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Introduction:-
Calligonumcomosum, a dominant vegetation component of sandy deserts across central Asia, is a summer-shedding
woody shrub, found in desert scrub.

This species is very broadly distributed in Middle Asia, the Middle East, Iran and Saudi Arabia (Pyankov, et al.
1999, Taia and El-Etaby 2006, Dashti, et al. 2011). It belongs to the polygonaceae family and is known as Escanbil
in Iran. C. comosum. The Calligonumspecies have extended in desert areas of Khozestan, Sistan and Baluchestan,
Semnan, Kerman and Yazd provinces in Iran (Ranjbarfordoei, et al. 2013).

The plant extract infolklore medicine has been used for treatment of different disease such as diabetes mellitus
(Masoum, et al. 2013) and for stomach ailments and curing toothache (Ghazanfar 1994). In addition, the other
activities such as hypoglycemic effect (EI-Hawary and Kholief 1990), anti-gastric ulcer activity (Liu, et al. 2001),
anti-fumigatus, anticancer and anti-bacterial activity (Badria, et al. 2007, Alwakeel 2008, Hammami, et al. 2011,
Ali, et al. 2012) have been shown in animal studies.

Antioxidant activity and its ability for ROS scavenger may have an important role in this respect.

Several antioxidative compounds have been isolated from the ethyl acetate fraction of C. comosummethanolic
extract, such as (+)-catechin, dehydrodicatechin A, kaempferol-3-O-rhamnopyranoside, quercetin
(quercetin-3-O-rhamnopyranoside), isoquercetin (quercetin-3-O-glucopyranoside), kaempferol-3-O-glucuronide and
mequilianin (quercetin-3-O-glucuronide) (Badria, et al. 2007). The antioxidative activity of the C. comosumextract
has also been demonstrated in vivo (Abdel-Sattar, et al. 2014).

A detailed knowledge of Calligonumcomosum components will lead to a correct application of its constituents for
treatment of the other health problems. Furthermore it is not clear which part of Calligonum plant has more
antioxidant capacity. The objective of this study is to assess the antioxidant, cytotoxic effects and quantification of
catechin, quercetin and B-sitosterol of Different parts ofEscanbil (Calligonumcomosum) including root, and aerial
parts (fruit, stems and flowers).

Material and Methods:-

Plant Material:-

Different parts ofEscanbil (Calligonumcomosum) including root, and aerial parts (fruit, stems and flowers) were
collected from the local area of (Esfahan province), Iran at blossom time (May to June 2014). A voucher specimen
was kept at Kashan Botanical Garden Herbarium, Tehran, Iran with the accession number KBGH 1101.

Extract preparation:-

The collected partswere separately dried at room temperature and in the shade for 4 weeks. After drying, each part
and also whole plant were powdered with a grinder and soaked in 70% aqueous ethanol (Merck, Germany) for three
days at room temperature. The excessive ethanol and water were evaporated with a rotary vacuum evaporator (60
rpm at 40 °C). Totally, 5 crude extracts were obtained and stored at 4°C until use. The part of each 5 ethanol extracts
(about 4 g.) was then further fractionated with hexane, chloroform and ethyl acetate, respectively. Ethyl acetate
fraction was kept in a refrigerator for further bioactivity assay.

HPLC analysis of phenolic compounds and B-Sitosterol:-
HPLC with UV detection was employed for the identification and quantification of the phenolic antioxidants
(quercetin and (+)-Catechin), and B-Sitosterol present in ethyl acetate fraction.

Chemicals and reagents:-
The catechin, quercetin and B-sitostrol (Sigma, Germany) were used as reference standards. All solvents were
HPLC-grades and purchased from Merck Company.

HPLC System Characteristics for quercetin assessment:-

Analytical high-performance liquid chromatography (HPLC) separations were performed on an Agilent 1200 Series
system (Agilent Technologies) consisting a G1379A degasser, G1311A quaternary pump and a G1316A column
oven, Set at 20°C, coupled to a G1315B photodiode-array, a Zorbax Eclipse plus C8 (250_4.6mm, 5 mm) column
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and a detector set to scan from 190-400 nm (PDA). Elution was carried out by a mobile phase consisted of A
(Phosphoric acid) and solvent B (Methanol) and the gradient profile was as follows: from 0% B to 80% B in 30 min,
from 80% B to 80% B at 30-33 min, from 80% B to 5% B% at 33-35 min. The detection wavelength was set at 360
nm. The flow rate was 1 mL/min. The injection volume was 10 puL. The concentrations of reference substance
quercetin, used for the calibration curve were 1, 5, 10, 25, and 50 ppm.

