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ABSTRACT

Medicinal plants contain wide range of secondary metabolites which have being used in many aspects of
pharmaceutical science. This paper was conducted to determine the effect of extraction solution and plant
part on the antioxidant activities, flavonoid and phenol contents and assay of antimicrobial activity of
Rumex tuberosus. High antioxidant activity with 0.65 mg/ml was observed in flower when it extract by
methanol solvent. Also methanol increase the total phenol content in all parts of the plant in comparison
with chloroform but flavonoid result is completely different and the highest flavonoid was obtained by
chloroform extraction. Antimicrobial test approved that Gram-positive bacteria have been more impressed

than gram-negative bacteria by methanol extraction of R. tuberosus.

Two strains (P. mirabilis, K.

pneumonia) could not control by R. tuberosus ethanol extract.
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INTRODUCTION

The role of free radicals in many diseases has been
demonstrated. Several biochemical pathways in
our body produce reactive oxygen species (ROS)
which damage crucial biomolecules. If they are not
effectively scavenged by cellular constituents, they
cause different diseases in our body (Halliwell B et
al. 1992). Antioxidants are chemical substances
that donate an electron to the free radicals and
convert them to the harmless molecule. They may
decline the energy of the free radical or suppress
radical formation or break chain propagation or
repair damage. Nature has been a source of
medicinal materials for thousands of years that
numerous numbers of modern drugs isolated from
natural sources (Cragg GM and Newman DJ,
2001). Medicinal plants used for traditional
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remedies, contain  different  phytochemical
compound which can be utilized to treat many
diseases. = The genus Rumex, (Polygonaceae)
contains about 150 species widely distributed
around the World. The main chemical constituents
of Rumex are anthraquinones and flavonoids
(Zhang H et al. 2012). There are many reports on
Rumex medicinal properties in literature. El-Bakry
et al.,, (2002) demonstrated existence of some
phytochemicals compounds such as polyphenols,
flavonoids, carotenoids, tocopherols and ascorbic
acid with high antioxidant activity in Rumex
vesicarius L. They investigated the alteration of
biologically active constituents in different
vegetative stages of plant. The effect of
fractionation (n-hexane, ethyl acetate, chloroform,
butanol and aqueous) in Rumex hastatus leaf has
been studied for its antioxidant activity (Sahreen S
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et al. 2011). This genus is used as laxative,
alterative, tonic, used in rheumatism (Shinwari zk
and Gilani SS, 2003) skin diseases, bilious
complaints, piles and bleeding of lungs (Gorsi MS
and Miraj S, 2002). The strong antibacterial
activity has been reported for Rumex ecklonianus
L. and Rumex japonicas Houtt extraction against
both Gram-positive and Gram-negative bactria
(Jimoh FO et al. 2008; Elzaawely AA et al. 2005).
There is just one preliminary report on antioxidant
activity of rumex tuberosus in turkmen sahra
region of Iran (Mohammadi S and Naghibi F,
2010). The objective of this study was assessment
of the effect of different extraction solvents
(chloroform and methanol) and different parts of
plant (stem, flower, root) on total phenol, flavonoid
and antioxidant activity in Rumex tuberosus. Also
in vitro antibacterial activity of ethanol extract of
this plant was studied.

MATERIALS AND METHODS

1. PLANT MATERIALS AND PREPRATION
OF FREEZE-DRIED EXTRACT

Rumex tuberosus stem, flower and root were
collected in Sari, Iran in June 2012 and identified
by Dr Bahman Eslami (Department of Biology,
Islamic Azad University of Qaemshahr, Iran). A
voucher specimen (No 1257) has been deposited at
the Sari School of Pharmacy Herbarium. Plant
material was dried under dark conditions at room
temperature and coarsely grounded (2-3 mm). 50 g
of dried powdered sample were macerated for 24h
with 250 ml of chloroform or methanol, separately.
Extraction was repeated three times and the
resulting extracts were concentrated over a rotary
vacuum evaporator until a solid extract sample was
obtained. The resulting crude extract was freeze-
dried for complete removal of solvent. The yields
are represented in Table 1.

2. TOTAL PHENOLIC COMPOUNDS AND
FLAVONOID CONTENT

Total phenolic compound contents were
determined by the Folin-Ciocalteau method
(Ebrahimzadeh MA et al. 2010). The extraction
samples (0.5 ml) were mixed with 2.5 ml of 0.2 N
Folin-Ciocalteau reagents for 5 min and 2.0 ml of
75 gL' sodium carbonate. The absorbance of
reaction was measured at 760 nm after 2 h of
incubation at room temperature. The total
flavonoid content was measured by a colorimetric
aluminum chloride method (Ebrahimzadeh MA et
al. 2010a). 0.5 ml solution of each extracts in
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methanol were separately mixed with 1.5 ml of
methanol, 0.1 ml of 10% aluminum chloride, 0.1
ml of 1 M potassium acetate, and 2.8 ml of
distilled water and left at room temperature for 30
min. The absorbance of the reaction mixture was
measured at 415 nm with a double beam
spectrophotometer (Perkin FElmer). The total
flavonoid contents are expressed in terms of
quercetin equivalent (QE), mg/g of extract.

