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Abstract

Prunella vulgaris (PV) is a perennial plant which is widely grown around the
world. It has been widely used as a medicinal treatment for generations. Pre-
vious studies showed extracts from this plant had a wide range of therapeutic
efficacy, including anti-tumorous effect. However, the volatile organic com-
pounds (VOCs) extracted from it were rarely explored. This paper reports on
the characterization of a steam distillation process to extract VOCs in PV and
also the anti-tumorous effects of the PV distillate using the tetrazolium-based
Cell Counting Kit-8 (CCK-8) as the test agent, when the VOCs were used to
treat oral squamous cancer cells, SSC154. It was found that most abundant
VOCs came out steadily and continuously for as long as the duration of the
steam extraction could extend. However, some compounds such as benzal-
dehyde did show depletion as the distillation process progressed, while some
compounds such as caryophyllene oxide was only sparsely found at the be-
ginning of distillation. The PV distillate was mildly effective in its cytotoxicity
to cancer cells SCC154, in a dosage dependent manner.

Keywords
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1. Introduction

Prunella vulgaris (PV) is a common herbaceous plant, which thrives in moist
soil environments [1] [2] [3] [4]. The species vulgaris belongs to the genus Pru-

nella, in the family Lamiaceae or Labiatae, which is commonly known as the
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mint family. Like many plants in the family, PV displays aromatic properties as-
sociated with its flowers, leaves and stems. The VOCs are responsible for the
fragrant smell. It is Holarctic in distribution and is widely cultivated in Asia, ex-
tending as far north as Siberia and also south into the Indian sub-continent, and
across to eastern Europe [5]. It additionally occurs in North America [6]. In
China, the plant is harvested for medicinal purposes in April and May when the
spica turns brown-red (and so the Chinese name Xia Ku Cao B #4#., which can
be translated to “ Wither in summer weed”). The spike consists of several whorls
of calyx and bracts, each with flowers and seeds. The spikes, including the stems
and seeds, comprise the “herb” component used in Chinese medicine. After
harvest, unwanted impurities and dirt are removed, and the herb then dried in
the sun before packaging.

Prunella vulgaris is a commonly used medicinal herb in traditional east Asian
medicines. It belongs to the Clearing Heat and Purging Fire category in Chinese
medicine terms [7] and consequently prescribed for signs and symptoms affect-
ing the upper body, including eye pain and eye redness, headaches and dizziness
[8] [9]. Its use extends into oncological settings as a concomitant for treatment
of tumours, used in addition to standard care with western medical interven-
tions; for examples, in transcatheter arterial chemoembolization [10], and in com-
bination with chemotherapeutic agents [11].

Biomedical studies report the various clinical applications of PV. These in-
clude the antioxidative effect of phenols found in PV [12], antiviral effect against
human immunodeficiency virus (HIV) [13] [14] [15], anti-inflammatory effect
by induction of heme oxygenase [16], anti-tumorous effects [17], and immuno-
modulatory activities [18].

Research studies have also focused on the identification of chemical compo-
nents in PV. Early studies by Kojima and Ogura [19] using methanol as the ex-
traction solvent and then applying fractionation by chromatography, reported
the presence of triterpenoids (such as sterols, ursane, and oleanane). More re-
cent studies have reported also the presence of triterpenes [9] [20] [21] [22].
These included rosmarinic acid, maslinic acid, corosolic acid, betulinic acid,
oleanolic acid and ursolic acid. Golembiovska et al [5] investigated the chemical
composition of PV grown in Ukraine using GC-MS, looking at each section of the
plant (spikes, leaves, stems and root). The presence of squalene, myristic acid,
spathulenol, viridifloral and germacrone were reportedly found in the various
parts of the plant. In other studies, other bioactive compounds identified in PV
have included polyphenols [12] [23] [24], polysaccharides [14] [25] [26] [27],
and flavonoids [17] [28] [29].

VOC:s produce distinctive fragrance and are found in other plants used in cu-
linary and in traditional medicines and have been extensively studied. These in-
clude, as examples, Artemisia argyi [30], clove, cinnamon, nutmeg, basil, oreg-
ano, thyme [31]. Only a few studies have focused on PV’s VOCs. Of the few
identified, they have focused on the identification of VOC composition [5] [32]
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[33] [34]. Studies on the pharmacological effects of the volatile compounds of
PV are also scarce [35], despite the importance of the herb in a range of herbal
formulae used in traditional medicine systems still in common use throughout
the world [7].

Distillation is a conventional method used to extract volatile compounds in
laboratories. The traditional method to prepare herbal formula in China is,
however, by decoction, which means boiling the herbs in water. An early record
of the use of distillation as a method to prepare PV as a medicinal treatment is
from the Qing Dynasty [36]. In the book, Zhao wrote, “Use the whole plant of
PV and use distillation to get the fragrant liquid”. The medicinal effects he de-
scribed were, “healing scrofula, pain of eyes, avoidance of bright light”, which is
similar to the indications of the herb when prepared with contemporary decoc-
tion methods described in the literature [37].

