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Abstract

Two medicinal plants i.e. Cotoneaster afghanicus G.Klotz and Tamarix arceuthoides Bunge were collected from Quetta
and Ziarat valleys of Province Balochistan, Pakistan. These plants were selected because their medicinal and nutraceutical
effects were not reported before. n-hexane and chloroform extracts of C. afghanicus and T. arceuthoides were subjected to
find antibacterial, thrombolytic, biofilm inhibition and DNA damage protection activities. Extracts from both plants showed
antibacterial activity by forming inhibition zones of different sizes. Strong antibacterial effect was observed against
Micrococcus spp. (source: poultry farm dust samples) which showed some resistance against antibiotic erythromycin used as
standard but n-hexane extract of 7. arceuthoides showed the highest activity of 27.25 + 0.37 mm among the extracts.
Biofilms are the external matrix of proteins and polysaccharides secreted by bacteria. This matrix provides extra protection
to bacteria and therefore, difficult to eradicate. One Gram-positive and one Gram—negative bacterial strain were used to test
biofilm inhibition activity. Both n-hexane and chloroform extracts of C. afghanicus showed prominent biofilm inhibition
activity against S. aureus with a % inhibition of 59.72 + 1.98% and 62.03 + 1.83%. C. afghanicus n-hexane extract exhibited
considerable thrombolytic effect of 52.92% clot lysis. Compounds having good antioxidant activities showed DNA damage
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protection present in higher amounts in n-hexane extract of 7. arceuthoides.
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Introduction

Natural products are a very useful resource to
improve health care issues and to treat various diseases in
different human communities (Mustafa et al., 2016).
Plants have become popular because the risk of chronic
disorders is lower in people consuming a diet possessing
bioactive components (Zhang et al., 2015; Osuna-
Martinez et al., 2014). In Pakistan and other developing
countries, there is richness of medicinal plants, vegetables
and fruits which have not yet been investigated properly
to explore their health promoting benefits (Atta et al.,
2017). Medicinal values like antimicrobial, antioxidant,
thrombolytic, antidiabetic, anticancer, anti-inflammatory
and cardiovascular protection of various plants have been
explored during the last few decades (Huffman, 2003; Al-
Snafi, 2016; Zia-ud-Den et al., 2019). Moreover, natural
products have also been categorized as preventive agents
to treat global health issues including diabetes mellitus
(Alam et al., 2016) and Alzheimer’s disease that is caused
by accumulation of amyloid-p plaques and neurofibrillary
tangles (Sajjad et al., 2018).

Present research work deals with such types of studies
on Cotoneaster afghanicus and Tamarix arceuthoides. C.
afghanicus belongs to family Rosaceae (the rose family) a
medium sized family and worldwide has 95-125 genera and
2825-3500 species (Lingdi & Alexander, 2003). C.
afghanicus is widely distributed in Afghanistan, India, Iran,
Nepal, Pakistan and Southwestern China and has been used
in traditional medicines due to bitter taste (Tamir et al.,
2001). It is a perennial shrub with clump of long slender
stems from the base (Klotz, 1978). Various species of
Cotoneaster have been used for medicinal purposes such as
antiviral, diuretic, cardiotonic and expectorant in several

countries (Zengin et al., 2014; Bukhari et al., 2019). T.
arceuthoides belongs to family Tamaricaceae a small
flowering plant family of about 4 genera and 120 species
(Trease & Evans, 2002). These plants are widely
distributed in temperate regions of Asia, Africa and Europe
and commonly found in sandy places and deserts. Most
species of Tamarix are ornamental plants and the plants in
this genus are mostly evergreen. Plant body is bushy or tree
like with feathery leaves and has pink or white flowers
(Mabberley, 2008). No literature on medicinal importance
of T arceuthoides has been found. However, preliminary
phytochemical studies have been done on other species of
Tamarix. Devhade, (2015) has reported that Tamarix
ericoides is known for its medicinal properties as different
classes of phytochemicals such as alkaloids, phytosterols,
glycosides, saponins and tannins have been revealed in this
species. The plant has been used to treat various diseases
including diabetes, antidermatosis, paralysis, stomach
disorders and painful urination.

