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ARTICLE INFO ABSTRACT

Articlf history: Natural products from medicinal plants represent major resource of novel therapeutic substances for
Received 10 June 2018 combating serious diseases including cancers and microbial infections. The genus Plectranthus (Family:
Accepted 20 September 2018 Labiatae) represents a large and widespread group of species with a diversity of traditional uses in treat-

Available online 25 September 2018 ment of various ailments. Therefore, this research study aimed to evaluate the cytotoxic, antimicrobial

and antioxidant activities of three Plectranthus species growing in Saudi Arabia namely P. cylindraceus
Keywords: i Hocst. ex Benth.,, P. asirensis JRI Wood and P. barbatus Andrews. Moreover, this work focused on the iso-
Pl.e Ctmmhys species lation of the active constituents responsible for the activities from the most active Plectranthus species.
Diterpenoids . . .. . .
Cytotoxic The gxtracts were teste.d for thtelr cytgtgxnc act.1v1ty against tl}r.ee cancer cell lm.es (Hela, HepGZ and HT-
Antimicrobial 29), using MTT-test, antimicrobial activity against Gram positive, Gram negative bacterial and fungal
Antioxidant strains using broth micro-dilution assay for minimum inhibitory and bactericidal concentrations (MIC
and MBC) and antioxidant activity using scavenging activity of DPPH radical and B-carotene-linoleic acid
methods. The ethanolic extracts of the Plectranthus species showed remarkable cytotoxic activity against
all cancer cell lines with ICsq values ranging between 10.1 + 0.33 to 102.6 + 8.66 ng/mL and a great and
antimicrobial activity with MIC values between 62.5 and 250 pg/mL. In addition, the three Plectranthus
species showed almost moderate antioxidant activity. The most interesting cytotoxic and antimicrobial
results were observed with the extract of P. barbatus. Consequently, this extract was partitioned between
water and n-hexane, chloroform and n-butanol and tested. The cytotoxic activity resided predominantly
in the n-hexane and chloroform fractions. The analysis of the chloroform fraction led to the isolation of
four diterpenoid compounds, two of labdane- and two of abietane-type, which were identified as coleo-
nol B, forskolin, sugiol and 5,6-dehydrosugiol. Purification of the n-hexane fraction led to isolation of a
major abietane-type diterpene, which was identified as ferruginol. Sugiol, 5,6-dehydrosugiol and ferrug-
inol were isolated for the first time from P. barbatus in this study. The isolated diterpenoids showed vari-
able cytotoxic effects with ICso values between 15.1 +2.03 and 242 + 13.3 pg/mL, a great antimicrobial
activity with MIC values between 15.6 and 129 pg/mL and a total antioxidant activity ranging from
23.1+29 to 69.2 +3.8%.
© 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

* Corresponding author. Medicinal plants continue to be an important resource to fight
E-mail address: rmothana@ksu.edu.sa (R.A. Mothana). serious diseases, especially in developing countries (Alves-Silva
Peer review under responsibility of King Saud University. et al., 2017; Ngezahayo et al., 2015). Malignant and infectious dis-

eases are still a serious problem to public health, despite the great
development in modern medicine.

Cancer is the second leading cause of death globally, and was
responsible for 8.8 million deaths in 2015. Globally, nearly 1 in 6
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deaths is due to cancer (WHO, 2014; WHO, 2017). Approximately
70% of deaths from cancer occur in low- and middle-income coun-
tries (Aidi Wannes et al., 2017; WHO, 2014; WHO, 2017).

In addition, the treatment of infectious diseases caused by resis-
tant bacterial strains, represent one of the main challenges of med-
icine today, especially due to the inefficacy of long-term drug
therapy (Aldulaimi, 2017). The relative unavailability of medicines
in developing countries and the appearance of widespread multire-
sistant bacterial strains let the effect of these diseases particularly
large and considerable (Ngezahayo et al., 2015; Okeke et al., 2005).
In the search for new alternatives to treat these infections, many
researchers have been looking for novel compounds derived from
natural products to replace, or be used in combination with con-
ventional antibiotics (Aldulaimi, 2017; Cowan, 1999; Enioutina
et al.,, 2017). Consequently, medicinal plants have served as an
important source of effective antimicrobial and anticancer agents.
Over 60% currently used anticancer agents were isolated from nat-
ural sources, including plants, marine organisms and microorgan-
isms or are related to them (Sultana et al., 2014; Newman et al.,
2003). These include the naturally derived taxanes e.g. paclitaxel
isolated from Taxus baccata and Taxus brevifolia, etoposide and
teniposide, the semi-synthetic derivatives of epipodophyllotoxin,
isolated from species of the genus Podophyllum, the Vinca alkaloids,
vinblastine and vincristine, isolated from Catharanthus roseus, the
semisynthetic derivatives of camptothecin, irinotecan and topote-
can, isolated from Camptotheca acuminata, and several others
(Cragg and Newman, 2000; Wang et al., 2014). Thus, the interest
in the use of folk medicine for tumor treatment or prevention
has increased (Mbaveng et al., 2017; Mothana et al., 2007; Wong
et al., 2017).

Generally, considerable part of the research performed today
focuses on the development of new drugs to treat microbial infec-
tions as well as cancers and other diseases (Aldulaimi, 2017;
Enioutina et al., 2017; Mbaveng et al., 2017). Therefore, this work
aimed to evaluate the antimicrobial, anticancer and antioxidant
activities of selected medicinal plants of the genus Plectranthus
grown in Saudi Arabia.

