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Abstract O A high-performance liquid chromatographic determination
of two fenamates in human plasma is described. Plasma samples, 1.0 ml,
to which 4 ug of internal standard had been added, were extracted with
carbon tetrachloride under acidic conditions. Portions of the organic layer
were transferred and evaporated to dryness under nitrogen. Residues
were dissolved in methanol, and an aliquot was injected into the liquid
chromatograph. An intermediate polarity, bonded cyanopropylsilane
column was used with a mobile phase of water—acetonitrile-acetic acid
(60:30:10 v/v/v). The flow rate was 1 ml/min, and the effluent was mon-
itored at 254 nm. Flufenamic acid and mefenamic acid had retention
times of 10.4 and 9.2 min, respectively. In the 1-10-ug range, the mean
flufenamic acid recovery from control plasma was 100.7 + 3.4% (n = 18).
A typical calibration curve had a regression equation of y = 0.132x — 0.04
with y2 = 0.99. Preliminary stability tests showed that flufenamic acid
is stable for at least 2 weeks in plasma after freezing.

Keyphrases 1 Flufenamic acid—analysis, high-performance liquid
chromatography, plasma, rats, humans 00 Mefenamic acid—analysis,
high-performance liquid chromatography, plasma, rats, humans O
High-performance liquid chromatography—analysis, flufenamic acid,
mefenamic acid, plasma, rats, humans

Flufenamic acid! (I) and mefenamic acid! (II) are potent
nonsteroidal analgesic and anti-inflammatory agents used
in the management of rheumatoid arthritis. Spectropho-
tometric (1, 2), colorimetric (3), and fluorometric (2, 4, 5)
methods have been applied for fenamate analysis in
aqueous solution and in biological samples such as plasma,
urine, and milk. A fluorometric method for the determi-
nation of I in the nanogram range used a chamber paper
analysis apparatus (6). A convenient TLC technique was
reported for screening three fenamates and their metab-
olites (7).

Only one GLC method (8) utilizing electron-capture
detection has been reported. Although it was described for
II, it could be adapted to the analysis of I in blood and

! Provided by Parke-Davis and Co., Detroit, Mich.
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urine. However, details of the assay were not provided
(8).

This article describes the high-performance liquid
chromatographic (HPLC) determination of plasma fena-
mate levels. A single extraction step is followed by re-
versed-phase chromatography, eliminating the tedious and
time-consuming procedures required by the previously
reported methods (3, 7). Flufenamic acid and mefenamic
acid can be internal standards for each other during either
assay. The use of an internal standard improves both the
precision and the accuracy of plasma level determina-
tion.

EXPERIMENTAL

Apparatus—Fenamate analyses were carried out on a liquid chro-
matograph? equipped with dual-delivery pumps?, a single injector?, and
a single-chamber UV absorbance detector?.

Reagents—Carbon tetrachloride®, acetic acid®, and sulfuric acid? were
analytical reagent grade. Methanol® and acetonitrile® were distilled in
glass. Solvents including distilled, deionized water were filtered routinely
through 0.45-um filters® prior to use in the liquid chromatograph.

2 Model 204, Waters Associates, Milford, Mass.

3 Model 6000A, Waters Associates, Milford, Mass.
4 U6K, Waters Associates, Milford, Mass.

5 Model 440, Waters Associates, Milford, Mass.

& Mallinckrodt, St. Louis, Mo,

7 Eastman Kodak, Rochester, N.Y.

8 Burdick & Jackson, Muskegon, Mich.

2 Millipore Corp., Bedford, Mass.
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Figure 1-—Liquid chromatograms of control plasma (a), control plasma
to which I (7 ug) was added (b), and control plasma to which I (7 ug)
and I1 (4 ug) were added (c).
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Preparation of Standards —Ten milligrams of each fenamate was
dissolved in methanol to yield a 100-ug/ml stock solution. Working
standard solutions of I containing 1, 2, 3, 5, 7, and 10 ug/ml were prepared
by diluting the stock solution with methanol-water (1:1 v/v). Six cali-
bration samples were used in each run to establish the HPLC standard
curve and to determine recovery reproducibility. Mefenamic acid solu-
tion, 4 ug/ml, served as the internal standard.

Measurement of Plasma I—Plasma samples, 1.0 ml, to which 4 ug
of internal standard had been added, were mixed thoroughly by hand
shaking and acidified with 0.9 M HS0,. After the addition of 8 ml of
carbon tetrachloride, the sample tubes were spun on a test tube rotator
for 15 min and centrifuged. The aqueous phase was removed by aspira-
tion. Portions of the carbon tetrachloride were transferred to another tube
and evaporated to dryness under nitrogen. Residues were dissolved in
0.5 ml of methanol, and a 40-ul aliquot was injected into the liquid
chromatograph.

