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پنجمینلاصه   مقالات   علمی   خ 
 همایش   ملی ششمین کنگره   بین المللی   و   

 زیست   فناوری   گیاهان  دارویی   و قارچهای  کوهی

   :  ١٤۰4   مهرماه      16و   15تاریخ  برگزاری

       : گاه گیلان محل برگزاری  دانش

  

گاه  زنجان :  مشترک    گان برگزار کنند  گاه گیلان     و         دانش  دانش
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 پیش  گفتار 

وم   برگزاری  دوره های  منظم قبلی  کنگره،   توفیقمان   بخشید   که   با همه    وند  منان  را   بسیار  شکرگزاریم  که در   تدا پنجمینتنگناها   و  ناملایمات،   شاهد  برپایی  خدا
کنگره  بین  

و   کوهی     ششمین  المللی  قارچهای   و  دارویی  گیاهان  فناوری   زیست  ملی    در     همایش   )ترکیبی(  مجازی   و  حضوری    16و    15بصورت  

گاه گیلان دمیزبانی  به     1404مهرماه د مهم،  ذکر   این نکته را یادآور   انش باشیم.   اینک  در  جمع بندی و گردآوری  و  انتشار خلاصه  مقالات  این  رویدا

کنگره  جهت حفظ    ت   بوده  و  دبیرخانهمیشویم   که   مسِولیت   صحت و دقت  و درستی   نتایج  و مطالب  ارایه   شده،  اختصاصا   و انحصارا    بر  عهده   نویسندگان   مقالا 

ت  مستمر در   وبسایت  کنگره  و نیز   در  ارتباطات  مجازی    علمی  امانت از هرگونه دخل  و تصرف  در  مقالات  ارسالی   خودداری نموده است. با  توجه  به   تاکیدا

گارشی  و املایی و کنت  گلیسی  مقالات، فایلهای  با   ارسال کنندگان  مقالات،  دال  بر  رعایت  الگو  و  ادبیات  ن ن
رل  دقیق موازین علمی  در بیان  یافته ها  در   متون   ا

کاران و ارسالی   چکیده   مقالات  پیوست،   با این پیش فرض موکد، مورد  گردآوری  و  تنظیم  و صفحه بندی  و انتشار   قرار  میگیرد.  ضمن تش  کر قلبی  از همه  هم

 
ت

نجمن های 
صصی  داخلی  و بین المللی  همراه  کنگره  که  ذکر نام و همت بلندشان   در این  اختصار  نمیگنجد، بویژه اعضا محترم  کمیته  های  س دانشجویان  و  ا خ

یاست 

گاه زنجان ، کمیته علمی و داوران ارجمند و نیز   اعضا محترم  کمیته اجرایی  در دانش ری گاه گیلان  د  بطور اخص  از زحمات  میزبانی  شایسته     و  گذا زحمات و   بویژه    انش

 دکتر   ُمدیر محترم  گروه بیوتکنولوژی  دانشکده   دکتر  محمدحسین رضا دوست  رییس محترم دانشکده کشاورزی /  جناب آقای دکتر سمیع زاده لاهیجیُ  پیگیریهای    

رصه  زیس ...   مدیر  اجرایی  کنگره سالار منجم ت فناوری  گیاهان دارویی  و قارچهای کوهی  را  در گستره  گیتی،  در  ارتقا   و بهبود   ،  توفیق  همه  محققین  و پژوهشگران  ع

وند بزرگ    خواستاریم.  و منان  این بخش  از علوم زیستی  با رویکرد   استفاده  بهینه   از فناوریهای  سازگار با طبیعت ،   از  خدا

 زیست فناوری  گیاهان دارویی  و قارچهای کوهیدبیرخانه  دایمی  کنگره  ادواری  بین المللی    

 

 بهرام ملکی  زنجانی                                                 -علی   عمارلو                     

     1404 زیی پا                   
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Revealing Potential Effects of Punica granatum Seed-derived Compounds in 

Prevention of Cancer Metastasis by Network Pharmacology and Molecular 

Docking 

 

Sevgi Gezici 

Gaziantep University, Faculty of Medicine, Department of Medical Biology and Genetics, 27310  , 

Gaziantep-Turkey/ *E-mail: sevgigezici@gantep.edu.tr; drsevgigezici@gmail.com  

Abstract 
Cancer metastasis remains one of the major challenges in oncology, leading to high mortality and 

limited therapeutic success. Natural bioactive compounds derived from medicinal plants and 

agricultural by-products have attracted considerable attention for their potential to modulate 

multiple molecular targets simultaneously. Pomegranate (Punica granatum) seeds are particularly 

rich in polyphenols, flavonoids, punicic acid, and sterols, which have been reported to exert 

antioxidant, anti-inflammatory, and anticancer effects. This study aimed to elucidate the potential 

mechanisms of pomegranate seed-derived compounds in preventing cancer metastasis through an 

integrative in silico approach involving network pharmacology and molecular docking. The active 

compounds were identified through TCMSP and SwissTargetPrediction databases, while 

metastasis-related targets were retrieved from GeneCards and DisGeNET. Intersection targets 

were visualized by Venn diagram analysis using R software. A protein–protein interaction (PPI) 

network was constructed with STRING and analyzed using Cytoscape. Hub targets were identified 

through the MCODE plug-in. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 

Genomes (KEGG) enrichment analyses were performed using the clusterProfiler package with an 

adjusted p-value <0.05  . The bioinformatics analysis revealed that pomegranate seed-derived 

compounds interact with a wide range of metastasis-associated targets. Venn analysis identified 

over 120 overlapping targets between the compounds and cancer metastasis-related genes. 

Construction of the PPI network highlighted several central hub proteins, including MMP9, 

VEGFA, EGFR, AKT1, and MAPK1, which play crucial roles in extracellular matrix remodeling, 

angiogenesis, and cell migration. GO enrichment analysis demonstrated that these targets are 

primarily involved in biological processes such as regulation of cell adhesion, apoptotic signaling, 

oxidative stress response, and epithelial–mesenchymal transition. KEGG pathway analysis further 

revealed significant enrichment in the PI3K/Akt, MAPK, HIF-1, and NF-κB signaling pathways, 

all of which are key regulators of tumor progression and metastatic potential. Molecular docking 

analysis provided additional evidence for the strong binding affinity of major pomegranate seed 

bioactives. Punicic acid exhibited stable interactions with MMP9 and VEGFA active sites, 
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potentially blocking matrix degradation and angiogenic signaling. Ellagic acid and flavonoid 

derivatives showed high docking scores with EGFR and AKT1, suggesting a role in modulating 

growth factor signaling and inhibiting downstream pathways associated with tumor invasion. 

Moreover, sterol constituents of pomegranate seed extracts demonstrated favorable binding to 

MAPK1, which may contribute to the suppression of proliferative signaling cascades. In summary, 

the results indicate that pomegranate seed-derived compounds possess multi-target anticancer 

properties that may contribute to metastasis suppression. The integration of network pharmacology 

and molecular docking highlights the therapeutic promise of these natural bioactives in the 

development of functional medicine strategies against cancer  . 

 

Keywords: Pomegranate seed, Punica granatum, punicic acid, metastasis, network 

pharmacology, molecular docking, functional medicine 

 

Mushroom proteins and its nutraceutical perspective 
 

Moni Gupta, Sachin Gupta, Priti Sharma and Sayina Sharma 

Sher-E-Kashmir University of Agricultural Sciences and Technology of Jammu (J&K)-India 

Abstract 

Edible mushrooms are increasingly recognized as safe and dependable sources of high-quality 

protein, on account of their low fat and high fiber content, along with beneficial compounds like 

phenolics and flavonoids. With an average protein content of 23.80g per 100g of dry weight, they 

provide a cost-effective option that is easily accessible and aligns with environmental and social 

standards, making them an excellent sustainable alternative protein source. Their significant 

protein content also makes them attractive for producing protein hydrolysates for various food 

applications. These hydrolysates, which include low molecular weight peptides—particularly di- 

and tri-peptides with minimal free amino acids, enhance dietary versatility and offer therapeutic 

benefits. Mushroom proteins and peptides are seen as alternative to animal protein product 

worldwide. Nutraceutical products based on hydrolyzed proteins or BPs of mushroom can be the 

future of food and pharma industries. These peptides can regulate important bodily functions 

through their myriad activities including antihypertensive, antimicrobial, antithrombotic, 

immunomodulatory, opioid, antioxidant and mineral binding functions . 

.Keywords: Mushrooms, Protein, Hydrolysates, Peptides 

 

Mushroom Cultivation in India: The Road Ahead 
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Sachin Gupta, Moni Gupta, Upma Dutta, Megha Abrol and Ranbir Singh 

Sher-E-Kashmir University of Agricultural Sciences and Technology of Jammu (J&K)-India 

 

 

Abstract 

In India, there has been significant increase in production of mushrooms in the last few years. The 

country’s production in 2010 was 1.00 lakh metric tons, of which button mushroom accounted for 

89% of the total production, followed by oyster (6%), milky (1%) and others (4%). Punjab, 

Himachal Pradesh, Haryana, Odisha were the leading producers of the mushroom in the country 

as on 2010. By 2017, the production of mushrooms in India has reached to a level of 1,30,000 MT. 

During this period, the productivity has raised from 20% to 24.5% owing to the release of 10 

improved strains in different commercially grown mushrooms. From 2010-2017, the mushroom 

industry in India has registered an average growth rate of 4.3% per annum. In India, there are five 

mushroom species viz., white button mushroom (Agaricus bisporus), oyster (Pleurotus spp.), 

paddy straw (Volvariella volvacea), milky (Calocybe indica) and shiitake (Lentinula edodes) 

which are in under commercial cultivation. The commercial markets are dominated by Agaricus 

bisporus, Pleurotus spp. and Volvariella volvacea. These three mushrooms are contributing about 

96% of total mushroom produced in India. Milky mushroom (Calocybe indica) is indigenous 

tropical mushroom of the country. However, the commercial cultivation is restricted to South 

Indian states only and contributing up to 3% to the total mushroom production. Mushroom Industry 

is flourishing in India and has a very bright future , 

.Keywords: Button mushroom, Oyster mushroom, Milky mushroom, Paddy straw mushroom 

 

 

 

 

  



 

Address of the secretariat: Research Institute of Modern Biological Techniques  

University of Zanjan, Iran- Postal code: 4537138791  

htpp://ic-bmpm.znu.ac.ir/2025  

 
4 

 

 

The Effects of Edible Mushrooms on the Immune System 

 
Hakan Aydın1, Hakan Toğuç2 , Gülhan Bora3 

1 Atlas Rehabilitation Centre, Van, Turkey  

2 Inonu University, Department of Nutrition and Dietetics, Malatya, Turkey  

3 Yüzüncü Yıl University, Department of Pharmaceutical Microbiology, Van, Turkey 

 

Abstract 

Edible mushrooms, widely consumed globally, have been recognized for their health benefits, 

particularly in immune system modulation. This study reviews the positive and negative effects of 

mushrooms on the immune system, highlighting compounds like β-glucans, found in varieties such 

as shiitake, maitake, and reishi. These mushrooms activate immune cells, like macrophages and 

natural killer (NK) cells, enhancing immune responses and regulating inflammation. Additionally, 

mushrooms contain antioxidant properties, which reduce oxidative stress and strengthen immune 

cell function. Some species, such as oyster mushrooms, also modulate gut microbiota by increasing 

short-chain fatty acids (SCFAs), further boosting immune system efficiency. However, there are 

negative effects, including allergic reactions such as "shiitake dermatitis" caused by consuming 

raw or undercooked mushrooms, and potential risks from mycotoxins in improperly stored 

mushrooms. These risks can reduce immune cell function, especially in individuals with weakened 

immune systems. Moreover, the relationship between edible mushrooms and autism spectrum 

disorder (ASD) is explored. Imbalances in gut microbiota, associated with ASD, may be improved 

by mushrooms like Ganoderma lucidum, which can help balance the immune system. Although 

promising, research in this area is still in its early stages and requires further clinical studies. 

 

Keywords: Edible mushrooms, immune system, β-Glucans, autism spectrum disorder 
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Conversion and development of Prunus armeniacaL. oil into value-added 

products for use in the food, cosmetics and health industries . 

Musa KARADAG1,2*, Naim UCA2 

1Department of Chemical and Chemical Processing Technologies, Vocational School of Technical Sciences, Igdir 

University, Igdir, Türkiye 

2Research Application Laboratory and Research Center (ALUM), Iğdır University, Iğdır, Türkiye 

Musa KARADAG, ORCID ID: 0000-0003-2498-3403, mail: musa.karadag@igdir.edu.tr 

Naim UCA, ORCID ID: 0009-0006-6926-5391, mail: naimuca7621@gmail.com 

Corresponding author: musa.karadag@igdir.edu.tr; dengemusa@hotmail.com 

Abstract 

The apricot (Prunus armeniaca L.) is an economically important fruit species that is widely 

cultivated in Asia and the Mediterranean basin. As well as fresh and processed fruit products, 

apricot kernels and their derivatives are attracting more and more attention as valuable by-products 

in the context of sustainability and the circular economy. GC-FID analysis revealed the presence 

of high levels of various fatty acids, including palmitic acid (4.54222%), palmitoleic acid 

(0.54765%), stearic acid (1.28074%), cis-oleic acid (71.85505%), cis-linoleic acid (21.60338%), 

γ-linolenic acid (0.08944%), docosadienoic acid (0.05517%) and docosahexaenoic acid (DHA) 

(0.02635%). Apricot kernel oil contains high levels of monounsaturated and polyunsaturated fatty 

acids (particularly oleic and linoleic acids), as well as tocopherols, phytosterols, and phenolic 

compounds. It exhibits significant antioxidant, anti-inflammatory, and emollient properties. These 

properties support its use as a functional ingredient in cosmetic formulations, food products and 

phytopharmaceutical applications.  Additionally, extracts obtained from the pulp, peel and kernels 

of the fruit exhibit antioxidant and antimicrobial activities, thereby increasing their industrial 

importance. However, the presence of cyanogenic glycosides, such as amygdalin, poses a 

significant toxicological risk. Therefore, strict compliance with safety regulations and the 

implementation of effective detoxification and bitter removal methods are mandatory. Current 

studies suggest that apricot kernels could be used as a source of bioactive compounds and as a 

sustainable raw material for creating valuable products. This review summarises the current 

knowledge on the chemical composition, biological activities and industrial applications of apricot 

kernel oil and extracts, and discusses the toxicological limitations, regulatory framework and 

research gaps that need to be addressed for its safe use . 

Keywords:Prunus armeniaca, apricot kernel oil, amygdalin, antioxidant, cosmetics, functional 

food, sustainability 
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Pharmaceutical applications of immobilized enzymes and polymers produced 

by probiotics 
Amira A. Gamal* 

*Chemistry of Natural and Microbial Products Department, Pharmaceutical and Drug Industries Research Institute, 

National Research Centre, Cairo, Egypt 

 

Abstract 

    Enzyme immobilization is a widely used technology in various fields and industries such as 

bioremediation, environmental monitoring, biotransformation, food industry, textile industry, 

detergent industry, pharmaceutical industry and diagnostics etc. This technology has economical 

and technical advantages. Immobilization of enzyme can lower the cost and also provide 

operational stability to enzymes. There are many methods of immobilization that are used.  

Unfortunately, there is no a universal material or method that can be used as support material; i.e. 

the carrier and also immobilization method might differ from enzyme to enzyme and also 

according to application. Immobilization technique is useful for these applications: acting as a 

support for enzymes, enhancing the catalytic properties and stabilities of enzymes, easy recovery 

from the reaction mixture, reusability of enzymes for many cycles, decreasing operational cost, 

The immobilized enzymes are suitable for various industrial applications.  

 

Keywords: Enzyme immobilization, pharmaceutical industry, bioremediation. 
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Enhancing the Biosynthesis of Cinnamyl Alcohol Glycosides by In Vitro 

Biotransformation of Precursor Compounds  

 
Iman Mirmazloum1, Márta Ladányi2, Zsuzsanna György3 

1Department of Plant Physiology and Plant Ecology, Institute of Agronomy, Hungarian University of Agriculture 

and Life Sciences, Budapest, Hungary  

2Department of Applied Statistics, Institute of Mathematics and Basic Science, Hungarian University of Agriculture 

and Life Sciences, Budapest, Hungary  

3Department of Plant Biotechnology, Group of Horticultural Plant Genetics, Institute of Genetics and 

Biotechnology, Hungarian University of Agriculture and Life Sciences, Budapest, Hungary 

 

Abstract 

Cinnamyl alcohol glycosides (CAGs) represent the characteristic bioactive compounds of 

Rhodiola rosea (roseroot) preparations and products. The rapid expansion of the market for 

roseroot-based products, along with increasing demand for raw plant materials, has placed 

significant pressure on wild populations worldwide, underscoring the need for alternative 

production strategies. In this research, the potential of roseroot callus cultures to enhance selected 

precursors molecules into CAGs—namely rosin, rosavin, and rosarin—was investigated. Proposed 

CAG precursors, including phenylalanine, trans-cinnamic acid, cinnamaldehyde, and cinnamyl 

alcohol, were individually supplied to liquid callus cultures at a concentration of 2 mM. Samples 

were collected in different intervals and analyzed by HPLC to be compared with untreated 

controls. All tested precursors, with the exception of phenylalanine, significantly enhanced CAG 

biosynthesis. The efficiency of biotransformation increased with the proximity of the precursor to 

the final products within the biosynthetic pathway, both in terms of conversion rate and final CAG 

yield. Supplementation with trans-cinnamic acid and cinnamyl alcohol resulted in significant 

increases in CAG accumulation after 24 h and 96 h, respectively. Among the analyzed compounds, 

rosin was uniquely detected in the culture medium, and only in callus cultures supplemented with 

cinnamyl alcohol. Overall, these findings demonstrate that roseroot callus cultures possess a strong 

capacity to biotransform selected cinnamyl alcohol glycoside precursors, highlighting their 

potential as a sustainable platform for the production of pharmaceutically valuable CAGs. 

 

Keywords: Bioactive compounds, Cinnamyl alcohol glycosides, Biotransformation 
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Exploring Salvia verticillata (Lamiaceae): From Bioactive Compounds to 

Practical Solutions 
Jelena S. Katanić Stanković 

Institute for Information Technologies, Department of Science, University of Kragujevac, Kragujevac, Serbia 

e-mail: jkatanic@kg.ac.rs 

Abstract 

Salvia verticillata L. (Lamiaceae), commonly known as lilac sage, represents an underexplored 

medicinal plant with significant therapeutic potential. This presentation integrates findings from 

comprehensive phytochemical characterization, biological activity assessments, nanotechnology 

applications, and emerging in vivo evidence for polycystic ovary syndrome (PCOS) management. 