The genus Plectranthus (Family: Lamiaceae) represents a large
and widespread group of species with a diversity of traditional
uses. This genus comprises a group of around 300 species, dis-
tributed in tropical and suptropical areas of Africa, Asia and Aus-
tralia (Abdel Khalik, 2016; Amina et al.,, 2017; Lukhoba et al.,,
2006). The Plectranthus genus is represented in Saudi Arabia by
seven species distributed in the South of the Kingdom (Abdel
Khalik, 2016). The Plectranthus species are notable medicinal plants
utilized broadly for the treatment of different sicknesses. A diver-
sity of traditional medicinal uses of P. barbatus in India (Hindu
and Ayurvedic medicine), Africa, China, and South America have
been reported. Most of these plant species are utilized for intestinal
disturbance and respiratory disorders, heart diseases, liver fatigue,
malaria and certain central nervous system disorders (Alasbahi and
Melzig, 2010; Lukhoba et al., 2006; Viswanathaswamy et al., 2011).
Plectranthus species are rich in diterpenoids of different types par-
ticularly the abietane-type which are reported to be responsible for
various pharmacological activities such as antibacterial and anti-
fungal (Abdissa et al., 2017; Gaspar-Marques et al., 2006; Stavri
et al,, 2009; Van Zyl et al., 2008), cytotoxic (Amina et al., 2017;
Yulianto et al., 2016) and antiplasmodial (Alegre-Gomez et al.,
2017; Mothana et al., 2014) activities. The present project is a part
of our ongoing studies on the biological activities of Saudi medici-
nal herbs and aims to provide data on the anticancer, antimicrobial
activities as well as on the antioxidant potential of three Plectran-
thus species namely P. cylindraceus Hocst. ex Benth., P. asirensis JRI
Wood and P. barbatus Andrews. Moreover, this research project
focused on the isolation of the active constituents responsible for
the activities from the most active Plectranthus species.

2. Experimental
2.1. Plant materials

Aerial parts of P. cylindraceus, P. asirensis were collected from
Shatha Al-Ala mountain in Al-Baha region while P. barbatus was
collected from Al-Namas area in Asir-region., Saudi Arabia in
December 2016 and identified at the Pharmacognosy Department,
College of Pharmacy, King Saud University (KSU). Voucher speci-
men were deposited at the Pharmacognosy Department, College
of Pharmacy, King Saud University.

2.2. Extraction of plant materials

The air-dried and powdered aerial parts of the plant species
were extracted with 96% ethanol using maceration. The obtained
ethanolic extracts were filtered and evaporated by using a rotary
evaporator or freeze dryer and kept at 4 °C until testing. The most
antimicrobial and cytotoxic active ethanolic extract was then sus-
pended in water and fractionated with different organic solvents
e.g. n-hexane, chloroform and n-butanol. The obtained fractions
were filtered, evaporated by using a rotary evaporator or freeze
dryer and kept at 4 °C until testing.

2.3. Fractionation and isolation of active principles

The air-dried and powdered aerial parts of the three Pleactran-
thus species of (1 kg of each) were extracted by maceration with
96% ethanol (5 x 2 L) at room temperature. The combined obtained
ethanolic extracts were filtered and concentrated under reduced
pressure at 40 °C using a rotary evaporator. Each extract was tested
for its cytotoxic, antimicrobial and antioxidant activities. The
ethanolic extract of P. barbatus showed the greatest activities in
comparison to the extracts of P. cylindraceus, P. asirensis. Conse-
quently, P. barbatus was chosen for further investigations, fraction-
ation and isolation. Thus, part of the dried ethanolic extract (40 g)
was subsequently redissolved in 30% ethanol (300 mL) and parti-
tioned successively for several times with n-hexane (3 x 250 mL),
chloroform (3 x 250 mL) and n-butanol (3 x 250 mL) to provide
the corresponding extracts. Of these fractions, the n-hexane and
chloroform fractions exhibited interesting antimicrobial, anti-
cancer and antioxidative activities. Therefore, part of n-hexane-
(5¢g) and chloroform-fractions (3 g) were subjected to different
chromatographic techniques in order to isolate the responsible
active compounds.

The chloroform-fraction was separated on column chromatog-
raphy on a pre-packed silica gel column (35 mm i.d. x 350 mm)
to give 10 fractions. The elution was performed with a gradient
of chloroform:methanol, to pure methanol. TLC analysis of the frac-
tions with anisaldehyd/sulfuric acid and heating at 100 °C allowed
the constitution of 10 fractions.

Fraction 7 was separated on a RP18 column with methanol:
water (1:9) (20 mm i.d. x 700 mm) to afford four subfractions
(Fraction 7a, 7b, 7c and 7d). Fraction 7d afforded a crystalline com-
pound 1 (Pb1) (10 mg). Fraction 5 was subjected to a silica gel col-
umn chromatography using a gradient of dichlormethane (DCM):
methanol (MeOH) (100:1) as a solvent to afford three subfractions
(fraction 5a, 5b and 5c) Fraction 5c¢ afforded compound 2 (Pb2)
which required a further separation on the chromatotron (centrifu-
gal TLC) (silica gel 60, 0.04-0.06 mm, 1 mm and MeOH:DCM,
0.5:99.5) to give crystalline compound 2 (Pb2) (11 mg).

Fraction 3 was separated on a silica gel column with a gradient
of hexane:acetone as eluent to afford four subfraction (Fractions
3a, 3b, 3c and 3d). Fraction 3a which required a separation on
chromatotron (Silica gel, 0.04-0.06 mm, 1 mm, with hexane:ethyl
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acetate (EtoAc), 1:1) gave compound 3 (Pb3) (14 mg). Fraction 3¢
contained a major compound which was compound 4 (Pb4) that
needed a further purification on a chromatotorn (silica gel 60,
0.04-0.06 mm, 1 mm and EtoAc:DCM, 1:9) to give compound 4
(Pb4) (17 mg).

