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Abstract

As a part of our investigations on the stability of tinctures, we evaluated 40 and 60% v/v tinctures of Calendula
flower, Milk-thistle fruit and Passionflower. These preparations are widely employed in phytotherapy, thus Calendula
is used externally for anti-inflammatory properties, Milk-thistle and Passionflower are employed for hepatic injuries
and in tenseness with difficulty in falling asleep, respectively. Aim of this work was to assess the chemical stability of
their active or marker constituents from accelerated and long-term testing by using HPLC. For Calendula flower and
Passionflower active constituents are not known, however, flavonoids seem to have a crucial importance for the
activity, and thus are considered the markers of Calendula and of Passionflower. Active constituents of Milk-thistle
are represented by silymarin that is a phytocomplex mainly constituted by three flavolignans: silybin, silychristin and
silydianin. Our investigation showed a very low thermal stability of the constituents from accelerated and long-term
testing and determined by HPLC-DAD and -MS analyses and was related both to the class of flavonoids and water
content of the investigated tinctures. Thus, shelf-lives at 25 °C of the most stable tincture (Passionflower 60% v/v)
was about 6 months and only about 3 months the stability of Milk-thistle tinctures. © 2002 Elsevier Science B.V. All
rights reserved.
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1. Introduction

In continuing of our investigations on stability
of herbal drug preparations (HDPs) and herbal
medicinal products (HMPs) [1,2], the constituents’
content of Calendula flower, Milk-thistle and Pas-

sionflower tinctures after thermal stability testing
was evaluated as contribution in this field. Thus,
if quality control and stability testing are manda-
tory and well-described for pharmaceutical syn-
thetic active substances and related finished
products [3], in the field of HDPs and HMPs
there are only a few reports [1,4,5]. To our best
knowledge, this work represent the second investi-
gation on thermal stability of tinctures, recently
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we have reported the very low stability of the
constituents of artichoke and St. John’s worth
tinctures [2].

These tinctures as such or as components of
other liquid preparations are marketed mainly as
galenicals [6–11]. Preparations based on Calen-
dula flower are used for inflammations of the skin
and mucosa, as an aid to wound healing [8,10,12–
15]. Those based on Milk-thistle fruit for dyspep-
tic complaints, for hepatic injuries caused by toxic
substances and as adjuvant in the treatment of
chronic inflammatory hepatopathies and cirrhosis
of the liver [6,16]. Passionflower preparations for
tenseness, restlessness and irritability with
difficulty in falling asleep [6,9,17].

A general monograph on tinctures is available
in the European Pharmacopoeia reporting the
ratio between herbal drug and tincture. No infor-
mation concerning the quality control and stabil-
ity studies are indicated besides the general advice
to store them protected from light [18].

Although this, tinctures still represent the most
used pharmaceutical form of plant origin and
represent both HDP and HMP: they are adminis-
tered both as such and as an ingredient of many
liquid formulations. In addition, after evaporation
to dryness, they are used in solid preparations
such as capsules and tablets.

2. Experimental

2.1. Chemicals

Acetonitrile and methanol, absolute ethanol
and 85% o-phosphoric acid were HPLC grade
from Merck (Darmstadt, Germany); 85% formic
acid was provided by Carlo Erba (Milan, Italy).
Water was purified by a Milli-Qplus system from
Millipore (Milford, MA, USA).

2.2. Standards

Indena Research Laboratories (Settala, Milan,
Italy) kindly provided rutin (international stan-
dard, batch no. K12408717, standard purity
88.17% considering the content of residual sol-
vents, moisture and amount of impurities). Ho-

moorientin, isoquercitrin, isorhamnetin-3-O-
glucoside, isorhamnetin-3-O-rutinoside, isovi-
texin, silybin, taxifolin and vitexin were purchased
from Extrasynthese (Genay, France).