No studies on steam distillation were identified in the literature. Distillation,
as a whole, is not the conventional method to prepare Chinese herbal medicine;
thus, this is reflected in the limited literature reporting this method [35] [38]
[39] [40]. They concentrated on how the distillation methods effect compound
extraction. However, they did not raise question on how might the use of differ-
ent distillation methods effect compound extraction. This study tries to address

this question.

Objective of This Research

The objective of this research is on the characterisation of the steam distillation
process itself and the pharmacological anti-tumorous effect of the VOCs collec-
tively present in the distillate. (That is, looking at the whole of the anti-tumorous
effects of the distillate, reflecting traditional medicinal practices rather than fo-
cusing specifically on individual organic compounds). The particular focus on

the anti-tumorous effect reflects the continued interest in cancer research.

2. Materials and Methods

Figure 1 shows the workflow of the procedures undertaken in this investigation

for quick reference.

2.1. Materials

Dried inflorescence of Prunella vulgaris was obtained from TDT Australia Pty
Ltd., Rydalmere, NSW, a reputable importer and supplier of herbal traditional
medicines in Australia. The herb was grown in China and collectively batched
from different sources. Preparation of the herb inflorescence for testing required
the whole herb to be finely chopped using a standard chopper (Russell Hobbs
Classic chopper RHMFP2).

The authentication of the herb was carried out by thin-plate chromatography
following the procedure in the Pharmacopoeia of the People’s Republic of China,

p- 359, 2010 edition [41]. Rosmarinic acid purchased from Sigma-Aldrich
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Figure 1. Flowchart showing the workflow of the procedures
undertaken.

(R4033-10MG lot # BCBV7877) was used as the reference standard in the pro-
cedure.

Gas chromatography-mass spectrometry was carried out using a GC-MS ma-
chine manufactured by Agilent™ Technologies (6390N Network GC System and
5973 Network Mass Selective Detector).

To characterize the cell cytotoxicity of the PV distillate on cancer cells, tetra-
zolium-based testing reagent, Cell Counting Kit-8, was purchased from Sig-
ma-Aldrich. The cancer cell line used is the SCC154 line, obtained internally in

the university.

2.2. Methods

2.2.1. Identification of the Herb

A standardised procedure described in the Chinese Pharmacopoiea (p. 359, 2010
edition), was followed [41]. Chemical components of 5 g of finely chopped PV
were extracted by ultrasonification in 30 ml of ethanol. The extract was dried
and redissolved in ethanol as the test solution. The test solution was subjected to
thin layer chromatography to separate out the components. Rosmarinic acid
purchased from Sigma Aldrich was used as a reference standard. Comparison of
the traces formed by the test solution and the reference solution confirmed the

presence of rosmarinic acid in the herb.

2.2.2. Extraction of Volatile Compounds by Steam Distillation
As the Russel Hobbs chopper has only an ON/OFF switch on the machine, the
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chopper was run to shatter the spica for 5 minutes each time to keep the consis-
tency of the fineness of the fragmented herb.

Dried shredded PV herb was exposed to steam to extract water soluble volatile
compounds (refer to Figure 2 for the experimental setup). The setup involved a
two-necked flask with de-ionized water being heated by an electric heater (with
temperature setting adjusted to give a constant distillate collection rate of
around 50 ml every 50 minutes across different distillation runs). Attached to
the flask was a two-ended reservoir flask containing the herb. Rising steam
passed through different quantities of finely chopped PV. The steam was then
collected in a secondary condenser branch cooled by running room temperature
water from the tap. In order to characterise the continuous process of the distil-
lation, the distillate was collected in successive 50 ml portions, with distillation
run identifier, weight of herb used and sequence number, recorded on the tubes.
In most cases, a minimum of 9 distillate portions (of 50 ml each) were collected,
or 450 ml of distillate in total in each run (see discussion in Section 3.3.1 below
for exception).

Different herb quantities of 2 g, 5 g, 15 g, 25 g, 35 g were used in separate dis-
tillation runs. The use of different quantities enables the dosage effect to be de-
termined. These quantities were chosen by successive analyses of data and as-
sessment of results after individual distillation runs, as trends of results progres-

sively emerged.

cooling water out

— —
condenser
cooling
water in
—
PV herb ﬂ\t 25 outlet to equalize
pressure

water refill
when sy
needed

separating funnel

boiling
water

diatillate

50 ml collecting

| / 0O 0O \hleater tube

Figure 2. Apparatus setup of the steam distillation process.
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2.2.3. Preparation of the GC-MS Test Solution

Partition of the chemical compounds inside the aqueous distillate into ethyl ace-
tate was done before the GC-MS analysis. 1 ml of distillate from a chosen 50 ml
distillate portion, and 1 ml of ethyl acetate were each pipetted into a test tube.
The mixture was then vortexed for 1 minute to mix well and rested until two
immiscible layers formed. The top ethyl acetate layer with the fractionated VOCs
was then withdrawn by a pipette and delivered into a second test tube. Remain-
ing water was removed by adding anhydrous potassium sulfate powder before
the dehydrated solution was subjected to GC-MS analysis.

