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Intense peaks in the thermospray mass spectra obtained from Arnicu plant extracts can be correlated with the 
structures of liavonoid glycosides. We have developed a method to determine the presence and distribution of the 
various flavonoid glycosides in Arnica species based on the characteristic ions that are responsible for tbese peaks. 
Also, we have shown that thip method can be used to recognize wben Arnica drugs bave been adulterated by 
blending with extracts of Heterotheca imbiaks. 

INTRODUCTION 

The medical community, both folk and modern, has 
used flower heads of Arnica montana L. for many pur- 
poses. In fact, the ‘Rote Liste’ of 1987 shows that 200 
remedies containing preparations of A. montana L. were 
on the market in the Federal Republic of Germany 
alone.’ In addition to the DAB 9, flower heads of A. 
montana L. are listed in 13 other pharmacopoeias. 

Procurement of flower heads of A.  montana L. has 
become increasingly difficult. The plant is protected, 
including specific protection in 1981 by the Washington 
agreement. Cultivation of A. montana L. is difficult. 
However, the North American A.  chamissonis Less. can 
be cultivated easily; it has been accepted by the phar- 
macopoeias of the German Democratic Republic (2. 
AB-GDR, 1966) and of the Soviet Union (Ph. USSR, 
1961) as the equivalent of A.  montana L. for the supply 
of Arnicae flos. No differentiation is made between the 
two subspecies in these pharmacopoeias. Recently, the 
DAB 9 also accepted A. chamissonis Less., but only the 
subspecies foliosa.2 

Arnicae flos are used for external application, mainly 
as a tincture. They are used as anti-inflammatory and 
antiseptic agents, as well as for stimulation of resorption 
by contusions and sprains. Because of secondary effects, 
internal use as a cardiac remedy is not re~ommended.~ 

In recent years sesquiterpene lactones have been iso- 
lated from A. montana as the essential pharmaco- 
logically active compounds.”6 However, because of 
recent examinations flavonoids have to be discussed to 
participate in the anti-inflammatory action. 

Several factors play a role in the anti-inflammatory 
effect, with flavonoids said to influence this process at 
different stages. Flavonoids inhibit various enzymes, 
such as phospholipase A, ;7 cyclooxygenase, lipoxy- 
genase’,’ and 9-hydroxyprostaglandin dehydroge- 
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nase,’ involved in arachidonic acid metabolism. Flavo- 
noids inhibit the release of histamine from mast cells 
and basophils involved in the pathogenesis of inflamma- 
tory responses.’ I-’ Oxidative attack of membrane 
phospholipids leading to the peroxidation of polyunsa- 
turated fatty acids is thought to be one of the principal 
mechanisms inducing cellular damage and contributing 
to the production of inflammation. Flavonoids have free 
radical scavenging properties that prevent lipid peroxi- 
dation.14 The many biological and pharmacological 
effects of flavonoids have recently been reviewed. ’’ 

Because of dificulty in obtaining flower heads of A. 
montana L., Arnica drugs are often adulterated by 
blending them with extracts from Heterotheca inuloides. 
An increasingly large number of adulterations have 
been reported. ’ 

In the pharmacopoeias, flavonoid glycosides are used 
for identity (2. AB-GDR) and purity test (DAB 9, FRG) 
by thin-layer chromatography (TLC). Flavonoid glyco- 
sides often have nearly identical &-values in TLC, with 
spots overlapping, making it impossible to identify them 
in mixtures containing several related components. 
Nevertheless, the flavonoid patterns of both Arnica 
species have largely been clarified recently. ’ 7-2 

TLC and high-performance liquid chromatography 
(HPLC) combined with refraction (RI) or ultraviolet 
(UV) detection are not specific enough for the 
unequivocal identification of targeted flavonoid glyco- 
sides. Also the resolution of TLC is often not sufficient 
to separate all the components. Therefore, we have 
investigated HPLC coupled with thermospray mass 
spectrometry (TSP LC/MS) for use as a fast and reliabk 
method for determining the presence and distribution of 
the various flavonoid glycosides in flowerhead extracts 
of Arnica species. 

We chose TSP LC/MS for two major reasons. First, 
TSP is a ‘soft ionization’ technique that mainly forms 
adduct ions from molecules, such as [M + HI+. These 
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adduct molecular ions allow rapid determination of the 
molecular weight of the component, and the molecular 
formula can be obtained from exact mass measure- 
ments. Second, under TSP conditions flavonoid glyco- 
sides form fragment ions from which their structures 
can be elucidated. The presence of individual com- 
ponents in complex mixtures can be observed by the use 
of mass chromatograms of these characteristic adduct 
and fragment ions. To aid in identification, TSP LC/MS 
retention times of the components in mixtures can be 
compared with retention times of standard compounds. 

