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ABSTRACT

Medicinal plant can be considered as a great source of new antimicrobial agents due to their enormous therapeutic potential and limited
side effects. Nettle (Urtica dioica L.) is a widespread and common medicinal plant widely used in traditional medicine. The present
study investigates the antimicrobial potency of alcoholic and aqueous extracts of Urtica dioica on some gram positive and negative
bacteria and also a particular type of fungi and analyzes the extracts to find the active ingredients by gas chromatography-mass
spectroscopy (GC-MS) method. Results from disc diffusion assay indicated that water extract of root, leaf and stalk had the highest
antimicrobial activity respectively and caused significant inhibition zones in P. vulgaris, L. monocytogenes and K. pneumoniae cultures.
Antimicrobial efficacy of ethanol extracts was higher in root extract which caused high growth inhibition zones in P. vulgaris, K.
pneumoniae and S. aureus cultures. MBC and MIC experiments of the ethanol extract illustrated that the most powerful antimicrobial
effect was related to the stem organ extract on K. pnuomonae and S. aureus bacteria. Highest level of antibacterial effects in root can be
due to its higher concentration of contents compared to other organs. Based on these results it can be suggested that Urtica dioica and its
water and ethanol extracts have noticeable antimicrobial effects against gram negative, positive and Candida albicans fungi that may be
applicable as a prophylactic or therpeutic antimicrobial agent in both human and animals.
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INTRODUCTION

Continuous appearance of multidrug resistant strains of bacteria and fungi adds to
the urgency of continuous research to find new and effective antibiotics.
Medicinal plant can be considered as a great source of new antimicrobial agents
due to their enormous therapeutic potential and limited side effects (Elzaawely et
al., 2005, Neves et al., 2009).

Nettle (Urtica dioica L.) is a widespread and common medicinal plant widely
used in traditional medicine. Urtica is annual and perennial herb with stinging
hairs and can be found in wide variety of locations including Northern Iran
(Modarresi-Chahardehi et al., 2012). Several species of the
genus Urtica (especially Urtica dioica, Urticaceae), are used medicinally to treat
a variety of disease. Nettle has the great potential for providing new drug leads
with new mechanisms of action (Singh et al., 2012).

Different therapeutic effects of this plant have been reported in numerous studies
including anti-inflammatory and antirheumatic (Obertreis et al., 1996,
Riehemann et al., 1999), antioxidant, antimicrobial, antiulcer, analgesic (Gulcin
et al., 2004), antiproliferative (Konrad et al., 2000) and cardiovascular (Testali
et al., 2002) effects. Nettle extracts can act as a stimulant of proliferation in
human lymphocytes (Wagner et al., 1989). Therapeutic and inhibitory effect of
nettle extract on prostatic hyperplasia has been shown in different studies
(Krzeski et al., 1993, Lichius and Muth, 1997).

On the basis of the results from the study of Gulcin et al., it is clearly indicated
that water extract of nettle has a powerful antioxidant activity against various
oxidative systems in vitro; moreover, water extract of nettle can be used as
accessible source of natural antioxidants and as a possible food supplement or in
pharmaceutical industry.

Antimicrobial activity of different fractions of various Urtica species has been
reported in several studies (Hadizadeh et al., 2009, Modarresi-Chahardehi et
al., 2012, Singh et al., 2013) which indicate the high potential of this plant in the
discovery of novel effective compounds.

220

The present study investigates the antimicrobial potency of alcoholic and aqueous
extracts of Urtica dioica and analyzes the extracts to find the active ingredients
by gas chromatography-mass spectroscopy (GC-MS) method.

MATERIALS AND METHODS
Collection of plant material

The Urtica dioica whole plants were collected freshly from Tonekabon in
Mazandaran province of Iran. Taxonomic verification was conducted in Islamic
Azad University of Tonekabon’s Herbarium by comparing with authentic
specimen.