The GC-MS analysis was done as soon as possible after the distillate was ob-
tained. However, when this was not practical (for example, during the waiting
time while the GC-MS machine was occupied by another previous run), the dis-
tillate in its collection tube was stored in a refrigerator with the temperature set
at 5°C. This refrigeration attempted to avoid evaporation of VOCs or minimize
any possible chemical reaction within the distillate while waiting. Otherwise, af-
ter partition into the ethyl acetate solvent, the samples (in ethyl acetate) were
stored in a freezer with the temperature setting at —21°C (for example, when the

waiting time was much longer; say, overnight).

2.2.4. GC-MS Analysis

GC-MS analyses were performed with an Agilent™

gas chromatography ma-
chine in tandem with an Agilent mass spectrometer. The gas chromatography
machine was equipped with a capillary column with dimensions of 30 m x 0.25
mm x 0.25 pm. The settings were as follows: Split mode injection; helium was
used as the carrier gas at a flow rate of 1.2 mL/min under a pressure of 6.57 psi
and an average velocity of 31 cm/s. At the inlet, the heater setting was at 250°C,
at a flow rate of 27.7 mL/min and a pressure of 4.24 psi. The temperature profile
of the oven was: Temperature held at 50°C for 3 min; then, ramping up to 250°C
at a rate of 10°C/min; holding at 250°C for 3 min; then, ramping up to 280°C,
where the temperature was at hold for a further 5 min, thus, making the total
oven time of 34 minutes.

The mass spectrometer was set at electron impact mode, with a scan range
between 30 - 500 amu, with a data rate of 20 Hz, and the detector set point at
280°C. The temperatures at the MS source and quad, were at 230°C and 150°C
respectively.

The volatile compounds were identified by comparing the mass spectra ob-
tained from the GC-MS runs with the mass spectrum library of the National In-
stitute of Standards and Technology (NISTO08), available internally in the soft-
ware supplied together with the machine.

2.2.5. Cell Culture

The oral squamous cancer cell line SCC154 was used to study the cytotoxic effect
of the VOCs in the PV distillate. Given the traditional indications of PV to
treating diseases of the upper body and head, it was decided to select a cancer

cell line from this region. The cells were maintained in DMEM medium supple-
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mented with 10% (v/v) FBS at 37°C in a humidified incubator with 5% CO,,.

2.2.6. Calibration Using an Internal Standard

Many abundant compounds present in the distillate can be chosen as internal
standard for calibration of any further distillates obtained. Dodecane was chosen
as the internal standard, as it appeared in all samples and was identified in their
corresponding chromatograms. A known amount in weight of the standard
compound, dodecane, was measured (so that the concentration of the final stan-
dard calibration concentration can be calculated), dissolved in a known amount
of and diluted by ethyl acetate. GC-MS analysis was then done to obtain the ab-
undance corresponding to this known concentration of dodecane. Then, the
dodecane solution was then repeatedly diluted and analyzed by GC-MS, to ob-
tain a calibration standard curve (Figure 3). In doing the biological tests de-
scribed below, the distillate used to treat the cells was first calibrated using this

calibration curve.

2.2.7. Determination of Cell Viability

The test reagent used to do the task was the Cell Counting Kit-8, (product id:
96992), a product purchased from Sigma-Aldrich Inc., Australia. It allows for
very convenient colorimetric assays by utilizing the highly water-soluble tetrazo-
lium salt WST-8, which is converted to a formazan dye, which is soluble in tissue
culture medium, due to reduction in the presence of an electron carrier in the
process of metabolism of cells. The absorbance at 450 nm is proportional to the

number of viable cells in the culture medium.

Calibration standard curve
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- ﬁ
o
o
(=
o
S
Q
[$] —
c
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| | | 1 | | 1
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Figure 3. The calibration standard curve. The formula is: a = ¢, * g + ¢, where a = abun-
dance in the GC-MS given arbitrary units. g = weight of dodecane in 5 pL of injection dis-
tillate fluid. ¢, = slope of interpolation curve, 3.04345e+13. ¢, = y-intercept, 6.036528e+3.
Variance ¢® = 2.25365097¢+8.
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The assay used followed the procedures in the leaflet “Product Information”
which comes with the purchased product. Briefly speaking, 100 pl of cell suspen-
sion at a concentration of 5000 cells/well were dispensed into the wells of a
96-well tissue culture plate; three in a set so that data in triplicates could be ob-
tained. The plate was pre-incubated in an incubator for 24 hours. The incubator
had a fixed setting with an ambient temperature of 37°C and 5% CO,. After in-
cubation, 10 ul of various concentrations of the PV distillate was added into the
medium in the wells; also, three in a set. The concentrations of the PV distillate
were the full-strength distillate directly from the distillation for all tests, except
in the test for dosage dependence. In this case, 1, 0.5, 0.1, 0.01 v/v of the
full-strength distillate diluted by DI water were used; so making 4 sets of 3 wells
each. The plate was further incubated for 48 hours. CCK-8 reagent taken from
the refrigerator was put on a bench top at room temperature for half an hour to
allow thawing. Thawed CCK-8 was added to each well and incubation was al-
lowed for another 3 hours. Finally, measurements of the absorbance at 450 nm

were completed.

