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SUMMARY 

The separation of seventeen polymethoxylated flavones was studied by 
straight-phase high-performance liquid chromatography using a LiChrosorb Si 60 
packed column and four solvent systems (/z-heptane-ethanol, 90: 10 and 75:25, and II- 
heptane-isopropanol, 70:30 and 60:40). The role of water was studied for each sol- 
vent system in the range 0.025-0.57°~. The solvent mixtures giving the best separa- 
tion were n-heptane-ethanol (75:25) and n-heptane-isopropanol (60:40) for water 
concentrations between 0.05 and 0.02%. The influence of the position and the 
number of methoxy groups of the tlavonic skeleton on the retention is discussed. 

The response factors of these polymethoxylated flavones were determined by 
UV measurements at 254, 280 and 365 nm and by chromatography. The detection 
limits averaged between 5 and 10 pg_ 

The results were used for the quantitation of polymethoxylated flavones in 
three samples of industrial orange oils. Heptamethoxyflavone was the major product 
in two oils (Guinea and Israel) and tangeretine was the major product in Brazil oil. In 
all the samples, sinensetin had the lowest concentration of the six flavones identified 
and quantitated. 

INTRODUCTION 

Flavones, which are widespread in the vegetable kingdom, generally occur in 
the form of hydroxylated or glycosylated derivatives’. Polymethoxylated tlavones 
constitute a special group that is found in certain citrus speciesz-s, and oranges, 
tangerines and related species contain them in characteristic distributions’. The peel 
oil of these fruits contain the highest concentrations, but it is possible to detect them 
in the leaves’ and juice6. 
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The world production of orange oil, which is several tens of thousands of tons, 
is an important source of polymethoxylated flavones. If part of these good quality oils 
is used as food flavour component (beverage, biscuits, cakes), the excess, after 
vacuum or steam distillation to recover volatile fractions rich in terpenic compounds 
such as limonene, gives a residue containing concentrated polymethoxylated Ilavones. 

Pharmacological applications of flavones are well known and have been re- 
viewed7*8. The polymethoxylated flavones have some peculiar pharmacodynamic 
properties, e.g., tetra-O-methylscutellarein is a cytotoxic agent towards different 
strains of carcinoma cells9 and nobiletin and sinensetin are very active in regulating 
erythrocyte aggregation in human blood . lo Dietary control has been suggested for 
the high blood viscosity syndrome”. 

Flavonoid determination is also important in chimiotaxinomic studies on 
citrus5. An easy to perform high-performance liquid chromatographic (HPLC) 
method for quantitative determination should enable more information to be ob- 
tained on the species and hybrids of the plants concerned. 

Recent analytical studies using HPLC were carried out only on some of the 
polymethoxylated flavones claimed to be present in citrus”.‘“. Most of the poly- 
methoxylated flavones present in citrus are not commercially available13 and serious 
risks of interferences may exist between the main flavones and the minor ones not 
identified by HPLC”*13. 

In this work, we describe an HPLC method for the separation of seventeen 
llavones with O-7 methoxy groups at different positions on the flavonic skeleton. The 
flavones investigated were natural or synthetic compoundsr4*“. Their capacity fac- 
tors were determined using four solvent systems with various concentrations of water 
as eluents. The determination of response factors of these flavones at different UV 
wavelengths will permit quantitative studies of industrial orange oils of various ori- 
gins to be made. 

EXPERIMENTAL 

Reagents and standards 
All chromatographic solvents were of Spectrograde quality from E. Merck 

(Darmstadt, G.F.R.) and were dried in the usual manner and distilled. Deionized 
water was used for varying the water content. 

The formulae and some physical characteristics of the seventeen ffavones are 
shown in Table I. Most of them are found in oils of some citrus species. Products 24, 
6, 7 (tetra-O-methylscutellarein), 8 (sinensetin) 10, 15 (tangeretin), 16 (nobiletin) and 
17 (heptamethoxyflavone) have been isolated from oranges, tangerines and po- 
melor?“-“. Product 13 (auranetin) was isolated from a peculiar variety, Citrus ~unzn- 
tirmz’g. 