Preparation of extract

Root, leaf and stalk of the plant were separated, cleaned and air-dried
immediately after collection in a dark room with fresh air circulation. Then all 3
parts were ground, packed separately and stored in a dark place before preparing
the extracts. To prepare aqueous extract, 500 mL of distilled water pre-heated to
80°C was added to 50 g of powdered root, leaf and stem in Erlenmeyer flasks and
incubated for 72 hours in 60°C water bath. After incubation the mixtures were
filtered using a Whatman’s No. 1 filter paper and the extracts were dried in a
rotary evaporator at 45°C. The alcoholic extract prepared with percolation
method and pre-heated 80% ethyl alcohol used as the solvent. 50g of each part
was added to the percolator and after 72 hours of incubation remaining alcohol
removed by vacuum rotary evaporator. All extracted powders dissolved in proper
solvent (distilled water for aqueous extracts and dimethyl sulfoxide (DMSO) for
alcoholic extracts) to reach the final concentrations of 0.5, 0.25, 0.125 and 0.0625
g.mL™.
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Preparation of microorganisms

Test microorganisms included Candida albicans (ATCC 10231), Staphylococcus
aureus (ATCC 6538), Proteus vulgaris (ATCC 13315), Listeria monocytogenes
(ATCC 7644) and Klebsiella pneumoniae (ATCC 1053) were obtained from
Iranian Research Organization for Science and Technology (IROST) and
cultivated in Mueller-Hinton broth over night then sub-cultured twice for
thorough recovery.

Antimicrobial activity

Antimicrobial activity of these extracts was determined by inhibition zones in
disc diffusion method on Mueller-Hinton agar culture medium followed by
evaluation of minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) in broth dilution assay. Usually, the extract
with large inhibition zone diameter and low MIC can be recognized as more
potent antimicrobial compound than that of small inhibition zone diameter and
high MIC (Semwal et al., 2009).

To perform disc diffusion assay, 30 pL of each extract was added to blank sterile
antibiotic discs (Padtan-Teb Co., Iran). The suspension of microorganisms
(1.5*%10° CFU.mL™) was added to Mueller-Hinton agar plates then 3 extract
impregnated discs were placed on each plate. Extracts were tested in triplicate
and plates were incubated for 24 hours at 37°C. To demonstrate the efficacy of
extracts, highest concentration of extracts were compared to commercial
antibiotic discs (Ampicillin (10 mg), Ceftizoxime (30 mg), Clindamycin (2mg),
Amikacin (30 mg), Gentamicin (10 mg)) as standard antimicrobial agents
(Padtan-Teb Co., Iran).

To determine minimum inhibitory concentration (MIC) for tested
microorganisms, two-fold serial dilutions from 0.5 g.mL™ extract stock solutions
were prepared and incubated for 24 hours at 37°C. Negative control contained
equal amount of culture medium and 0.5 McFarland turbidity standard solution.
Positive control included equal amount of culture medium and the extract. MIC
was defined as the lowest concentration of extract that had no visible turbidity
(optical density (OD) less than 0.05 at 660 nm).

Minimum bactericidal concentration (MBC) determination was performed after
MIC test sets. As described by Motamedi et al. 2009, a loop full of broth from
tubes which showed no visible growth was streaked on Mueller-Hinton agar
plates then incubated at 37°C for 24 hours. The lowest concentration of extract
that yielded no colonies considered as MBC.

Results were recorded and interpreted according to regulations established by
National Committee on Clinical Laboratory Standards (NCCLS) (Rex, 2008).

Table 1 Means of inhibition zones of bacterial growth (mm)

Chemical analysis of extracts

The chemical composition of alcoholic extract was analyzed by gas
chromatography — mass spectrometry (GC-MS). The chromatograph instrument
(Agilent 6890 UK) was equipped with an HP-5MS capillary column (30 x 0.25
mm ID x 0.25 mm film thickness) and the data were taken under the following
conditions: initial temperature 50°C, temperature ramp 5°C.min, 240°C.min to
300°C (holding for 3 min), and injector temperature at 290°C. The carrier gas
was helium and the split ratio was 0.8 mL™/min. For confirmation of analysis
results, EO was also analyzed by gas chromatography—mass spectrometry
(Agilent 6890 gas chromatograph equipped with an Agilent 5973 mass-selective
detector; Agilent UK) and the same capillary column and analytical conditions as
above. The MS was run in electron-ionization mode with ionization energy of 70
ev.

