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Abstract

In this study, the ethanolic extracts were prepared from the roots and aerial parts of Geranium
pyrenaicum growing in Turkey, their antibacterial and antifungal effects were tested using
microdilution method in vitro and compared with the herbal drug that contains Pelargonium sidoides
and P. reniforme root extract.

In our study, G. pyreniacum has been found to have antibacterial and antifungal activities, which
are similar to those of the herbal drug that contains P. sidoides and P. reniforme root extract.
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Geranium pyrenaicum’un Antibakteriyal ve Antifungal Etkilerinin
Degerlendirilmesi
Bu ¢alismada; Tiirkive 'de yetisen Geranium pyrenaicum 'un kok ve herbasindan etanol ekstreleri
hazirlanmis, antibakteriyel ve antifungal etkileri in vitro mikrodiliisyon metodu kullanilarak test edilmis

ve Pelargonium sidoides ve Pelargonium reniforme kok ekstresi iceren bitkisel ilaglar ile
kiyaslanmistir.

Calismamizda, G. pyrenaicum’un P. sidoides ve P. reniforme kok ekstresi iceren bitkisel
ilaglardakine benzer antibakterivel ve antifungal etkilere sahip oldugu bulunmustur.

Anahtar kelimeler: Geranium pyrenaicum, Geraniaceae, Pelargonium, Antibakteriyel, Antifungal
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INTRODUCTION

Geranium (Cranesbil) species (Geraniaceae) are known as “Turnagagasi” in Turkish and the
acrial parts of the plant are used as antidiarrheic, diuretic, tonic, hemostatic, stomachic, and
antidiabetic (1). Although Geranium and Pelargonium belong to different genera of
Geraniaceae family, they are often confused because of their morphological similarity. Species
which belong to these two genera contain similar chemical constituents and their biological
effects in the literature are also very similar (1-5). Pelargonium species including; P.
antidysentericum, P. rapaceum, P. triste, P. reniforme and P. sidoides, which are well
documented in some traditional medicine. The species of P. reniforme and P. sidoides have
been reported with antituberculosis activity and their potentials as a remedy for ear, nose and
throat disorders as well as respiratory tract infections. Following the well-documented
therapeutic benefits in these conditions, a modern formulation, EPss 7630, has been ¢laborated
from the traditional herbal medicine and successfully introduced in modermn phytotherapy
(Umckaloabos, marketed by Spitzner Arzneimittel, Ettlingen, Germany) (6-8). Although
accumulating evidence suggests P. sidoides to form the origin of the popular traditional herbal
medicine (9), commonly termed “umckaloabo™, it is most likely that some medicinal records
apply to mixtures prepared from both species. This and the earlier taxonomic ambiguity
prompted a parallel study on the pharmacological profile of botanically defined plant material of
the titled Pelargonium species in order to provide a rationale for the therapeutic activity, which
has been demonstrated in a number of clinical studies (10-15). The claimed curative effects
related to hepatic disorders may tentatively be explicable on the basis of the radical scavenging
activities of the broad range of phenolic compounds. Flavonoids and hydrolysable tannins
isolated from P. reniforme showed marked antioxidant effects using a DPPH radical-generating
system and a luminal-dependent chemiluminescence assay (16). Despite of the documented
information on the medicinal use of the species, there is little information on its antibacterial,
antifungal and antiviral activitics. The samples exhibited merely moderate direct antibacterial
capabilitics against a spectrum of gram-positive and gram-negative bacteria. Along with the
appearance of resistance of bacteria and viruses to chemotherapeutic agents, the search for
microbial inhibition for plant origin becomes a promising approach in the development of new
drugs. A considerably number of extracts and pure substances have shown antimicrobial and
antiviral activities (17). It is reported that in vifro antimicrobial screening has provided the
preliminary observation necessary to select among crude plant extracts, those with potentially
useful properties for further chemical and pharmacological investigations (18).

In the present study, the root and aecrial extracts of G. pyrenaicum were tested against
standard and isolated strains of Escherichia coli, Pseudomonas aeruginosa, Proteus mirabilis,
Klebsiella pneumoniae, Acinetobacter baumannii, Staphylococcus aureus, and Enterococcus
faecalis for the determination of antibacterial activity, as well as against C. albicans and C.
parapsilosis for establishing antifungal activity.

EXPERIMENTAL

Plant material

G. pyrenaicum was collected from Kargasekmez locality, 5 km to Kizilcahamam , Ankara
in May, 2007. The dried parts of the whole plant were grounded separately into root and aerial
parts. Voucher specimens are deposited in the Herbarium of Gazi
University, Faculty of Pharmacy (GUE 2590).
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Microbiological studies
Test materials

The water and ethanol extracts of the root and herba of G. pyrenaicum were dissolved in
dimethylsulphoxide (DMSO) solution at a final concentration of 128 pg mL™" and sterilized by
filtration using 0.22 um Millipore (MA 01730, USA) and used as the stock solutions.