One point of focus in this work was the development 
of a fast and reliable method based on TSP LC/MS for 
the verification of the absence of adulteration of Arnica 
drugs. This method is based on the differences between 
the flavonoid glycoside patterns of Heterotheca flower 
extracts and Arnica flower extracts. Rutin, the main fla- 
vonoid glycoside in Heterotheca, is not present in 
Arnica. The specificity of TSP LC/MS is easily suficient 
for determining the presence or absence of rutin in 
Arnica drugs.26 

~~~ ~ ~ 

EXPERIMENTAL 

Mass spectrometry 

Since its introduction, TSP has undergone extensive 
investigation as an ionization technique and as an inter- 
face between HPLC and mass s p e c t r ~ r n e t r y . ~ ~ - ~ ~  The 
function and design of TSP interfaces are described else- 

A Finnigan MAT 90 magnetic sector mass 
spectrometer, a double focusing, high resolution system, 
was used for this study, along with a Finnigan MAT 
TSP LC/MS interface. The TSP interface consists of a 
heated source block and a resistively heated vaporizer 
with a fast electrical feedback circuit from which electri- 
cal power is applied in proportion to the liquid flow. 
The ion source temperature was 260°C, and the vapor- 
izer temperature was held at 115 "C. The temperature of 
the aerosol in the source's jet chamber was 170-180 "C. 

The resolution of the mass spectrometer was set at 
lo00 (10% valley definition) to obtain total-ion and 
mass chromatograms, and at 7000 for all exact mass 
measurements. Polypropylene glycol was used as the 
internal standard. A quantity of 2 pg of each of a selec- 

tion of representative flavonoid glycosides was intro- 
duced into the TSP interface by loop injection for exact 
mass determinations (Table 1). 

Liquid chromatography 

A gradient, over a period of 20 min, of 30-70% meth- 
anol in 3% acetic acid was used as the mobile phase. 
The flow rate was 1 ml min-'; 0.05 M aqueous 
ammonium acetate solution was added after-column 
with a flow rate of 0.5 ml min-'. HPLC-grade water 
and methanol, as well as ammonium acetate, were 
obtained from Merck, Darmstadt, Germany. For the 
determination of adulteration of Arnica drugs by the 
admixture of Heterotheca extracts, ammonium acetate 
was added to the eluent after-column as described 
above; a linear gradient of 3676% methanol in 0.05 M 
aqueous ammonium acetate was used as the mobile 
phase at a flow rate of 1.3 ml min-'. A Varian Micro- 
pack MCH-10 C-18 column, 30 cm x 4 mm (id.), was 
used for all separations. 

Sample preparation 

Plant extracts. Pulverized flower heads (10 g) were 
extracted in 100 ml of 70% methanol at 60°C for 30 
min. The methanol was evaporated, and the aqueous 
residue was shaken with n-hexane to remove the plant 
lipids. The separate aqueous phase was adjusted to pH 
2 and put on XAD-2 resin. The resin was washed with 
water until neutral and then extracted with 50 ml of 
50% methanol followed by 50 ml of pure methanol. The 
combined methanolic extracts were evaporated to 
dryness. A quantity of 500 mg of the residue was dis- 
solved in 5 ml of pure methanol; 20 p1 was injected onto 
the HPLC column. 

Standard compounds. From the plant extracts, individual 
flavonoid glycosides were isolated. This procedure and 
a description of their structure elucidation can be found 
e1~ewhere.l~ The purified glycosides were used as refer- 
ence for the determination of retention times, as well as 
for the investigation of their mass spectral behaviour. 
For the latter purpose, 20 pl of the glycosidic solution 
was injected into the TSP interface by a direct-linked 
injection loop. Spectra were obtained from quantities of 
10-50 ng. 