RESULTS

The GC/MS analysis of S.striata alcoholic extract disclosed 20 components
which the most important ones include 5 mixtures such as Neophytadiene
(25.21%), Phthalic acid (8.15%), Dibutyl phthalate (7.37%), 1,2-Benzenedithiol
(7.62%) and Bis (2-ethyl) maleate (32.6%). Besides, Root had the highest level of
these contents among different organs.

In general, water extracts showed more antimicrobial potency compared to
ethanol extracts. Results from disc diffusion assay indicated that water extract of
root, leaf and stalk had the highest antimicrobial activity respectively and caused
significant inhibition zones in P. vulgaris, L. monocytogenes and K. pneumoniae
cultures Antimicrobial efficacy of ethanol extracts was higher in root extract
which caused high growth inhibition zones in P. vulgaris, K. pneumoniae and S.
aureus cultures (Table 1). Antimicrobial susceptibility results according to
standard antibiotic discs are shown in Table 2.

The lowest MIC and MBC values in water extracts were observed in leaf extract
on C. albicans and extract of root and stem on K. pneumoniae. Water extract of
stalk showed highest MIC and MBC values on P. vulgaris culture. In addition,
ethanol extracts revealed the least MIC and MBC values in root extract on P.
vulgaris, K. pneumoniae and S. aureus culture and highest values were from stalk
extract on L. monocytogenes (Table 3).

Microorganisms

Concentration C. albicans

S. aureus

K. pneumoniae P. vulgaris L. monocytogenes

Type Section i -mLJ;

0.5 175 17 13.5 135 17
Leaf 0.25 16 16 115 115 15.5
0.125 135 15 10 10.5 14.5
- 0.0625 11 12 8.5 8.5 12
8 0.5 135 17.5 17 11 11
= Stem 0.25 115 16.5 145 95 10
5 0.125 95 15 11.5 8 9
g 0.0625 8.5 14 10 7 7
0.5 13 14.5 275 215 17.5
Root 0.25 11 13 24 19.5 12.5
0.125 95 115 20 15 10
0.0625 8 9.5 17.5 12 8.5
05 10 10.5 10 115 115
Leaf 0.25 9 8.5 9.5 95 10.5
0.125 75 75 8 8 8
= 0.0625 7 7 7 7 7
£ 05 14 13 12.5 11 10
o 0.25 125 12 10 9 95
— Stem
S 0.125 10.5 10 9 75 75
g 0.0625 8.5 9.5 75 7 7
w 0.5 125 15 15 15 135
Root 0.25 10.5 14 12.5 12.5 11.5
0.125 10 12.5 10 10.5 95
0.0625 8 11 8 8.5 8
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Table 2 Antimicrobial susceptibility of microorganisms toward different extracts (0.5 g.mL™) compared to standard inhibition zones of

different antibiotics. S: Sensitive; I: Intermediate; R: Resistant

Microorganisms Ampicillin

Section (10mg)

Type

C. albicans

Ceftizoxime
(30mg)

Antibiotics
Amikacin
(30mg)

Gentamicin
(10mg)

Clindamycin
(2mg)

S. aureus

Leaf K. pneumoniae

P. vulgaris

L. monocytogenes

. albicans

. aureus

Stem . pneumoniae

. vulgaris

Water Extract

. monocytogenes

. albicans

. aureus

Root . pneumoniae

. vulgaris

. monocytogenes

. albicans

Leaf . pneumoniae

. vulgaris

. monocytogenes

. albicans

. aureus

Stem . pneumoniae

. vulgaris

Ethanol Extract

. monocytogenes

. albicans

. aureus

C
S
K
P
L
C
S
K
P
L
C
S. aureus
K
P
L
C
S
K
P
L
C
S
K

Root . pneumoniae

NN —|O|0(——|V|D|D|T[D[D[(V|NVIV—=(TD|NVOBIVINININVIONV

—|—|—|70|0|0|D|D|D|O|W|OV|D|D|—|N|n|D|D|D|D|—|—|D|—|D|D|—|—
—|=—|—|[70|70|70| V| DDV |D|T|D|N|N[WN|TD|T|D|D|NWN[T(N|T|D|N[(N
—|=|—[||V|V|V|D[D[T|T|T|D|N[N[WN|TD|T|TD|D|NWN[T(N|T|D|N[(N
N W|O|DD[D[—|—|D|D|D(D[DN|N|V|——[D[T|N|V|—|V|——|n