Reference antibacterial agents of ampicillin (AMP, Faco), ofloxacin (OFX, Hoechst Marion
Roussel), levofloxacin (LVX, Faco) as well as reference antifungal agents of ketoconazole
(KET, Bilim) and fluconazole (FLU, Pfizer) were obtained from their respective manufacturers
and dissolved in phosphate buffer solution (ampicillin, pH: 8.0; 0.1 mol mL"), DMSO
(ketoconazole), or in water (fluconazole, ofloxocin, levofloxacin). The stock solutions of the
agents were prepared in medium according to the Clinical and Laboratory Standards Institute
(CLSD) (19).

Microorganisms and inoculum preparation

Antibacterial activity test was carried out against standard (ATCC; American type culture
collection, RSKK; Culture collection of Refik Saydam Central Hygiene Institute) and isolated
(clinical isolate and obtained from Department of Microbiology, Faculty of Medicine, Gazi
University), gram-negative strains; Fscherichia coli ATCC 35218, Pseudomonas aeruginosa
ATCC 10145, Proteus mirabilis ATCC 7002, Klebsiella pneumoniae RSKK 574 Acinetobacter
baumannii RSKK 02026, and as standard and isolated gram-positive strains Staphylococcus
aureus ATCC 25923, and Enterococcus faecalis ATCC 29212 were used for the determination
of antibacterial activity. Candida albicans ATCC 10231 and C. parapsilosis ATCC 22019 were
used for the determination of antifungal activity. Mueller Hinton Broth (MHB; Difco) and
Mueller Hinton Agar (MHA; Oxoid) were applied for growing and diluting of the bacteria
suspensions. The synthetic medium RPMI-1640 with L-glutamine was buffered to pH: 7 with 3-
[V-morpholino]-propansulfonic acid (MOPS) and culture suspensions were prepared through
the guideline of CLSI (20). The microorganism suspensions used for inoculation were prepared
at 10° CFU (colony forming unite mL") by diluting fresh cultures at McFarland 0.5 density (10°
CFU mL™). Suspensions of bacteria and fungi were added in each well of the diluted extracts,
density of 10° CFU/ mL for fungi, and for bacteria. The bacterial suspensions used for
inoculation were prepared at 10°CFU mL™" by diluting fresh cultures at McFarland 0.5 density
(10° CFU/mL). The fungi suspension was prepared by the spectrophotometric method of
inoculum preparation at a final culture suspension of 2.5x10> CFU/mL (19).

Antibacterial and antifungal tests

The microdilution method was employed for antibacterial and antifungal activity tests.
Media were placed into each 96 wells of the microplates. Extract solutions at 256 pg/ mL were
added into first rows of microplates and two fold dilutions of the compounds (128-0.0312 pg/
mL) were made by dispensing the solutions to the remaining wells. 10ul culture suspensions
were inoculated into all the wells. The sealed microplates were incubated at 35°C for 24 h and
48 h in humid chamber. The lowest concentration of the extracts that completely inhibit
macroscopic growth was determined and minimum inhibitory concentrations (MICs) were
reported (21, 22, 23).

RESULTS AND DISCUSSION

As seen in Table 1, the extracts of root and herba of G. pyrenaicum have shown more
antibacterial activity against gram-positive bacteria (Staphylococcus aureus, Enterococcus
faecalis, Bacillus subtilis), than gram-negative (Escherichia coli, Pseudomonas aeruginosa,
Proteus mirabilis, Klebsiella pneumonia, Acinetobacter baumannii) ones. Moreover, all the
extracts screened herein have exerted a better inhibitory effect towards ATCC strains used as a
control (extracts of Pelargonium sidoides & P. reniforme, ampicilline, ofloxacin, levofloxacin)
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Table 1. Antimicrobial activity of Geranium extracts and references expressed as minimum

Microorganisms
E. coli P. aeruginosa Pmirabilis K. pne 1 A. ba i S. aureus E. faecalis B. subtilis C. C.
albicans  parapsilosis
ATCC  Isolated ATCC Isolated ATCC Isolated RSKK Isolated RSKK Isolated ATCC Isolated ATCC Isolated ATCC Isolated ATCC ATCC
35218 strain 10145 strain 7002 strain 574 Strain 02026 strain 25923 strain 29212 strain 6633 strain 10231 22019
Extracts
Root extract of 32 64 32 128 32 64 32 64 32 64 8 32 8 32 32 64 8 g
G. pyrenaicum
Herba extractof 5, 64 2 128 32 64 32 64 32 64 8 32 8 R 32 64 8
G. pyrenaicum 8
U 16 64 32 64 16 32 16 32 16 32 8 16 8 16 16 64 2 2
AMP 2 64 - - 2 4 2 4 2 4 0.12 8 0.5 1 0.12 2 - -
OFX 012 1 1 4 0.12 1 0.12 1 0.12 2 0.5 4 1 2 1 1 - -
LVX 012 0.25 1 2 0.12 1 0.12 1 0.12 2 0.5 4 0.5 2 0.5 1 - -
KET h - - - - - - - - - - - - - - - 1 1
FLU - - - - - - - - - - - - - - - - 4 4