HPLC System Characteristics for catechin assessment:-

Analyses were performed on an Agilent 1200 Series system (Agilent Technologies) equipped with a diode array
detector. HITACHI LaCHROM C18 (5 um) 4.6 mml D x 150 mm column was employed for the separation. The
binary mobile phase consisted of solvents A (0.05% H3PO,4, pH 2.4) and B (CH;OH/CH;CN=3/2). The gradient
elution started with 10% B and changed to 25% B in 15 minutes, then reached 60% B in 25 minutes and then
changed to 10% in 40 minutes. The flow rate was 1.0 mL/min and Injection volume was 10uL. Spectral data for all
peaks were recorded in 280 nm.

The concentrations of reference substance catechin, used for the calibration curve were 25, 50, 100, 250 ppm.

HPLC System Characteristics for p-sitosterol assessment:-

Chromatographic profiles for B-sitosterol assessment of extracts were generated using a high performance liquid
chromatography connected to a Smart line pump 1000 including 10 ml pump head stainless steel and a smart line
UV detector 2600 PDA (Kenauer, Germany).The separation was performed with Vertex column C18 (250 x 20 mm
I.D.), Kenauer using acetonitrile (A) and water (B) as mobile phases at a flow rate of 1ml/min. The gradient program
was set as follows:0-10 min: 10% A- 90%B, 10-30 min: 30% A- 70%B, 30-60 min: 50% A- 50% B. The injection
volume was 1 uL. The detection wavelength was set at 27 1nm.

The concentrations of reference substance B-sitosterol, used for the calibration curve were 0.25, 0.5, 1 mg/mL.

Antioxidant activity:-

Antioxidant determination of DPPH assay:-

The samples were evaluated for their free radical scavenging activities using 2, 2-diphenyl-1-picryl-hydrazyl
(DPPH) method according to Brand Williams et al. (1995). Different concentrations of sample solutions (1 mL) in
methanol were added to DPPH methanol solution (2 ml, 40 pg/mL). After 30 min, the absorbance was measured at
517 nm. Percentage of radical scavenging activity of samples was calculated according to the following equation:
Inhibition% = [(A0-AS)/A0] x 100 that AQ is the absorbance of the control and AS is the absorbance of the sample.
Half maximal inhibitory concentration (ICsg) values (indicate the concentration of the sample (mg/mL), required to
scavenge 50% of DPPH) were calculated from the plotted graph of scavenging activity versus the concentration of
extract, using linear regression analysis (Kahkeshaniet al. 2013).

Cytotoxicity screening:-

Brine shrimp lethality bioassay of the extracts:-

The brine shrimp lethality bioassay was used to study the toxicity of the extract. The brine shrimp eggs
(Artemisalina) were hatched in artificial sea water (3.5% NaCl in water) and the mature shrimp or nauplii were
achieved after 48h. For experiment, the 5 mg of stoke solution (extract) was dissolved in dimethyl sulfoxide
(DMSO) and it then was serially diluted using simulated sea water. The different concentrations 125 pg/ml, 250
pg/ml, 500 pg/ml, 1000 pg/ml were obtained. About 10-15 nauplii were transferred into each experiment vial. The
number of survived nauplii was counted after 24 h. A vial containing DMSQO diluted to 5 ml normal saline was used
as a control.

The mortality endpoint of this bioassay was defined as the absence of controlled forward motion during 30 second
of observation. Then, the average lethality value of the brine shrimp for each concentration was calculated. An
approximate linear correlation was observed when logarithm of concentration versus percentage of mortality was
plotted on the graph paper and the value of the LC50 were calculated using Microsoft excel 2007.

In Vitro cytotoxicity screening:-

Cancer cell lines and culture medium:-

The colon carcinoma (HT-29), colorectal adenocarcinoma,(Caco-2), and breast ductal carcinoma, (T47D) cell lines,
respectively, were maintained as exponentially growing cultures in RPMI 1640 cell culture medium (PAA,
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Pasching, Austria) supplemented with 10% fetal bovine serum (FBS; PAA) for HT-29 cells and 15% FBS for Caco-
2 and T47D cells. The Swiss mouse embryo fibroblast (NIH 3T3) cell line was kept in Dulbecco’s modified Eagle’s
medium (DMEM; PAA) supplemented with 10% FBS. One hundred IU/mL penicillin and 100 pg/mL streptomycin
(Roche, Penzberg, Germany) were added to the media. All cell lines were cultured at 37 °C in air/CO2 (95:5 v/v)
atmosphere.

Determination of cell viability by the MTT assay:-

Cytotoxic activities of the ethyl acetate fraction, from Calligonumcomosum against breast ductal carcinoma (T47D),
colon carcinoma (HT-29), colorectal adenocarcinoma (Caco-2), and Swiss mouse embryo fibroblast (NIH 3T3) cell
lines were performed according to our previous study by the mitochondrial tetrazolium test (MTT) (khanavi et al.,
2010).