Compound 5 (Pb5) was obtained from the n-hexane-fraction
which was separated on column chromatography on a pre-
packed silica gel column (35 mm i.d. x 350 mm) to give 15 frac-
tions. The elution was performed with a gradient of hexane:EtoAc
to pure EtoAc. Compound 5 (Pb5) represented the major
compound in fraction 3. The purification of this fraction on a silica
gel column with hexane: EtoAc (3:1) as eluent gave a viscous
compound 5 (Pb5) (90 mg).

2.4. Elucidation of the chemical structure

The UV and IR spectra were recorded on Hitachi-UV-3200 and
JASCO 320-A spectrometers. The 'H-, 3C NMR and 2D-NMR
spectra were recorded on a Bruker AMX-500 spectrometer with
tetramethylsilane (TMS) as internal standard. Chemical shifts (3)
are given in ppm relative to tetramethylsilane internal standard.
Jeol JMS-700 High Resolution Mass Spectrophotometer was uti-
lized for the mass determination. Electron impact mode of ioniza-
tion was used, keeping ionization energy of 70ev. Resolution was
set up to 10 k direct probe was used with temperature ramp set-
ting, initial temperature 50 °C rise with rate of 32 °C per minute
and final temperature set up to 350 °C. Thin layer chromatography
(TLC) was carried out on precoated silica gel F254 plates (E. Merck,
Darmstadt, Germany); detection was performed at 254 nm and by
spraying with p-anisaldehyde/H,SO, reagent. All chemicals were
purchased from Sigma Chemical Company (St. Louis, MO, USA).

2.5. Determination of cytotoxic activity on human cancer cell lines

2.5.1. Cancer cell lines and culture

The study was performed on three tumor cell lines, human cer-
vical cancer (HeLa), human hepatocellular liver carcinoma (HepG2)
and human colon cancer (HT-29). HeLa, HepG2 and HT-29 cells
were maintained in DMEM/high glucose supplemented with
2 mM l-glutamine, 10% fetal calf serum and 1% penicillin-
streptomycin.

2.5.2. In vitro antiproliferative activity by MTT test

The cytotoxic activity of the crude extracts, fractions and
isolated compounds was assessed on cell viability utilizing MTT-
test. This assay measures the cellular viability based on reduction
capacity of the viable cells to convert 3-[4,5-dimethylthiazol-2-y
1]-2,5-diphenyltetrazolium bromide (MTT) to formazan crystals
as previously described (Albadawi et al., 2017) with some modifi-
cations. Briefly, cells were seeded (2 x 10* cells/well) in growth
medium (DMEM) into flat-bottom microdilution plates of 96 wells
(in quintuplicates) and incubated at 37 °C in a 5% CO, incubator for
24 h. The extracts or compounds were added at different concen-
trations to each well while the medium in control wells was
replaced by SFM (serum free medium) containing an equivalent
volume of dimethyl sulfoxide (1% DMSO) and incubated for further
24 h. The concentrations tested ranged from 7.8 to 500 ug/ml. After
that SFM was removed and 100 ul of MTT (0.5 mg/ml) was added
to each well and incubated at 37 °C for another 3 h to estimate cell
viability. After removing the MTT solution 100 pl isopropanol was
added to each well and shacked for 1 h at room temperature. At the
end, the plates were read at 549 nm utilizing a microplate reader
(ELX 800; Bio-Tek Instruments, Winooski, VT, USA). By comparing
the optical density (OD) values against those in control wells, the
induced cytotoxicity was calculated. Cytotoxicity was expressed
as ICso-value which was calculated as the concentration of the

extract inhibiting cell viability by 50%. Dasatinib was used as a pos-
itive control. All measurements were performed in triplicate and
the means and standard errors were calculated.

2.6. Determination of antimicrobial activity

2.6.1. Test microorganisms

The bacterial and fungal strains utilized in this study were
Staphylococcus aureus (ATCC 25923), Streptococcus mutans (ATCC
25175), Escherichia coli (ATCC 35218), Salmonella typhi wild strain,
Aspergillus niger (AUMC 8777), Penicillium aurantiogriseum (AUMC
9302), Candida albicans (ATCC 60193) and Cryptococcus neoformans
wild strain.

2.6.2. Minimum inhibitory concentrations (MIC)

The MICs of the crude extracts, fractions and isolated com-
pounds against two Gram-positive, two Gram-negative and four
fungi strains were determined utilizing micro-well dilution method
as described previously by Mann and Markham (1998) with modi-
fications. With sterile round-bottom 96-well plates, duplicate two-
fold serial dilutions of each sample (100 ul/well) were made in the
suitable broth (Mueller Hinton or Sabouraud Dextrose broth) con-
taining 5% (v/v) DMSO to establish a range of concentrations of
samples (2000 to 31.2 pg/ml for extracts and 250 to 3.9 pug/ml for
compounds). 100 ul (1 x 10° CFU/ml) of the bacterial or fungal sus-
pension which was previously prepared in the proper broth, was
then added in each well except those in column 10, 11 and 12,
which used as negative controls for extract, saline and media steril-
ity. The last well in each plate was served for bacterial or fungal
growth without sample. After that the bacterial plates were incu-
bated at 37 °C for 24 h while fungal plates were incubated at
25 °C for 72 h. The MIC of each sample was determined as the low-
est concentration showing no detectable bacterial or fungal growth.
Two positive controls were utilized namely, gentamycin and nys-
tatin. For the estimation of MBC and MFC, 5 pl of the liquid from
the wells that showed no growth was taken and incubated on agar
plates for further 24 or 72 h. MBC and MFC are the lowest concen-
trations that evidenced no visible bacterial or fungal growth.

