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Cotoneaster afghanicus G.Klotz, indigenous to mountainous parts of China, Afghanistan and Pakistan is also
present in Baluchistan region of Pakistan and has medicinally important fixed oils and essential oils. The
oils and chemical compounds extracted from Cotoneaster afghanicus were subjected to chemical analyses
and evaluation of antioxidant, antibacterial, biofilm inhibiting, thrombolytic and cytotoxic effects. Fixed and
essential oils were characterized by gas chromatography-mass spectrometry, which enabled identification
of 4 and 14 compounds. Fixed oil showed significant antioxidant (64.67 % scavenging of 2,2-diphenyl-1-
picrylhydrazyl radical) and antibacterial (7 mm zone of inhibition for Gram-positive bacteria) activities.
Ethanol extract (355 mg/100 g of sample) showed highest biofilm inhibitory activity (54.63 %) among the
extracted compounds. Essential oil and ethanol extract also showed notable antioxidant effect with less
cytotoxic effect indicating that these are good biologically active agents. The results of this study suggest to
further investigate the use of extracted oils and chemical compounds as treatments for local ailments.
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Cotoneaster afghanicus G.Klotz belongs to the
Rosaceae family, which represents medium sized plants
distributed worldwide, with 95-125 genera and 2825-
3500 species!!l. Genus Cotoneaster is commonly found
in temperate regions of Asia, Europe and North Africa.
It is widely distributed in mountainous parts of China,
Afghanistan and Pakistan with about 300 different
species. Plants from this genus are woody and vary
in size from 0.2 m shrubs to 20 m trees!?. This genus
attained popularity due to its ornamental plants, which
were shown to contain medicinally active compounds.
Different plants of this family have been reported
to possess antioxidant, antibacterial, antifungal,
anticancer, cytotoxic, antihemolytic, hepato-protective
and thrombolytic activities®.

C. acuminatus Lind. is a shrub and commonly used as
medicinal plant in some areas of Pakistan. The powder
of its roots is used to treat hypertension”. A number
of phytochemicals have been identified from genus
Cotoneaster. The most common phytochemicals have
been flavonoids, isoflavonols, phenols and aromatic
esters’®?). Flavonoids have different activities including
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antimicrobial,  antiangiogenic, antiinflammatory,
antiallergic, hepatoprotective and  apoptotic!'”,
C. racemiflora methanol extract has been reported
to possess five compounds, racemiside, scopoletin,
7,8-dimethoxy-6-hydroxycoumarin, 3,3" 4'-tri-o-
methyl ellagic acid and cereotagloperoxide exhibiting
antioxidant activities!'"). the methanol
extract of C. nummularioides showed strong
antibacterial activity against Gram-positive bacteria

Similarly,

and the minimum inhibitory concentrations was found
to be 3.125 mg/ml for Bacillus cereus and 6.25 mg/
ml for Staphylococcus aureus!'™. In another study,
Uysal et al.'3 reported that methanol extract of twigs of
C. integerrimus exerted strong biological effects and
18 phenolics were identified in the extract. From all
the constituents, (-)-epicatechin was found to be the
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major one responsible for observed activities. The
polar and apolar fruit extracts of C. pannosus displayed
significant radical scavenging activity and inhibitory
effects against monoamine oxidase, tyrosinase and
a-glucosidase that make this plant a potential candidate
in functional foods!'#. In this context, present research
work was carried out to evaluate the medicinal potential
of C. afghanicus fixed oil (FO), essential oil (EO) and
ethanol extract (EE) for various biochemical activities.

MATERIALS AND METHODS

Collection of plant samples:

C. afghanicus was collected and taxonomic
identification was carried out in the Department of
Botany, University of Baluchistan, Quetta, Pakistan.
C. afghanicus was taken as a whole (with roots, shoots,
leaves and flowers) and stored in the laboratory.

Extraction of FO, EO and EE:

The whole plant was washed under tap water to
remove dust particles and dried in a shade. After
drying, the plant material was ground to a powder to
extract FOs and EOs!'%., Briefly, to extract EOs, finely
ground plant material (100 g) was added to a flask of a
hydro-distillation unit with distilled water for 3 h using
Clevenger apparatus!'®l. EOs obtained after distillation
process had some water, which was removed by
anhydrous Na,SO, and filtered with micro filter (pore
size of 0.45 um) and stored at -4° until used.