Products 15, 16 and 17 (methoxylated in the 5-, 6-, 7- and 8-positions) were 
obtained using preparative chromatography of orange oil. The residue obtained, after 
steam distillation, was fractionated on a silica Si 60 column (E. Merck) using II- 
heptane-isopropanol as eluent. Fractions rich in tlavones were recovered using pre- 
parative thin-layer chromatography (TLC) according to the method described by 
Tatum and Ber-r~~~. Products 3-12 were obtained using Baker-Venkataraman syn- 
theses as recently improved14*‘5 and by the Algar, Flynn and Oyamata methodi9. 
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Products 13 and 14 were prepared from the corresponding acetophenones’. Flavone 
2 was obtained by methylation of apigenine (5,7,4’-trihydroxyflavone), already avail- 
able in our laboratory”. 

Melting points (Table I) were uncorrected. Proton NMR spectra were recorded 
on a Perkin-Elmer R-32 NMR spectrometer (Perkin-Elmer, Norwalk, CT, U.S.A.). 
The solvent was deuterochloroform with tetramethylsilane as internal standard. 
Chemical shifts are given in parts per million. 

Products 5,9, 11 and 12 have not been described previously to our knowledge, 
so we give (see footnote of Table I) the UV spectra of theses compounds, which were 
recorded in ethanolic (95 y/,) solution on a Beckmann DB-G UV-visible spectrom- 
eter_ 

Apparatus 
The HPLC equipment consisted of an Orlita (Giessen. G.F.R.) DMP AE 1044 

dual-stroke pump and an ISCO (Lincoln, NE, U.S.A.) Motel UA5 dual-beam UV- 
visible detector with a filter kit (254,280 and 360 nm). Two cells of volume 10 ~1 and 
path length 5 mm were used. A Perkin-Elmer Model 56 recorder and a Spectra- 
Physics (Santa Clara, CA, U.S.A.) integrator were used for the measurement of 
retention times and peak areas. Injections were carried out with a Model lB7 l-/d 
syringe (S.G.E., Melbourne, Australia) or with a Rheodyne 70-10 valve (Rheodyne, 
Berkeley, CA, U.S.A.) equipped with a lo-p1 loop. 

Water determinations by Karl-Fisher titration were carried out using a Pro- 
labo (Paris, France) apparatus. 

Chornatographic conditions 
Two Hibar (E. Merck) columns (25 cm x 4.6 mm I.D.) slurry-packed with 

LiChrosorb Si 60 (6 pm) were used. The compositions of the solvents used for separa- 
tions by isocratic elution are shown in Table II. The experiments were carried out at 
ambient temperature (20-22°C). 

The solvents were degassed under vacuum using a sonicator for 5 min. Ap- 
propriate water concentrations were obtained by addition of known volumes of de- 
ionised water to 1 1 of anhydrous solvent. After mixing of the solvent system, the 
pump was started, the first 100 ml of eluenr were discarded and the solvent system was 
recycled overnight in order to improve the stability of the column. An aliquot was 
taken for Karl-Fisher determination of water. During all the experiments a magnetic 
stirrer was used for solvent mixing. The column head pressure was maintained be- 
tween 25 and 50 bar in order to obtain a flow-rate of about 1 ml/min. 

Required analyses for the determination of the retention parameters for a 
solvent system of known composition and water concentration were made in one day. 

Samples preparation 
Pure cotnportnds. A IO-mg amount, exactly weighed, of each of the poiyme- 

thoxylated flavones was dissolved in exactly 10 ml of pure benzene using a sonicator. 
Natural samples. A 30-g amount of sun-dried orange peels were finely ground, 

then extracted in a Soxhlet apparatus with methylene chloride for 2 h. The solutions 
were dried with anhydrous sodium sulphate and the solvent was removed by vacuum 
distillation at 50°C on a rotary evaporator. The residue obtained was weighed, then 
injected either directly or after dilution with benzene or methylene chloride. 
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TABLE II 

COMPOSITION OF ELUTING SOLVENTS USED IN THE SEPARATION OF POLYMETHOXY- 
LATED FLAVONES 

A 

Main components n-Heptane- 
ethanol 
(9O:lO) 

Water content ( %)* 0.025-0.2 

* Determined by Karl Fisher titration. 

B 

n-Heptane- 
ethanol 
(7525) 
0.025-O. 15 

C 

n-tieptane- 
isopropanol 
(70:30) 
0.035-0.54 

D 

rr-Heptane- 
isopropanol 
(40:40) 
0.025-0.57 

Peak ident$cation 
Mixtures of four or seven flavones, depending on their ease of separation, were 

prepared, each flavone being present at least in two mixtures_ For simple identifica- 
tion, compounds were mixed in different proportions and for each injection one or 
two flavones were increased in concentration. Results were calculated from the area 

counts on the integrator. 

