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ABSTRACT. Medicinal plants are a valuable source of lead compounds and
novel drugs. The Hypericum L. species traditionally treats skin wounds,
sciatica, and depression. Presently, only a small percentage of the Hypericum
species have been phytochemically characterised and 60% still requires
analysis. Ethanolic and methanolic extracts were obtained by ultrasound
assisted extraction and maceration extraction methods. Polyphenols, sterols,
methoxyflavones, hyperforin and hypericin were detected through HPLC-MS
analysis. ABTS assay was used to evaluate the total antioxidant capacity.
H. maculatum and H. moserianum had the highest antioxidant capacity. The
most abundant polyphenol in H. humifusum, H. moserianum and H. miracle-
pistache was chlorogenic acid. For H. maculatum and H. perforatum, hyperoside
and rutoside were the most abundant polyphenols. Sterols and methoxyflavones
were quantified for the first time in all the species. B-sitosterol was the most
abundant sterol across all species and ergosterol was absent in all species.
Hispidulin was the only methoxyflavone (in small concentrations) found in all
species except H. miracle-pistache. Hypericin was absent in H. moserianum
and H. miracle-pistache and was most abundant in H. maculatum. Interestingly,
H. miracle-pistache had higher concentrations of hyperforin than H. perforatum.
The phytochemical profile of analysed Hypericum species prove to be a
valuable bioactive’s source.
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INTRODUCTION

The Hypericum L. genus belongs to the Hypericaceae family containing
484 species [1]. According to medicinal folklore, the Hypericum species can
be used both internally and externally with various therapeutic applications
such as a diuretic, used to treat sciatica, skin wounds, burns, eczema, and
depression [2]. Previous literature has identified flavonoids (e.g. quercetin and
hyperoside), phloroglucinol derivates (e.g. hyperforin) and naphthodianthrones
(e.g hypericin) as common constituents to the Hypericum species [3].
Presently, only a small percentage of the Hypericum species have been
phytochemically characterized and 60% still require analysis [4]. This propels
the need to screen more Hypericum species for novel bioactives with
pharmacological properties.

H. perforatum (St. John’s wort) is the most commercially recognized
member of the species, with a range of pharmacological properties [5]. These
include antiviral, anti-inflammatory, wound-healing, and apoptosis-inducing
properties [6]. Many studies have demonstrated its high efficacy in treating
mild to moderate depression with few adverse effects, making it safer compared
to other antidepressants [7]. Hyperforin (responsible for the antidepressant
activity) and hypericin (causes photosensitivity to the skin) are the two most
studied phytochemicals in H. perforatum. However, research has concluded
that the broad range of pharmacological activities of H. perforatum is not
dependent on a single compound [8] but is a result of the synergistic efforts of
several constituents, which cannot be separated into active compounds [10].

Hyperforin, a natural phloroglucinol [9], is the most neuroprotective
bioactive in the plant [10], eminent for its treatment of mild to moderate
depression with fewer side effects over other major antidepressants [11].
Hyperforin inhibits serotonin uptake by activating the transient receptor potential
channel protein 6 (TRPCB6) [12]. This increases the intracellular concentrations
of sodium and calcium, resulting in a decreased sodium gradient between the
neurons and synapse, which ultimately decreases monoamine neurotransmitter
reuptake. This mechanism differs from the conventional antidepressants,
possibly pointing to a new class of antidepressants [13]. Hyperforin also
displays antitumor, antiangiogenic, and antibacterial activity [16].

Hypericin is a polycyclic quinone [14] with four hydroxyl groups
adjacent to two carbonyl groups [15]. The hydroxyl hydrogen can transfer the
hydroxyl oxygen and carbonyl oxygen in the presence of fluorescent light due
to the resonance of the structure and relatively short distance between the
oxygen atoms (~2.5 A). As a result, when exposed to fluorescent light, the
hydrogen is constantly in flux between the two oxygen atoms. This makes
hypericin very photoreactive, as it can generate reactive oxygen species and
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singlet oxygen ('0.), acting as a sensitizer in photodynamic reactions (type Il
mechanism) [16]. This can lead to lipid peroxidation, severe necrosis and
sunburn to the skin when ingested excessively by humans [17]. However, the
photo-reactivity of hypericin has demonstrated antiviral properties, including the
inhibition of protein-kinase activity needed for replication of some viruses [18].

Considering the pharmacological and possible therapeutic uses of
hypericin and hyperforin, quantifying their concentrations in each Hypericum
species were of special interest. ldentifying more natural sources of these
compounds could be used for more clinical studies.

Lipid peroxidation and free radicals contribute pathogenically to some
chronic diseases such as atherosclerosis, coronary heart disease and cancer
[19]. The cardioprotective and anticarcinogenic effects of phenolic compounds
are attributed to their antioxidant activity which alleviates lipid peroxidation and
obviates free radicals [20]. Several epidemiological studies have agreed that
exogenous antioxidant intake effectively prevents or suppress such diseases.
Therapeutic use of natural antioxidants has gained global interest for preventing
oxidative damage. Numerous phytochemicals in Hypericum reportedly act as
antioxidants, such as flavonoids and tannins. These have displayed radical
scavenging in a dose-dependent manner, showing potential for therapeutic
drug use for conditions associated with free radical pathology [21].

Very few phytochemical and antioxidant reports exist for H. humifusum,
H. maculatum and H. moserianum and no previous study exist for H. miracle-
pistache. The present study aims to investigate the phytochemical profile and
total antioxidant capacity of H. moserianum, H. miracle-pistache, H. perforatum,
H. humifusum and H. maculatum, to assess whether they are good sources
of bioactives, with special interest in their hyperforin and hypericin content.

