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Abstract
Rhus coriaria L. is known as Sumac. R. coriaria extracts are important in drug development with
numerous pharmacological reputations in the South-Eastern Anatolia, Mediterranean area and
Western Asia especially in Iran. Regarding the new multi-functional properties of R. coriaria and the
related valuable ongoing reports, we were prompted to review the phytochemical and pharmacological
properties of this species. The data were collected using scientific journals, books and websites such
as Scopus, PubMed and Google Scholar. For a long time, R. coriaria has been used as a spice by
grinding the dried fruits with salt, and it has also been widely used as a medicinal herb in traditional
medicine for its atheroprotective effect and its ability to treat eye diseases, wounds, bowel disorders,
ring worms and skin disorders. In addition, R. coriaria has recently shown to have hepatoprotective,
anti-ischemic, antimicrobial as well as hypoglycemic and hyperlipidemic effects. Volatile substances,
flavonoids, tannins and xanthones have been reported from this plant. Due to its easy collection and
the remarkable biological activities, R. coriaria has been used both as food and medicine in some
parts of the world especially Iran. This article presents comprehensive analyzed information on the
botanical, chemical and pharmacological aspects of R. coriaria.
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Introduction
Rhus coriaria commonly known as Sumac is a
flowering shrub which belongs to Anacardiaceae
family in the order of Sapindales that contains
about 81 genera and more than 800 species. Rhus
species are widely distributed in subtropical and
temperate regions throughout the world,
especially in Africa, South Eastern Anatolia,
Mediterranean area and Western Asia. This genus
includes approximately 250 species in the world
[1]. R. coriaria is a shrub and a small tree that
can reach to the height of 10 meters (figure 1).
The leaves are spirally arranged and are usually

pinnately compound, some species have trifoliate
or simple leaves (figure 2). The flowers are in
dense panicles or spikes 5–30 cm long, each
flower is very small, greenish, creamy white or
red, with five petals (figure 3). The fruits form
dense clusters of reddish drupes called sumac
bobs (figure 4). The dried drupes are usually
ground to produce a tangy purple spice. Sumac
propagates both by seed (spreading by birds and
other animals through their droppings), and by
new shoots from rhizomes, forming large
colonial colonies [2].
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The acidic tasty fruits of R. coriaria are used as a
condiment and sour drink in the Middle East
dishes. Its sour taste is due to the citric and malic
acids content of its juice [3].
The fruits are used as tonic and diuretic, and are
also believed to be useful in dysentery and
diarrhea. A gargle prepared from the fruits is
used in catarrhal infections of the pharynx, and
the paste is topically applied to ulcers and piles
[4].
In folk medicine, it is used for treatment of
indigestion,
anorexia,
hemorrhages,
and
hyperglycemia [5-7]. The main compounds in
sumac are hydrolysable tannins and substantial
amounts of flavonoids. The leaves are used as
condiment and for tanning leather. The fruits are
prescribed to relieve stomach diseases, bowel
complaints, fever, dermatitis, as appetizer,
diuretic and antiseptic [1,8,9]. R. coriaria berries
are beneficial to prevent diabetes, obesity,
paralysis and colitis [10,11]. The seeds are
appetizer, astringent, diuretic, styptic and tonic;
prescribed to treat dysentery, hemoptysis and
conjunctivitis [12].
Since review and systemic analysis of chemistry,
pharmacology and clinical properties of R.
coriaria had not been reported before, we were
prompted to provide the currently available
information on local knowledge, ethno medicinal
issues
and
pharmacologically
important
molecules existing in this useful plant. The aim
of the present article was to introduce R. coriaria
as a potent medicinal plant by highlighting its
traditional applications as well as the recent
findings for novel pharmacological and clinical
applications.
Chemical composition
The
commonly
known
phytochemical
compounds from R. coriaria are volatile
substances, flavonoids, tannins and xanthons [1316]. Main constituents of the essential oil of the
berries are terpene hydrocarbons such as αpinene,
β-caryophyllene
and
cembrene;
oxygenated terpenes such as α-terpineol,
carvacrol and β-caryophyllene alcohol as well as
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farnesyl acetone, hexahydrofarnesylacetone and
aliphatic aldehydes [13].

