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Abstract

Alcoholic preparations of Arnica montana are widely used for the
topical treatment of various inflammatory diseases. Sesquiter-
pene lactones (SLs) are mainly responsible for their anti-inflam-
matory activity. Here we have studied the penetration kinetics of
Arnica tinctures prepared from dried Arnica flowers originating
from different chemotypes as well as of their respective domi-
nating SLs, helenalin isobutyrate and 11¢,13-dihydrohelenalin
acetate. Some alcoholic preparations of fresh Arnica flowers and
an Arnica fresh plant gel were also included in the study. We
used the stripping method with adhesive tape and pig skin as a
model and determined the quantity of SLs in the stripped layers
of the stratum corneum (SC). Thus, we observed the penetration
into and permeation through this uppermost part of the skin.
Whereas isolated SLs permeate through the SC only in a very
small amount, permeation of SLs was much higher when they

were present in the tinctures. Furthermore, differences of per-
meation were observed between helenalin and dihydrohelenalin
derivatives. Permeation through the SC could be determined for
the tested Arnica preparations of fresh Arnica flowers with two
preparations showing the best penetration behaviour of all the
tested substances. Moreover, the effects of incubation time as
well as of repeated applications were investigated with one pre-
paration. Altogether, this study shows that a sufficient amount of
SLs might permeate the skin barrier by using Arnica preparations
to exert anti-inflammatory effects and that the topical use of
plant preparations may be advantageous compared to the isolat-
ed compounds.
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Introduction

Preparations of Arnica flowers have been extensively used in tradi-
tional medicine to treat a wide variety of different ailments. Alco-
holic preparations have been approved by the German Commis-
sion E and the European Scientific Cooperative on Phytotherapy
(ESCOP) for topical treatment of various inflammatory diseases
[1]. The secondary metabolites that mediate these anti-inflamma-

tory effects are mainly sesquiterpene lactones (SLs) of the 10c-me-
thylpseudoguaianolide-type such as helenalin, 110,13-dihydrohe-
lenalin and their ester derivatives ([1] and references cited there-
in). The anti-inflammatory activity of Arnica preparations and their
SLs has been proven in various in vitro, ex vivo and in vivo assays
and most importantly also in initial clinical trials [2], [3]. Possible
side effects such as contact allergy are also known [3]. However,
pharmacokinetic studies have not been undertaken up to now.
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Here, we report on skin penetration studies of topically used
Arnica montana preparations and their SLs. Using a stripping
method with adhesive tape and pig ear skin as a model, we in-
vestigated the penetration into and the permeation through the
stratum corneum (SC) [4], [5], [6]. This skin layer is regarded as
the main barrier and the greatest obstacle to transdermal diffu-
sion [7]. Pig ear skin is suitable for predicting penetration and
permeation processes in human skin. The histological character-
istics of pig and human skin have been reported to be compar-
able, with similarities in the epidermal composition, dermal
structure, lipid content, histochemistry and general morphology
[5], [8]. Permeability behaviours are almost the same in pig ear
skin as in human skin [9].

We studied two Arnica tinctures from different chemotypes and
their respective dominant SLs (for structures, see Fig.1) for their
penetration behaviour. To prove a possible enhancing effect of
monoterpenes, which are also components in Arnica tinctures,
solutions of both helenalin isobutyrate and 10-acetoxy-8,9-
epoxythymol isobutyrate (Fig.1) were investigated. Further-
more, four herbal medicines, three alcoholic preparations, and
one gel, all prepared from fresh Arnica flowers, were included in
the study. The effects of incubation time as well as of repeated
applications were investigated with one preparation.

Materials and Methods

Materials

All organic solvents were of analytical grade and obtained from
Merck (Darmstadt, Germany). Sephadex LH 20 was obtained
from Pharmacia Biotech (Uppsala, Sweden). Santonin was pur-
chased from Sigma (St. Louis, USA).

110,13-Dihydrohelenalin acetate was isolated from flower heads
of Arnica montana (Spanish chemotype) as previously described
[10]. Helenalin isobutyrate was kindly provided by S. Hilde-
brandt (Hermal, Hamburg, Germany) and 10-acetoxy-8,9-epoxy-
thymol isobutyrate was isolated from fresh plant extracts of A.
montana flower heads. Identity was confirmed by NMR and MS
analysis, and purity was evaluated by GC and TLC analyses.

