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Objective: The identification and introduction of medicinal plants hold significant
importance in modern life. The genus Pycnocycla, belonging to the Apiaceae family,
includes eight endemic species in Iran. P. spinosa has attracted attention due to its
medicinal properties. This study aims to investigate the effect of three habitats (the
Damghan, Semnan, and Kerman city) on the antimicrobial properties of extracts obtained
from P. spinosa using different solvents.

Method: To examine the antimicrobial properties, methanolic, ethyl acetate, and hexane
extracts at a concentration of 2 mg/ml were tested against two pathogenic Gram-negative
bacteria, Yersinia enterocolitica and Salmonella enterica, using the agar disk diffusion
method

Results: The results indicated that the extracts had varying effects on the bacteria.
Additionally, the different geographical regions of Iran, due to their distinct climatic
conditions, exhibited varying effect’s on the bacteria. Extracts from Kerman, especially
those using methanol and ethyl acetate as solvents, showed the highest antimicrobial
activity against S. enferica.

Conclusions: The current study underscores the significant influence of both
geographical origin and solvent polarity on the antimicrobial efficacy of P. spinosa
extracts. High-altitude environments such as Kerman appear to enhance the plant’s
biosynthetic capacity for antimicrobial compounds, particularly when extracted using

methanol or ethyl acetate.
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Introduction

The global escalation of antibiotic-resistant bacterial strains has necessitated the exploration of
new antimicrobial agents, particularly those derived from natural sources. Medicinal plants,
owing to their rich arsenal of secondary metabolites—including flavonoids, alkaloids, phenolic
acids, and essential oils—are increasingly being investigated as alternatives or adjuncts to
conventional antibiotics. Among these, Pycnocycla spinosa (family Apiaceae), a thorny,
perennial herb endemic to Iran, has attracted attention for its traditional uses and reported
pharmacological activities. Locally known as "Sag Dandan Khardar," this plant has long been
utilized in Iranian traditional medicine for treating wounds, gastrointestinal disturbances, and
inflammatory conditions.

Several studies have validated the antispasmodic, cardiovascular, anti-inflammatory, analgesic,
and antibacterial properties of P. spinosa. However, limited research has focused on how
environmental and geographical factors, such as habitat elevation, influence its bioactivity.
Given the known impact of ecological stressors on the biosynthesis of bioactive compounds,
examining the variation in antimicrobial activity of P. spinosa across different habitats is of
particular scientific and practical value.

This research aimed to investigate the antimicrobial effects of P. spinosa extracts obtained from
three ecologically distinct habitats in Iran—Damghan, Semnan, and Kerman—which share
similar arid climates but differ significantly in altitude. Additionally, the study examined the
influence of extraction solvents with varying polarities—methanol, ethyl acetate, and hexane—
on the efficacy of the plant’s antimicrobial compounds. The primary goal was to determine how
habitat and solvent selection jointly affect the antibacterial activity of the plant against two
foodborne Gram-negative pathogens.

Method

Plant specimens were collected from three locations: Damghan (1191 m), Semnan (1766 m),
and Kerman (1930 m). These regions were chosen based on prior reports of P. spinosa
occurrence and their variation in elevation. After drying and pulverizing the aerial parts,
extraction was performed via maceration in three solvents representing a polarity gradient—
methanol (high polarity), ethyl acetate (moderate polarity), and hexane (non-polar). Extracts
were filtered, concentrated, and preserved at 4°C.

Antimicrobial activity was assessed using the agar disk diffusion method against two
pathogenic bacteria: Yersinia enterocolitica and Salmonella enterica, both of which are notable
for their resistance profiles and public health relevance. Extracts were standardized to a
concentration of 2 mg/ml. The inhibition zones (in mm) were measured after incubation, and
data were statistically analyzed using one-way ANOVA to evaluate significant differences (p
< 0.05) between extract groups.

Results & Discussion

The study demonstrated that both solvent type and habitat significantly influenced extract
efficacy. Extracts obtained from plants grown in Kerman consistently exhibited the highest
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antimicrobial activity, especially against Salmonella enterica. Methanolic and ethyl
acetate extracts from this region produced inhibition zones as large as 21 + 2 mm. These
findings were in contrast to extracts from Damghan and Semnan, which generally displayed
lower activity. Furthermore, Y. enterocolitica was less susceptible overall, with notable
inhibition only by ethyl acetate extracts from Kerman (9 =2 mm).

Hexane extracts, regardless of collection site, yielded the least antimicrobial activity,
highlighting the limited role of non-polar compounds in the plant’s antibacterial profile. This
observation supports the notion that the active agents are likely polar or moderately polar
constituents, such as phenolics and flavonoids.

Environmental parameters, especially elevation, have been shown to influence the metabolic
pathways of plants, resulting in qualitative and quantitative changes in their secondary
metabolites. Previous studies on species such as Thymus kotschyanus and Artemisia spp. have
demonstrated that increasing altitude enhances the biosynthesis of certain phytochemicals,
including thymol and phenolic acids. The greater antimicrobial performance of Kerman
samples can thus be attributed to altitude-induced biochemical modulation.

The differences in bacterial sensitivity can also be explained by structural distinctions between
S. enterica and Y. enterocolitica. While both are Gram-negative, their cell wall compositions
and efflux mechanisms differ, potentially affecting permeability to phytochemicals. The
pronounced inhibition of S. enterica by Kerman methanolic extracts underlines the bacterium’s
relative vulnerability to specific plant metabolites.

These results are in line with earlier findings on P. spinosa essential oils and hydroalcoholic
extracts, although this study is among the first to specifically correlate antimicrobial potential
with altitude and solvent polarity. Such insights have critical implications for optimizing
extraction protocols and identifying the best ecological sources of medicinal plants for
pharmaceutical applications.

Conclusions

The current study underscores the significant influence of both geographical origin and solvent
polarity on the antimicrobial efficacy of Pycnocycla spinosa extracts. High-altitude
environments such as Kerman appear to enhance the plant’s biosynthetic capacity for
antimicrobial compounds, particularly when extracted using methanol or ethyl acetate. These
findings advocate for the targeted collection and solvent-based extraction of P. spinosa in
natural product drug discovery programs.

Given the strong antimicrobial activity against Salmonella enterica, P. spinosa holds promise
as a source of plant-derived antimicrobial agents. However, to advance its application, further
research is needed to isolate active constituents, elucidate their mechanisms of action, and
assess their safety and efficacy in clinical or food preservation settings
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Table 1. Geographic location of the three study habitats of Pycnocycla spinosa in Iran

Collection Location Province Elevation (meters Longitude Latitude
above sea level)

Damghan, 5 km north Semnan 1191 36°10'27.62" 54°19'00.00"
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Figure 1. The ambrothermic curve of the Damghan region over a 10-year period (2010 to 2019).
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Figure 2. The ambrothermic curve of the Semnan region over a 10-year period (2010 to 2019).
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Figure 3. The ambrothermic curve of the Kerman region over a 10-year period (2010 to 2019).
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Figure 4. Antimicrobial activity of different extracts of Pycnocycla spinosa based on the absence of growth in the
halo diameter (in millimeters). Different letters for each group indicate a significant difference (p < 0.05).
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