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Abstract

This study investigates the antimicrobial activity of Salvia rosmarinus Spenn. cultivated under the
conditions of the Absheron peninsula against pathogens associated with scalp dermatoses. The
relevance of the research is driven by the high prevalence of these conditions and the increasing
antimicrobial resistance of pathogens.

The aim of the study was to comparatively evaluate the antimicrobial activity of essential oil and
hydroalcoholic extracts obtained from aerial and underground parts of the plant. Clinical isolates from
78 patients, along with reference strains Staphylococcus aureus ATCC 29213 and Candida albicans
ATCC 10231, were used. Antimicrobial activity was assessed using the disk diffusion method and
determination of minimum inhibitory concentration (MIC).

The essential olil, rich in 1,8-cineole and a-pinene, demonstrated the highest antimicrobial activity (MIC
0.5-1.25%). Aerial part extracts showed moderate activity, while root extracts exhibited weak effects.
Similar patterns were observed against dermatophytes and yeast-like fungi.

The obtained data confirm the potential of using the essential oil of Salvia rosmarinus Spenn. in the
development of phytotherapeutic agents for the treatment of infectious dermatoses of the scalp.
Keywords: Salvia rosmarinus Spenn, rosemary, antimicrobial activity, essential oil, scalp dermatoses,
dermatophytes, phytotherapy

INTRODUCTION Salvia rosmarinus Spenn. (synonym:
Investigations into the phytochemical Rosmarinus officinalis L.) is an evergreen
composition of Salvia rosmarinus Spenn. aromatic shrub of the family Lamiaceae,
have demonstrated that different plant widely recognized as an essential oil-
organs, including the roots, contribute to the bearing plant. Under the conditions of the
formation of a unified phytocomplex with a Absheron peninsula, it reaches a height of
broad spectrum of biological activity. 1.5-2.0 m. Its leaves are linear and
Moreover, comprehensive processing of leathery, with prominent essential oil
the entire rosemary biomass is regarded as glands. Flowering occurs in May—-June and
a promising strategy for obtaining lasts approximately 4-6 weeks,
biologically active compounds. corresponding to the period of maximal
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accumulation of secondary metabolites; the
flowers are light blue and arranged in false
whorls [21].

The biological activity of the essential oil of
S. rosmarinus is largely attributable to its
high content of terpene compounds, the
predominant constituents being 1,8-
cineole, a-pinene, B-pinene, a-terpinene,
linalool, sabinene, and other components
[19]. These compounds account for the
antioxidant, anti-inflammatory, and
antimicrobial properties of the plant [1, 2].

Beyond the essential oil, extracts from both
the aerial and underground parts of
rosemary are of considerable interest.
Extracts derived from the aerial organs
(leaves and stems) are characterized by a
high content of phenolic compounds, such
as rosmarinic acid, carnosic acid, and
carnosol. These compounds exhibit
pronounced antioxidant activity, inhibit lipid
peroxidation, and possess anti-
inflammatory properties [1,4]. Rosemary
leaf extracts have also been shown to
display antimicrobial activity against a
broad range of bacterial and fungal
pathogens. However, the available data
remain fragmentary and require further
systematization, particularly with regard to
the sensitivity of clinically significant
microorganisms to these phytocomponents
[20].
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Extracts from the underground part (roots)
have been investigated to a lesser extent;
nevertheless, there is evidence indicating
the presence of phenolic acids and other
secondary metabolites with antioxidant
activity [5]. These compounds are believed
to participate in plant adaptation
mechanisms under stressful conditions,
including abiotic environmental factors [6].
A number of studies have pointed to the
potential pharmacological significance of
root extracts; however, this field still
requires further investigation.

Thus, the biological activity of S.
rosmarinus is determined not only by its
essential oil, but also by a complex of
biologically active substances present in
extracts of both the aerial and underground
parts of the plant, thereby broadening its
potential applications in medicine and
pharmaceuticals.