From both these families a number of plants have been
reported to have different medicinal effects like antibacterial,
antifungal, antioxidant, thrombolytic, antidiabetic, anti-
inflammatory and anticancer (Sharif et al., 2017; Bukhari et
al., 2019; Han et al., 2012; Sokkar et al., 2013). Different
methods have been employed to find compounds as potential
drug candidates such as isolation and purification of active
secondary metabolites from different natural sources
including medicinal plants (Mustafa et al., 2017). Therefore,
current study was designed to explore medicinal values of n-
hexane and chloroform extracts of C. afghanicus and T.
arceuthoides. Various activities including antibacterial,
biofilm inhibition, thrombolytic and DNA damage protection
assay were determined from C. afghanicus and T.
arceuthoides extracts.
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Materials and Methods

Collection of plant material: Plants chosen for research
were C. afghanicus and T arceuthoides which were
collected from sandy rocks of Quetta and Ziarat valleys.
These were identified by Dr. R.B. Tareen Professor and
Chairman of Department of Botany, University of
Baluchistan, Quetta, Pakistan.

Preparation of plants extracts: Whole plants with roots,
shoots and leaves were taken, washed with cold water,
dried under shade and ground to powdered forms. For
extraction, 200 g of each powdered plant was taken in
separate flasks along with measured volume of n-hexane.
Incubated on orbital shaker for 7-8 days and filtered.
Filtrate was concentrated at negative pressure evaporator
at 45°C and residues were re-suspended to make
chloroform extract by the same procedure.

Antibacterial activity: Test microbes: Pure bacterial
cultures of Escherichia coli (source: water), Bacillus
subtilis (source: soil sample), Staphylococcus aureus
(source: skin infection) and Pseudomonas spp. (source:
wound infection) were collected from Microbiology
Department of Government College University Faisalabad
(GCUF) Pakistan and pure cultures of Streptococcus
pyogenes (source: open wound infection from dogs),
Staphylococcus aureus (source: milk sample from mastitis
cases of buffalo), Escherichia coli (source: milk sample
from mastitis cases of buffalo) and Micrococcus spp.
(source: poultry farm dust samples) were collected from
Microbiology Department of University of Agriculture,
Faisalabad (UAF) Pakistan. To ensure the pure cultures, all
bacterial strains were streaked to obtain pure colony then
each bacterial strain was cultured in nutrient broth (Oxoid,
UK) at 37°C for further experiments.

Antibacterial assay by disc diffusion method: To
determine the antibacterial activity of extracts, disc
diffusion method was used as described by Mustafa et al.,
(2016) with some modifications. To agar plates, nutrient
agar (Oxide, UK) 2.8 g/100 mL was dissolved in distilled
water, mixed and sterilized by autoclaving at 121°C and 15
psi pressure and poured in Petri dishes homogeneously and
removed air bubbles formed during agitation. After
solidification of agar plates 100 pL of inoculum of each
strain was spread on petri dishes. The dried plant extracts
were dissolved in dimethyl sulfoxide (DMSO) and 100 pL
of plants extracts were applied to 9 mm filter paper discs
and placed by gently pressing on growth medium. The petri
plates were then incubated at 37°C for 20-24 hours. DMSO
used as negative control and ciprofloxacin as positive
control. Inhibited bacterial growth formed clear zones
called zones of inhibition which were measured in
millimeters (mm).

Biofilm inhibition assay: Staphylococcus aureus and
Escherichia coli were used to test the biofilm inhibition
activity. A sterile plastic tissue culture 96-well plate with
flat bottom was filled with 100 pL of nutrient broth
(Oxoid, UK) and 100 pL each of n-hexane and
chloroform extracts of both plants were inoculated with
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bacterial suspension of 20 pL into the wells separately.
Bacteria and its nutrient broth without extracts in wells
acted as control for both strains (10 pg/20 pL). The 96-
well plate was covered and incubated at 37°C for 24 hours
in a temperature controlled incubator in aerobic
conditions. Ciprofloxacin was used as standard to
compare plant extracts results. After incubation, each well
was washed thrice with sterile phosphate buffer (220 pL
to each well). To remove non-adherent bacteria from
wells, the plate was shaken well. After washing, to fix the
attached bacteria 99% methanol (220 pL per well) was
added and left for 15 minutes. After that, methanol was
discarded and left to dry. To stain, 220 pL of 2% crystal
violet was added to each well for 5 minutes. To remove
excess stain, plate was rinsed under running tap water and
air dried at room temperature. The dye bound to adhered
cells was re-solubilized with 220 pL of 33% (v/v) glacial
acetic acid in each well. Using a micro-plate reader
(BioTek, USA) optical density was measured for each
well at 630 nm. All the test steps were repeated thrice.
Bacterial growth inhibition percentage (INH%) was
calculated by following formula:

OD630 (sample)

INH (%) =1 - X 100%

OD630 (control)

Thrombolytic activity: Thrombolytic activity was
assessed by method as described by Prasad et al., (2006).
Briefly, 10 mL of blood taken from a male healthy
volunteer (not having anticoagulant medicines from at
least 3 months) and divided equally into six separate pre-
weighted (W;) eppendorf tubes and centrifuged for 5
minutes at 2500 rpm and incubated at 37°C for 45
minutes. Blood clotted on incubation and serum was
removed carefully. Eppendorf tubes were weighted (75)
again to gain clot weight (W¢). W; was subtracted from
W>. Then 100 pL of each extract and streptokinase with
DMSO was added to the clot containing tubes. The tube
containing streptokinase was marked as standard. All the
test tubes were incubated at 37°C for 90 minutes and after
removal of clot lysed, tubes were weighed again and
weight loss (W:) was calculated after clot lyses
(thrombolysis). Average weight loss was calculated in
percentage by formula of % of clot lysis:

*Wc: Wz- W1
wt. after clot lysis
x 100%

% of clot lysis =
% of clotlysis wt. before clot lycises

or

Wc — WL

% of clot lysis = X 100%

DNA damage protection assay: The method of Kalpana
et al., (2009) was used with some modifications to
evaluate DNA damage protection activity of extracts. In
this method Calf Thymus DNA (CT DNA) was used. The
CT DNA was diluted up to three-folds using 50 mM
sodium phosphate buffer with pH of 7.4. About 3 pL of
the diluted CT DNA was treated with 5 pL of test sample.
Then 4 pL of the 30% H>0O, was added in the presence of
plants extracts and made volume up to 15 puL by adding
sodium phosphate buffer (pH 7.4). A solution of 3 uL of
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CT DNA was added with 11 pL of sodium phosphate
buffer (pH 7.4) used as negative control and 3 pL of CT
DNA treated with 11 pL of the 30% H>O; used as positive
control. The relative differences in migration between the
native and oxidized DNA was then examined on 1%
agarose gel by horizontal DNA gel electrophoresis using a
Bio-Rad wide mini system (Tech view, Singapore). The
gel was documented by a Syngene model Gene Genius
unit (Syngene, Cambridge, UK).

Results and Discussion

Antibacterial activity: To test the antibacterial activity
for n-hexane and chloroform extracts of C. afghanicus
and T, arceuthoides, disc diffusion method was executed
against bacterial strains collected from two different
institutes. Strains collected from GCUF were sensitive
against erythromycin that’s why ciprofloxacin was used
instead of erythromycin. Zones of inhibition were
measured in mm including disc size (9 mm). All samples
could form inhibition zones of different sizes on agar
plates, detail of inhibition zones formed by extracts and
standard drugs used have been shown in Tables 1 and 2.

It was observed that Staphylococcus aureus (collected
from GCUF) and Micrococcus spp. (collected from UAF)
exhibited some resistance against ciprofloxacin and
erythromycin,  respectively. ~ Against S.  aureus,
ciprofloxacin was able to form inhibition zone of 13.0 £
0.29 mm whereas C. afghanicus extract of n-hexane
showed inhibition zone of 15.75 + 0.41 mm and 16.75 +
0.33 mm for chloroform extract. n-hexane and chloroform
extracts of T. arceuthoides showed zones of inhibition of
15.25 £ 0.32 mm and 14.25 £ 0.29 mm, respectively. Both
plants extracts showed large inhibition zones than standard
for S. aureus exhibiting that the phytochemicals present in
these extracts were more active than that of ciprofloxacin
(antibiotic used). Same trend of inhibition zones formation
was observed against Micrococcus spp. but in this case
only n-hexane extract (27.25 + 037 mm) of T.
arceuthoides and chloroform extract (26.5 + 0.28 mm) of
C. afghanicus showed good inhibition zones as compared
to erythromycin which formed inhibition zone of 25.35 +
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0.26 mm. Abdelgawad, (2017) also found a significant
antibacterial activity from butanol extract of Tamarix
nilotica. The pure compounds isolated from butanol extract
of T. nilotica such as flavone and dihydroflavonol showed
significant antibacterial activity. Similarly, the methanolic
extract of Cotoneaster nummularioides also exhibited a
strong antibacterial activity against Bacillus cereus and
showed inhibition zones of 12 mm for 400 mg/mL
concentration (Sani & Yaghooti, 2016). It was proved by
several studies that against bacterial pathogens,
antibacterial effect of plant extracts is due to the presence
of phenolic contents (Baydar et al., 2004; Vaquero et al.,
2007). Plant extracts exhibited the antibacterial activity
owing to the presence of phenoalic contents. These phenolic
contents are very important in nutraceuticals and processed
foods as natural antiseptic agents to prolong the shelf life.
Recent epidemiological studies have revealed that
incidence of chronic diseases such as cancer and
cardiovascular diseases can be reduced by polyphenols
obtained from natural resources (Sharif et al., 2018).

