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Abstract

A simple, accurate and rapid method for the determination of ipriflavone and its synthetic impurities has been
developed. It consists in RP-HPLC separation and identification of the impurities from their UV spectra using
photodiode-array detection. The method has been validated and shows good specificity, accuracy, precision and

sensitivity.

1. Introduction

Iprifiavone (3-phenyl-7- isopropoxy-4H-1-ben-
zopyran-4-one) is an isoflavone derivative used
orally in the treatment of osteoporosis [1-4].

The accurate determination and control of the
impurity profiles at the ppm level of orally
administered drugs is of utmost importance [5-
9], we have found high-performance liquid chro-
matography (HPLC) with photodiode-array
(PDA) ultraviolet (UV) detection to be a very
useful method for this task. The PDA detector
has the capacity to acquire and store a great
amount of spectral data from those UV-absorb-
ing compounds in a chromatogram, thus making
possible both spectral identification and individ-
ual analysis of the homogeneity/purity of each
chromatographic peak.

* Corresponding author.

Several methods for the determination of
isoflavonoids have been described [10-13]. We
describe in this paper a different and advantage-
ous HPLC method for the determination of
iprifiavone and its potential synthetic impurities.

2. Experimental
2.1. Chemicals

Synthetic-grade triethylamine (TEA), analyti-
cal-reagent grade 85% orthophosphoric acid and
HPLC-grade acetonitrile were obtained from
Merck (Darmstadt, Germany) and HPLC-grade
methanol from Scharlau (Barcelona, Spain).
Ultrapure water of Type I reactive degree was
obtained using a Sation 9000 system (Sation,
Barcelona, Spain).

Iprifiavone (I) and related impurities benzyl
2-hydroxy-4-isopropoxyphenyl ketone (II), 7-hy-
droxyisoflavone (III), benzyl 2,4-diisopropoxy-
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phenyl ketone (IV) and 7-ethoxyisoflavone (V)
were obtained from the Research Department,
FAES (Bilbao, Spain).

2.2. Apparatus

The assays were performed with a modular
HPLC system consisting of two Model 510 sol-
vent-delivery systems from Waters (Milford,
MA, USA) and a Model 996 photodiode-array
detector (Waters) with a range of 190-800 nm.
Injections were accomplished with a Model 717
autosampler (Waters) equipped with a 250-ul
syringe system and a 200-ul loop and an LC-101
column oven from Perkin-Elmer (Norwalk, CT,
USA). The column used was ODS C,; (30 X 4.6
mm 1.D.) of 3-um particle size from Perkin-
Elmer.

Data analysis was performed with a Millenium
Software System (Waters) connected to a 486/
66i computer (NEC, Boxborough, MA, USA).
All the calculations concerning the quantitative
analysis were performed with external stan-
dardization by measurement of peak areas.

2.3. Procedures

A 10-ul volume was injected on to the column
in a mobile phase consisting of 0.01 M TEA (pH
2.5, adjusted with orthoposphoric acid)-—acetoni-
trile (50:50) at a flow-rate of 1.2 ml/min. The
chromatograms were recorded from 210 to 400
nm. Quantification was effected by measuring at
the optimum wavelength of 225 nm as estab-
lished from the three-dimensional chromato-
gram. The chromatographic run time was 12 min
and the column void volume (the elution time of
an unretained solute measured by injecting
NaNO, solution) was 0.46 min.’

To investigate the specificity of the assay,
standard samples were prepared by spiking with
standard methanolic solutions of the impurities
(I1, III, IV and V) to give final concentrations
(each impurity) of 0.1, 0.2, 1 and 2% (w/w) in
iprifiavone (I). These solutions were analysed
and three-dimensional chromatograms (wave-
length; time; absorbance) were obtained to select

the optimum wavelength for detection of these
potential impurities with maximum sensitivity.

To investigate linearity, duplicate methanolic
solutions of five different concentrations (0.5, 1,
5, 10 and 25 pg/ml) were separately prepared in
methanol for each impurity. Calibration graphs
were constructed by plotting peak area against
the concentration and the data were fitted to a
straight line with zero intercept. Determination
coefficients were calculated.

Limits of detection (LOD) were established at
a signal-to-noise ration (S/N) of 3, measured at
the 0.1% concentration level. Limits of quantifi-
cations (LOQ) were established at 3 X LOD or
9x §/N. LOD and LOQ [14,15] were ex-
perimentally verified by ten injections of stan-
dard solutions of ipriflavone and the impurities
at the LOD and LOQ concentrations. The
instrumental precision was calculated at the
LOQ level.

Throughout the study, the suitability of the
chromatographic system was monitored by cal-
culating the capacity factor (k’), the resolution
(R,) and the selectivity (a).

3. Results and discussion
3.1. Specificity

Three-dimensional chromatograms of the dif-
ferent mixtures of iprifiavone (I) and the im-
purities (Fig. 1) demonstrate a good separation
of the ipriflavone (I) peak (fx 3.4 min) from the
impurities (¢ 0.8, 2.6, 5.6 and 9.1 min) and of
the impurities from each other. Individual UV
spectra of the impurities were measured (Fig. 2).
A wavelength of 225 nm was found to be the
most effective compromise to accomplish the
detection and quantification of all four impurities
in a single run.

3.2. Linearity
Table 1 presents the equation of the regression

line, determination coefficient and standard
error for each impurity. Using a zero intercept,
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Fig. 1. Three-dimensional chromatogram of the mixture of ipriflavone and its four impurities at the 2% level, with an amplified
detail in the inset. Chromatographic conditions as described under Experimental.

