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Abstract

Difference of the volatile components of four herbs of Selaginella genus, i.e. Selaginella remotifolia, S.
bodinieri, S. biformis, S. trichoclada were compared for the first time based on headspace solid-phase
microextraction (HS-SPME) combined with gas chromatography-mass spectrometry (GC-MS). SPME
extraction parameters (SPME fibres, extraction temperatures and extraction time) were optimized by single
factor evaluation. In terms of maximum signal recorded and number of isolated volatilemetabolites, the best
results were obtained as follows: a 65 pm DVB/PDMS coating fiber at 90°C for 10 min. A total of 53
components of the essential oils were identified, which included ketones (6), sesquiterpenes (4), monoterpenes
(11), esterscompounds (2), higher alcohols (7), aldehydes (8), furan derivatives (2), alkanes (4), aliphatic
hydrocarbons (7), sulphur compounds (2). Compared with different volatility of components, monoterpenes
(38.14%) were the highest in the four species of Selaginellaceae, followed by alcohols (18.95%), alkanes
(12.87%), and furans (12.85%). Thus, from the obtained results it may be suggested that four Selaginella
plants can be used as possible source for comprehensive utility and development of Selaginella herbs.

Introduction

Selaginella remotifolia (Sr), S. bodinieri (Sbo), S. biformis (Sbi), S. trichoclada (St) are
commonly used in traditional Chinese medicines (Jin et al. 2007). They generally belong to
Selaginellaceae (Jiang et al. 2017). Of all these Selaginellas, 700 species are widely distributed
throughout the world and about 60-70 species are native to China (Wang et al. 2015, Li et al. 2017).
Traditional Chinese Medical (TCM) Science thinks that the Selaginellaceaec was beneficial for
detoxifying heat and detoxifying (Wang et al. 2013, Song et al. 2014), activating blood circulation
and removing blood stasis (Jin et al. 2015), removing wind and dehumidifying (Wang et al. 2017)
etc. Modern pharmacological andclinical research (Zheng et al. 2014) had shown that the main
active ingredients in Selaginellas are volatile oils and biflavonoids. The latest studies have reported
that these species of Selaginella are mainly used for the treatment of laryngopharyngeal swelling,
rheumatism, nasopharyngeal carcinoma, chorionic epithelial carcinoma (Valdespino et al. 2015),
cervical cancer, and traumatic bleeding (Sawaya et al. 2015).

Considering the limitations of the traditional sampling techniques, headspace solid phase
microextraction (HS-SPME) has attracted more and more attention in recent years (Araujo et al.
2015, Wang et al. 2015). HS-SPME has many advantages, such as efficient extraction
preconcentration methods and reliable alternatives to traditional sample preparation techniques
because of their simplicity, low cost, selectivity, and sensitivity when combined with appropriate
detection modes (Garcia et al.2006, Singh et al. 2017).

At present, HS-SPME technology has not been applied to the study of Selaginella plants. In
this experiment, the volatile oils of four Selaginella species have been identified and analyzed via
headspace solid-phase microextraction combined with gas chromatography-mass spectrometry
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(HS-SPME-GC-MS). 1t is also the first time that the volatile metabolomic composition of the
Selaginella plants has been investigated, which could provide useful information for the
development and utilization of Selaginella herbs.

Material and Methods

The mixture of standard n-alkanes containing Cg-C,q straight-chain alkanes in hexane was
purchased from Ruizhx Technology (Beijing, China). SPME holders were purchased from Supelco
(Bellefonte, USA) and coated with the following polymers: polydimethylsiloxane (PDMS, 100um),
carboxen/polydime-thylsiloxane (CAR/ PDMS, 75um), divinylbenzene/carboxen on polydi-
methylsiloxane (DBV/CAR/ PDMS, 50/30 pm), and polydimethylsiloxane/divinylbenzene
(PDMS/DVB, 65 pum).

Several herbs fromselaginella were collected in south of the Yangtze River, China, in January
2018 (Table 1). Four Selaginella species were identified by Yang Jianwen, Deputy Director
Pharmacist of Zunyi Medical University.

Table 1.Collection sites of different selaginella.

No. A.n. Collection site Longitude  Latitude Altitude(masl)
1 Sr Liu Zhou, Guang Xi Province, China N109° 4" E24° 33" 101

2 Sbo Zun Yi, Gui Zhou Province, China N114°32"' E29°85"' 28.5

3 Sbi Guang Yuan, Si Chuan Province, China  N105°46' E32°24' 1200

4 St An Ning, Yun Nan Province, China N102°44"' E24°95' 1862

The SPME device included a fused silica fibre coating partially cross-linked with 65 pm
DVB/PDMS. Before use, the SPME fibre was maintained at 250°C for 120 min in the GC injector.
Before sampling, blank runs were completed to ensure no carryover of analytes from previous
extractions. For the HS-SPME assay, aliquots of 1.0 = 0.001 g broken herbs passed through a 20
mesh were placed into a 4 ml glass vial which was closed and placed in a thermostatic.