Qualitative determinations 
Retention times and capacity factors were determined for each flavone. At least 

two or three injections of each mixture were made, and 4-8 results were obtained for 
each flavone. Capacity factors were averaged. 

Quanktative determinations 
Linearity of response_ The range of linearity of the detector response was de- 

termined by injecting mixed standard solutions of six principal flavones (2, 7,8, 15, 16 
and 17) using the injection loop valve and plotting peak areas against mass of flavone 
injected. 

Sensitivit_v. The sensitivity of the method was determined for the principal 
flavones; sensitivity was defined as the smallest amount of flavone that would gice a 
peak height of twice the peak-to-peak noise level. 

Response factors. Response factors were determined chromatographically and 
using UV spectroscopy. Mixed standard solutions of flavones were chromatographed 
with eluent D (n-heptane-isopropanol, 60:40) containing 0.05% water. Peak areas 
were counted by the integrator. The values obtained were compared with those of 
nobiletin 16, which was chosen as a standard. The determinations were made at a 
wavelength of 280 rmr. 

Application to quantitation of industrial citrus oils 
Samples of different origin (Guinea, Israel, Brazil) were diluted lo-fold with 

absolute ethanol and lo-p1 volumes were injected using the loop valve. The amounts 
of the flavones present were calculated from the area counts of the integrator using 
the response factors for the standards_ 
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RESULTS AND DISCUSSION 

Qualitative analysis 
Capacity factors of the polymethoxylated llavones were determined with 

eluents A-D. The role of water in adsorption chromatography on silica or alumina 
has often been studied30-3’. The time necessary to obtain good water and mobile 
phase equilibrium is about 10 h33 with apolar solvents and about 10 min with polar 
solvents mixed with water over a wide percentage range3’a3’. We observed in this 
work that after a few hours the column was readily stabilized. Capacity factors 
obtained for a particular flavone were stable for a whole day. The stabilization period 
may be shortened without adverse effects. Rapid equilibrium with any solvent mix- 
ture in Table II is due to the presence of water-miscible alcohols (ethanol or iso- 
propanol). This observation is in agreement with those observed elsewhere3&. The 
accuracy and reproducibility of capacity factor measurements was about 4-6 %_ 

The results obtained are shown in Figs. l-4. A logarithmic scale was used for k’ 

k’ 

O-502 0.1 0.050.04 0.03 0.02 
I' ' 1 1 

water% 

5 

8 

10 
2 

16 
7 

12 

147 
9 

15 

11 

0 200 400 
'P 

Fig. 1. Variation of the capacity factors of polymethoxylated flavones with concentration of water in the 
mobile phase. Solvent, n-heptane+%banol (9O:lO). Compound identscation as shown in Table I. k’ = 
capacity factor; X = molar fraction of water in the solvent mixture. Column: 25 cm x 4 mm I.D. 
LiChrosorb Si 60 (6 ,um)_ 
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1 

.5 

16 

127 
17 
14 
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11 
15 

13 

1 

200 400 
‘P 

Fig. 2. As Fig. I, except for the solvent mixture: n-heptaneethanol(75:25). 

in order to avoid crowding of small values. The water content was plotted as a 
percentage and also inverse molar fraction 34 The percentage of water varied between . _ 
0.025 and 0.5%. For lower water contents serious peak distortion of the more re- 
tained compounds occurred so that the chromatograms were difficult to interpret_ 
For higher water contents partition phenomena are important. For each solvent 
system, capacity factors were determined with four different water contents_ 

n-Hep fcne-er~afzol fni_mcres 

With eluent A (Fig. 1) the capacity factors are fairly constant for water con- 
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0.0 5 water l L 
, 

6 
3 

8 

2 
10 

16 
12 

1 

200 400 600 
I/X 

Fig. 3. As Fig. I, except for the solvent mixture: n-heptane-isopropanol (70:30). 

tents up to 0.06 %, with an increase in retention at higher water contents_ Saturation 
with water for this solvent mixture is about 0.4 o? at ambient temperature (XI--22°C). 
For such a high water content there is competition between polar solvent molecules, 
which are generally fixed at the stationary phase surface, and molecules of water36. 
Partition phenomena then play an important role in the separation. The groups 10-2, 
16-7 and 17-14-9 are inseparable under such conditions with columns of the usual 
efficiency. When the proportion of polar solvent is increased to 25 o/0 (solvent mixture 
B, Fig. 3) the capacity factors depend slightly on the water content, especially for the 
most retained compounds (3-6). Separation of compounds 11 and 15 (tangeretin) is 
possible only at higher water contents. With heptamethoxyflavone (17), tetra-O- 
methylscutellarein (7) and nobiletin (16), which are major components of orange oil, 
separation may be effected with low or medium water contents (Fig. S), but at high 
water contents the peaks of tetra-0-methylscutellarein and nobiletin (compounds 7 
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o-05 0.03 wa t e r 7. 

