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ABSTRACT 

To isolate the aristolochic acids HA,1 and HA,11 from a crude extract of the Aristolochia clematitis L. roots, preparative liquid 
chromatography was used. A system of reversed phases was applied with a methanol-water--acetic acid mobile phase. Conditions for 
the extraction of the acids with chloroform from the eluate were also elaborated. The production rate of the chromatographic sep- 
aration depending on the mobile phase composition was evaluated. 

INTRODUCTION 

Aristolochic acids, derivatives of 3,4-methylene- 
dioxy-lo-nitro-1-carboxyphenanthrene, belong, in 
addition to chloramphenicol and a few other natural 
compounds, to substances rarely found in nature 
that contain a nitro-group. Owing to their biological 
action [l-5] and their capability of potentiating 
leukocyte phagocytosis, they are used in the therapy 
of infectious diseases, although they also have some 
toxic properties [4,5]. Compounds of this group are 
difficult to separate, so a mixture of the aristolochic 
acids is used in therapy. 

Aristolochia clematitis L. roots contain six acids of 
very similar structure [6,7]; HA,1 and HA,11 are 
prevalent and the remaining four acids are found 
only in insignificant amounts. They can be isolated 
by a standard method consisting of methyl esteritica- 
tion followed by separation of the esters on alumina 
and de-esterification to the free acids. The yield of 
the de-esteritication process is very low, within the 
range 5515% [8,9]. Partial degradation occurs, 
probably owing to the known sensitivity of aromatic 

nitro compounds to alkalis. Kupchan and Wermser 
[7] separated a crude mixture of acids and their esters 
by chromatography using a column packed with 
silicic acid-Celite (4:l) and a mobile phase of 
chloroformethanol mixtures in various propor- 
tions. We failed to reproduce their experiments. 

In the method described here, we used high-effi- 
ciency preparative reversed-phase liquid chroma- 
tography to isolate HA,1 and HA,11 from a mixture 
of crude acids. A preliminary choice of the mobile 
phase for the preparative system was made with the 
use of an analytical system described elsewhere [lo]. 

In the last decade, many studies dealing with 
optimization of the experimental conditions of 
preparative elution chromatography have been re- 
ported, and general rules were established relating 
throughput or production rate with the various 
chromatographic parameters [ 1 l-l 61. An under- 
standing of these rules diminishes considerably the 
number of necessary trial-and-error runs, but does 
not eliminate them completely. The equations given 
in the literature can be used for the rough estimation 
of the parameters rather than for their accurate 
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Fig. 4. Dependence of production rate, Pi, on flow-rate. Column and mobile phase as in Fig. 1 

shows the changes in the production rate of HA,1 
and HAJI. The production rate of purified HA,1 is 
low and it would be profitable to increase the 
flow-rate. Our conclusions are similar to those in 
refs. 22 and 23. Unfortunately, technical problems 
limited the flow-rate of the mobile phase in further 
experiments to 8.3 cm3/min. The procedure was 
repeated ten times with mobile phase 3 and 28 mg of 
HA,1 and 65 mg of HA,11 were obtained. 

As was mentioned before, the solutes began to 
crystallize from the collected eluates after a few 
minutes. The crystallization process might be 
speeded up by cooling, but the crystals formed are 
very fine and considerable amounts of substances, 
particularly HAJI, remain in the filtrate. It is 
possible to evaporate the solvent using a vacuum 
evaporator but this takes a long time as the mobile 
phase contains much water. In addition, the evapo- 
ration must be carried out carefully because the 
acids are surface-active substances and cause exces- 
sive foaming. To avoid these difficulties, the acids 
were extracted from the eluate using various sol- 
vents. The best results were achieved with chloro- 
form; 3 x 5 cm3 were sufficient for complete 
extraction. This made it possible to diminish the 

volume of the solvent to be evaporated threefold and 
the evaporation process was much easier than with 
methanol-water-acetic acid mobile phase. 

In conclusion, it is possible to purify aristolochic 
acids by liquid chromatography. The low solubility 
of the sample in the mobile phase might be a 
substantial difficulty, but this problem was over- 
come by dissolving the sample in a solvent stronger 
than the mobile phase. A sample of volume 1.5 cm3 
in a solvent considerably stronger than the mobile 
phase did not decrease the resolution so much that it 
would not be possible to obtain acids of the required 
purity. 
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