The temperature of HS-SPME apparatus was adsorpted at 90°C, SPME fibre was manually
inserted into the sample vial headspace for 5 min. After extraction, the fibre was retracted to
remove from the sample vial and immediately inserted into the GC injection port for desorption at
250°C for 4 min in splitless mode. For headspace extraction of the volatile oils from Selaginella
plants, aliquots of 1g were placed into a 4 ml glass vial and subjected to the same procedure to
determine the volatile metabolites.

To evaluate the effect on HS-SPME of the volatile oils from the Selaginella plants, SPME
fibres (CAR/PDMS, PDMS/DVB, PDMS, DVB/CAR/PDMS), extraction temperatures (50, 60, 70,
80, 90 and 100°C), extraction time (5, 10, 15, 20, and 25 min) were investigated as single factor
variables.

GC-MS analysis of the SPME-collected volatile metabolites were performed on an Agilent
Technologies 6890N GC equippednetwork gas chromatograph with a HP-5MS capillary column
(30mx0.25mmx0.25 pm) and connected to an Agilent quadrupole mass-selective detector. Helium
was used as the carrier gas at a flow rate of 1.0 ml/min (column head pressure of 12 psi). The
injections were performed in the splitless mode (4 min). The GC temperature program was from
50°C (held for 5 min) up to 150°C at a rate of 10/min (held for 1.0 min) and further up to180°C at a
rate of 1/min (held for 1 min),10/min ramp until 250°C and then held isothermally at 250°C for
Smin.
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For the MS system, the temperatures of the transfer line, quadrupole and ionization source
were 250, 180 and 230°C, respectively; electron impact mass spectra were recorded at 70 eV and
the ionization current was about 20UA. The acquisitions were performed in full scan mode (50 -
550 m/z). Reproducibility was expressed as relative standard deviation (RSD). Volatile metabolites
were identified by comparison of GC retention times and mass spectra with those obtained for pure
standard compounds (when available) including Wiley07Nist, NIST05 database and Kovat’s
retention indices values (RI) calculated according to Van Den Dool and Kratz (1963):

RI=100%(A — C(n)/C(n+1) — C(n)+100n)

where A is the retention time of analyte, C(n) is the retention time of n-alkane with n carbon
atoms eluting before A, C(n + 1) is the retention time of the next n-alkane with (n + 1) carbon atoms
eluting after A, and n is the number of carbon atoms in the n-alkanes.

In order to verify the statistical significance, all analyses were carried out in triplicate and
results were expressed as mean £ SD.

Results and Discussion

The HS-SPME experimental parameters were established and optimized by the number of
volatile organic metabolites and total peak area. As previously described, four commercially
available SPME fibres, namely CAR/PDMS, PDMS/DVB, PDMS, DVB/CAR/PDMS, were tested
for extraction efficiency. The present results showed that 65 um DVB/PDMS was the best fibre to
extract the volatile metabolites from SR (Fig. 1a). In addition, Fig.1b illustrates that DVB/PDMS
fiber had a larger affinity for monoterpenes (Mon), higher alcohol (HA) and aldehydes (Ald).

The next experimental parameter analysed was temperature. Using the best extracting fibre,
DVB/PDMS, the temperatures of 50, 60, 70, 80, 90 and 100°C were assayed (Fig. 1d). The highest
total peak area was achieved at 90°C (Fig. 1d). Finally, using the best extracting fibre, DVB/PDMS,
and the optimal extraction temperature 90°C, five extraction times, 5, 10, 15, 20 and 25 min, were
assayed (Fig. 1¢). In all five assays, the number of volatiles identified at 10 min was the most and
therefore total peak area was the highest.

A total of 53 volatile metabolites,25 in Sr, 31 in Sbo, 32 in Sbi, and 36 in St were identified
based on optimized HS-SPME experimental parameters combined with MS database and retention
indices (Rl.,) calculated for HP-5MS capillary column (Table 2). The retention indices of the
experimental data were in good agreement with those reported in the literature. The average relative
standard deviations (RSD, 1.7%) for the retention indices ranged from 0.8 to 2.2%. Total ion
chromatogram (TIC) of volatile metabolites from four Selaginell plants by HS-SPME-GC-MS has
been shown in Fig. 2.

The metabolites identified were from different chemical classes including ketones (6),
sesquiterpenes (4), monoterpenes (11), esterscompounds (2), higher alcohols (7), aldehydes (8),
furan derivatives (2), alkanes (4), aliphatic hydrocarbons (7), sulphur compounds (2). It was worth
to note that the amount of monoterpenes in Sbowas significantly higher than those found in the
other Selaginella plants. However, the amount of sesquiterpenes in St was the highest.