2.7. Determination of antioxidant activity

2.7.1. DPPH radical-scavenging activity

The antioxidant activity of the extracts, fractions and isolated
compounds was estimated utilizing  2,2-diphenyl-1-
picrylhydrazyl (DPPH) as described previously by Brand-Williams
et al. (1995). This test measures the radical scavenging activity of
the radicle DPPH by the investigated samples. Five concentrations
(10, 50, 100, 500 and 1000 pg/ml) of each sample were prepared.
Briefly, 500 pl of each sample was added to 125 pl DPPH methanol
solution (1 mM) and 375 pl methanol and incubated for 30 min at
room temperature in the dark. Ascorbic acid was used as a positive
control. After that, the DPPH radical-scavenging activity was deter-
mined by measuring the absorbance at A =517 nm and calculated
using the equation:

% of anti—radical activity = AbScontrol — AbSsampie/ADScontrol X 100

The experiments were performed in triplicate and the means
and standard errors were calculated.

2.7.2. p-Carotene bleaching assay

The antioxidant activity of the extracts, fractions and isolated
compounds was determined by utilizing the B-carotene bleaching
assay as previously described by Mohd-Esa et al., (2010) with
modification. B-carotene solution (1000 pl) which was ready made
by dissolving 200 pug in 1 mL chloroform, was added to a flask
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containing a solution of 200 pl of Tween-20 and 20 pl of linoleic acid.
The chloroform was removed from the mixture utilizing rotatory
evaporator and then 100 mL of distilled water was added to the mix-
ture and vigorously shaken for 2 min. 200 pl of each sample
(1000 pg/ml) was added to 2 mL of the B-carotene-linoleic acid
emulsion and incubated at 40 °C for 2 h. Finally the absorbance
was measured at 470 nm at 30 min intervals, using a UV-
spectrophotometer (UV mini-1240, Shimadzu, Japan). Rutin at a
concentration of 1000 pg/ml was utilized as a positive control. The
antioxidative activity was calculated by using the following
formula:

Antioxident activity (%) =1 — (AbsO — Abst)/(Abs°0 — Abs°t) x 100

where AbsO and Abs°0 are the absorbencies measured at zero time
of incubation for the sample and blank, respectively. Abst and Abs°t
are the absorbencies for sample and blank, respectively, at 120 min.
All measurements were performed in triplicate and the means and
standard errors were calculated.

3. Results

In our continuing search for bioactive compounds from medic-
inal plants grown in Saudi Arabia, this comparative investigation
was carried to evaluate the anticancer, antimicrobial and antioxi-
dant activities of three Plectranthus species namely P. cylindraceus,
P. asirensis and P. barbatus.

3.1. Cytotoxic activity

As demonstrated in Table 1, the crude ethanolic extracts of the
Plectranthus species showed remarkable cytotoxic activity against
all cancer cell lines with ICsq values ranging between 10.1 and
102.6 pg/mL. The most interesting cytotoxic results against Hela,
HepG2 and HT-29 cancer cell lines were observed with the extract
of P. barbatus with ICsq values of 10.1, 10.7 and 32.0 pg/mL, respec-
tively which were comparable with the positive control values
(Table 1). Consequently, this extract was chosen for bioassay-
guided fractionation on the basis of its cytotoxic effect. The extract
of P. barbatus was partitioned between water and n-hexane, chlo-
roform and n-butanol and tested. The cytotoxic activity resided
predominantly in the n-hexane and chloroform fractions with
IC50 values between 12.8 and 27.8 ng/mL (Table 1). n-Butanol
showed only a moderate activity with ICso values between 45.7
and 55.2 pg/mL. Thus, n-hexane, chloroform extracts were selected
and subjected to column chromatography to isolate the responsi-
ble compounds.

Four compounds were isolated from chloroform fraction
namely compounds Pb1-Pb4 (Coleonol B, forskolin, sugiol and

Table 1
Cytotoxic activity of the crude extracts of Plectranthus species and fractions and
isolated compounds from P. barbatus (pg/mL).

Extracts and fracions ICs0 values (pug/mL)

Hela HepG2 HT-29
P. cylindraceus 65.94 +3.92 69.89+4.16 102.60 + 8.66
P. asirensis 1144+ 8.44 87.91+17.74 99.16 £ 12.15
P. barbatus 10.16 £ 0.33 10.72 £ 0.8 32.06+1.92
n-Hexane fraction 12.82 £0.39 13.02 £0.93 27.33+0.26
Chloroform fraction 26.84+0.63 27.82+1.90 25.93 £3.02
n-Butanol fraction 53.64+1.89 55.29 +2.60 45.78 £1.03
Pb 1 (coleonol B) 70.50+5.15 82.70+ 1.6 24223 +13.3
Pb 2 (forskolin) 58.15+2.73 72.75+2.91 40.72 £3.63
Pb 3 (sugiol) 94.99 +7.88 97.61+28.9 85.57 +16.52
Pb 4 (5,6-dehydro sugiol) 41.23+1.1 69.55+1.36 59.26 +2.87
Pb 5 (ferruginol) 15.10£2.03 26.58 £+ 0.48 25.98 +4.23
Dasatamib 26.16 +1.17 6.31+0.87 28.19£1.02

5,6-dehydrosugiol) and one compound Pb5 (ferruginol) from
hexane-fraction. The isolated diterpenoids showed interesting
cytotoxic effects with ICso values between 15.1 and 242 pg/mL
(Table 1). Table 1 showed that the greatest activity was shown
by ferruginol (ICso: 15.1-26.5pg/mL), followed by 5,6-
dehydrosugiol (ICsq: 41.2-69.5 ug/mL) and forskolin (ICsq: 40.7-
72.7 ug/mL). Sugiol and Coleonol B exhibited a moderate to weak
cytotoxic activity (ICsg: 70.5-242.2 ug/mL).

