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SUMMARY 

A procedure for the quantitative determination of 0-hydroxyethylated rutosides by 
high-performance liquid chromatography is described, which can be used for the detec- 
tion of these modified flavonoids in human serum. Serum samples are processed by the 
addition of acetone, which removes most of the proteins. After passing the supernatant 
through a microcolumn of Amberlite XAD-2 and washing with water, the hydroxyethylated 
rutosides are eluted with methanol. The eluate is concentrated in vacua. The methanolic 
solution of the residue is chromatographed on RP-8 columns using UV and fluorescence 
detectors. The mono- to tetrahydroxyethylated constituents and their corresponding agly- 
cones could be separated with a step gradient, starting with a solvent system of water- 
methanol-acetic acid (70:30:6) followed by a mixture of water-ethanol-acetic acid 
(70:30:6). Alternatively, the rutosides can be separated by a linear gradient of water- 
acetonitrile. An almost linear calibration curve and about 80% recovery are obtained. A de- 
tection limit of 1 mg/l is achieved. Pharmacokinetic studies in human volunteers are described. 

INTRODUCTION 

0-@-Hydroxyethyl)-rutoside (HR) has been used successfully in the therapy 
of various diseases like venous insufficiency and radiation damage [l, 21. In 
order to obtain reliable information about the pharmacokinetic character- 
istics of HR, a method had to be developed which allowed quantification of 
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the drug in human serum. The development of a suitable assay for HR in blood 
is a particularly difficult problem because HR is a mixture of rutosides, which 
are hydroxyethylated to a different degree (mono- to tetrahydroxyethyl) 
and at different positions [ 11. High-performance liquid chromatography 
(HPLC) in a reversed-phase system proved to be an efficient and sensitive 
method to solve the problem. Processing of serum samples and chromato- 
graphic separation is described including a successful application to a pharma- 
cokinetic study after intravenous administration of HR to human volunteers. 

MATERIALS 

Chemicals 
The commercially available mixture of the drug 0-(fi-hydroxyethyl)-rutoside 

(HR) was provided by Zyma (Munich, G.F.R.). The individual components 
of this flavonoid mixture were obtained by purification on Sephadex LH-20, 
obtained from Pharmacia (Uppsala, Sweden). Subsequent acid hydrolysis 
of the separated compounds yielded their aglycones [3, 41. The individual 
components were identified by gas chromatography and mass spectrometry 
[51* 
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Fig. 1. Processing scheme for 0-(p-hydroxyethyl)-rutosides in human serum. 
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Freshly distilled solvents were used, together with the resin Amberlite 

XAD-2, supplied by Serva (Heidelberg, G.F.R.). 

Blood samples 
The serum samples were obtained from hospitalized volunteers, whose 

identity was unknown to us. Serum samples were kept deep frozen and thawed 
at room temperature before use. 

METHODS 

Processing 0 f serum samples 
In each case 1 ml of serum was processed (Fig. 1). After acetone precipita- 

tion of most of the serum proteins, chromatography of the residue was carried 
out on an Amberlite XAD-2 column (50 X 6 mm). The salts, free sugars and 
other interfering components were first removed with water; finally the ruto- 
side mixture was eluted with methanol and concentrated in vacua. 

High-performance liquid chromatography 
HPLC measurements were made with equipment from Waters Assoc., con- 

solvent programmer (Model 660), sisting of two pumps (type M 6000A), a 
an integrator and a UV detector (Model 440) with a fixed wavelength of 
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254 nm. Fluorescence detection was performed with an instrument from 
Schoeffel (Model FS 970) with an excitation wavelength of 355 nm, and 
emission at 460 nm and above. The fluorescence detector was connected to 
a Hewlett-Packard liquid chromatograph (type 1084B) equipped with an 
automatic sample applicator and integrator. 

The columns used were either LiChrosorb RP-8 (10 pm, 250 X 4 mm) or 
LiChrosorb RP-8 (5 pm, 100 X 4 mm), both from Merck (Darmstadt, G.F.R.). 
The step gradient was performed with two solvent systems: watermethanol- 
acetic acid (70:30:6, v/v, system A) and water-ethanolacetic acid (70:30:6, 
v/v, system B). For separation of rutosides and aglycones in a single run, 
system A was applied for 6 min, then system B for 14 min, both at a flow-rate 
of 0.9 ml/min. Alternatively, for the separation of the rutosides a linear gra- 
dient of water (pH 3 adjusted with sulphuric acid)-acetonitrile was used. The 
samples were introduced in volumes of between 10 and 100 ~1 via a sample loop. 

b) 

;- 
- 

Fig. 3. (a) HPLC separation of HR. Conditions: LiChrosorb RP-8 (250 x 4 mm, 10 pm, 

Merck); mobile phase, gradient acetonitrile-water (pH 3); UV detection at 256 nm. (b) 
Conditions as in Fig. 3a but with fluorescence detection (excitation, 355 nm; emission, 