Polar solvents such as methanol and ethanol are extensively used to
extract various compounds from plants [22]. The diversified polarities and
chemical properties of bioactives influences their solubility in a solvent, which
then affects the extraction yield. As solvent type affects antioxidant capacity
and extraction yield, methanol 25% (v/v), ethanol 50% (v/v), and ethanol 70%
(v/v) were used as solvents to maximize the yield of phytochemical
compounds in the extracts.

RESULTS AND DISCUSSION

A thorough analysis of the phytochemical profile of five Hypericum
species was assessed. In addition, the antioxidant activity of the ethanolic
and methanolic extracts was performed by using the ABTS assay. The tested
vegetal extracts were obtained by two distinct methods: ultrasound assisted
extraction (UAE) and maceration (ME).
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UAE is known to increase the yield of extracts with shorter extraction
time. The acoustic cavitation destroys the cell walls and increases contact
between the phytochemicals and the solvent, by reducing particle size.
However, longer extraction periods with ultrasound (>20 minutes) can induce
degradation of some phytochemicals such as polyphenols, resulting in a lower
yield. Therefore, samples were subject to UAE treatment for 10 minutes only.
Compared to UAE, extraction by maceration (ME) carries no phytochemical
degradation risk and was applied to a separate batch of each sample, to
ensure all phytochemicals were in conditions favourable for their extraction.

Evaluation of polyphenols

A complex phenolic profile was displayed by all five Hypericum species,
as they contained most polyphenols including chlorogenic acid, hyperoside,
isoquercitrin, quercitrin, quercetol, epicatechin, and rutoside. The results of
the phytochemical analysis are summarized in Table 1 and are expressed as
mg/100 g of dry weight (d.w.) plant material.

Concentrations of chlorogenic acid ranged from 2.214 mg/100 g d.w.
in H. perforatum (sample 20) to 1350.072 mg/100 g d.w. in H. miracle-pistache
(sample 27). Chlorogenic acid was the most abundant polyphenol in H.
humifusum, H. moserianum and H. miracle-pistache (983.023 mg/100 g d.w.,
1160.206 mg/100 g d.w. and 1350.072 mg/100 g d.w. respectively). H. perforatum
had the least amount across all the extraction and solvent conditions.

Hyperoside was the most abundant polyphenol in H. maculatum and
concentrations ranged from 33.782 mg/100 g d.w. (sample 12) to 1689.227 mg/
100 g d.w. (H. maculatum, sample 8) across the five species. Methanolic extracts
of each species yielded the highest hyperoside concentrations, regardless of
the extraction method.

Rutoside was the most abundant polyphenol in H. perforatum
(1143.468 mg/100 g d.w., sample 6) and was not detected in H. miracle-
pistache under other conditions, except for sample 13 (1.005 mg/100 g d.w.).
H. humifusum had the lowest concentration of rutoside (0.857 mg/100 g d.w.,
sample 7) and was below levels of detection in other conditions. Methanolic
extracts of all five Hypericum species yielded the highest amount of rutoside,
particularly in the UAE batch.

The concentration of isoquercitrin ranged from 7.593 mg/100 g d.w. in
H. perforatum (sample 25) to 1130.729 mg/100 g d.w. in H. maculatum
(sample 8). Epicatechin was present in all five Hypericum species, ranging
from 14.517 mg/100 g d.w. in H. humifusum, (sample 16) to 290.829 mg/100 g
d.w. in H. maculatum (sample 8). Quercitrin concentration ranged from 1.861 mg/
100 g d.w. in H. miracle-pistache (sample 13) to 702.580 mg/100 g d.w. in
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H. moserianum, (sample 9). With regards to the experiment conditions, UAE
and methanolic extracts of all five Hypericum species had higher yields of
isoquercitrin, quercitrin and epicatechin than their counterparts.

Regarding H. humifusum, Toiu et al. [23] reported lower chlorogenic
acid concentration (<0.02 mg/100 g d.w.), but Nogueira et al. [24] reported a
significantly higher amount (4.18 mg/100 g d.w.) than the present study. Toiu
et al. [25] found higher levels of rutoside (1.4+0.09 mg/100 g d.w.) but
reported similar levels of hyperoside (229.8315.42 mg/100 g d.w.) and lower
levels of quercitrin (27.08+2.64 mg/100 g d.w.) in ethanolic extracts.

Oniga et al. [25] reported significantly lower levels of chlorogenic acid
(27.15+£0.19 mg/100 g d.w.) in methanolic extracts of H. maculatum, similar
levels of rutoside (11.00+£0.1 mg/100 g d.w.) and hyperoside (545.14+2.96
mg/100 g d.w.). However, UAE extracted significantly higher hyperoside
levels in the present study (sample 8).

The polyphenolic profile of H. perforatum reported by Silva et al. [26]
was congruent the present study. However, higher levels of p-coumaric acid
(32.2+0.16 mg/100 g d.w.) was reported by Wojdyto et al. [27] for H. perforatum.
For H. miracle-pistache, Crockett et al. [28] only qualitatively reported the
presence of isoquercitrin and quercitrin. Differences between the present study
and comparative studies can be accounted for by factors such as genetic
variation within the plant species, soil composition or geographical origins,
which can affect phytochemical composition [29].

Evaluation of methoxyflavones

Three distinct methoxyflavones (hispidulin, hypericin, and hyperforin)
were identified in the evaluated Hypericum species. The results are given in
Table 2 and are expressed as mg/100 g of dry weight (d.w.) plant material.

The concentration of hispidulin ranged from 0.010 mg/100 g d.w.
(H. moserianum, sample 28) to 0.432 mg/100 g d.w. (H. maculatum, sample 3).
Hispidulin was absent in H. moserianum (except in sample 28) and H. miracle-
pistache.