Figure 1. Rhus coriaria (Sumac) available at:
http://www.divine-journeys.com/blog/wpcontent/uploads/2012/06/sumac-bush.jpg

Figure 2. R. coriaria leaves available at:
http://davesgarden.com/guides/pf/showimage/76678

Figure 3. R. coriaria flowers available at:
http://wildeherb.com/2010/07/06/sumac-flower-buds-andred-berries
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in the fruits [20].

Figure 4. R. coriaria fruits available at:
http://en.wikipedia.org/wiki/Sumac

Some xanthones which have been isolated from
seeds are characterized as 2,3-dihydroxy-7methyl
xanthone,
2,3,6-trihydroxy-7hydroxymethylene xanthone-1-carboxylic acid
and 2- methoxy- 4- hydroxy-7- methyl-3-O-betaD-glucopyranosyl
xanthone-1,8-dicarboxylic
acid, beta-sitosterol-beta-D-glucoside, has also
been isolated from the seeds [16].
Sumac is rich in tannins [17]. Tannins present in
R. coriaria berries are hydrolysable, susceptible
to cleavage by hydrolysis and have small
molecular size. Their small size has made them to
be easier to digest and absorb and have many
health benefits [18].
Myricetin has been found to be the major
flavonol in R. coriaria berries, followed by minor
quantities of quercetin and kaempferol [14].
The berries of R. coriaria are reported to be rich
in oils, fatty acids and minerals, suggesting that
they could be valuable for using in foods. The oil
includes oleic, linoleic, palmitic and stearic acids
[19].
Three aromatic compounds have been isolated
from the fruits. They have been identified as
coriarianaphtyl ether, coriariaoic acid and
coriarianthracenyl ester [16]. Compounds such as
n-tetracosane, n- pentacosane, anise alcohol, рhydroxybenzyl alcohol, methyl lawson and 2hydroxymethylene naphtaquinone have been also
identified as aromatic compounds in sumac fruits
[16]. Also, myrtillin, delphidin and crysanthemin
have been characterized as the main anthocyanins

