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A simple HPLC method is described which allows screening and accurate quantification o f  aro­
matic secondary lichen substances. Using a linear water-methanol gradient on a reversed-phase 
column packing (LiChrosorb RP-8) 13 aromatic lichen products were resolved within 55 min.
With 8 arbitrarily selected lichens the application o f  the described method is demonstrated.

Introduction and included two M odel 740 B pum ps w ith
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In analyses o f secondary lichen substances, which 
occur in an extrem e variety [ 1 ], quantita tive determ i­
nations w ithout isolation o f individual com pounds 
are restricted to a few lichen constituents, for exam ­
ple usnic acid [2] or atranorin  [3]. T he use o f gas 
chrom atography tu rned  out to be lim ited applicable 
[4], High perform ance liquid chrom atography 
(HPLC), which proved w ithin the last decade to be 
almost universally applicable to chrom atographic 
problem s, was first applied  to lichen substances in 
1972 [4]. However, since then this application was 
not further pursued.

W e report results o f  the application o f  reversed- 
phase H PLC to the analysis o f  13 arom atic seconda­
ry lichen substances, and  we dem onstrate with 8  ar­
bitrarily selected lichens that the described m ethod 
is applicable to rapid  screening and  quantification o f 
arom atic lichen constituents from crude alcoholic 
extracts.

Materials and M ethods

Extraction o f lichen substances was done by plac­
ing hom ogenized (m ortar) plant m aterial for 1 2  h 
into m ethanol (10 mg in 2 ml). A fter centrifugation 
the supernatan t was filtered through a 1 jxm Millipo- 
re filter (Swinny) and w ithout further treatm ent was 
applied to HPLC.

The liquid  chrom atograph  used was obtained 
from  Spectra-Physics (Santa C lara, Calif., USA)
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744 solvent program m er and  a 755 sam ple injector 
(loop and syringe injection m ode). F or detection a 
Spectra-Physics SP 8200 dual-beam  U V /visib le de­
tector with a SP interference filter kit was used. The 
chrom atographic colum n (250 X 4 m m ) was prepack­
ed with L iChrosorb R P - 8  (5 pim) (E. M erck, D arm ­
stadt, G FR ) and was run  at am bient tem perature.

In order to identify the peaks ob ta ined  from ex­
tracts, standard sam ples were exam ined separately 
by HPLC.

HPLC separation o f  the lichen substances was ac­
complished by gradient elution: linear from solvent 
A (water-acetic acid, 98 : 2) to solvent B (m ethanol) 
within 70 min. The flow-rate was 1 m l/m in , detec­
tion was at 254 nm, and the sam ple size was 10 (xl.

Retention tim es and  peak identifications were ob ­
tained with an A utolab System I com puting in tegra­
tor (Spectra-Physics, Santa Clara, Calif., USA).

Results and Discussion

The HPLC selectivity for arom atic secondary li­
chen substances was exam ined w ith 13 standard  
samples (Table I). A m ixture o f these com pounds 
can be resolved w ithin 55 m in (Fig. 1) allowing accu­
rate quantification o f the individual constituents. 
W ith a few exceptions the applied com pounds can 
be divided into two groups: depsides and  depsidones 
(see structures in Table I). W ithin one o f  each chem ­
ical group the H PLC elution depends on com ­
pound polarity and  is directly com parable w ith the 
mobility o f these com pounds in thin-layer partition  
chrom atography [5]. Thus, TLC o f lichen depsides
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Table I. Structures and retention times o f  aromatic secondary lichen substances which were applied to HPLC on LiChro- 
sorb RP-8 using a water-methanol gradient.