Our previous phytochemical profiling of methanolic extracts from S. verticillata aerial parts 

revealed exceptional richness in phenolic compounds, particularly rosmarinic acid and its 

derivatives, salvianolic acids, and luteolin-O-glycosides. These extracts demonstrated strong 

antioxidant potential, moderate antimicrobial activity against Escherichia coli and Staphylococcus 

aureus, and good biocompatibility with normal cell lines while showing selective cytotoxicity 

toward cancer cells. Building upon these findings, we successfully developed green-synthesized 

silver nanoparticles using aqueous S. verticillata extracts. Optimization studies yielded crystalline 

nanoparticles (40-70 nm) with enhanced antibacterial and cytotoxic properties, particularly against 

colon cancer cells, while maintaining biocompatibility with human fibroblasts. These 

nanoparticles also exhibited significant catalytic activity in organic pollutant degradation, 

highlighting their environmental applications. Most recently, our unpublished in vivo PCOS 

studies reveal promising therapeutic effects of S. verticillata root extract in animal model, 

demonstrating improvements in hormonal balance, ovarian morphology, and metabolic 

parameters. These findings suggest potential mechanisms involving antioxidant and anti-

inflammatory pathways. Our research trajectory illustrates how traditional knowledge can guide 

contemporary scientific applications, from phytochemical characterization to nanomedicine and 

evidence-based therapeutics. Future directions include clinical translation of PCOS findings, 

further exploration of anti-inflammatory mechanisms, and development of standardized extracts 

for pharmaceutical and nutraceutical applications. S. verticillata emerges as a valuable bioresource 

bridging ethnopharmacology and modern biomedicine. 
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Lavandula species - Nutritional profile and metabolites with pharmacological 

relevance 
Jelena Popović-Đorđević*, Sofija Kilibarda 

University of Belgrade, Faculty of Agriculture, Chair of Chemistry and Biochemistry, Belgrade, Serbia 

* jelenadj@agrif.bg.ac.rs  

Abstract 

Native to the Mediterranean region, Lavandula species are widely distributed and cultivated across 

Europe, North Africa, Southwest Asia, and the Americas. Valued for centuries for their aromatic 

and medicinal properties (Latin lavare – “to wash”), lavender is today cultivated on more than 

200,000 hectares worldwide, with France, Spain, Italy, Bulgaria, and China among the leading 

producers. Lavandula is a perennial genus adapted to sunny, warm, and dry habitats, thriving on 

well-drained, calcareous soils (pH 6.0–7.5). Cultivation practices, including pruning, irrigation 

management, and weed control, are essential for maintaining plant growth and essential oil yield 

and quality. Traditionally used in medicine, aromatherapy, and culinary practices, lavender has 

evolved into a plant of significant industrial and pharmacological interest. Aside from its well-

known essential oil profile, lavender also possesses noteworthy nutritional value. Reported 

compositions include proteins (6.34–23.43%), carbohydrates (40.53–71.05%), lipids (1.29–

8.16%), and nutritionally significant elements, supporting its potential as a functional food 

ingredient. The major commercial species for essential oil production are                  L. angustifolia, 

L. × intermedia, and L. latifolia. Essential oils are rich in linalool and linalyl acetate, while species-

specific compounds such as camphor, trans-carveol, and carvacrol further define their chemical 

variability. In addition to volatile constituents, a broad spectrum of phenolic compounds has been 

identified using LC/MS, HPLC, and UPLC techniques. Detected phenolic acids include 

protocatechuic, chlorogenic, caffeic, ferulic, and rosmarinic acids, alongside flavonoids such as 

apigenin, luteolin-7-O-glucoside, quercetin, rutin, kaempferol, and isorhamnetin. Novel 

metabolites, including lavandupyrones, lavandudiphenyls, and lavandufluoren derivatives, further 

expand the phytochemical diversity. Flowers generally contain higher concentrations of phenolics 

compared to leaves. These metabolites contribute to multiple biological activities such as 

antioxidant, anti-inflammatory, antimicrobial, antiviral, neuroprotective and 

antiacetylcholinesterase activity. Based on nutritional value, chemical diversity, and significant 

therapeutic potential, the increasing global demand reflects importance of Lavandula species in 

pharmaceutical, cosmetic, food, and wellness industries. 
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Abstract 

 

Milk thistle (Silybum marianum) belongs to the Asteraceae family and is a medicinal plant 

containing silymarin. Artichoke (Cynara Cardunculus var. scolymus) is rich in polyphenolic 

compounds, inulin, fiber, minerals, and antioxidant compounds. Chalcone synthase (CHS) is a key 

enzyme for the biosynthesis of flavonoids and anthocyanin pigments in plants. MicroRNAs 

(miRNAs) play a key role in regulating gene expression in plants. In this study, miRNAs affecting 

CHS family genes in artichoke, including six genes (CcCHS1, CcCHS3, CcCHS4, CcCHS5, 

CcCHS6), and milk thistle, including two genes (Smchs2, Smchs3), were identified 

bioinformatically using the NCBI database and the psRNATarget web-based software. Finally, the 

relationships between target genes and their associated miRNAs were mapped in Cytoscape 

software. Based on the results obtained in this study, six target genes and seven types of microRNA 

were identified for artichoke. In milk thistle, two target genes and two microRNAs were identified. 

 

Keywords: Chalcone synthase, Asteraceae, flavonoids, CHS family 
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Abstract 

Growing consumer concerns regarding the adverse effects of synthetic preservatives, such as 

benzoates and nitrites, have led to a significant surge in interest towards natural and safe 

alternatives. Medicinal plants, owing to their diverse range of bioactive compounds—including 

phenols, terpenoids, alkaloids, and sulfur compounds—have demonstrated considerable potential 

for application as natural preservatives in food products. These compounds exert their preservative 

effects through multiple mechanisms, such as inhibiting the growth of microorganisms (bacteria, 

fungi, and yeast), preventing lipid oxidation, and preserving the sensory quality of food. The 

objective of this review article is to systematically evaluate recent studies on the application of 

extracts and essential oils from medicinal plants in preserving various food categories, including 

meat, dairy, cereal, and oil products. Findings clearly indicate that plants such as thyme, 

eucalyptus, clove, cinnamon, rosemary, and mint possess potent antimicrobial and antioxidant 

properties, attributable to their high content of phenolic compounds (e.g., carvacrol, thymol, 

eugenol, and cinnamaldehyde). For instance, incorporating thyme essential oil into sausages and 

deli meats has been shown to significantly enhance their shelf life against pathogens like Listeria 

monocytogenes and E. coli. Although challenges such as impact on flavor and aroma, 

determination of effective dosage, and stabilization within the food matrix persist, emerging 

technologies like microencapsulation, nanoemulsification, and combination with other 

preservation methods (e.g., active packaging) appear promising for facilitating the broader 

application of these natural preservatives in the food industry. This review concludes that 

medicinal plants represent not only a safe and environmentally friendly alternative to synthetic 

preservatives but may also enhance the nutritional value of food products. 

 

Keywords: Medicinal Plants, Natural Preservatives, Bioactive Compounds, Antimicrobial, 

Antioxidant, Food Industry. 
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The pivotal role of secondary metabolites in enhancing heavy metal 
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Abstract 

Soil contamination by heavy metals such as cadmium, lead, nickel, and zinc has emerged as a 

significant environmental and agricultural challenge in recent years. These metals disrupt cellular 

structures and induce oxidative stress, negatively affecting plant growth and fertility, thereby 

reducing crop yield and quality. Plants respond to these stresses by activating defensive pathways, 

notably through the production of secondary metabolites. Compounds such as flavonoids, 

alkaloids, glucosinolates, and terpenoids enhance plant tolerance to heavy metals via metal ion 

chelation, reactive oxygen species scavenging, and modulation of hormonal signaling pathways. 

Additionally, symbiotic fungi, particularly arbuscular mycorrhizal fungi and endophytes, can 

stimulate or enhance secondary metabolite biosynthesis pathways in host plants. These fungi 

significantly bolster plant defenses by improving nutrient uptake, reducing metal translocation to 

aerial organs, and activating antioxidant systems. This paper comprehensively reviews the 

physiological, biochemical, and molecular mechanisms underlying the interactions between 

symbiotic fungi and secondary metabolite biosynthetic pathways in plants exposed to heavy metal 

stress, outlining novel opportunities for phytoremediation, sustainable agriculture, and 

biotechnological applications. 

Keywords: Endophyte, antioxidant, abiotic stress, heavy metals, secondary metabolites,  
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Abstract 

Salvia miltiorrhiza (Danshen) is one of the most important medicinal plants in Traditional Chinese 

Medicine, renowned for producing valuable bioactive compounds known as tanshinones. These 

diterpenoid compounds possess numerous pharmacological properties, including antioxidant, anti-

inflammatory, and anticancer activities. Understanding the regulatory mechanisms governing the 

tanshinone biosynthetic pathway, particularly at the post-transcriptional level, is crucial for 

optimizing the production of these metabolites. This study employed a bioinformatics approach to 

analyze the microRNA–gene interaction network within the tanshinone biosynthetic pathway. The 

mRNA sequences of three key genes in this pathway—CPS1, KSL1, and CYP—were retrieved 

from the NCBI database. Using the psRNATarget software (with an Expectation parameter = 5), 

these sequences were analyzed against a microRNA database (miRBase) to predict targeting 

microRNAs. The results identified a total of 252 microRNAs, belonging to 28 families, that 

potentially target these three key genes. The CPS1 gene was found to be primarily regulated by 

microRNAs from the miR781, miR319, and miR482 families. The KSL1 gene was predominantly 

targeted by members of the miR156 and miR902 families, whereas the CYP gene was mainly 

influenced by microRNAs from the miR2630 and miR399 families. Network analysis using 

Cytoscape software revealed complex regulatory patterns, indicating that certain microRNAs, such 

as miR7492 and miR482, can simultaneously target two genes (CPS1 and CYP, and CYP and 

KSL1, respectively). This observation suggests the phenomenon of “microRNA cooperativity,” 

where multiple microRNAs act additively or synergistically to repress the expression of a common 

target gene. The findings of this study highlight the pivotal role of microRNAs in the fine-tuning 

of the tanshinone biosynthetic pathway. The identification of these regulatory microRNAs 

provides valuable molecular insights for metabolic engineering objectives. Targeted manipulation 

of their expression levels holds promise for enhancing tanshinone production yield in Salvia 

miltiorrhiza. Future studies utilizing techniques such as CRISPR or RNAi can further validate the 

functional roles of these predicted microRNAs. 

mailto:narges_yzl@yahoo.com/
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Abstract 

To identify key genes involved in breast cancer cells treated with Withaferin A, relevant 

microarray data were collected from the Gene Expression Omnibus (GEO) database and analyzed 

using RStudio software. Gene ontology (GO) and KEGG pathway enrichment analyses were 

conducted using the DAVID online tool. The protein–protein interaction (PPI) network was 

constructed using the STRING database, and the differentially expressed genes (DEGs) were 

imported into Cytoscape software for further analysis. Based on the results, 42 DEGs were 

identified in the comparison between control group samples and MCF-7 cells, using |log FC| ≥ 2 

as the threshold. According to the KEGG pathway enrichment analysis, mineral absorption 

(hsa04978) was the most significantly enriched pathway. Additionally, based on the gene network 

reconstruction results using the gene connectivity degree algorithm, four key hub genes (ATF3, 

DDIT3, IFIT1, and HMOX1) were identified as the most significant hub genes. These hub genes 

may serve as potential biomarkers for therapeutic targets in breast cancer. 

 

Keywords: biological process, hub gene, gene ontology. 
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Seed priming and its effects on physiological and biochemical changes 

influencing germination in Iranian borage (Echium amoenum Fisch & Mey.)" 
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Iranian Borage (Echium amoenum Fisch & Mey.) is an important medicinal plant of the 

Boraginaceae family, which poor seed germination has limited the expansion of its cultivation. 

This research was conducted to investigate the effect of priming with potassium nitrate (KNO₃) at 

concentrations of 20 and 30 mMol on the physiological germination indices and biochemical 

changes of Iranian borage seeds. The experiment was carried out in a completely randomized 

design with four replications in 2024. After treatment with KNO₃ for 24 hours, the seeds were 

placed under controlled conditions (temperature 25°C, relative humidity 70%). The results 

revealed that the 30 mMol KNO₃ treatment significantly increased germination percentage 

(89.8%), germination rate (0.016), seedling length (16.21 cm), and seedling vigor index (0.33). 

Furthermore, the activity of alpha-amylase, catalase, and peroxidase enzymes was markedly 

enhanced in this treatment, indicating the stimulation of seed reserve metabolism and reduction of 

oxidative stress. In contrast, the 20 mMol treatment had no significant effect on germination rate 

and alpha-amylase activity. Therefore, priming with KNO₃ at a concentration of 30 mMol, by 

improving physiological and biochemical traits, is an effective strategy for enhancing the 

germination efficiency and establishment of Iranian borage. This technic can be used in the 

cultivation management of this medicinal plant in the highland regions of Iran. 

 

Keywords: Iranian Borage, Priming, Potassium Nitrate, Germination Physiology, Antioxidant 

Enzymes 
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Abstract 

Iranian Borage (Echium amoenum Fisch & Mey.) is recognized as one of the most 

important medicinal plants in Iranian traditional medicine. Recent studies have 

shown that this plant contains numerous bioactive compounds, including 

unsaturated fatty acids, phenolic compounds, alkaloids, and mucilage, each 

possessing unique therapeutic properties. In recent years, multiple research efforts 

have investigated various breeding and plant improvement methods aimed at 

enhancing its active compounds and reducing undesirable constituents. Results from 

studies conducted in recent years (2020-2023) indicate that, despite the significant 

therapeutic potential of Iranian borage, there is a need for more clinical trials with 

larger sample sizes, standardization of extraction methods, and the development of 

protocols for reducing toxic alkaloids. Furthermore, in the field of breeding, 

integrating classical and modern breeding approaches could offer more effective 

strategies for improving the quality of Iranian borage. 

 

Keywords: Iranian Borage, Breeding, Phenolic Compounds, Alkaloids 
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Abstract 

This study examines the phytochemical properties of essential oil extracted from Salvia officinalis 

L. (sage) cultivated in the unique climatic conditions of Zanjan, Iran. The aerial parts of the plant 

were harvested at full flowering stage, and the essential oil was obtained through hydrodistillation 

using a Clevenger apparatus. Chemical analysis was performed via gas chromatography (GC) and 

gas chromatography-mass spectrometry (GC/MS). The essential oil yield was found to be 2.1% 

(v/w), with 32 compounds identified, representing 96.8% of the total oil composition. The major 

constituents included α-thujone and β-thujone (28.5% combined), 1,8-cineole (19.3%), camphor 

(14.7%), α-humulene (6.2%), and borneol (4.9%). Oxygenated monoterpenes, particularly 

thujones and 1,8-cineole, were the dominant chemical class, defining the essential oil’s 

characteristic profile. Zanjan’s semi-arid climate, calcareous soils, high solar exposure, and 

notable diurnal temperature shifts appear to significantly influence the biosynthesis of key 

phytochemicals, especially monoterpenes. These findings highlight the region’s potential for 

producing high-quality sage essential oil rich in bioactive compounds suitable for pharmaceutical, 

aromatherapy, and industrial applications. 

 
Keywords: 1,8-Cineole, Borneol, Gas Chromatography, sage, Thujone 
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The role of miRNAs in medicinal plants in controlling the severity of COVID-

19 disease 

 

Fariba Esmaeili *, Dariush Salimi 

University of Zanjan/Iran 

 

Abstract 

Studies show that some medicinal plants may contain miRNAs that can reduce the severity of the 

disease. In this study, the history of the use of medicinal plants in traditional medicine and their 

role in the treatment of coronavirus disease was reviewed. Plants that may have antiviral potential 

in controlling the severity of coronavirus disease were studied, and the chemical and biological 

properties of these plants were investigated. Genetic information related to the viruses of Iranian 

coronavirus patients was extracted, and it was shown that certain miRNAs are present in patients 

with low disease severity and that these miRNAs can help regulate the activity of viral genes and 

reduce the severity of the disease. Then, computer prediction models were used to investigate the 

interactions of miRNAs from different medicinal plants with the virus. Conclusions show that 

miRNAs from the medicinal plant cinnamon have the most interactions with target sequences in 

the coronavirus. 

 

Keywords: medicinal plants, traditional medicine, disease severity reduction, miRNAs,  
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Abstract 

Bioactive compounds are recognized as natural chemicals with positive effects on human health 

and have garnered significant attention in scientific research and agriculture. These compounds 

include flavonoids, phenols, antioxidants, and other secondary metabolites that play a crucial role 

in enhancing the quality and nutritional value of plants. For instance, flavonoids are known as 

powerful antioxidants that can prevent oxidative damage to cells, thereby reducing the risk of 

cardiovascular diseases, diabetes, and certain types of cancer. Phenols are also recognized as anti-

inflammatory and anti-bacterial compounds that can help improve the immune system. Given the 

increasing demand for natural and healthy products, researchers are striving to develop effective 

methods for enhancing the production of these compounds in plants. One of the innovative and 

effective methods for increasing the production of bioactive compounds is the use of abiotic stress 

factors. Abiotic stresses such as drought, salinity, and unsuitable temperatures can act as stimuli 

for the production of secondary metabolites. In fact, in response to these stresses, plants produce 

compounds that not only assist them in coping with environmental conditions but also enhance the 

quality and nutritional value of the products. In this context, researchers have been investigating 

and analyzing various methods for inducing bioactive compounds through the application of 

abiotic stresses in greenhouse plants. This article examines the effects of abiotic stresses on the 

physiology and metabolism of plants and emphasizes the importance of understanding the 

molecular and biochemical mechanisms associated with the production of bioactive compounds. 

Ultimately, the findings of this study can assist farmers and researchers in making informed 

decisions to increase the production and quality of crops and can lead to the development of more 

effective methods in sustainable agriculture. 

Keywords: bioactive compounds, metabolic pathways, nanoparticles, plant physiology, 

sustainable agriculture 
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Abstract 

The increasing incidence of insect resistance to synthetic insecticides, coupled with growing 

concerns about their adverse effects on human health and the environment, has intensified the 

search for safe and eco-compatible alternatives. Medicinal plants, which produce a wide array of 

defensive secondary metabolites, represent a rich and promising resource for the development of 

natural insecticides. These bioactive compounds—including alkaloids, terpenoids, phenols, 

flavonoids, and essential oils—act upon insects through various mechanisms such as contact and 

gastric toxicity, repellency, feeding deterrence, disruption of growth and development, and 

reduction of fecundity. The objective of this review article is to systematically evaluate 

contemporary studies on the efficacy of medicinal plant extracts and essential oils against major 

agricultural and public health pests. Findings clearly demonstrate that plants such as pyrethrum 

(Tanacetum cinerariifolium), neem (Azadirachta indica), eucalyptus, garlic, lavender, and thyme 

possess significant insecticidal potential. For instance, azadirachtin, derived from the neem tree, is 

recognized as a potent growth regulator. Although challenges such as extract standardization, 

stability in open-field conditions, and determination of effective large-scale dosing persist, 

potential solutions include novel formulation strategies (e.g., microencapsulation, nanoemulsions) 

and integration into Integrated Pest Management (IPM) frameworks. This review concludes that 

medicinal plants not only offer safe and biodegradable alternatives to synthetic insecticides but 

also pave the way for the development of sustainable pest control strategies. 