2.2.8. Statistical Analysis
For the cell viability assays, the experiments were performed in triplicates. The
statistical analysis was performed using one-way analysis of variance (ANOVA)

test. The threshold significant p-value was chosen to be 0.05.

3. Results
3.1. Identification of the Herb

The identification followed that described in the Chinese Pharmacopoiea (p.
359, 2010 edition) [41]. Thin-plate chromatography was used as a step to verify
the identity of the herb. The experiment was repeated for a total of 4 times to
compare the retention factors of the test solution with the reference solution of

rosmarinic acid. The identity of the herb was thus verified.

3.2. Calibration Using an Internal Standard

A calibration standard curve was obtained as shown in Figure 3. The distillate
used to treat the cells in the biological tests was first calibrated using this calibra-
tion curve.

As the abundance of dodecane in the distillate measured by GC-MS is around
20,000 (when 15 g of herb was used). Thus, it is equivalent to have a concentra-

tion of around 0.1 ng/pL.

3.3. Characteristics of the Distillate and the Residue

3.3.1. General Characteristics

GC-MS analyses were done on alternate portions of distillate collected in the
distillations. Experiments were repeated and data were taken in triplicate sets to
identify and get the abundances of the different VOCs in the distillate. A typical

chromatogram is shown in Figure 4.
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Figure 4. A typical chromatogram from a GC-MS run. The amount of herb used was 15 g. The sample was taken from the fourth

portion of a distillation run. The numbers shown at the peaks are the retention time. Retention time of some VOCs discussed in
this article are: Furfural (3.46 min), anisole (6.04 min), benzaldehyde (6.85 min), decane (7.48 min), eucalyptol (8.15 min), dode-

cane (10.8 min), tetradecane (13.84 min), caryophyllene oxide (16.18 min), hexadecane (16.27 min).

From the GC-MS analyses, there is a diverse variety of volatile compounds in
Prunella vulgaris. Some of these compounds identified included alkanes such as
decane and dodecane. These have been previously reported [32] [33]. Other rar-
er compounds identified included eucalyptol, anisole, furfural and benzalde-
hyde. This project focused on the pharmacological effect of the volatile com-
pounds of PV as a whole, reflecting the clinical use of PV in Chinese medicine,
which favours the idea of making use of the synergistic effects of different com-
pounds in a single herb, or even the synergistic effects of many herbs together in
herbal formulae [7]. Consequently, further extensive identification of other
compounds was not pursued at this stage of the project. Additionally, previous
studies have reported identified volatile compounds in PV [32] [33] [35] [38]
[39] [40].

To show the efficiency of extracting the volatile compounds when different
amounts of herb are used, distillations using 2 g, 5 g, 15 g, 25 g, and 35 g of PV
herb were done to characterize the dependence of the abundances of volatile
compounds extracted on the amount of herb used. Figure 5 shows the abun-
dances of four alkanes which were extracted. These 4 alkanes were chosen as
their identities were confirmed by the comparison of the chromatograms with
those obtained with the standard compounds which were available in the local
university chemistry laboratory. It can be seen (Figure 5 & Figure 6) that the
abundances of the VOCs extracted did not change much as the distillation
process proceeded. To verify this observation, distillation run was prolonged to
collect up to 19 distillation portions for the case when 5 g of herb was used, to
see if the amounts of VOCs extracted did diminish after a long distillation proc-
ess.

Also, as observed for this experimental setup, there was an optimal amount of
PV herb used which extracted the most abundant amounts of VOCs. This op-
timal amount was found to be about 15 g. The use of more herb (25 g and 35 g)
resulted in a decrease in efficiency in the extraction; smaller abundances of the
VOCs were collected.
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Figure 5. The abundances of 4 volatile alkanes: (a) decane, (b) dodecane, (c) tetradecane
and (d) hexadecane obtained in successively collected 50-ml portions during the distilla-
tion process. Different curves represent cases when different amounts of herb were used:
2¢g,5g, 15¢g, 25 g and 35 g respectively. The numbers appear in the sub-titles are the re-
tention times of the compounds in minutes. The smoothing lines were fitted to the data
using cubic smoothing splines with a degree of smoothing parameter equal to 0.4.
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Figure 6. The abundances of 4 volatile compounds, the identities of which were not con-
firmed. So, only the retention times of the compounds are indicated. They were collected
in successive 50-ml portions during the distillation process. Different curves represent
cases when different amounts of herb were used: 2 g (color code: cyan), 5 g (red), 15 g
(blue), 25 g (green), 35 g (purple) and 45 g (black) respectively. The smoothing lines were
fitted to the data using cubic smoothing splines with a degree of smoothing parameter
equal to 0.4.

