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antiomers using a UV detector in series with an optical activity detec-
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Aqueous ophthalmic solutions of /-epinephrine are administered topically to
treat glaucoma. The d-isomer of epinephrine is pharmacologically inactive (see Fig.
1). The current United States Pharmacopeia (U.S.P.) assay for epinephrine in epi-
nephrine ophthalmic solution! determines only the total epinephrine present and is
not specific for /-epinephrine. The U.S.P. assay for epinephrine in epinephrine bitar-
trate ophthalmic solution and in epinephrine borate ophthalmic solution is specific
for l-epinephrine, but requires a very tedious and time consuming procedure involv-
ing acetylation, extraction, gravimetric determination of the residue and finally an
optical rotation (OR) measurement. A high-performance liquid chromatographic
(HPLC) method suitable for routine use which specifically determines /-epinephrine
in ophthalmic formulations is desirable to assure the inactive d-isomer is not present
due to racemization or contamination.
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Fig. 1. The chemical structures of d- and /-epinephrine.

Besides its ophthalmic applications, /-epinephrine is also used as a cardiac
stimulant, a vasoconstrictor and a bronchodilator. Its analysis by HPLC has been
reported in a wide variety of pharmaceutical preparations, biological fluids and mam-
malian organs. Several different detection methods have been used which include
electrochemical detection?19, fluorometric detection*! and UV detection!2. Nimura
et al.'3 have reported the HPLC resolution of d- and /-epinephrine enantiomers on

* This work was presented in part at the Eighth International Symposium on Column Liquid Chro-
matography, New York, NY, May 20-25, 1984. The proceedings of this symposium have been published in
J. Chromatogr., Vols. 316 and 317 (1984).
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reversed-phase columns using pre-column chiral derivatization with acetylglycosyl iso-
thiocyanates. No separation of d- and [-epinephrine has been reported using chiral
columns, probably due to difficulties in effectively masking the catechol functional-
ityl4,

As an alternative to pre-column derivatization or chiral columns, enantiomer
analysis can also be accomptlished using optical activity detectors. Yeung and Kuo
and co-workers have used a laser-based optical activity detector to detect sugars!>~17,
free and esterified cholesterol!*-18 and to characterize shale oill%-1°. It has recently
been suggested that such a detector used with optically active mobile phases could
serve as a sensitive universal HPLC detector?®. A circular dichroism (CD) spectro-
photometer equipped with an HPLC flow cell was used to detect pyrethrins?! and
a conventional polarimeter equipped with a flow cell was used to detect sugars22-23,

Boehme et al.?* have reported an elegant analysis for the enantiomers of per-
methrinic acid esters using a UV detector in series with a polarimeter detector. The
UV detector response quantitated the total amount of enantiomer and the polari-
meter response determined the ratio of the enantiomers. We report here a similar
HPLC analysis for /-epinephrine in an ophthalmic formulation using a UV detector
in series before a polarimeter detector. Calculations are developed using the OR/UV
detector response ratio of an /-epinephrine standard to determine the percent of each
enantiomer in unknown mixtures. The method requires minimal sample preparation
and is readily automated. Twelve to fifteen samples can be analyzed per hour.

EXPERIMENTAL

Reagents

d,l-Epinephrine hydrochloride was purchased from Pfaltz and Bauer (Stam-
ford, CT, U.S.A.) and /-epinephrine free base was obtained from C. H. Boehringer
(Ingelheim, F.R.G.). 1-Heptanesulfonic acid sodium salt was purchased from Kodak
(Rochester, NY, U.S.A.). The acetonitrile was HPLC grade from Baker (Phillips-
burg, NJ, U.S.A.). All other chemicals were reagent grade.