Keywords: Medicinal Plants, Natural Insecticide, Secondary Metabolites, Plant Extract and 

Essential Oil, Integrated Pest Management (IPM).  
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Abstract  

The Stachys lavandulifolia, commonly known as mountain tea, belongs to the Lamiaceae family. 

It is native to Iran, Iraq, Turkey, and Turkmenistan. S. lavandulifolia is a perennial plant with a 

woody base, hairy stems, greenish-gray leaves, and pink, purple, and rarely white, cluster-like 

flowers. The leaves reach 15–25 cm high with simple branches. The cluster inflorescences are 

pinkish-purple, rarely white or yellowish. S. lavandulifolia is used in traditional medicine to treat 

digestive and respiratory disorders, headache, dizziness, joint pain, rheumatism, and nerve pain. 

S. lavandulifolia has various bioactive compounds, including polyphenols, tannins, flavonoids, 

iridoids, loganic acid, and phenylethanoid glycosides. Since S. lavandulifolia is rich in bioactive 

compounds that possess antioxidant, antimicrobial, and potential health-promoting properties, it 

could be considered as a natural preservative to extend shelf-life and improve the safety of food 

products. As a result, in this study, the potential usage of S. lavandulifolia as a food additive is 

discussed to explore its application in the food industry. 

Keywords: Stachys lavandulifolia, bioactive compounds, food processing, food products 
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Abstract 

Thickeners are essential additives in the food and pharmaceutical industries, enhancing product 

quality and consumer satisfaction by improving rheological properties, stability, and texture. 

With a growing inclination towards natural compounds, medicinal plants have garnered 

significant attention as rich sources of natural hydrocolloids, such as polysaccharides, mucilages, 

and gums. These compounds not only offer desirable technological functionality but also often 

possess health-beneficial properties, including the prevention of digestive diseases, cholesterol 

reduction, and antioxidant activity. The objective of this review article is to systematically 

evaluate the potential of specific polysaccharide-containing medicinal plants as natural 

alternatives to synthetic and semi-synthetic thickeners. Findings indicate that the mucilage from 

seeds of psyllium, basil, and balangu, as well as gum tragacanth, exhibit exceptional viscosity 

and water-holding capacity due to their high soluble fiber content. Similarly, polysaccharides 

extracted from the roots of medicinal plants like licorice and ginseng demonstrate significant 

thickening and emulsifying properties. Although challenges such as variability in composition 

based on geographical source, cultivation conditions, and extraction methods persist, 

advancements in extraction technologies and bio-modification are paving the way for the 

standardization and broader application of these natural resources. This article concludes that 

utilizing medicinal plants as thickeners represents a promising approach for developing "clean-

label," healthy, and consumer-friendly products in the food and pharmaceutical industries. 

Keywords: Medicinal Plants, Natural Thickener, Hydrocolloid, Polysaccharide, Mucilage, Gum, 

Rheology. 
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Abstract 

Medicinal plants are used in various cosmetic, food, pharmaceutical, and medical industries. 

Artichoke (Cynara scolymus L.) is a perennial medicinal plant that has antioxidant, anticancer, 

antiinflammatory, antimicrobial, lipid-lowering, and heart and liver-protecting properties due to 

its phenolic compounds (such as cynarin and caffeoylquinic), flavonoids, inulin, and volatile 

organic compounds (e.g., methyl salicylate, camphene, and alpha-terpinene). Tissue culture of 

medicinal plants is widely used to produce secondary metabolites. This study investigated the 

callus formation of artichoke from explants (leaflet, crown, and rootlet) in culture medium 

containing NAA (0, 3, and 6 mg L-1) and 2,4-D (0, 0.5, and 1 mg L-1) hormones. The results 

showed that callus formation occurred in all cultured explants. According to the results of callus 

weight and dimensions, the best explant for producing callus was the rootlet, and the leaflet had 

the weakest callus formation. Considering the largest callus dimensions (average 3cm) in rootlet 

explants cultured in medium containing 6 mg L-1 NAA, rootlet explants and NAA hormone can 

be suggested for optimizing artichoke tissue culture and callus formation. 

Keywords: Artichoke, hormone, explant, medicinal plant 
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Abstract 

 

In the last few decades, scientific evidence has highlighted the importance of plants in the 

prevention and/or supportive treatment of a variety of diseases. Plants contain a significant amount 

of phenols, which are distributed throughout different parts of the plant and give the plants 

antioxidant properties. Walnut Septum (WS), a by-product frequently discarded during Walnut 

processing, contains a phytochemical profile that demonstrates its therapeutic potential. It is 

Walnut’s main source of polyphenols with powerful antioxidant and anti-inflammatory capacities. 

However, the detailed information on the compositional profile of phenolics in the Septum remains 

limited. Thus, to explore the nutraceutical values of the materials, the phenolic profiles of the 

Walnut Septum must first be identified. To address this question, Walnut Septum extracts were 

prepared using four different solvents—aqueous, acidic, ethanolic, and methanolic—to assess their 

efficiency in phenolic compound extraction. The selection of these solvents was based on their 

distinct chemical properties, influencing solubility and extraction efficiency. Qualitative analyses 

were conducted, followed by quantitative assessment utilizing the Folin-Ciocalteu reagent and 

spectrophotometry at 765 nm, referencing a standard Gallic acid Calibration curve. The results 

demonstrated that methanolic and ethanolic solvents yielded the highest phenol extraction, 

suggesting their superior efficiency in polyphenol extraction. These findings highlight the potential 

of Walnut Septum as a valuable source of polyphenols, with promising applications in 

pharmaceutical and nutraceutical formulations. Further studies should explore the bioavailability 

and therapeutic efficacy of these extracts. 

 

Keywords: phenol, septum, solvent, walnut 
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Abstract 

Elicitors are effective tools in in vitro culture technology that stimulate plant defense responses, 

leading to increased production of secondary metabolites. These compounds, whether biotic or 

abiotic in origin, can activate biochemical pathways and significantly enhance the yield of 

medicinal compounds. Their use, especially in medicinal plants, represents a novel approach to 

increase valuable phytochemicals under controlled laboratory conditions. One important medicinal 

plant in this context is Calendula officinalis L., which is rich in bioactive phytochemicals such as 

flavonoids, terpenoids, and phenolic compounds. Besides its broad medicinal properties, this plant 

is widely used in cosmetic, pharmaceutical, and food industries. Due to its high demand and 

pharmaceutical importance, propagation and metabolite production through in vitro culture have 

gained considerable attention. In this regard, the application of elicitors like yeast extract can 

optimize metabolite production in these systems. The objective of this study was to investigate the 

effect of biotic elicitation using yeast extract at different concentrations on the phytochemical 

profile, antioxidant activity, and defense-related enzyme activities (catalase and peroxidase) of 

Calendula officinalis L. callus cultured in vitro. After sterilization and seed germination, callus 

induction was performed on a hormone-supplemented medium containing NAA and BAP. Yeast 

extract at concentrations of 1000, 1200, and 1400 mg/L was applied in a completely randomized 

design to the callus. Total phenolic content was measured using the Folin–Ciocalteu method at 

735 nm and expressed as mg gallic acid per gram fresh weight. Total flavonoid content was 

determined by the aluminum chloride colorimetric assay at 510 nm and reported as mg quercetin 

equivalents. Antioxidant activity was evaluated by the DPPH assay at 517 nm and expressed as a 

percentage of radical scavenging. Catalase activity was assessed by monitoring hydrogen peroxide 

decomposition at 240 nm, and peroxidase activity was measured at 470 nm following a reaction 

with guaiacol and H₂O₂. Analysis of variance revealed that yeast extract, as a biotic elicitor, 

significantly enhanced total phenolics, total flavonoids, antioxidant activity, and the activities of 

catalase and peroxidase enzymes compared to the control. Increasing yeast extract concentrations 

resulted in significant improvements in these parameters, demonstrating the concentration-

dependent efficacy of the elicitor in enhancing medicinal compound production and strengthening 

defense mechanisms in Calendula officinalis L. callus under in vitro conditions. 

 

Keywords: phenolic compounds, flavonoids, catalase and peroxidase activity 
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Abstract  

 

Kombucha is a fermented tea beverage produced by the symbiosis of bacterial cultures and yeasts 

called (SCOBY). Kombucha is characterized by its rich chemical content and health benefits, 

including organic acids, minerals, and vitamins that mainly originate from the tea used in it. 

Kombucha is mainly prepared in the form of black tea, but other types of tea are also increasingly 

used, which can have a significant impact on its content and health benefits. The type of tea has 

an important effect on the parameters related to antioxidant potential and polyphenolic compounds. 

Therefore, this experiment was designed and conducted as a factorial in a completely randomized 

design in the tissue culture laboratory of the Horticulture Department of the University of Zanjan 

to compare three types of kombucha obtained from Ganoderma, green tea, and coffee. After 

preparing the three types of kombucha, polyphenolic, antioxidant, alcohol, sucrose, and acidity 

indices were measured at time points of 0, 5, 10, and 15 days. The results showed that the 

fermentation time and tea type had a significant effect on the anti-radical property of kombucha. 

In terms of tea type, kombucha prepared from green tea had the highest antioxidant potential 

(94.61%) and the highest levels of phenol (320.1 mg/L) and flavonoid (254.1 mg/L) and reached 

its highest value on the first day of fermentation. Ganoderma ranked second and coffee ranked 

third. However, the stability of these compounds in the Ganoderma kombucha was higher than in 

the others. The drink containing Ganoderma, compared to green tea, had better performance in 

maintaining safety and in increasing total phenol, but its phenol content was lower than that of 

green tea. However, due to the innovation and special medicinal benefits of Ganoderma, it has 

high potential for the development of functional drinks. 

. 

Keywords: antioxidant, fermented tea, flavonoid, medicinal mushroom 
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Abstract 

This study comprehensively evaluated the effects of gamma irradiation on the microbial safety, 

antioxidant activity, and phenolic compound content of Iranian dry black tea to determine an 

optimal treatment dose for shelf-life extension. Packaged tea samples (metallized foil and nylon) 

were irradiated at doses of 5, 10, and 15 kGy and compared with non-irradiated controls during 

storage. Microbiological analysis demonstrated that gamma irradiation significantly (p < 0.05) 

reduced the microbial load at all applied doses. A dose of 5 kGy was sufficient for the complete 

elimination of moulds, yeasts, and Enterobacteriaceae, including Escherichia coli and Klebsiella. 

However, a dose of 10 kGy was required to fully eliminate aerobic bacteria from the initial 

contamination. The type of packaging did not influence the microbial stability during storage. 

Regarding tea quality traits, irradiation at 5 kGy did not induce significant changes in the content 

of key phenolic pigments (theaflavin and thearubigin) or in the tea's antioxidant activity, as 

measured by the DPPH method. Doses of 10 and 15 kGy caused a slight but statistically significant 

(p < 0.05) decrease in these phenolic compounds. Notably, the antioxidant activity in samples 

treated with 10 kGy was higher than in both the control and the 5 kGy samples. In conclusion, a 

gamma irradiation dose of 10 kGy is proposed as the optimal treatment. It ensures complete 

microbial decontamination, including aerobic bacteria, while causing only minimal, acceptable 

changes to the tea's bioactive phenolic compounds and even enhancing its antioxidant activity, 

without adversely affecting its sensory attributes. This dose presents a viable method for 

significantly extending the shelf life of dry black tea. 

Keywords: Antioxidant activity, Black tea, Gamma irradiation, Microbial decontamination, 

Shelf-life 
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Abstract 

 

Valerian (Valeriana officinalis L.) is a medicinal plant whose root is effective in treating 

depression and Alzheimer's. The aim of this study was to optimize the production of hairy roots in 

this plant using different strains of Agrobacterium rhizogenes and various microprobes with the 

aim of producing secondary metabolites under in vitro conditions. This experiment was carried 

out as a factorial experiment in a completely randomized design with three replications. The factors 

studied included explants with three levels (leaf, stem and root) and the bacterial strain with four 

levels (A4 and A13, MSU440 and ATCC15834). The results showed that the interaction of the 

factors studied on the traits of days until hairy root induction, percentage of hairy root induction, 

number and dry weight of hairy roots after two months was significant. The highest induction 

percentage (99.3%), number of days to hairy root emergence (4 days) and the highest number of 

roots (7) occurred in the treatment combination of root explants inoculated with the MSU440 

strain. The highest root dry weight was observed in the treatment combination of leaf microsample 

and ATCC15834 strain and was 0.2 g. The lowest value (0.02) occurred in the stem microsample 

and A13 strain. The transgenic nature of hairy roots was confirmed by PCR detection of a part of 

the rolB gene, while it was not amplified for the natural and non-transgenic roots of the relevant 

product. In general, the results of this study showed that hairy root induction in Valerian was 

affected by the explant and bacterial strain, and these results are an important prerequisite for 

experiments related to hairy root culture with the aim of producing secondary metabolites. 
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Abstract 

This study evaluates the cytotoxic effects of plant-derived extracts as potential alternatives to 

conventional cancer therapies. Methanolic and ethanolic extracts from Catharanthus roseus, Melia 

azedarach, Berberis integerrima, Mahonia fortuni, and Betula pendula were tested on cell lines of 

KB, HeLa, G292, U87-MG, A431, and MCF-7 and a normal line of HGF-1 using MTT assay and 

flow cytometry. The non-liposomal methanolic extract of C. roseus showed the highest 

cytotoxicity (~96%) against MCF-7 cells. Liposomal M. azedarach extract demonstrated over 80% 

cell death in cancer cells, primarily inducing apoptosis and causing G0/G1 cell cycle arrest. 

Extracts from B. integerrima and M. fortuni also promoted apoptosis but exhibited significant 

toxicity toward normal HGF-1 cells. In contrast, B. pendula extract effectively induced apoptosis 

in KB cells with minimal toxicity to normal cells. Results suggest that plant extracts, especially in 

liposomal form, have significant potential to selectively induce apoptosis in cancer cells, with 

liposomal M. azedarach emerging as a promising candidate for further development in 

combination cancer therapies. Selectivity and low toxicity toward normal cells are critical for their 

therapeutic potential. 

Keywords: Cancer, medicinal plants, apoptosis, encapsulation, liposome, cytotoxicity. 
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Abstract 

 

Elicitors are biological or chemical compounds that stimulate plant defense responses and 

significantly enhance the production of secondary metabolites. Salicylic acid (SA) is one of the 

important elicitors that activates defense pathways, leading to increased synthesis of bioactive 

compounds such as phenolics, flavonoids, and antioxidants. Chrysanthemum sp., as an important 

ornamental and medicinal plant, contains valuable antioxidant compounds. Plant tissue culture 

provides a suitable platform to study the effects of SA on the production of these compounds. In 

this study, chrysanthemum seeds were sterilized and cultured on MS medium. After growth, leaf 

explants were used for callus induction on a medium containing 2 mg/L BAP and 2 mg/L 2,4-D 

under light conditions. Salicylic acid elicitor was added to the medium at concentrations of 0, 50, 

100, and 150 µM. Total phenolic content, flavonoid content, antioxidant capacity, and anthocyanin 

levels of callus tissues were measured. Results showed that increasing SA concentration 

significantly enhanced the production of total phenolics, flavonoids, antioxidants, and 

anthocyanins. The highest amounts were observed at 150 µM SA. These increases indicate the 

regulatory role of SA in activating metabolic and genetic pathways related to bioactive compound 

synthesis. The findings suggest that salicylic acid as an elicitor can improve the medicinal quality 

of chrysanthemum by boosting secondary metabolite production and antioxidant activity. This 

study provides an effective strategy to enhance bioactive compound production in Chrysanthemum 

sp. tissue culture. 

 

Keywords: medicinal plant, secondary metabolite, callus culture, plant tissue culture technology 
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Abstract 

 

Hypericum perforatum L. is a medicinal plant rich in secondary metabolites with well-documented 

pharmacological effects. In vitro culture, combined with elicitor application, presents a promising 

strategy to enhance the production of these bioactive compounds. This study aimed to evaluate the 

effects of chitosan elicitation on the phytochemical content and antioxidant enzyme activities in 

H. perforatum seedlings grown under in vitro conditions. Seeds were cultured on MS medium 

supplemented with four concentrations of chitosan (0, 25, 50, and 75 mM), and the seedlings were 

maintained under controlled environmental conditions. Phytochemical parameters, including total 

flavonoid, phenolic, and anthocyanin contents, as well as the activities of catalase (CAT) and 

peroxidase (POD), were measured using spectrophotometric methods. The results showed that 

chitosan significantly enhanced all measured phytochemical traits compared to the control, with 

the 50 mM concentration being the most effective. Total flavonoid and phenolic contents increased 

markedly, likely due to the upregulation of biosynthetic genes. Similarly, anthocyanin content 

showed a significant rise, supporting previous reports on chitosan’s stimulatory effects on pigment 

biosynthesis. Enzymatic assays revealed a substantial increase in CAT and POD activities in 

response to chitosan, indicating improved antioxidant defense. Overall, chitosan proved to be an 

effective elicitor for boosting the accumulation of valuable secondary metabolites and enhancing 

antioxidant enzyme activities in H. perforatum L. under in vitro conditions. 

 

Keywords: Hypericum perforatum L., chitosan elicitor, in vitro culture, secondary metabolites, 

antioxidant enzymes. 