3. DPPH RADICAL-SCAVENGING CTIVITY
The stable DPPH radical was wused for
determination of free radical scavenging activity of
the extracts (Ebrahimzadeh MA et al. 2010a).
Different concentrations of each extracts were
added, at an equal volume, to methanol solution of
DPPH (100 puM). After 15 min at room
temperature, the absorbance was recorded at 517
nm.. IC50 values denote the concentration of
sample, which is required to scavenge 50% of
DPPH free radicals.

4. REDUCING POWER

The Fe’ reducing power of the extract was
determined by the methods of Yen and Chen with
a slight modification. Different concentrations (50
- 800 pg/ml) of the extract (1 ml) were mixed with
1 ml phosphate buffer (0.2 M, pH 6.6) and 1 ml
potassium hexacyanoferrate (1%), followed by
incubation at 50°C in a water bath for 20 min.. All
tests were performed triplicate (Ebrahimzadeh MA
et al. 2010b). Experimental results are expressed as
means = SD. All measurements were replicated
three times. The data were analyzed by an analysis
of variance (p < 0.05) and the means separated by
Duncan's multiple range tests. The IC50 values
were calculated from linear regression analysis.

5. ANTIBACTERIAL ACTIVITY

5.1. Preperation of extract

The whole plant was dried at room temperature
before extraction. Powdered sample (2 g) was
extracted with 50 mL 80% methanol and then
freeze-dried by a Heto FD3 freeze-dryer (Heto-
Holten A/S, Allerod, Denmark). The samples were
stored at 4 °C until water at room temperature
(1123 °C) for 24 h in a shaking water bath (Shaking
Bath 5B-16, Techne, Cambridge, UK). The extract
was filtered by a Millipore filter with a 0.45-um
nylon membrane under vacuum at 23 °C. The
filtrates were concentrated by Rotavapor (R-114)
(Buchi, Flawil, Switzerland) and then freeze-dried
by a freeze-dryer (Heto-Holten A/S, Allerod,
Denmark).
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6. ASSAY FOR ANTIBACTERIAL ACTIVITY
OF PLANT EXTRACT

Antibacterial activity of plant extracts was
determined by disc diffusion method as described
by (Bauer AW. 1966). Three Gram negative
bacteria (Proteus mirabilis PTCC (1076);
Enterobacter cloacae PTCC (1003), and Klebsiella
pneumonia PTCC (1290) and tow Gram posetive
bacteria (Staphylococcus aureus PTCC (1112) and
Bacillus subtilis PTCC (1023) were used for the
present study. All the test bacteria were collected
from Pastor Institute of Iran. Dried filter paper
discs (4mm in diameter) impregnated in known
amount of test substances (400 pg/discs) were
placed on Mueller-Hinton agar medium uniformly
seeded with the test organisms. Ampicillin,
Cephalothin and Cholrampnicol discs (30pg/disc)
soaked in respective solvent were used as positive
control. The diffusion occurred according to the
physical law that controls the diffusion of
molecules through agar gel the plates were then
incubated at 37°C for 24 hours to allow maximum
growth of the microorganisms. The antibacterial
activity of the test material was determined by
measuring the diameter of the zones of inhibition
in millimeter with transparent scale.
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RESULTS

According to Table 1, yield of extraction is varied
in different parts of the plant and change by
extraction solvents. The yield of extraction was
higher by methanol. Among different plant parts,
root exhibited good extraction percentage by usage
of methanol.

Total phenol and flavonids content

The results in Table 1 showed that plant parts and
the extraction solvent influenced all measured
parameters in R.  tuberosus. Significantly
differences were observed among different
treatments. Total phenol compounds are reported
as gallic acid equivalents by reference to standard
curve (y = 0.0063x, r* = 0.987) and flavonoids
content, by reference to standard curve (y =
0.0067x + 0.0132, r* = 0.999). In this paper the
amount of total phenols in stem part was higher
(193 mg GAE/g of extract) when it extracted with
methanol, while the lowest content was shown in
stem part with chloroform extraction (85 mg
GAE/g of extract).

Table 1
The yields, total phenols, total flavonoids, total antioxidant
and reducing power of R. tuberosus different parts.