Arnica tincture 1 (registration number 006511) was prepared
from flowers of A. montana, Spanish chemotype, and contained
mainly 11¢13-dihydrohelenalin esters [10]. Arnica tincture 2
(No. 020, deposited at the Institute of Pharmaceutical Biology,
University of Freiburg) was prepared from A. montana flowers
type “Arbo” by percolation according to the European Pharmaco-
poeia 1997. The tested Arnica preparations (preparations A, B, C
(produced from Arnica tincture batch number 006 169, no com-
mercial products) and D (A. Vogel Rheuma Gel, batch number
009862)) were kindly provided by Bioforce (Roggwil, Switzer-
land) and were prepared from fresh A. montana flowers of type
“Arbo” (information for formulation see Table 1).

Determination of the SL content in Arnica tinctures and in
Arnica preparations

0.21 mg santonin (internal standard) in ethanolic solution was
added to 10 mL Arnica tincture. After concentration under re-
duced pressure, further extraction and measurement was carried
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Table1 Composition (% m/m) of the Arnica preparations A, B, Cand D

Preparation Preparation Preparation Preparation
A B C D

Arnica tincture 50 50 50 50

Ethanol (94 % m/m) 26.6 26.6

water, demineralised  23.4 30 37.5 15.9

methylhydroxypropyl- 2.5

cellulose

glycerin (85% m/m) 5 5 5

medium chain 10 2.5

triglycerides

polyethylene glycol 40 5 5

out as described [10]. 10.0 mL of the obtained solution were eva-
porated to dryness and the residue was dissolved in 0.5 mL me-
thanol. This solution was measured by GC-MSD in order to iden-
tify the helenalin and dihydrohelenalin derivatives and by GC-
FID for quantification. The total content of SLs was determined
by addition of both the content of helenalin esters (calculated as
helenalin methacrylate) and the content of 11¢,13-dihydrohele-
nalin esters (calculated as 11¢,13-dihydrohelenalin methacry-
late) using the following equation [10]:

— — (AHel * CSan) ADHeI * CSan
Cou = Cra + Con = A, *1.03 T4, 096

San
Equation (1)

Preparations A, B, C, and D were produced in such a way that in
all cases the same Arnica tinctures were used at the same con-
centrations. The determination of SL content in preparation A
was therefore sufficient.

Determination of the SL content: tincture 1 = 2.1 mM, tincture
2 = 2.5 mM, preparations A, B, Cand D = 0.47 mM.

To be able to compare the penetration of the tinctures and the al-
coholic solutions of SL 1 and 2 (ethanol/water, 7:3), a total con-
tent of 2.5 mM was necessary in each instance. Therefore, 10 mL
of tincture 1 were evaporated and redissolved in 8.4 mL ethanol/
water (7:3).

Penetration studies

Fresh ears were kindly provided by a slaughterhouse. These ears
were not treated with boiling water and were used within 7
hours. The inner side of the ears was shaved and up to 3 applica-
tion areas (20x50 mm) were marked with a line on each ear. A
constant skin temperature of 32 °C was sustained using a ther-
mostatic plate.

200 uL of the sample were applied and gently distributed on the
marked area. Except for the time course studies, the incubation
time was always one hour. The horny layer of the epidermis was
then removed by 23 strippings with adhesive tape. For each
stripping, a tarred adhesive tape was applied to the marked area
and pressed on with a roller (500 g) by rolling 10 times to and fro.
For reasons of standardization and reproducibility, no additional



pressure was applied to the tape. After this procedure, the tape
was stripped off quickly and firmly. The SC is normally removed
after 16 -20 strippings [6], [11]. This is indicated by the appear-
ance of areas with a watery sheen, which comes from the stra-
tum granulosum, the underlying layer [4].

The strips were weighed and the amount of the SC was deter-
mined by subtracting the tare. The depth of penetration was cal-
culated by considering the area (10 cm?2), assuming uniform cov-
erage of the tapes and an approximate stratum corneum density
of 1 g/cm?3 [12].

Processing of strips

The SLs were redissolved by treating the strips with acetone.
Santonin (2.62 ug) was added as an internal standard and the re-
sulting samples were dried under reduced pressure. Each sample
was redissolved in 200 uL methanol and centrifuged at 15000x g
for 10 min. The supernatant was applied to a Sephadex column (2
cm?) and eluted with 2 mL methanol. The eluate was dried again
under reduced pressure, redissolved in 80 uL methanol and ana-
lysed by GC. Studies with isolated SLs and Arnica tinctures were
measured by GC-FID but studies of the preparations were meas-
ured by GC-MS because of the higher sensitivity and selectivity.

