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ABSTRACT

Background: Nosocomial infections are considered as the important parts of the
treatment challenges in hospitals. The genus Artemisia is widely distributed in Iran.
Their species produce antibacterial, antiviral, and antifungal compounds belonging
to different groups including phenols, terpenoids, sterols and polyacetylenes. The
purpose of the present study is to investigate the in vitro effects of different
hydroethanolic extracts of Artemisia species against bacterial strains in nosocomial
infection.

Methods: 12 different extracts, including 50% and 70% hydroethanolic extracts
were prepared from the aerial parts of Artemisia ciniformis, A. turanica, A.
kopetdaghensis, A. khorasanica, A. vulgaris, and A. sieberi. The winterization of the
extracts produced corresponding defatted extracts. The minimum inhibitory
concentration (MIC) values of the extracts against the bacterial strains
Staphylococcus aureus, Streptococcus pyogenes, Acinetobacter sp., Pseudomonas
aeruginosa, Enterococcus faecalis, Staphylococus epidermidis, Micrococcus luteus,
Klebsiella pneumoniae and Escherichia coli were measured using the microdilution
broth method. Total phenolic contents were determined by the Folin-Ciocalteu
method.

Results: Among the extracts analyzed in this experiment, the lowest MIC value was
observed for the 50% hydroethanolic extract of A. turanica (0.25 mg/ml) against S.
epidermidis. The largest range of bacterial sensitivity (6 strains) was related to the
50% hydroethanolic extracts of A. turanica (defatted and non-defatted) and A.
kopetdaghensis (defatted). The growth of S. epidermidis was inhibited by all of the
extracts. The highest total phenolic content and yield of extraction were recorded for
70% hydroethanolic extract of A. sieberi and 50% hydroethanolic extract of A.
ciniformis, respectively.

Conclusion: The 50% hydroethanolic extract of A. turanica was superior to the
other extracts in terms of the in vitro antibacterial spectrum and selective potency. A.
turanica and A. kopetdaghensis are probably suitable choices for further
phytochemical and antibacterial investigations.
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Extended Abstract

Background: Nosocomial infections - which
were absent at the time of admission- occur in
patients receiving medical care in hospitals or
other healthcare facilities. These infections
can appear during the patient's presence in the
hospital or even after his / her discharge.
Increases in  hospitalization, long-term
disability, mortality rate, antimicrobial
resistance in the patients and socio-economic
problems are other consequences of hospital
infections. Artemisia L. (Astraceae) is a large,
heterogeneous and worldwide distributed
genus. These species are annual, biennial and
perennial plants or small shrubs. Thirty-four
species of the genus Artemisia are found in
Iran, two of which are endemic. These
species produce different classes of secondary
metabolites such as phenolic compounds,
terpenoids, steroids and polyacetylenes. A
wide range of biological activities such as
antibacterial, antiviral, anti-inflammatory and
cytotoxic effects of these phytochemicals
have been reported. Most of the previous
antibacterial studies on Iranian flora have
focused on the effects of volatile oils. The
purpose of the present study is to compare the
in vitro activities of 24  different
hydroethanolic extracts obtained from six
Artemisia species against nine nosocomial
bacterial strains.

Methods: The aerial parts of Artemisia
ciniformis Krasch. & M. Pop. Ex Poljak, A.
turanica Krasch., A. kopetdaghensis Krasch.
M. Pop. & Lincz. ex Poljak., A. khorasanica
Podl., A. vulgaris L., and A. sieberi Besser
were collected from natural habitats in
northeastern Iran. The plant materials were
shade dried at room temperature, finely
ground and extracted by maceration method.
Two types of hydroethanolic solvents with
different ratios of water: ethanol (1:1 and 3:7)
were used in the extraction procedures. 50
grams of each herb were separately added to
500 mL of 50% hydroethanolic solvent and
the mixtures were left at room temperature
for 24 hours. Then the extracts were filtered
under reduced pressure. The extraction
procedure was repeated on the remaining