 

 

 

 

 

  



 

Address of the secretariat: Research Institute of Modern Biological Techniques  

University of Zanjan, Iran- Postal code: 4537138791  

htpp://ic-bmpm.znu.ac.ir/2025  

 
32 

 

 

 

  یدیکل های¬ژن ییمنتول روغن نعناع بر سرطان پروستات و شناسا  ییاثر دارو یبررس 

 موثر در درمان

 

 حبیب ا... سمیع زاده لاهیجی - محمد محسن زاده گلفزانی  -مریم پسندیده ارجمند  - مریم آقاجانلو 

 
 

 دهیچک
 

  شرفت یدر پ   لیدخ  یهاژن  ییاز سرطان است. شناسا  یعلت مرگ ناش  نیسرطان و دوم  نیترعیپروستات در حال حاضر شا  سرطان

همچون منتول روغن نعناع در   ییدارو  اهانیشده توسط گ  ماریت  های¬در نمونه  یکیهدفمند ژنت  ی هااز درمان   یریگو بهره  یماریب

آنال از  استفاده  با  پروستات  بهبود داروها  یرا در جهت ژن درمان  یدیجد  یهاافق  ،یکیوانفورماتیب  یزهایسرطان  مورداستفاده    یو 

منتول روغن نعناع حل شده در اتانول بر    یمربوط به اثر درمان   ه یکروآرایم  های ¬ مطالعه داده  نیرو در ا  نیگشوده است. از ا  مارانیب

غلظت   پروستات در  از کشت سلول   1/0سرطان  استفاده  با  ت PC-3 یاه¬درصد   ابزار  از  استفاده  با  و  تکرار  3  در   ها¬آن  ماریو 

GEO2R  ی کیوانفورماتیب  یبا استفاده از ابزارها  یعملکرد  یرهایمس  لیو تحل  هیها و تجزژن   ینیشبکه پروتئ  لیشدند. تحل  زیآنال 

ب   یقابل توجه  راتیینشان داد که منتول روغن نعناع تغ  هیکروآرایم  های¬داده  ز یانجام شد.  آنال التهاب،    یهاژن  انیدر  با  مرتبط 

سلول مس  یمهاجرت  ا  یرهایو  شناساکندیم   جاد یبقاء   و PTGS2  ،IL6 همچون  افتهی  ان یب  ش یافزا  ی دیکل  یها ژن  یی . 

SERPINE1 تواند یکه منتول م  کندیم  تی را تقو  هیفرض  نیا  ،یو تهاجم  یالتهاب  یرهایمس  نیبه عنوان نقاط اتصال مشترک ب  

.  ردیسرطان پروستات مورد استفاده قرار گ  یهدفمند برا  ی هادرمان  یعوامل، در طراح  ریمؤثر در کنار سا  یی دارو  بیکتر  کیعنوان  به

نقش    تواند ¬یمرتبط بوده و م  ی با پاسخ التهاب   افتهی  انیکاهش ب  یدیکل  های¬عنوان ژنبه PTGS2 و  IL1A دو ژن  نیهمچن

 کند. فراهم   نینو  یکیژنت یهاتوسعه درمان  یبرا یداشته باشد و فرصت مناسب یبقاء سلول یرهایدر مهار مس یمهم
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Abstract: 

 

Plant secondary metabolites have attracted the attention of researchers as natural reducing and 

stabilizing agents in the synthesis of metal nanoparticles. This review article systematically 

reviews the latest advances in the synthesis of green nanoparticles using plant secondary 

metabolites and their multiple applications in the medical field. Studies show that compounds such 

as alkaloids, flavonoids, terpenoids, and polyphenols found in plant extracts are able to convert 

metal ions into stable nanoparticles. This green synthesis method has significant advantages over 

conventional chemical methods, including biocompatibility, low cost, and the absence of toxic 

substances. Investigation of the biological properties of these nanoparticles has shown that they 

have anticancer effects through various mechanisms, such as induction of apoptosis, inhibition of 

angiogenesis, and production of reactive oxygen species. They also exhibit significant antibacterial 

activity against antibiotic-resistant pathogens. Challenges in this field include precise control of 

the size and morphology of nanoparticles, increasing their stability under physiological conditions, 

and a better understanding of their mechanisms of action. However, the high potential of these 

nanoparticles in the development of multifunctional drugs and targeted drug delivery systems 

makes them a promising option in medical nanobiotechnology. This systematic review emphasizes 

the importance of using plant secondary metabolites in the development of smart nanomaterials 

with medical applications and discusses the future prospects of this research area. 

 

Keywords: Secondary metabolites, nanobiotechnology, drug delivery 
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دهیچک  

 

  باتیترک  ن ی. اکنندیم  فاء یا  ها یماریدر سلامت انسان و درمان ب  ی نقش مهم  ، یی دارو  اهانی گ  یدیکل  یعنوان اجزابه  دها یساکاریپل

  ت یو تقو  سمیمتابول  میتنظ  ،یش یضد اکسا  ، یضد التهاب   ت یاز جمله فعال  ی متنوع   یکیولوژیب  یدارند که عملکردها  یادهیچیساختار پ 

و    یساختار  یهایژگیبا و   ییدهایساکاریپل  یمنبع غن  ،ییدارو  اهانیگ  یتنوع بالا  لیبه دل  رانی. اشودیرا شامل م  یمنیا  ستمیس

  یی دارو  اهانی استخراج شده از گ  ی دهایساکاریپل  یساختار  ی هایژگیجامع بر و   یمقاله، مرور  ن یمنحصر به فرد است. در ا  یعملکرد

  یعیطب  یی دارو  ی هاو توسعه فرآورده  نده یآ  قاتیتحق  یارزشمند برا  یی تواند راهنمایمطالعه م  نی ا  ج یارائه شده است. نتا  رانیمهم ا

  .باشد ی اهی گ یدهایساکاریپل بر  یمبتن

 

ضد التهاب  ش، یضد اکسا باتیترک ران،یا ،یی دارو اهانیگ دها، یساکاری: پل یدیکل کلمات  
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Abstract 

 

Studies have shown that the function of the reproductive system is impaired under the influence 

of diabetes. In this study, the effect of hydroalcoholic extract of Nigella sativa (black seed) on 

sperm quality and fertility indices in male mice with type 1 diabetes was investigated. In this 

experimental study, 25 male mice with an average weight of 26 ± 2 g were randomly divided into 

five groups of five mice each: Group 1 received normal saline and served as the control group. 

Group 2 was the diabetic control group and received normal saline as well. Groups 3, 4, and 5 

were diabetic mice treated with hydroalcoholic extract of Nigella sativa at doses of 50, 100, and 

200 mg/kg, respectively. Key sperm health parameters were then evaluated. Administration of the 

hydroalcoholic extract of Nigella sativa at doses of 100 and 200 mg/kg significantly increased the 

sperm count and the percentage of live sperm in the cauda epididymis. A significant reduction was 

also observed in sperm DNA damage, sperm immaturity, and malondialdehyde (MDA) levels, 

along with an increase in serum testosterone levels (P < 0.05). The findings indicate that the 

hydroalcoholic extract of Nigella sativa improves sperm fertility parameters and fertility potential 

in diabetic male mice. 

 

Keywords: Diabetes, Nigella sativa, NMRI mice, Fertility indices, Oxidative stress 
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 مزمن یالتهاب یها یماریبر ب ییدارو اهانیگ یکیاثرات فارماکولوژ یبررس 
 

 .یسنا سار ی مؤسسه آموزش عال ،یکشاورز یارشد مهندس یکارشناس  ،یمعصومه سالم

 

 

 دهیچک

 

و کاهش    یعلل ناتوان  نیتراز مهم  س،یازیروده و پسور  یالتهاب  یها یماریب  د،یروماتوئ  تیآرتر  ریمزمن، نظ  یالتهاب   یهای ماری: بنهیزم

مکان  ی زندگ  تیفیک فعال  ها یماریب  نیا  کی ولوژیزیپاتوف  ی هاسمیدر سطح جهان هستند.  با  ترشح    ، یالتهاب   یرهایمس  یسازاغلب 

فعال    باتیدارا بودن ترک  لیبه دل  ییدارو  اهانیاستفاده از گ  ر،یاخ  یهاهمراه است. در دهه   ویداتیو استرس اکس  هان یتوکیس  ازحدشیب

مورد توجه   هایماریب  نیا  تیریدر مد  نیگزیجا  ایمکمل    یانه یعنوان گزبه  دها،یها و آلکالوئترپن  ها،کیفنول  دها،یفلاونوئ  رینظ  یستیز

 .پژوهشگران قرار گرفته است

تحل  نی:اهدف  و  مرور  هدف  با  فارماکولوژ  لیمطالعه  اثرات  مورد  در  موجود  ترک  ییدارو  اهانیگ  یکیشواهد  آن  بات یو  بر  فعال  ها 

 .مزمن انجام شد ی التهاب یهایماریمرتبط با ب ی التهاب یهاسمیمکان

  یهاگاهیو پا (PubMed  ،Scopus  ،Web of Science  ،ScienceDirect) یالمللنیب  یهاگاهیمند در پانظام   ی:جستجوروش

  "کیاثرات فارماکولوژ"و  "التهاب مزمن"،  "ییدارو اهانی گ"مرتبط با   یسیو انگل یفارس یهادواژهی با کل (SID ،Magiran) یفارس

  ، یسلول  یهادر مدل  ییدارو  اهان یگ  یاثرات ضدالتهاب  یکه به بررس  ۲۰۲۵تا    ۲۰۱۰  یهالسا  نی انجام گرفت. مقالات منتشرشده ب

 .پرداخته بودند، وارد مطالعه شدند ینیبال یهاییکارآزما ای یوانیح

نتاها افتهی گ  جی:  که  داد  نشان  ،  (لیزنجب) Zingiber officinale،  (نیکورکوم) Curcuma longa همچون  یاهان یمرور 

Rosmarinus officinalis (ویرزمار ) Camellia sinensis (با مهار مس  یچا )یرهایسبز NF-κB و MAPK  کاهش ،

.  دهند ینشان م  یقابل توجه  ی، اثرات ضدالتهابIL-6 و TNF-α رینظ  یالتهاب  یهان یتوکیترشح س  لی، و تعد iNOS و COX-2 انیب

اند،  کرده  د ییرا تأ   سیازیو پسور  وی اولسرات  تیکول  د،یروماتوئ  تیمبتلا به آرتر  مارانیاثرات بهبوددهنده در علائم ب  زین  ی نیشواهد بال

 .بالا مشاهده شد تیفیبا ک  ینیبال  یهاییو کمبود کارآزما ونیاز جمله تنوع دوز و فرمولاس ییهاتیهرچند محدود

مزمن دارند    ی التهاب  یندهایفرآ لیدر تعد ییبالا  لیچندگانه، پتانس  ی هاسمیها با مکانفعال آن  باتیو ترک ییدارو اهانی:گیریگجه ینت

با    شدهیتصادف  ینیبه مطالعات بال  ازیحال، ن  نیاستفاده شوند. با ا  جیرا  یهاو مؤثر در کنار درمان  منیا  یعنوان مکملبه  توانندیو م

 .است یضرور ینیبال  یدمدت و اثربخشبلن یمنیا نه،یدوز به نییتع یبرا قیدق یطراح

 .یالتهاب  ی هایماریضدالتهاب، ب  سمیمکان  ،یستیفعال ز  باتیترک  ک،یالتهاب مزمن، اثرات فارماکولوژ  ، ییدارو  اهانیگ  : یدیکل  واژگان
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Abstract 

 

Tomato (Solanum lycopersicum), as a model plant in the Solanaceae family, is highly valued for 

its nutritional, genetic, and physiological traits. Under biotic and abiotic stress conditions, reactive 

oxygen species (ROS), such as hydrogen peroxide (H₂O₂), accumulate and damage cellular 

structures. Ascorbate peroxidase (APX) plays a crucial role in maintaining redox balance by 

converting H₂O₂ into water through the ascorbate-glutathione cycle. This study aimed to 

investigate the kinetic behavior and thermal stability of APX in three developmental stages of 

tomato (immature, ripe, and post-storage) and to evaluate the effects of two inhibitors, cysteine 

and glycine. Samples were prepared, homogenized, and centrifuged, and the crude extract was 

used to measure enzyme activity. APX activity was assessed by monitoring the decrease in 

absorbance at 290 nm, and data were analyzed using statistical tests. Results showed that the 

maximum reaction rate (Vmax) increased progressively from the immature to the ripe and post-

storage stages, indicating the plant’s response to elevated oxidative stress during development. 

The decrease in Michaelis constant (Km) reflected enhanced substrate affinity and catalytic 

efficiency under stress conditions. The type of inhibition varied with developmental stage; cysteine 

exhibited stronger inhibition due to its thiol group, suggesting a regulatory role in redox balance, 

while glycine showed milder effects. The optimal temperature for APX activity also shifted 

depending on growth stage and inhibitor presence, indicating structural adaptation of the enzyme 

to environmental conditions. These findings highlight the regulatory role of APX in antioxidant 

defense and its potential application in postharvest stress management. 

 

Keywords: Solanum lycopersicum, Kinetics, peroxidase, Cysteine, Glycine 
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Abstract 

 

Nowadays, due to the preference of consumers for organic products free of chemical additives, 

natural antibacterial compounds have received more attention. The increasing awareness of the 

negative effects of chemical preservatives has led to more research on the antimicrobial effect of 

plant essential oils and their potential for use as preservatives. The aim of this study was to 

investigate the antimicrobial effects of extracts from black tea leaves, orange peel and green walnut 

husk extracts on two pathogenic bacteria, Pseudomonas aeruginosa and Escherichia coli. This 

study was conducted on a total of 20 strains of pathogenic bacteria, E. coli (10) and P. aeruginosa 

(10), with diverse clinical origins. After drying and powder preparation, ethanolic extracts (70%) 

were prepared from plant wastes (black tea leaves, orange peel, and green walnut husk) by 

maceration method. To measure the antimicrobial effects of the extracts (at a concentration of 50 

mg/mL), the Kirby-Bauer disk diffusion method was used in Mueller-Hinton agar medium and 

MIC and MBC were determined in Mueller-Hinton broth and Mueller-Hinton agar medium, 

respectively. The maximum and minimum diameters of the inhibition zones for black tea leaves, 

orange peel, and green walnut husk at a concentration of 50 mg/ml were 5-19, 6-17 and 8-15 mm 

for P. aeruginosa strains, and 10-19, 6-15, and 8-16 mm for E. coli strains, respectively. The results 

obtained from the MIC and MBC assays showed that, after 24 h of treatment of the strains, the 

minimum growth inhibitory concentration (MIC) for both bacteria was 12.5 mg/mL, and the 

minimum bactericidal concentration (MBC) of the extracts in both bacteria was 25 mg/mL. The 

results report the significant antibacterial effect of the investigated plant extracts against the 

infection-causing bacteria, E. coli and P. aeruginosa. These extracts, after conducting standard 

clinical tests, can be candidates for the production of pharmaceutical supplements. 

 

Keywords: black tea leaves, orange peel, green walnut shell, medicinal plants, antimicrobial 
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Abstract 

 

The accelerating degradation of natural resources, including water, soil, and native or endemic 

plant species, poses a serious threat to biodiversity and ecological security. The conservation of 

medicinal plant genetic resources, particularly those at risk of extinction, remains one of the major 

challenges in sustainable natural resource management. This study aimed to evaluate the 

effectiveness of a gene bank in conserving the genetic resources of medicinal plants within the 

natural ecosystems of Bushehr Province, Iran. Seed samples were obtained from natural habitats 

in accordance with the standards of the International Seed Testing Association (ISTA) and the 

International Plant Genetic Resources Institute (IPGRI). Following the assessment of germination 

capacity, physical purity, seed moisture content, and thousand-seed weight, the samples were 

stored in the gene bank under controlled conditions. The results revealed that the highest species 

diversity was found in the families Apiaceae, Poaceae, Asteraceae, Brassicaceae, Papilionaceae, 

and Lamiaceae. The main threats identified were land-use change and habitat destruction (such as 

road construction and the expansion of oil and gas industries), unauthorized and unsustainable 

harvesting, as well as intentional and unintentional wildfires. Overall, the findings confirm the 

effectiveness of gene banks as a scientific and practical approach for conserving the genetic 

resources of medicinal plants and threatened species and they highlight the need to expand such 

programs to other regions of the country. 

 

Keywords: gene bank, genetic resources, medicinal plants, plant biodiversity, sustainable natural 

resource management 
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Abstract 
Malva sylvestris L. is a medicinal and rangeland species widely distributed across semi-arid 

ecosystems, known for its pharmacological properties and ecological resilience. As a perennial 

herbaceous plant, it plays a vital role in maintaining biodiversity and soil stability in degraded 

rangelands. Given its inherent plasticity in developmental pathways and stress tolerance, M. 

sylvestris serves as a promising model for exploring morphogenetic and cytological responses 

under abiotic stress. Hydroponic cultivation systems offer a controlled environment to investigate 

the plant’s cellular and developmental dynamics under drought conditions, minimizing external 

variables and enhancing reproducibility. This promotional study aims to highlight the adaptive 

morpho-anatomical traits and developmental plasticity of M. sylvestris when exposed to water 

deficit in hydroponic systems. Observations suggest alterations in meristematic activity, 

modulation of cell cycle progression, increased cuticular deposition, and reduced parenchymal cell 

volume—indicative of drought-induced developmental reprogramming. The integration of 

hydroponics with developmental biology not only facilitates sustainable production of medicinal 

plants but also reduces anthropogenic pressure on natural rangelands. Furthermore, the ability of 

M. sylvestris to maintain cellular integrity and functional morphology under stress underscores its 

potential for biotechnological applications and climate-resilient agriculture. Promoting hydroponic 

cultivation of rangeland medicinal species like M. sylvestris can bridge the gap between ecological 

conservation and modern phytopharmaceutical production. This approach aligns with sustainable 

resource management and offers a viable pathway for enhancing medicinal plant yield, quality, 

and resilience in water-limited environments. 