2.3. Plant materials and sample preparation

Calendula officinalis L. (dried flowers, lot no.
61174), Passiflora incarnata L. (dried flowering
tops, lot no. 60698), Silybum marianum (L.)
Gaertn. (dried fruits, lot no. 56313) were kindly
offered by Aboca S.p.A., Sansepolcro, Arezzo,
Italy.

Tinctures were obtained according to European
Pharmacopoeia [3]. Two-hundred grams of dried
plant material were macerated using 40 and 60%
v/v hydro-alcoholic solutions to obtain 1000 ml of
tincture. Batches (about 200 ml) of each tincture
were stored in brown glass in an oven. They were
analyzed, as such, monthly during a 6-month
period for long-term testing (25�2 °C), and fort-
nightly during a 3-month period for accelerated
testing at 40, 50 and 60�2 °C. Triplicate HPLC
determinations were performed on each sample,
after filtration.

2.4. Stability study

The thermal stability testing was carried out in
triplicate at different temperature conditions: +
25�2 °C (60�5% RH) for the long-term testing
and at +40�2 °C (75�5% RH), +50 and
+60 °C for accelerated testing. The climatic
chambers employed were previously reported [2].

2.5. HPLC apparatus

2.5.1. HPLC-DAD analysis instrumentation
The HPLC system consisted of a HP 1090L

instrument with a Diode Array Detector and
managed by a HP 9000 workstation (Helwett &
Packard, Palo Alto, CA, USA). The column was
a LiChrosorb RP18 (5 �m, 250×4 mm i.d.)
(Merck, Darmastadt, Germany) maintained at
26 °C and equipped with a precolumn LiChro-
sorb RP18 (5 �m, 10×4 mm i.d.) (Merck, Dar-
mastadt, Germany). The mobile phase was a
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four-step linear solvent gradient CH3CN/H2O
with H3PO4 (pH 3.0) during a 40-min period at a
flow rate of 1.3 ml/min and was previously re-
ported [19]. Tinctures submitted to thermal stabil-
ity were filtered through a cartridge-type sample
filtration unit with a polytetrafluoroethylene
(PTFE) membrane before HPLC analysis. In-
jected volume of sample was 25 �l solution. UV–
vis spectra were recorded in the range 190–450
nm, and chromatograms were acquired at 254,
280, 330 and 350 nm. Peaks were detected at 350
nm for Calendula and Passionflower tinctures;
and were detected at 280 nm for Milk-thistle
tinctures. Typical chromatograms of tinctures are
reported in Figs. 1, 3 and 5.

2.5.2. HPLC-MS analysis instrumentation
The HPLC system described above was inter-

faced with a HP 1100 MSD API-electrospray
(Hewlett & Packard, Palo Alto, CA, USA). The
interface geometry, with an orthogonal position
of the nebulizer with respect to the capillary inlet,
allowed the use of analytical conditions similar to
those used for the HPLC-DAD analysis. Mass
spectrometer conditions were optimized in order
to achieve the maximum sensitivity of ESI values.
The same column, time period and flow rate were
used. Since phosphoric acid was not suitable for
HPLC-MS operations, separation was performed
using aqueous formic acid (pH 3.0), without ap-
preciable variations in the chromatographic
profile. Mass spectrometry operating conditions
were: gas temperature 350 °C at a flow rate of 10
l/min, nebulizer pressure 30 p.s.i., quadrupole
temperature 30 °C, and capillary voltage 3500 V.
Full scan spectra from m/z 100 to 800 in the
positive ion mode were obtained (scan time 1 s).
Injected volume of samples was 25 �l solution.

2.6. Identification of constituents and peak purity

Identification of all constituents was performed
by HPLC-DAD and -MS analysis and/or by com-
paring the retention time of the peaks in the
extracts with those of the authentic reference sam-
ples. The purity of peaks was checked by a Diode
Array Detector coupled to the HPLC system,
comparing the UV spectra of each peak with

those of authentic reference samples and/or by
examination the MS spectra.