Despite the substantial body of research
devoted to the antimicrobial properties of
the essential oil of S. rosmarinus
comparative analyses of the activity of
different plant parts (aerial and
underground) remain insufficiently
explored. Data concerning differences in
the phytochemical composition of these
parts are limited, and their influence on
antimicrobial activity against clinical strains
isolated from patients with scalp disorders
has likewise been inadequately studied.
The lack of such investigations is
particularly evident in regions with specific
climatic and environmental conditions [10].
The city of Baku, a major industrial center
of the Caspian region, is characterized by a
combination of unfavorable factors,
including a dry subtropical climate, high
wind activity, and air pollution. Together
with the stress-related effects of the urban
environment, these conditions may
contribute to impairment of the skin barrier
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and to an increased
dermatoses.
Accordingly, it appears warranted to
investigate the antimicrobial potential of the
essential oil, as well as extracts from the
aerial and underground parts of S.
rosmarinus  cultivated in the Absheron
region of Azerbaijan, against reference and
clinical  strains of  microorganisms
associated with scalp diseases. The results
obtained may contribute to the
development of novel phytotherapeutic
agents for the prevention and treatment of
these pathologies.

The aim of the study was to evaluate the
antimicrobial activity of the essential oil and
extracts from the aerial and underground
parts of S. rosmarinus against the principal
microorganisms responsible for scalp
diseases.

To achieve this aim, the following objectives
were formulated:

— to perform a comparative analysis of the
phytochemical composition of the essential
oil and the aerial and underground parts of
S. rosmarinus;

— to isolate and identify the principal
microbial strains from clinical specimens
obtained from patients with scalp diseases;
— to assess and compare the antimicrobial
activity of the essential oil and extracts of
the aerial and underground parts against
reference strains and clinical isolates;

— to determine the minimum inhibitory
concentrations (MICs) and to conduct a
comparative evaluation of the efficacy of
the different plant fractions.

MATERIALS AND METHODS

The study used aerial (leaves and shoots)
and underground (roots) organs of plants
introduced and cultivated on the Absheron
peninsula (Azerbaijan). Plant material was
collected during the flowering stage in the
Baku Dendrological Garden. The harvested

risk of scalp
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raw material was shade-dried at 25-30°C
for 10 days under natural ventilation until an
air-dry state was achieved. The dried
material was then ground in a laboratory
mill to a particle size passing through a 2
mm sieve.

The essential oil was isolated from the
aerial parts of the plant by hydrodistillation
(steam distillation) according to the
Ginzburg method.

Aqueous-alcoholic extracts were prepared
separately from the aerial and underground
parts of the plant by maceration in 70%
ethanol. The use of an aqueous-alcoholic
solvent ensured efficient extraction of a
broad range of biologically active
compounds, including phenolic
compounds, flavonoids, and organic acids.
The study included clinical specimens
obtained from 78 patients with scalp
diseases. Samples were collected by sterile
scraping of the affected skin areas and by
hair epilation using sterile instruments.
Microorganisms were identified using
microscopic, cultural, and molecular
methods. Microscopic examination was
performed with a 10-20% potassium
hydroxide (KOH) solution. Fungal isolates,
including yeasts of the genus Malassezia
and dermatophytes of the genera
Trichophyton and Microsporum, were
identified on the basis of morphological
characteristics and further confirmed by
polymerase chain reaction (PCR). Candida
albicans was identified using the germ tube
test and cultivation on chromogenic media.
Malassezia yeasts were cultured on lipid-
dependent media (Dixon agar, Leeming-
Notman agar) at 32-34°C. Standard
reference strains of Staphylococcus aureus
ATCC 29213 and C. albicans ATCC 10231
were used as control test cultures, thereby
ensuring reproducibility of the results and
comparability with international data in
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accordance with the recommendations of
the Clinical and Laboratory Standards
Institute and the European Committee on
Antimicrobial Susceptibility Testing.

