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Abstract: Artemisia abrotanum L. (“southernwood”) belongs to the Artemisia genus and it
is used in traditional medicine for the treatment of a variety of illnesses. Scarce data is
available on the chemical composition of this medicinal plant, most research being focused
on the quantitative and qualitative analyses of its essential oil. Our aim was to investigate
the content and profile of polyphenols, flavonoids and hydroxycinnamic derivatives present
in the Artemisiae abrotani herba extract. We conducted LC/MS analysis and we screened
for 19 polyphenols, flavonoids and hydroxycinnamic derivatives. We determined the total
content of these compounds and we screened for antioxidant activity. Most polyphenol acids,
hydroxycinnamic derivatives and flavonoids were identified and quantified for the first time
in this study. We found an original polyphenol distribution profile with high concentration
of sinapic acid, rutin, quercetol, ferulic acid and patuletin. We measured the antioxidant
activity, the ethanolic extract presenting a modest radical scavenging activity. The value of this
study consists in its novelty as it adds new data on the chemical composition of A. abrotanum L.
and it opens novel perspectives for medical and nutritional applications of this plant.
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1. Introduction

In recent decades, we have witnessed an increase of chronic diseases and associated complications.
New strategies are required to tackle this problem [1]. Plant-derived compounds have been used in
medicinal therapies for centuries [2]. Contemporary pharmacotherapy includes a wide range of drugs of
plant origin [3]. Despite drug discovery technology advances and a decrease in funding for product-based
drug discovery, natural products from plants and other biological sources remain an rich source of new
possible therapeutic agents [2].

Artemisia L. s a genus of small herbs and shrubs found in northern temperate regions. It belongs to the
Compositae (Asteraceae) family, one of the most numerous plant groupings. A large number of members
of the Artemisia genus are used as ornamental plants, or as medicinal and aromatic plants for their essential
oils and active compounds [4,5]. They are mentioned in folk and modern medicine, in the cosmetic and
pharmaceutical industry, and they received special attention for their content of artemisinins which are
active molecules against malaria [6—8].

Research on Artemisia species is focused on their essential oil composition and artemisinin content.
Artemisinin is one of the fastest-acting pharmaceutical agents used against malaria [9]. Recently,
compounds belonging to this class are investigated for the treatment of other conditions ranging from
cancers and inflammatory diseases to viral and parasite-related infections. It was proved that Artemisia sp.
can have much broader health applications in different types of conditions. Further information regarding
these conditions can be found elsewhere [6]. The traditionally prepared Artemisia annua formulation
is used as an anti-malaria drug worldwide and has been shown to have a better effect than purified
artemisinin. This may is probably due to the synergistic action of other compounds found in the medicinal
plant and because the total herbal extract might contain other molecules that lead to a more bioactive
complex [9].

A. abrotanum L. (‘“southernwood”) belongs to the Artemisia genus. It is used as an aromatic plant and in
traditional medicine for the treatment of a variety of disorders, such as infections (or inflammatory diseases)
of the upper respiratory tract [4]. Studies on the isolation and characterization of pharmacologically active
constituents have focused on the essential oil, which contains several bioactive molecules that confer the
plant its anti-inflammatory, expectorant, spasmolytic, antiseptic and antimicrobial activities [10,11].
The composition of the essential oil of Artemisia abrotanum L. from Romania was investigated for
the first time by a team of researchers from the “Iuliu Hatieganu” University of Medicine and Pharmacy,
Cluj-Napoca. It was shown that its main constituent is eucalyptol [12].

Very little is known about the other constituents, such as polyphenols, of 4. abrotanum L. that could
have a biological activity. Polyphenols abound in natural products and in human diet and their roles in
preventing chronic degenerative diseases have been shown in previous studies [13—15]. Some can be
considered promising candidate agents for treatment of some cancers, while others play a role in the
prevention of cancer [16]. Estimations for the average daily intake of mixed flavonoids in the U.S.A. were
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in the range of 0.5 to 1 g. The documented biological effects of dietary flavonoids include anti-inflammatory,
anti-allergic, antimicrobial, hepatoprotective, antiviral, antithrombotic, cardioprotective, capillary
strengthening, antidiabetic, anticarcinogenic and antineoplastic effects [15,17-20].