 

Keywords: Sustainable development, Plant biotechnology, Biological resource management, 

Rangeland ecology, Controlled-environment production 
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Abstract 

 

Medicinal plants have underpinned traditional healthcare systems worldwide for millennia (Julián-

Flores et al., 2025). Recent comprehensive reviews highlight the ability of plant metabolites to act 

against gastrointestinal disorders and to modulate host inflammatory responses (Julián-Flores et 

al., 2025). Plant-derived compounds are also being revisited as solutions to antimicrobial 

resistance because of their multi-target mechanisms and synergy with conventional drugs (El-

Saadony et al., 2025). Contemporary systems and synthetic biology approaches permit detailed 

mapping and heterologous production of plant natural-product pathways, improving supply and 

enabling pathway optimization (Qin et al., 2025). Artificial intelligence and computational 

chemistry accelerate metabolome annotation, activity prediction, and in silico prioritization of 

phytochemical leads (Varghese et al., 2025). Targeted experimental studies demonstrate that seeds 

and leaves of long-used species yield peptide and small-molecule leads with antimicrobial, anti-

inflammatory, and anticancer potential (Ismoil et al., 2025; Saha et al., 2025). Integrating 

ethnobotanical knowledge with omics, AI, and synthetic biology creates an efficient pipeline for 

turning traditional remedies into 21st-century therapeutics (Varghese et al., 2025; Qin et al., 2025). 
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Abstract 

 

To evaluate the effects of wood alcohol application and planting substrate on the early growth of 

tarragon (Artemisia dracunculus L.) under different drought stress conditions, a greenhouse 

experiment was conducted at Torbat Heydarieh University during 2024–2025. The study was 

arranged as a three-factor factorial experiment based on a completely randomized design with three 

replications. Treatments included wood alcohol application at two levels (no application and 

application), planting substrate at two levels (sandy–light soil and clay–heavy soil), and drought 

stress at three irrigation intervals (every 2, 4, and 6 days). Results indicated that drought stress 

significantly reduced germination traits and early growth parameters. Wood alcohol improved 

most germination and growth characteristics, although it had no significant effect on germination 

percentage. The best growth performance was observed in light soil with irrigation every 2 and 4 

days, with no significant difference between them. The highest leaf number, shoot fresh and dry 

weight, and plant height were obtained from wood alcohol application combined with irrigation 

every 2 days in loamy soil. Furthermore, wood alcohol application in heavy soil alleviated the 

negative impacts of drought stress. Overall, the findings suggest that wood alcohol can be 

recommended as a management strategy to mitigate drought stress and enhance the early growth 

of tarragon in arid and semi-arid regions. 
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Abstract    

 

Drought stress is one of the main limiting factors for growth and yield of medicinal plants, and the 

use of natural compounds to enhance plant resistance is essential. This study evaluated the effect 

of wood alcohol application on seed germination and early growth of lemon balm (Melissa 

officinalis) under different soil textures and irrigation regimes in 2025. The experiment was 

conducted as a three-factor factorial design including wood alcohol application (absence and 

presence), soil type (light/sandy and heavy/clay), and irrigation interval (every 2, 4, and 6 days) 

with three replicates. Results showed that drought significantly reduced germination and early 

growth parameters. Application of wood alcohol improved germination rate, shoot length, leaf 

number, and fresh and dry biomass. The highest growth was observed in light soil with 2- and 4-

day irrigation intervals, with no significant difference between them. In heavy soil, wood alcohol 

mitigated the negative effects of drought and enhanced early plant growth. The findings indicate 

that wood alcohol can increase plant resistance under drought stress conditions. In addition to 

improving early growth, it may also enhance the final yield of lemon balm. This study confirms 

the effectiveness of wood alcohol as a useful tool in sustainable cultivation of medicinal plants. 
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Abstract  

 

The Hyrcanian Forests in northern Iran, remnants from the Tertiary geological period, are 

recognized as one of the most significant biological regions in Iran and the world. The genus 

Pterocarya, belonging to the Juglandaceae family, reproduces sexually through P. rhoifolia and 

asexually via P. fraxinifolia. Pterocarya fraxinifolia (Poir.) Spach, known scientifically, is a 

deciduous, light-loving species that primarily grows at elevations ranging from 20 to 1200 meters 

along riverbanks. This species is found in regions such as the Caucasus, Turkey, Georgia, 

Azerbaijan, and Iran. To date, 15 species of the genus Pterocarya have been documented globally, 

with five out of six species present in East Asia (Vietnam, China, Korea, and Japan). In Iran, only 

P. fraxinifolia grows naturally in three northern provinces: Gilan, Mazandaran, and Golestan, with 

a small population also found in the western provinces of Lorestan and Ilam. The most stable 

habitats for this species are located in the Caucasus, while the highest genetic diversity is observed 

in the Hyrcanian region. Research indicates that this genus became extinct in Europe during the 

mid-Miocene due to climatic and geological conditions but expanded into the Caucasus region 

thereafter. The leaf extract of the wingnut has antimicrobial, antifungal, and therapeutic properties 

for breast cancer, stomach diseases, intestinal worms, skin and hair problems, and hair dyeing. 
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Abstract 

 

Dionysia cespitosa (Primulaceae), one of the endemic species of the Zagros Mountain, Iran, is 

classified into three subspecies (ssp. bolivari, ssp. cespitosa, ssp. isophylla). Internal Transcribed 

Spacer sequences (ITS) were used to assess the genetic diversity and haplotype network among 7 

populations of D. cespitosa. The results showed an average haplotype diversity (0.93) and 

nucleotide diversity (0.00923) with 25 unique haplotypes. Additionally, haplotype network 

showed that population 1 (Hap_1) likely represents an ancestral lineage shared among populations. 

Morphological results illustrated that in principal component analysis (PCA), the first four 

components had eigenvalues greater than one (4.5, 2.1, 1.5, and 1.3, respectively), explaining a 

total of 68.80% of the diversity among the quantitative traits, with plant height, bract width, and 

corolla length being the most significant. 
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Abstract: 

Human papillomavirus (HPV) persistence is linked to dysregulation of interferon (IFN) pathways, 

where IFN-γ plays a key role in antiviral and antitumor immunity by coordinating NK cells, T 

cells, and antigen-presenting cells (Barrat et al., 2019; Bhat et al., 2018; Castro et al., 2018). 

Clinical studies show that Active Hexose Correlated Compound (AHCC), a shiitake mushroom 

extract, supports HPV clearance by enhancing both innate and adaptive immunity (Smith et al., 

2022), modulating dendritic and regulatory T cell function (Chowdhury et al., 2019), and 

promoting Th1-biased, IFN-γ–driven responses (Dea-Ayuela et al., 2020). Additionally, AHCC’s 

effects may extend to PD-1/PD-L1 checkpoint regulation, influencing viral clearance versus 

immune evasion (Gao et al., 2018; Sun et al., 2018). Collectively, evidence suggests that AHCC 

fosters a favorable immune environment for HPV elimination. In this study, we employed an 

advanced bioinformatics pipeline integrating transcriptomics, metabolomics, and immunomics 

datasets to construct a predictive framework for identifying key immune pathways activated in 

response to AHCC. Promoter sequences of immune-related genes were extracted and analyzed 

using the Nucleotide Transformer genomic language model to uncover structural and regulatory 

features influencing gene expression under treatment versus control conditions. Subsequently, 

deep learning algorithms and network-based pathway analyses were applied to integrate multi-

omics data, revealing candidate genes and central hubs within IFN-γ signaling, NK cell activation, 

and PD-1/PD-L1 immune checkpoint pathways. Our modeling results suggest that AHCC 

enhances antiviral immunity against HPV by modulating the expression of critical genes 

associated with Th1-biased immune responses. This work not only provides novel insights into the 

molecular immunomodulatory mechanisms of shiitake-derived AHCC in HPV clearance but also 

establishes a data-driven framework for developing next-generation adjuvant therapies based on 

medicinal mushrooms.  
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با   ( Asparagus officinalis ) ماچوبه ییدارو اه یغلظت عناصر موجود در گ یو بررس  ییشناسا

 ICP استفاده از آزمون

 ی طاهرخان  ای پو-

 ران ی، تاکستان ، ا ی، واحد تاکستان ، دانشگاه آزاد اسلام یاهیگ یو به نژاد کیژنت گروه

 ی فرزان طاهر-2

 ران ی، تاکستان ، ا ی، واحد تاکستان ، دانشگاه آزاد اسلام یاهیگ یو به نژاد کیژنت گروه

 عمارلو  یعل-3

 ران ی دانشگاه زنجان ، زنجان ، ا یستیز  نی نو  یها یفناور پژوهشکده

 :دهیچک

 

مارچوبه هم به    اه یباشد. گ  یم Asparagaceae از خانواده Asparagus officinalis L. var. altilis یبا نام علم   مارچوبه

شود. یونانی ها    یاستفاده م   ییصورت تازه و یا خشک در انواع غذاها و هم به عنوان یک داروی گیاهی مفید در طب آسیایی و اروپا

می کردند ، اما در واقع رومی ها اولین افرادی بودند که عملیات زراعی برای کشت مارچوبه    ستفادهدر قدیم به عنوان سبزی از آن ا 

دارد ، یکی ساقه هایی است که مصرف خوراکی   ییسعه دادند و دستورالعمل کاشت آن را نوشتند. مارچوبه دو نوع ساقه هوارا تو

و غیر خوراکی است. نام اسید آمینه آسپاراژین از آسپاراگس، نام    وده است که دارای برگ ب  ییداشته و برگ ندارد و دوم ساقه هوا

ا مارچوبه از نظر این اسید آمینه بسیار غنی است. مارچوبه بومی نواحی معتدل بوده و یک گیاه  لاتین مارچوبه گرفته شده است زیر

  ی فعال و عناصر معدن باتیدارا بودن ترک لیلارزشمند است که به د یو خوراک یی دارو اهانی از گ یکیفصل خنک می باشد. مارچوبه 

ارا به خود جلب کرده است. د   یاریمختلف، توجه پژوهشگران بس   اه یمختلف گ  یهادر بخش  یپژوهش، غلظت عناصر معدن  نیر 

 یررسمورد ب (ICP) ییشده القاجفت   یپلاسما  یسنجف ی( با استفاده از آزمون طدهیرس  وهینارس و م  وهیساقه، م  شه،یمارچوبه )ر

در  (P) و فسفر (Na) میسد،  (Mg) میزی، من(K) می، پتاس(Si) میسیلینشان داد که عناصر پرمصرف مانند س  جیقرار گرفت. نتا

 و مس (Mn) ، منگنز(Zn) ی، رو(Fe) مانند آهن  ییهایزمغذیر  نی. همچناندافته یمختلف تجمع    یهابالا در اندام  یهاغلظت

(Cu) سرب  رینظ  یو بالقوه سم  نیوجود داشتند. در مقابل، عناصر سنگ  یقابل توجه  ریدر مقاد  زین (Pb)می، کادم (Cd) وهیو ج 

(Hg) که    ی تجمع عناصر را دارد، در حال  ییتوانا  نیشتریب  اهیگ  شهینشان داد که ر  جیحضور داشتند. نتا  نییپا   اریبس  یهادر غلظت

  یاهیو تغذ  یی در توسعه کشت و کاربرد دارو  تواندیم   هاافتهی  نی . ادهستن Zn و Mg مانند  یاهیاز عناصر با ارزش تغذ   یغن  هاوهیم

  .مارچوبه مؤثر باشد
 .یاهی، عناصر گ ییدارو-ییغذا تی، امن (ICP) ییشده القاجفت یپلاسما یسنجفیمارچوبه ، ط: ید یکل کلمات
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Abstract : 

Medicinal plants, as rich natural sources of bioactive compounds, hold a prominent 

place in both traditional and modern medicine. Secondary metabolites are 

compounds that do not play a direct role in plant growth but provide diverse 

medicinal properties for humans. Asparagus (Asparagus officinalis), due to its 

content of flavonoids, steroidal saponins, sulfur compounds, and phenolic acids, has 

attracted the attention of researchers. These compounds are distributed in different 

parts of the plant and exhibit antioxidant, anticancer, anti-inflammatory, and 

antimicrobial effects. The aim of this article is to provide a comprehensive review 

of the studies conducted on the secondary metabolites of asparagus and to examine 

their role in the medicinal effects and potential applications of this plant. 

 

Keywords: Asparagus, Secondary metabolites, Flavonoids, Saponins, Phenolic 

compounds, Pharmacy 
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Abstract 

The genus Viola, with more than 500 species, is rich in valuable secondary 

metabolites such as flavonoids, anthocyanins, coumarins, saponins, alkaloids, 

mucilage, and cyclotides (highly stable cyclic peptides). Viola odorata (purple 

violet) is one of the best-known medicinal plants of this genus and has been used in 

traditional Iranian medicine and other traditional systems for respiratory, skin, fever, 

headache, and insomnia diseases, and a significant portion of these uses are now 

supported by laboratory and clinical data. In contrast, there is less direct 

pharmacological evidence for Viola alba (white violet), but phytochemical data and 

measurements of its antioxidant and phenolic capacity, including reports from 

Iranian populations, point to its therapeutic potential. This article systematically 

reviews the literature, compares the two species, and summarizes the possible 

mechanisms of action, pharmaceutical forms, safety considerations, and knowledge 

gaps . 
Keywords: Violet purple, Violet white, Medicinal properties, Plant compounds, 

Secondary metabolite 
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Abstract   

 

The demand for herbal medicines is increasing. Mineral elements play an important role in the 

formation of active substances in medicinal plants. The aim of the present study is to investigate 

the elements present in two medicinal plant species, purple and white violet. In this study, 28 

mineral elements were quantitatively determined by atomic absorption spectrometry from the 

roots, stems, and flowers of purple and white violet. The distribution of mineral elements among 

different organs was analyzed using one-way analysis of variance. The results show that the total 

content of Al, Fe, K, Mg, Mn, Na, P elements in all parts of purple violet and the elements Mg, K, 

Al, Si, Na, and Mn in all parts of white violet has the highest values. Analysis of variance showed 

significant changes in the content of mineral elements in different organs of violet species 

(P<0.05). According to the analysis of variance, the concentration of each element varied 

significantly among different plant parts (P < 0.05). These results showed that there are large 

differences in the use of elements between different tissues of violet. The detection and analysis 

of characteristic elements, as a scientific basis, provides the possibility of quality control for 

medicinal violet. Considering the ease of growth of medicinal violet in different regions and the 

diversity in the type of secondary metabolites and active ingredients, this potential can be 

effectively exploited in the pharmaceutical industry. 

 

Keywords: medicinal plants, mineral elements, purple violet, white violet. 
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Abstract 

Asparagus, scientifically known as Asparagus officinalis L. var. altilis, is a member of the 

Asparagaceae family. The asparagus plant is used both fresh and dried in a variety of dishes and 

as a useful herbal medicine in Asian and European medicine. The Greeks used it as a vegetable in 

ancient times, but in fact the Romans were the first to develop agricultural practices for asparagus 

cultivation and write instructions for its cultivation. Asparagus has two types of aerial stems, one 

is the edible stems that do not have leaves, and the second is the aerial stem that has leaves and is 

inedible. The name of the amino acid asparagine is taken from asparagus, the Latin name for 

asparagus, because asparagus is very rich in this amino acid. Asparagus is native to temperate 

regions and is a cool-season plant. Asparagus is one of the valuable medicinal and edible plants 

that has attracted the attention of many researchers due to its active compounds and various mineral 

elements. In this study, the concentration of mineral elements in different parts of the asparagus 

plant (root, stem, unripe fruit and ripe fruit) was investigated using inductively coupled plasma 

(ICP) spectroscopy. The results showed that essential elements such as silicon (Si), potassium (K), 

magnesium (Mg), sodium (Na) and phosphorus (P) accumulated in high concentrations in different 

organs. Also, micronutrients such as iron (Fe), zinc (Zn), manganese (Mn) and copper (Cu) were 

present in significant amounts. In contrast, heavy and potentially toxic elements such as lead (Pb), 

cadmium (Cd) and mercury (Hg) were present in very low concentrations. The results showed that 

the plant root has the greatest ability to accumulate elements, while the fruits are rich in 

nutritionally valuable elements such as Mg and Zn. These findings can be effective in developing 

the cultivation and medicinal and nutritional applications of asparagus. 

 

Keywords: asparagus, inductively coupled plasma (ICP) spectroscopy, food-pharmaceutical 

safety, plant elements 
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Abstract 

 

The Lamiaceae family includes numerous aromatic herbs with significant ethnomedicinal value, 

largely due to their rich phenolic and flavonoid composition. In this study, the phenolic profiles 

and biological properties of Rosmarinus officinalis L., Mentha piperita L., and Ocimum basilicum 

L. were systematically compared. Botanical authentication was conducted through macroscopic 

and microscopic analyses and confirmed by herbarium registration. Spectrophotometric assays 

confirmed the presence of high levels of phenolic and flavonoid compounds. Advanced 

chromatographic techniques, including High-Performance Liquid Chromatography (HPLC) and 

High-Performance Thin-Layer Chromatography (HPTLC), were applied to characterize 

phytochemical markers. Rosmarinic acid was identified as a major constituent in all three species, 

while menthol and rutin were prominent in M. piperita, and O. basilicum was particularly enriched 

in eugenol and other phenolic derivatives. These compounds are recognized for their potent 

antioxidant, antimicrobial, and antifungal properties. Biological activity screening revealed that 

all three herbs exhibited strong antioxidant potential as demonstrated by free radical scavenging 

assays. Furthermore, antimicrobial and antifungal evaluations highlighted the effectiveness of R. 

officinalis L. and O. basilicum L. against bacterial and fungal strains, while M. piperita L. 

displayed moderate inhibitory activity. Safety evaluations based on heavy metal and pesticide 

residue analyses confirmed compliance with international standards. This comparative 

investigation emphasizes the importance of phytochemical profiling and bioactivity assessment in 

Lamiaceae plants, supporting their integration into standardized phytopharmaceuticals for 

antioxidant and antimicrobial applications. 
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Abstract 

 

Olive (Olea europaea L.) leaf is a promising reservoir of secondary metabolites, particularly 

polyphenols and flavonoids—well-known for their antioxidant and therapeutic properties. The 

alarming rise in fungal infections and the limited efficacy of existing antifungal drugs, intensified 

by increasing resistance, pose a serious threat to global health. These challenges have intensified 

interest in natural products, particularly those derived from medicinal plants, as safer and more 

sustainable therapeutic alternatives. Olive leaves, a commonly discarded by-product of the olive 

industry, are rich in polyphenolic compounds with documented antioxidant, anti-inflammatory, 

and antimicrobial properties (Markhali et al., 2020; Borjan et al., 2020). This study presents a 

preliminary investigation into the antifungal efficacy of olive leaf extract, with the aim of assessing 

its potential for use against pathogenic fungi. Dried olive leaves were subjected to ethanolic 

extraction using 80% ethanol at room temperature, followed by phytochemical screening. The total 

phenolic content was determined using the Folin–Ciocalteu assay, confirming a high abundance 

of phenolic constituents (Borjan et al., 2020). Antifungal activity was evaluated using the agar well 

diffusion method, targeting clinically relevant fungal strains such as Fusarium oxysporum and 

Aspergillus niger. Early observations suggest that the extract can inhibit fungal growth, as 

indicated by visible inhibition zones around the wells. 
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Abstract 

Infectious diseases have always been a major concern for humanity and have continuously 

attracted the attention of many medical and laboratory professionals. On the other hand, antibiotic 

treatment leads to other problems such as drug resistance and side effects. The use of new herbal 

medicines with fewer side effects can be of great help in treating infections. Cinnamomum verum 

is a small, evergreen tree, the bark of which is used as a spice. The aim of this study was to 

investigate the antimicrobial properties of C. verum extract against 4 strains of pathogenic bacteria: 

Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, and Pseudomonas aeruginosa. 