Determination of antimicrobial activity.
The antimicrobial activity of the essential oil
and extracts was evaluated by the disk
diffusion method and by determination of
the minimum inhibitory concentration (MIC)
using both clinical isolates and reference
strains. Prior to testing, the samples were
dissolved in 1-5% dimethyl sulfoxide
(DMSO). For the disk diffusion assay,
microbial suspensions were standardized
to 0.5 McFarland (=1.5 x 10® CFU/mL for
bacteria and =1.0 x 10° CFU/mL for fungi)
and inoculated onto solid nutrient media
(Mueller—Hinton agar and Sabouraud
Dextrose Agar). Sterile paper disks (6 mm)
were impregnated with the test samples
and placed on the agar surface. Incubation
was carried out at 37°C for 24 h for bacteria
and at 28-30°C for 48—72 h for fungi. The
results were assessed by measuring the
diameters of growth inhibition zones (mm).
The minimum inhibitory concentration was
determined by two-fold serial dilutions in
liquid nutrient media (Mueller—Hinton broth
and Sabouraud broth). The essential oil
was pre-dissolved in DMSO to obtain a
stock solution with a concentration of 10%
(v/v). The final concentration range was
5.0-0.312% (v/v). MIC was defined as the
lowest concentration at which visible
microbial growth was completely inhibited.
Statistical analysis was performed using
GraphPad Prism software. Differences
between groups were assessed using
Student’'s t-test and were considered
statistically significant at p < 0.005.

RESULTS AND DISCUSSION:

The content of essential oil obtained from
the aerial parts of S. rosmarinus was 2.06%
of the absolute dry weight of the raw
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material, which is consistent with published
data for plants cultivated under warm
climatic conditions [22-25].

The high content of oxygenated
monoterpenes, primarily  1,8-cineole,
underlies the pronounced antimicrobial
activity of the essential oil through
disruption of microbial cell membrane

integrity and inhibition of enzymatic
systems [19, 26,29]. Water-alcohol extracts
of the aerial organs were characterized by
a higher content of phenolic compounds
(including rosmarinic acid and flavonoids),
whereas the underground  organs
contained these compounds in smaller
quantities, which determined differences in
biological activity [30-33].

The observed differences in chemical
composition may be associated with the
ecological and geographical conditions of
the Absheron peninsula, including high
insolation and an arid climate, which
influence the biosynthesis of secondary
metabolites [34-37].

The study included 78 patients with scalp
diseases (mean age 34.6 + 12.3 years),
among whom fungal infections
predominated, in agreement with current
epidemiological data [38—42]. The most
frequently identified taxa were
representatives of the genera Malassezia
(41.0%), Trichophyton (28.2%), and
Microsporum (12.8%), as well as C.
albicans (17.9%).

Polymicrobial associations were identified
in 50% of patients, most commonly
combinations of fungal and bacterial flora,
including S. aureus, indicating the complex
nature of scalp infections and the need for
an integrated therapeutic approach [38,42—
45].

The antimicrobial activity of the tested
samples was assessed against the
reference strains S. aureus ATCC 29213
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and C. albicans ATCC 10231 [46]. The
essential oil demonstrated pronounced
antimicrobial activity: the diameters of
growth inhibition zones were 25 mm for S.
aureus and 20 mm for C. albicans,
indicating high susceptibility of these
microorganisms, as reported in the
literature from 2020 to 2026. These data
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are comparable to the findings of other
studies, in which inhibition zones ranged
from 18 to 30 mm [45,47—49] (Table 1).
Extracts of the aerial organs exhibited
moderate activity, whereas extracts of the
underground organs were characterized by
weak antimicrobial effects.

Table 1. Antimicrobial activity of Salvia rosmarinus Spenn. against reference strains (disk

diffusion method)

Microorganism Essential oil Extracts - | Extracts - | DMSO
(mm) Aboveground part | Underground part
(mm) (mm)

S. aureus 22-25 15-18 10-13 5-6

ATCC 29213

C. albicans 18-20 14-17 10-12 5-6

ATCC 10231

The results obtained indicate higher Investigation of the clinical strains showed

antimicrobial activity in the aerial organs of
the plant, which is associated with
increased levels of phenolic compounds
and flavonoids possessing pronounced
antimicrobial properties [50-53].

that the essential oil exhibited the highest
activity among all samples studied. The
diameters of inhibition zones ranged from
16 to 25 mm (Table 2).

Table 2. Antimicrobial activity of Salvia rosmarinus Spenn. against clinical strains.