Table 1. Precise mass measurements and the calculated formulas of a representative selection of the investigated flavonoid glycosides 

Glycoside [Aglycone + H J + [M + H I +  

Kaempferol 3-0-8-glucoside 287.05631 (+0.8 mmu) C,,H,,O, 449.10941 (+1.0 mrnu) C,,H,,O,, 
Hispidulin 7-0-~-giucoside 301.07202 (+0.8 mmu) C,,H,,O, 463.12514 (+1.1 mmu) CZ2H2,0,, 
Patuletin 3-0-8-glucoside 495.1 1425 (+0.4 mmu) C,,H,,O,, 
Spinacetin 3-0-/3-glucoside 509.1301 1 (+0.6 mmu) C23H250,3 
Patuletin 3-O-~-glucuronide 509.09434 (+1.2 mmu) C,,H,,O,, 
Quercetin 3-0-(6"-acetyl) -8-glucoside 507.1 1459 (+0.72 mmu) C,,H,,O,, 

333.06221 (+1.17 mrnu) C,,H,,O, 
347.07701 (+0.32 mmu) C,,H,,O, 
333.061 57 (+0.53 mmu) C,,H,,O, 
303.05100 (+0.5 mrnu) C15H,,0, 
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RESULTS AND DISCUSSION 

Flavonoid glucosides 

The use of soft ionization techniques in the mass spec- 
trometric analyses of glycosides has been extensively 

Therefore, TSP ionization as a soft 
ionization technique can also be expected to yield the 
same significant structural information. An overview of 
the general fragmentation pathways with TSP ioniza- 
tion (Fig. 1) shows that this is indeed the case. In addi- 
tion to the [M + H]+ ion (e.g. m/z 465 in the spectrum 
of quercetin 3-O-glucoside, Fig. 2), ions that are charac- 
teristic of the aglycones (e.g. m/z 303) and of the sac- 
charide [e.g. m/z 162 (C6H8O4+NH4'), m/z 180 
(C,H,,O, + NH4+) and m/z 198 (C6HI2O6 + NH4+)] 
are present. These formulas have been confirmed by 
exact mass measurements (Table 1). 

The same fragmentation behaviour is found in the 
mass spectrum of rutin, the only disaccharide analysed 

in this study. In addition to [M + HI+ at m/z 611, its 
mass spectrum shows a signal at m/z 465 for cleavage of 
the bond between the two sugars (Fig. 3). 

Flavonoid 6-acetylglucosides 

Figure 4 shows the TSP mass spectrum of the 6"- 
acetylated quercetin 3-0-glucoside. It is typical of all 
acetylglucosides used in this study. In addition to the 
peak corresponding to the protonated aglycone, a peak 
corresponding to [M + HI+ is found at m/z 507. Peaks 
are present for the ammoniated saccharide, at m/z 240 
(C,HI,O, + NH4+), m/z 222 (C,H120, + NH4+) and 
m/z 204 (C,H,,O, + NH4+). 

Flavonoid glucuronides 

An intense peak for the protonated aglycone (e.g. m/z 
303 for quercetin 3-O-glucuronide, Fig. 5)  is found in 

R' 

OH 

/ 

0 
+ H  

OH 
R5 0 OH r R' 1 0  

Glucose: 

0 
W.NH3 ToQ-COH 
OH m/z 198 

6-Acetyl-Glucose: Glucuronic Acid: 

Figure 1. Fragmentation pathway of the various types of flavonoid glycosides in TSP mass spectra. 
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Figure 2. TSP mass spectrum of quercetin 3-U-glucoside (sample introduced into the interface by loop injection, see text). 
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Figure 3. TSP mass spectrum of rutin (sample introduced into the interface by loop injection). 
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Figure 5. TSP mass spectrum of quercetin 3-0-glucuronide (sample introduced into the interface by loop injection). 
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the mass spectra of the flavonoid glucuronides. In con- 
trast, peaks of low intensity are found for the 
[M + HI+ ions (e.g. m/z 479, Fig. 5 )  and the glucuronic 
acid ions (m/z 194, C6H,0, + NH,+). Also, the detec- 
tion limit is a factor of ten less, because the response of 
glucuronides is an order of magnitude lower than that 
of the glucosides. Figure 6 is a compilation of the flavo- 
noid glucosides, acetylglucosides and glucuronides that 
were used in this study and that occur naturally in 
Arnica species. Figure 6 also includes the corresponding 