Hyperforin was absent in H. humifusum but was present in low
concentrations in the other species, ranging from 4.583 mg/100 g d.w. in
H. miracle-pistache (sample 4) to 0.022 mg/100 g d.w. in H. moserianum
(sample 28). Similar results for ethanolic extracts H. perforatum were reported
by Maggi et al. [30] Hyperforin was absent in all methanolic extracts, except
H. miracle-pistache (sample 23) and H. moserianum (sample 9 and 24),
suggesting methanol as the least favourable solvent for hyperforin extraction.
However, other studies have successfully extracted hyperforin in methanol
[32]. Ethanol 70% (v/v) yielded the highest amounts of hyperforin for both
extraction techniques, presenting as the most favourable solvent.
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Table 2. Concentration of hypericin and hyperforin (mg/100 g d.w.)
in five Hypericum species

S:g:f; I ::g;.fsl E)';:Z’(:gzn S‘()‘I;‘znt Hispidulin | Hypericin | Hyperforin
1 H. per UAE EtOH 70% 0.111 5.892 0.155
2 H. hum UAE EtOH 70% 0.061 0.884 ND
3 H. mac UAE EtOH 70% 0.432 5.695 0.051
4 H. m-p UAE EtOH 70% ND ND 4.583
5 H. mos UAE EtOH 70% ND ND 0.049
6 H. per UAE MeOH 25% 0.160 0.110 ND
7 H. hum UAE MeOH 25% 0.097 1.567 ND
8 H. mac UAE MeOH 25% 0.379 1.855 ND
9 H. mos UAE MeOH 25% ND ND 0.032
10 H. per UAE EtOH 50% 0.021 0.857 0.536
11 H. hum UAE EtOH 50% 0.053 0.181 ND
12 H. mac UAE EtOH 50% 0.063 2.829 0.082
13 H. m-p UAE EtOH 50% ND ND 0.091
14 H. mos UAE EtOH 50% ND ND ND
15 H. per ME EtOH 70% 0.087 5.092 0.352
16 H. hum ME EtOH 70% 0.062 0.023 ND
17 H. mac ME EtOH 70% 0.255 6.419 0.134
18 H. m-p ME EtOH 70% ND ND 2.056
19 H. mos ME EtOH 70% ND ND 0.069
20 H. per ME MeOH 25% 0.064 ND ND
21 H. hum ME MeOH 25% 0.056 1.631 ND
22 H. mac ME MeOH 25% 0.147 0.099 ND
23 H. m-p ME MeOH 25% ND ND 0.800
24 H. mos ME MeOH 25% ND ND 0.054
25 H. per ME EtOH 50% 0.019 1.482 0.357
26 H. hum ME EtOH 50% 0.064 0.260 ND
27 H. m-p ME EtOH 50% ND ND 0.062
28 H. mos ME EtOH 50% 0.010 ND 0.022

H. per - H. perforatum, H. hum - H. humifusum, H. mac - H. maculatum, H. m-p - H. miracle-
pistache and H. mos - H. moserianum. ND — Not determined. UAE-ultrasound assisted
extraction; ME-maceration. EtOH 70% - ethanol 70% (v/v), EtOH 50% - ethanol 50% (v/v),
MtOH 25% - methanol 25% (v/v).
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Hypericin was absent in H. moserianum and H. miracle-pistache.
H. maculatum (6.419 mg/100 g d.w., sample 17) had the highest amount of
hypericin, and H. humifusum (0.023 mg/100 g d.w., sample 16) had the lowest.
Similar results for methanolic extracts of H. maculatum were reported by
Martonfi et al. [31] in the stamen (0.058 mg/g d.w.), but higher concentrations
were found in the petals (0.096 mg/g d.w.). Ethanolic extracts (EtOH 70%)
obtained by UAE of H. perforatum had a significantly higher amount of
hypericin than H. humifusum (5.892 mg/100 g d.w., 0.884 mg/100 g d.w.
respectively) in the present study. However, Nogueira et al. [26] reported the
opposite and found higher concentrations of hypericin (0.24 mg/100 g d.w.) in
H. humifusum than in H. perforatum (0.07 mg/100 g d.w.). Ethanol 70% (v/v)
yielded the highest concentrations of hypericin (samples 1,3,15 and 17).

Considering the pharmacological and possible therapeutic use of
hypericin and hyperforin, quantifying their concentrations in each Hypericum
species were of special interest. Identifying more natural sources of these
compounds could be used for more clinical studies. Interestingly, H. miracle-
pistache had higher concentrations of hyperforin than H. perforatum (sample
4 and 18 compared to sample 1 and 15 respectively). This suggests that H.
miracle-pistache could be more efficacious in treating mild to moderate
depression with fewer chances of causing photosensitivity to the skin as no
hypericin was detected in the species (samples 4 and 18). However,
additional clinical research is required to verify this hypothesis.

Evaluation of sterols

The results for the identification and quantification of sterols in
Hypericum species are summarized in Table 3. All sterols (except ergosterol)
were identified in all five species in varying amounts. The concentration of
stigmasterol ranged from 0.338 mg/100 g d.w. (sample 3) to 16.008 mg/100
g d.w. (sample 23). B-Sitosterol was the most abundant sterol found in all
five Hypericum species, ranging from 0.582 mg/100 g d.w. (H. moserianum,
sample 19) to 386.767 mg/100 g d.w. (H. miracle-pistache, sample 23).
Campesterol concentrations ranged from 0.062 mg/100 g d.w. (H.
humifusum, sample 7) to 1.778 mg/100 g d.w. (H. maculatum, sample 22).

