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Abstract

Background: Infectious diseases are still one of the main causes of death according
to the World Health Organization (WHO) reports. Plants due to their biochemical
metabolites have been considered as one of the important sources for investigation in
this field. Ethnobotanical and ethnopharmacological researches are considered effective in
developing new anti-infectives. Sumac (Rhus coriaria L.) has been used as an anti-infective
agent by ancient Iranian medical sages.

Objectives: The aim of this study was to isolate bioactive agents of sumac epicarp with
probable antibacterial activity.

Materials and Methods: Grounded epicarp of sumac fruit was fractionated with different
solvents. The fractions were dried and subjected to antibacterial investigation. Ethyl acetate
fraction showed the strongest antibacterial activity. This fraction was further investigated
through TLC-bioautography which led to the isolation of two crystallized compounds. The
structure of these compounds (1 and 2) was identified using spectroscopic techniques.
Isolated compounds were tested for antimicrobial activities.

Results: Compound 1 which was named 1,2-dioxo-6-hydroxycyclohexadiene-4-carboxilic
acid was isolated from R. coriaria L. for the first time. It showed antibacterial activity against
Staphylococcus aureus (minimum inhibitory concentration [MIC]=0.02%). Compound
2 which was identified as gallic acid showed weak antibacterial effects on both gram-
positive and gram-negative bacteria (MIC>0.1%).

Conclusion: This is the first report about the chemical structures of antibacterial constituents
of R. coriaria L. Previous studies have shown anti-methicillin-resistant S. aureus (MRSA)
activity of sumac total extract. Compound 1 as the most effective anti-S. aureus component
@ of sumac extract would be responsible for this activity and could be the subject matter for
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future investigations.
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Background
Plants are important sources of biochemical compounds
not only in the development of drugs but in the produc-
tion of many other agrochemicals, cosmetics, flavors, and
food stocks.! Ethnopharmacological information is an ef-
fective asset in the evaluation and confirmation of tradi-
tional uses of medicinal plants.?

Despite progress in antibiotic therapy, infectious dis-
eases are still one of the main causes of death worldwide.
According to the World Health Organization (WHO)

report, 26% of all deaths was due to the microbial in-
fections.” On the other hand, plants have an unlimited
capacity to be used in synthesizing aromatic substances,
some of which have shown antibacterial effects.*

Iran with its various geographical climates presents vast
varieties of medicinal plants.”> Sumac (Rhus coriaria L.)
is among the herbs used as a drug in Iranian traditional
medicine. The fruit of this plant was utilized by famous
Iranian physicians including Rhazes and Avicenna for the
treatment of two infectious ailments, namely, diarrhea
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and purulent ear.®” Therefore, this is rational to suppose
sumac as a source of antibacterial substances. Previous
studies have shown that total and some fractions of su-
mac extract show antibacterial effects against gram-posi-
tive and gram-negative bacteria.*'> These studies revealed
that polar fractions have the most antibacterial activity
but none of them determines which compound(s) is/are
responsible for this activity.

Objectives

This study intended to identify and isolate antibacterial
ingredients of sumac fruit by the aid of conventional pu-
rification and spectroscopic techniques.

Material and Methods

Plant Materials

Sumac fruit (R. coriaria L.) was obtained from Tehran
botanical market and authenticated by Professor Gh.
Amin in the herbarium of Faculty of Pharmacy, Tehran
University of Medical Sciences, in comparison with orig-
inal samples. According to the policy of the herbarium,
no specific number is given for such a sampling but the
sample is kept for occasional checking during the study.

Extraction

Epicarps of sumac fruits were separated from the seeds
by sifting ground fruits. The content of fine powder of
epicarps was fractionated by solvent partitioning with
percolation method at room temperature. Light petro-
leum ether, dichloromethane, ethyl acetate, and methanol
were used respectively to separate the content of epicarp
by polarity. The fractions were dried by rotary evapora-
tor, weighed, and kept in cool and dry place for further
investigations.

Microorganisms and Growth Conditions

The standard strains of Staphylococcus aureus (6538-P)
and Escherichia coli (ATCC 8739) were kept in 20% glyc-
erol in phosphate buffered saline (PBS) at —70°C. Active
cultures were generated by inoculating 100 pL of the
thawed microbial stock suspension into 5 mL nutrient
broth (Merck, Germany) followed by overnight incuba-
tion at 37°C. Freshly synchronized cultures of bacterial
strains were prepared by transferring 100 pL of the veg-
etative cells successively into Muller Hinton broth and
incubating for 24 hours at 37°C. The cells were harvested
by centrifugation at 1600 g for 10 minutes, washed with
PBS, spun at 1600 g again and diluted in sterile water to
obtain 10°® bacteria/mL as estimated by the surface plate
counting method."