Figure 6 shows abundances of 4 more compounds other than the 4 alkanes
shown in Figure 5. The identities of these compounds were not confirmed by

comparisons of their chromatograms with standard compounds. So, as these

DOI: 10.4236/jbm.2021.98011

129 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2021.98011

W. C. K. Mak, S. Walsh

compounds are not properly identified, only their retention times in the GC-MS
were shown. Comparison of Figure 6 with Figure 5 shows that there is no con-

tradiction with the observations made above.

3.3.2. Rarer Volatile Compounds

The volatile compounds discussed above did not show much depletion in abun-
dances as the distillation process proceeded. However, some rarer compounds in
the PV herb, which showed obvious depletion as distillation continued, were
noted. They include benzaldehyde, caryophyllene oxide, eucalyptol, anisole and
furfural. The compound identities of them were confirmed by comparisons of
the chromatograms with those of standard compounds, except eucalyptol, which
was confirmed by the repeated reports by the analysis software of the GC-MS
machine only. Figure 7 shows the abundances of benzaldehyde for portions ob-
tained during the distillation process. It can be seen that the abundances of ben-
zaldehyde did show obvious decline as the distillation process proceeded. Also,
benzaldehyde was not found when the dosage of PV herb used was below 25 g.
This shows its relative scarcity.

Other volatile compounds identified appeared even less frequently. Conse-
quently, their abundances have been represented differently from those noted
above in Figures 5-7. Instead, in Figure 8, their abundances are shown as sun-
flower plots, in which the number of sunflower “petals” is directly proportional
to the abundances. Different compounds are indicated by different colours in
the plots. The “replicate” as indicated in Figure 8 refers to the repeat number in
a set of triplicate data. These compounds were absent from PV samples of
amounts under 25 g. Caryophyllene oxide, anisole and eucalyptol were found
only in the first portion at the beginning of the distillation process, except briefly
in two instances in the second and the third portions (for caryophyllene oxide),
and once in the third portion (for anisole), and briefly in one instance in the
second portion (for eucalyptol). Anisole and furfural also appeared only after a
large amount of PV herb (45 g) was used. Both mainly only appeared in the first
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P\
) .
g 3 —
T + —
© [0
(=4 (] ] o
3 blue: 25g
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o
o
? -
8 T T T T
2 4 6 8
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Figure 7. The abundances of benzaldehyde, obtained in successively
collected 50-ml portions during the distillation process. Only 2 curves
are shown, as benzaldehyde was not found when the PV dosage used
was below 25 g.
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Abundances of rare compounds, 25 g of herb used
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Figure 8. The abundances of rarer volatile compounds in PV herb, in-
dicated as sunflower plots, as a function of the portions successively
collected. The abundances are proportional to the number of “petals”
at each sunflower (data point). The measurements were made in trip-
licates, which are indicated as the y-axis, with the label “replicate”. The
choice to show the data in this format is to highlight the fact that the
compounds were not found in each of the triplicates even if they were
sampled from the same portion.

3 portions. For furfural, it appeared also, however, briefly in the ninth portion

(reason unknown).

3.3.3. The Concentration of Volatile Compounds at Different Depths
Inside the Distillate

Triplicate samples were taken from the surface, the mid-level (as judged from
the graduated marks on the containing tube) and the bottom of the test tube
containing the ninth portion of the distillation using 15 g of PV herb. The sam-

ples in the tube should be allowed to settle well (allowed a waiting time of more
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than 5 minutes) before they were taken, and GC-MS analyses were done on these
samples. Figure 9 shows the results. It is a plot of the abundance versus reten-
tion time for the three depth levels. Since the retention time relates directly with
the molecular weights; thus, the plot indicates the abundances of volatile com-
pounds of various molecular weights at the three different depth levels. It can be
seen that for most volatile compounds, the concentrations of them were the
highest at the bottom of the solution, which means that they sank to the bottom,
indicating that they had densities higher than water. The exceptions were those
compounds which were light (having small retention time). This means light

compounds floated to the top.

3.3.4. Volatile Compounds in the Residue Solution

GC-MS analysis was also done on the residue solution left behind in the distilla-
tion process. It was found that volatile compounds found in the distillate were
also found in the residue liquid, but with reduced variety and amounts. The re-
duction was more noticeable especially for the lighter compounds (with reten-
tion time less than 10 minutes). So, it was confirmed that not all the volatile
compounds were carried over to the collecting side of the setup, but they
dropped back into the residue liquid after they were extracted by the steam ris-

ing from below.

3.4. Cell Viability Tests

To characterize the anti-tumorous effect of the distillate of PV, the Cell Count-
ing Kit-8 (CCK-8) was used to investigate the cytotoxicity of the PV distillate on

cancer cells from the oral squamous cancer cell line SCC154.

3.4.1. Dosage Dependence of Cell Viability

The cell viability test was done according to the procedures supplied by the
vendor, Sigma-Aldrich, which came with the product. Full strength distillates
from distillation using 25 g of PV herb were used. The distillate from 25 g of
herb was chosen because the distillate contained more diverse varieties of com-

pounds including the rare ones; also, the abundances of others remained high.

