/
v Butacaine sulfate 3.87 96.7
Ephedrine sulfates
Oxazepam”
\%! Benzocaine 4.00 100.0
Aspirin’

a Mixture analyzed for sulfisoxazole content. ® Marketed as Sulfa-
suxidine by Merck, Sharpe & Dohme, Rahway, N. J. ¢ Chas, Pfizer
and Co., Inc., New York, N, Y, ¢ Mixture analyzed for sulfanilamide
content. ¢ Marketed as Thorazine Hydrochloride by Smith Kline &
French, Philadelphia, Pa. / Mallinckrodt Chemicals, St. Louis, Mo.
¢ Ruger Chemical Co., Inc,, Irvington-on-Hudson, N, Y, » Marketed as
Serax by Wyeth Laboratories, Philadelphia, Pa. ¢ Merck, Sharpe &
Dohme, Rahway, N. J.

To this solution was added a volume of the acridine-tetrahydro-
furan solution equivalent to an approximate one- to fourfold
molar excess. Then the pH was adjusted to 4 using indicator pH
paper with 109 v/v aqueous hydrochloric acid. The mixture was
heated at 60° for 10 min. and cooled, and ethanol was added to
volume. The decrease in the fluorescence of the reaction mixture
compared to the corresponding reagent blank was measured using
activation and emission wavelength settings of 385 and 420 nm.,
respectively.

RESULTS AND DISCUSSION

In the analytical procedure, a sulfonamide and/or local anesthetic
containing a primary aromatic amino group reacts with 9-chloro-
acridine to yield highly colored aminoacridine hydrochlorides.
Previous reports from this laboratory showed the reaction to be
applicable to colorimetric determinations of sulfonamides and local
anesthetics as well as most primary aromatic amines (5-7). It was
observed that the formation of these derivatives resulted in a quench-
ing of the fluorescence of the 9-chloroacridine reagent solution.
Monitoring the disappearance of fluorescence caused by the reac-
tion of drug and acridine at the activation and emission wavelengths
(385/420 nm.) of 9-chloroacridine is the basis of the fluorometric
determination described here. The fluorescence-quenching effect
observed in this study is shown in Fig. 1 in terms of relative fluores-
cent intensity readings for blank and background solutions versus
sample solutions containing sulfanilamide. Samples of local an-
esthetics also gave analogous results. Differences in fluorescent
intensity readings between blank and sample solutions plotted
against various concentrations of drug give linear logarithmic
relationships for standard curves. The analysis of unknown con-
centrations of sulfonamide and/or local anesthetic in this procedure
requires the direct comparison of the fluorescence quenching of the
unknown to that of a known concentration under the same condi-
tions. A drug concentration range of 0.125-4 X 10~% M can be
successfully assayed using this method, which makes it comparable
to other fluorometric determinations for drugs containing a pri-
mary aromatic amino group. For best results, no more than a four-
fold excess quantity of acridine reagent should be employed in the
procedure.

Quantitative data from several systems shown in Table [ reveal
that use of this procedure permits the determination of sulfonamides
and/or local anesthetics in the presence of miscellaneous pharma-
ceuticals representing a variety of chemical structures.

Table 1T —Comparison of 4 X 1078 M Solutions of Sulfanilamide
and Butesin by the 9-Chloroacridine Method and Other Known
Fluorometric Methods

—Standard Deviation of Mean, %—

9-Chloro- o-Phthalde- 2,6-Dia-
acridine hyde minopyridine
Compound Method Methods Method®
Sulfanilamide 0.50 3.42 2.34
Butesin 0.29 0.38 2.54

o See Reference 3. b See Reference 4.

Favorable characteristics of the method are that it requires less
than 0.5 hr. for a complete analysis of sulfonamide and/or local
anesthetic and only one reagent solution is required. These are
distinct advantages over the diazotization procedure of Dombrow-
ski and Pratt (4), which requires many manipulative steps and
numerous reagents, and over the aldehyde method of Amano and
Mizukami (3), which requires reaction times of 30-45 min.

Heating of the analytical solution is essential to ensure a more
complete reaction. Maximum yield of product can be obtained by
heating the solutions at 60° for 10 min. Repeated readings for a
series of different samples indicated that the solutions were stable
for up to 1 day. Great care was taken to prevent overexposure of the
samples to the xenon source of the fluorometer as well as to prevent
contamination of solutions and cells used in the analysis.

Comparison of the 9-chloroacridine method to other known
fluorometric procedures for sulfonamides and/or local anesthetics
is shown in Table II in terms of percent standard deviation of the
mean for 4 X 1078 M concentrations of sulfanilamide and butesin
(8). Each literature method was tested in this laboratory and was in
good agreement with reported data. It can be seen that the acridine
method is comparable to the existing proce:dures and, in most cases,
reproducibility of the acridine procedure is better than the other
methods listed.

In summation, determinations with 9-chloroacridine provide a
relatively simple and rapid means of determining sulfonamides
and/or local anesthetics in the presence of various other drugs.
Comparison with other fluorometric procedures demonstrates its
advantages and effectiveness. The method differs from other widely
used techniques in that it involves quenching of fluorescence rather
than increased fluorescence intensity as the basis for the fluoro-
metric measurements. The procedure should be applicable in the
analysis of any primary aromatic amine.
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