3.2. Antimicrobial activity

MIC, MBC and MFC values are demonstrated in Table 2. As
shown in Table 2, the most sensitive strains were the Gram-
positive bacteria Streptococcus mutans and the fungal strain Crypto-
coccus neoformans which were more susceptible to Plectranthus
extracts with MIC values between 62.5 and 250 pg/mL than the
other microbial strains. Minimum bactericidal (MBC) or minimum
fungicidal effects (MFC) were also exhibited and obtained one time
higher than that of MIC’s with all extracts. Again P. barbatus crude
extract appeared to be highly effective against all microorganisms
and was the strongest among the three plants (Table 2). Thus, its n-
hexane, chloroform and n-butanol fractions were tested. Table 2
showed that the antimicrobial activity resided predominantly in
the n-hexane and chloroform fractions with MIC values between
78.1 and 156.2 pg/mL. n-Butanol fraction showed only a weak
antimicrobial activity.

In addition, all 5 isolated compounds showed a variable antimi-
crobial activity against the microorganisms tested (Table 3). The
greatest antimicrobial activity was observed with Pb1, Pb2 and
Pb3 (Coleonol B, forskolin, sugiol) with MIC values between 15.6
and 31.5 pg/mL (Table 3).

3.3. Antioxidant activity

The results of the antioxidant activity are presented in Table 4.
In the B-carotene-linoleic acid model system, the three Plectranthus
extracts showed the ability to inhibit the discoloration of B-
carotene at a concentration of 1000 pig/mL with total antioxidant
value of 71, 65 and 66% for P. asirensis, P. cylindraceus and P. barba-
tus respectively (Table 4). In addition, results of the DPPH radical
scavenging method demonstrated comparable free radical scav-
enging activity for the three Plectranthus species (Table 4). P.
asirensis, P. cylindraceus and P. barbatus showed at 500 and
1000 pg/mL scavenging activity between 80 and 88%. In addition
to that, the chloroform fraction of P. barbatus exhibited the highest
antioxidant and free radical scavenging activity among the tested
fractions with values of 76 and 80% at 1000 pg/mL (Table 4).
Among the isolated compounds, compounds Pb3, Pb4 and Pb5
(sugiol, 5,6-dehydrosugiol and ferruginol) were able to inhibit
the discoloration of B-carotene with total antioxidant values of
65, 67, 69% respectively (Table 4).

3.4. Structure elucidation of the isolated compounds

Since the investigated activities remained principally in the
chloroform and hexane fractions of P. barbatus extract, these frac-
tions were subjected to various chromatographic separation tech-
niques. The analysis of the chloroform fraction led to the isolation
of four diterpenoid compounds, two of labdane- and two of
abietane-type, which were identified as coleonol B (compound
Pb1), forskolin (compound Pb2), sugiol (compound Pb3) and
5,6-dehydrosugiol (compound Pb4). Whereas the fractionation
and purification of the n-hexane fraction led to isolation of one
major abietane-type diterpene, which was identified as ferruginol
(compound Pb5). Sugiol, 5,6-dehydrosugiol and ferruginol were
isolated for the first time from P. barbatus in the present study.
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Table 2
Minimal inhibitory concentrations, minimal bactericidal concentration (MBC) and minimal fungicidal concentration (MFC) of the ethanolic extracts of Plectranthus species and
fractions of P. barbatus (pg/mL).

Microorganisms Activity P. cylindraceus P. asirensis P. barbatus Hexane Fr. Chloroform Fr. Butanol Fr. RA RA
Bacteria S. aureus MIC 250 250 125 78.12 78.12 3125 7.8 NT
MBC 500 500 125 156.25 156.25 625 15.6 NT
S. mutans MIC 125 250 62.5 78.12 78.12 3125 7.8 NT
MBC 250 500 125 156.25 156.25 1250 15.6 NT
S. typhi MIC 250 250 125 156.25 78.12 625 39 NT
MBC 500 500 250 3125 156.25 1250 7.8 NT
E. coli MIC 250 500 250 156.25 78.12 625 3.9 NT
MBC 500 1000 500 3125 156.25 1250 7.8 NT
Fungi A. niger MIC 500 250 125 156.25 156.25 625 NT 35
MFC 1000 500 250 3125 312.5 1250 NT 7.0
C. albicans MIC 500 500 250 3125 156.25 625 NT 35
MFC 1000 1000 500 625 3125 1250 NT 7.0
P. aurantiogriseum MIC 500 500 125 156.25 156.25 625 NT 7.0
MFC 1000 1000 250 3125 312.5 2500 NT 14.0
C. neoformans MIC 125 125 62.5 78.12 78.12 3125 NT 1.75
MFC 250 250 125 156.12 78.12 625 NT 35

Staphylococcus aureus ATCC 25923, Streptococcus mutans ATCC 25175, Escherichia coli ATCC 35218, Salmonella typhi wild strain, Aspergillus niger AUMC 8777, Penicillium
aurantiogriseum AUMC 9302, Candida albicans ATCC 60193 and Cryptococcus neoformans wild strain, RA": Reference antibiotic (Gentamycin), RA”: Reference antibiotic
(Nystatin). NT: not tested.