8 o:surface (]solid line) {
o »:mid-level (dotted line) ; M
3 ‘bottom (dashed line) N °
8 [ $ a
§ 3 S
-g 8 4 s Q 8
s Q o
o © | 2
<
o
o 4
S
S
re}

5 10 15 20 25
Retention time

Figure 9. Abundance of various volatile compounds at three different depth levels. Note
that compounds with very different abundances were not chosen to be included in this
figure, as they will obscure the whole picture. (The specific identities of the individual
compounds were not identified).
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They were calibrated to the standard concentration before they were used to
treat the cells. With repeated dilution with de-ionized water, the distillates at
different concentrations (1, 0.5, 0.1, 0.01 v/v of the full-strength distillate) were
used to treat the cells, with 3 repeats each. After pre-incubation of the cells, the
various concentrations of distillates were added to the culture medium in the
wells. The plate was then further incubated for 48 hours before 10 ul of CCK-8
solution was added into the culture medium and incubated for another 3 hours.
The absorbance at 450 nm using a microplate reader was then measured. Figure
10 shows the result. The optical density (od) shown on the y-axis is of arbitrary
unit. The use of one-way ANOVA to analyse the statistical significance of the
result was adopted. The null hypothesis was that PV solution of different con-
centrations made no differences in cytotoxicity, which means that the cytotoxic-
ity was not dosage dependence. It gave an f-ratio value of 36.5 and the corres-
ponding p-value of less than 0.00001. It can be concluded that the PV distillate
was cytotoxic to the SCC154 cancer cells in a dosage dependent manner. How-
ever, since the differences in the cell viability are slight, the cytotoxicity of PV
distillate on the cancer cell SCC154 is only mild.

3.4.2. Cell Cytotoxicity of Different Distillate Portions

Cell viability tests were also performed by treating the cancer cells using distillate
portions obtained successively during the same distillation process using 25 g of
herb. 10 pl each of samples of distillate from different portion was added to the
culture medium in the tissue culture plate to do the test. Figure 11 shows the
results. One-way ANOVA was used to analyze the statistical significance. The
null hypothesis was that there were no differences in cell cytotoxicity among the
portions. This gave an f-ratio value of 5.825, and a p-value of 0.001329, showing
the differences in cell cytotoxicity among the portions were significant. It can be

seen that the cell cytotoxicity was higher for portions obtained in the later part of

Viability vs strength SCC154
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Figure 10. Cell viability plotted against the strength of the PV distillate.
Different strengths were obtained by repeatedly diluting the full-strength
solution with de-ionized water. Cell viability is indicated by the optical
density of the absorbance. The full-strength distillate was from distilla-
tion using 25 g of herb. Portion 1 was used. The p-value for this set of
data is, p < 0.00001, showing that the differences in cell viability due to
the dilution of the PV distillate is significant.
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Figure 11. Cell viability of cells treated by the distillate obtained at dif-
ferent stages of the distillation process (as indicated by the successively
obtained 50 ml portions). 25 g of herb was used. The blue dotted line in-
dicates the background level obtained by the negative control. Using
ANOVA analysis, the p-value is 0.001329, which is less than 0.05, the
usually chosen significant value. The optical density shown on the y-axis
is of arbitrary unit.

the distillation process. As more volatile compounds deplete early in the distilla-
tion process, this observation hints that the anti-tumorous effect is due to com-
pounds which are lower in their volatility, although their identities cannot be
identified. However, since the differences in cell viability among the different
portions are just slight, the differences of the cytotoxicity of the PV distillate at
different points during the whole distillation process are just small, and so, they

are approximately equally potent.

3.4.3. Cell Cytotoxicity of Distillates from Distillation Using Different
Weights of Herb

Distillations were done using different weights of herb. Then, the distillates from
such distillations were used to treat the cancer cells. The cell viability was again
measured by the cell counting kit CCK-8. The result is shown in Figure 12.
Again, ANOVA was used to analyze the statistical significance of the result. The
null hypothesis was that there were no differences in cytotoxicity for distillates
prepared with different weights of herb. The statistical analysis gave an f-ratio
value of 110.66, and a p-value of less than 0.00001. This shows that the differ-
ences of cell viability due to the use of different weights of herb are significant.
By comparing Figure 12 with Figure 5 & Figure 6, it can be seen that the cell
viability results are consistent with the abundance curves in Figure 5 & Figure
6. In Figure 12, the cell viability is least for the case when 15 g of herb used;
while in Figure 5 & Figure 6, the abundances of volatile compounds are highest
also for the case when 15 g of herb used. The correspondence of these two dif-
ferent sets of data is obvious to provide another evidence that the PV distillate is
cytotoxic to cancer cells SCC154 in a dosage dependent manner.