Biological properties
Antimicrobial effects
In recent years, an explosive spread of multiple
drug resistance bacterial pathogens has become a
serious concern worldwide in terms of public
health and economic issues.
The majority of the antimicrobial studies on
sumac have focused specifically on the fruits
because of their widespread use in the
Mediterranean and Middle East as a dried spice.
All of the studies have used either ethanol or
water based extracts [1]. Ethanol extracts of the
ripe and unripe fruits of the plant have exhibited
a broad range of antimicrobial activity by
inhibiting the growth of Gram positive and Gram
negative species such as Bacillus cereus,
Escherichia coli, Klebsiella pneumoniae, Proteus
vulgaris, Pseudomonas aeruginosa, Shigella
dysentariae,
Staphylococcus
aureus,
S.
epidermidis,
Streptococcus
pyogenes,
Enterococcus
faecalis,
and
Yersinia
enterocolitica [21]. The observed antimicrobial
activity has been ascribed to the tannins in the
ethanol extracts, with MICs in the range of 10 to
26 mg/mL depending on the bacterial species.
Ripe fruits were also found to have a significant
higher antimicrobial activity compared to unripe
fruits. Dried seeds have shown antibacterial
effect against Pseudomonas aeruginosa [22]. The
antibacterial activity of R. coriaria leaf methanol
extract has been also shown against Grampositive and Gram-negative bacteria along with
antimycotic activity against some Candida
species [23].
Xanthones and aromatic components isolated
from the seeds have been active against Candida
albicans and Aspergillus flavus [16].
Protective properties
The aqueous extract of R. coriaria fruit
(75 μg/mL) and also gallic acid (100 μM) as one
of its main components have shown protective
effects against oxidative stress toxicity induced
by cumene hydroperoxide (CHP) in isolated rat
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hepatocytes. Both the extract and gallic acid have
significantly protected the hepatocytes against
oxidative stress markers including cell lysis, lipid
peroxidation,
glutathione
depletion,
mitochondrial membrane potential decrease,
lysosomal membrane oxidative damage and
cellular proteolysis. Aqueous extract of the plant
have been more effective than gallic acid in
protecting hepatocytes against CHP induced lipid
peroxidation. Gallic acid has been more effective
than the aqueous extract of R. coriaria in
preventing hepatocyte membrane lysis. In
addition, H2O2 scavenging effect of the extract
has been determined in hepatocytes and
compared with gallic acid but gallic acid has
been more effective than the aqueous extract of
the plant at H2O2 scavenging activity [24].
R. coriaria has shown DNA-protective effects in
human and animals. Prevention of the formation
of strand breaks and oxidized DNA bases as well
as the protection against H2O2 and benzo [a]
pyrene-7,8-dihydro-diol-9,10-epoxide (BPDE)induced DNA-damage has been demonstrated in
human lymphocytes with ethanol extract of R.
coriaria (3.0 g/day, 3 days) in single cell gel
electrophoresis assays. Furthermore, DNAprotective effects of the plant have been
monitored in different inner organs of rats in
identical conditions. No alteration of DNAmigration has been detectable in human
lymphocytes in standard conditions, but a
decrease of the tail-lengths due to formation of
oxidized purines and pyrimidines has been found
with lesion-specific enzymes. Also damage
caused by H2O2 and BPDE was significantly
reduced by 30% and 69%, respectively. The later
effect may be due to induction of glutathione Stransferase (GST). After the intervention, the
overall GST activity in plasma was increased by
40%, GST-alpha by 52% and GST-pi by 26%
(ELISA). The antioxidant effects of the extract
were probably due to scavenging which has been
observed in in vitro experiments, which also
indicated that gallic acid could be the active
principle of R. coriaria. The animal experiments
have shown that R. coriaria also has caused
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protection in inner organs. Supplementation of
the drinking water (0.02 g/kg per animal) has
decreased the formation of oxidized DNA bases
in colon, liver, lung and lymphocytes; also after
gamma-irradiation pronounced effects have been
obsereved [25].
Cardioprotective activity of hydrolysable
gallotannins from the leaves extract has been
reported in isolated rabbit hearts. The leaves have
induced a dose-dependent normalization of
coronary perfusion pressure, reducing left
ventricular contracture during ischemia, and
improving left ventricular developed pressure and
the maximum rate of rise and fall of left
ventricular pressure at reperfusion. Creatinine
kinase and lactate dehydrogenase outflow have
been significantly reduced during reperfusion. In
parallel, there has been a rise in the release of the
cytoprotective 6-ketoprostaglandin F and a
decrease of tumor necrosis factor-alpha (TNFalpha), both significant only at dose of 150-500
μg/mL. The vasorelaxant activity of R. coriaria
leaves extract was studied in isolated rabbit aorta
rings precontracted with norepinephrine with and
without endothelium. R. coriaria leaves extract
has been able to modulate the coronary
endothelium cyclooxygenase (COX) pathway.
The antioxidant activity of the leaves extract,
investigated in the 1,1-diphenyl-2-picrylhydrazyl
(DPPH) model and in living cell systems (rat
erythrocytes), has been stronger than that of
gallic acid, ascorbic acid and trolox. The
structures of the leaves main bioactive
constituents have comprised a mixture of
polygalloylated D-glucopyranose with different
degrees of galloylation and 3-O-methylgallic
acid. The cardiovascular protective effect of the
plant leaves extract has seemed to be due to
interplay of different factors: COX pathway
modulation, TNF-alpha inhibition, endothelial
nitric oxide synthase (eNOS) activation, and free
radical scavenging [15].
Antihyperglycemic activity
Results of the recent studies have clearly
indicated that the methanol extract of the fruits
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have potential hypoglycemic activity [10]. The
crude extract has been further fractionated and
the ethyl acetate extract has exhibited significant
hypoglycemic activity through α-amylase
inhibition (87% inhibition at 50 μg/mL),
compared to the n-hexane fraction (77%
inhibition at 250 μg/mL). The higher biological
activity of the ethyl acetate extract has been
attributed to the presence of flavonoids as
tentatively
identified
by
thin-layer
chromatography [1,10].
Antioxidant activity
Developing safe, new and naturally derived
antioxidants for food and health applications is a
major goal in sustainable bio-products. Synthetic
antioxidants such as butylated hydroxyanisole
(BHA) and butylated hydroxytoluene (BHT) are
widely used in spite of concerns regarding their
toxicity and a sustainable supply [26]. An
antioxidant is defined as ‘any substance that,
when present at low concentrations compared to
those of an oxidizable substrate, significantly
delays or prevents oxidation of that substrate’
[27,29]. Antioxidants are of interest to biologists
and clinicians because they help to protect the
human body against damages induced by reactive
free radicals generated in atherosclerosis,
ischemic heart disease, cancer, Alzheimer's
disease, Parkinson's disease and even in the aging
process [30,31]. There are many evidences that
natural products and their derivatives have
efficient
anti-oxidative
characteristics,
consequently
linked
to
anti-cancer,
hypolipidemic, anti-aging and anti-inflammatory
activities [27-33].
Anti-oxidative capacity of R. coriaria fruits has
been evaluated by determining their effects using
free radical-generating systems in vitro. The IC50
value of the extracts for lipid peroxidation
inhibition has been estimated as 1200 μg/mL in
the Fe+2-ascorbate system while those for
superoxide-scavenging activity in the xanthinexanthine oxidase method and hydroxyl radical
scavenging activity in the deoxyribose
decomposition method were 282.92 μg/mL and