Preliminary Antibacterial Assay and TLC-Bioautography
Fractions of epicarp were dissolved in their solvents and
loaded on sterile blank discs 6 mm in diameter to create
20 mg extract disc. Ten microliter of the suspension of
each bacterium (10® bacteria/mL) was poured on Muller
Hinton agar plates. Then, the prepared discs were placed
on the plates. After incubation at 37°C overnight, plates

were examined for any zone of growth inhibition. Ethyl
acetate as the most active fraction was spotted on thin
layer chromatogram for more purification using thin lay-
er of silica and the mixture of chloroform/ethyl acetate/
methanol (4:4:1) as solid and mobile phases respectively.
To find active spots, overlay bioautography was done by
the method described by Wilkinson.'* Briefly, the chro-
matogram was overlain with Muller Hinton agar and af-
ter agar gelation, the microorganisms were seeded on the
surface of the culture. Following the incubation at 37°C
overnight, zones of inhibition were observed. Purity of
active spots checked by two dimensional TLC showed
that one of the active spots was not pure. This spot was
separated further by TLC using methanol/acetic acid/
chloroform (1:1:2) as mobile phase. Antimicrobial activi-
ty of this new chromatogram was also checked via overlay
bioautography.

[solation and Identification

To prepare further active spots, preparative thick layer
chromatography (PTLC) was run with the same mobile
phase mentioned above and active spots were pared from
chromatogram and suspended in methanol to separate
silica from active compounds. Finally, methanol was
evaporated by vacuum at 30°C and two compounds (1
and 2) were crystallized. The structures of crystallized
compounds were identified using IR, '"HNMR, "CNMR,
and mass spectroscopy.

Minimum Inhibitory Concentration and Minimum
Bactericidal Concentrations Determination

To determine the minimum inhibitory concentration
(MIC) against S. aureus and E. coli, serial dilutions of ac-
tive spots obtained via PTLC were prepared between 7.5
to 1000 pg/mL in Muller Hinton broth. Final concentra-
tion of bacteria in individual tubes was 10° CFU/mL and
control tubes contained no test samples. After overnight
incubation at 37°C, the test tubes were examined for pos-
sible growth and MICs of the samples were determined
as the lowest concentration that ended with no growth.?
Tubes containing concentrations above the MIC were
streaked onto Muller Hinton agar plates to achieve min-
imum bactericidal concentrations (MBC) of the sample
against the tested strains.

Results

Antibacterial Evaluations

In this study, preliminary antibacterial activity of the
fractions of sumac extract was evaluated by disc diffusion
method measuring the inhibition zones around discs.
The results of this test showed strong activity of ethyl ac-
etate fraction against both S. aureus and E. coli (Table 1).
TLC-bioautography of ethyl acetate fraction showed that
two out of three major spots of the fraction with the R of
0.12 and 0.65 had antibacterial activity. The spot with the
R, of 0.12 inhibited the growth of S. aureus by the concen-
tration of 0.02% while it showed no effect on E. coli. An-
other active spot was effective on both bacteria in concen-
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Table 1. Antibacterial Activity of Sumac Fractions

Antibacterial Activity (Inhibition Zone)®

Fractions Solvent Polarity Index Yield of Extraction (%)? -
S. aureus E. coli
Light petroleum ether 0.1 8.4 - -
Dichloromethane 3.1 2.4 9 -
Ethyl acetate 4.4 28.3 18 12
Methanol 5.1 27 19 8

?Yield of extraction was calculated as weight of dried fraction by weight of the plant starting material.

®The results are given in millimeter.

trations more than 0.1%. None of the spots had detectable
bactericidal effects in logical concentrations.

Chemical Analysis
The characteristics of compounds 1 and 2 are given
bellow:

Compound 1: 'H NMR (D,0): 6.67 (bs), "C NMR
(D,0): 182.93, 176.75, 161.77, 159.77, 149.56, 128.87,
116.21. Mass: m* (%), 168 (22), 154 (19), 125 (100), 108
(90), 97 (95), 79 (80). IR (KBr): v, 3431 (OH), 1720 (C=0),
1613 (C=C), 1198 (C-0), 1019 (C-0O).

Compound 1 with R; of 0.12 was identified as 1,2-di-
ox0-6-hydroxycyclohexadiene-4-carboxilic acid which
is presented for the first time. Physicochemical charac-
teristics and spectra of this compound are presented in
Figures 1 and 2.

Compound 2: 'H NMR (D,0): 6.94 (s), Mass: m* (%),
170 (58), 153 (25), 126 (100), 108 (28), 79 (32), 53 (28).
IR (KBr): v, 3400 (OH), 1670 (C-0), 1620 (C=C), 1250
(C=C), 1100 (C-0).