Biofilm inhibition activity: Bacterial biofilm inhibition
ability of different extracts of 7. arceuthoides and C.
afghanicus was evaluated and findings are reported in (Fig.
1.) Ciprofloxacin was used as standard having biofilm
inhibition activity of 77.57 £ 2.37% and 82.65 + 2.74%
against S. aureus and E. coli respectively. Against S.
aureus, the highest biofilm inhibition activity (62.03 +
1.98% and 59.72 + 1.83%) was observed by chloroform
and n-hexane extracts of C. afghanicus whereas chloroform
extract of 7. arceuthoides showed inhibition activity of
45.53 + 1.45% and n-hexane extract of C. afghanicus
exhibited inhibition activity of 44.56 + 1.35% against E.
coli that was highest among all extracts. All extracts used
were in crude form and showed distinguishable biofilm
inhibition against S. aureus and E. coli. Overall results are
shown in figure 1. Previously, it was found that the ethanol
extract of 7. arceuthoides showed maximum biofilm
inhibition activity (i.e. 65.38 + 0.26%) that was close to
rifampicin used as standard (87.36 & 0.24%). Fixed oil and
essential oil showed 40.28 + 0.23% and 37.74 + 0.21%
inhibition, respectively (Bukhari et al., 2016).

Table 1. Inhibition zones (mm) for strains collected from Department of Microbiology, GCUF.

Tamarix arceuthoides Inhibition Cotoneaster afghanicus
. C .. Standard
Strains zones (mm) inhibition zones (mm) ciprofloxacin
n-hexane | Chloroform n-hexane | Chloroform P
B. subtilis 15.75+0.37 16.50 +0.39 18.0+£0.29 15.25+0.37 41.25+0.38
S. aureus 15.25+0.32 14.25+0.29 15.75+0.41 16.75+0.33 13.0+0.29
E. coli 19.0+£0.31 20.5+0.35 18.0£0.27 16.25+0.34 35.75+0.43
Pseudomonas spp. 15.65+0.22 14.65+0.38 17.0+0.27 16.35+0.39 3550+ 0.38

Mean =+ Standard deviation

Table 2. Inhibition zones (mm) for strains collected from Institute of Microbiology, UAF.

Strains Tamarix arceuthoides Cotoneaster afghanicus Standard
n-hexane | Chloroform n-hexane | Chloroform erythromycin
Streptococcus pyogenes 14.75+0.24 15.25+0.21 15.25+0.19 14.5+0.23 22.75+0.28
Staphylococcus aureus 14.75+0.28 19.5+0.22 20.25+0.26 19.0 +0.24 30.25 £ 0.231
Escherichia coli 14.25+0.24 12.75+0.21 21.5+0.35 12.25+0.25 34.75+0.34
Micrococcus spp. 27.25+0.37 11.5+£0.16 19.5+0.21 26.5+0.28 25.35+0.26

Mean =+ Standard deviation
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Fig. 1. Biofilm inhibition assay. Plant 1*: Tamarix arceuthoides,
Plant 2**: Cotoneaster afghanicus.
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Fig. 3. H202 induced Calf-Thymus DNA damage protection
caused by extracts of C. afghanicus and T. arceuthoides.