P. vulgaris
L

. monocytogenes | R

Table 3 Minimum inhibitory concentration (MIC) and Minimum bactericidal concentration (MBC) values (g.mL™)

Microorganisms

C. albicans S. aureus K. pneumoniae P. vulgaris L. monocytogenes

Tzee Section MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

Leaf 0.004 0.0625 0.313 0.0625 0.0625 0.25 0.313 0.125 0.313 0.25

= 8 Stem 0.0156 0.125 0.313 0.125 0.0156 0.0625 0.125 0.25 0.125 0.25

§ 5 Root 0.008 0.0625 0.313 0.125 0.004 0.313 0.008 0.0625 0.0625 0.25

Leaf 0.125 0.25 0.125 0.25 0.125 0.25 0.0625 0.25 0.125 0.25

S 3 Stem 0.0156 0.125 0.0625 0.25 0.0625 0.25 0.25 0.25 0.25 0.25
© =

ﬁ % Root 0.0625 0.25 0.008 0.0625 0.0156 0.125 0.008 0.125 0.0625 0.25

DISCUSSION

In this research the antimicrobial impact of the nettle plant extract on some gram
positive and negative bacteria and also a particular type of fungi has been studied
which signified potent antimicrobial effects. Water extracts exhibited a powerful
antimicrobial effect against gram positive and negative bacteria. High sensitivity
of gram positive bacteria (S. aureus and L. monocytogenes) was obvious in all
dilutions of water extract of leaf but gram negative bacteria (P. vullgaris and K.
pneumoniae) were more susceptible to water extract of root in all dilutions. Less
antibacterial effect was visible in ethanol extract compared to water extract in
different organs of the nettle plant. The alcoholic extract of stem had the highest
effect on the gram positive bacteria. In addition, this extract caused more
antibacterial potency on gram negative bacteria and Candida albicans compared
to the extract of other organs. Higher antimicrobial efficacy of aqueous extracts
may be due to the boiling step of extracion which causes a more efficient
isolation of active ingredients. According to the Gulcin et al. (2004), Motamedi
et al. (2009) and Dar et al. (2012) water extracts of nettle have antimicrobial
activity against some microorganisms such as Staphylococcus aureus,
Escherichia coli and Candida albicans.

Based on the MIC and MBC value, the water extract of root had the good
antimicrobial effects on P. vulagaris, K. pneumoniae and C. albicans bacteria.
Also the ethanol extract of root revealed the lowest MBC and MIC value on P.
vulagaris and S. aureus bacteria. Which can be a result of higher active
ingredients content in root organ.
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Shale et al. (1999) investigated antimicrobial properties in ethanol and methanol
extracts of the stem and leaf organs of Urtica dioica against E. coli ,S. aureus and
Pseudomonas aeruginosa by disc diffusion assay and they declared that the E.
coli and P. aeruginosa were completely resistant to the nettle extract. In our
research also, all tested microorganisms were resistant to the alcoholic extract of
the nettle stem. A study by Kukri¢ et al. (2012) revealed that higher content of
chlorophyll, carotenoids and proteins in young nettle leaves and also the extract
of nettle had inhibitory effect on various gram positive and gram-negative
bacteria including: Bacillus subtilis, Lactobacillus plantarum, Pseudomonas
aeruginosa, and Escherichia coli.

Palic et al. (2002), declared that plants containing Neophytadies have
antibacterial activity. Lalitharani et al. (2010), reported that the neophytadiene
compounds which has antibacterial activity is suitable for treatment of some skin
diseases. Roy et al. (2010) reported Aromatic compounds including carboxylic
acid and ester in the nettle plant have the same effects as neophytadiene
compounds.