Our aim is to analyze the polyphenolic profile of the Artemisiae abrotani herba extract. The findings
could lead to new therapeutic applications for A. abrotanum L.

2. Results and Discussion
2.1. LC/MS Polyphenol Analysis

The high performance liquid chromatography (HPLC) assisted by mass spectrometry detection (MS)
is a technique that suits well the requirements of the polyphenol screening in herbal extracts as it brings
both high sensitivity and structural data on the identified biomolecules. The results of the qualitative and
quantitative analyses of the polyphenol profile of 4. abrotanum L. extracts (before and after hydrolysis)
can be seen detailed in Figure 1.
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Figure 1. LC-MS profile of 4. abrotanum (a) Before hydrolysis and (b) After hydrolysis. (a)
Artemisiae abrotani herba extract HPLC chromatogram, before hydrolysis: 1. p-coumaric
acid; 2. ferulic acid; 3. sinapic acid; 4. hyperoside; 5. rutoside; 6. quercitrin; 7. quercetol;
8. luteolin; 9. apigenin; (b) Artemisiae abrotani herba extract HPLC chromatogram, after
hydrolysis: 1. p-coumaric acid acid; 2. ferulic acid; 3. sinapic acid; 4. quercetol; 5. patuletin;
6. luteolin; 7. kaemferol.
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Next, we analyzed the distribution of polyphenols in the extracts. We looked at the most common

polyphenols found in plants from the same family and genus. We compared distributions both prior and

post hydrolysis to see the differences in the polyphenol profile before and after the separation of the

aglycone. The original distribution of polyphenols in the ethanolic extracts of A. abrotanum L. can be

found in Tables 1 and 2.

Table 1. Polyphenol profile of Artemisiae abrotani herba before hydrolysis.

Compound Retention Time (min) UV Detection MS Detection Concentration (ug-mL™)
Gentisic acid 2.15 NO YES NF
Caffeic acid 5.6 NO YES NF
Chlorogenic acid 5.6 NO YES NF
p-cumaric acid 8.7 YES YES 2
Ferulic acid 12.2 YES YES 10.31
Sinapic acid 14.3 YES YES 34.56
Hyperozid 18.6 YES YES 1.95
Isoquercitrin 19.6 YES YES NF
Rutin 20.2 YES YES 62.9
Quercitrin 23 YES YES 2.42
Quercetol 26.8 YES YES 2.59
Luteolin 29.1 YES YES 4.27
Apigenin 33.1 YES YES 1.16

Notes: NF-not found, below limit of detection; Values are the mean = SD (0.2%—1.5%) (n = 3); SD = standard deviation.

Table 2. Polyphenol profile of Artemisiae abrotani herba after hydrolysis.

Compound Retention Time (min) UV Detection MS Detection Concentration (ug-mL™)
Gentisic acid 2.15 NO YES NF
Caffeic acid 5.6 NO YES NF
Chlorogenic acid 5.6 NO YES NF
p-cumaric acid 8.7 YES YES 3.63
Ferulic acid 12.2 YES YES 27.7
Sinapic acid 14.3 YES YES 79.95
Quercetol 26.8 YES YES 33.31
Patuletin 28.7 YES YES 19.04
Luteolin 29.1 YES YES 1.29
Kaempferol 31.6 YES YES 4.19

Notes: NF-not found, below limit of detection; Values are the mean + SD (0.2%—1.5%) (n = 3); SD = standard deviation.
2.2. Total Polyphenol, Flavonoid and Hydroxycinnamic Derivatives Content

We analyzed the total content of polyphenols, flavonoids and hydroxycinnamic derivatives. Results
can be found in Table 3 and Figure 2. The total polyphenol content is expressed in gallic acid equivalents
(mg GAE/g plant material), the total flavonoid content is expressed in rutin equivalents (mg rutin/g plant
material), and the total hydroxycinnamic derivatives content is expressed in caffeic acid equivalents

(mg caffeic acid/g plant material).
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Table 3. Total content of polyphenols, flavonoids and hydrocinnamic derivatives in

Artemisiae abrotani herba.