Solvent Plant Yield of Total phenols Total flavonoids  DPPH free radical
parts extraction (mg GAE/g of (mg QE/g of scavenging,
(%) extract) extract) ICsy (mg/ml) *

stem 9.7 193.4+4.8 60.56 £3.2 0.69 +0.02

Methanol flower 15 147.8£11.3 140.40 £ 7.7 0.65+0.01
root 19.2 119.1 £ 8.9 40.41 +3.1 0.74 £ 0.03

stem 4.5 85.1+2.1 191.5+4.2 2.96+0.12

Chloroform flower 2.1 137.1+6.7 221.1£5.5 2.61+0.14
root 1.5 106.2+7.6 206.1 £8.9 3.01 £0.27

1. *1Cso of BHA was 53.96 + 3.1, Vitamin C,
5.05 £ 0.1 and Quercetin 5.28 + 0.2, respectively.
The extraction of flower portion with chloroform
in R. tuberosus was enriched in flavonoids content
but root segment showed the weak flavonoids
content with application of methanol as extraction
solvent (40.41 mg QE/g of extract). Chloroform
extracts more total flavonoid contents than
Methanol generelly. Extraction with methanol as a
polar solvent cause high phenol contents while
more flavonoid contents were measured in
chloroform extract. It concluded that other phenol
materials such as plant pigments, anthocyanins,
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carotenoids and some vitamins specially vitamin C
and E compensate low quantity of flavonoid in
stem parts.

DPPH radical-scavenging activity

Clearly, as it shown in Table 1, extraction with
chloroform in comparison with methanol reduced
the scavenging free radical in this plant. The
maximum content of antioxidant activity in R.
tuberosus was recorded in flower when extract
with methanol (ICs5y=0.65 mg/ml). Contrary, the
weak antioxidant activity obtained with root by
usage of chloroform extraction (IC5p=3.01 mg/ml).
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Reducing power

According to Figure 1 reducing power of all
extracts increase by increasing their concentration.
Good reducing power was observed in some
extraction at 50 and 800 pg/ml but some was less
than that of vitamin C (p < 0.001). Among the
plant parts, root and flower exhibited better
reducing power than vitamin C which is used as a
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positive control. Also methanol fraction has
significantly differences than chloroform to
reducing the Fe*" to Fe*" as an antioxidant activity
indicator. It reveals that in addition of plant
portion, the solvent influence reductive potential as
well, and could serve as strong electron donors.

Figure 1
Reducing power of extracts. Vitamin C used as control.
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Assessment of antibacterial activity

The in vitro antimicrobial activity of crude extract
of Rumex tuberosus collected from Firozkoh
region (north of Iran) were studied on Gram-
positive and Gram-negative bacteria. The results
of antibacterial activity of crude extract are shown
in table 2 by measuring the minimum inhibitory
concentrations (MICs). The maximum activity
was observed on Proteus mirabilis PTCC (1076)
(10 mm) and non activity on Enterobacter cloacae
PTCC(1003), Klebsiella pneumonia PTCC(1290),
Staphylococcus aureus PTCC (1112) and Bacillus
subtillis PTCC(1023). Two types of Gram-
positive bacteria (Staphylococcus aureus PTCC
(1112) and Bacillus subtilis PTCC (1023) and
Geram-negative bacteria (Proteus mirabilis PTCC
(1076); Enterobacter cloacae PTCC (1003), and
Klebsiella pneumonia PTCC (1290) were selected
to measure the antibacterial activity of Rumex
tuberosus. Methanol for negative control did not
have any growth inhibition effect on all bacteria.
According to table 2, methanol extraction of
Rumex tuberosus exhibited moderate inhibitory
activity against PTCC (1112) and PTCC (1023)
with 12 and 11.7 mm diameter. There was no any
antimicrobial activity in PTCC (1076) and PTCC
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(1290) strains and weak antibacterial activity
obtained in PTCC (1003).