Hernandez et al. was the only previous study that identified
campesterol, B-sitosterol and stigmasterol in H. perforatum and confirmed
the absence of ergosterol [32]. However, the study did not quantify the
sterols. This is the first report to identify and quantify sterols in the aerial parts
of the assessed Hypericum species (except H. perforatum).
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Table 3. The concentration of sterols (mg/100 g d.w.)

in five Hypericum species extracts

Sample| Vegetal| Extraction| Solvent Stigmasterol Beta- Campesterol
code | species| method (v/v) Sitosterol
1 H. per UAE EtOH70% 2.658 75.335 0.582
2 H. hum UAE EtOH70% 1.349 13.345 0.202
3 H. mac UAE EtOH70% 0.338 9.306 0.068
4 H. m-p UAE EtOH70% 0.401 9.994 ND
5 H. mos UAE EtOH70% ND ND ND
6 H. per UAE MtOH25% 0.755 13.309 0.140
7 H. hum UAE MtOH25% 0.378 2.956 0.062
8 H. mac UAE MtOH25% ND 1.979 ND
9 H. mos UAE MtOH25% 15.808 365.674 0.767
10 H. per UAE EtOH50% ND ND ND
11 H. hum UAE EtOH50% ND ND ND
12 H. mac UAE EtOH50% ND 1.637 ND
13 H. m-p UAE EtOH50% ND ND ND
14 H. mos UAE EtOH50% ND ND ND
15 H. per ME EtOH70% 0.872 14.695 0.160
16 H. hum ME EtOH70% 0.987 10.304 0.174
17 H. mac ME EtOH70% 0.619 16.592 0.112
18 H. m-p ME EtOH70% 6.811 170.129 0.625
19 H. mos ME EtOH70% ND 0.582 ND
20 H. per ME MtOH25% 5.489 99.799 0.941
21 H. hum ME MtOH25% 3.338 35.187 0.547
22 H. mac ME MtOH25% 9.096 334.936 1.778
23 H. m-p ME MtOH25% 16.008 386.767 0.966
24 H. mos ME MtOH25% 9.643 214.720 0.507
25 H. per ME EtOH50% ND ND ND
26 H. hum ME EtOH50% ND ND ND
27 H. m-p ME EtOH50% ND ND ND
28 H. mos ME EtOH50% ND ND ND

H. per - H. perforatum, H. hum - H. humifusum, H. mac - H. maculatum, H. m-p - H. miracle-
pistache and H. mos - H. moserianum. ND — Not determined. UAE-ultrasound assisted
extraction; ME-maceration. EtOH 70% - ethanol 70% (v/v), EtOH 50% - ethanol 50% (v/v),
MtOH 25% - methanol 25% (v/v).
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A pattern was evident for all sterols with regards to extraction
techniques and solvents used. Ethanol 50% (v/v) extracted no sterols in all five
Hypericum species, except in H. maculatum where B-sitosterol (sample 12)
was extracted. This suggested that ethanol 50% (v/v) was the least favourable
solvent for sterol extraction. The richest extracts of each sterol were obtained
using methanol 25% (v/v) with ME, followed by ethanol 70% (v/v) with UAE.
For H. moserianum, methanol was the only solvent to successfully extract
stigmasterol (sample 9 and 24, UAE and ME respectively). This suggested
that the optimum conditions for B-sitosterol, campesterol and stigmasterol
extraction was methanol and ME.

The evaluation of antioxidant activity

The ABTS assay is widely used to assess antioxidant capacity. Total
antioxidant capacity (TAC) indicates the additive and synergistic action of all
antioxidants present in a complex sample [33]. The results of this assay are
expressed as Trolox equivalents (TE) per L of plant extract and are given in
Table 4.

As the TAC for each Hypericum species were tested under a
combination of six different conditions, the highest antioxidant level for each
species were compared. The total antioxidant capacity ranged from 83.788
mM TE/L for H. moserianum (sample 14) and H. maculatum (sample 3 and 8)
to 46.288 mM TE/L in H. humifusum (sample 7). Sample 9 for H. moserianum
(15.227 mM TE/L) presents as an outlier as it was much lower than other
results for H. moserianum in their respective conditions (samples 5,14, 19 and
28). Most of the extracts displayed the greatest antioxidant capacity in ethanol
50% (v/v). All Hypericum species (except H. miracle-pistache), displayed their
highest antioxidant activity under UAE, however the ME counterparts also
displayed similar antioxidant levels (see Table 4).

The strong TAC of H. maculatum (101.8 + 1 uM TE/g) was supported
by Zheleva-Dimitrova et al. [34] The same study reported significant
scavenging ability for H. perforatum (81.2% + 0.4 for ABTS), however the
present study found moderate scavenging ability (568.788 mM TE/L, sample 10)
for H. perforatum.

Flavonoids and polyphenols are major contributors to antioxidant
activity, due to their ability to limit the oxidative degradation of lipids [35].
Phenolic compounds act as hydrogen donors, reducing agents and free
radical scavengers [36]. The number of hydroxyl groups in the aromatic ring
of a phenolic compound contributes to the difference in antioxidant activity
between phenolic compounds. According to Zhang et al. [37], phenolic
compounds with five hydroxyl groups (such as catechin and epicatechin),
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present as the most active free radical scavengers. For flavonoids, the 4-
carbonyl (ring Z), 3’,4’-orthodihydroxy structure (ring Y), and 3,5-OH groups
(creating a catechol-like structure in ring Z) ensures effective radical
scavenging. The C2=C3 double bond in configuration with the 4-keto
arrangement is responsible for electron delocalization from ring Y, resulting
in increased radical-scavenging activity. The catechol structure in ring X
compensates for antioxidant capacity in absence of the o-dihydroxy structure
(ring Y) (see Figure 1) [27].

Quercetin (OH -3’, 4, 5, 7)

Figure 1. General structure of flavonoids with annotations for quercetin. For
quercetin, the catechol structure (ring Y), 2,3-double bond joined to the 4-
carbonyl group (ring Z) allows delocalization of the phenoxyl radical electron
to the flavonoid nucleus. Increase in resonance stabilization for electron
delocalization is attributed to the 3-hydroxy group with the 2,3-doube bond,
resulting in higher antioxidant value [27]

Glycosides formed from quercetin (a flavonoid) such as isoquercitrin,
hyperoside and quercitrin, also display antioxidant activity. However, compared
to quercetin, the glycosides are more water soluble due to the sugar portion
of the molecules and a higher degree of absorption, leading to greater
bioavailability in the body [38].