Table 3
Minimal inhibitory concentrations, minimal bactericidal concentration (MBC) and minimal fungicidal concentration (MFC) of the isolated compounds from the active P. barbatus
fractions (pg/mL).

Microorganisms Isolated Compounds References
Activity Pb 1 Pb 2 Pb 3 Pb 4 Pb5 RA’ RA”
Bacteria S. aureus MIC 15.6 15.6 15.6 31.25 31.25 7.8 NT
MBC 31.25 31.25 31.2 64.5 64.5 15.6 NT
S. mutans MIC 15.6 15.6 15.6 31.25 31.25 7.8 NT
MBC 31.25 31.25 31.25 64.5 64.5 15.6 NT
S. typhi MIC 15.6 15.6 31.25 64.5 64.5 39 NT
MBC 31.25 31.25 64.5 129 129 7.8 NT
E. coli MIC 31.25 31.25 31.25 64.5 64.5 3.9 NT
MBC 64.5 64.5 31.25 129 129 7.8 NT
Fungi (Yeasts and molds) A. niger MIC 31.25 31.25 31.25 64.5 64.5 NT 35
MEFC 64.5 64.5 64.5 129 129 NT 7.0
C. albicans MIC 64.5 64.5 64.5 64.5 64.5 NT 35
MFC 129 129 129 129 129 NT 7.0
P. aurantiogriseum MIC 31.25 31.25 31.25 64.5 64.5 NT 7.0
MFC 64.5 129 64.5 129 129 NT 14.0
C. neoformans MIC 15.6 15.6 31.25 31.25 31.25 NT 1.75
MFC 31.25 31.25 64.5 64.5 64.5 NT 3.5

Staphylococcus aureus ATCC 25923, Streptococcus mutans ATCC 25175, Escherichia coli ATCC 35218, Salmonella typhi wild strain, Aspergillus niger AUMC 8777, Penicillium
aurantiogriseum AUMC 9302, Candida albicans ATCC 60193 and Cryptococcus neoformans wild strain, RA": Reference antibiotic (Gentamycin), RA™": Reference antibiotic
(Nystatin). NT: not tested.

Table 4
Antioxidant activity and free radical scavenging activity of the extracts of Plectranthus species, fractions and isolated compounds of P. barbatus.
Samples Total antioxidant Free Radical Scavenging Activity in % (DPPH assay)
Activity in %
(1000 pg/ml)
10 50 100 500 1000
(ng/mL)

P. asirensis 71.6+5.1 28 £3.1 279+3.8 66.9+ 1.6 86.5+2.1 85.1+1.3
P. cylindraceus 65.7 +3.8 482 +5.1 67.2+4.1 80.4+3.3 84.3+3.2 88.3+3.0
P. barbatus 66.3£2.1 15.8+3.6 50.5+2.2 80.2+1.1 80.6 £ 1.8 81.2+1.1
n-Hexane fraction 38.0+1.8 128+1.5 146 +2.0 22.0+2.9 324+28 47634
Chloroform fraction 76.0+4.9 25.6+2.4 31.2+3.5 50.8 £4.6 76.2+5.4 80.1+5.9
n-Butanol fraction 68 +3.1 17.4+£1.6 224+1.2 35.2+2.0 60.8 £3.2 719+3.8
Pb1 (Coleonol B) 23129 NT NT NT NT NT

Pb2 (forskolin) 259+2.7 NT NT NT NT NT

Pb3 (sugiol) 64.8 +£3.6 NT NT NT NT NT

Pb4 (5,6-dehydrosugiol) 67.4+4.1 NT NT NT NT NT

Pb5 (ferruginol) 69.2 +3.8 NT NT NT NT NT
Ascorbic acid NT 89.6+3.1 89.7+4.9 90+2.8 90.3+2.4 944+2.1
Rutin 87.1+3.0 NT NT NT NT NT

NT: not tested.
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The isolated diterpenoids were identified by comparison their
spectral data with those reported in the literature (Fig. 1, Table 5).
The identification of the isolated compounds was carried out using
different spectroscopic techniques including 'H-, *C NMR and 2D-
NMR (COSY, HSQC and HMBC). Compound Pb1 and compound Pb2
showed very similar spectral NMR data. The EIMS spectrum of both
compounds displayed an [M+] ion at m/z 410 consistent with the
molecular formula C,H3407. The 'H NMR spectrum showed sig-
nals for five tertiary methyl groups, a vinyl group linked to a fully
substituted to a fully substituted carbon and two geminal protons
adjacent to carbonyl (Table 5). The '>C NMR and DEPT spectra
revealed the presence of 22 carbons, including five methyl carbons,
two carbonyl, two olefinic, and three oxygnated carbons, which
suggested the presence of a diterpenoid of labdane-type with
acetyl-group (Table 5) (Saksena et al., 1985; Prakash et al., 1988).
Comparison of the 'H-, >C NMR data of both compounds with pub-
lished data showed that compound Pb2 and compound Pb3 are
Coleonol B and forskolin which were previously isolated from
different Labiatae species including P. barbatus (Saksena et al.,
1985; Prakash et al., 1988).