DISCUSSION

Polyphenolic compounds act as an antioxidant
activity and can play reducing agent to stable the
single oxygen. It is impressed by plant materials,
methods of extraction, solvent and environmental
conditions. Jamshidi M et al. (2014) concluded
that total phenol content of Lythrum salicaria was
changed by plant portion, and flower part
indicated rich source of this compound more than
leaf. Methanol extracts contained more total
phenolic contents than chloroform extract. Our
result is supported by the report of Sharipah SA et
al. (2009). They indicated that methanol extracts
contained more total phenol than chloroform
extract in Ficus deltaoidea Phenols and
Polyphenolic compounds, such as flavonoids, are
widely found in food products derived from plant
sources, and they have been shown to possess
significant antioxidant activities (Ebrahimzadeh
MA et al. 2010b). Usually, there is a direct
relation between total phenol and flavonoid
content, but as it derived with Figurel there is no
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correlation between them. Ghasemi Y et al. (2012)
revealed that no correlation was found between
total phenol and flavonoid content of fruit (12 =
0.71). High amount of phenolic and flavonoid
compounds could directly relate to antioxidant
activity of fruit (Ghasemi Y et al. 2012). Like this
study, phenol compound indicated good
antioxidant activity. The correlation between total
phenol contents and antioxidant activity has been
widely studied in different foodstufts such as fruit
and vegetables (Klimczak I et al. 2007; Kiselova
Y et al. 2006). As reported, antioxidant activity of
fruits and vegetables significantly increases with
the presence of high concentration of total
polyphenol content. These compounds can be
impressed by the solvent extraction too. DPPH
free radical scavenging activity and phenol
content were higher in methanol rather than
chloroform. Sharipah SA et al. (2009) reported
that the content of total phenol and antioxidant
activity in Ficus detoidea var. angustifolia were
the highest in methanol by comparison with
chloroform. Fe (III) reduction is often used as an
indicator of electron donating activity, which is an
important mechanism of phenolic antioxidant
action (Yildirim A et al. 2001). In the reducing
power method, the presence of some substances in
the sample cause the reduction of Fe’* to Fe*" by
donating electrons. Amount of Fe*" complex can
then be monitored by measuring the formation of
Perl's Prussian blue at 700 nm (Nabavi SF et al.
2010). Increasing absorbance at 700 nm indicates
an increase in reductive ability. Flower and root in
methanol exhibited more reducing power activity
in this study. Both reducing power and DPPH free
radical scavenging activity method proved that
methanol is better solution than chloroform in
antioxidant activity. It may be due to the high
extraction of material that plays more antioxidant
activity in polar solvent such as methanol.
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Antimicrobial activity The antimicrobial activity
of medicinal plants against various pathogenic
bacteria has been approved (Tadhani M, and
Subhash R, 2006; Lino A, and Deogracious O,
2006). It seems that antimicrobial properties of
alcoholic extract, generally derived from presence
of secondary metabolite especially phenols,
terpenoids and saponins (Stojanovic G et al.
2005). Mostafa HAM et al. (2011) reported that
Rumex vesicarius show good antibacterial
potential on Gram-positive and Gram-negative
bacteria and they found that leave is the best
portion for antibacterial activity. Gram-positive
bacteria were more susceptible than Gram-
negative bacteria to the methanol extraction in this
research. Shan B et al. (2007) reported that Gram-
positive bacteria indicated more sensitivity to the
extract rather than the gram-negative bacteria n
this test and god correlation was observed
between total phenol content and antibacterial
activity  (R*=0.73-0.93).  Antibiotics  which
selected as positive control showed more
antibacterial activity against both Gram-positive
and Gram-negative bacteria than crude extract.
According to Cimanga k et al. (2002), 15 or more
diameter of prevented growth area indicate
excellent antibacterial activity, between 10-15
diameter moderate activity and less than 10
diameters is sign of weak antimicrobial activity of
the extract. Resistance of Gram-negative bacteria
to plant extract probably depends on lipo
polysaccharide composition of cell wall. It plays
the obstacle to reach the antimicrobial compound
from plant to cytoplasmic membrane of Gram-
negative bacteria (Duraipandiyan V et al. 2006).
Mothana R et al. (2009) revealed that most of the
plant extraction has preventing effects on Gram-
positive bacteria and weak effects on Gram-
negative strains.

Table 2
Antibacterial activities of R. tuberosus methanol extract as minimum inhibitory
concentrations (MICS) in g/ml

Extract Cephalothin  Ampicilin Choramphenicol
(700ug /disc)  (15pl/ disc)  (15pl /disc) (15ul /disc)

Proteus 0 23 9 12

mirabilis PTCC(1076)
Enterobacter cloacae PTCC(1003) 11.3 24 7 12
Klebsiella pneumonia PTCC(1290) 0 24 0 13
Staphylococcus aureus 12 22 21 31

PTCC (1112)

Bacillus 11.7 30 24 40

subtillis PTCC(1023)

Data are in mm dimater
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CONCLUSION

In recent decades researchers have an especial
regard on medicinal plant to improve the human
health. In these studies some plants have equal or
more effect than chemical drugs with fewer side
effects. Rumex genus contains many species with
different capacity in total phenol, flavonoid,
antioxidant and antibacterial activity. There has
not been report on R. tuberosus antimicrobial
activity and there is just less information about
medicinal properties of this genus. Numerous
factors such as plant parts, solvent and the
methods of extraction influence the antioxidant
and antibacterial activity. In our research it is
cleared that methanol is better against chloroform
solvent and antioxidant activity and phenol
content. Methanol is polar solvent and could
extract more compound of sample in comparison
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