In this study, a hydroalcoholic extract (70% ethanol) was prepared from cinnamon powder at a 

concentration of 50 mg/mL by maceration. The composition of the active ingredients of the extract 

was analyzed using gas chromatography-mass spectrometry (GC-MS). The antibacterial effect of 

the extract and antibiotics gentamicin and tetracycline was investigated by the disk diffusion 

method (three replicates for each test), and then the average diameter of the growth inhibition zone 

of the substances released from the disk against the bacteria under study was measured and 

recorded with a millimeter ruler. The minimum inhibitory concentration (MIC) and minimum 

bactericidal concentration (MBC) of the extract were calculated by the dilution method. The 

presence of thymol, naphthalene, and styrene in the C. verum extract as the dominant active 

ingredients was confirmed using GC-MS. The growth inhibition zones of the extract at a 

concentration of 50 mg/mL against E. coli, K. pneumoniae, S. aureus, and P. aeruginosa bacteria 

in the disk method were measured to be 13, 15, 21, and 16 mm, respectively. S. aureus treated 

with the extract showed the highest inhibition zone with a diameter of 21 mm. E. coli strain showed 

resistance to tetracycline antibiotic; S. aureus treated with gentamicin and tetracycline was the 

most sensitive bacterium to treatment with the antibiotics studied, with the highest inhibition zone 

diameters, 30 and 35 mm, respectively. In the dilution method, the extract also showed an 

acceptable growth inhibitory and lethal effect on the tested bacteria. The minimum inhibitory 

concentration (MIC) and minimum bactericidal concentration (MBC) of cinnamon extract were 

6.25 and 12.5 mg/mL, respectively, against E. coli, K. pneumoniae, and P. aeruginosa, and the 

lowest MIC and MBC were 3.12 and 6.25 mg/mL for S. aureus. Based on the results, C. verum 

extract has significant antibacterial properties in vitro, but for clinical applications and prescription 

as an alternative to synthetic antibiotics, clinical studies are necessary to confirm the antibacterial 

effects of the extract in vivo. 

Keywords: Biological antibiotics, medicinal plants, MIC, MBC 
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Abstract 

 

Herbal-based nanopharmaceuticals represent a transformative approach in cancer therapy, 

combining the therapeutic potential of natural compounds with the precision of nanotechnology. 

This report explores the advancements, challenges, and future directions of these formulations in 

oncology. Herbal compounds, such as curcumin, quercetin, and resveratrol, exhibit significant 

anticancer properties but face limitations like poor bioavailability and instability. Nanotechnology 

addresses these issues by enhancing solubility, stability, and targeted delivery, thereby improving 

therapeutic efficacy and minimizing systemic toxicity. Key innovations include the development 

of nanocarriers such as liposomes, nanoparticles, and micelles, which enable controlled drug 

release and site-specific action. These systems not only improve drug accumulation at tumor sites 

but also reduce adverse effects on healthy tissues. Furthermore, the integration of diagnostic and 

therapeutic functions into single nanoscale platforms, known as theranostics, offers promising 

avenues for personalized cancer treatment. Despite these advancements, challenges such as large-

scale production, regulatory hurdles, and potential nanoparticle toxicity remain significant 

barriers. This report underscores the need for continued research and standardization to fully 

realize the potential of herbal-based nanopharmaceuticals in revolutionizing cancer therapy. 
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Abstract 

 

Nanobiotechnology has emerged as a transformative field in drug delivery and therapeutic 

innovations. The integration of plant-derived phytochemicals with nanocarriers offers a promising 

approach to enhance bioavailability, stability, and targeted delivery of therapeutic molecules. 

Herbal extracts and phytochemicals have long been used in traditional medicine, but their poor 

solubility and rapid metabolism limit their efficacy. Nanocarrier systems, including liposomes, 

polymeric nanoparticles, and lipid-based nanoparticles, have shown significant potential in 

overcoming these limitations. This review highlights recent advances (2024–2025) in the 

application of nanobiotechnology to plant-derived compounds, emphasizing green synthesis 

approaches, nanoformulations for cancer and chronic diseases, and future prospects in translational 

medicine. Challenges, including regulatory issues, safety, and large-scale production, are also 

discussed. 

 

Keywords: Nanobiotechnology; Phytochemicals; Herbal extracts; Nanoformulations; Green 
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Abstract 

 

Rydinjia persica (Lamiaceae) is widely distributed in southern and southeastern Iran. This 

medicinal plant, which is called Golder in Persian, is traditionally used for its remedial properties, 

and its aerial parts have been investigated for their phytochemical composition and antidiabetic 

potential. A literature survey showed that there has been limited phytochemical study on the roots 

of R. persica. This study aimed to extract and identify bioactive compounds from Golder roots 

through the use of high-performance equipment. A phytochemical investigation of the acetone 

extract from the roots of this species was undertaken, resulting in the isolation and identification 

of five natural compounds: beta-sitosterol (1), betulinic acid (2), bongardol (3), daucosterol (4), 

and its derivative (5). Structural elucidation of these compounds was established by their spectral 

data, including 1D and 2D NMR experiments. 
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Abstract 

 

Phytochemical pathway discovery is challenged by the complexity of plant metabolic networks, 

hindering the development of new natural products. To address this, we comprehensively reviewed 

databases like PubMed, Google Scholar, and Scopus to examine computational frameworks that 

integrate deep learning with multi-omics data. The results identified three primary strategies for 

data integration. Early integration combines all data into a single matrix, which is effective for 

straightforward prediction but can be challenged by high dimensionality. Intermediate integration 

seeks a shared, lower-dimensional representation of the data, making it a powerful tool for 

biological discovery by revealing latent relationships. Late integration analyzes each data type 

separately before merging the results, a method particularly useful in clinical applications where 

interpretability is crucial. While these approaches offer a more holistic understanding, they face 

challenges such as high data dimensionality and heterogeneity, with the most effective strategy 

ultimately depending on the specific research objective. 
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Abstract  

 

Saffron (Crocus sativus L.) is a triploid and sterile plant that can only be propagated through 

mother corms. Due to the limitations of natural propagation, the application of tissue culture 

techniques can provide an effective approach to enhance the multiplication rate of this valuable 

medicinal plant. In this study, to evaluate the effect of growth regulators on micro corm induction 

and organogenesis, healthy corms were surface-sterilized and cultured on half-strength MS 

medium supplemented with 6% sucrose. Hormonal treatments included BAP at concentrations of 

0, 2, and 4 mg L⁻¹ and NAA at concentrations of 0 and 1 mg L⁻¹, arranged in a completely 

randomized design with five replications. The results showed that the treatment containing BAP 

(4 mg L⁻¹) + NAA (1 mg L⁻¹) produced the highest rate of micro corm formation and sprouting, 

while the control (hormone-free) treatment exhibited the lowest effect. Furthermore, BAP alone 

significantly increased the number of shoots, but the combination of BAP and NAA not only 

enhanced the number of shoots but also significantly improved the diameter and weight of micro 

corms. Overall, the findings suggest that the combination of BAP (4 mg L⁻¹) and NAA (1 mg L⁻¹) 

can be considered an effective strategy for in vitro propagation of saffron and the production of 

vigorous micro corms. 

 

 

Keywords: Saffron, plant hormone, tissue culture, micro corm. 
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Abstract 

Mouthwashes have long been used as adjuncts to toothbrushing and dental flossing for maintaining 

oral hygiene. The primary objectives of these products are to reduce oral microbial load, prevent 

dental caries, control gingival inflammation, and prevent periodontal diseases. Chemical 

mouthwashes, particularly chlorhexidine, are recognized as the gold standard due to their strong 

antiplaque and antimicrobial effects. However, they have notable limitations, including tooth 

staining, taste disturbances, dry mouth, and oral mucosal irritation. These adverse effects can lead 

to reduced patient acceptance, incomplete use, or discontinuation. 

Herbal mouthwashes contain compounds derived from various plants, such as green tea, aloe vera, 

turmeric, clove, and tea tree oil. These compounds possess natural antibacterial, anti-

inflammatory, and antioxidant properties, while producing substantially fewer side effects. 

Additionally, their mild and natural taste enhances patient acceptance and encourages continued 

use. Studies have demonstrated that regular use of herbal mouthwashes can result in significant 

reductions in dental plaque and gingival inflammation, with their efficacy in many parameters 

approaching that of chlorhexidine. A systematic review published in 2024 in the Journal of Clinical 

Periodontology evaluated 18 randomized clinical trials. The results indicated that herbal 

mouthwashes can exert effects comparable to chlorhexidine in reducing plaque and gingival 

inflammation. In some studies, chlorhexidine was slightly more effective, but the difference was 

not statistically significant. Beyond their antiplaque effects, assessment of gingival inflammation 

revealed that plant extracts can effectively reduce inflammation and improve clinical indices. 

Regarding side effects, herbal mouthwashes outperform chemical ones. The most common adverse 

effects of chlorhexidine include tooth discoloration, bitter or unpleasant taste, and oral mucosal 

irritation. In contrast, herbal mouthwashes typically report only mild and transient effects, such as 

slight burning sensations. This contributes to higher patient adherence to herbal products and 

improved long-term therapeutic outcomes. 

 

Key words: Medicinal plants, Mouthwash, Oral diseases 

 

 

 

 

 



 

Address of the secretariat: Research Institute of Modern Biological Techniques  

University of Zanjan, Iran- Postal code: 4537138791  

htpp://ic-bmpm.znu.ac.ir/2025  

 
62 

 

Investigating the antioxidant and antibacterial properties of orange 

blossom (Citrus aurantium) extract 
 

Sana Tarashandeh Hemmati1, Somayeh Ataei Jaliseh2* 

1 Department of Biology, La.C., Islamic Azad University, Lahijan, Iran. 

2 Department of Biology, Ra.C., Islamic Azad University, Rasht, Iran. 

 

 

Abstract 

 

The escalating prevalence of antimicrobial resistance necessitates the exploration of 

phytochemical alternatives, particularly from Citrus species renowned for their bioactive 

secondary metabolites. Citrus aurantium L. flowers represent a valuable botanical resource 

harboring diverse phenolic compounds with significant biotechnological potential for 

pharmaceutical applications. This investigation elucidated the antimicrobial and antioxidant 

efficacies of ethanolic orange blossom (C. aurantium flower) extracts through comprehensive in 

vitro bioassays. Antimicrobial susceptibility was evaluated via well diffusion methodology against 

five clinically relevant bacterial pathogens: Escherichia coli, Staphylococcus aureus, Listeria 

monocytogenes, Streptococcus salivarius, and Acinetobacter spp., with minimum inhibitory 

concentration (MIC) and minimum bactericidal concentration (MBC) determinations established 

at 12.5 mg/mL and 25 mg/mL, respectively. Inhibition zone diameters ranged from 10 mm (E. 

coli) to 15 mm (L. monocytogenes and S. salivarius), demonstrating differential species-specific 

susceptibility patterns. Radical scavenging capacity was quantified through 2,2-diphenyl-1-

picrylhydrazyl (DPPH) assay, yielding an IC₅₀ value of 5.8 mg/mL compared to butylated 

hydroxytoluene (BHT) standard (0.4 mg/mL), while ferric reducing antioxidant power exhibited 

40.67 μmol/L equivalency. The observed bioactivities corroborate the phytochemical complexity 

inherent to C. aurantium floral tissues, attributable to flavonoid glycosides, phenolic acids, and 

terpenoid constituents that collectively confer antimicrobial and antioxidant properties through 

multiple mechanistic pathways, including free radical neutralization and membrane integrity 

disruption. These findings substantiate the biotechnological valorization of C. aurantium flowers 

as a promising source for developing novel antimicrobial and antioxidant formulations, warranting 

further investigation into bioactive compound isolation, structural elucidation, and mechanistic 

studies to advance translational applications in pharmaceutical biotechnology. 

Keywords: Citrus aurantium, orange blossom, antimicrobial resistance, phytochemical 

bioactivity, secondary metabolites, DPPH radical scavenging, minimum inhibitory concentration, 

minimum bactericidal concentration 
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Abstract 

 

Lippia citriodora (lemon verbena) is a medicinal and aromatic plant from the Verbenaceae family, 

valued for its essential compounds such as citral and limonene, widely used in pharmaceutical, 

food, and cosmetic industries. Conventional propagation of this plant through seeds and cuttings 

is limited due to poor rooting and genetic variability; therefore, tissue culture provides an efficient 

alternative for mass and uniform propagation. In this study, leaf and nodal explants were surface-

sterilized and cultured on MS basal medium. For callus induction, treatments containing 2,4-D 

(1.0–2.0 mg L⁻¹) combined with BAP (0.5 mg L⁻¹) resulted in vigorous green callus formation. 

Shoot organogenesis was optimized on MS medium supplemented with BAP (1.0–1.5 mg L⁻¹) 

plus NAA (0.1 mg L⁻¹), producing the highest number of shoots (an average of 6.2 shoots per 

explant). For rooting, IBA (0.5–1.0 mg L⁻¹) was the most effective treatment, achieving over 80% 

rooting frequency. Acclimatized plantlets showed a survival rate of more than 70% after transfer 

to sterile soil under greenhouse conditions. Overall, the results indicate that the combination of 

BAP and NAA for shoot induction and IBA for rooting are the most effective treatments for in 

vitro propagation of Lippia citriodora, providing a reliable strategy for large-scale and uniform 

production of this valuable medicinal plant. 

 

Keywords: Lemon, plant hormone, tissue culture, micro propagation 
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Abstract 

Nanotechnology, as an advanced tool in the development of oral care products, offers new 

opportunities to enhance the effectiveness of herbal formulations. One of the main challenges in 

using plant extracts in the oral cavity is their low stability and rapid clearance from the tooth and 

gingival surfaces. Nanoparticles can protect active phytochemicals, improve their absorption, and 

provide controlled release, thereby enhancing their antibacterial and anti-inflammatory effects. 

The use of nanoliposomes and nanoemulsions is considered an effective approach due to their 

ability to maintain prolonged contact of active compounds with the oral surface. These delivery 

systems increase the solubility of plant-derived compounds and reduce the need for high doses of 

active ingredients. Lower dosages minimize potential side effects and improve patient compliance. 

A 2023 study published in Dental Materials demonstrated that a formulation containing chitosan 

nanoparticles and green tea extract inhibited the growth of Streptococcus mutans by 70% more 

than a conventional solution. Nanoliposomes have also been employed for the delivery of plant-

based antioxidants, resulting in improved antiplaque and anti-inflammatory effects. Beyond 

enhancing therapeutic efficacy, nanotechnology provides additional advantages, such as improved 

product stability, better taste and odor, and reduced oral mucosal irritation. Collectively, these 

benefits lead to higher patient adherence to regular use, ultimately resulting in improved clinical 

outcomes and greater treatment success. 

 
Key words: Medicinal plants, Oral health, Nano technology.  
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Abstract 

 

Mentha piperita L. (peppermint) is an important aromatic and medicinal plant valued for its 

essential oils, especially menthol and menthone, which are widely used in pharmaceutical, 

cosmetic, and food industries. Conventional propagation of peppermint through stolons is limited 

due to low multiplication rates and risk of disease transmission. Tissue culture techniques provide 

a reliable alternative for the rapid and large-scale production of healthy and genetically uniform 

plants. In this study, nodal explants of M. piperita were cultured on Murashige and Skoog (MS) 

medium supplemented with different concentrations of plant growth regulators. Among the tested 

combinations, MS medium containing 1.0–2.0 mg/L BAP (6-benzylaminopurine) in combination 

with 0.5 mg/L NAA (α-naphthalene acetic acid) showed the highest shoot induction and 

multiplication rate. Rooting was achieved on half-strength MS medium supplemented with 0.5 

mg/L IBA (indole-3-butyric acid), resulting in a high frequency of root formation. The regenerated 

plantlets were successfully acclimatized in greenhouse conditions with a survival rate exceeding 

85%. The results confirm that in vitro culture of peppermint is an efficient method for mass 

propagation, germplasm conservation, and future genetic improvement programs. 

 

Keywords: Mentha piperita, micropropagation, tissue culture 
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Abstract 

 

The genus Salvia (sage) has transitioned from a traditional remedy to a focus of systematic 

pharmacological research. This review integrates current knowledge of its chemistry, dominated 

by terpenoids and phenolics, and the pharmacology attributable to those constituents. Across 

diverse experimental systems, Salvia extracts most consistently attenuate inflammation and 

oxidative stress, often by modulating NF-κB–driven signaling and activating the Nrf2 axis to 

strengthen endogenous defenses. These same pathways plausibly underlie preclinical signals of 

neuroprotection, anticancer activity, and metabolic regulation. By contrast, the clinical literature 

remains limited and methodologically heterogeneous, with small samples and nonstandardized 

extracts. Progress now depends on rigor: chemically characterized products, harmonized dosing, 

and adequately powered, preregistered trials to enable a fair test of Salvia’s therapeutic value rather 

than an assumption of benefit. 

 

Keywords: Salvia; phytochemistry; terpenoids; phenolics; NF-κB; Nrf2; pharmacology; clinical 

trials; standardization 
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Abstract 

 

Environmental management plays a key role in optimizing the production of phytochemical 

compounds, especially essential oils. This study investigated the effects of drought stress and 

harvest time (I and II) on the concentration of secondary metabolite compounds in spearmint 

(Mentha spicata L.). The results showed that, in comparison between harvest times, compounds 

such as β-pinene (53.85% decrease) and limonene (10.76% decrease) declined in harvest II, while 

sabinene increased by 25.93%. Under drought stress, the concentrations of 1,8-cineole (110.20% 

increase) and germacrene-D (187.61% increase) rose significantly under severe stress, indicating 

a plant defense response. However, carvone decreased by 17.09% under severe stress, likely due 

to limited energy resources. The interaction between stress and harvest time revealed that 

germacrene-D increased more in harvest I under severe stress (360.53%) compared to harvest II 

(100%), whereas β-pinene sharply declined in harvest II under severe stress (89% decrease). The 

findings suggest that optimal stress management (moderate level) and proper harvest timing can 

enhance essential oil quality and the production of valuable compounds, which is important for 

industrial and agricultural applications. 