^. 

1 
I I , I t 

200 400 600 I/X 

Fig. 1. As Fig. 1. except for the soltent mixture: n-heptane-isopropanol (60:40). 

and 16) become closer together. thus further decreasing the resolution (Fig. 6). A 
similar effect is observed with compounds 2 and 10 (Figs. 5 and 6). 

The optimal solvent system has a water content ranging from 0.02 to 0.05 ‘?& 

n-Heptane-isopropanol mixture.5 
In all instances, with these solvent systems (C and D, Table II) the retention 

decreases when the water content increases. as shown in Figs. 3 and 4. For lower 
water contents the peaks are very asymmetric, the last compounds being strongly 
retained_ Such conditions are not useful for quantitative determinations. 

In general the separations are slightly affected by variation in the water con- 
tent, excepted for compounds 2 and 10, which became inseparable at water contents 
of 0.3-0.5 % (Figs. 7 and 8). With solvent system D the separation of tetra-O-meth- 
ylscutellarein and heptamethoxyflavone (compounds 7 and 17) is also more difficult. 

With both n-heptane-ethanol and n-heptane-isopropanol solvent mixtures the 
selectivities for the most important polymethoxylated flavones in tangerine and 
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1 

J I I I I I I I 

0 10 20 MlnutPs 

Fq. 5. Separation of polymethoxylated flavones. Column: 25 cm x -l mm I.D., LlChrosorb Si 60 (6 pm). 

Sokent: n-heptane-ethanol (75:25w.O_ 7 5; water. flow-rate 0.45 mljmin. Sample voiume: 10 /II (various 

amounts of compounds). Detection: UV absorbance at 1750 nm. Peak identdkttton as shown in Table 1. 

15 7 

0 10 20 30 Mrnutes 

Fig. 6. As Fig. 5. except water content, 0.1 9/,. 
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1 15 

I 

7 

I , I I I I I I 

0 10 20 MinUtC?S 
Fig. 7. As Fig. 5, except solvent mixture, n-heptane-isopropanol (6040). and water content, 0.03 “,A. 

orange oils analyses are improved when larger proportions of polar solvent are used 
as can be seen if one compares solvent mixtures A and B (Figs. 1 and 2) with C and D 
(Figs. 3 and 4). However, the use of higher proportions of polar solvent is not con- 
venient. The capacity factors decrease and if the relative retention of adjacent com- 
pounds increases, the effect on the separation according to the resolution equation3’ 
is not necessarily optimal. On the other hand, an increase in the viscosity of the 
mobile phase requires the use of lower flow-rates in order that the mass transfer 
resistance does not increase the HETP too much3’. 

Of the four solvent mixtures studied, systems B and D are the most interesting 
for water contents of 0.05-0.02%. 

Injhence of substitution of the pol~~netho_~~~latedflaa\~ones on retention 

The retention of polymethoxylated llavones changes with variation in the num- 
ber and position of the methoxy groups introduced into rings A, B and C of the 
flavone3’_ 

If we consider substitution on the B ring, the methoxy groups on rings A and C 
remaining unchanged, we observe the following sequence for the capacity factors: 
6,7,8- 6 5,6,7,8- K 5,6,7- < 5,7- < 5,7,8-. On the other hand, the introduction of a 
methoxy group in position 3 decreases the retention whereas introduction in position 
3’ increases the retention. The simultaneous introduction of a methoxy group in 
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I I I I I I 

0 10 20 Mtnures 

Fig. Y. As Fig. 7. except water content, O.ZY;. 

positions 3 and 3’ results in an increase in k’. For instance, with flavones 3.4,5 and 6 
the following sequences are observed: 5 -C 3.4 > 3 and 6 > 3. With flavones 7. 8, 9 
and 10 the following sequences are observed: 9 -z 7, 8 > 7 and 10 > 7. 

QlrarUitative cietertnirmtion 
Linearity of response_ This study was carried out using the polymethoxylated 

flavones 2, 7, 8, 10, 15, 16 and 17. The response of the detector was linear with 
amounts injected in the range 40-1000 ng, as shown in Fig. 9. It can be assumed that 
the other polymethoxylated llavones will give similar results under the same experi- 
mental conditions. 