Polyphenols Flavonoids Hydroxycinnamic Derivatives
Total Content of . . . . .
(mg gallic acid/g HP) (mg rutin/g HP) (mg caffeic acid/g HP)
Artemisiae abrotani herba 12.7 6.74 3.35
SD 0.44 0.32 0.06

HP = herbal product, SD = standard deviation.

Hydroxycinnamic
derivatives
15%

Polyphenols
56%

Flavonoids
29%

Figure 2. Content of polyphenols, flavonoids and hydrocinnamic derivatives in

Artemisiae abrotani herba.
2.3. Antioxidant Activity Assay

The antioxidant activity of the ethanolic extract of A. abrotanum L. was evaluated using the DPPH
(di-(phenyl)-(2,4,6-trinitrophenyl) iminoazanium) method. We used ascorbic acid as positive control.
A curve of % DPPH scavenging capacity vs. concentration was plotted and we calculated the ICso value.
ICso is the concentration of a compound at which the response is reduced by half. The lower the ICso
value, the higher the antioxidant potential of the extract.

The results are presented in Table 4.

Table 4. DPPH free radical scavenging activity.

Product ICso (ng'mL™) SD
Ascorbic acid 17.34 0.43
Artemisiae abrotani herba extract 284.5 16.21

ICso = inhibitory concentration 50%; SD = standard deviation.

A. abrotanum L. received less research attention because it only contains traces of artemisinins [21,22].
However, the plant is rich in essential oil and several studies analyzed its composition and indicated
possible applications [10,23]. Literature is scarce on information regarding the total herbal extract of
A. abrotanum L., with little data about the polyphenolic profile distribution. After extensive research
in several scientific databases (Medline, Web-of-Science, Science Direct, Springer Link, EbscoHost,
Dr. Duke’s Phytochemical Database), we found indications that it contains polyphenols such as caffeic
acid, chlorogenic acid, rutin and quercetin isomers [24,25].
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This is the first in depth study to investigate the polyphenol profile of 4. abrotanum L. Most polyphenols,
hydroxycinnamic derivatives and flavonoids were identified and quantified for the first time in this study.
The results indicate a unique distribution of these compounds, with higher levels of sinapic acid, rutin
and patuletin.

In the herbal extract of 4. abrotanum L., we identified several phenolic acids: gentisic, caffeic,
chlorogenic, p-coumaric, ferulic and sinapic acid, both before and after acid hydrolysis. The quantitative
analysis was possible for the p-coumaric acid, ferulic acid and sinapic acid and indicates sinapic acid as
the main polyphenolic acid present in the herbal extracts, with a concentration of 34.56 ug-g' before
hydrolysis and 79.95 pg-g ! after hydrolysis. The differences before and after hydrolysis are probably
due to the presence of complex superior esters which, after hydrolysis, liberate sinapic acid. Frequently,
the concentration of some polyphenolic acids increases after hydrolysis [26,27].

We identified several flavonoid aglycones: quercetrol, luteolin, apigenin, and identified the most
abundant flavonoids: hyperoside, rutin (highest concentration: 62.9 ug-g™!), quercetol, patuletin (highest
concentration: 19.04 pg-g ™), luteolin, kaempferol.

In an in vivo test on mice and rats, Karakida ef al. indicate sinapic acid as a possible candidate for a
cerebral protective and cognition-improving drug. They showed that sinapic acid might protect against
cerebral neuronal damage and death by inhibiting cerebral hypoxia [28]. Pari et al. proved that sinapic
acid has a protective effect over arsenic induced toxicity in rats [29].

Rutin is used therapeutically for various diseases. It protects the brain against several insults through
its antioxidant and anti-inflammatory properties. A study on rats with permanent bilateral carotid artery
occlusion (BCCAO), a well-established model of chronic cerebral hypoperfusion, showed that rutin
improves marked cognitive deficits and that it alleviates central cholinergic dysfunction, oxidative
damage, inflammatory responses and neuronal damage in the cerebral cortex and hippocampus [30].
Direct evidence points to rutin as a therapeutically active molecule in the prevention and treatment of
inflammatory bowel disease and colorectal carcinogenesis via attenuation of pro-inflammatory cytokine
production [31]. Similarly, rutin protects against gastrointestinal adverse effects through the mechanism
of inhibiting neutrophil infiltration, diminishing reactive oxygen species production and restoring the
nitrite/nitrate balance [32]. Patuletin is a rare flavonoid with very few known sources in plant kingdom.
Research is scarce on the subject, yet further investigations might reveal interesting biological activities [33].