The highest concentration of quercitrin (794.800 mg/100 g d.w.,
sample 17) was found in H. maculatum, which also had a high concentration
of hyperoside (1689.227 mg/100 g d.w., sample 8) and isoquercitrin
(1130.729 mg/100 g d.w., sample 8) (Table 1). H. moserianum had high
levels of chlorogenic acid (1160.206 mg/100 g d.w., sample 9) with high
quercitrin levels (702.580 mg/100 g d.w., sample 9). The present study supports
the correlation of antioxidant capacity to phenolic compounds as species that
contained the highest concentrations of polyphenols and flavonoids corresponded
with species that displayed high antioxidant activity.
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Table 4. Trolox equivalent antioxidant capacity (TEAC) of five Hypericum species
(expressed as mM TE/L - Trolox equivalent/L plant extract)

Sample Vegetal Extraction Solvent (v/v) TEAC
code species method (mM TE/L)
1 H. per UAE EtOH70% 35.682
2 H. hum UAE EtOH70% 44.015
3 H. mac UAE EtOH70% 83.788
4 H. m-p UAE EtOH70% 59.167
5 H. mos UAE EtOH70% 77.727
6 H. per UAE MtOH25% 56.894
7 H. hum UAE MtOH25% 46.288
8 H. mac UAE MtOH25% 83.788
9 H. mos UAE MtOH25% 15.227
10 H. per UAE EtOH50% 58.788
11 H. hum UAE EtOH50% 41.742
12 H. mac UAE EtOH50% 72.424
13 H. m-p UAE EtOH50% 70.909
14 H. mos UAE EtOH50% 83.788
15 H. per ME EtOH70% 47.424
16 H. hum ME EtOH70% 40.606
17 H. mac ME EtOH70% 74.318
18 H. m-p ME EtOH70% 60.303
19 H. mos ME EtOH70% 75.076
20 H. per ME MtOH25% 27.727
21 H. hum ME MtOH25% 36.818
22 H. mac ME MtOH25% 48.561
23 H. m-p ME MtOH25% 58.030
24 H. mos ME MtOH25% 78.485
25 H. per ME EtOH50% 53.106
26 H. hum ME EtOH50% 39.467
27 H. m-p ME EtOH50% 72.803
28 H. mos ME EtOH50% 78.485

H. per - H. perforatum, H. hum - H. humifusum, H. mac - H. maculatum, H. m-p - H. miracle-
pistache and H. mos - H. moserianum. UAE-ultrasound assisted extraction;, ME-maceration.
EtOH 70% - ethanol 70% (v/v), EtOH 50% - ethanol 50% (v/v), MtOH 25% - methanol 25% (v/v).
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CONCLUSIONS

In this study, H. perforatum, H. humifusum, H. maculatum, H. miracle-
pistache and H. moserianum were investigated for their phytochemical profile
and antioxidant activity. To the best of the authors knowledge, stigmasterol,
campesterol, B-sitosterol and hispidulin were quantified for the first time in all
assessed species. Among the polyphenols determined, chlorogenic acid,
hyperoside, rutoside, isoquercitrin, quercitrin and quercetol were abundant
across all five species. H. maculatum had the highest hypericin concentration
and can be further investigated for photo-induced cytotoxic activity. H. miracle-
pistache contained the highest hyperforin concentration which was of interest
as H. perforatum is commercially marketed due to its antidepressant activity.
However, with considerably higher amounts of hyperforin found in H. miracle-
pistache, it may prove more effective than H. perforatum with even slimmer
chances of photosensitivity as no hypericin was detected. However, more
clinical research regarding its efficacy, therapeutic dose and safety for
consumption is suggested before it can also be considered for commercial
use. H. maculatum and H. moserianum exhibited the highest antioxidant
activity, while H. humifusum presented with the lowest. Therefore, the
Hypericum species serve as a useful source of bioactives, to the nutraceutical
and pharmaceutical industry.

A key finding of this study was that H. miracle-pistache contained higher
amounts of hyperforin than H. perforatum and hypericin was absent in the
species. Several factors such as genetic variation within the plant species, soil
composition or geographical origins can affect the phytochemical composition
and consequently in vitro and in vivo activity. More specific to this study, the use
of different extraction methods (UAE and ME) and different solvents influence
the yield. Little comparative studies exist for H. miracle-pistache, so further
phytochemical research should be conducted on the species to account for
these factors and further certify the chemical composition of the species.

Further research into the clinical safety of ingesting H. miracle-
pistache could also be conducted. This should highlight any adverse effects
and a safe maximum amount which can be consumed daily. Finally, the
clinical efficacy for mild to moderate depression could be assessed and
compared to H. perforatum, with a safe and effective therapeutic dose identified.
As H. miracle-pistache contained high amounts of chlorogenic acid and
hyperoside, other clinical applications to conditions such as diabetes or
Alzheimer’s disease could be assessed.
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EXPERIMENTAL SECTION

2.1 — Collection and identification of plant materials

Hypericum perforatum, Hypericum humifusum and Hypericum
maculatum were gifted by Prof. Laurian Vlase. Fresh Hypericum moserianum
and Hypericum miracle-pistache plants were store bought from a local supplier
in Cluj-Napoca, Romania. Dr. Vlase Ana-Maria confirmed the authenticity of
the plants, and a voucher specimen was deposited for each species at the
Department of Pharmaceutical Botany, Faculty of Pharmacy. Aerial parts of
each Hypericum species were prepared for lyophilisation by freezing for
three hours at -20°C. The samples were lyophilised (SP Scientific Advantage
2.0, USA) at -55°C, 200 mTorr for one day and at -25°C, 200 mTorr for
another four days. The samples were then milled into a powder and stored
in amber glass bottles.