Sensitivity. In chromatographic analyses the sensitivity depends upon numer- 
ous factors, including the detector performance (response, stability), the path length 
of the cell, and the stability of the baseline, which is affected by the pump pulsations 
and recycling of solvent. The peak height depends upon column efficiency and ca- 
pacity factors, which vary according to solvent polarity_ Finally, the sensitivity is 
better when the absorbance for a particular wavelength is higher. 

Under the experimental conditions used in this study, at 280 nm the sensitivity 
of the method averaged between 5 to 10 ng for the seven tlavones studied. The 
sensitivity can be increased by improving some parameters, as pointed out above. 

Response factors. Using UV spectroscopy, absorbance (for 1 mg/l) in the sol- 
vent mixture n-heptane-ethanol(9O:lO) containing 0.05 o/0 of water and for the three 
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I 
1 2 Yg 

Fig. 9. Plot of peak area versus amount injected. Compounds identification as shown in Table I. Column 
and chromatographic conditions as in Fig. 7. 

. 
TABLE III 

RESPONSE FACTORS OF POLYMETHOXYLATED FLAVONES* 

Response factors determined using the solvent mixture n-heptane-isopropanol (60:40) containing 0.05 % 
of water. flow-rate 0.45 ml/min; column. 25 cm x 4 mm I.D., LiChrosorb Si 60 (6 q). 

FIavone liV detecfion 
No. 

254 urn 280 nnr 365 ,rnr 

A* R.4* A* &I** RFc** Af RAff 

1 7.9 1.56 7.6 2.05 0.10 0.09 
2 5.5 1.1 4.6 1.24 1.20 0.30 0.27 
3 3.9 0.78 5.4 1.46 1.10 1.00 
4 4.2 0.84 3.1 0.84 2.5 2.26 
5 3.7 0.74 3.2 0.86 2.6 2.36 
6 4.2 0.84 2.3 0.62 3.2 2.90 
7 3.7 0.74 3.7 1.00 0.95 0.10 0.09 
8 3.8 0.76 2.7 0.73 0.73 0.34 0.31 
9 4.7 0.94 2.3 0.62 0.87 0.80 

10 4.6 0.92 2.0 0.54 0.65 I.5 1.36 
11 2.7 0.54 4.6 1.24 0.90 0.82 
12 4.4 - “.00 -- 3.6 0.97 2.6 2.4 
13 2.0 0.40 1.1 0.30 0.78 0.71 
14 3.0 0.72 1.3 0.35 2.6 2.4 
15 3.1 0.62 4.5 1.22 1.33 0.26 0.24 
16 5.0 1.00 3.7 1.00 1.00 1.1 1.00 
17 4.4 0.88 2.0 0.54 0.60 2.3 2.15 

l Polymethoxylated flavone absorbance For the fixed-wavelength detector. 
f* RA = relative absorbance expressed as the ratio of the absorbance of the flavone to that of 

nobiietin (16). 
f*t RFC = response factor determined chromatographically. 
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wavelengths corresponding to the UV detector filters were determined (Table III). We 
have used nobiletin (compound 16) as a standard for relative absorbance (RA) calcu- 
lations. 

We determined response factors at 280 nm, comparing the slopes of the 
straight lines in Fig. 9 with nobiletin (16) as a standard. The values obtained are given 
in Table III, and show good agreement for the two methods. 

At 280 nm, the response factors of polymethoxylated flavone can vary in the 
ratio X05:0.30 (flavones 1 and 13). For the most important flavones in citrus, the 
deviations are not so high (0.54:1.46 for flavones 10 and 3, respectively). At 254 nm 
slight differences are observed (0.62:l.l for flavones 15 and 2). On the other hand, 

absorbances at 365 nm are very different because for some products the maximal 
absorption is very high 14s15 The UV spectra show that there is no wavelength where _ 
the absorbances of polymethoxylated flavone are identical, so that a quantitative 
determination requires an accurate calibration under the experimental conditions 
used. Corrections can be made using the values given in Table III. 

Response factors of flavones at various wavelengths should be an aid in the 
identification of compounds or for composite peak determinations. 