The original distribution of polyphenols in A. abrotanum L. along with the discovery that it is a source of
rare flavonoids opens the field for prospective investigations on new therapeutic uses for the medicinal plant.

Next, our results indicate that the plant contains significant amounts of polyphenols, flavonoids and
hydroxycinnamic derivatives. Further research could improve the yield of extraction by optimizing the
harvesting period (so that the plant reaches the maximum production of the secondary metabolites), the
processing steps and the extraction protocol [34,35].

Polyphenols have been shown to have important biological activity in different illnesses [36]. To date
there are more than 10,000 polyphenols identified in natural sources. Many of these polyphenols have
been identified with a spectra of medicinal proprieties in various diseases [15]. It is considered that
phenolic compounds have good antioxidant proprieties by inhibiting reactive oxygen species (ROS)
production thus protecting against oxidative stress [37-39]. For all these proprieties, polyphenolic
compounds have been studied as potential compounds in treating chronic diseases such as cardiovascular
diseases, cancer, diabetes and neurodegenerative diseases [36,40].
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The evidence that 4. abrotanum L. contains significant amounts of polyphenols, together with an
original distribution of polyphenols, flavonoids (aglycones and glycosylates) and hydroxycinnamic
derivatives, opens the possibility for new health-related applications for this herbal extract.

The results of the antioxidant activity assay are well correlated with previous findings in literature,
that show polyphenols as important antioxidant compounds [36,41,42]. So far, we did not find other data
on the antioxidant potential of A. abrotanum L. As stated previously, it is highly probable that an optimized
extraction will not only increase the concentration of polyphenols, but could also increase the antioxidant
activity of the ethanolic extract [35,43]. Several improved methods, such as microwave-assisted
extraction, ultrasound-assisted extraction and subcritical water extraction can significantly reduce the
use of unsafe organic solvents and increase the extraction yield [44]. A new debate is carried out on the
topic of green extraction methods and, in the future, these could become a routine option for laboratories
following good practice guidelines [45].

A. abrotanum L. is used in Romania culinary as an aromatic plant and also in traditional medicine. Our
results indicate that with its significant amounts of polyphenols, flavonoids and hydroxycinnamic
derivatives, Artemisiae abrotani herba is an important source of dietary polyphenols. Dietary polyphenols
have beneficial effects on human health with their antioxidant, anti-inflammatory and anticancer
properties. Therefore, the consumption of plant-derived polyphenol-rich fruits, vegetables and beverages,
is recommended for a healthy lifestyle [46].

3. Experimental Section
3.1. Plant Material and Extraction Protocol

A. abrotanum L. was identified and harvested from Cluj County, Transylvania, Romania, at the
beginning of September 2013, during the flowering period. It belongs to a garden culture of aromatic
plants kindly gifted by Prof. Dr. Mircea Tamas. The branches were cut and dried at room temperature,
in a protected environment, then the leaves were detached from the branches. Voucher specimens were
deposited at the Department of Pharmaceutical Botany Herbarium of the Faculty of Pharmacy, “Tuliu
Hatieganu” University of Medicine and, Cluj-Napoca, Romania.

The herbal material was dried at room temperature in the shade, and grinded to fine powder (300 um)
before the extraction procedures. The samples were weighted (20 g) and extracted with 200 mL of
ethanol (70%), in an ultra-sonication bath (30 min, at 40 °C). After that, the samples were cooled down
and centrifuged at 4500 rpm for 15 min, and the supernatant was recovered.

3.2. Chemicals and Instruments

The following standards were used for HPLC-MS analysis: chlorogenic acid, p-coumaric acid, caffeic
acid, rutin, apigenin, quercetin, isoquercitrin, quercitrin, hyperoside, kaempferol, myricetol, fisetin (from
Sigma, St. Louis, MO, USA), ferulic acid, sinapic acid, gentisic acid, gallic acid, patuletin, luteolin (from
Roth, Karlsruhe, Germany), cichoric acid, caftaric acid (from Dalton, Toronto, ON, Canada). HPLC
grade methanol, ethanol, analytical grade orthophosphoric acid, hydrochloric acid and Folin-Ciocalteu
reagent were purchased from Merck (Darmstadt, Germany), DPPH (2,2-diphenyl-1-picrylhydrazyl),
sodium molybdatedihydrate, sodium nitrite, sodium hydroxide, sodium carbonate, sodium acetate
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trihydrate and anhydrous aluminum chloride were purchased from Sigma-Aldrich (Steinheim,
Germany). All spectrophotometric data were acquired using a Jasco V-530 UV-VIS spectrophotometer
(Jasco International Co., Ltd., Tokyo, Japan).