FOs were extracted using a Soxhlet apparatus following
the method described by Dutta et al.'”? with some
modifications. Briefly, 20 g of ground plant material
was packed in filter paper thimble stapled and subjected
to Soxhlet extraction. n-Hexane (250 ml) was added to
a round bottom flask and Soxhlet was adjusted on it
with a reflux condenser for 3 h. After that, n-hexane
was evaporated under vacuum in a rotary apparatus.

Determination of antioxidant activity:

Free radical scavenging assay method described by
Riaz et al.'® was used to determine the antioxidant
potential of C. afghanicus FO, EO and the EE using the
2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. Briefly,
the stock solutions of FO, EO and EE were prepared.
Ten milligrams of FO, EO and EE were dissolved in
10 ml of methanol. Then 2 ml from each stock solution
was taken in a test tube and 2 ml stock solution of DPPH
was added and absorbance at 515 nm was measured.
Another test tube was prepared with distilled water
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instead of stock solution with DPPH solution to serve
as a blank. Percent scavenging was calculated using
the following Eqn., DPPH scavenging (%) = (Abs,, -
Abssample)/Absblank>< 100. The experiment was done in

triplicate and the mean was used for further analyses.

Antibacterial activity:

Antibacterial assay was performed by disc diffusion
method!"*?%, Briefly, 100 pl of bacterial inoculum
was gently distributed equally on agar plates. EE
was dissolved in 10 % dimethylsulfoxide to a final
concentration of 1 mg/ml. Small filter paper discs
(9 mm in size) were laid flat on growth medium
containing 100 pl of FO, EO and EE of the plant and
petri plates were incubated at 37° for 24 h. Filter paper
discs containing extracts with antibacterial activity
formed inhibition zones around them, which were
measured in mm.

Biofilm inhibition assay:

A sterile plastic 96-well plate with flat bottom was
filled with 100 pl of nutrient broth (Oxoid, UK). Then,
100 ul of FO, EO and EE was inoculated with bacterial
suspension of 20 pl into the wells separately. Nutrient
broth present in the wells with bacteria acted as control
and rifampicin was added to two or three wells acted
as standard. Then the 96-well plate was covered and
incubated at 34° for 24 h in a temperature-controlled
incubator in aerobic conditions. After incubation, each
well was washed thrice with sterile phosphate buffer
(220 pl to each well). The plate was shaken well to
remove non-adherent bacteria from wells. The wells
were left to dry after discarding the solvent. To stain
each well, 220 pl of 5 % crystal violet was added and
incubated for 5 min. The plate was air-dried and the
dye bound was re-solubilized with 220 ul of 33 % (v/v)
glacial acetic acid. Optical density was measured for
each well at 630 nm using a microplate reader (BioTek,
USA)?U. The bacterial growth inhibition percent
(INH %) was calculated using the following Eqn., INH
(%) =1-0OD /OD x100.

630 (sample) 630 (control)
Thrombolytic activity:

Clot lysing activity was assessed using the method
described by Prasad et al.??. Five millilitres of venous
blood was drawn from healthy volunteers. Blood was
distributed equally into five separate pre-weighed
microfuge tubes (W) centrifuged at 2500 rpm for
5 min and incubated at 37° for 45 min to clot the blood.
After blood clotting, serum was carefully decanted and
the tubes containing clot were weighed again (W,). W,
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was subtracted from W, to gain the clot weight (W ).
Then 100 ul of FO, EO and EE were added to the clot
containing microfuge tubes. As a standard, 100 pl of
streptokinase was added to a clot containing tube and
labelled as standard. In the same way, to make a blank,
100 pl of distilled water was added to a clot containing
microfuge tube and labelled. All the microfuge tubes
were incubated at 37° for 90 min. They were removed
and weighed again (W|). To obtain the weight loss due
to lysis, W, was subtracted from W_. The following
formulae were used to calculate percent weight loss
due to clot lysis for each microfuge tube: clot weight
(W) =W W ; percent clot lysis = (weight of released
clot)/(clot weight)x100.

Haemolytic activity:

Haemolytic activity was determined according to the
method of Kalpana et al.l**!. Briefly, calf thymus DNA
(CT-DNA) was taken (0.5 ug/ul) and diluted three
folds (0.5 pg/3 pl) using 50 mM sodium phosphate
buffer (pH 7.4). Then 3 pl of the diluted CT-DNA was
treated with 5 pl of test sample. After this, 4 ul of the
30 % H,0, was added in the presence of FO, EO and
EE of the plant. The final volume (15 pl) was made
with same buffer. A solution of 3 pl of CT-DNA with
11 pl of sodium phosphate was used as a negative
control. The 3 pul of CT-DNA treated with 4 pl of the
30% H,0O, (final volume of 15 ul was made with sodium
phosphate buffer) was used as a positive control. DNA
was run on 1 % horizontal agarose gel.