For injections of identical amounts of compounds, under the same chromato- 
graphic conditions the peak heights are proportional to the absorbances of the com- 
pounds at the wavelength considered. We injected 10 ~1 of the same solution and 
recorded absorbances ast 254, 280 and 365 nm, as illustrated in Fig. 10. Peak-height 
ratios are given in Table IV, and also responses ratios calculated from Table III. The 
results for the two methods are in good agreement for 254 and 280 nm. On the other 
hand, for 280 and 365 nm the differences in the peak-height ratios are clearly higher, 
especially when the absorbance measured by the UV spectrophotometer at 365 nm is 
very low. The higher response of the ISCO detector may be explained by its wide- 
band frequency range. 

16 
I 12 

I I II I I I I I 

0 u 10 20 MlWV% 

Fig. 10. Chromatograms of some polymethoxylated flavones at 254,280 and 365 MI. Peak identification as 
shown in Table I. Column and ckomatographic conditions as in Fig. 7. 
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T.4BLE IV 

COMPARISON OF RESPONSE RATIOS OF POLYMETHOXYLATED FLAVONES AT DIF- 
FERENT UV WAVELENGTHS 

Response ratios determined using the solvent mixture n-heptane-isopropanol (60%) containing 0.05 % 
water, flow-rate 0.45 ml/min; column, 35 cm x 4 mm I.D., LiChrosorb Si 60 (6 _um)_ 

Flapone 
NO. 

Name U V wavelerzgth ratio 

2541280 nnt 

H* A** 

280/365 nnt 

H* A** 

.? 5,7,4’-Trimethoxyflavone 1.03 1.20 11 15 
I Tetra-0-n_ethylscutellarein 0.86 1.00 13 37 
s; 5,6,7,3’,4’-Pentamethoxyflavone 1.27 1.41 1.8 8 

i5 Tangeretin 0.78 0.69 8.0 17 
16 Nobiletin 1.23 1.35 2.0 3.3 
17 Heptamethoxyflavone 1.03 1.20 10.8 15.3 

* H = peak-height ratio at 254 and 280 nm or 280 and 365 nm. 
* A = absorbance ratio at 2.54 and 280 nm or 280 and 365 nm. 

Quantitative determination of polqt~tethos,llatedflaa~~oloiles in industrial orange oils 
Polymethoxylated flavone contents were determined for three samples of 

industrial orange oils of different origins (Guinea, Israel and Brazil). In previous 
determinations5~“-‘3, nobiletin was listed as the major component of tangerine peel 
oil, whereas flavones 7, 8, 15 and 17 were the most important in orange peel. 

Six polymethoxylated flavones were identified and quantified_ The results ob- 
tained are given in Table 1’. It can be seen that the total flavone content and the 
proportions of the six polymethoxylated flavones are different for the three samples, 
heptamethoxyflavone (17) being the major one in Guinea and Israel oils and tanger- 
rtine (15) in Brazil oil. In ail three samples sinensetin (8) is the least abundant 
polymethoxylated flavone. 

TABLE V 

DETERMINATION OF QUANTITATIVE POLYMETHOXYLATED FLAVONES IN INDUS- 

TRIAL ORANGE OILS 

Determined using the sclvent mixture ,z-heptane-isopropanol(60:40) with 0.05 y0 of water, flow-rate 0.45 
ml/min: column, 25 cm x 4 mm I.D., LiChrosorb Si 60 (6 pm). Injection of 10 ~1 of industrial oil diluted 

1 O-fold with absolute ethanol. 

Fiarone 
No. 

Name Amount fotmd (g/l) 

Guinea Israel Brazil 

15 Tangeretin 0.84 0.36 0.68 
7 Tetra-0-methylscutellarein 0.50 0.16 0.18 

17 Heptamethoxyflavone 1.24 0.42 0.36 

16 Nobiletin 0.98 0.25 0.34 
10 3,5,6,7.3’,4’-Hexamethoxyflavone 0.70 0.06 0.04 

8 Sinensetin 0.16 0.05 0.04 
Total 3.92 1.30 1.64 
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CONCLUSION 

Studies of the capacity factors of various polymethoxylared flavones by 
straight-phase HPLC using four solvent systems with various water contents showed 
that systems B (rz-heptane-ethanol, 75:X) and D (rz-heptane-isopropanol, 60:40) are 
the most useful with water contents ranging from 0.05 to 0.02 %. 

The determination of response factors using chromatography or UV spectros- 
copy at different wavelengths allows a quantitative study of polymethoxylated fla- 
vones in citrus fruits. The results can be used to establish the amounts of polyme- 
thoxylated flavones ingested from orange juice for clinical experiments. 
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