2.2 - Preparation of methanolic and ethanolic extracts

200 mg of each Hypericum species were mixed with the extraction
solvents (2 ml of methanol 25% (v/v), ethanol 70% (v/v) and ethanol 50%
(v/v)) in separate test-tubes for each solvent. An aliquot of each sample was
filtered by centrifuge (Sigma 3-30 KHS, Sigma Laborzentrifugen GmbH,
Germany) at the following settings: 25°C for 10 minutes at 10000 min-', 9168 g,
12154 rotor. Ultrasound-assisted extraction (UAE) was performed (Transsonic
700, Elma D-788224, Singen, Germany) at 35 kHz, for 10 minutes every
hour, for five hours daily, for nine days. For maceration (ME) the mixtures
were shaken hourly, for five hours daily, for nine days.

2.3 - Determination of total antioxidant capacity

Total radical scavenging capacity was measured by ABTS assay
previously described [39]. The Trolox equivalent antioxidant capacity (TEAC)
assay reflects the ability of antioxidants to decolourise the blue-green 2,2-
azinobis(3-ethylbenzothiazoline-6-sulphonate)) (ABTS*) radical, to a degree
proportional to their concentration [40]. The ABTS reaction mixture consisted
in 0.4 M acetate buffer (pH=5.8) and 10 mM ABTS"* solution in 30 mM acetate
buffer (pH=3.6). 12.5 UL of each extract was assessed spectrophotometrically
(Analytik Jena Specord® 200 plus, Germany) at 660 nm, after 5 minutes reaction
time with ABTS radical solution. Trolox, dissolved in a phosphate buffer (20
mmol/L, pH 7.4) with five-fold serial dilutions (0.05 mM — 1 mM), was used
to make the calibration curve with a good regression coefficient (R*>0.9972).
The results of the assay were expressed in mM Trolox equivalents (TE)/L of
plant extract.
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2.4.1 - General HPLC and mass spectrometer equipment

The experiment was conducted on an Agilent 1100 HPLC series system
(Agilent Technologies, Santa Clara, CA, USA) equipped with a G13311A
gradient pump, column thermostat, G1322A binary degasser, G1313A auto
sampler and a G1316AUV detector coupled with an Agilent 1100 mass
spectrometer (MS) (LC/MSD lon Trap VL).

2.4.2 - Qualitative and quantitative determinations of polyphenols

The HPLC-MS/MS method described by Viase et al. [41,42] was
adopted, with modifications of acetic acid replacing potassium phosphate in
the mobile phase. 18 polyphenols were analysed: apigenin, caffeic acid,
chlorogenic acid, caftaric acid, fisetin, ferulic acid, gentisic acid, hyperoside,
isoquercitrin, kaempferol, luteolin, myricetol, patuletin, p-coumaric acid,
quercitrin, quercetin, rutoside and sinapic acid. For chromatographic separation
a reverse-phase analytical column was employed (Zorbax SB-C18, 100 x 3.0
mm i.d., 3.5 um), with a mixture of methanol:acetic acid 0.1% (v/v) as the
mobile phase and binary gradient [43]. The elution began with a linear
gradient, starting with 5% methanol then 42% methanol, for 35 minutes. For the
next 3 minutes isocratic elution followed with 42% methanol, rebalancing with
5% methanol in the next 7 minutes. The flow rate was 1 mL min-', the injection
volume was 5 pL, with a column temperature of 48°C [44].

Compound detection was performed in UV and MS mode. Each
compound was detected at wavelengths corresponding to the maximum
absorption of their respective UV spectrum. Therefore, the UV detector was
set at 330 nm for 17 minutes for polyphenolic acid detection, then 370 nm
until 38 minutes to detect flavonoids and their aglycones. For quantitative
determination, a calibration curve with a 0.5 ug-5 pg/ml range was made for
each compound [45].

For six other polyphenols (catechin, epicatechin, vanillic acid, gallic
acid, protocatechic acid and syringic acid) a Zorbax SB-C18 column, 100 x
3.0 mmi.d., 3.5 ym, with a mixture of methanol:acetic acid 0.1% (v/v) as the
mobile phase and binary gradient was used to carry out chromatographic
separation (starting with 3% methanol at 3 minutes, 8% methanol at 8.5
minutes, 20% methanol until 10 minutes then rebalance column with 3%
methanol). The flow rate was 1 ml/min with a 5 pL injection volume [46].

The mass-spectrometer operated with an electrospray-ion source in
negative mode (nebulizer 60 psi (nitrogen), drying gas nitrogen at 12 L/min
flow rate, 360°C temperature, +3000 V capillary potential). The analysis
mode was specific ion monitoring for polyphenolcarboxylic acids and AUTO
MS for flavonoids and their aglycones. ChemStation and DataAnalysis software
from Agilent USA processed the chromatographic data [47].
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2.4.3 - Qualitative and quantitative determinations of
methoxyflavones

The separation of methoxyflavones (acacetin, casticin, eupatilin,
eupatorine, hispidulin and jaceosidin), was performed on a Zorbax SB-C18
analytic column (100 x 3.0mm i.d., 3.5 ym) at 48°C, in MS/MS, MRM
mode [48]. Acetic acid 0.1% (v/v) and methanol made up the mobile phase
beginning with 45% methanol and ending at 50% methanol for 8 minutes.
The injection volume was 5 pL with a 0.9 ml/min flow rate and a gradient. The
mass-spectrometer operated using an electrospray ion source in negative
mode, under the following optimized conditions: nitrogen gas at 325°C, 12 L/min
flow rate, 60 psi (nebulizer pressure), +2500 V capillary voltage and MS/MS
specific ion monitoring analysis mode. To quantify each flavone in the extracts,
the intensity of the selected ions from the mass spectra was considered. To
construct the five point plot calibration curves, the standard solutions of each
flavones were dissolved in methanol and successive dilutions were made in
methanol:water (75:25 v/v).