Peak No Compound Structure
CH3 HjO OH

tR (min)

1 Stictic acid CH#~\Cy)~000 \ O y ' ' c ,°  3®^ ^ Psoromic acid

o h c  0 C - °
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6 Vulp in ic acid <0XCOOCH3 
/  OH

9 Physodic acid
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8 Evernic acid CHjO COO COOH ^8.6

OH CHj

CHjCOCsHn OH

T ^ c o o ^ O ) -

41.9
COC4H9 OH

10 Lobaric acid

11 Usnic acid
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M in u te s

Fig. 1. HPLC resolution o f a standard 
mixture o f  aromatic secondary lichen sub­
stances on LiChrosorb RP-8 using a wa­
ter-methanol gradient. Peak identification 
as in Table I.
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Fig. 2. Application o f  reversed-phase 
HPLC to crude liehen extracts for resolu­
tion o f  aromatic secondary lichen pro­
ducts. Peaks designated with arabian nu­
merals are identified in Table I. Roman 
numerals tentatively designate the follow­
ing compounds: I, roccellic acid; II, pi- 
nastric acid; III, protocetraric acid; IV, 
physodalic acid. The lichens were collect­
ed from the following habitats: Buellia 
sororia Th. Fr. from Mechernich/Eifel 
(West Germany), 9/78; Cetraria tilesii 
Ach., near M usau/Alps (Austria), 7/69; 
Evernia prunastri (L.) Ach., near Barcelo­
na (Spain), 1/79; Hypogymnia physodes 
(L.) Nyl., D aun/E ifel (West Germany), 
3/78; Letharia vulpina (L.) Vain., Ötztal 
(Austria), 8/78; Pseudevernia furfuracea 
(L.) Zopf, Ötztal (Austria), 7/72; Roccella 
fuciformis (L.) DC., near Bonifacio/Corse 
(France), 4/75; Roccella fucoides (phycop- 
sis) (Dicks.) Vain., near Tharros/Sardenia 
(Italy), 5/78.
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and depsidones can give a first clue as to the reten­
tion times of these compounds on reversed-phase 
HPLC.

Attempts to shorten the elution time of the stan­
dard mixture resulted in simultaneous elution of 
stictic acid and erythrin on one hand and schizopelt- 
ic and vulpinic acid on the other hand. However, in 
the application, mostly concerned with simple mix­
tures of secondary lichen products, HPLC runs can 
be shorten down to 10 -  15 min.

Mixtures, containing besides depsides and depsi­
dones also pulvinic acid derivatives, e. g. pulvinic 
acid (Table I) or pinastric acid (see Fig. 2), are more

difficult to resolve, however, detection and quantifi­
cation of the individual compound can be done by 
altering the detection wavelength. For example, we 
were not able to separate the depsidone physodic 
acid from the pulvinic acid derivative leprapinic acid. 
Fig. 3 demonstrates that by shifting the absorbance 
detection to higher wavelength -  e. g. 365 nm which 
is available from the SP interference filter kit -  
leprapinic acid is highly sensitively detectable, 
whereas physodic acid escapes detection.

Fig. 2 shows HPL chromatograms from crude al­
coholic extracts of 8 arbitrarily selected lichens and 
the results are in agreement with known data from
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literature. This dem onstrates that H PL C  is an ex­
trem ely useful tool in qualitative and  quantitative 
analyses o f arom atic secondary lichen substances.

Culberson [4] reported  on H PLC  resolution o f 
atranorin, evernic and lecanoric acid from Parmelia 
taylorensis Mitch, and atrano rin  and  usnic acid from 
Ramalina paludosa, bo th  w ithin 4 m in. However, the 
used colum n packing (Corasil II, W aters Associates) 
exhibits deficient capacity factors for these com ­
pounds.

In routine analyses o f  crude lichen extracts with 
HPLC we recom m end the use o f pre-colum ns to 
avoid loading the anlytical colum n with extraneous 
com pounds that shorten its lifetime. W e observed a 
rapid increase in colum n back-pressure when we 
daily chrom atographed crude lichen extracts over 2  

to 3 weeks.
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Fig. 3. UV spectra o f  physodic and leprapinic acid 
in methanol.
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In conclusion the described m ethod could find a 
broad application in investigations on lichen ecology 
or in taxonom ic problem s, and we will report abou t 
this application in a jo in ing  paper. Especially this 
m ethod is applicable in investigations in which the 
analyses should be rapid and quantification is im ­
portan t and large num bers o f samples are needed.
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