U: Extracts of Pelargonium sidoides and P. reniforme ; AMP: ampicilline; OFX: ofloxacin; LVX: levofloxacin KET:
ketoconazole; FLU: Fluconazole; -: No activity observed.
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than the isolates strains. No significant differences were evident between the extracts regarding
the antibacterial activity.

Among tested samples, significant antibacterial activities were found at 8-32 pg/mL;
minimum inhibitory concentrations (MICs) against S. qureus and E. faecalis. Additionally,
lower antibacterial effects were seen against 5. subtilis at MICs values of 32-64pg/mL.

Similarly, in one study reported by Uzun et. al (24), the petroleum cther extract from G.
asphodeloides was shown an antibacterial activity against S. epidermidis at a MICs of 78.1 ug/
mL, while they were shown antibacterial activity against S. aureus at 312.5 pg/mL MIC, which
were determined by using iz vifro microdilution method. In another study, it was reported that
the polyphenol extract of G. sanguineum had antibacterial activity against S. aureus (1000 pg/
mL) and antifungal activity against C. albicans (125 pg/mL) by disc diffusion method (25).

In our study, the samples of root and the herba from G. pyrenaicum, which were shown
antibacterial activity (32-64 ug/mL; MICs) against gram-negative bacteria, they were also
shown significant antibacterial activity (64 pg/mL; MICs) against . coli as compared with a
control extracts of Pelargonium sidoides and P. reniforme.

Their antifungal activities were determined at 8 pg/mL MICs against both of C. albicans
and C. parapsilosis. Also, it is reported that the essential oils from Geranium were demonstrated
antibacterial activity using disc diffusion method against gram-positive (S. aureus, B. subtilis)
and gram-negative (K. ppeumoniae, P. vulgaris, and E. coli) bacteria at concentrations ranges of
>12.8-1.6 pg/mL, >12.8-0.8 pg/mL, respectively (26).

Antibacterial activity of the extracts and isolated constitutes of Pelargonium sidoides and
P. reniforme was evaluated with microdilution technique by Kayser et. al (27). Antibacterial
activity was reported against gram-positive (S. aureus, S. pneumoniae, B-Hemolitic
Streptococci) and gram-negative (£. coli, K. pneumoniae, P. mirabilis, P. aeruginosa, H.
influenza) bacteria at 5-7.5 ng/mL MIC ranges. It is also reported that no significant differences
were evident between P. sidoides and P. reniforme extracts regarding the antibacterial activity.

Lewu et. al (18) investigated in acetone and methanol extracts of the shoot and root the
Pelargonium sidoides by the dilution method on the solid agar medium. It is reported higher
antibacterial activity against gram-positive bacteria (S. aureus, B. subtilis, S. epidermidis, S.
pyogenes, M. kristinae) that gram-negative (S. sonnei, K. pneumoniae) bacteria at MIC value of
1-5 pg/mL. However, it is reported that no antibacterial activity was observed at tested
concentrations ranges (0.1-10 mg/mL) against some of tested Gram negative bacteria (E. coli, S.
marcescens ve P. aeruginosa).

In many studies, different biological activities have been reported in Geranium species
such as antiviral activity, anti-protozoal activity, TNF-a releasing inhibitors effect, antioxidant
properties, immunomodulatory activities, antinociceptive and anti-inflammatory activities (28-
40). In one of them, it is reported that the root extract from P. sidoides have anti-adhesive
activity against Helicobacter pylori and could therefore be a useful choice to avoid the first step
of a bacterial infection (39). In another study, antibacterial properties of the aqueous and
methanolic extracts of G. mexicanum (aerial parts) were tested against Escherichia coli and
Shigella sonnei as enteropathogens and the result showed the highest antibacterial activity
against S. sonnei with MIC values ranging from 1 to 4 ng/mL (35). The effects of essential oils
on methicillin-resistant S. aureus (MRSA) were studied in Geranium using a dressing model by
Edward-Jones et al. (37), as a result, the most effective of the tested oils against MRSA was
reported in vapor phase. In conclusion, this is the first report showing that the antibacterial and
antifungal activities of the extracts prepared from the root and aerial parts of G. pyrenaicum.
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