3850 μg/mL, respectively. These data suggest
that the methanol extracts of the fruits have
considerable antioxidant activity against free
radicals and lipid peroxidation in vitro [34].
Other work about stabilizing food products with
sumac extracts includes the use of a methanol
extract of the fruits tested in sunflower oil stored
at 70 °C by measuring peroxide values in regular
intervals [35] and sumac extract have been found
to be very effective in stabilizing the sunflower
oil.
Antioxidant properties for stabilizing peanut oil
have been also reported for the methanol extracts
of R. coriaria fruits and leaves [36]. Fruit extract
addition to peanut oil from 1 to 5% (w/v) has
inhibited the formation of hydroperoxide during
the initial 7 day after addition [36], but at 28 days
of storage, the antioxidant potential of sumac
extract has substantially lowered compared to
BHA controls.
Anti-ischemic
activity
and
endotheliumdependent vasorelaxant effect
Atherosclerosis of the coronary arteries evokes
the most serious clinical manifestations of this
disease, including unstable angina, acute
myocardial infarction, and sudden death.
Atherosclerosis is characterized by endothelial
dysfunction, vascular inflammation, and the
buildup of lipids, cholesterol, calcium, and
cellular debris within the vessel walls. The
release of cytokines and growth factors from
activated platelets and macrophages at the lesion
sites culminates in the heightened migratory
activity of vascular smooth muscle cells
(VSMCs) [37]. Any strategy to inhibit VSMC
migration would benefit the treatment of
atherosclerosis. Tannin and its derivatives are
strong antioxidants and it is known that
antioxidants can inhibit mechanisms leading to
VSMC migration [38,39]. R. coriaria fruits as a
rich source of tannin have been able to inhibit
VSMC migration. Pure tannins extracted from
the fruits have reduced VSMC migration at an
optimal dosage by 62%. Tannins present in this
plant are hydrolysable and therefore may be
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easier to digest and absorb and they can increase
nitric oxide, thereby reducing the process of
atherosclerosis [37].
Conclusion
The objective of the present work was to show
the recent advances in the exploration of R.
coriaria in phytotherapy and to illustrate its
potential as a therapeutic agent. With the current
information, it is evident that the species
possesses pharmacological functions including
antibacterial,
antifungal,
antioxidant
and
hypoglycemic activities. It could be suggested
that flavonoids, aromatic components and
xanthones might be useful in the development of
new drugs to treat various diseases. Besides, the
present results suggest a possibility that these
compounds can be further developed as a
potential disease-curing remedy. It must be kept
in mind that clinicians should remain cautious
until more definitive studies demonstrate the
safety, quality and efficacy of R. coriaria. For
these reasons, extensive pharmacological and
chemical experiments, together with human
metabolism studies will be a focus for future
researches. Last but not the least, this article
emphasizes the potential of R. coriaria to be
employed in new therapeutic drugs and provide
the basis for future research on the application of
medicinal plants.
Acknowledgments
This study is the outcome of an in-house study
and has not been supported financially.
Declaration of interest
The authors declare that there is no conflict of
interest. The authors alone are responsible for the
content of the paper.
References
[1] Rayne S, Mazza G. Biological activities of
extracts from Sumac (Rhus spp.): A review.
Plant Foods Hum Nutr. 2007; 62: 165-175.