\\\\\\nu

OAc
Compound Pb 1: Coleonol B

OH

The mass data of compounds Pb3, Pb4 and Pb5 gave molecular
masses of 300, 298 and 286 and the molecular formula C;oH350;,
C20H2602 and CooH500 respectively. 'H-, 1>C NMR data are demon-
strated in Table 5. Compound Pb3 and compound Pb4 showed very
similar spectral NMR data with only one difference which is the
presence of two olefinic C-atoms. '>*C NMR and DEPT-135 spectra
of the three compounds displayed 20 signals which comprised five
methylene groups in compound Pb5 and four in compound Pb3
and three in compound Pb4, six quaternary carbon atoms including
one carbonyl group in compound Pb3 and Pb4 and nine signals of
methyl and methane groups (Table 5). "H NMR spectrum and COSY
correlations showed the presence of a septet signal at 3.1 ppm and
pair of doublets for methyl groups at 1.21 and 1.22 ppm indicating
the presence of isopropyl group in the three structures (Table 5).
The presence of three singlet signals and two doublet signals of
methyl groups and the septet signal in the 'H NMR spectrum
indicated that compounds Pb3, Pb4 and Pb5 are abietane diter-
penoids. Comparison of the 'H-, >C NMR results of the three
compounds with published data showed that compounds Pb3,
Pb4 and Pb5 are sugiol, 5,6-dehydrosuiol and ferruginol which

e
T

=
=
=
=
=

OH
Compound Pb2: Forskolin

OH

Compound Pb 3: Sugiol

Compound Pb4: 5,6-Dehydrosugiol

OH

Compound Pb5: Ferruginol

Fig. 1. Chemical structures of the isolated diterpenes from P. barbatus.
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Table 5
H and '*C NMR Data of the isolated compounds Pb1-Pb5 in DMSO.
Position Comp. 1 (Pb1) Comp. 2 (Pb2) Comp. 3 (Pb3) Comp. 4 (Pb4) Comp. (Pb5)
o oc O oc O Ac o oc o oc
1 452t 74.7 4.51m 75.0 2.18 m, 374 229m, 1.52m 37.2 215m 38.8
148 m 1.36 m
2 2.13m, 27.3 2.16m, 142 m 27.6 1.79 m, 184 2.05m, 1.68 m 18.1 1.74m 193
141 m 1.64 m 1.60 m
3 1.82m, 37.8 1.78 m, 1.08 m 375 1.50 m, 40.7 1.63m, 1.35m 40.6 147 m, 41.6
1.10 m 123 m 1.20m
4 - 43.9 - 353 - 354 - 36.9 - 33.6
5 2.34d 43.7 215t 442 1.75 dd 49.0 - 172.2 1.35dd 50.5
6 5.79 dd, 73.8 449 m 69.4 1.48 dd, 42.5 6.24s 123.2 1.88 m, 19.2
1.25dd 1.67 m
7 4.27d 74.5 530d 79.2 - 196.4 - 183.2 278 m 29.7
8 - 77.0 - 82.2 - 122.5 - 121.8 - 127.3
9 - 83.7 - 84.0 - 155.7 - 1534 - 148.6
10 - 441 - 441 - 374 - 374 - 375
11 - 208.5 - 208.5 6.79 s 109.2 6.95s 1104 6.63 s 1109
12 3.24d 50.3 3.22 d. 48.8 - 160.0 - 159.1 245s 150.6
240d 2.39d
13 - 77.0 - 76.7 - 1324 - 1334 - 131.3
14 6.17 dd, 11.0 110.5 6.09 dd 10.8 110.5 7.66 s 1249 7.73s 123.6 6.83s 126.6
15 5.16 dd, 148.4 5.15 dd, 148.1 3.19 26.0 3.18 26.1 3.12 26.8
4.9 dd 4.89 dd
16 1.40s 30.6 1.39s 309 1.19d 21.0 1.18d 22.1 1.23d 22.7
17 1.59s 235 1.70s 24.6 1.20d 22.1 1.19d 223 1.21d 22.5
18 1.00 s 238 1.05s 24.7 0.97 s 32.2 1.22s 32.2 0.97s 333
19 1.06 s 333 1.30s 33.6 0.94s 223 1.40s 225 0.95 21.6
20 145s 22.0 1.46s 215 1.22s 229 1.29s 28.9 1.15s 24.8
CH5CO 2.14s 20.3 2.08s 20.2 - - - - -
CH;CO - 172.9 - 172.5 - - - - -

were previously isolated from different Labiatae species e.g. Salvia
species, Taxodium species, Cryptomeria japonica, Libocedrus bidwillii
(Hirasawa et al., 2007; Kusumoto et al., 2010; Kolak et al., 2005; Li
et al., 2000; Luis and Grillo, 1993; Russell, 1975; Ying, and Kubo,
1991; Yoshikawa et al., 2006). Sugiol, 5,6-dehydrosuiol and ferrug-
inol are reported for the first time from P. barbatus.

4. Discussion

Cancers and in addition, diseases caused by microorganisms
and parasites are as yet a genuine hazard to the general public,
in spite of the colossal advancement in western medicine. Thus,
look into on new anticancer and antimicrobial agents from natural
sources ought to be proceeded, keeping in mind the end goal to
find novel, more successful and more affordable medications. Sub-
sequently, in our continuing search for remarkable and promising
natural compounds from Saudi medicinal herbs, this investigation
was conveyed. In the present research study, we investigated the
crude extracts of three Plectranthus species which are P. asirensis,
P. cylindraceus and P. barbatus.

The existing knowledge about the cytotoxic, antimicrobial and
antioxidative activities of the ethanolic extracts of the Plectranthus
species grown in Saudi Arabia is in many cases limited.