The standard plasma curve was constructed by plotting the peak height
ratios (I/II) versus the weight content of I. The peak height ratio of an
unknown sample was used to determine the amount of I present. The
standard samples were run concurrently with the unknown samples as
described previously.

Chromatographic Conditions—A stainless steel column (30 cm X
4 mm i.d.) was packed with a stable reversed-phase stationary phase of
porous silica beads (mean diameter 10 um) coated with chemically
bonded cyanopropylsilane monolayers!®. The mobile phase was water—
acetonitrile-acetic acid (60:30:10 v/v/v). The operating temperature was
ambient, and the flow rate was 1 ml/min with an operating pressure of
1000 psi. The column effluent was monitored continuously at 254 nm with
a full-scale deflection of 0.02 aufs. A short wash (acetonitrile for 15 min
followed by chloroform for 10 min at 1 ml/min) at the end of each ana-
lytical day removed strongly retained solutes.

RESULTS AND DISCUSSION

Acceptable separation of the fenamates in this reversed-phase system
was dependent on the amount of organic solvent in the mobile phase and
on the effective pH of the aqueous component. A simple acetonitrile—
water system (30:70 v/v) with an effective pH of 5.5 did not resolve the
solutes. Since the fenamates are moderate acids (pKa 3.9 for I and 4.2 for
I1), their capacity factors were increased by lowering the effective pH of
this solvent, and the water—acetonitrile-acetic acid system (60:30:10 v/v/v,
effective pH 2.7) resolved the two solute peaks.

10 4 Bondapak CN, Waters Associates, Milford, Mass.
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Tal;le I—Flufenamic Acid (I) Recovery from Human Plasma (n
=3

I Added, ug 1 Found, ug Recovery®, %

1 1.028 + 0.031 1028 £ 3.1

2 2.090 + 0.430 104.5 + 4.3

3 2.760 £ 0.079 920179

5 5.260 £ 0.051 105.0 £ 5.0

7 7.000 x 0.000 100.0 £ 0.0

10 10.000 £ 0.000 100.0 £ 0.0
1-10% — 100.7 £ 3.4

a Expressed as mean £ SD. b n = 18.

Table II—Peak Height Ratios for the Calibration Curve

I Added, ug Peak Height Ratios SD
1 0.099 0.003
2 0.230 0.010
3 0.355 0.026
5 0.605 0.025
7 0.857 0.015
10 1.297 0.021

Figure 1 presents liquid chromatograms of control human plasma,
control plasma to which I was added, and control plasma to which both
fenamates were added. As indicated in Fig. 1a, negligible interfering peaks
were found in the control plasma specimens. Under the described chro-
matographic conditions, I and IT had retention times of 10.4 and 9.2 min,
respectively. Better resolution for the two fenamates can be obtained at
a slower flow rate. However, no real benefits (e.g., precision in the mea-
surement of peak height ratios) were gained using prolonged retention
times.

The results obtained following analyses of various amounts of I in
control human plasma are summarized in Table I. In the 1-10-ug range,
the mean I recovery from control plasma was 100.7 + 3.4% (n = 18). Table
1I contains peak height ratios obtained from calibration curves prepared
with human plasma. Each value represents the average of four samples
at each concentration. A typical calibration curve prepared by extracting
human plasma samples containing different concentrations of I and 4
ug of Il had a regression equation of y = 0.132x — 0.04 with y2 = 0.99. The
UV absorption was linear between 1 and 10 ug, where therapeutic con-
centrations can be interpolated conveniently. The lower detection sen-
sitivity limit was 1 ug/ml of plasma.

When UV absorption spectra of I and II were obtained in methanolic
solutions, the maximum absorption wavelength, Amax, was 290 nm. Since
the chromatograph was equipped with a single-wavelength detector at
254 nm, the optimal condition has not yet been achieved in this assay.
Higher detecting sensitivity can be obtained by monitoring the absorption
at 290 nm with a variable-wavelength UV detector.

Preliminary 2-week stability tests were performed by dissolving 1-10
ug of Iin 1 m] of plasma, which was then frozen for 3, 7, or 15 days; I was
stable in frozen plasma for at least 2 weeks (Table III).

Table III—Effect of Frozen Storage on the Flufenamic Acid
Stability in Human Plasma

Days
I Added, pg 0 3 7 15
1 0.98 1.20 1.04 1.00
2 191 2.35 2.19 1.93
3 3.21 3.11 3.12 2.72
5 4.79 — 4.96 4.88
7 7.03 6.76 7.07 6.74
10 10.07 9.85 10.57 9.76

Table IV—Plasma Flufenamic Acid Levels in Two Rats at
Various Times after Intravenous Sublingual Administration of 5
mg of I/kg in 0.2 N NaOH