2.7. Linearity, repeatability and reproducibility

Linearity range of responses was determined on
five concentration levels with three injections for
each level. Calibration graphs for HPLC were
recorded with sample amounts ranging from 0.10
to 2.5 �g (r�0.99).

Fig. 1. Profile of the chromatogram of Calendula tincture
(60% v/v) with the HPLC-DAD–MS attributions of the com-
ponents detected.
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To evaluate the repeatability, six samples of
each tincture from the same batch were analyzed
by HPLC. The contents of each constituent were
evaluated to calculate the relative standard devia-
tion. The following data were obtained: homoori-
entin 2.55%, hyperoside 2.60%, isoquercitrin
2.40%, isorhamnetin 2.80%, isorhamnetin-3-O-
glucoside 2.10%, isorhamnetin-3-O-rutinoside
2.22%, isovitexin 1.90%, quercetin 2.00%, rutin
1.90%, silybin 2.00%, taxifolin 2.80% and vitexin
2.06%.

To evaluate the reproducibility of the injection
integration, the standard solutions of rutin (2.5
�g/25 �l) and of each tincture sample were in-
jected six times and the relative standard devia-
tion values were calculated. The following data
were obtained: homoorientin 1.09%, hyperoside
1.30%, isoquercitrin 1.22%, isorhamnetin 1.29%,
isorhamnetin-3-O-glucoside 1.00%, isorhamnetin-
3-O-rutinoside 1.12%, isovitexin 0.90%, quercetin
1.10%, rutin 0.90%, silybin 1.00%, taxifolin 1.56%
and vitexin 1.12%.

2.8. Quantitation of fla�onoids

All the tinctures were analyzed in triplicate and
a calibration graph with six datapoints of external
standard was used. The contents of constituents
were calculated taking into account the mean of
the response factor of rutin in the reference solu-
tions, i.e. area/concentration(mg/ml) ×purity/100,
and the response factor of the considered con-
stituent relative to rutin (RRF). This value was
determined by calculating the ratio between the
average response factor of each compound and
the average response factor of rutin at 350 or 280
nm. All flavanolignans were evaluated as silybin,
isorhamnetindiglycosides and isorhamnetintrigly-
cosides as narcissin, apigenin-6,8-diC-glycosides
as isovitexin, and quercetintriglycoside as rutin.

2.9. E�aluation of the results obtained from
tinctures subjected to accelerate storage

Data obtained from the accelerated testing (40,
50, 60�2 °C) were used to predict the shelf life
at 25 °C, by the Arrhenius law, as previously
reported [2].

3. Results and discussion

In continuing our investigation on the stability
of HDPs [1,2], we now report on the chemical
stability of tinctures of Calendula flower, Milk-
thistle fruit and Passionflower through the deter-
mination of the stability of their flavonoidic
content, which represent the active constituents or
the markers of these herbal drugs. A simple RP-
HPLC method [19] that optimized the separation
of all classes of flavonoids (flavones, flavonols,
flavanonols and flavanolignans) was used. Iden-
tification of constituents was obtained by the
combination of DAD and MS data.

All the tinctures, after their preparation accord-
ing to European Pharmacopoeia were subjected to
long-term testing at 25�2 °C for 6 months, and
also to accelerated testing at three different tem-
peratures (40, 50 and 60�2 °C) for 3 months.

The analyses of tinctures subjected to long-term
testing were carried out in triplicate every 30 days.
Limits of acceptance for the stability evaluation
were considered 90%, i.e. 10% potency loss from
the initial value of the sample for flavonoids
considered as markers (i.e. flavonols of Calendula
and C-glycosylflavones of Passionflower). The
limit for known active constituents (i.e. flavanolig-
nans of Milk-thistle) was considered 95%, i.e. 5%
potency loss from the initial assay value of the
sample [20].

In these studies the total content of flavonoids
was also considered because the biological effects
of herbal drugs and their preparations are gener-
ally considered to arise from the whole phytocom-
plex rather than from a single constituent.