Compound 2 with R, of 0.65 was identified as gallic acid
through comparison of its data with those given in liter-
ature.'>'

Discussion

Phenolic acids and quinones are well known antimicrobi-
als among herbal second metabolites. A phenolic acid is
one of the simplest bioactive phytochemicals which con-
sists of a single substituted phenolic ring. Because of ox-
idizing ability, it inhibits enzymes possibly through reac-
tion with sulthydryl groups or through more nonspecific

HO O
COOH

Chemical name 1,2-dioxo-6-hydroxycyclohexadiene-4-

carboxilic acid
Molecular formula | C7TH4035
Chemical group Quinones
Molar mass 168 g/ml
Appearance Brown crystals
Melting point =300°C
Solubility in water | 1.5 g/100ml

Figure 1. Physicochemical Characteristics of Compound 1.

interactions with the proteins.

Quinones are aromatic rings with two ketone substitu-
tions. They are ubiquitous in nature and are characteris-
tically highly reactive. These compounds are colorful and
responsible for the browning reaction in cut or injured
fruits and vegetables. They provide a source of stable free
radicals and can form irreversible complexes with nu-
cleophilic amino acids in proteins that often cause their
function loss and subsequent cell death. Surface-exposed
adhesions, cell wall polypeptides, and membrane-bound
enzymes are probable targets of quinone oxidization.*

Sumac contains a representative for each of the men-
tioned phytochemicals. 1,2-dioxo-6-hydroxycyclohexadi-
ene-4-carboxilic acid (compound 1) and gallic acid (com-
pound 2) are phenolic acids. Compound 1 also belongs
to quinones. The differences between the spectra of anti-
bacterial activity of these compounds are related to their
chemical structures. Compound 1 is more polar than
compound 2 (gallic acid) and therefore, it cannot pass
through gram negatives’ cell walls; so its antibacterial ef-
fect is limited to gram-positive bacteria. Gallic acid affects
both gram-positive and gram-negative bacteria, but be-
cause of its relatively weak oxidizing activity, its antibac-
terial activity is not so strong. Gallic acid has been found
in another species of genus Rhus, namely, R. glabra L."”

Compound 1 is represented for the first time in R.
coriaria L. according to our bibliographic survey. Previ-
ously, Italian scientists had shown that compound 1 can
be produced by in vitro radical oxidation of gallic acid.”®
They used sulfate radical anions to promote the reaction
in laboratory conditions (Figure 3). It is probable that the
compound 1 has been produced via oxidation reaction in
a biological environment.

Considering the novelty of compound 1, this mole-
cule can be the subject matter for more investigations on
gram-positive bacteria especially resistant strains of S.
aureus (e.g. methicillin-resistant S. aureus - MRSA). Our
previous studies revealed that sumac total extract has the
same antibacterial effect on both Methicillin-susceptible
S. aureus (MSSA) and MRSA (unpublished data). We also
indicated that sumac total extract has synergistic effect
with some antibiotics against MRSA and therefore, makes
MRSA susceptible to commercial antibiotics.” Because
most of anti-S. aureus effect of sumac total extract is relat-
ed to compound 1 (based on the result of present study),
this component would be responsible for anti-MRSA ac-
tivity and is to be considered for more investigations.
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Figure 2. Spectra of Compound 1. (a) Proton NMR; (b) Carbon NMR; (c) IR; (d) Mass Spectrum.
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Figure 3. In Vitro Radical Oxidation of Gallic Acid Produces Compound 1.

Authors’ Contribution

Study concept and design: GA, MRF, and MMAA; Acquisition of
data: MMAA and HJ; Analysis and interpretation of data: MA and
HRME; Drafting of the manuscript: HF, MMAA, and AB; Study
supervision: GA, MRF, and HF.

Ethical Approval
The research followed the principles of Basel Declaration.

Conflict of Interest Disclosures
The authors have declared that no conflict of interests exists.

Funding/Support

This article is part of a Pharm D. thesis number 4780 granted
by Faculty of Pharmacy, Tehran University of Medical Sciences,
Tehran, Iran.

Acknowledgments
Authors declare their acknowledgements to Faculty of Pharmacy.

References
1. Artuso A. Drugs of Natural Origin: Economic and Policy
Aspects, Discovery, Development, and Marketing. New York:

Pharmaceutical Products Press; 1997:9.

2. Farnsworth NR, Soejarto DD. Potential consequence of plant

extinction in the United States on the current and future
availability of prescription drug. Econ Bot. 1985;39:231-240.
doi:10.1007/bf02858792.

3. World Health Organization. Annex Table 2 Deaths by cause,

sex and mortality stratum in WHO regions estimates for 2002.
http://www.who.int/whr/2004/annex/topic/en/annex_2 _
en.pdf. Published 2009.