2.4.4 - Qualitative and quantitative determinations of sterols

A previously described method was used to identify and quantify the
phytosterols in Hypericum sp. extracts [49]. The following analytical standards
were used: B-Sitosterol, campesterol, ergosterol and stigmasterol. Zorbax SB-
C18 (100 x 3.0mm i.d, 3.5 ym) reverse-phase analytical column fitted with a
Zorbax SB-C18 guard column was used for sterol separation, at 40°C under
isocratic conditions in MS/MS, MRM mode. Acetonitrile:methanol (30:70 v/v)
mixture made up the mobile phase, with a 1 ml/min flow rate and a 4 L injection
volume. The mass-spectrometer operated using an atmospheric pressure
chemical ionization (APCI) interface, in positive mode, under these conditions:
nebulizer 50 psi, gas (nitrogen) at 7 L/min flow rate, 250°C temperature, -4000 V
capillary potential. Multiple analysis mode was used instead of single ion
monitoring to limit background interference (MS/MS instead of just MS).

2.4.5 - Qualitative and quantitative determinations of hyperforin
and hypericin

HPLC/ESI-MS (ion trap) analysis of hyperforin and hypericin was
performed on a Zorbax SB-C18 (100 x 3.0 mm i.d, 3.5 ym) analytical column
with a 0.2-micron filter (Agilent) at 45°C with a 1 ml/min flow rate [50,51].

Hypericin: The mobile phase was acetonitrile:ammonium acetate (1 mM)
(50:50 v/v) solution with a 5 pL injection volume. The mass-spectrometer
functioned using an electrospray ion source in negative mode, under the
following optimized conditions: nitrogen gas at 325°C with a 12 L/min flow
rate, nebulizer pressure of 60 psi and a 3000 V capillary voltage. The
analysis mode was set to ion monitoring m/z 503 [52].
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Hyperforin: For the mobile phase, 1 mM ammonium acetate solution
was mixed with acetonitrile 35:65 (v/v). For detection, the mass-spectrometer
operated using an electrospray ion source in negative MS/MS mode under
the following optimized conditions: nitrogen gas at 350°C with a 12 L/min flow
rate, nebulizer pressure of 60 psi and a 2500 V capillary voltage. The
analysis mode used was transition monitoring m/z 535.4.

REFERENCES

1. K. Doukani, A.S.M. Selles, H. Bouhenni. Naturally Occurring Chemicals Against
Alzheimer's Disease, 1st ed.; Academic Press - Elsevier Inc., Amsterdam,
Netherlands, 2021, Chapter 3.1.11, pp. 155-165.

. A. Smelcerovic, V. Verma, M. Spiteller, S. Ahmad, S. Puri, G. Qazi. Phytochemistry,
2006, 67(2), 171-177.

. A. Nahrstedt, V. Butterweck. Pharmacopsychiatry, 1997, 30(2), 129-34.

. S.L. Crockett, N.K.B Robson. Med Aromat Plant Sci Biotechnol, 2011, 5(Special
Issue 1), 1-13.

. F. Pellati, S. Benvenuti, M. Melegari. J Chromatogr A, 2005, 1088(1), 205-17.

. G. Roscetti, O. Franzese, A. Comandini, E. Bonmassar. Phytother Res, 2004,
18(1), 66-72.

7. A.R. Bilia, S. Gallori, F.F. Vincieri. Life Sci, 2002, 70(26), 3077—3096.

8. M. Brolis, B. Gabetta, N. Fuzzati, R. Pace, F. Panzeri, F. Peterlongo. J Chromatogr

A, 1998, 825(1), 9-16.

9. B.I.P. Schiavone, A. Rosato, M. Marilena, C. Franchini, F. Corbo, L. Verotta L et
al. Anti-Cancer Agents Med Chem, 2014, 14(10), 1397-401.

10. R.H. Poppenga. Clin Tech Small Anim Pract, 2002, 17(1), 6-18.

11. M.A. Medina, B. Martinez-Poveda, M.l. Amores-Sanchez, A.R. Quesada. Life
Sci, 2006, 79(2), 105-111.

12. K. Leuner, V. Kazanski, M. Muller, K. Essin, B. Henke, M. Gollasch et al. FASEB
J, 2007, 21(14), 4101-4111.

13. D. Gatea, L. Vlase, M. Tamas, |. Oniga. Contrib Bot, 2010, 45, 35-40.

14. D. Gétea, M. Sipos, M. Tamas, B. Pasca. Analele Univ din Oradea, Fasc Biol,
2010, Tom XVII, 111-115.

15. J.W. Petrich. Int Rev Phys Chem, 2000, 1(3), 479-500.

16. L.P. Christensen. Polyphenols in Human Health and Disease, 1st ed.; Elsevier
Inc., Amsterdam, Netherlands, 2014, Chapter 62, pp. 793-818.

17. K.M. Klemow, A. Bartlow, J. Crawford, N. Kocher, J. Shah, M. Ritsick. Herbal
medicine: Biomolecular Clinical Aspects, 2nd ed.; CRC Press/Taylor & Francis,
London, UK, 2011, Chapter 11.

18. P. Agostinis, A. Vandenbogaerde, A. Donella-Deana, L.A. Pinna, K.T. Lee,
J. Goris J et al. Biochem Pharmacol, 1995, 49(11), 1615-22.

AW N

[©2N¢)]

33



19.

20.
21.

22.

23.

24,

25.

26.

27.
28.