Acute Toxicity assay in Animal Model:-

Animals:-

Thirty NMRI female (Naval Medical Research Institute) mice aged 10-16 weeks with approximate body weight of
25 g (obtained from the animal house of TarbiatModares University of Medical Sciences, Tehran, Iran) were used
for experiments. The animals were housed in groups of five per cage under standard laboratory conditions within a
temperature-controlled environment on a 12 h/12 h light—dark cycle. They spent at least one week as an
acclimatization period before experimentation. They had free access to water and standard pellet food. All
experiments were approved by the Ethics Committee of Tehran University of Medical Sciences, Iran.The
experiments were carried out according to the Organization of Economic Co-operation and Development (OECD)
guideline 420 (OECD, 2001).

Dose administration and estimation of the mortalities percentage:-

The animals were allocated randomly in each group using a random number table. Five doses (355.5, 533.3, 800,
1200, 1800 mg/kg) of ethyl acetate fraction, obtained from aerial parts and fruits extract, were chosen which were
given as single dose and by intraperitoneal route to five groups of mice, five mice in each group. The volume of
injection was 0.2 cc for each mouse. The first group of animals was administered with the vehicle in which the test
substance was dissolved or diluted in normal saline. However, from the second group onward receives different
doses of the test substance. The animals in each group received specific doses, while increment in dose progresses
from group to group (starting from group 2 which received the lowest dose).

The animals were observed every hour for 8 hours and then at 20", 22th and 24th hours for any toxic signs
and symptoms. After 24 hours, the percentage of mortality was calculated.

Second method for acute toxicity evaluation:-

Acute toxicity determination was also performed according to chinedu method with slightly modification (Chinedu
et al., 2013). Animals were divided into five groups of two animals each. Then different doses of the test substance
(50, 100, 200, 400, 800 mg/kg) were administered via intra-peritoneal to the different animals. The animals were
observed for 1 hours post-administration and then 10 minutes every 2 hours interval for 24 hours. The behavioral
signs of toxicity and also mortality were recorded. Where mortality was recorded at a given dose in any of the
stages, a confirmatory test was carried-out to actually validate that the test substance was the cause of such
mortality. This test involved the administration of the dose of test substance that caused mortality (or lowest dose
that caused mortality in a situation that recorded more than one mortality) to two animals. Then observation was
performed for 1 hour after administration and 10 minute every 2 hours interval for 24 hours. Where at least a single
animal from the two animals die, it considered as a confirmation and validation of the test result. After the test
procedure, the following formula was employed in the calculation of the LD50: [LD50= (M0+M1)/2]

Where MO = Highest dose of test substance that gave no mortality,

M1 = Lowest dose of test substance that gave mortality.

After LD50 estimation, the toxicity level was categorized according to code of federal regulations (Code of Federal
Regulations, 2009).

Statistical analysis:-

All the results were expressed as meanzstandard deviation (SD) and were analyzed by One-way analysis of variance
(ANOVA) (Tukey, Post hoc, SPSS for windows, version 21.0). P<0.05 was considered as statistically significant.
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Results:-

HPLC analysis of the extracts of C. comosum fractions:-

Quantification of quercetin, catechin, and B-sitostrol in five samples of C. comosum were carried out using HPLC
analysis.(Figures 1-3) According to the results exhibited in table 1, HPLC analysis of quercetin in different parts of
the plant showed high levels of this antioxidant compound in fruits (2/7 = 0.25 mg/g)and aerial parts (2/1 £ 0.14
mg/g). Analysis of catechins also represented that the highest amount of catechin existed in the plant root (83/939 +
9.85mg/g). As well, aerial parts (19.66 + 0.03mg/g) and then the whole plant (11.33 £ 0.09 mg/g) extract containing
B-sitostrol in the highest amount.

Antioxidant activity of C. comosum:-

Free radical scavenging activities of different concentrations of ethyl acetate fraction from total extract of five
samples from C. comosum were evaluated using 2, 2-diphenyl-1-picryl-hydrazyl (DPPH). 1Cs, values were shown in
table 2. Comparison of the results showed that the aerial parts of C. comosum are more potent than the other
samples.

According to the results of anti-oxidant and effective compounds assay of ethyl acetate fraction, we selected the
aerial parts (leaves and flowers) and fruits for other experiments such as acute toxicity assessments.

Brine shrimp lethality assay of ethyl acetate fraction of C. comosum different parts:-
The brine shrimp lethality bioassay of ethyl acetate fraction of the samples showed that the fruit extract with LC50
126.8 pg/mL was more toxic than the other samples.

Determination of cell viability by the MTT assay:-

Cytotoxic activities of the ethyl acetate fraction, from C. comosum against T47D, HT-29, Caco-2, and NIH 3T3 cell
lines were performed by the mitochondrial tetrazolium test (MTT). Results showed nontoxic effect of all samples on
studied cell lines. IC50 of all samples was >1000 pg/mL.