Table 1

Linearity results and limits of detection (LOD) and quantification (LOQ) calculated for each impurity

2

Compound Equation® R’ Standard error No. of data LOD LOQ
of slope points (ppm”) (ppm")

11 y =11551x 0.9964 7711 8 446 1440

I y = 42900x 0.9999 15418 10 20 80

v y =21763x 0.9998 2836 9 300 1000

v y =25997x 0.9997 1465 10 74 240

Chromatographic conditions as described under Experimental.
* y = Concentration (ug/ml); x = peak area.

® With respect to ipriflavone (I) (w/w).
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Fig. 2. Photodiode-array spectra of the middle of the peak corresponding to the retention times of compounds I (4), II (2), m1
(3), IV (1) and V (5). Chromatographic conditions as described under Experimental.

excellent linearity was obtained for compounds
III, IV and V (r> <0.999 in all cases). Compound
II also provided good linearity although slightly
lower than that obtained for the other impurities
(r* >0.996).

3.3. Limits of detection and quantification
The LOD and LOQ obtained for each impuri-

ty are given in Table 1. Table 2 gives the
precision of the method, expressed as the rela-

Table 2
Precision of the assay of impurities at the LOQ level (r = 10)

Compound R.S.D. (%)*
11 4.08
1 10.63
v 4.85
\% 2.25

Chromatographic conditions as described under Experimen-
tal.
“R.S.D. (%) = (standard deviation/mean) - 100.
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Fig. 3. Chromatogram of the mixture of ipriflavone (I) standard and its impurities (II, III, IV and V) at LOD concentration
levels. Spectral identification of the peaks (solid lines) was made by comparison with a data base (dashed lines). Chromatographic

conditions as described under Experimental.

tive standard deviation (R.S.D.) at the LOQ; it
is acceptable for all the impurities. An excellent
match of the UV spectra of the impurities ob-
tained at the limits of detection with those
obtained at other concentrations (Fig. 3, Table
3) was observed.

Table 3

3.4. Suitability of the method

The chromatographic parameters such as
capacity factor, resolution and relative retention
were satisfactory for these compounds (Table 3).
The retention was low for compound III (k' <1),

Chromatographic parameters of ipriflavone and its impurities and matching spectral results at LOD concentration levels

Compound Retention Area Resolution k'’ Selectivity Match Threshold
time (nVs) (R,) angle® (°) angle® (°)
(min)

m 0.843 3802 - 0.83 - 2.727 4.176

v 2.610 1651 11.27 4.67 5.61 2.026 6.966

I 3.610 17241 875 4.50 6.85 1.47 1.743 3.001

11 5.510 858 6.17 10.98 1.60 6.743 13.916

v 8.977 2118 5.53 18.51 1.69 8.118 14.873

Chromatographic conditions as described under Experimental.
* Match angle = the spectral contrast between the two peaks.
® Threshold angle = the spectral difference attributed to noise and solvent effects.
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as would be expected from its structure and
physico-chemical characteristics, but we believe
these results to be satisfactory. The selectivity
and specificity of the system have been demon-
strated.

4. Conclusions

The method described is suitable for the
identification and quantification of the four po-
tential impurities in the synthetic procedure for
ipriflavone [16]. The method exhibits good sen-
sitivity, with detection limits of the order of
<100 ppm for compounds Il and V and <500
ppm for II and IV. The spectral study allows the
identification of the peaks at the levels of the
detection limits and the purity of the peaks at the
quantification limits. All four impurities exhibit
good linearity in the range 0-5% (w/w) with
respect to ipriflavone, which demonstrates the
suitability of the method for the determination of
these compounds in this range.

References

[1] M. Takenaka, M. Nakata, M. Tomita, T. Nakagawa, S.
Tsuboi, M. Fukase and T. Fujita, Endocrinol Jpn.. 33
(1986) 23.

[2] 1. Yamazaki, A. Shino, Y. Shimizu, R. Tsukuda, Y.
Shirakawana and M. Kinoshita, Life Sci., 38 (1986) 951.

[3] A. Shino, T. Matsuo, M. Tsuda, I. Yamazaki, R.
Tsukuda, T. Kitazadi, K. Shiota, H. Odata and K.
Yoshida, JBM,M, 3 (1986) 27.

{4] I. Yamazaki, A. Shino and R. Tsukuda, Nippon Kotsu
Taisha Gakkai Zasshi, 3 (1986) 55.

{S] European Pharmacopoeia, Maisonneuve, Sainte-Ruf-
fine, 1988, p. IV2.

{6] British Pharmacopoeia, 1993, HMSO, London, 1993, p.
Xxiii.

[7] United States Pharmacopeia, XXII Revision, United
States Pharmacopeial Convention, Rockville, MD,
1990, p. 1710.

(8] J.Van Rompay, J. Pharm. Biomed. Anal., 4 (1986) 725.

[9] G.F. Pnhillips, Pharm. Ind., 51, 11 (1989) 1282.

[10] A. Adedoyin, L. Aarons and J.B. Houston, J. Chroma-
togr., 416 (1987) 160.

[11] W. Kuhnz, G. Jung and W. Voelter, in Proceedings of
the International Bioflavonoid Symposium, Munich,
1981, p. 293.

[12] W. Kuhnz, K. Zech, R. Lupp, G. Jung, W. Voelter and
F. Matzkies, J. Chromatogr., 272 (1983) 333.

{13] A.A. Franke and L.J. Custer, J. Chromatogr. B, 662
(1994) 47.

[14] E.L. Inman and E.C. Rickard, J. Chromatogr., 447
(1988) 1.

[15] J.C. Miller and J.N. Miller (Editors), Statistics for
Analytical Chemistry, Ellis Horwood, Chichester, 2nd
ed., 1989, p. 115.

[16] A. Orjales, G. Canal and R. Mosquera, Spanish Pat.
Appl. 9201874 (1992).