Analytical methods

The GC-MS method was validated according to [13]. A linear cor-
relation was shown between 480 uM (160 ng on column) and
4.8 uM (1.6 ng on column; LOQ), the calibration function was
y = 0.049x +0.0102. A correlation coefficient of r? = 0.999 was
calculated. Precision was below 3.7 % and accuracy below 10.0%,
even at the LOQ level. LOD (S/N > 3) was determined to be
0.48 uM (0.16 ng on column). Comparability was shown for the
results of both the GC-FID and the GC-MS methods.

GC analyses were carried out with an HP6890 series GC system
(Hewlett Packard, Wilmington, USA) equipped with a flame ioni-
sation detector, using nitrogen as carrier gas. A fused silica capil-
lary column (25 m=0.25 mm L.D.) coated with 0.25 um dimethyl-
siloxane was used (Optima 1, Machery-Nagel, Diiren, Germany).
The flow rate was set to 1.0 mL/min. The temperature profile
started at 120 °C followed by a rate of 10 °C/min to 270 °C, which
was held for 20 min. The injector and detector temperatures
were 290 °C, the split ratio was set to 1: 50, and the injection vol-
ume was 1.0 uL.

For GC-MS, an Agilent 5973 Network Mass Selective Detector
(Agilent Technologies, Palo Alto, USA) at an ionisation energy of
70 eV was used. Identification of SLs in the quantitative analyses
was achieved by holding the El mass spectra between 40 and 400
amu. A SIM mode was used at 246 amu (santonin and dihydrohe-
lenalin derivatives) and 244 amu (helenalin derivatives) when
quantitative analyses were carried out in the penetration studies.

Data analysis

All values were obtained from three independent measurements.
Data are presented as mean + standard deviation and were ana-
lysed using the independent t test (2 groups). A p value < 0.05 is
considered statistically significant.

Results and Discussion

SLs penetrate in and permeate through the SC

Penetration profiles of helenalin isobutyrate (SL 1) and dihydrohe-
lenalin acetate (SL 2) (Fig.1) being the dominating SLs in A.
montana type “Arbo” and the Spanish chemotype, respectively,
were studied (see Fig.2). Each point in the figure represents the
percentage amount of SL which has penetrated at least to the indi-
cated depth of SC, being calculated by considering the weight of
the tape and an approximate stratum corneum density of 1 g/cm?
[12]. With a semi-logarithmic scale, the penetration profiles could
be mostly divided into two areas: A first area with a flat curve was
observed to a depth of 12 um, representing penetration into the
SC. The next area was characterised by a more steeply falling curve
indicating the subsequent stratum granulosum layer with a differ-
ent penetrating behaviour. The first part of the penetration curve
could be described by an exponential function:

P= a‘b*d Equation (2)
where P = penetration [%]; d = depth of horny layer [um].

Therefore, a linear curve was found in the semi-logarithmic plot,
implying that each stripped layer offers the same resistance to
penetration [7]. Considering the exponential coefficient b [Equa-
tion (2)], we could demonstrate that this parameter can be used
to characterise the extent of penetration: the smaller the coeffi-
cient (the flatter the curve), the better is the penetration into the
horny layer.

Whereas SL 2 showed penetration into and permeation
through the SC, SL 1 could only be detected up to a depth of
7 um (Fig. 2). However, the standard deviation was high for the
experiments with SL 1, thus the exponential coefficients of SL 1
and 2 did not differ significantly from one another (see Fig. 3).
The reasons for the different behaviour can only be discussed. It
is highly improbable that different reactivities of both SLs to-
wards skin proteins with sulfhydryl groups could cause the dif-
ferences in penetration, since we could show that there is no
observable reaction between powdered SC and the highly reac-
tive SL parthenolide (data not shown, method according to
quantification of tannins, Deutscher Arzneimittelcodex, DAC).
The different penetrations may be explained by the different
octanol-water partition coefficients, which is discussed as an
important descriptor for predicting skin permeability in addi-
tion to molecular weight [14]. Calculating log P values by
CAChe® (Fujibu Inc.) revealed better penetration for SL 2 (log
P = 1.48) than for SL 1 (log P = 2.50) because the multilayer
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Fig. 1 Structures of the investigated sesquiterpene lactones helenalin
isobutyrate (1), 11¢,13-dihydrohelenalin acetate (2) and of the mono-
terpene 10-acetoxy-8,9-epoxythymol isobutyrate (3).
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Fig.2 Penetration profiles of SL 1 and 2 and of Arnica tinctures 1 and 2 (each contains a 2.5 mM concentration of SLs in ethanol-water, 7:3) in
three independent experiments after one hour. Each point represents the percentage of SL which has penetrated at least to the indicated depth of

SC.