In the chromatograms of 60% v/v tinctures
from Calendula flowers (Fig. 1) seven peaks are
presents (1c–7c). All the constituent 1c–7c (Fig.
2) displayed identical UV absorptions with max-
ima at about 256 and 355 nm, typical of flavonols.
Moreover, the presence in all mass spectra of an
ion at m/z 303 or 371 indicated that constituents
1c–7c were quercetin or isorhamnetin derivatives.

Thus, peaks 2c, 4c, 6c, 7c were identified as
rutin, isoquercitrin, narcissin, isorhamnetin-3-O-
glucoside, respectively, by comparison of tR, UV
and MS spectra with those of an authentic sam-
ple. Peak 1c showed [M+H]+ and [M+Na]+
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Fig. 2. Structures of the constituents of Calendula tinctures.

In the chromatogram of 60% v/v tinctures from
Milk-thistle (Fig. 3) eight peaks are present (1m–
8m). All the constituents 1m–8m (Fig. 4) dis-
played identical UV absorptions with maxima at
about 290 nm, typical of dihydroflavonols. Peaks
1m and 7m were identified as taxifolin and silybin
by comparing their tR UV and MS spectra with
those of an authentic sample. Peaks 2m, 3m and
8m showed [M+H]+ and [M+Na]+ ions at m/z

Fig. 3. Profile of the chromatogram of Milk-thistle tincture
(60% v/v) with the HPLC-DAD–MS attributions of the com-
ponents detected.

ions at m/z 757 and 779, respectively, and three
fragment ions at m/z 611, 465 and 303 due to the
loss of a deoxy-hexose unit, another deoxy-hexose
unit and a hexose unit, respectively and was iden-
tified as quercetin-3-O-rutinosylrhamnoside. Peak
3c showed [M+H]+ and [M+Na]+ ions at m/z
769 and 791, respectively, and three fragment ions
at m/z 625, 479 and 317 due to the loss of a
deoxy-hexose unit, another deoxy-hexose unit and
a hexose unit, respectively and was identified as
isorhamnetin-3-O-rutinosylrhamnoside. Peak 5c
displayed UV spectra with maxima at 259 and 356
nm and two shoulders at 270 and 300 nm. It
showed [M+H]+ and [M+Na]+ ions at m/z 641
and 663, respectively, and two fragment ions at
m/z 479 and 317 due to the loss of a hexose unit
and another hexose unit, respectively. It was ten-
tatively identified as isorhamnetin-3-O-
glucosylglucoside.

The chromatogram of 40% v/v Calendula tinc-
ture was qualitatively similar and the presence of
all the constituents 1c–7c was confirmed by com-
parison of the spectroscopic and the chromato-
graphic data.

In addition, both Calendula tinctures showed a
similar total content of flavonols that was mainly
represented by isorhamnetin derivatives, while
quercetin derivatives represented only 15% of the
total flavonols (Table 1). Therefore, in the long-
term testing quercetin derivatives were considered
together. Over time the flavonol content of the
two tinctures gave rise to different decomposition
percentages as reported in Table 1.
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Fig. 4. Structures of the constituents of Milk-thistle tinctures.

In the chromatogram of 69% v/v Passionflower
tincture (Fig. 5) seven peaks (1p–7p) were evi-
denced. Structures of compounds 1p–7p are re-
ported in Fig. 6. Peak 4p was identified as
homoorientin, peak 6p as vitexin, peak 7p as
isovitexin by comparison their chromatographic
and spectroscopic data with authentic samples.
Peaks 5p displayed identical UV spectra with
maxima at 271 and 334 nm, typical of isovitexin

Fig. 5. Profile of the chromatogram of Passionflower tincture
(60% v/v) with the HPLC-DAD–MS attributions of the com-
ponents detected.

483 and 505, respectively and other characteristic
fragment ions. According to these data peak 8m
was tentatively identified as isosilybin, peak 3m as
silychristin and peak 2m as silydianin [19].