Microorganism Essential oil Extracts - aboveground | Extracts - belowground
(mm) part (mm) part (mm)

S.aureus 22-25 15-18 10-13

C. albicans 18-20 14-17 10-12

Malassezia spp. 18 15 11

Trichophyton spp. 16-17 13-15 10-12

Microsporum spp. 17-18 14-16 11-13
The obtained data demonstrate that To quantify antimicrobial activity, the
antimicrobial activity depends on the type of minimum inhibitory concentration (MIC)

plant material

in the following order:

essential oil > aerial parts > underground
parts. This pattern is attributable to
differences in the accumulation of
secondary metabolites in various plant
organs and is consistent with contemporary
research [54-57].
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method was employed.

The essential oil demonstrated the most
pronounced activity: the MIC was 0.5% for
S. aureus and 1.0% for C. albicans. For
dermatophytes, MIC values ranged from
0.5 to 1.25%, whereas for yeasts they were
approximately 1.25%. Extracts obtained
from the aerial parts showed moderate
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antimicrobial activity (MIC 1.0-2.5%),
whereas extracts from the underground
parts exhibited weak activity (MIC =2.0-
2.5%), which may be related to the lower
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content of biologically active compounds
and the organ-specific features of their
distribution [58—61] (Figure 1).

1 /\/'/‘
0,5

S. aureus C. albicans

=@="[Fssential oil

Trichophyton

=@— Above-ground extract

Microsporum Malassezia

Below-ground extract

Figure 1. Minimum inhibitory concentrations of Salvia rosmarinus Spenn. (MIC)

The high antimicrobial activity of the
essential oil is attributable to the presence
of monoterpenes (1,8-cineole, a-pinene),
which are capable of disrupting cell
membrane permeability and inhibiting
microbial metabolic processes [62—64].

CONCLUSION.

Thus, the findings of the present study
demonstrate that the essential oil of S.
rosmarinus cultivated in the Absheron
region exhibits pronounced antimicrobial
activity against both reference and clinical
microbial strains, whereas extracts of the
aerial parts exert a moderate effect and
those of the underground parts only a weak
effect. These data confirm the potential
applicability of the essential oil in
phytotherapeutic and dermatocosmetic
formulations intended for the treatment of
infectious and inflammatory diseases of the
scalp.
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Xilaso

Tadqgigat Abseron yarimadasi seraitinda introduksiya olunmus Salvia rosmarinus Spenn. bitkisinin sa¢
derisinin dermatozlarinin téradicilerine qarsi antimikrob aktivliyinin éyrenilmasine hasr edilmisdir. isin
aktualligl bu xastsliklerin genis yayllmasi va mikroorqanizmlarin ananavi antimikrob preparatlara qarsi
artan davamliligi ile baghdir.

Tadqgigatin magsadi Salvia rosmarinus Spenn. bitkisinin efir yagi, hamgcinin yerusti ve yeralti
hissalerinden alinmis su-spirt ekstraktlarinin antimikrob aktivliyinin mugayiseli qiymatlandiriimasi
olmusdur. Tadgiqat obyektloerini 78 pasiyentdan ayrilmis klinik mikroorganizm stammlari, elece de
Staphylococcus aureus ve Candida albicans referent kulturalari teskil etmisdir, maddalarin aktivliyi ise
disk-diffuziya Usulu ve minimal inhibsedici konsentrasiyanin (MIC) tayini metodu il
giymatlendirilmisdir.

Muayyen edilmisdir ki, tedqiq olunan efir yadi an yuksek antimikrob aktivlik géstarmisdir (MIC 0,5—
1,25%). Yerustl hissalerin ekstraktlari orta deraceds tesir gdsterdiyi halda, yeralti hissaler zaif aktivlik
nimayis etdirmisdir. Oxsar naticelor dermatofitlor ve mayayabanzar gobaslokler lGc¢lin de misahide
edilmisdir.

Olde edilmis naticaler Salvia rosmarinus Spenn. efir yaginin sa¢ darisinin infeksion dermatozlarinin
mualicasi Ugln fitoterapevtik vasitelarin hazirlanmasinda perspektivli oldugunu tesdigleyir.