Plasma Levels, ug/ml

Minutes Rat1 Rat 2
15 — 120
20 134 —
30 110 128
60 82.3 90.6




Experiments utilizing this procedure in animals are in progress. Plasma
flufenamic acid levels in two rats at various times after intravenous
sublingual administration of 5 mg of I/kg in 0.2 N NaOH are shown in
Table IV. Due to the high plasma I concentrations at the dose adminis-
tered, only 50 ul of the plasma sample was taken for analysis. The assays
described here may be used to measure therapeutic levels of I in pa-
tients.
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Abstract 00 Hydrazones and adducts between aromatic aldehydes and
p-(3,3-dimethyl-1-triazeno)benzoic acid hydrazide were synthesized and
tested for antitumor activity. Two adducts derived from 2,6-dinitro- and
4-cyanobenzaldehyde were active against TLX5 lymphoma in mice. The
hydrazone of the latter aldehyde was significantly more active than the
adducts.

Keyphrases 0 Antineoplastic agents, potential —hydrazones and ad-
ducts between aromatic aldehydes and p-(3,3-dimethyl-1-triazeno)-
benzoic acid hydrazide, structure-activity relationships O p-(3,3-Di-
methyl-1-triazeno)benzoic acid hydrazide—antineoplastic activity, hy-
drazones and adducts with aromatic aldehydes, structure-activity rela-
tionships

A series of 1-aryl-3,3-dimethyltriazene derivatives,
characterized by the presence of a carbonyl group and a
triazene function in the para-position on the aromatic
nucleus, was previously synthesized and examined for
antitumor activity against TLX5 lymphoma in mice (1).
Among these compounds, the o-nitrophenylhydrazone of
the p-(3,3-dimethyl-1-triazeno)benzoic acid hydrazide and
the adduct between this hydrazide and p-nitrobenzalde-
hyde showed considerable activity. Therefore, a further
group of adducts and related hydrazones carrying elec-
tron-withdrawing substituents was synthesized and tested
for their antitumor activity. Their structures and activities
are reported in Tables I and II.

EXPERIMENTAL!

Adducts I-TV—Adducts I, I, and IV were prepared by the addition
of a solution of the aldehyde in hat ethanol to an equimolar solution of

1 Melting points were determined in open glass capillaries using a Bichi apparatus
and are uncorrected. IR spectra were recorded on a Perkin-Elmer model 225
spectrophotometer, and UV spectra were determined on a Hitachi Perkin-Elmer
model 124. Kieselgel HF 254 + 366 (Merck) and methanol-ethyl acetate-ligroin
(3:2:1) were used for TLC.
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p-(3,3-dimethyl-1-triazeno)benzoic acid hydrazide (2) in the same sol-
vent. After standing for a few minutes, the products precipitated and were
washed with a few milliliters of cold ethanol. Methanol was used as a
solvent for preparing adduct III, and this reaction mixture was heated
gently for 15 min before allowing the precipitation.

The structures assigned to I-IV are in accordance with their elemental
analyses and are supported by the following data:

1. When these substances were heated to 120°, they lost a molecule
of water, yielding the corresponding hydrazone, except for 1II which
decomposed.

2. TLC mobilities and UV spectra of these compounds were quite
different from those of the relevant hydrazones, so they cannot be simply
monohydrates of these substances. Furthermore, all of these compounds
exhibited a strong characteristic band at 1040 em™! attributable to CO
stretching, which disappeared after heating. In addition, the UV spectra
of I-1V in ethanol corresponded to the sum of the spectra of the starting
hydrazide and aldehydes. TLC on silica gel of these substances at very
low concentrations showed that they are split, giving two spots corre-
sponding to the starting reagents; the hydrazones, however, gave single
spots. The very poor solubilities of these substances did not allow any
NMR investigations of their structures.

Hydrazones V-VII-—These hydrazones were prepared by heating the
corresponding adducts for a few hours at 120°. The completion of the
conversion was determined by TLC and by the disappearance of the
strong characteristic band at ~1040 cm™!; the yield was quantitative since
no further recrystallization was required.

RESULTS AND DISCUSSION

Tests of the triazene derivatives against TLX5 lymphoma? in mice are
reported in Table III. The activities observed for each compound were
compared on the basis of the number of dose levels at which an ILS of
~50% was observed and by considering also the maximum ILS values
obtained when >50%. The compounds carrying nitro groups as substit-

2 TLX5 lymphoma cells (10%) were injected subcutaneously in the inguinal region
of CBA/LAC female mice, 20-25 g, bred in the Chester Beatty Research Institute.
The drugs were used as a solution freshly prepared by sonication in acetone-arachis
oil (10:90 v/v); the treatment was performed by daily intraperitoneal administration
from Day 3 to 7 after tumor inoculation. For each substance, 10 control mice and
groups of five mice for each dose level were used. ILS is the percent increase of the
mean survival time of each treated group to that of the relevant controls.

Journal of Pharmaceutical Sciences / 97
Vol. 69, No. 1, January 1980