1.2
i
I
LQ
b=
® 0.8
[e}
° 0.6
a B
:.E a,b
o 04
c a b
8. — I e
(0]
0
tincture of type  tincture of Spanish  dihydrohelenalin helenalin
"Arbo" origin acetate isobutyrate

Fig.3 Exponential coefficients of the penetration curves of SL 1 and 2
and of Arnica tinctures 1 and 2 (each with a 2.5 mM content of SL in
ethanol-water, 7:3) of three independent experiments after one hour.
The smaller the exponential coefficient the better is the penetration.
An equal letter indicates statistical significance (p > 0.05), respectively.

system of alternating lipophilic and hydrophilic layers of the
horny layer can be penetrated better by a substance with a log
P value close to 0.0 [15].

SLs in tinctures penetrate better than isolated SLs

Investigation of Arnica tinctures from the Spanish chemotype
and type “Arbo” showed that both tinctures possessed the same
penetration behaviour (Fig.2) and, consequently, nearly the
same exponential coefficients (Fig.3). Interestingly, if SLs were
present in Arnica tinctures, a substantial increase of the penetra-
tion rate could be determined compared to SLs in ethanol/water
(Figs. 2 and 3), although SLs and ethanol were present in the same
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concentration. For example, only 1% of the applied SL 2 penetrated
through a depth of 8 um, whereas 8- 10% of SLs present in Arnica
tinctures penetrated through this depth (Fig.2) indicating a 10-
fold better penetration. However, there is no significant difference
between the means of the exponential coefficients of SL 1 and of
the tinctures due to the great difference of exponent b of SL 1.

The improved penetration of SLs in Arnica tinctures may be
caused by enhancers, such as fatty acids, fatty alcohols, n-alkanes
and monoterpenes, which are components in the essential oil of
Arnica flowers [3] and thus also in Arnica tinctures. In particular,
monoterpenes are of interest as useful vehicles for the delivery of
drugs from external formulations [15], [16], [17]. Therefore, com-
ponents of the essential oil in Arnica tinctures may also be
responsible for the observed enhanced penetration.

A thymol derivative does not act as an enhancer at low
concentrations

Thymol derivatives are important components of the essential
oil [3]. In different tinctures, a maximum thymol derivatives con-
tent of 0.1% (1.13 mM calculated as 10-acetoxy-8,9-epoxythymol
isobutyrate from the GC analysis carried out for determination of
the SL content) could be detected (data not shown). To prove an
enhanced activity of these secondary plant metabolites, we used
an ethanol/water (7:3) solution containing 10-acetoxy-8,9-
epoxythymol isobutyrate (Fig.1, substance 3; 1.13 mM) and SL 1
(2.5 mM) and an ethanol/water (7:3) solution with solely SL 1
(2.5 mM) as a control for penetration studies on three different
pig ears. No differences in the penetration profile could be de-
tected between the two solutions (data not shown).
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Fig.4 Penetration curves of preparations A, B, C and D in three independent experiments after one hour. Each point represents the percentage

of SL which has penetrated at least to the indicated depth of SC.

The missing enhancer activity may be explained by the low con-
centrations of thymol derivative 3 used in this investigation. Pre-
viously, thymol and other monoterpenes were used at concen-
trations of 2-5% (w/v) to cause an enhancement effect [18],
[19]. Therefore, penetration studies have to be carried out with
higher concentrations of substance 3. However, it also has to be
considered that the tinctures contain a variety of other substan-
ces which can contribute to the enhancement effect, such as the
large amount of fatty acids in the essential oil (40-50%) [3].

