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ABSTRACT

Rheum ribes is a traditionahedicinal plant collected from mountainous areasdnthern Iraq and widely used to
treat various ailments. The antioxidant potentidl tbe ethanol and aqueous root extracts of thisnplaere
examined using 2,2-diphenyl-1-picrylhydrazyl radisaavenging activity assay. The antibacterial tfi of the
extracts on selected Gram-positive (Staphylococauseus) and Gram-negative (Escherichia coli, Prsteu
mirabilis, and Pseudomonas aeruginosa) bacterigcsgs was also evaluated. Ten individual phena@spounds
(emodin, aloe-emodin, physcion, chrysophanol, rhelorogenic acid, gallic acid, tannic acid, kaefenl, and
rutin) were also determined by HPLC. The contefigshe@nolic compounds were significantly highertima@ol than
aqueous root extracts. Both root extracts exhibé@atioxidant and antibacterial activities. The hagt antioxidant
activity (IGg) was found with ethanol extract (4.73 £0,23/mL), which was closer to that of vitamin C
(0.046 £0.051g9/mL) than that of aqueous extract (25.62 +O:8mL). The ethanol extract of roots exhibited the
highest antibacterial effect against all bacterigdecies assayed compared with standard drugs. ifinecbhntent of
phenolic compounds in R. ribes root extracts wetmdl to be responsible for the high antioxidant antibacterial
activities against the tested microorganisms. TiRugjbes root extracts can be used as a therapegéent against
various ailments, which confirms the use of thampin traditional medicine.
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INTRODUCTION

Plants comprise a vast resource of potential daugets and other active drug molecules. Thus, orediplants
serve as the basis for traditional medicinal systamd natural products, which provide remarkatdeldefor new
drug development. The World Health Organizationnested that 80% of global population resort to itiedal
medicine for primary health care needs. The majaftthis therapy involves the use of plant extsaghd their
active components, which are non-nutritive compaeusgnthesized from plants that have disease piagect
properties [1-3]Antibacterial active components isolated from higblants are some of the important alternative
approaches to contain antibiotic resistance andageisease. The increasing application of drugsésulted in
the resistance of pathogenic microorganisms taiegisntimicrobial compounds. Hence, exploring aedigning
alternative drugs from natural products is necgssarcombat microbial infection®Plant-based drugs, which
probably evolved as a chemical defense againstafioedor infection, is perceived to have less orsite effect
compared with synthetic antibiotics [4,5]. Phenotiompounds from plants are known to be good natural
antioxidants because of their hydroxyl groups. hesmponents protect cells against the damagirgtsfof free
radicals or reactive oxygen species such as sigiggen, superoxide, peroxide radicals, hydroxgicals, and
peroxynitrite [6,7]. Natural flavonoids are knowor ftheir significant scavenging properties on oxygadicalsin

vivo andin vitro. In addition, these compounds have membrane-stagjliroperties and also affect some processes
of intermediary metabolism. Numerous studies hda@wve the importance of the antiradical activityflalvonoids
[6,8]. Hence, these compounds have been extensiwelystigated and have been described to demomstrat
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numerous biological activities such as antioxidanmitj-inflammatory, cytotoxic, antitumor, and aital activities
[9,10]. Rheum ribesbelongs to the family Polygonaceae, and the gdRlsumconsists of approximately 60
perennial species distributed worldwide [1R].ribesroots have been used as antihelmintic and exgettas well
as in the treatment of treat diabetes, hypertensibesity, ulcer, and diarrhea [12]. Chemical stadin the roots of
R. ribescollected from Erzincan in Turkey have been cotellic Chrysophanol, physcion, rhein, aloeemodin,
physcion-8-O-glucoside, aloeemodin-8-O-glucosidmneside A, and rhaponticin have been isolated. [IBgse
compounds represent several bioactivities rangiog fanti-inflammatory, antioxidant, and antimicrabiamong
others [13]. In IragR. ribesis found in the mountainous regions at an elewadibmore than 1500 m north of the
country. In this country, the plant is called Rewalts fresh stalk is peeled and consumed duriagfiting season
from April to July. R. ribesroots has been prescribed by herbalists to tradbws ailments. The antibacterial
susceptibility ofR. ribesroot ethanol and aqueous extracts against foutebalk strains was investigated in the
current study. The phenolics content and antioicentivity of these extracts were also evaluateimhguhigh
performance liquid chromatography (HPLC) and tHediphenyl-2-picrylhydrazyl (DPPH) radical scavemgi