Gas chromatography-mass spectrometry (GC-MS)
analysis:

The samples were analysed using a GC 6850 network
GC system equipped with a 7683B series auto injector
and 5973 inert mass selective detector (Agilent
Technologies, Willmington, DE, USA). Compounds
were separated on an HP-5 MS capillary column with
a 5 % phenyl polysiloxane stationary phase (30.0 mx
0.25 mm, film thickness 0.25 pm). Oven temperature
was programmed in a three step gradient: initial
temperature set at 45° (held for 5 min), ramped till
150° at 10°/min, followed by a 5°/min rise till 280° and
finally at 15°/min to 325° where it was held for 5 min.
Helium gas flow rate was 1.1 ml/min (pressure 60 kPa
and linear velocity 38.2 cm/s). lons/fragments were
monitored in scanning mode through 40-550 m/z['>1%),

Statistical analysis:

The results obtained were presented by means+standard
deviation.
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RESULTS AND DISCUSSION

FO, EO and EE of C. afghanicus were prepared and
analysed to find out if these possessed biological
activity. This is the first report of exploring
pharmacologic potential of C. afghanicus. The yields
of FO, EO and EE per 100 g of C. afghanicus plant
material were 855+4.358, 314+2.0 and 355+4.44 mg,
respectively.

From C. afghanicus FO, 4 components (fig. 1A)
and from the EO, 14 components (fig. 1B) were
identified with the help of GC/MS. The name of these
compounds, molecular weight, retention time, percent
area and percent quality have been shown in Table 1.
These results indicated that monoterpene hydrocarbons
were 24.76 %, oxygenated monoterpenes were 53.8 %,
sesquiterpenes were 3.48 and 0.21 % were oxygenated
sesquiterpenes in the EO of C. afghanicus. The extracts
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Fig. 1: GC-MS analysis of Cotoneaster afghanicus
GC-MS analysis of Cotoneaster afghanicus showing (A) fixed
oils and (B) essential oils
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of C. afghanicus have shown different degrees of
activities in various assays!'>*?%, It has been reported
thatmonoterpenesand sesquiterpenes have antibacterial,
antioxidant, thrombolytic and DNA damage protecting
abilities??*?1, Monoterpene hydrocarbons could also be
used as natural flavouring and preservative agents in
foods. Oxygenated monoterpenes and sesquiterpenes
have greater antioxidant activities?®!,

DPPH assay was performed to evaluate the antioxidant
potential of FO, EO and EE (10 mg/10 ml of methanol)
of C. afghanicus. DPPH on dissolving in water gave a
deep violet colour, which became yellow on receiving
protons from proton donating species. Greater the loss
of colour, greater number of DPPH radicals removed.
DPPH radicals scavenged by FO, EO and EE expressed
as EC,, values were 57.35+0.26, 43.29+0.23 and
64.67+£0.245 %, respectively (fig. 2). EE removed the
highest % of DPPH free radicals. FO and EO have also
shown notable antioxidant ability. This was due to the
presence of palmitic acid, oleic acid and octadecanoic
acid in FO and antioxidant activity of EO was due
to the presence of oxygenated monoterpenes and
sesquiterpenes?”,

Antibacterial activity screening results of C. afghanicus
FO, EO and EE (1 mg/ml) are given in Table 2. All
tested samples showed antibacterial activity against

TABLE 1: COMPOUNDS IDENTIFIED IN FIXED
AND ESSENTIAL OILS OF COTONEASTER
AFGHANICUS

=¥}
[=]

Activity in percentage (%o)
=
(=]

[ =]
<

—
[=]

60
50
a I

Fized oil Essential 01l Ethanol extract

Fig. 2: DPPH radical scavenging by FO, EO and EE
Fixed oil (FO), essential oil (EO) and ethanol extract (EE) of
Cotoneaster afghanicus

TABLE 2: ANTIBACTERIAL ACTIVITIES OF
COTONEASTER AFGHANICUS
Bacillus subtilis

Escherichia coli

Plant component zone of inhibition zone of inhibition

(1 mg/ml) (mm) (mm)
Fixed oil 7+0.08 ND
Essential oil 5+0.07 ND
Ethanol extract 6+0.09 3+0.04
Rifampicin 25:0.25 21:0.23

(positive control)

Data presented as meanzSD of three independent replicates.
ND = not detected

Gram-positive bacterial while FO and EO failed
to exert any activity on Gram-negative bacteria