plant material using fresh solvent in 48 and
72 hours, respectively. The filtered 50%
hydroethanolic extracts of each plant species
were mixed and concentrated under reduced
pressure using a rotary evaporator at 45 °C. A
similar sequential maceration procedure using
50 grams of finely ground plant materials
with 3 x 500 mL of 70% hydroethanolic
solvent was used in 24, 48 and 72 hours,
respectively. The filtered 70% hydroethanolic
extracts of each plant species were mixed and
concentrated as it was mentioned above.
Then, all the concentrated 50% and 70%
hydroethanolic extracts were frozen and
lyophilized. The winterization of a portion (1
g) of all the hydroethanolic extracts produced
corresponding  defatted  extracts.  The
extraction yield was calculated as g of dry
residue per 100 g of dry plant mass. Total
phenolic contents of 24 extracts were
determined by the Folin—Ciocalteu’s
colorimetric assay and the results were
expressed as mg gallic acid equivalents
(GAE) per one gram of each dried extract,
using a standard curve. The minimum
inhibitory concentration (MIC) values of the
extracts against the bacterial strains
Staphylococcus  aureus,  Streptococcus
pyogenes, Acinetobacter sp., Pseudomonas
aeruginosa, Enterococcus faecalis,
Staphylococus  epidermidis, Micrococcus
luteus, Klebsiella pneumoniae  and
Escherichia coli were separately measured
using the microdilution broth method.
Experiments were performed in triplicate,
data analysis was done using SAS software
and graphs were drawn using Excel software.
Means were statistically compared using
Duncan's multi-range test at the 5%
probability level.

Results: The highest yield of extraction
(33.08%) was observed for the 50%
hydroethanolic extract of A. ciniformis,
followed by the 70% hydroethanolic extract
of this plant species (29.64%). The least
weight loss after winterization (20%) was
also calculated in the latter extract of A.
ciniformis. The lowest yield of the extraction
was related to the deffated 50%
hydroethanolic extract of A. khorasanica
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(12.14%). The highest total phenolic content
(136.18+4.4 mg GAE/g of dried extract) was
recorded for the 70% hydroethanolic extract
of A. sieberi, while the lowest total phenolic
content (76.19 +2.3 GAE/g of dried extract)
was calculated for the 70% hydroethanolic
extract of A. ciniformis. The results of the
microdilution broth method showed that six
strains of bacteria, including Acinetobacter,
M. luteus, S. epidermidis, S. aureus, P.
aeruginosa, and S. pyogenes were sensitive to
at least one of the extracts in the
concentration range of 0.25-2 mg/ml. The
lowest MIC value (0.25 mg/ml) was observed
for the 50% hydroethanolic extract of A.
turanica against S. epidermidis, followed by
the same extract of A. ciniformis (0.5 mg/ml)
against M. luteus. The largest range of
bacterial sensitivity (6 strains of S. pyogenes,
S. epidermidis, P. aeruginosa, M. luteus, S.
aureus and Acinetobacter) was related to
three extracts: the 50% hydroethanolic
extracts of A. turanica and A. kopetdaghensis
and the defatted 50% hydroethanolic extract
of A. turanica. The growth of S. epidermidis
was inhibited by all of the extracts. The
growth of three other bacterial strains (E.
faecalis, K. pneumoniae and E. coli) was not
inhibited by any of the 24 extracts.

Conclusion: In a general view, 50%
hydroethanolic extracts had more inhibitory

effects (48 cases of MIC values recorded)
against the bacteria used in this research,
compared to 70% hydroethanolic extracts (40
cases of MIC values recorded). Also, in this
study, 39 cases of MIC values were recorded
for the extracts before winterization; while
the number of recorded MIC values increased
to 49 after the aforementioned procedure.
Therefore, it can be concluded that the
antimicrobial compounds extracted from
these plant species have better solubility in
more polar solvents. There are also cases that
are contrary to the general trend, which are
undoubtedly caused by the phytochemical
content differences of these species. In the
present study, the 70% hydroethanolic extract
of A. sieberi had the highest content of total
phenolics; but none of the broadest or most
powerful antibacterial effects were seen in
this extract. Also, the strongest effect against
Micrococcus luteus was recorded for an
extract (50% hydroethanolic extract of A.
ciniformis) with a low phenolic content. So,
the total phenolic content is not the only
determining factor in the ability of the plant
extracts to exert antibacterial effects. This is
consistent with the reported antimicrobial
effects of other phytochemicals in the
previous studies.
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