HPLC equipment

Analyses were performed on a 15 x 0.46 cm 5-um Sprint column containing
Spherisorb ODS from Analytical Sciences (Santa Clara, CA, U.S.A.). The HPLC
system consisted of a Waters Assoc. (Milford, MA, U.S.A.). M-6000A pump, a
Waters 481 variable-wavelength UV detector, a Waters 710B WISP auto-injector and
a Spectra-Physics (Houston, TX, U.S.A.) 4200 data system. A Perkin-Elmer (Nor-
walk, CT, U.S.A.) 241 MC polarimeter was modified using an upgrade kit, No.
141-0041, from the manufacturer to serve as an HPLC detector. The flow cell was
1 dm in length with a volume of 40 ul. The polarimeter signal was passed through
a Spectrum (Newark, DE, U.S.A.) 1021 A electronic filter and amplifier before being
sent to the SP 4200 data system. The polarimeter flow cell was placed in series after
the UV detector.

Procedure

The aqueous portion of the mobile phase was 0.11 M sodium dihydrogen
phosphate, 0.14 mM sodium heptanesulfonate and 0.44 mM Na,EDTA. The pH
was adjusted to 4 with phosphoricacid, if necessary. The mobile phase was acetonitrile-
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water (3:97). The flow-rate was 2.0 ml/min. UV detection was at 250 nm and OR
detection was at 303 nm.

In general, 50 ul of a 10 mg/ml epinephrine solution were injected. Commercial
1% epinephrine ophthalmic solutions were injected neat, but 2% epinephrine
ophthalmic solutions were diluted 1:2 with mobile phase before injection. The 10
mg/ml [-epinephrine standard had a few drops of 20% hydrochloric acid added be-
fore final dilution with mobile phase.

Calculations

The calculations to determine % label /-epinephrine were derived from Fig. 2.
As indicated by Boehme et al.?4, the ratio of OR response to UV response (Ryq4) for
the pure enantiomers is a constant value and differs only in sign. The value of Ryq4
can be found experimentally by injecting a pure l-epinephrine standard. The slope
for the theoretical line shown in Fig. 2 is:

_'2}zﬂd

M =100 M

Since the y-intercept is equal to Ryg4, the percentage /-epinephrine (%/) in an un-
known sample can be found from the experimentally determined sample OR/UV
ratio (R,) by the following:

y=Mx+b 2
—2R,
—R, = (W) (%) + Rya 3)
Solving for %/
Ry + R,
%I = <4“5> 50 4
}2ﬂd
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Fig. 2. A theoretical plot of OR/UV response ratios versus the percentage l-epinephrine in a d,/-mixture.
Ry4 is the OR/UV response ratio for both the pure d-and the pure /-isomer.
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The total epinephrine concentration (C;) can then be determined from the UV re-

sponse:
)

s std, Astd

where Cyq is the concentration of the pure /-epinephrine standard, A is the UV
response for the sample and 4,4 is the UV response for the pure /-epinephrine stan-

dard. The percent label l-epinephrine is:
. . Cs
% label l-epinephrine = . (%) 6)
T

where C; = the theoretical labeled concentration of the sample.

RESULTS AND DISCUSSION
A typical chromatogram for an /-epinephrine standard solution showing both

the UV and polarimeter detector responses is shown in Fig. 3. The epinephrine elutes
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Azs0
OR3p3

TIME, MIN
Fig. 3. Chromatograms for an /-epinephrine standard injection.
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at about 1.5 min on the UV detector and at about 1.8 min on the OR detector.

Pure /-epinephrine solutions prepared over the concentration range 6.0-14.0
mg/ml (60-140% label) gave linear response curves which intercepted zero for both
the UV and OR detectors (Fig. 4). The correlation coefficient for the UV detector
was 0.9985 and for the OR detector it was 0.9999. This shows that the OR/UV ratios
for pure [-epinephrine will be a constant for all concentrations and that a single point
l-epinephrine standard will be sufficient to determine the value of this constant (Rg,).

An epinephrine ophthalmic vehicle (Glaucon®, Alcon Labs., Fort Worth, TX,
U.S.A.) containing benzalkonium chloride, sodium metabisulfite, disodium edetate
(Na,EDTA) and sodium chloride was prepared. Mixtures of d- and [-epinephrine
were diluted with vehicle and analyzed. The concentrations ranged from 60%
l~epinephrine-40% d-epinephrine to 100% [-epinephrine. In all cases the total epi-
nephrine concentration was held constant at 10 mg/ml. A linear curve was obtained
when the OR/UV response ratios (R,) were plotted versus percent /-epinephrine
(%) in the mixtures (Fig. 5). The correlation coefficient was 0.9983 and the curve
had a y-intercept of zero at a ratio of approximately 50:50 for d-epinephrine: l-epi-
nephrine. The average recovery of /-epinephrine for all points determined versus a
single point [-epinephrine standard was 99.2%. Since the curve presented in Fig. 5
is similar to the theoretical curve presented in Fig. 2, the percentage /-epinephrine
may be determined by comparing the OR/UV response ratios (R;) to a standard
l-epinephrine OR/UYV response ratio (Rsa)-