 

Keywords: Carvone, GC-MS analysis, Metabolic profiling, Monoterpenes, Sesquiterpenes 
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ناشناخته قارچ  یها تیظرف  :یرانیا اهیفناورانه ترافل س  ستیو ز ییخواص دارو یبررس 

 ی دنبل کوه یها
 

 2کویمهرگان ن  رضای،عل1*یصائم ایسون

 لان یگ ،دانشگاهیعلوم کشاورز ،دانشکده ی اهیگ کیو ژنت  دیتول یگروه مهندس  -1

 لان یگ ،دانشگاهیدانشکده علوم کشاورز ، ییغذا ع یصنا یگروه علوم و مهندس -2
*:soniyasaemi@gmail.com 

 

 

 :دهیچک

 

کوه   ی هاقارچ طببه  (.Tuber spp) یدنبل  منابع  ترک  یغن   یعیعنوان  فزا  فعال،ستیز  باتیاز  پژوهش  یاندهیتوجه    یهادر 

بالا،    یستیز  لیو پتانس  یی ایجغراف  یپراکندگ   رغم یعل  ران،یدر ا Tuber brumale یاند. گونه بومبه خود جلب کرده  فناورانهست یز

قرار گرفته    یکمتر مورد بررس T. aestivum و T. melanosporum  ،T. magnatum مانند  ییوپاشده ارشناخته   یهانسبت به گونه 

مذکور، با تمرکز بر   یهاگونه  ی ستیز  یهاتیو فعال  ییایمیش  باتیاطلاعات مرتبط با ترک  افته،یساختار  یمطالعه مرور  نیاست. در ا

  ی گردآور ScienceDirect و PubMed  ،Scopus  ،Web of Science یهاگاهی، از پا ۲۰۲۴تا    ۲۰۰۰مطالعات منتشرشده از سال  

 یستیز  یهاصورت گرفته و آزمون  FTIR  و  GC-MS  HPLC مانند  ییهاکیتکن  قیعمدتاً از طر  باتیشدند. استخراج ترک  لیو تحل

راد مهار  نDPPH کالیهمچون  مهار  بررس  دیاکس  کیتری،  ن  یابیارز  یمبنا  یکروبیضدم  ی هایو  گرفتند.  داد  جیتاقرار   .T نشان 

brumale ی فرار بوده و در برخ  یهاو مولکول   راشباعیچرب غ   یدهایها، اساسکوالن، فنول  رینظ  ی بات یاز ترک  یتوجهقابل  ریمقاد  یحاو  

گونه    نیبالقوه ا  تیدهنده ظرفنشان  هاافته ی  نیداشته است. ا  ییاروپا  یهافراتر از گونه   یحت  ایبرابر    یعملکرد  ،یستیز  یهاسنجش

فرآورده توسعه  سامانه  ی عیطب  یهامکمل  ، ییدارو  ی هادر  ا  ناورانهفست یز  ی هاو  با  ن  نیاست.  تکم  ازیحال،  مطالعات  با    یلیبه 

  نیا  یکاربردها  شدنیصنعت  ی ابیو ارز  ،یریپذدسترسستیو ز  تیسم  یمنفرد، بررس  باتیترک  ترقیدق  زیآنال  شرفته،یپ   یشناسروش

 .شودیگونه، همچنان احساس م

 

 GC-MS  ،یعیفرآورده طب ، یستیز تیفعال  فعال،ستیز باتیترک  ،ی، قارچ دنبل کوه Tuber brumale: ی دیکل  یهاواژه
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Abstract 

Extraction and purification of polyphenolic compounds from agricultural wastes, especially olive 

pomace, have been the subject of increasing scientific interest owing to the potent antioxidant, 

anti-inflammatory, and antimicrobial activities of these compounds. The overall health-promoting 

activity of olive phenolic components is well established. Over the past few years, the biological 

activities of two compounds isolated, namely oleuropein and hydroxytyrosol, have been defined 

with particular emphasis on their antioxidant activity (1). Of the several methods available, resin-

based separation—more specifically, with macroporous resins—has been shown to be a very 

efficient methodology for selective adsorption, enrichment, and purification of polyphenols owing 

to their large surface area, chemical inertness, and preference for phenolic moieties (2). 

Molecularly imprinted resins display a high selectivity in separating target phenolic compounds 

like hydroxytyrosol and oleuropein, enhancing their bioavailability for food and pharmaceutical 

applications (3). In this study, the extract from olive oil waste was enriched for major 

phytochemical constituents by using macroporous resins. One of the resins was selected for its 

optimum efficiency in the enrichment and purification process, and adsorption–desorption of 

polyphenols was then optimized both under static and dynamic conditions. In the subsequent steps, 

crucial parameters like type of resin, concentration of sample loading, adsorption/desorption times, 

and solvent conditions were systematically optimized. These optimizations led to a reproducible 

and highly efficient protocol for the recovery of polyphenols, in consonance with earlier reports 

on the effectiveness of macroporous resin-based separation techniques. The antioxidant activity of 

the crude extract and the enriched fraction was determined using DPPH, ABTS, and FRAP assays. 

The results indicated that both fractions had a significant free radical scavenging capacity, with 

the enriched fraction showing higher activity. Furthermore, based on the lipophilic nature of 

certain antioxidant constituents present in olive fruit, it was observed that the DPPH assay showed 

higher sensitivity and effectiveness in detecting antioxidant activity compared to the other methods 

employed. 

 

Keywords: Polyphenols, Olive pomace, Resin-based extraction, Sustainable valorization 

Natural antioxidants 
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 یبا استفاده از فناور  (Solanum lycopersicum )یژنوم گوجه فرنگ شیرایو یبررس 

CRISPR وه یآن بر بهبود طعم و اندازه م ریو تأث 

 *1رضازاده صادق 

 باهنر کرمان   دیدانشگاه شه ر،یبردس یدانشکده کشاورز ،ی اهیگ داتیگروه تول-1

 Sadegh.Rezazadeh@bardsir.uk.ac.ir: مسئول سندهینو*
 

 

 چکیده 

 

را    وهیطعم و اندازه م  ت، یفیمرتبط با ک  ی هاژن  قیامکان اصلاح دق CRISPR/Cas9 یبا استفاده از فناور  یفرنگژنوم گوجه  شیرایو

  ریپذرا امکان دهایو کاروتنوئ کوپنیدهنده مانند لطعم باتیمرتبط با ترک ییایمیوشیب  یرهایبهبود مس یفناور نیفراهم کرده است. ا

قرار   یمورد بررس  وهیرشد و توسعه م  یسازنه یبه  قیاندازه و عملکرد محصول از طر  شیافزا  یبرا  یکیژنت  لاحاص  ن،ی. همچنکند یم

ا بر  علاوه  است.  گوجه  CRISPR/Cas9  ن،یگرفته  مقاومت  بهبود  تنش  یفرنگدر  برابر  خشک  یطیمح  یهادر  و   یشور  ،یمانند 

تنها  نه    یفناور  ن یاند. اداده  شیرا افزا  یکیدقت اصلاح ژنت  نگیتی اد  م یو پرا  یاهیپا  ش یرایمانند و  نی نو  یهانقش دارد. روش  هایماریب

افزا سر  شود،یم  یکشاورز  یوربهره  شیموجب  اصلاح  امکان  دق  عیبلکه  م   قیو  فراهم  را  مطلوب  ازکند یصفات   .استفاده 

CRISPR/Cas9 داشته    یمحصولات کشاورز  یداریو پا  تیفیبر بهبود ک  یتوجهقابل  ریتأث  تواندیم  یفرنگگوجه  یک یدر اصلاح ژنت

تغباشد. مطالعات نشان داده با م  ییایمیوشیب  یرهای در مس  راتییاند که  اس  زانیمرتبط  تول  تواندیم  یآل  ی دهایقند و  به   د یمنجر 

  ی توجهقابل  ری، تأثKNL2 رشد، مانند  کنندهمیتنظ  یهاژن  شیرایو  ن،یتر شود. همچنو مطلوب  ترنیریبا طعم ش  یی هایفرنگگوجه 

 .داشته است  وهیمبر اندازه و وزن 

 

 ژنوم ش یرایاندازه، و شیافزا ،یکشاورز یوربهره ،یکی، اصلاح ژنتCRISPR/Cas9: ی دیکل  یهاواژه
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  یهاها، توسعه و برنامهگونه ت،یبر وضع ی: مرورلانیدر استان گ  ییدارو اهانیکشت گ 

 ی آموزش 
Cultivation of medicinal plants in Guilan Province: A review of the status, 

species, development and educational programs 

 

 معتمد  میمحمدکر

 ران یرشت، ا لان،ی دانشگاه گ ،یدانشکده علوم کشاورز یگروه اقتصاد کشاورز اریدانش
 

 

 دهیچک

 

در    ژه یو  ی گاهیجا  ، یو بهداشت  یشیآرا  ،ییغذا  ،یداروساز  عیصنا  هیمواد اول  نیمنابع تأم  نیتراز مهم  یکیبه عنوان    ،ییدارو  اهانیگ

سلامت    یفرد، نه تنها در ارتقامنحصر به  ییو دارو  یبه واسطه خواص درمان  اهان، یگ  ن یدارند. ا  یو اقتصاد مقاومت  داری پا  یکشاورز

و تحقق اهداف    ییدر توسعه مناطق روستا  یتوجهدرآمد کشاورزان، سهم قابل  شیو افزا  یشغل   یهافرصت  جاد یبا ا  هجامعه مؤثرند، بلک

از   ز،یو خاک حاصلخ  یمیممتاز، تنوع اقل  یی ایجغراف  تیموقع  لی واقع در شمال کشور، به دل  لان،ی . استان گکنندیم   فایا  یاقتصاد

با هدف    یمقاله مرور  نیبرخوردار است. ا  ییدارو  اهانیگ  یو واردات  ی بوم  یهااز گونه  یاربردکشت، پرورش و بهره  یبرا  یی بالا  تیظرف

  ن یترمهم  ی معرف  اهان،ی گ  نیاستفاده از ا  یخیتار  نهیشیپ   یبه بررس  لان،یدر گ  یی دارو  اهانیکشت گ  تیجامع از وضع  یلیارائه تحل

  ی روندها و راهبردها  یها، بررسآن  دید و تولمؤثر بر رش  یطیمحستیو ز  کیاکولوژ  طیشرا  لیخودرو، تحل  ای شده  کشت  ییدارو  یهاگونه

حوزه    نیکشاورزان و فعالان ا  یتوانمندساز  یاجراشده برا  یجیو ترو  یآموزش  ی هابرنامه  ی ابیمحصولات، و ارز  یتوسعه کشت و فرآور

  اهان ی در صنعت گ  لانیاستان گ  گاهیجا  یبه منظور ارتقا  روشیپ  یهاها و فرصتچالش  ها، افتهی  یبندبا جمع  ان، ی. در پاپردازدیم

 . ردیگیقرار م  یمورد بحث و بررس ییدارو
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Abstract 

 

Campanula species, commonly known as bellflowers, are recognized for their rich phytochemical 

profile and traditional medicinal applications. This study investigates the total tannin content of 

leaf extracts from a native Campanula species collected in the Eskou region of East Azerbaijan, 

Iran. Four solvents—distilled water, 1% hydrochloric acid, 80% ethanol, and 80% methanol—

were used for extraction, employing both soaking and boiling methods. Qualitative tests (Ferric 

chloride and 10% sodium hydroxide) confirmed the presence of tannins, particularly hydrolyzable 

forms in acidic and alcoholic extracts. Quantitative analysis using the Folin–Ciocalteu method 

revealed significant variation in tannin yield across solvents, with acidic and methanolic extracts 

showing the highest concentrations. These findings highlight the influence of solvent type on 

tannin extraction efficiency and suggest potential applications of Campanula leaf tannins in 

pharmaceutical and cosmetic formulations. 

 

Keywords: Tannin, Campanula, Solvent, Phytochemical analysis 
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Abstract 

Hyoscyamus niger, a notable medicinal plant from the Solanaceae family, serves as a valuable 

source of the alkaloids hyoscyamine and scopolamine. This research utilized the Box-Behnken 

design within the response surface methodology to determine and forecast the ideal concentrations 

of TDZ, BAP, and kinetin for achieving callus formation and regeneration through somatic 

embryogenesis using leaf and petiole explants. The petiole explant was selected for the percentage 

of callusing and number of shoots, and the leaf explant was selected for callus fresh weight and 

percentage of shooting prediction. The callusing percentage varied between 20.00% and 100%, 

while the fresh weight of callus ranged from 70.08 mg per explant to 1287.08 mg per explant. The 

somatic embryogenesis percentage spanned from 40.00% to 100%, with the shooting percentage 

falling between 50.00% and 100%. Additionally, the number of shoots per callus ranged from 1.00 

to 8.50. The R2 values were as follows: 86.80% for the callusing percentage, 74.47% for the fresh 

weight of callus, 79.20% for the somatic embryogenesis percentage, 78.40% for the shooting 

percentage, and 97.01% for the number of shoots. The best conditions for maximizing the 

percentage of callusing (100%) were predicted by culturing the petiole explant on the MS medium 

containing 0.11 mg/L TDZ and 1.253 mg/L BAP. The highest callus fresh weight (3273.64 

mg/explant) was predicted by culturing the leaf explant on MS medium containing 0.52 mg/L 

TDZ. The highest percentage of somatic embryogenesis (100%) was predicted by culturing the 

petiole explant on MS medium supplemented with 0.533 mg/L TDZ and 1 mg/L BAP or MS 

medium containing 1.159 mg/L TDZ and 3 mg/L BAP. The best conditions for maximizing the 

percentage of shooting (100%) were predicted by culturing of leaf explant on MS medium with 

0.18 mg/L TDZ and 2.89 mg/L BAP. It is predicted that the highest number of shoots was obtained 

by culturing the petiole explant on MS medium with 0.1 mg/L TDZ and 3 mg/L BAP (8.61 shoots 

per callus). 

 

Keywords: Callusing, Henbane, Regeneration, Response surface methodology, TDZ 



 

Address of the secretariat: Research Institute of Modern Biological Techniques  

University of Zanjan, Iran- Postal code: 4537138791  

htpp://ic-bmpm.znu.ac.ir/2025  

 
74 

 

 

Bioinformatics analysis of cis-regulatory elements in the promoter of the 

Geranyl Pyrophosphate: olivetolate geranyltransferase (GOT) gene and its 

relationship with the regulation of the cannabinoid biosynthesis pathway in 

cannabis (Cannabis sativa L.) 
Mojdeh Taghavi *1, Mohammad Hossein Rezadoost2*, Habibollah Samizadeh Lahiji3, Mohammad Mahdi 

Taghvaei4, Mohammad Mohsenzadeh Golfazani5 

1* M.Sc, Department of Agricultural Biotechnology, Faculty of Agricultural Sciences, University of Guilan, Rasht, 

Iran, Email: Mojdehtaghavi3@gmail.com 

2* Assistant Professor, Department of Agricultural Biotechnology, Faculty of Agricultural Sciences, University of 

Guilan, Rasht, Iran, Email: rezadoostmh@guilan.ac.ir 

3 Professor, Department of Agricultural Biotechnology, Faculty of Agricultural Sciences, University of Guilan, 

Rasht, Iran, Email: hsamizadeh@guilan.ac.ir 

4 Ph.D., Department of Agricultural Biotechnology, Faculty of Agricultural Sciences, University of Guilan, Rasht, 

Iran, Email: Mahdi.Taghvaei@gmail.com 

5 Associate Professor, Department of Agricultural Biotechnology, Faculty of Agricultural Sciences, University of 

Guilan, Rasht, Iran, Email: mohsenzadeh.mohamad@guilan.ac.ir 

 

Abstract 

The cannabis plant (Cannabis sativa L.) has attracted research attention due to its potential to 

produce valuable secondary metabolites, such as cannabinoids. The gene Geranyl Pyrophosphate: 

olivetolate geranyltransferase (GOT) encodes a key enzyme in the biosynthesis pathway of these 

compounds. In this study, the GOT gene was retrieved from the UniProt database and aligned to 

the cannabis genome using BLASTP (E-value ≤1e−5, coverage ≥80%). A 2000-bp upstream 

region of the transcription start site (TSS) for each variant was extracted using the BioMart tool in 

Ensembl Plants and analyzed in the PlantCARE database to identify cis-regulatory elements. In 

total, 14 regulatory elements were identified and classified into four groups: 1) hormone-

responsive elements (ABA, SA, auxin, and gibberellin), 2) abiotic stress-responsive elements 

(drought, light, and wounding), 3) function-specific elements (seed regulation, defense, and stress), 

and 4) structural elements (core promoter, MYBHv1 binding, and protein binding). The results 

revealed that GOT1, dominated by core promoter elements, plays a fundamental role in 

transcription initiation, whereas the variants GOT2, GOT3.1, and GOT3.2 exhibit more dynamic 

expression in response to stimuli due to the abundance of promoter/enhancer elements. The co-

occurrence of hormone- and abiotic stress-responsive elements confirms the role of these genes in 

environmental adaptation and growth regulation. The identification of seed-specific elements also 

suggests their involvement in critical developmental stages. These findings were visualized using 

TBtools software and represent a key step toward understanding the regulatory mechanisms 

underlying the biosynthesis of secondary metabolites such as THCV and CBDV, which hold 

significant potential for medical applications. 

 

Keywords: Cannabis sativa, cis-regulatory elements, GOT gene, cannabinoids, PlantCARE 
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Abstract  

 

The emergence of antibiotic resistance and side effects of conventional therapies highlights the 

need for new antimicrobial agents. This study aimed to evaluate the chemical composition, 

antioxidant, and antibacterial activities of the essential oil of Salvia viridis (purple sage) from 

Zanjan Province, Iran. The aerial parts of S. viridis were collected and hydrodistilled using a 

Clevenger apparatus. Antibacterial activity against standard strains was determined by 

microdilution methods to assess MIC and MBC values. Antioxidant capacity was evaluated using 

the DPPH assay and compared with butylated hydroxytoluene (BHT). Chemical constituents were 

identified by GC/MS analysis. The essential oil exhibited the strongest antibacterial effect against 

Staphylococcus epidermidis but showed no inhibitory activity against Micrococcus luteus, 

Salmonella typhi, Lactobacillus casei, and Escherichia coli. The IC₅₀ value for antioxidant activity 

was 46.47 mg/mL compared with 22.33 mg/mL for BHT. Major components of the oil included 

1,8-cineole (62.15%), β-gurjunene (12.39%), α-pinene (15.95%), camphene (3.06%), borneol 

(7.53%), and camphor (3.76%). The essential oil of S. viridis demonstrated significant antioxidant 

and selective antibacterial activities, suggesting its potential as a natural alternative for 

antimicrobial therapy. 