3.3. HPLC/MS Analysis

The experiment was carried out using an Agilent 1100 HPLC Series system (Agilent, Santa Clara,
California, CA, USA) equipped with degasser, binary gradient pump, column thermostat, autosampler
and UV detector. The HPLC system was coupled with an Agilent 1100 mass spectrometer (LC/MSD
Ion Trap VL). For the separation, a reverse-phase analytical column was employed (Zorbax SB-C18
100 x 3.0 mm i.d., 3.5 pm particle); the work temperature was 48 °C. The detection of the compounds
was performed on both UV and MS mode. The UV detector was set at 330 nm until 17.5 min, then at
370 nm. The MS system operated using an electrospray ion source in negative mode. For interpretation
of data, we used the ChemStation and DataAnalysis software from Agilent.

The mobile phase was a binary gradient prepared from methanol and solution of acetic acid 0.1%
(v/v). The elution started with a linear gradient, beginning with 5% methanol and ending at 42%
methanol, for a 35 min duration; then isocratic elution followed for the next 3 min with 42% methanol.
The flow rate was 1 mL-min"! and the injection volume was 5 pL.

3.4. Polyphenol Profile (Qualitative and Quantitative Analysis)

The determination was performed using the external standards method and it was used to identify and
quantify nineteen phenolic compounds: eight phenolic acids and eleven flavonoids. The method was
already set up and its application was proved in several other papers. The quantification was made only
if the retention time of the compound was as for a standard mixture of polyphenols and if the recorded
MS spectra also matched those of standard [27,47].

The MS signal was used only for qualitative analysis based on specific mass spectra of each
polyphenol. The mass spectrometry (MS) spectra obtained from a standard solution of polyphenols was
cross-checked in a mass spectra library. Later, the MS traces/spectra of the analyzed samples were
compared to spectra from library, which allows positive identification of compounds, based on spectral
mach. The UV trace was used for quantification of identified compounds from MS detection. Using the
chromatographic conditions described above, the polyphenols eluted in less than 35 min (Table 5).

Four polyphenols could not be quantified in current chromatographic conditions due to overlapping
detection (caftaric acid with gentisic acid and caffeic acid with chlorogenic acid). However, all four
compounds were selectively identified in MS detection (qualitative analysis) based on differences between
their molecular mass and MS spectra. The detection limits were calculated as the minimal concentration that
produces a reproductive peak with a signal-to-noise ratio greater than three. Quantitative determinations
were performed using an external standard method. Calibration curves in the 0.5-50 pg mL ™' range with
good linearity (R? > 0.999) for a five point plot were used to determine the concentration of polyphenols
in plant samples. The polyphenol profile in the 4. abrotanum L. extract was analyzed before and after
acid hydrolysis.
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Table 5. Retention times (tr) for the investigated polyphenols.

Peak No. Phenolic Compound tg=SD (min) Peak No. Phenolic Compound tr+ SD (min)
1 Caftaric acid * 2.10£0.06 10 Rutin 20.20+0.15
2 Gentisic acid * 2.15+0.07 11 Myricetin 20.70 £ 0.06
3 Caffeic acid * 5.60 = 0.04 12 Fisetin 22.60+0.15
4 Chlorogenic acid * 5.62 £0.05 13 Quercitrin 23.00+0.13
5 p-coumaric acid 8.7+0.08 14 Quercetol 26.80 £0.15
6 Ferulic acid 122 +0.10 15 Patuletin 28.70 £0.12
7 Sinapic acid 14.3£0.10 16 Luteolin 29.10+£0.19
8 Hyperoside 18.60 +0.12 17 Kaempferol 31.60+0.17
9 Isoquercitrin 19.60 £ 0.10 18 Apigenin 33.10£0.15
%

overlapping in UV detection, only qualitative analysis possible using MS detection; SD (standard deviation).
3.5. Total Content of Polyphenols, Flavonoids and Hydroxycinnamic Derivatives