52

[2] Zargari A. Medicinal plants. Vol 2. Tehran:
Tehran University Press, 1998.
[3] Abu-Shanab B, Adwan G, Abu-Safiya D,
Adwan K, Abu-Shanab M. Antibacterial
activity of Rhus coriaria L. extracts growing
in Palestine. J Islamic Univ Gaza. 2005;
13(2): 147-153.
[4] Mossa JS, Rafatullah S, Galal AM, Al-Yahya
MA. Pharmacological studies of Rhus
retinorrhaea. Int J Pharmacogn. 1995; 33(3):
242-246.
[5] Wetherilt H, Pala M. Herbs and spices
indigenous to turkey in: Species, Herbs and
Edible Fungi: Developments in Food
Science, Charalambous G, Ed. Amsterdam:
Elsevier, 1994.
[6] Digrak M, Hakki Alma M, llcim A.
Antibacterial and antifungal activities of
Turkish medicinal plants. Pharm Biol. 2001;
39: 346–350.
[7] Nasar-Abbas
SM,
Halkman
AK.
Antimicrobial effect of water extract of sumac
(Rhus coriaria L.) on the growth of some food
borne bacteria including pathogens. Int J
Food Microbiol. 2004; 97: 63–69.
[8] Altinkurt O, Heper T. Pharmacologic effects
of sumac (Rhus coriaria). Turkey Hygiene
Technol Biol J. 1970; 30: 41.
[9] Ozcan M, Haciseferogullari H. A condiment
[Sumac (Rhus coriaria) fruits]; some physicchemical properties. Bulgarian J Plant
Physiology. 2004; 30: 74-84.
[10] Giancario S, Rosa LM, Nadjafi F, Francesco
M. Hypoglycemic activity of two species
extracts: Rhus coriaria L. and Bonium
persicum Boiss. Nat Prod Res. 2006; 20:
882-886.
[11] Kirtikar KR, Basu BD. Indian Medicinal
Plants. Delhi: Satguru Publications, 2000.
[12] Chopra RN, Nayar SL, Chopra IC. Glossary
of Indian medicinal plants. New Delhi:
Council of Scientific and Industrial Research,
1956.

RJP 1(3), 2014: 47-54

Overview of Rhus coriaria L.

[13] Brunke EJ, Hammerschmidt FJ, Schmaus G,
Akgul A. The essential oil of Rhus coriaria
L. Fruits. Flavour Frag J. 2006; 8(4): 209214.
[14] Mehrdad M, Zebardast M, Abedi G,
Koupaei MN, Rasouli H, Talebi M.
Validated high-throughput HPLC method for
the analysis of flavonol aglycones myricetin,
quercetin, and kaempferol in Rhus coriaria
L. using a monolithic column. J AOAC Int.
2009; 92(4): 1035-1043.
[15] Beretta G, Rossoni G, Santagati NA, Facino
RM. Anti-ischemic activity and endotheliumdependent
vasorelaxant
effect
of
hydrolysable tannins from the leaves of Rhus
coriaria (Sumac) in isolated rabbit heart and
thoracic aorta. Planta Med. 2009; 75(14):
1482-1488.
[16] Singh O, Ali M, Akhtar N. New antifungal
aromatic compounds from the seeds of Rhus
coriaria L. Int Res J Pharm. 2011; 2(1): 188194.
[17] Kosar M, Bozan B, Temelli F, Baser KHC.
Antioxidant
activity
and
phenolic
composition of sumac (Rhus coriaria L.)
extracts. Food Chem. 2006; 103: 952-959.
[18] El-Sissi HI, Ishak MS, El-Wahid MS, elAnsari MA. The gallotannins of Rhus
coriaria and Mangifera indica. Planta Med.
1971; 19: 342-351.
[19] Kizil S, Turk M. Microelement contents and
fatty acid compositions of Rhus coriaria L.
and Pistacia terebinthus L. fruits spread
commonly in the south eastern Anatolia
region of Turkey. Nat Prod Res. 2010; 24(1):
92-98.
[20] Mavlyanov
SM,
Islambekov
SY,
Karimdzhanov AK, Ismailov AI. Anthocyans
and organic acids of the fruits of some
species of sumac. Chem Nat Compd. 1997;
33: 209.