MATERIALS AND METHODS

Plant Material

The roots ofR. ribeswere obtained from the local market in northerrglr@he specimen was identified and
authenticated by Prof. Khalil I. Al-Shemmary, Plaakonomist, Biology Department, Faculty of Scign€erit
University, Tikrit, Iraq. The certified specimen svaeposited at the herbarium of the Faculty of rése Tikrit
University.

Instruments and Chemicals

Most of the chemicals used were laboratory-gradepmunds purchased from Merck. DPPH was obtaineah fro
Sigma Chemical. Solvents for HPLC were obtainethfiderck (HPLC grade). All other reagents, suchagests,
DMSO, and acetic acid, were of analytical grade avallable commercially.

Preparation of the extracts:

The rhizomes and roots of plant were thoroughlyamésl to remove soil and other debris that may cointte the
sample. The dried powdered samples (100 g) werfeateld to continuous extraction using absolute rethand
distilled water for 24 h under constant stirringragular intervals at laboratory temperature. Tkigaets were
filtered through Whatman No.1 filter paper and aamicated at 40 °C in a rotary evaporator. The ssdichples of
ethanol and aqueous extracts obtained weighedeld(y 7%) and 15 g (yield = 15 %), respectivelyeTdrude
ethanol extract was kept in an air-tight contaensd stored in a refrigerator at 4 °C until use.

Antibacterial activity

Antimicrobial activity was tested by agar diffusionethod. Mueller Hinton agar was inoculated witfffedent
selected bacterial strains using a streak platbadetells were made on the agar surface usinghen@ork borer,
and 200uL ethanol and aqueous extracts at concentratiorg5060, and 75 mg/mL were poured into the wells
using a sterile micropipette [14]. After incubatiah37 °C for 24 h, the antimicrobial efficiencieSthe extracts
were quantitatively assessed on the basis of thiition zone [15]. Antibacterial activity was tedt against
Escherichia coli Staphylococcus aureus, Pseudomonas aerugjrnasdProteus mirabilis The bacterial strains
were obtained from the Laboratory of Bacteriologyhe Tikrit Teaching Hospital in Tikrit, Iraq. Thesults were
compared with cefotaxime and gentamycin.

Antioxidant activity

DPPH scavenging method

The antioxidant activities of the ethanol and aquseextracts from the rhizome and rooRofribeswere assessed on
the basis of the radical scavenging effect of st&@PH [10]. DPPH methanol solution (1 mL, 0.2 mhkgs added
to 4 mL extracts with various concentrations irfatiént test tubes. The mixture was shaken vigoyoasst left to
stand at laboratory temperature. After 30 min, #tisorbance of the solution was measured at 517 amch,
antioxidant activity was calculated using the faling equation:

Scavenging capacity % = 100 — [(Ab of sample — Ablank) — 100/Ab of control] x 100.
Methanol (1 mL) and plant extract solutions (4 migre used as blank, while DPPH solution plus ethdistilled

water was used as a negative control. Ascorbicaeis taken as standard. Extract concentration pirayid0%
inhibition (ICsg) was calculated from the plot of inhibition pertage against extract concentration.
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HPLC analyses of phenolic contents dR. ribes ethanol and aqueous root extracts