SLs in Arnica preparations show sufficient penetration and
permeation

Four different preparations (A, B, C and D) were used in our
study. All preparations consisted of 50% of Arnica tincture pre-
pared from fresh A. montana flowers. The SL content was deter-
mined to be 0.49 uM. Preparation A had no other additives,
whereas preparation B contained 10% and preparation C 2.5% of
a lipid. Preparation D was a gel formulation containing hydroxy-
propylmethylcellulose and glycerin.

All tested preparation showed penetration into and permeation
through the SC (Fig. 4). Significant differences were observed be-
tween the means of the exponential coefficients of preparations
A and B on the one hand and of C and D on the other hand (Fig. 5).
Preparations C and D showed better penetration than A and B.
The exponential coefficient of preparation A (Fig.5) - a diluted
Arnica tincture - is identical to those of the tested Arnica tinc-
tures (Fig. 3).

The better penetration of SLs in preparation D could be explained
by the slower drying of the gel compared to the pure Arnica tinc-
ture (preparation A). The poorer penetration of preparation B is
associated with the large amount of lipids found therein. These
lipids remain on the surface, thus forming a kind of depot for
the lipophilic SLs. Interestingly, although preparation C also con-
tains lipids, the penetration of SLs was substantially better. It has
to be discussed whether the lower lipid concentration in this
preparation might act as an enhancer, with this effect predomi-

exponential coefficient, absolute

preparation D

preparation A preparation B preparation C
Fig.5 Exponential coefficients of the penetration curves of prepara-
tions A, B, C and D in three independent experiments after one hour.
The smaller the exponential coefficient the better is the penetration.

An equal letter indicates statistical significance (p > 0.05), respectively.
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nating over the depot effect. Moreover, this preparation did not
dry up like preparation A.

Influence of incubation time on the penetration of SLs in the
gel preparation

To study whether the penetration of SLs is time-dependent, pre-
paration D was incubated for different periods of time, namely
one, two and four hours (see Fig. 6). Again, penetration as well
as permeation could be observed. The exponential coefficients
using an incubation time of one hour were similar to those found
in the previous investigations (Fig. 5).

Within the individual studies, an increase in exponential coeffi-
cient was produced by increasing the incubation time, indicating
penetration of SLs into deeper layers of the skin, without a fur-
ther penetration of SLs from the gel into the SC. This might be
due to the drying of the gel over time, resulting in less movement
of SLs from the gel into the SC.

Influence of repeated application on the penetration of SLs in
the gel preparation

To simulate the repeated application of a gel, which often hap-
pens in practice, we applied 200 uL of the gel after 0, 3 and 6
hours to the same area without removing the former residues of
the gel. After a further incubation period of 1 hour (a total of 7
hours) stripping was carried out. SLs were not detectable in the
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whole horny layer after the expiration of this term. Their concen-
trations were below the limit of detection in a depth between 3
and 6 um in the horny layer (Fig. 7). Accordingly, the exponential
coefficient (0.568 + 0.104) was much higher than when using a
one hour incubation time (0.131 £ 0.007). Again, this effect could
be due to the drying of the gel, which may lead to the formation
of a membrane, thus preventing the movement of SLs out of the
gel. Even repeated application did not redissolve this membrane.

However, before the results of the last two penetration studies
can be converted into recommendations for application, some
circumstances have to be considered. Due to the production of
sweat, the surface of human horny layer is slightly moist and
therefore the drying of tinctures and gels could be retarded.
Nevertheless, the use of an Arnica gel for more than an incuba-
tion period of 2 hours and repeated application without remov-
ing the former residues of the gel does not seem to be efficient.
But since the gel is rubbed into the skin in everyday practice, it
is too early to draw final conclusions concerning clinical applica-
tion.

In conclusion, it was shown that a sufficient amount of SLs might
permeate the skin barrier and that plant preparations, such as
those from Arnica flowers, may be advantageous compared to
the isolated compounds. This fits well to our previous study
which showed that SLs in ethanolic Arnica preparations exhibit
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Fig.7 Penetration curves of preparation D after cu-
mulative application (0, 3 and 6 hours). Stripping
was done one hour after the last application. As a
control, penetration curves after a single application
and one hour incubation time are shown, too. Each
point represents the percentage of SLs which have
penetrated at least to the indicated depth of SC.
Three independent experiments were carried out.
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a lower degree of protein binding [20]. Furthermore, our studies
underline that knowledge on the penetration of drug prepara-
tions is important for the correct estimation of their biological
activity.
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