[21] Nimri LF, Meqdam MM, Alkofahi A.
Antibacterial activity of Jordanian medicinal
plants. Pharm Biol. 1999; 37: 196-201.
[22] Adwan G, Abu-Shanab B, Adwan K, AbuShanab F. Antibacterial effects of
nutraceutical plants growing in Palestine on
Pseudomonas aeruginosa. Turk J Biol. 2006;
30: 239-242.
[23] Iauk L, Caccamo F, Speciale AM, Tempera
G, Ragusa S, Pante G. Antimicrobial activity
of Rhus coriaria L. leaf extract. Phytother
Res. 1998; 12(1): 152-153.
[24] Pourahmad J, Eskandari MR, Shakibaei R,
Kamalinejad
M.
A
search
for
hepatoprotective activity of aqueous extract
of Rhus coriaria L. against oxidative stress
cytotoxicity. Food Chem Toxicol. 2010;
48(3): 854-858.
[25] Chakraborty A, Ferk F, Simic T, Brantner A,
Dusinska M, Kundi M, Hoelzl C, Nersesyan
A, Knasmuller S. DNA-protective effects of
sumach (Rhus coriaria L.), a common spice:
results of human and animal studies. Mutat
Res. 2008; 661(1-2): 10-17.
[26] Pokorny J. Natural antioxidants for food use.
Trends Food Sci Technology. 1991; 2: 223227.
[27] Rhee MH, Park HJ, Cho JY. Salicornia
herbaceae:
botanical,
chemical
and
pharmacological review of halophyte marsh
plant. J Med Plants Res. 2009; 3(8): 548-555.
[28] Wiseman SA, Balentine DA, Frei B.
Antioxidants in tea. Crit Rev Food Sci. 1997;
37: 705-718.
[29] Mates JM, Perez-Gomez C, Nunez de Castro
I. Antioxidant enzymes and human diseases.
Clin Biochem. 1999; 32: 595-603.
[30] Aruoma OI. Methodological considerations
for characterizing potential antioxidant
actions of bioactive components in plant
foods. Mutat Res. 2003; 523-524: 9-20.
[31] Hemati A, Azarnia M, Angaji AH.
Medicinal effects of Heracleum persicum
53

Asgarpanah J. and Saati S.

(Golpar). Middle East J Sci Res. 2010; 5(3):
174-176.
[32] Hogg N. Free radicals in disease. Semin
Reprod Med. 1998; 16(4): 241-248.
[33] Cho JY, Prak SC, Kim TW, Kim KS, Song
JC, Kim SK, Lee HM, Sung HJ, Park HJ,
Song YB, Yoo ES, Lee CH, Rhee MH.
Radical scavenging and anti-inflammatory
activity of extracts from Opuntia humifusa.
Raf. J Pharm Pharmacol. 2006; 58: 113-119.
[34] Candan F, Sokmen A. Effects of Rhus
coriaria L. (Anacardiaceae) on lipid
peroxidation and free radical scavenging
activity. Phytother Res. 2004; 18(1): 84-86.
[35] Ozcan M, Akgul A. Antioxidant activity of
extracts and essential oils from turkish spices
on sunflower oil. Acta Aliment Hung. 1995;
24: 81-90.
[36] Ozcan M. Effect of sumach (Rhus coriaria
L.) extracts on the oxidative stability of
peanut oil. J Med Food. 2003; 6: 63-66.

54

[37] Zargham H, Zargham R. Tannin extracted
from Sumac inhibits vascular smooth muscle
cell migration. McGill J Med. 2008; 11(2):
119-123.
[38] Harimaya K, Tanaka K, Matsumoto Y, Sato
H, Matsuda S, Iwamoto Y. Antioxidants
inhibit TNF alpha-induced motility and
invasion of human osteosarcoma cells:
possible involvement of NF kappa B
activation. Clin Exp Metastasis. 2000; 18:
121-129.
[39] Yasunari K, Kohno M, Kano H, Yokokawa
K, Minami M, Yoshikawa J. Antioxidants
improve impaired insulin-mediated glucose
uptake and prevent migration and
proliferation of cultured rabbit coronary
smooth muscle cells induced by high
glucose. Circulation. 1999; 99: 1370-1378.

RJP 1(3), 2014: 47-54