460 nm). 
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RESULTS 

Separation of aglycones and glycosides 
Preliminary experiments were carried out in order to optimize the separa- 

tion of HR in mixtures with their aglycones. Excellent separation of the 
glycosides was achieved using solvent system A (Fig. 2). The glycosides could 
be separated as well with the solvent mixture acetonitrile-water (pH 3) under 
gradient elution (Fig. 3a and b). The rutosides and their corresponding agly- 
cones can be readily separated in a single run when elution is performed with a 
step gradient (Fig. 4) with solvent system A followed by solvent system B. 
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Fig. 4. HPLC separation of HR and HR aglycones in a single run. Conditions as in Fig. 2 
but with a step gradient: system A (water--methanol-acetic acid, 70:30:6) for 6 min, 
then system B (water-ethanol-acetic acid, 70:30:6) for 14 min. 

Quantitative determination of HR in human serum 
In order to prepare a calibration curve quantities of 10, 20, 50, 100, 150, 

200, 250 and 300 pg of HR were each added to 1 ml of human serum and the 
mixtures processed in accordance with the scheme shown in Fig. 1. The proce- 
dure was carried out twice for each quantity. A lo-p1 volume of each filtrate 
was subjected to HPLC and an integrator used to measure the peak areas cor- 
responding to the di- and triethers on the one hand and the tetra-ether on the 
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other. Because only the tetra-ether displayed a reasonable fluorescence, the 
di- and tri-ethers were determined by UV absorption. In both cases we ob- 
tained calibration curves which displayed a linear correlation between the 
amount of HR added and the observed peak area. The recovery was deter- 
mined by comparison of the areas given by pure HR and by HR determined 
in the serum; it was about 78% (*8). The limit of detection is at least 1 pg 
of HR per ml of serum, added before processing. Fluorescence detection of 
the tetraether was even more sensitive, with a detection limit of about 100 
ng/ml serum. 

Detection of HR in human serum after intravenous administration 
In the first series of experiments we used the step gradient system and UV 

detection. Three male volunteers received a bolus injection of 1.5 g of HR at 
8 a.m. Blood samples were then taken at 15, 30, 45, 60, 90 min and at 2, 3, 
4, 6, 7, 12 and 24 hours. Each serum sample (1 ml) was processed as described 
in Fig. 1 and subjected to HPLC. The sums of the peak areas for the di- and 
tri-ethers were calculated on the basis of the calibration curve. The change in 
the blood HR level is shown in Fig. 5. The nature of the measured compounds 
was confirmed by collecting the di- and tri-ethers and identifying them by 
mass spectrometry [ 3-51. In the second series the acetonitrile-water gra- 
dient system and fluorescence detection as well as UV absorption were used. 
Three different volunteers were treated as outlined above and serum concen- 
trations of di- and tri-ether as well as those of the tetra-ether were determined. 
The results are outlined in Fig. 6. 

0.5 1.0 15 20 25 3.0 3.5 

time [hl 

Fig. 5. Change in the blood HR level following intravenous injection of 1.5 g of HR for 
each of three male volunteers. The points are calculated from the peak areas of the di- and 
tri-ethers of HR. 
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Fig. 6. Semilogarithmic concentration-time curves for each of three subjects following 
intravenous administration of 1.5 g of HR. (a) Di- and tri-ethers, (b) Tetra-ether. 

DISCUSSION 

Two test series were carried out independently in each respect leading 
to identical results, thus confirming the reliability of the HPLC assay of O- 
(/3-hydroxyethyl)-rutosides. Furthermore, the results of the pharmacokinetic 
studies after intravenous administration are in accordance with the results 
obtained by Fijrster [6] and Griffiths and Hackett [ 71, who used thin-layer 
chromatography and i4C-labeled HR. In addition, the HPLC results fully con- 
firm the concentration-time curves of our group, obtained by circular di- 
chroism measurements of serum samples after intravenous administration 
of HR [8]. 

The concentration-time curves of all six subjects are very similar in shape 
(Figs. 5 and 6). Measurable amounts of di- and tri-ethers are no longer present 
after 4 h. However, fluorescence detection clearly revealed traces of tetra- 
ether in all three subjects after 6-S h. The biphasic elimination curve for 
the di- and tri-ethers could indicate a distribution of these compounds into 
deeper compartments. A closer examination of the serum chromatograms 
from the intravenous tests revealed the following differences in comparison 
with chromatograms of pure HR solutions in water and the serum HR stan- 
dard solutions. Soon after intravenous administration of HR, a new UV- 
positive and fluorescent peak with a retention time of 12.1 min appears, which 
probably originates from a metabolite. This new peak decreases at the same 
rate as the HR components. Thus the possibility of accumulation of the metab- 
olite can be excluded. The question of whether this metabolite is identical 
with those mentioned in the literature [7] to originate from biliary excretion 
will be the subject of further experiments. 
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