Peak 4m showed [M+H]+ and [M+Na]+

ions at m/z 499 and 521, respectively. These data
indicated that peak 4m contained an additional
oxygen compared to the other flavanolignan.
Peaks 5m and 6m showed [M+H]+ and [M+
Na]+ ions at m/z 481 and 503, respectively. These
data were in accordance with the presence of two
2,3-dehydroderivatives of silybin/isosilybin
isomers.

Milk-thistle 40% v/v tincture showed a similar
chromatogram to that of 60% v/v but constituent
content was very different (Table 2).

Both Milk-thistle 40 and 60% v/v tinctures were
less stable than Calendula tinctures (Table 2).
Taxifolin, a dihydroflavonol, represented only
0.03% of the total flavonoids, therefore it was not
considered in the long-term testing (Table 2). The
two tinctures showed a very different content of
the phytocomplex and over time the flavanolignan
content of the two tinctures gave rise to different
decomposition percentages (Table 2).
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Fig. 6. Structures of the constituents of Passionflower tinc-
tures.

Passionflower 40 and 60% v/v tinctures showed
similar chromatograms but a different total con-
tent of C-glycosylflavones, mainly represented by
isovitexin and schaftoside/isoschaftoside (Table
3). During time the C-glycosylflavone content of
the two tinctures showed different decomposition
percentages as reported in Table 3.

Rutin was used as reference substance for the
quantitative analysis of flavonoids. It was found
to be stable in methanol solution at room temper-
ature for at least 48 h. Flavonoids in the tinctures
were stable at room temperature for at least 48 h.
The content of each flavonoids was calculated
using the response factor, RRF, calculated as
described in Section 2.7.

Tinctures submitted to accelerated degradation
methods were analyzed by the Arrhenius law to
predict the shelf life of single constituents at
25 °C. Mean concentration–time data for
metabolite content were analyzed by linear and
exponential regression analysis and decomposi-
tion was assumed if the slope of regression line
was significant. Only a few constituents showed a
degradation rate fitting with a 1st order kinetic
and the data obtained after storage at 25�2 °C
confirmed a very short shelf life (Table 4). These
results were in approximate agreement with the
shelf life found by long-term testing. The studies
yielded good correlation coefficients (R�0.9000)
for the constituents reported in Table 4 that best
fit 1st order kinetic leading to the possibility of
predicting shelf life at 25 °C by the Arrhenius
law. The data obtained from accelerated degrada-
tion methods expired a decomposition of the phy-
tocomplex but the rate of degradation did not fit
the law. So, only long-term testing was used to
establish the t90 shelf life of each tincture.

4. Conclusions

In our investigation, two different alcoholic de-
grees, i.e. 40 and 60% v/v, were used to prepare
the tinctures of Calendula flower, Milk-thistle
fruit and Passionflower. The analysis was per-
formed on tinctures as such, after filtration and a
rapid and simple RP-HPLC assay was developed