Clinical signs of toxicity recorded during experiment:-

The calligonumdose of 355.5 mg/kg (ip) showed lowest side effects and low signs of toxicity. However, at the doses
1200 and 1800 mg/kg, animal showed signs of toxicity during 16-24 hours post injection. The animals exhibited
somnolence, weak touch response, tremor, dorsal fasciculation, weak chewing, and weakness in leg movement. The
animals showed labored breathing, gasping before death.

The percentage of animals that died at each dose was then transformed to probit (Figure 4)."

Dose-Response plot:-

This graph shows the probabilities, ranging from 0 to 1, and the corresponding dose. Two additional curves
represent the 95% confidence interval for the dose. According to acute toxicity classification table, it can be
classified as moderately toxic agent.

Results of Chinedu method for toxicity:-

During 24 hours of injection, there was death in two doses (200, 400 mg/kg). The day after, conformity test was
performed in three last groups using two mice in each group. The first group (200mg/kg) showed no mortality.
However, one mouse in group A (800 mg/kg) and both mice in group %2 A (400 mg/kg) died during 24 hours of
extract injection.

LDs, = Z0=300mg/iq
200 mg/kg= Highest dose of test substance that gave no mortality,
400 mg/kg = Lowest dose of test substance that gave mortality.

Based on results, the dose of Calligonum extract that kills 50% of the test animals will be 300 mg/kg. According to
acute toxicity classification table, it can be classified as moderately toxic agent.
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Figure 1:- Chromatogram of quercetin in fruit sample of Calligonumcomosum. Retention time of 16.31 min related
to quercetin.
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Figure 2:- Chromatogram of catechin in root sample of Calligonumcomosum. Retention time of 11.028 min related
to catechin.
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sample, 3: stem sample, 4: fruit sample, 5: whole parts sample, 6: aerial part (leave and flowers) sample.
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Table 1:- Content of three compounds in five samples of C. comosum.

Sample Quercetin Catechin B-sitosterol
(mg /9) (mg /9) (mg /9)
fruit 2/725 £ 0.25 1/279 £ 0.35 ND
stem 0/009 £+ 0.03 10/227 +2.13 0.66 £0.0
Aerial parts(leave and flower) 2/1075 £ 0.14 1/722 +0.03 19.66 £ 0.03
Whole parts 0/4285 + 0.07 6/554 + 0.86 11.33+£0.09
root ND' 83/939 + 9.85 ND
Calibration curve correlation coefficient(r) | Y= 27.553X+71.59 Y= 4.6858X+19.987 Y=11170X+995
R® = 0.9977 R® = 0.9994 R’=0.932

"Mean + SD (n = 3)
"Not detected

Table 2:- IC50 values of DPPH radical scavenging effect of ethyl acetate fraction of five samples from C. comosum

Sample 1C50 (mg/mL)
Stem 11.7
Fruit 4.79
Aerial parts(leave and flower) 2.9
Root 3.95

Discussion:-

In our knowledge, this is the first study that compared antioxidant and cytotoxic activity of different parts of
Calligonumcomosum plant. The previous studies mainly assessed these potentials on a specific part of the plant such
as aerial or fruit.

Selection of a proper part is very important when we aim to assess the therapeutic effect of a plant. Polyphenolic
agents have many biological activities including antioxidative(lraz, et al. 2006, Moon, et al. 2006), anti-
inflammatory (Park, et al. 2007), gastroprotective(Mojzis, Hviscova et al. 2001), cardioprotective(Zern, et al. 2005),
and anticancer (Ren, et al. 2003) effects. In addition, we sometimes need lower toxic activity for prevention of side
effects of a drug.

Our findings showed that three antioxidant agents including quercetin, catechin and B-sitostrol have variation in
different parts of the plant. Quercetin had highest level in two parts (the aerial parts and fruit) of C. comusom. The
roots showed highest amount of catechin and flowering branches demonstrated highest level of -Sitostrol.

Badria et al. showed high antioxidant activity of aerial part (stem, flowers, and leaves) of the Calligonumcomosum.
The best cytotoxic and antioxidant effect was related to dehydrodicatechinA agent(Badria, et al. 2007). At present
study, we found the highest amount of catechin components in the root of the plant.

The toxicity effect of the plant was assessed by three different methods at present study. The brine-shrimp lethality
bioassay test showed that the fruit extract with LC50 126.8 pg/mL was more toxic than the other samples. However,
MTT Results showed nontoxic effect of all samples on studied cell lines. The results of in vivo toxicity evaluation
showed moderately toxicity of the chloroform-ethylacetate fraction of the aerial parts of the Calligonum extract.
These findings can help clinicians for selection the best part with lowest side effect in future clinical trials.
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