The total polyphenol content was determined using the protocol described in the European
Pharmacopoeia, determination of tannins in herbal drugs (2.8.14), using the Folin-Ciocalteu reagent [48].
The absorbance is determined at 760 nm, using a UV-VIS Jasco V-530 spectrophotometer. The total
polyphenol content is calculated using the equation obtained from the calibration curve of a series of
gallic acid standard points (R*> = 0.996). The results are expressed in gallic acid equivalents (mg gallic
acid/g herbal product (HP)).

For the quantification of the total flavonoids, we used the method described in the Romanian
Pharmacopoeia in the Betulae folium monograph (10th edition) [49]. It is a spectrophotometric method
(430 nm) that uses aluminum chloride solution as a color reagent. The results are expressed in rutin
(g rutin/g HP) after extrapolation using the calibration curve of rutin (R? =0.993).

The hydroxycinnamic derivatives were determined using a spectrometric method using Arnows’
reagent as previously described in the European Pharmacopoeia (10th Edition 2008-Melissae folium
monograph) [48]. The percentage of hydroxycinnamic derivatives, expressed as caffeic acid equivalents
(CAE) in dry herbal product (mg CAE/g HP), was determined using the equation of the calibration curve
of a series of caffeic acid standard points (R? = 0.998).

3.6. In Vitro Antioxidant Activity Assay-DPPH Method

DPPH (di-(phenyl)-(2,4,6-trinitrophenyl) iminoazanium) free radical method is an antioxidant assay
based on electron-transfer that produces a violet color in ethanol. The free radical, stable at room
temperature is reduced in the presence of antioxidant molecules, shifting the color of the solution from
violet to yellow. The free radical scavenging activity of the herbal extracts was measured in terms of
radical scavenging ability.

In clean and labeled test tubes, 2 mL of DPPH solution was mixed with 2 mL of different concentrations
of herbal extracts. The tubes were incubated at room temperature in the dark for 30 min and the absorbance
was measured at 515 nm using UV-VIS Spectrometer. The scavenging activity of the herbal extract was
calculated using the formula:

Scavenging activity (%) = [(A — B)/A] x 100
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where A is absorbance of DPPH and B is the absorbance of DPPH and herbal extract combination. The
percentage of DPPH consumption in was converted to ascorbic acid equivalents using a calibration curve
(R?> = 0.985) of ascorbic acid standard solutions (2-100 pg-mL™).

4. Conclusions

Natural products hold a wealth of useful therapeutic agents that people have used since early history.
The empirical knowledge of the medicinal substances and their toxic potential was passed by oral
tradition and sometimes recorded in texts such as Materia Medica.

In the ethanolic extract of Artemisiae abrotani herba, we screened nineteen polyphenols and flavonoids
using a quantitative and qualitative LC-MS method. We identified seven aglycones and nine glycosylated
polyphenols. The value of this study consists in its novelty. It is for the first time these biologically active
compounds were identified and quantified in Artemisiae abrotani herba. What is more, our analysis
shows an original distribution of polyphenols and flavonoids, with high contents of sinapic acid, rutin,
ferulic acid, luteolin and patuletin.

Our study adds new data on the chemical composition of A. abrotanum L. The plant is used in traditional
medicine for upper respiratory tract conditions. The unveiling of its content of bioactive polyphenols
can lead to new applications for the herbal extract. Polyphenols are documented to protect against
diseases that are linked to oxidative stress, such as cancer, cardiovascular or neurodegenerative diseases.
The mechanisms of action of these compounds aren’t elucidated, yet it is acknowledged that they have
antioxidant and anti-inflammatory properties. It is important to analyze the composition of natural
products containing polyphenols to be able to identify new sources of biologically active molecules.
More studies need to be conducted in the evaluation of the biological activity of 4. abrotanum L. and its
unique polyphenol content in order to quantify the antioxidant activity of its constituents. Further
investigation will allow the implementation of an evidence-based strategy to use 4. abrotanum L. to its
full therapeutic potential.
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