However, this conclusion was only drawn by the visual observation of the dif-
ferences in the optical densities in Figure 12. Indeed, that the cell viability was

least for the case when 15 g of herb used was confirmed by comparing the
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Figure 12. Cell viability of cells treated by the distillates from distillations
using different amounts (weights) of herb. Portion 1 in each distillation
was used. ANOVA analysis gave a p-value of less than 0.00001. The opti-
cal density shown on the y-axis is of arbitrary unit.

sample means of the two groups: Optical densities were 1.5005 for the 5 g herb
group, and 1.479 for the 15 g group. Further ANOVA analysis using these two
groups alone gave a p-value of 0.47995 only, showing that the difference in cell
viability between these two groups (5 g and 15 g herb used) is not statistically

significant, however.

4. Discussion

The investigation focused on the characterization of the steam distillation
process itself and the anti-tumorous effect of the volatile compounds as a whole
in PV spica.

To fulfil these aims, the process of using steam distillation to extract the vola-
tile compounds in PV was investigated to characterise the process. The results
showed multiple volatile compounds were extracted at an approximately even
abundance and rate over time (for as long as the distillation processes were al-
lowed to proceed; see Figure 5 & Figure 6); that is, the rate of extraction was
approximately constant, even when the distillation went on for nearly the whole
day. A limitation noted was the nature of the distillation apparatus setup (dis-
cussed further below)—varying amounts of raw PV did not vary the quantity of
VOCs extracted, even when using a small quantity of PV.

The experimental setup of steam distillation with the PV herb mass located in
the path of steam passage presented an obstacle for the efficient extraction of
volatile compounds in hindsight. That is, even when more quantity of herb was
used, even less volatile compounds could be extracted than with the initial 15 g
of herbs. An explanation is that these VOCs in steam re-condensed and dropped
back to the liquid being steamed and were unable to passage through the appa-
ratus for collection.

Different arrangements in apparatus setup need to be investigated for steam
distillation to overcome these limitations.

Other than the many volatile compounds which came out consistently even

after the distillation process proceeded over time, the experiments showed that
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compounds such as benzaldehyde began to deplete over time, while some rarer
compounds, such as eucalyptol, anisole, caryophyllene oxide, furfural, only ap-
peared briefly at the beginning of the steam distillation VOC extraction process.

With respect to the PV therapeutic effects, only looking at the anti-tumorous
effect of the PV distillate using the tetrazolium-based Cell Counting Kit-8 was
used as a proof of concept. It was found that PV distillate was cytotoxic to cancer
cell SSC154 in a dosage dependent manner. Interestingly, distillate samples ob-
tained later in the distillation process were more anti-tumorous than those ob-
tained earlier. However, as seen from the experimental results, the cytotoxic ef-
fects can only be mild at best, and the differences among the time dependent ex-
tracted samples are only slight. Further work is required to identify which, if
any, of the later occurring VOCs (or their absence from the earlier samples)
might account for these differences observed.

In the GC-MS analysis, the VOCs were identified by comparing the mass
spectra obtained with the mass spectrum library of the National Institute of
Standards and Technology (NIST08). The accuracy of such identification me-
thod is limited as there is only high certainty (as reflected by the resemblance
probability) if the compounds are abundant. However, the abundances of the
volatile compounds in the herb are inherently low. The fact that the yield of vo-
latile compounds in PV is small was also previously noted [5]. Thus, the identi-
fication of the VOCs in PV was accepted in this study using a less stringent cri-
teria: That is, when the resemblance probability was high (identified as 50%) in
some of the corresponding chromatograms, groups of associated peaks in the
neighborhood showed patterns to indicate the similarity of compounds, and the
same peak with the same retention time appeared on different chromatograms.
Next, the identities of the VOCs were confirmed by comparing the chromato-
grams with those of standard compounds available from the known chemical
samples available in the laboratory.

While it was expected that the abundances of the compounds extracted would
diminish as the distillation proceeded, this however was not observed. To clarify,
a long distillation was done with 5 g of herb for 19 portions, which was equiva-
lent to about 1 liter of distillate was collected which took about 15 hours. As
shown in Figure 5(b) & Figure 5(c), the abundances did not diminish substan-
tially, even after such a long process of distillation. This, perhaps, reflected the
abundance of compounds present.

The aim of using various quantities of PV herb (2 g,5 g, 15 g, 25 g, 35 g, to 45
g) in this study was to see how the amounts of volatile compounds extracted de-
pend on the amount of herb used. It was expected that when more herb was
used, larger quantities of compounds should be extracted. This was seen when
herb quantities were under 15 g, increasing from 2 g, 5 g to 15 g (refer to Figure
5 & Figure 6). However, when the amounts of herb used were increased further
to 25 g and 35 g, the abundances of volatile compounds were reduced. The

curves in Figure 5 & Figure 6 are similar, showing that they are closely bundled
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together. This means that the amounts of volatile compounds extracted were not
sensitive to the amounts of herb used. However, this may indicate that the ca-
pacity limitations of the apparatus arrangement used to extract volatile com-
pounds was saturated. That is (with reference to Figure 2), when steam passes
through the herb, it will gradually be saturated by the volatile compounds from
the herb. If the herb mass (quantity) is small, then saturation cannot be reached
and thus the amount of volatile compounds extracted increases with the amount
of herb used. Conversely, when larger herb quantities are used, saturation results
which limits the amounts of volatile compounds extracted.