290.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

34

A. A. ADEHUWA-OLABODE, A. SAUTREAU, L. VLASE, A.-M. VLASE, D. MUNTEAN

D. Zheleva-Dimitrova, P. Nedialkov, G. Kitanov. Pharmacogn Mag, 2010, 6(22),
74-78.

J.D. Potter. Lancet, 2005, 366(9485), 527-530. ] )

E. Czinner, K. Hagymasi, A. Blazovics, A Kéry, E Sz6ke, E Lemberkovics.
J Ethnopharmacol, 2001, 77(1), 31-35.

A. Pop, |. Fizesan, L. Vlase, M.E. Rusu, J. Cherfan, M. Babota, A-M. Gheldiu,
I. Tomuta, D-S. Popa. Antioxidants, 2021, 10(4), 607.

A. Toiu, L. Vlase, C.M. Dragoi, D. Vodnar, |. Oniga. Farmacia, 2016, 64(5), 663-
667.

T. Nogueira, M.A. Medeiros, M.J. Marcelo-Curto, B.E. Garcia-Pérez, J. Luna-
Herrera, M.C. Costa. Ind Crops Prod, 2013, 47(1), 126-131.

I. Oniga, A. Toiu, D. Benedec, |. Tomuta, L. Vlase. Farmacia, 2016, 64(2), 171—
174.

B.A. Silva, F. Ferreres, J.O. Malva, A.C.P. Dias. Food Chem, 2005, 90(1-2),
157-167.

A. Wojdyto, J. Oszmianski, R. Czemerys. Food Chem, 2007, 105(3), 940-949.
S.L. Crockett, N.K.B. Robson. Med Aromat Plant Sci Biotechnol, 2011, 5(Special
Issue 1), 1-13.

B. Bozin, N. Kladar, N. Gruji¢, G. Anackov, |. Samojlik, N. Gavari¢ et al.
Molecules, 2013, 18(10), 11733—-11750.

F. Maggi, G. Ferretti, M. Ricciutelli, N. Pocceschi, L. Menghini. Fitoterapia, 2004,
75(7-8), 702-711.

P. Martonfi, M. Repc¢ak, L. Martonfiova. Biologia, 2006, 61(4), 473-478.

D. Hernandez-Saavedra, I.F. Pérez-Ramirez, M. Ramos-Gémez, S. Mendoza-
Diaz, G. Loarca-Pifa, R. Reynoso-Camacho. Med Chem Res, 2015, 25(1), 163-
172.

M.E. Rusu, I. Fizesan, A. Pop, A Mocan, A-M. Gheldiu, M. Babota et al.
Molecules, 2020, 25(9), 2187.

D. Zheleva-Dimitrova, P. Nedialkov, G. Kitanov. Pharmacogn Mag, 2010, 6(22),
74-78.

A. Toiu, A. Mocan, L. Vlase, A.E. Parvu, D.C. Vodnar, A-M. Gheldiu et al.
Molecules, 2019, 24, 1597.

A. Toiu, L. Vlase, D.C. Vodnar, A-M. Gheldiu, I. Oniga. Molecules, 2019, 24,
2666.

Z. Zhang, L. Liao, J. Moore, T. Wu, Z. Wang. Food Chem, 2009, 113(1), 160—
165.

J. Pei, A. Chen, L. Zhao, F. Cao, G. Ding, W. Xiao. J Agric Food Chem, 2017,
65(29), 6042-6048.
A. Toiu, L. Vlase, A-M. Gheldiu, D. Vodnar, |. Oniga. Farmacia, 2017, 65(3), 351-
355.

M.E. Rusu, C. Georgiu, A. Pop, A. Mocan, B. Kiss, O.Vostinaru et al.
Antioxidants, 2020, 9, 424.



THE PHYTOCHEMICAL ANALYSIS AND ANTIOXIDANT CAPACITY DETERMINATION OF FIVE ...

41. D. Hanganu, D. Benedec, L. Vlase, I. Popica, C. Bele, O. Raita et al. Farmacia,
2016, 64(4), 498-201.

42. D. Benedec, D. Hanganu, L. Filip, I. Oniga, B. Tiperciuc, N-K. Olah et al.
Farmacia, 2017, 65(2), 252-256.

43. A.D. Farcas, C. Zagrean-Tuza, L. Vlase, A-M. Gheldiu, M. Péarvu, A.C. Mot.
Studia UBB Chemia, 2020, LXV (2), 209-220.

44. M. Parvu, L. Vliase, A.E. Parvu, O. Rosca-Casian, A-M. Gheldiu, O. Parvu. Not
Bot Horti Agrobo, 2015, 43(1), 53-58.

45. A. Mocan, L. Viase, D.C. Vodnar, A-M. Gheldiu, R. Oprean, G. Crisan.
Molecules, 2015, 20, 15060-15071.

46. M.E. Rusu, I. Fizesan, A. Pop, A-M. Gheldiu, A. Mocan, G. Crisan et al.
Antioxidants, 2019, 8(10), 460.

47. C.N. Tiboc Schnell, G.A. Filip, N. Decea, R. Moldovan, R. Opris, S.C. Man et al.
Inflammopharmacology, 2021, 29, 753-769.

48. A. Mocan, D. Vodnar, L. Vlase, O. Crisan, A-M. Gheldiu, G. Crisan. Int J Mol Sci,
2015, 16, 21109-21127.

49. A. Toiu, A. Mocan, L. Viase, A.E. Parvu, D.C. Vodnar, A-M. Gheldiu et al. Front
Pharmacol, 2018, 9, 7.

50. A. Coste, L. Vlase, A. Halmagyi, C. Deliu, G. Coldea. Plant Cell Tiss Organ Cuilt,
2011, 106, 279-288.

51. A.C. Raclariu, R. Paltinean, L. Vlase, A. Labarre, V. Manzanilla, M.C. Ichim et al.
Sci Rep, 2017, 7, 1291.

52. A.C. Sevastre-Berghian, V.A. Toma, B. Sevastre, D. Hanganu, L. Vlase,
D. Benedec et al. J Physiol Pharmacol, 2018, 69(5), 789-800.

35






	Blank Page