We are currently using a modification of the U.S.P. analytical method to an-
alyze for percent label /-epinephrine?s. The samples are first placed on an acid-
washed Celite column. The epinephrine binds to the Celite and some of the excipients
are washed from the column with diethyl ether. The epinephrine is then eluted with
diethyl ether containing bis(2-ethylhexyl)phosphoric acid. It is then extracted from
the diethyl ether eluent with a fixed volume of dilute hydrochloric acid. The concen-
tration of total epinephrine is determined by comparing the UV absorbance at 280
nm to a standard. The apparent /-epinephrine concentration is determined by meas-
uring the optical rotation at 405 nm. The actual percent label concentration of
l-epinephrine may then be calculated. The Celite column method specifically analyzes
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Fig. 4. A plot of peak area versus [-epinephrine concentration (mg/ml) showing both UV response ™
and OR response ().
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Fig. 5. A plot of OR/UV response ratios versus the percentage /-epinephrine in d,/-vehicle standard mix-
tures.

for l-epinephrine, but it is tedious and very time consuming. Typically 5-6 h are
required to analyze 6-8 samples.

The analyses of four lots of [-epinephrine ophthalmic solution commercially
available for the treatment of glaucoma (Glaucon 1% and 2%) by both the Celite
column method and the HPLC method are compared in Table 1. Both methods gave
similar results.

TABLE 1
ANALYSIS OF -EPINEPHRINE OPHTHALMIC SOLUTIONS

Sample Lot number Celite column method HPLC method
(% label) (% label)

Glaucon 1% HBAP 106 107

Glaucon 1% FKW 110 109

Glaucon 1% DHAM 100 101

Glaucon 2% HBAR 110 111

CONCLUSIONS

It has been demonstrated that [-epinephrine can be specifically analyzed in
ophthalmic formulations by HPLC using a UV detector in series with an optical
activity detector. A plot of OR/UYV detector response versus the percent /-epinephrine
in a d,/-mixture was found to be linear. Calculations were developed which use the
OR/UYV detector response of a single-point /-epinephrine standard to determine the
percentage /-epinephrine present in an unknown sample. Four lots of commercially
available epinephrine ophthalmic solution were analyzed by the HPLC method and
gave comparable results when analyzed by the Celite column method. The method
is readily automated using an auto-injector and 12-15 samples can be analyzed per
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hour. HPLC analysis is very fast compared to the Celite column method which re-
quires virtually a whole working day to analyze half a dozen samples.

One drawback of the method is sensitivity. For pharmaceutical formulations
containing 1% epinephrine, the polarimeter signal can be amplified and filtered so
that maximum optical rotations of approximately 0.125° can be reproducibly ob-
served. This does not approach the sensitivity needed for the analysis of epinephrine
in biological samples. However, Yeung and Kuo and co-workers!5—2¢ have demon-
strated the feasibility of using a sensitive laser based optical activity detector. Optical
rotations of 1 - 1073 degree and detection of biological compounds at the 100-ng
level have been repeatedly reported.

Another experimental optical activity detector worthy of note was described
by Drake ef al.2°. The detector was originally designed for column liquid chromato-
graphy and not HPLC. It was capable of simultaneously monitoring absorbance (A)
and circular dichroism (differential absorbance for left- and right-circularly polarized
light, A4 = Ay — Ar). 4A/A ratios (analogous to our OR/UV ratios) could be
determined with a single detector eliminating the additional band broadening and
expense of two HPLC detectors in series.

The analysis of biological samples by HPLC using UV and optical activity
detectors in series awaits the commercial development of these experimential detec-
tors.
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