Ten phenolic components &. ribesethanol and aqueous root extracts were quantitataealyzed using HPLC.
Each extracted sample (100 mg) was dissolved imt. ®thanol-water (80:20 v/v) in glass tubes. Tirgpsnsions
were ultrasonicated (Branson sonifier, USA) at 603y cycles for 25 min at 25 °C, followed by cefugation at
7500 rpm for 15 min. The clear supernatant of eaghract was subjected to charcoal treatment to verpigments
prior to evaporation in a vacuum (Buchi Rotavaper®pe, Switzerland). Dried samples were re-susgetiid 1.0
mL HPLC-grade methanol by vortexing, and the migtwas passed through 2.5 pm disposable filter enmddsat 4
°C for further analyses. The samples (20 pL) wajected into an HPLC system according to the optimu
conditions: phenomenex C-18 column, 3 um particte $50 x 2.0 mm 1.D); mobile phase, linear gratlieh
solvent A (0.1% phosphoric acid in deionized waten) solvent B was acetonitrile, with gradient peag from 0%
B to 100% B for 10 min; flow rate, 102 mL/min; deten wavelength, 280 nm; and column temperatuse;
The optimum condition of column used with galliagdaand tannic acid was a Zorbax clipse XDB-C18 (2%0
mm) column. Gradient elution was performed with%.4&cetic acid (A), methanol (B) using a linear geatl
program from 0% B to 100% B for 8 min at a constiow rate of 1 mL/min. Detection wavelength wad3vm.
HPLC was conducted using a Shimadzu 10 AV- LC qugidpwith binary delivery pump model LC-10 A Shimadz
The eluted peaks were monitored by UV-Vis 10AV-Ssigcrophotometer (Shimadzu, Kyoto, Japan). Thespeak
found in the root extracts &. emodsamples were identified by comparison with thetori of standard materials,
and each standard was 25 pg/mL [16].

RESULTS AND DISCUSSION

Emodin, aloe-emodin, physcion, chrysophanol, rhaihlorogenic acid, rutin, gallic acid, tannic acidnd
kaempferol found irR. ribesethanol and aqueous root extracts were analyzguhisgpchemical HPLC. The first
five phenolics are appointed as the standard comgmuand their total amount is viewed as the qualimtrol
standard oR. ribes[17]. The individual phenolic content were foumdite higher in ethanol extract compared with
those in the aqueous extrgdtable 1). Phenolic content was ranked in ethamtlaet in descending order as
follows: chrysophanol > emodin > physcion > aloesein > chlorogenic acid > rhein > gallic acid >inut
kaempferol > tannic acid. By contrast, the decreagihenolic contents in the aqueous extracts wemi&ed as
follows: emodin > physcion > chrysophanol > aloeséin > rutin > rhein > gallic acid > kaempferol annic acid

> chlorogenic acid. These phytochemicals have BBemwn to possess medicinal activity and physiomigactivity,
which confirms the traditional medicinal uses a$tplant.

The antioxidant activity oR. ribesextracts was measured using DPPH radical scavgragtivity. In the DPPH
assay, the antioxidants reduced the stable DPPidataghurple) to the non-radical form DPPH-H (y&Wo The
DPPH scavenging activities of antioxidants areilaited to their hydrogen-donating abilities [18]. sfgnificant
decreasdp < 0.09 in the concentration of DPPH radicals was exhiblbg all extracts and standards. Vitamin C
was used as the reference compound. The scaveeffew) of the samples on the DPPH radical decreasé¢iue
following order: ascorbic acid > ethanol extracagueous extract. The 4¢values for vitamin C, ethanol extract,
and aqueous extract were 0.046 + 0.05, 4.73 + @1 25.62 + 0.8hg/mL, respectively (Table 2). The antioxidant
activity was due to the presence of various seagnai@tabolites, such as phenols, flavonoids, ahdratecondary
metabolite compounds, R. ribesroot extracts, which were higher in ethanol exteescshown in Table (1).Positive
correlations between total phenolic content andogittant capacity have been reported [19]. Morepsgeveral
reports have revealed that the contribution of pliercompounds to antioxidant activity was muchagee than
those of vitamin C and carotenoids [20].