Acar soézlor: Salvia rosmarinus Spenn., rozmarin, antimikrob aktivlik, efir yagi, sa¢ derisinin
dermatozlari, dermatofitler, fitoterapiya

AHTUMUKPOBHAA AKTUBHOCTb SALVIA ROSMARINUS SPENN. MUHTPOOYLUUPOBAHHOIO
B YCNOBUAX AMWEPOHA, NMPOTUB OCHOBHbIX 3TUONIOMMYECKUX BO3BYOMUTENEN
AEPMATO30B KOX>XWU rosnoBbl

laduposa X.A.", Anuesa X.M.™, Balipamosa P.C.", Mamedosa H.X. #*, Mamedosa B.B.2 Mexmues
G.E.2
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Pe3iome

WccnepoBaHne MOCBALWEHO W3YYEHUO aHTUMMKPOOHOW akTMBHOCTM Salvia rosmarinus Spenn.,
KynbTUBUPYEMOrO B YCroBusaX AMWEPOHCKOro MnoslyoCTpoBa, B OTHOWeEHWW BO3OyauTenen
AepmaTo30B  BOSIOCUCTOM 4YacTu ronoBbl. AKTyanbHOCTb paboTbl 06ycrnoBrieHa BbICOKOW
pacnpoCTPaHEHHOCTbIO AaHHbIX 3aboneBaHUn M POCTOM  YCTOMYMBOCTM MUKPOOPraHM3MoB K
TPaanLMNOHHBIM NPOTUBOMUKPOOHbBIM Npenaparam.

Llenbto nccnegoBaHnsa sIBNSNacb CpaBHUTENbHAA OLEHKA aHTUMUKPOOHOM aKTMBHOCTUM 3(OMPHOro
Macna M BOLHO-CMMPTOBbLIX 3KCTPAKTOB HAA3EMHOW WM MOA3EMHOWN 4acTen pacteHus. ObbekTamm
NCCNeAoBaHMs CryXUnm KNMHNYECKME LWTaMMbl MUKPOOPraHM3MOB, BblAeNEeHHble Y 78 naumMeHToB, a
Takke pedepeHTHble KynbTypbl Staphylococcus aureus n Candida albicans. AKTUBHOCTb OLleHMBanNu
ONCKOo-OMdY3MOHHBIM + METOAOM M METoAOM  onpefeneHuss MUHUMarnbHOW  UHIMOUupytoLen
koHueHTpauum (MIC).

92


mailto:heliyeva@amu.edu.az
mailto:nmemmedova1@amu.edu.az
mailto:heliyeva@amu.edu.az
mailto:nmemmedova1@amu.edu.az

Qadirova H.A., dliyeva H.M., Mammadova N.H., Bayramova R.S. ATU Jurnali (2026) 03:05 Azarbaycan Tibb Universitetinin Jurnali
2026

YCTaHOBMNEHO, YTO ahMpHOE Macno NposBnseT Hanbonee BblipaXeHHY aHTUMUKPOOHY0 akTUBHOCTb
(MIC 0,5-1,25%). SKCTpaKTbl HAA3EMHOW YaCTWN XapakTepU3yTCa YMePEHHbIM 3dheKToM, Toraa Kak
NoA3eMHble opraHbl AEMOHCTPUPYIOT cnabyto akTMBHOCTb. AHaNorn4Hble pesynbTaTbl NOAyYeHbl Ans
aepmaTtomToB 1 ApoXxoKkenogobHbIX rpuboB.

lMonyyeHHble AaHHbIe NOATBEPXKAAKT MEPCNEKTUBHOCTb UCMONb3oBaHMA 3dupHoro macna Salvia
rosmarinus Spenn., B pa3paboTke (bUTOTEpaneBTUYECKNX CPEACTB ONA NEeYEeHUS WUHGEKUNOHHBbIX
AepmaTo30B BOIOCUCTOW YaCcTU FOMoBbI.

Knrodyeeble cnoea: Salvia rosmarinus Spenn., po3mMapuH J1€KapCmMEeHHbIlU, aHMUMUKPOOHasi
aKkmueHocmb, 3ghupHoe macsio, 0epmamo3bl 80/710CUCMOU Yacmu 20/108bl, OepMamoghumsil,
umomeparnusi
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