Many fatty acids have antibacterial and antifungal properties (Russell, 1991). Li
et al. (2004) reported fatty acids including dibutyl Ester Bis (2-ethyl hexyl)
Maleat, Phatalic acid and 1, 2-benzendi carboxylic acid, which are present in ur
extracts, have antiseptic and antimicrobial activities.

It has been suggested that ethyl acetate, hexane and chloroform extracts showed
higher antimicrobial activity than the other crude extracts. For example, ethyl
acetate extract showed the highest growth inhibition against B. cereus,
methicillin resistant Staphyloccocus aureus and Vibrio parahaemolyticus




J Microbiol Biotech Food Sci / Mahmoudi et al. 2014/15 : 4 (3) 220-224

(Modarresi-Chahardehi et al., 2012). Terpens and phenols of nettle are one of
the major groups associated with the inhibition of microbial infections and
cancers and also, terpens improves the treatment of headache, rheumatism and
some skin diseases (Dar et al., 2012, Lalitharani et al., 2010, Taylor et al.,
1996). Phenols also have been reported to be associated with the inhibition of
atherosclerosis and cancer, as well as age-related degenerative brain disorders
(Cheung et al., 2003, Wang et al., 2009). Phenols probably play a synergistic
role toward other components (Singh et al., 2012). The study of Ghaima et al.
(2013) revealed that ethyl acetate extract of nettle had obvious antibacterial and
antioxidant activities and it was more effective on all bacterial isolates such as
Aeromonas hydrophila, Salmonella typhi, Staphylococcus aureus, Bacillus
cereus, Escherichia coli with highest inhibition zone towards B. cereus but A
hydrophila was more resistant than other bacteria. This bacterial inhibition may
be due to high phenolic content. Moreover, phytochemical qualitative screening
exhibited flavonoid, glycosides and phenols were present in nettle and presence
of active compounds such as alkaloids, tannins and terpenoids in nettle was
verified (Ahmed et al., 2012). On the contrary, some studies revealed that the
ethanol extract of nettle leaves did not inhibit the growth of E. coli which was
assumed to be a result of outer membrane of cell wall of gram negative bacteria
acting as barrier to many substances including antibiotics and caused high
resistant to plant extracts (Marino et al., 2001, Sanchez et al., 2009).

Extraction method of active ingredients, the plant type, the geographical and
ecological status, climate, seasonal and experimental conditions, the age of plant,
environmental stresses on the plant, and the inter species differences are effective
on the amount and the type of the effective plant chemicals and it is reason of
diversities in different studies (Otles and Yalcin, 2012, Ozkan et al., 2011,
Pourmorad et al., 2006). Different antimicrobial properties of alcoholic and
aqueous extract might be the result of isolation of different compounds in
different solvents and also different extraction efficiencies and possible chemical
degradations by polar and non-polar solvents.

Higher Antimicrobial activity of aqueous extract from stem compared to standard
Antibiotics (Gentamycin, Ampicillin, Ceftizoxim, Amikacin, and Clindamycin),
shows that these extracts have the potential to be used as efficient and strong
antibiotic.

In addition, urtica dioca water extract is very rich with various salts, especially
with magnesium. Also, some apolar extracts (chloroform, benzene, ethyl acetate)
are very rich with sterols (which are very good for hair; most of shampoos
contains extract of urtica dioca; reason is vasodilatator activity of sterols in
combination with various salts).

With regards to the fact that nettle plant has growing ability in diverse and rough
environmental conditions, industrial scale propagation of this plant is practical
and economical. Also by choosing the species with more active ingredients, it is
possible to obtain suitable proficiency from this plant.

CONCLUSION

Based on these results it can be suggested that Urtica dioica and its water and
ethanol extracts have noticeable antimicrobial effects against the gram negative,
positive and Candida albicans fungi and it is an interesting source of
biologically active compounds and have the potential for being used in
controlling and treating infections caused by some bacterial species that may be
applied for prophylaxis and therapy, in both humans and animals.
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