The antimicrobial activity ofR. ribesethanol and aqueous extracts were tested usingoli S. AureusP.
aeruginosaand P. mirabilis. The results are shown in Table 3. TReribesethanol and aqueous extracts showed
significant zones of inhibition in a dose-dependeanner against all the tested microorganisms.etthenol extract
showed a higher zone of inhibition range (11.3 mdni#n) compared with the aqueous extract (9.3 mnma1().
These results indicate that thR ribes ethanol and aqueous extracts exhibit a broad repecbf activity.
Gentamycin and cefotaxime exhibited zones of inigibi against all the test organisms. However, titgbition
zones of these standards were more or less renbar&aly when compared with that of a low conceitrai(25
mg/mL) of the extracts and were nonremarkabtempared with those of other extract concentratiorize
antibacterial activity ofR. ribes ethanol and aqueous extracts extract was mainky tduthe presence of
phytochemical compounds as shown above. The ateiti@ceffects of rhubarb are believed to have besarsed by
its inhibition of enzymes in the mitochondrial dlen transport system [21]. Phenols are secondatalmolites
broadly distributed in the plant kingdom with mdhan 8,000 phenolic structures currently knowngrag from
simple molecules, such as phenolic acids, to higlllymerized substances, such as tannins. Positikrelations
between total phenolics and antioxidant capacityehbeen reported [19]. These compounds result ows
biological properties such as anti-bacterial, arftammation, anti-aging, anti-carcinogen and cavdscular
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protection.Flavonoids are potent water-soluble free radicavengers that are useful in preventing oxidative ce
damage and have anti-cancer activity [22]. Thesenitals positively affect human health and are kmtavexhibit
biological activities such as antibacterial, amtijiand anti-allergic activities [23].

Table (1) phenolics compounds content @. ribes roots ethanol and aqueous extracts

Phenols and poly phenols Aqueous extract pg/ml | Ethanol extract pg/ml
Aloe-emodin 323.5 1036
Emodin 1196 2020
Chrysophanol 636.79 2243
Physcion 1609 1096
Rhein 159.73 412.23
Chlorogenic acid 18.8 533
Gallic acid 131 284
Kaempferol 108.64 117.36
Tannic acid 40 100.4
Rutin 172.67 218.26

Table (2) Antioxidant activity of R. ribes ethanol and aqueous extracts on DPPH (1,1-diphenghpicrylhydrazyl).

Extracts Sample | G, DPPH (ug/ml)

Aqueous extract 25.62
Ethanol extract 4.73
Vitamin C 0.046

Table (3) antibacterial activity of R. ribesethanol and aqueous extracts and standard antibiats

Extracts conc.(mg/ml),inhibition zones (mm),and stadard antibiotics (ug/disc)
Organism Ethanol extract Aqueous extract Gentamicin Cefotaxne
25 50 75 25 50 75 10 30
E. coli 11.3 | 186 20 9.3 10.3 16 13.3 12
S. aureus 186 | 226| 24| 123] 15.6 20.8 6 16
P. aeruginosa| 15.3 | 18.6| 20| 11.3] 15.6 18 15.6 8
P. mirabilis 13.3 | 186| 20| 15.6] 15.4 18 14.6 11
CONCLUSION

R. ribespossesses high medicinal values as shown by thatiastof its crude extracts on various microongans.
The presence of the phytochemicals justifies thditional medicinal uses of this plant. The resfitbsn this study
combined with those from previous studies on thets®f R. ribesmay represent a reference to antioxidant and
antibacterial effects dR. ribeswith stable and biologically active components. §ha scientific foundation for the
use of this plant in medicine can be establishéthfwove the healthcare of local users.
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