masses for their protonated aglycones and the proto- - .  
nated molecular ions. 

3-0-Glucosides 

OH 
Kaempferol R,= R,= -H 
3-0-8-glucoside R,= R,= R,= -OH 
(Astragalin) 

6-Methoxy- R,= H 
kaempferol R2= R,= R,= -OH 
3-0-O-glucoside R,= -OCH, 

Patuletin R,= R,= 
3-0-O-glucoside R,= R,= -OH 

Spinacetin R l =  R,= -OCH3 
R6= -OCH3 

3-0-8-glucoside R,= R,= R,= -OH 

lsorhamnetin R, = -OW3 
3-0-8-glucoside R,= R,= R,= -OH 

R6= -H 

Quercetin R,= R,= R,= 
3-0-O-glucoside R,= -OH 

R,= -H 

3-04 6"-Acetyl)-Glucosides 

Kaempferol R,=R,=-H 
3-O-(6"-acetyi)- R2= R,= R,= -OH 
R-glucoside 

Patuletin R,= R,= 

R-glucoside R,= -0CH3 

Quercetin R, = R2= R,= 

O-glucoside R,= -H 

3-0-(6"-acetyl)- R,= R,= -OH 

3-0-(6"-acetyl)- R,= -OH 

Chemotaxonom y 

The TSP mass spectra of flavonoid glycosides can 
readily be used for identifying the presence of target 
compounds in complex mixtures by means of mass 
chromatograms of characteristic ions and characteristic 
retention times. For example, Fig. 7 shows mass chro- 
matograms of the protonated aglycone and the 
[M + H] + ions of jaceosidin 7-O-glucoside, which 
occurs in A. chamissonis ssp. foliosa, but not in A .  
montana. 

Only the chromatogram of A. chamissonis ssp. foliosa 

R' 

m/z 

2 87 

31 7 

333 

347 

31 7 

303 

7-0-Glucosides 

[Agl+H]+ [M+H]+ _ _ _ ~  CH OH ~ _ _ _  
R7= ~ = a O H 2  m/z m/z 

[Agl+H]+ [M+H]+ 

OH m h 

449 Jaceosidin Rl = R6= -0CH3 331 493 

R,= -H 

479 Hispidulin R,= R3= -H 301 463 

7-0-O-glucoside R,= R,= -OH 

7-0-6-glucoside R,= R,= -OH 
R6= -OCH3 

495 Eupafolin R , = R 2 =  317 479 

R 3 -  --H 
7-0-8-glucoside R,= -OH 

509 R, -0CH3 

Luteolin R,= R2 287 449 
479 7-0-O-glucoside R,= -OH 

R3= R,= -H 

465 

3-0-Glucuronides 

[AgI+H]+ [M+H]+ R3= -0 
~~ 

m/z m/z 

287 491 Patuletin R,= R2= 
3-0-O-glucuronide R,= R7= -OH 

Re= -0CH3 

333 537 Quercetin R l =  R2= R,= 
3-0-13-glucuronide R,= -OH 

R, -H 

303 507 

[Agl+H]+ [M+H]+ 

m/z m/z 
~ 

333 509 

303 479 

Figure 6. Structures of the investigated flavonoid glycosides naturally occurring in Arnica species 
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Figure 7. Mass chromatograms of the raw extracts of A. montana and A. chamissonis ssp. foliosa. The traces indicate the specific ions of 
jaceosidin 7-0-glucoside which cannot be detected in the case of A. montana but in the case of A. chamissonis (arrow). 

indicates a significant response for the ions in question. 
The determination in this way has been proved by 
comparison of the retention times (by co-injection) 
and by the interpretation of the corresponding mass 
spectrum (Fig. 8; m/z 493 = [M + HI', m/z 
331 = [aglycone + HI', and the characteristic glucose 
ions m/z 198, m/z 180 and m/z 162). 

Table 2 contains a list of all known flavonoid glyco- 
sides in various Arnica species which have been proved 
by this technique. The five most dominant ions and 
their relative abundance (in parentheses) are also added. 

The first mass chromatogram in each case of the 
three different plant extracts in Fig. 9 is based on the 
summed ion intensities of the flavonoid glycosides. A 
comparison of these chromatograms reveals significant 
differences which are typical for the respective plant 
species. 

Proof of falsifications 

Finally we used the described method for investigating 
Arnica drug on adulterations by Heterotheca 
in~loides.~' As mentioned above, rutin is the main gly- 
coside in Heterotheca. It can easily be used for the iden- 
tification of adulterated Arnica drugs since it is missing 
in Arnica. 

Typical adulterations show 10% or more of Hetero- 
theca in the Arnica drugs. It is possible to examine 
amounts of less than 1 Yo by monitoring the specific ions 