derivatives. Peak 5p exhibited [M+H]+ and
[M+Na]+ ions at m/z 595 and 617 and a charac-
teristic [M+H−162]+ ion at m/z 433 due to the
loss of a terminal hexose moiety. It was identified
as 2�-glucosylisovitexin. Peaks 1p, 2p and 3p dis-
played identical UV spectra with maxima at 274
and 334 nm. Peaks 2p and 3p exhibited the same
[M+H]+ and [M+Na]+ ions at m/z 565 and
587. These data suggested the presence of an
apigenin nucleus plus a pentose and glucose.
However, the absence for both peaks 2p and 3p
spectra of the fragment ions [M+H−162]+,
[M+H−146]+ or [M+H− (162+146)]+ at m/
z 403, 419 and 257 (corresponding to the aglycone
apigenin) suggested that peaks 2p and 3p were
6,8-C-glycosides of apigenin. These suggestions
were confirmed by the typical fragment ions [M+
H−H2O]+, [M+H−2H2O]+ and [M+H−
3H2O]+ that were evidenced at m/z 547, 529 and
511. Other characteristic fragment ions [M+H−
2H2O−CH2O]+, [M+H−2H2O−2CH2O]+,
[M+H−5H2O−CH2O]+ and [M+H−
6H2O−CH2O]+ were also evidenced at m/z 499,
469, 445 and 427. From these data, peak 3p was
tentatively identified as schaftoside and the minor
constituent peak 2p was tentatively identified as
6-C-arabinosyl-8-C-glucosylapigenin
(isoschaftoside). Peak 1p exhibited the same [M+
H]+ and [M+Na]+ ions at m/z 595 and 617 of
peak 5p. These data suggested the presence of a
apigenin nucleus plus two glucose moieties, and
thus it was tentatively identified as 6,8-diC-gluco-
sylapigenin (vicenin-2).
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Table 4
Expired and experimental shelf-life of some flavonols

ConstituentTincture Expired shelf-lifea (days) Experimental shelf-lifea (days)
(alcohol content, %)

Calendula (40% v/v) 7Isorhamnetin-3-O-rutgluc (3c) 30
Calendula (60% v/v) Isorhamnetin-3-O-rutgluc (3c) 72 65

40Milk-thistle (40% v/v) 30Silychristin (3m)
140Silychristin (3m) 135Milk-thistle (60% v/v)
205Passionflower (40% v/v) 195Vicinin-2 (1p)

25Isovitexin-2�-glc (5p) 15
Passionflower (60% v/v) Vicinin-2 (1p) 260 246

98Isovitexin-2�-glc (5p) 90

Means�SD of three replicates.
a For Milk-thistle tinctures the stability was evaluated using a limit of 5% loss from the initial assay value, a limit of 10% was used

for the other tinctures.

and validated. This method provided a satisfac-
tory accuracy, specificity, and reproducibility, to-
gether with a good separation of all classes of
flavonoids including flavones, flavonols,
flavanonols and flavanolignans. It can be pro-
posed for the analysis of other phytochemicals
containing flavonoids.

Rutin was used as external standard because
this compounds is easily available. Good linearity
of the calibration curves was achieved between 0.1
and 2.5 �g (r�0.99); the repeatability and repro-
ducibility of the method resulted satisfactory. UV
detection was fixed at 350 nm for Calendula
flower and Passionflower and at 280 nm for Milk-
thistle fruit, as all the constituents of the prepara-
tions showed appreciable absorbance at these
wavelengths.

From our results it is clear that the solvent
mixture did not affect the quali-quantitative
profile of the two Calendula tinctures so much.
However, from the stability studies, the solvent
mixture is very important in maintaining its in-
tegrity, since the stability of the flavonoidic con-
stituents of two tinctures was quite different.
Thus, the t90 shelf life of 60% v/v Calendula
tincture was more than 5 months, while that of
the 40% v/v one was about 4 months.

Concerning the flavanolignan content of Milk-
thistle tinctures, both hydroalcoholic concentra-
tions are stable with respect to the active
phytocomplex for at least no more than 3 months.

Concerning the stability of C-glycosylflavones
of Passionflower tinctures, tinctures at 25 °C was
higher than the other investigated tinctures and
their t90 shelf life for the 60% v/v tinctures was
more than 6 months, while t90 shelf life of 40% v/v
was about 4 months.

In addition, the tinctures submitted to acceler-
ated degradation methods exhibited a decomposi-
tion of the phytocomplex but in general the rate
of degradation did not obey the Arrhenius law,
therefore only long-term experiments can estab-
lish the t90 shelf life.

Tinctures in some cases they can represent ac-
ceptable HDPs or HMPs because its low cost,
their versatility, and easy to prepare, but they
cannot widely employed in preparations to be
stored because their low stability dramatically af-
fected by ethanol content and the nature of
constituents.
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