E(:.::ntion Compound name  Area (%) QU(?/:)“V tested. The standard rifampicin sh‘ow.ed an.inhibition
- — - zone of 21+£0.23 mm for Escherichia coli and 25+
Compounds. l.dent-lﬁed in fixed oils 0.25 mm for Bacillus subtilis. Results demonstrated that
19.95 Palmitic acid 4.21 %8 C. afghanicus extracts did not possess any antibacterial
23.09 Linolelaidic acid 13.03 % activity against Gram-negative bacteria, while
23.24 Iso-oleic acid 80.08 9 moderately active against Gram-positive bacteria. The
23.67 Iso-octadecanoic acid 2.68 94 extracts of C. nummularia were reported to exhibit
Compounds identified in essential oils antibacterial properties against human pathogenic
4.967 D-a-Pinene 11.45 96 strains3.
5.257 Camphene 5.99 96
5.881 B-Pinene 5.47 95 Biofilms are attached to microbial cell communities
6.177 B-Myrcene 0.73 91 protected by slimy layer. These differ from planktonic
6.504 a-Phellandrene 0.22 91 cells and show resistance to antibacterial agents. Hence
7.931 v-Terpinene 0.90 95 it is essential to identify and develop new nature-
7.353 Eucalyptol 26.20 %8 based antibacterial agents against these bacteria.
10.475 Camphore 17.20 97 . .
10.676 Isoborneol 0.25 94 C. afghanicus extracts (100 ul/20 pl bacterial
11.003 Levo-borneol 6.33 94 suspension) were also tested against biofilm forming
14.321 D,L-isobornyl acetate 3.82 98 bacteria (B. subtilis). The results showed that EE
17.965 B-Caryophyllene 3.15 99 exhibited 54.63+0.26 % biofilm inhibiting activity,
18.825 a-Caryophyllene 0.33 98 which was as good as the standard. FO and EO
22.108 Caryophyllene oxide 0.1 94 gave IC,, values of 31.61+0.42 and 13.96+0.21 %,
262 Indian Journal of Pharmaceutical Sciences March-April 2019
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Fig. 3: Cotoneaster afghanicus against biofilm formation
Cotoneaster afghanicus extracts tested at 100 pl/20 pl against
biofilm forming bacteria

TABLE 3: THROMBOLYTIC ACTIVITY OF
COTONEASTER AFGHANICUS

Plant component (100
pl/833 pl blood)

Thrombolytic activity (%)

Fixed oil 13.91+0.28
Essential oil 23.54+0.46
Ethanol extract 14.65+0.24
Streptokinase* 78.65+0.75
Distilled water** 1.93+0.19

*Standard, **negative control

respectively (fig. 3). The antibacterial and biofilm
inhibiting activities of these samples tested were due to
the presence of flavonoids and terpenoidst".

To test thrombolytic ability of C. afghanicus an in vitro
experimental method was designed. C. afghanicus
FO, EO and EE (100 ul/833 ul blood) showed mild
thrombolytic activity and results are given in Table 3.
According to these results, EO and EE showed more clot
lysis than FO. The clot lysis shown by C. afghanicus
FO, EO and EE were 13.91+0.28, 23.54+0.46 and
14.65+0.24 %, respectively. Streptokinase was
used as a standard to compare the % lysis caused by
C. afghanicus. Blood clotting leads to different
coronary problems!?.

To observe the cytotoxic effect of C. afghanicus
on RBC, haemolytic assay was performed. Results
were expressed as % lysis calculated by comparing
absorbance of plant sample with absorbance of Triton
X-100. Triton X-100 was used as a positive control,
which showed 100 % lysis and phosphate buffered
saline was used as a negative control. Percent lysis
caused by FO, EO and EE of C. afghanicus (20 pl/
180 pl) was 43.36+1.13, 3.94+0.78 and 4.69+0.59 %,
respectively (fig. 4).
March-April 2019

H,0,-induced CT-DNA damage protection caused
by FO, EO and EE of C. afghanicus (3 ul CT-DNA/
5 ul test sample) has been shown in fig. 5. Results
indicated that untreated CT-DNA in the first lane was
not damaged, but the CT-DNA in lane 2 was highly
damaged due to exposure to H,O,. CT-DNA from
lanes 3, 4 and 5 was exposed to H,O, in the presence of
C. afghanicus FO, EO EE, respectively. CT-DNA in
lane 4 was completely protected by EO from H,O,-
induced damage. CT-DNA was protected to some extent
in the presence of FO (lane 3) and EE (lane 5) from
H,0,-induced damage. EO could protect CT-DNA from
H,0,-induced damage with no toxic effect. In human
and other animals RBCs play important role to sustain
100 &
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Fig. 4: Percent lysis caused by FO, EO and EE of Cotoneaster
afghanicus
Fixed oil (FO), essential oil (EOQ) and ethanol extract (EE) of
Cotoneaster afghanicus