The loss (evaporation) of volatile compounds poses a problem in the research
design using herbs with VOCs. As volatile compounds lose quickly with time, it
is difficult to produce repeatable results, due to time dependent losses and sto-
rage environment of the PV herb. The strategy which was adopted in this study
was to seal a fixed amount of PV herb samples (of 15 g each) from the larger
package from the herb supplier, in plastic bags by heat sealing to minimize vola-
tile compound loss and storing them in a closed dark cabinet. The sample seals
were broken only when the experimental work was ready to proceed. Another
strategy was to do the experiments, including the preparation of GC-MS solu-
tions, the GC-MS analysis runs and the biological tests consecutively as soon as
possible when the distillation is in progress, and as each individual distillate 50
ml sample was collected.

One uncontrolled concern was the source of the original PV herb. Because of
the availability of the herb only through Chinese medicine herbal suppliers in
Australia, the study was therefore limited to the use of dry herb (and as also used
by registered Chinese medicine herbal practitioners). For this study, the herb
was obtained from a local supplier who sources the herbs from China. Conse-
quently, it was unknown from which locations the herb was sourced in China
and the associated growing conditions (such as altitude and soil types), the age
of the herb since harvest (and hence changes in volatile compounds), and effects
of processing. In China, often different sourced batches of the herbs are mixed
together for processing before sale to health practitioners. Consequently, the
importer of the herbs could not provide details of the geographic origins, nor
how the herbs from different regions were mixed. This is an important consid-
eration. For example, a study by Yang et al. [33] compared the VOCs contents of
PV from five Chinese provinces (Jiangsu, Fujian, Guangxi, Hunan and Zhe-
jiang), reporting that PV samples from these different geographic locations showed
different compound compositions. Thus, a future line of inquiry is to get a better
understanding on the compound variations from the source plants in-situ and
from a single origin.

In this work, the concentrations of volatile compounds in the aqueous distill-
ate at different depths within the liquid were studied. Generally, heavier com-
pounds sink to the bottom of the collection tube and lighter compounds float to

the surface. This phenomenon can be used to fractionally concentrate the vola-
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tile compounds if particular compounds are the target of extraction.

The results showed wide variations of the data for the same experimental con-
ditions, as shown by the triplicate sets of data. Variations can be minimised by
mixing the distillate sample well before GC-MS analyses. This can be observed
from the figures of results as shown above, after this small technique was adopted
(Figure 5 & Figure 6).

Another approach to minimize such variations is through increasing the
number of data collection runs and eliminating the effect of wide variations by
statistical means. However, the method of steam distillation as an extraction
method has been reported previously as inherently time-consuming and ineffi-
cient [33], limiting how many data collection runs can be undertaken. Collection
of a large database is thus difficult. An automated procedure may be a possible
way to circumvent such difficulty.

For the anti-tumorous effect of the VOCs, a question which can be asked is
whether the anti-tumorous effectiveness changes with successive portions taken
during the distillation process (as used in this study). By treating the cancer cells
with distillate samples from different portions, it was shown that the cytotoxici-
ty, indeed, increases with the distillate samples taken later in the process, com-
pared to earlier samples of the same distillation run. It is thus reasonable to spe-
culate that those rarer compounds of higher volatility, such as eucalyptol, ca-
ryophyllene oxide, which occurred early in the distillation process and dissipated
quickly and disappeared from later distillate portions, are not responsible for the
cytotoxicity. What are responsible for the cytotoxicity of the PV volatile com-
pounds should be the compounds with lower volatility (so that they persisted to
appear in later portions also), although their identities have not been identified.
Anyway, the differences in cytotoxicity among the different distillate portions
are only slight (Figure 11). This implies a more relaxed requirement in the de-
sign of the medicine manufacture process using PV VOCs: The time to collect
the VOCs during a distillation run is not critical, as the effectiveness of the
VOC:s collected does not differ much.

Finally, while steam distillation was investigated in this study, other extraction
methods are available. These include hydro distillation, or might extend to other
more efficient extraction methods, such as head-space solid-phase microextrac-

tion [42], or supercritical fluid extraction [43].

5. Conclusions

One of the aims of this study is to characterize the steam distillation process in
the extraction of VOCs in PV. It was found that most VOCs came out evenly
throughout the whole distillation process, except the rarer compounds. Addi-
tionally observed was that there was an optimal amount of herb used, with re-
spect to the apparatus arrangement, provided the largest amounts of VOCs. This
indicates that the steam distillation process undertaken has limited efficiency to

extract VOCs from the PV herb, depending on the experimental setup. This
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study provides much insight in the design of a drug manufacturing process,
which applies steam distillation to extract PVVOCs.

As for the anti-tumorous effect of the VOCs of PV, it was found that the
VOC:s are cytotoxic to the cancer cells from the SCC154 cell line in a dosage de-
pendent manner. It was also found that the cytotoxicity of the VOCs extracted
from PV was about the same, no matter when the VOCs were taken during the
distillation process. This is a convenience to the design of the medicine manu-

facturing process.
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