The plant species of the genus Plectranthus are long-familiar
medicinal species which are widely used for the treatment of var-
ious diseases. The majority of uses are for intestinal disturbance,
liver fatigue, respiratory disorders, heart diseases, malaria, and cer-
tain central nervous system disorders (Alasbahi and Melzig, 2010).
In fact, Plectranthus species are rich in two groups of natural com-
pounds, namely diterpenoids and volatile oils. It is important to be
mentioned that we focused in this study only on the crude extracts
of these Plectranthus species that should contain the diterpenoids
which are mainly responsible for several observed pharmacologi-
cal activities e.g. antimicrobial (Abdissa et al., 2017; Burmistrova
et al., 2015; Stavri et al., 2009), cytotoxic (Amina et al., 2017,
Yulianto et al., 2016) and antiplasmodial (Alegre-Gémez et al.,

2017) activities. In the current work, we observed promising cyto-
toxic, antimicrobial and antioxidant activities for the investigated
P. asirensis, P. cylindraceus and P. barbatus.

Our cytotoxic result of P. cylindraceus is in agreement with a
recent study done by Amina and co-workers in 2017, who isolated
maaliol from the ethanolic extract of P. cylindraceus and exhibited
the greatest cytotoxic activity among the isolated compounds
against MBDMB321, HT1080 and Hela cancer cell lines with ICsq
values of 28.1, 25.9 and 27.1 pg/ml respectively. In addition, it
was previously demonstrated that ethanol extract of P. cylindraceus
has also antimicrobial activity against Gram-positve bacteria and
Mycobacteria (Orabi et al., 2000).

As far as we know, this work represents one of the few inves-
tigations on the cytotoxic and antimicrobial activities of P. asiren-
sis and P. barbatus grown in Saudi Arabia. Previous work on P.
barbatus grown in Brazil indicated that both roots and leaves
extracts have a great cytotoxic activity against NCI-H292 cell line
with ICsq values of 29-45 pg/ml (Costa and Nascimento, 2003). A
recent study on South African medicinal plants showed that P.
barbatus is among the plants which have cytotoxic activity
towards drug-sensitive parental CCRF-CEM leukemia cells
(Saeed et al.,, 2016). Moreover, our antimicrobial activity result
of P. barbatus was in agreement with a previous study done on
a Tanzanian P. barbatus (Kisangau et al., 2007). It is worth to be
mentioned that our results of the cytotoxic, the antimicrobial
and antioxidant activities of the investigated P. asirensis, P. cylin-
draceus and P. barbatus are also in agreement with literature data
found for other Plectranthus species e.g. P. punctatus, P. punctatus,
P. ecklonii, and P. mollis (Abdissa et al., 2017; Burmistrova et al.,
2015; Joshi, 2014; Yulianto et al., 2016).

Since the crude extract of P. barbatus showed the greatest activi-
ties, this plant species was selected for further investigation,
fractionation and isolation of active principles. The chemical analy-
sis led to the isolation of five diterpenoid compounds, which were
identified as coleonol B, forskolin, sugiol, 5,6-dehydrosugiol and fer-
ruginol. It is worth to be mentioned that sugiol, 5,6-dehydrosugiol
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and ferruginol are isolated for the first time from P. barbatus in the
present study.

The Plectranthus diterpenoids were found to be responsible for
various pharmacological activities including cytotoxic effect
against several tested cancer cell lines as well as for antimicrobial
activity against a lot of bacterial strains (Abdissa et al., 2017;
Burmistrova et al.,, 2015; Yulianto et al., 2016). Our observed
results for the isolated sugiol were in consistence with that
obtained by Fronza et al. (2012) who reported potent cytotoxic
activity and with that reported by Li et al. (2008) who reported a
great antibacterial activity and with that reported by Bajpai et al.
(2014) who reported strong antioxidant, lipid peroxidation inhibi-
tion and free radical scavenging efficacy. Moreover, a recent study
(Xiong et al., 2017) confirmed the in this study found anticancer
activity for ferruginol. It was found that ferruginol exhibited anti-
cancer effects in OVCAR-3 human ovary cancer cells by inducing
apoptosis, inhibiting cancer cell migration and inducing G2/M cell
(Xiong et al., 2017). In addition to that, the in our study observed
antioxidant activity was confirmed by Saijo et al. (2015) who
reported a stronger antioxidant activity than the positive control
carnosic acid. Furthermore, the noticed interesting antimicrobial
activity of ferruginol was in agreement with literature data found
confirming that ferruginol possessed a very good antimicrobial
effect (Bifalo et al., 2016; Li et al., 2008). The lipophilic nature of
these diterpenoid compounds could enable easy transport across
the cell membranes to accumulate in and so to affect the cells.

5. Conclusion

In conclusion, the present study showed that Plectranthus spe-
cies still represent an important resource for novel therapeutic
compounds for combating cancers and infectious diseases. The
investigated Plectranthus species possessed remarkable cytotoxic,
antimicrobial and antioxidant activities. In addition, five com-
pounds (coleonol B, forskolin, sugiol, 5,6-dehydrosugiol and ferrug-
inol) belonging to labdane- and abietane-type diterpenes were
isolated from P. barbatus. Interestingly, sugiol, 5,6-dehydrosuiol
and ferruginol are reported for the first time from P. barbatus among
the isolated compounds. The current results will form the basis for
selection of Plectranthus species for further investigation in the
potential discovery of new natural bioactive compounds. More
investigations are needed to confirm the obtained activities and to
explain the mechanism of action of the cytotoxic and antimicrobial
activity. Moreover, further studies aimed at the isolation and struc-
ture elucidation of further cytotoxic, antimicrobial and antioxida-
tive active constituents from these plant species should be
continued.
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