Fig. 5: Protection of H,0,-induced calf-thymus DNA damage
by FO, EO and EE of Cotoneaster afghanicus

Three microlitres of diluted CT-DNA/S pl tested sample. Lane
1- CT-DNA without H,O, treatment. Lane 2- CT-DNA treated
with H,0,. Lane 3- CT-DNA treated with H,O, in the presence
of fixed oil (FO) of C. afghanicus. Lane 4- CT-DNA treated
with H,O, in the presence of essential oil (EO) of Cotoneaster
afghanicus. Lane 5- CT-DNA treated with H,O, in the presence
of ethanol extract (EE) of Cotoneaster afghanicus
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life. If RBCs encounter a CytOtOXiC compound, cell 6. Tolentino F, Aratjo PA, Marques Ede S, Petreanu M, Andrade
integrity is lost and lysis OCCUTS. Haemolytic assay was SF, Nierf) R, et al. In vivo evaluation of the ge.nf':t.ic toxicit}{ of
. . Rubus niveus Thunb. (Rosaceae) extract and initial screening
performed to evaluate if the extracts of C. afghanicus of its potential chemoprevention against doxorubicin-induced
possessed any cytoprotective activity. Compounds with DNA damage. J Ethnopharmacol 2015;164:89-95.
percent haemolysis lower than 6 are safe for human 7. Ahmad L, Semotiuk A, Zafar M, Ahmad M, Sultana S, Liu
use. Results showed that cytotoxic effect of EO and EE QR, et al. Ethnopharmacological documentation of medicinal
.. plants used for hypertension among the local communities of
were less than 5 and h?nce could be.used as a medicine Dir Lower, Pakistan. J Ethnopharmacol 2015;175:138-46.

or as a food preservative or flavouring agents!'>"”. EO g Chang CS, Jeon JI. Leaf flavonoids in Cotoneaster wilsonii

protected DNA from H O, -induced damage, probably (Rosaceae) from the Island Ulleung-Do, Korea. Biochem Syst

owing to the presence of different terpenoids reported Ecol 2003;31:171-9. .

to be good antioxidants®. C. afghanicus FO has 4 9. Khan S, Yasmeen S, Afza N, Mqllk A, Igbal L, Lateef M.

. Cotonoates A and B, new aromatic esters from Cotoneaster
compounds and EO has 14 compounds in abundance racemiflora. Z Naturforsch B 2008:63:1219-22.

as characterized by GC/MS. All plant extract samples  10. Hodek P, Trefil P, Stiborova M. Flavonoids-potent and versatile

showed good antioxidant activity and EO and EE biologically active compounds interacting with cytochromes

possessed better potential due to lower cytotoxic P450. Chem Biol Interact 2002;139:1-21.
11. Khan S, Riaz N, Afza N, Malik A, Aziz-ur-Rehman, Igbal L,

effects. o . .

et al. Antioxidant constituents from Cotoneaster racemiflora.
The identification and characterization of fixed and J Asian Nat Prod Res 2009;11:44-48.
EOs were accomplished using GC/MS profiling. 12. Sani M.A', Yaghooti .F. {\ntlbacterlal effects and che.rn.lcal
o C. .. composition of essential oil from Cotoneaster nummularioides
FO was found to exhibited significant antioxidant leaves extract on tvpical food-b .
ypical food-borne pathogens. J Essent Oil
and antibacterial activities whereas EE was found to Bear Pl 2016;19:290-6.
have the highest biofilm inhibitory activity among all 13. Uysal A, Zengin G, Mollica A, Gunes E, Locatelli M, Yilmaz
extracts tested. Antioxidant effect with low cytotoxicity T, et al. Chemical and biological insights on Cotoneaster
was observed in EO and EE, which appear to have the intege{frimus: a new (-)-epicate(.:h.in source for food and
. . medicinal applications. Phytomedicine 2016;23:979-88.
potentlal for further development as therapeutlc agents. 14. Les F, Lopez V, Caprioli G, Iannarelli R, Fiorini D, Innocenti
M, et al. Chemical constituents, radical scavenging activity
ACkHOWledgement: and enzyme inhibitory capacity of fruits from Cotoneaster
. pannosus Franch. Food Funct 2017;8(5):1775-84.
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