of rutin (e.g. m/z 465, m/z 611) in the TSP chromato- 
gram of the concerned sample. Figure 9 shows the 
reconstructed ion chromatograms and the ion chro- 
matogram of m/z 611 for the three investigated plant 
extracts. Besides the differences in the chromatographic 
pattern, the traces for the ion m/z 611 show the only 
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Figure 8. TSP mass spectrum of jaceosidin 7-0-glucoside, taken from the chromatogram in Fig. 7 (A. chamissonis). 

ARNICA CHAMISSONIS 
SSf? FOLIOSA 

2 
.- .!I 

retention time 

Figure 9. Chromatograms of A. montana, A. chamissonis ssp. 
foliosa and Heterotheca inuloides; m/z 61 1 is the [M + H I  + ion of 
rutin and can be detected in H. inuloides only. 

signal in the case of the Heterotheca extract. The chro- 
matogram of an adulterated Arnica montana extract 
(containing 10% of Heterotheca inuloides, Fig. 10) has a 
similar chromatographic pattern to the pure drug (Fig. 
9). In addition there are signals of m/z 303, 465 and 61 1 
at the same retention time which indicates the presence 
of rutin. Therefrom can be derived that the concerned 
sample must be adulterated. 

CONCLUSION 

Flavonoid glycosides, as they can be found in extracts 
of Arnica species, result in characteristic spectra with 
TSP mass spectrometry. These spectra show peaks from 
intense ions which can be correlated to the glycoside 
structure. This was proved by precise mass measure- 
ments of key ions in the TSP mass spectra, 

These spectra can be used for the identification and 
classification of flavonoid glycosides in various natu- 
rally occurring Arnica species. In addition, it is possible 
to identify adulterations of Arnica which can be blended 
by portions of Heterotheca inuloides. Heterotheca can 
easily be proofed in Arnica extracts since it contains the 
disaccharide rutin which is missing in Arnica drugs. The 
identification of rutin in the chromatograms of Arnica 
extracts by TSP mass spectrometry indicates adulter- 
ations. 
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~ 

Table 2. The six most dominant ions in the TSP mass spectra of the investigated standard glycosides. The relative ion intensities are 
shown in parentheses 

Flavonoid glycoside [ M + H ] +  [Aglvcone+H]+ Characteristic ions of the sugar rnolety 

Hispidulin 7-U-/3-glucoside 
Eupafolin 7-U-/3-glucoside 
Jaceosidin 7-U-/l-glucoside 
Kaempferol 3-0-B-glucoside 
Kaempferol 3-0- (6"-U-acetyl)-~-glucoside 
6- Methoxykaempferol 3-U-8-glucoside 
Quercetin 3-U-~-glucoside 
Quercetin 3-U-B-glucuronide 
Quercetin 3-0- (6"-U-acetyl) -8-glucoside 
lsorhamnetin 3-U-/?-glucoside 
Patuletin 3-U-8-glucoside 
Patuletin 3-U-B-glucuronide 
Paruletin 3-0- (6"-U-acetyl)-~-glucoside 
Spinacetin 3-U-/3-glucoside 

463 (1 2) 
479 (2) 
493 (32) 
449 (32) 
491 (5) 
479 (100) 
465 (8) 
479 (8) 
507 (42) 
479 (85) 
495 (25) 
509 (6) 
537 (100) 
509 (1 00) 

301 (80) 
317 (10) 
331 (90) 
287 (1 00) 
287 (1 5) 
31 7 (70) 
308 (32) 
303 (100) 
303 (40) 
317 (100) 
333 (30) 
333 (1 00) 
333 (38) 
347 (55) 

162 (30) 180 (100) 
162 (25) 180 (100) 
162 (20) 180 (100) 
162 (10) 180 (35) 
162 (80) 180 (1 00) 
162 (20) 180 (40) 
162 (65) 180 (100) 

194 (12) 
162 (22) 180 (33) 
162 (25) 180 (55) 
162 (40) 180 (100) 

162 (10) 180 (15) 
162 (14) 180 (40) 

198 (15) 

198 (5) 
204 (50) 222 (80) 
198 (2) 
198 (8) 

204 (100) 222 (80) 240 (12) 
198 (4) 
198 (10) 

204 (15) 222 (55) 240 (10) 
198 (5) 

:€+el  
1.825 

.E+03 
7.379 

Figure 10. Chromatogram and ion chromatograms of an A .  monfana extract containing 10% of H. inuloides. The traces of the rutin ions 
(m/z 465 and 61 1 ) show the falsification. 
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