Lane 1: 1 kb DNA ladder; Lane 2: CT-DNA without treatment;
Lane 3: CT-DNA treated with H2O2 (damaged); Lane 4: CT-
DNA treated with 7. arceuthoides n-hexane extract + H2O2;
Lane 5: CT-DNA treated with 7. arceuthoides chloroform
extract + H20z2; Lane 6: CT-DNA treated with C. afghanicus n-
hexane extract + H202; Lane 7: CT DNA treated with C.
afghanicus chloroform extract + H2Oa.

In the current panorama of antibiotics, bacteria are
becoming resistant so it is the need of time to find new and
effective compounds. In future, the compounds present in
these crude extracts would be purified and used as
antibacterial agents. Bacteria can enclose themselves by
secreting a slimy matrix of proteins and polysaccharides
known as biofilm. Biofilms are formed by the adhesion of
bacteria to damaged tissues or other surfaces. Antibiotic
resistance in bacterial biofilms makes difficult to remove
them. Resistance could be achieved by different
mechanisms and transferred to individual cells (Hgiby et
al., 2010; Awolola, 2014).
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Fig. 2. Thrombolytic activity of C.
arceuthoides.

afghanicus and T

Thrombolytic activity: Results for clot lysis by plants
extracts are shown in (Fig. 2.) Streptokinase showed the
highest clot lysis (70.81 + 0.84%) that was used as a
positive control. Maximum clot lysis among the extracts
was observed for n-hexane extract of C. afghanicus
(52.92%) and minimum observed for chloroform extract of
T. arceuthoides (18.87%). Keeping in view the weights of
the clot before and after lysis were considered as average to
calculate the clot lysis percentage. In this study, the slight
thrombolytic activity of chloroform extract of T.
arceuthoides is an important finding that could be a
significant implication in cardiovascular health (Hussain et
al., 2014). The formation of blood clot has been reported as
critical event because of damaged spans of endothelial cell
surface or blockage of blood vessels due to deposition of
fibrin, platelets or tissue factor (Ghosh et al., 2015).
Previously, the phytochemicals from fixed oil and essential
oil of T. arceuthoides showed more thrombolytic activities
as compared to ethanol extract. Fixed oil showed 31.45%
and essential oil showed 37.73% clot lysis whereas ethanol
extract showed 5.48% only (Bukhari et al., 2016). The
finding of this study indicates the possibility that novel
thrombolytic agents could be developed from extracts of
studied medicinal plants.

DNA damage protection assay: Results for DNA damage
protection assay are illustrated in (Fig. 3.) The figure
showing the DNA protection activities against H,O»
induced damaged CT-DNA of n-hexane and chloroform
extracts of 7. arceuthoides and C. afghanicus. The damaged
DNA showed a smear shape as shown in lanes 3, 5, 6 and
7. In contrast, the protected or undamaged DNA showed a
band formation exhibited in lane 2 and 4. CT-DNA from
lane 2 was protected because it was not treated with H,O»
acted as positive control and CT-DNA from lane 3 was
damaged by oxidative stress of H»O, acted as negative
control. n-hexane extract of 7. arceuthoides from lane 4
showed significant DNA damage protection against
oxidative stress of H,O,. Other extracts of both plants
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showed some protection when compared with lane 3 but
they were not able to show notable DNA damage
protection corresponding to the presence of antioxidant
agents. Bukhari et al., (2016) reported that essential oil
from T. arceuthoides exhibited almost complete protection
to Calf Thymus DNA against H,O, damage while fixed oil
and ethanol extract showed less protection. The presence of
flavonoids and phenolic compounds such as trycin and
quercetin present in plant extracts have been attributed to
DNA protection. These compounds could be involved in
preventing the production of reactive oxygen species
(ROS) through complexing cations including iron and
copper that take part in the formation of hydroxyl radicals
(Golla & Bhimathati, 2014).

In conclusion, this is the first study in which
antibacterial activity, thrombolytic activity, biofilm inhibition
activity and DNA damage protection have been explored
from n-hexane and chloroform extracts of Cotoneaster
afghanicus G.Klotz and Tamarix arceuthoides Bunge. The
extracts of both medicinal plants exhibited antioxidant
potentials and showed significant antibacterial, thrombolytic
and biofilm inhibition activities. Only T. arceuthoides n-
hexane extract among all the extracts exhibited DNA
damage protection against H,O, oxidative stress. Bioactive
agents from both plants extracts could be extracted and used
as medicinal and preservative agents in future.
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