4. Cowan MM. Plant products as antimicrobial agents. Clin

Microbiol Rev. 1999;12:564-582.

5. Adhami HR, Mesgarpour B, Farsam H. Herbal medicine in
Iran. Herbal Gram. 2007;74:34-43.

6. Avicenna (970-1051 AD). Al-Qanun Fi’'l Tibb (English
Translation of the Critical Arabic Text). Vol. 2. New Delhi:
Jamia Hamdard Printing Press; 1998:270.

7. Rhazes (865-925 AD). Al-Hawi fi al-Tibb (The Continence).
Vol 21. Tehran: Academy of Medical Sciences of Iran;
2005:33-34.

8. Fazeli MR, Amin G, Ahmadian-Attari MM, Ashtiani H,
Jamalifar H, Samadi N. Antimicrobial activities of Iranian
sumac and avishan-e shirazi (Zataria multiflora) against
some food-borne bacteria. Food Control. 2007;18:646-649.

International Journal of Enteric Pathogens Volume 4, Issue 4, November 2016


http://www.who.int/whr/2004/annex/topic/en/annex_2_en.pdf
http://www.who.int/whr/2004/annex/topic/en/annex_2_en.pdf

Ahmadian-Attari et al

doi:10.1016/j.foodcont.2006.03.002.

Nsar-Abbas SM, Kadir Halkman A. Antimicrobial effect of
water extract of sumac (Rhus coriaria L.) on the growth of some
food born bacteria including pathogens. Int ] Food Microbiol.
2004;97:63-69. doi:10.1016/j.ijfoodmicro.2004.04.009.
Ahmadian-Attari MM, Monsef Esfahani HR, Amin GR, et al.
The ethnopharmacological study on antibacterial activity of
some selected plants used in Iranian traditional medicine. |
Med Plant. 2009;8(31):50-57.

Vahid-Dastjerdi E, Sarmast Z, Abdolazimi Z, Mahboubi A,
Amdjadi P, Kamalinejad M. Effect of Rhus coriaria L. water
extract on five common oral bacteria and bacterial biofilm
formation on orthodontic wire. Iran ] Microbiol. 2014;6:269-
275.

Motahatinia Y, Rezaee MA, Hazhir MS, et al. Evaluation of the
antibacterial activity of Zataria multiflora Boiss., Rhus coriaria
L. (sumac), Mentha piperita L., and Ocimum basilicum L.
extracts on Brucella strains isolated from brucellosis patients.
Turk ) Med Sc. 2012;42:816-822.

Swanson KMJ, Busta FF, Peterson EH, Johnson MG. Colony
count methods. In: Vanderzant C, Splitstoesser DFeds.
Compendium of Methods for the Microbiological Examination
of Foods. 3rd ed. Washington DC: American Public Health

14.

15.

16.

17.

18.

19.

Association; 1992:75-95.

Wilkinson JM. Methods for testing antimicrobial activity
of extracts. In: Ahmad 1, Agil F Owais M, eds. Modern
Phytomedicine. Wiley- VCH; 2006:157-164.

Pouchert C. Aldrich Library of Infrared Spectra. 3rd ed.
Wisconsin: Aldrich Chemical Company; 1981:980.

Spectral Database for Organic Compounds website (SDBS).
http:/riodb01.ibase.aist.go.jp/sdbs/cgi-bin/direct_frame_top.
cgi. Accessed August 8, 2009.

Saxena G, McCutcheon AR, Farmer S, Towers GHN,
Hancock REW. Antimicrobial constituents of Rhus glabra.
] Ethnopharmacol.  1994;42:95-99.  doi:10.1016/0378-
8741(94)90102-3. doi:10.1021/jp075464z.

Caregnato P, Gara PMD, Bosio GN, et al. Theoretical and
experimental investigation on the oxidation of gallic acid by
sulfate radical anions. ] Phys Chem A. 2008;112:1188-1194.
Khanlarbeik M, Fazeli MR, Jamalifar H, Ahmadian-Attari
MM, Shakiba R, Hajimiri H. Synergistic effects of Rhus
coriaria L. (sumac) and some commercial antibiotics
against Meticillin- resistant Staphylococcus aureus. 2011
FIP Congress in Hyderabad (India). https://www.fip.org/
abstracts?page=abstracts&action=item&item=6260. Accessed
September 21, 2014.

International Journal of Enteric Pathogens Volume 4, Issue 4, November 2016 | 5


http://riodb01.ibase.aist.go.jp/sdbs/cgi-bin/direct_frame_top.cgi
http://riodb01.ibase.aist.go.jp/sdbs/cgi-bin/direct_frame_top.cgi
https://www.fip.org/abstracts?page=abstracts&action=item&item=6260
https://www.fip.org/abstracts?page=abstracts&action=item&item=6260