According to the experimental results, 25 metabolites from S. remotifolia were identified by
GC-MS and furan compounds (5.57 x 10" + 1.03%) were the major component (Table 2).
Monoterpenes (5.46 x 107 + 8.17%) werethe second most abundant metabolite followed by
aldehydes (5.94x10°+ 5.93%),higher alcohol (5.59 x 10°+ 7.00%), aliphatic hydrocarbons (3.42 x
10° +2.18%), ketones (1.98x10° + 1.55%), sesquiterpenes (1.69 x 10°+ 2.21%) and alkanes (1.43
x 10°+ 3.35%). In the individual metabolites (Table 2), 2-n-butyl furan (22;5.57 x 10"+ 6.48%)
was found to be the main component found followed by dl-limonene (29; 2.90 x 10"+ 3.40%) and
acetaldehyde (1; 1.18 x 107+ 2.95%).
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Fig. 1.Optimisation of the extraction-influencing factors which affect the efficiency of HS-SPME: (a) effect of
SPME fibre coating; (b) performance of SPME coatings on the extraction efficiency of higher alcohol(HA),
aldehydes (Ald), ketones (Ket), monoterpenes (Mon), sesquiterpenes (Ses),and aliphatic hydrocarbons (Alh);
(c) effect of the extraction temperature; and (d) influence of the extraction time on the extraction efficiency of
Selaginella. Error bars represent standard error of the mean (n = 4 for each data point).
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Fig. 2.Typical chromatograms (GC-MS) of volatile metabolites from S. remotifolia, S. bodinieri, S. biformis. S.
trichoclada extract, extracted via HS-SPMEDVB/PDMS (peak assignments and identification, see Table 1).
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A total of 31 volatile metabolites from S. bodinieri belonging to distinct chemical groups,
mainly included monoterpenes (7.79 x 10%+ 9.02%), furan compounds (3.08 x 107 + 1.96%),
aliphatic hydrocarbons (1.42 x 107 + 2.04%) and ketones (7.27 x 10°+ 5.17%) (Fig. 3). The
distribution of different volatile metabolites has been presented in Fig 3. Considering the individual
metabolites (Table 2), alpha-terpinolene (28; 6.30 x 10%+ 18.48%) was the main component found
followed by octadien-2-0l (27; 7.62 x 10" + 2.16%),d]-limonene(24; 3.97 x 10" + 2.74%) and
acetaldehyde (1;1.32 % 107+ 5.70%).
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Fig. 3.Distribution of chemical classe of volatile metabolites in Selaginellas. Chemical class code: HA : higher
alcohols; Ald: aldehyde; Ket: ketone; Mon: monoterpenes; Ses: sesquiterpenes: FC: furan compounds; EC:
estercompounds; Alh: aliphatic hydrocarbons; Alk: alkanes; SC: sulphur compounds.

S. biformis for TCM has a good function of eliminating wind and scattering frigidity. As
shown in Table 2, 32 metabolites were identified with monoterpenes (1.44 x 10°+ 4.32%), higher
alcohols (1.15 x 10%+ 9.51%), aldehydes (6.76 x 107+ 4.97%), alkanes (1.45 x 10"+ 9.02%) and
esters compounds (1.39 x 10’ + 2.87%). According to the experimental results, cyclopentano (15;
1.12 x 10® + 15.32%) was the major component. alpha-pinene (19; 7.86 x 107 £ 3.12%) was the
second most abundant metabolite followed by alpha-terpinolene (28; 5.60 x 10" + 3.97%),
2-n-butyl furan (18; 5.34 x 10"+ 3.84%), dl-limonene (24; 4.01 x 10"+ 3.39%), and acetaldehyde
(1; 2.41 x 107+ 3.72%).

As depicted in Fig 2, there were 36 volatile metabolites from S. trichoclada. They mainly
contain higher alcohols (4.37 x 10°+ 18.52%), alkanes (3.66 x 10%+ 9.27%), furan compounds
(2.42 x 10%+ 11.73%). Based on peak area (Table 2), cyclopentanol (15; 3.67x10° + 17.41%)was
found to be the main component followed by 1,2 4-triethyl-benzene (40; 3.04 x 10+ 16.96%),
2-n-butyl furan (18; 2.42 x10°+16.64%), pentalenene (44; 8.20 x 107+ 8.96%) and acetaldehyde (1;
5.20 x 107+ 3.61%).

HS-SPME firstly provided a suitable, rapid and selective method to obtain many volatile oils
of four Selaginella species by GC-MS. According to peak area and the quantity of volatile
metabolites identified, the results showed that DVB/PDMS fiber was the most suitable to separate
the volatile oils using HS-SPME technique. The optimum conditions for the influential extraction
parameters were 10 min and 90°C for extraction time and extraction temperature, respectively.
Besides, the volatile oils of several herbs were mainly composed of ketones (6), sesquiterpenes (4),
monoterpenes (11), higher alcohols (7), aldehydes (8), furan derivatives (2), alkanes (4), aliphatic
hydrocarbons (7). The major chemical groups occurring in the essential oils were monoterpenes
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(38.14%), alcohols (18.95%), alkanes (12.87%) and furans (12.85%). Therefore, the data presented
here showed the potential of a solvent-free and high-throughput extraction technique to establish
the volatile metabolomic pattern of different selaginella plants. The findings of the essential oils
from the related four species of Selaginella could be a valuable tool to distinguish the difference of
their volatile chemical groups.
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