 

Keywords: Salvia viridis, essential oil, antimicrobial activity, antioxidant activity, Zanjan 
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با   (.Cichorium spp) یجنس کاسن یها پیاز ژنوت یدر برخ یکیتنوع ژنت  یبررس 

 ISSR یمولکول یاستفاده از نشانگرها
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 چکیده 

علف  یاه یگ  یکاسن م  یبا خواص داروئ Asteraceeae خانواده  اهانیگ  نیاز مهمتر  یکیو    ی چند ساله و    ن یبنابرا.  باشد¬یمتعدد 

از تنوع   یبرداربهره  نیچنگونه و هم نیژرم پلاسم ا  شتریهرچه ب  یی به منظور شناسا  ی کاسن  ییدارو  اه یگ  ی رو  یکیمطالعات تنوع ژنت

مختلف   ی ها پیژنوت ی کیتنوع ژنت ی ضرورت است. مطالعه حاضر جهت بررس ک یو اصلاح نباتات  ی به نژاد  یهاآن در برنامه یکیژنت

  26مطالعه در مجموع    نیدانشگاه شهرکرد انجام شد. در ا  یوتکنولوژیب  شگاهیدر گلخانه و آزما ISSR با استفاده از نشانگر  یکاسن

از  پیژنوت 12و  C.intybus از گونه پیژنوت 14که شامل  Cichorium ی( از کاسنیرانیا 2و  یخارج 24) یو خارج یرانیا پیژنوت

در دو    ش ی شدند. آزما  هیکشور آلمان و شرکت پاکان بذر اصفهان ته IPK ه شد. بذور از بانک ژنباشند استفاد  یم C.indivia گونه

بردار   اتیعمل  یمرحله   نمونه  جهت  گلخانه  در  برگ  یکشت  برا  های¬ از  در    یمولکول  یها  شیآزما  و DNA استخراج  یجوان 

 چند شکل بودند. محدود یکردند که همگ دیباند تول 193در مجموع  ISSR آغازگر 10حاضر  قی صورت گرفت. در تحق شگاه یآزما

PIC 0/  43 نیب (UBC809)  0/  49تا (UBC880) یکیتنوع ژنت یآماره ها یکل ی بود. در بررس ریمتغ 0/  45 نیانگیبا مقدار م  

آغازگر   10  نی که از بمشخص شد    ین  یمورد انتظار و مشاهده شده و تنوع ژن  یتیگوسیآلل موثر و مشاهده شده، هتروز  داداز جمله تع

  فا یرا ا  یها نقش بارزتر  پیژنوت  زیرا به خود اختصاص دادند و در تما  یبالاتر  ریمقاد ISSR1 و UBC880 یآغازگرها  یمورد بررس

اول   تی جمع  یمورد بررس  تیدو جمع   نیشده از ب  ی ابیارز  یداد که با توجه به آماره ها  نشانها    تی جمع  ینمودند. مطالعه گروه بند

ها در محدود    پیژنوت  نیتشابه تطابق ساده ب  یهمبستگ  بی،به خود اختصاص داد.ضر Na،I،He،NPL،PPLیرا برا  یبالاتر  ریمقاد

  یها  پیانجام شد و ژنوت COMPLETE تمیاز الگور  هبا استفاد  یصفات مولکول  یخوشه ا  هیمشاهده شد. تجز  0/   67تا    0/   42

ها از نظر نوع گونه کامل بود اما از    پیژنوت  کیشد و تفک  میتقس  رگروه یبه دو ز  زیشدند و هر خوشه ن  عیتوز  ی در دو گروه اصل  ی کاسن

/   86اول در مجموع    ولفهکه سه م  یسه گروه را مشخص نمود به طور  ی اصل  یبه مولفه ها  هیکامل نبود .تجز  یی اینظر منشاء جغراف

نشان داد که   (AMOVA)یوارانس مولکول  هیتجز  جیکرد. نتا  دییرا تا  یخوشه ا  جینمودند که نتا  ه یجکل را تو  انسیدرصد از وار  24

به منظور    ی کاسن  ی اصلاح  یبهتر است در برنامه ها  نیباشد و بنابرا  یها م   تیجمع  نیاز تنوع ب  شتریها ب  تیتنوع افراد درون جمع

 .ردیها صورت پذ تیمناسب انتخاب درون جمع نیوالد نتخابا
 

  ینشانگر مولکول ،یداروئ اهی: آستراسه، گیدیکل  کلمات
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تنش  طیدر شرا  یکاسن های¬پیژنوت یدر برخ یصفات مرتبط با جوانه زن یابیارز

 ی خشک
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 چکیده 

  ی بر رو  یرسد مطالعات جامع   ی باشد. به نظر م  یم  یاریبس  یپزشک  یکاربردها  یکه دارا  شود¬یمحسوب م  یی دارو  اهانیاز گ  یکاسن

صفات مرتبط   یصورت نگرفته است. مطالعه حاضر به منظور بررس  یکاسن  یها  پژنوتی  در  ها¬و واکنش به انواع تنش  یکیتنوع ژنت

نشان داد    یصفات مربوط به جوانه زن  انس یوار  هیتجز  جیانجام شده است. نتا  یتنش خشک  طیرادر ش  ی کاسن  پیژنوت  26  یبا جوانه زن

  ن یانگیم  سهیحاصل از مقا  جیدار بود. طبق نتا   ی معن  0/   01در سطح احتمال    ی ابیتمام صفات مورد ارز  یرو  یثر تنش خشککه ا

چه، طول    شهیچه، وزن ساقه چه، طول ر  شهیر  زنو  ،یصفات درصد جوانه زن  ، یمورد بررس  یها  پیو ژنوت  یسطوح مختلف خشک

 CICH503 یها  پیو ژنوت  افتندیکاهش    داری¬ینسبت به شاهد به طور معن  یبذر در همه سطوح خشک  هیساقه چه و شاخص بن

ب  یدر مطالعه حاضر با استفاده از ضر  یهمبستگ  هیرا به خود اختصاص دادند. تجز  یمقدار درصد جوانه زن  نیشتریب CICH IR2 و

  0/   01در سطح احتمال    یدار   یمعن  ینرمال تمام صفات محاسبه شده با هم همبستگ  طیانجام شد و طبق آن در شرا  رسونیپ 

چه و صفت شاخص    شهیو وزن ر  یچه با درصد جوانه زن  شهیصفت طول ر  نی%( ب98)  یهمبستگ نیشتریب  طیشرا  نیداشتند و در ا

صفت وزن    نی%( ب98)  یهمبستگ  نیترشیب  یتنش خشک  طیشد اما در شرا  مشاهدهو طول ساقه چه    یبذر با درصد جوانه زن  هیبن

به   هیتجز  ج یچه مشاهده شد.    با توجه به  نتا  شهیطول ساقه چه با طول ر  نی%( آن ب61)  نیو کمتر  یچه با درصد جوانه زن  شهیر

  ی تنش خشک  طیکنند و در شرا  هیانس را توجیکل وار  راتیی% از تغ98نرمال سه مولفه اول توانستند    طیدر شرا  یاصل  یمولفه ها

 سه یکرد. مقا   هیکل داده ها را توج ریی% از تغ97و بر اساس آن    لی مولفه تقل  3را به    ی ابیصفت مورد ارز  8  ی اصل  یبه مولفه ها  هیتجز

 CICH IR2 و CICH28,CICH462,CICH104,CICH57 یها  پینشان داد که ژنوت  ینرمال و تنش خشک  طیپلات در شرا  یبا

باشد و    یم   یبه تنش خشک  نیی پا  تی حساس  یمولفه اول دارا  نیباشند. همچن  ی ها م  پیژنوت  ریبرتر از سا  یل به خشکاز نظر تحم

  پینرمال و تنش ژنوت  طیانجام شد و طبق آن در هر دو شرا ward به روش  یخوشه ا  هیاست. تجز  ی مولفه دوم حساس به تنش خشک

مقاوم تر هستند. با توجه به تنوع   یخوشه ها در برابر خشک  ریخوشه سوم نسبت به سا  یها  پیشدند و ژنوت  میها به سه خوشه تقس

 نیبرتر و همچن  های¬پیژرم پلاسم جهت انتخاب ژنوت  نیتوان از ا  یم  یمورد بررس  های¬پیدر ژنوت  یبالا از نظر تحمل به تنش خشک

 .استفاده کرد ینژاد-به   یها¬ه جهت استفاده در برنام یکیبا حداکثر فاصله ژنت ها¬پیانتخاب ژنوت
 

 ی کیتژن تنوع چه،¬ساقه چه،¬شهیر ،یستیز ری تنش غ  ،ی کاسن  :یدیکل  کلمات
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Abstract 

Fennel (Foeniculum vulgare L.) is one of the oldest and most important medicinal plants belonging 

to the Apiaceae family, widely used in traditional medicine. The present study was carried out to 

identify genetic diversity in 20 different genotypes of F. vulgare L. using 5 inter-simple sequence 

repeat (ISSR) molecular markers and 5 inter-retrotransposon amplified polymorphism (IRAP), 

collected from different geographical regions of the world. The exotic genotypes were obtained 

from the Leibniz Institute of Plant Genetics and Crop Plant Research (IPK). Native landraces were 

purchased from Pakan Bazr Com., Isfahan, Iran. Leaf DNA was extracted and purified, and the 

quality and quantity of the samples were confirmed using gel electrophoresis and 

spectrophotometry. PCR amplification of DNA fragments with ISSR and IRAP primers was 

performed, and the products were separated by agarose gel electrophoresis. The results showed 

that the average number of observed alleles (Na) for both ISSR and IRAP markers was 2. The 

maximum number of effective alleles in ISSR markers (1.69) was obtained with the UBC808 

primer, while the maximum in IRAP markers (1.69) was related to the NIKITA primer. The mean 

Shannon index was estimated as 0.50 for ISSR and 0.51 for IRAP, indicating that IRAP markers 

had slightly higher discriminatory power for fennel genotypes. The highest observed 

heterozygosity (H0) in ISSR (0.40) was related to the UBC808 primer, while in IRAP (0.42) it 

was obtained with the K001 primer. The polymorphic information content (PIC) for ISSR loci 

ranged from 0.26 to 0.42 (mean = 0.37), with the highest value related to ISSR2 (0.42). For IRAP 

loci, PIC values ranged from 0.28 to 0.41 (mean = 0.32), with the maximum related to the 

SUKKULA primer (0.41). The mean PIC values for ISSR and IRAP markers were 0.37 and 0.32, 

respectively, confirming the higher efficiency of ISSR. The effective multiplex ratio (EMR) 

averaged 16 for ISSR and 9.80 for IRAP. The marker index (MI), calculated based on polymorphic 

bands, averaged 5.89 for ISSR and 3.17 for IRAP, with the maximum MI recorded for ISSR11 

and K001 primers, respectively. Cluster analysis grouped the fennel genotypes into seven clusters 

based on ISSR and IRAP data, which were partially confirmed by principal coordinate analysis 

(PCoA). Overall, these findings demonstrate the presence of substantial genetic diversity among 

fennel genotypes worldwide and suggest that both ISSR and IRAP markers are effective tools for 

studying genetic variability in this species. 

 

Keywords: Cluster analysis, Fennel, Genetic variation, Molecular markers 
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Abstract 

 

Hyperlipidemia is a major risk factor for cardiovascular disease. This drives the search for 

complementary therapies alongside conventional statins. The review explains how these 

organosulfur compounds work through various pathways. Key mechanisms include: 1) the 

activation of AMP-activated protein kinase (AMPK), which inhibits lipogenesis and promotes 

fatty acid oxidation; 2) the modulation of peroxisome proliferator-activated receptor (PPAR) 

pathways, which improves lipid breakdown; 3) the inhibition of the sterol regulatory element-

binding protein 1c (SREBP-1c) transcription factor, which reduces the expression of lipogenic 

genes; 4) strong anti-inflammatory effects through the suppression of nuclear factor-kappa B (NF-

κB) signaling; 5) significant antioxidant activity by directly scavenging reactive oxygen species 

(ROS). Evidence from preclinical studies, including multi-omics approaches, shows consistent 

reductions in total cholesterol, triglycerides, and LDL-C, along with increases in HDL-C. Clinical 

evidence is somewhat mixed due to differences in garlic formulations and study designs, but it 

generally supports these lipid-lowering effects. The review emphasizes the use of network 

pharmacology and systems biology as important methods for understanding the complex 

interactions of these compounds. The conclusion highlights the potential of alliin and allicin as 

complementary agents for managing hyperlipidemia. However, the review points out limitations, 

such as variability in clinical trials and a need for more long-term safety data. Future research 

should focus on large-scale, randomized controlled trials and integrated multi-omics analyses. This 

will help confirm efficacy, improve bioavailability, and support the development of standardized 

nutraceutical interventions. 
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  دهیچک

قارچ بصورت    نیا  یاست. اکولوژ  ژی¬نگیل  ای  یمعروف به قارچ جاودانگ Ganoderma lucidum ی با نام علم   دومیگانودرما لوس  قارچ

رو  تیپاراز ساپروف  یبر  و  سرپا  رو  تیدرختان  م  های¬شاخه  و  دار¬خشک  یبر  جاودانگ باشد¬یافتاده  قارچ  از   ی کی  ی. 

در درمان  Ganoderma از ییدها ساکاری¬یاغلب از پل  یی دارو باتی. ترکباشد¬یدر جهان م ییدارو  های¬قارچ نتری¬شده¬شناخته

  توانند¬جامعه دارند و می  ییغذا  ازهایین  نیکه نقش مهمی در تام  ییدارو  های¬قارچ  ییثابت شده است. شناسا  تیو هپات  2نوع    ابتید

 Ganoderma lucidum دارویی  ¬قارچ  یی شناسا   ش پژوه  نیمتاثر باشند. هدف از ا  ها¬یماریاز ب  یاربسی  درمان   و   سلامت   حفظ  در

تا    0  یدر سه طبقه ارتفاع   یبررس  نی. اباشد¬یم   ا یارتفاع از سطح در  کینوشهر و ارتباط آن با عامل اکولوژ  رودیخ  های¬در جنگل

انجام شد.   یوژمرفول   قیگانودرما از طر  های¬قارچ  ییانجام شد و شناسا   ایمتر از سطح در  1200تا    800و    800تا    400متر،    400

تا    0  یاز طبقه ارتفاع   بیبوده است که به ترت  ایمتر از سطح در  1200تا    800پراکنش در ارتفاعات    نیشترینشان داد که ب  جینتا

ارتفاع   12متر    400 ارتفاع   38متر    800تا    400  ی درصد، در طبقه  %  50  ایمتر از سطح در  1200تا    800  ی درصد و در طبقه 

  38درختان سرپا و    یبر رو  دومیگانودرما لوس  یرچ هادرصد قا  62درختان نشان داد که    تیوضع  نینپراکنش داشته است. همچ

  ها ¬قارچ یاکولوژ یاست. بررس تیپاراز شتریب ،یاز لحاظ اکولوژ  دهد ¬یکه نشان م کردند ¬ یم ستیدرختان افتاده ز یدرصد بر رو

 .کند¬می کمک جنگل  سازگان بوم بهتر شناخت در را ما

 

 ی اکولوژ ، یدارو، بوم شناس ،ی قارچ جاودانگ  :ی دیکل  یها واژه
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Abstract 

 

Saffron stigma (Crocus sativus L.) contains an important metabolite called safranal, which plays 

an important role in its marketability and medicinal properties. The level of this metabolite can be 

influenced by ecological conditions and farm management. This study investigates how bacterial 

biofertilizer composition and soil physicochemical parameters jointly affect safranal content in 

saffron. In this research, various scientific studies on the effect of different types of bacteria on 

saffron safranal content were collected and reviewed from 2000 onward, and data on biofertilizer 

characteristics (genus, number of species, bacterial concentration), soil properties (pH, electrical 

conductivity, organic matter), fertilization regimes (animal and chemical), and year of cultivation 

after treatment were extracted. Multiple regression analysis was performed using SAS software to 

quantify the relationships between these factors and stigma safranal level. The regression results 

showed that the most effective factors in increasing safranal content when using bacterial 

biofertilizers were the number of bacterial species in the biofertilizer and the percentage of organic 

matter, whose regression coefficients were 0.41 and 0.38, respectively. Among the soil parameters 

and management factors, manure application and pH had the least effect and a negative 

relationship with stigma safranal content, with coefficients of -0.57 and -0.45, respectively. 

Overall, the results of this study showed that increasing microbial diversity in bacterial 

biofertilizers and organic matter in the soil can increase safranal production, while alkaline 

conditions and excessive manure inhibit the biosynthesis of terpenoids such as safranal.  

 

Keywords: Saffron, Safranal, Bacterial biofertilizer, Regression, Meta-analysis 
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Abstract  

Saffron (Crocus sativus L.) is a high-value crop whose commercial and medicinal quality is largely 

determined by its apocarotenoid composition, especially crocin. The use of sustainable agricultural 

practices, such as the use of bacterial biofertilizers, can be effective and helpful in increasing the 

crocin content of saffron. In this study, data from several studies since 2000 on the effects of 

bacterial biofertilizers on saffron crocin, such as bacterial genus and species, soil type, electrical 

conductivity, pH, organic matter content, number of years after treatment, use of animal and 

chemical fertilizers, application rate, and concentration of bacterial inoculum were obtained. 

Regression analysis was performed using SAS software to quantify the relative effect of these 

factors on crocin content. The results showed that the percentage of soil organic matter was the 

most effective factor in increasing crocin content (regression coefficient = 0.39), along with the 

use of bacterial biofertilizers, such that each 1% increase in organic matter was associated with an 

11% increase in crocin content. Bacterial species diversity (0.37) and manure application (0.35) 

also significantly increased crocin levels. In contrast, the number of years after treatment showed 

a negative relationship (-0.49), indicating a 7% annual decrease in the effectiveness of the 

biofertilizer. These results emphasize the importance of enriching soil organic matter, using a 

diverse bacterial population, and judicious use of manure, along with the renewal of biofertilizers 

and organic fertilizers in consecutive years after cultivation, to maintain the qualitative yield of 

saffron, especially the amount of the important and valuable metabolite crocin. 

 

Keywords: Saffron, Crocin, Bacterial biofertilizer, Regression, Meta-analysis 
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  دهیچک

 

  کند ¬یرشد م  متر¬ یسانت  52و کلاهک آن تا قطر    باشد ¬می  زنه¬آتش  ا ی  اسبی¬معروف به قارچ سم  Fomes fomentariusقارچ

. در  کند¬یم  ستیتنه درختان سرپا و افتاده ز  یبر رو  ییچندتا  ایخود به صورت تک    ستگاهیو سخت است و در ز  میضخ  اریو بس

ا  یبرخ برا  نیمنابع    نای  از  هدف.  است  شده  استفاده  گذشته  در  جراحان  و  پزشکان¬استفاده دندان  موردبندآوردن خون،    یقارچ، 

.  باشد¬یدرخت م  تیو وضع  نهیقطر برابر س  ینوشهر و ارتباط آن با فاکتورها  رودیخ  های¬در جنگل Fomes ¬قارچ  یی پژوهش شناسا

 جینتا  نیپراکنش داشته است. همچن   متر¬یسانت  180  نهیتا قطر برابر س  متر¬یسانت  14  نهیقارچ، از قطر برابر س  نینشان داد ا  جینتا

درختان ممرز، بلندمازو و راش رشد   یبر رو  شتریو ب گردد¬یشمال مشاهد م  های¬قارچ در تمام فصول سال در جنگل  نینشان داد ا

که نقش    استدرختان سرپا پراکنش داشته    یبر رو Fomes درصد قارچ  90از    ش یپژوهش نشان داد ب  ن ی. نکته مهم اد ینما-یم

 .دهد¬یآن را نشان م یتیپاراز

 

 ز ییپا نه،ی: قارچ آتش زنه، قطر برابر سیدیکل  ی ها  واژه
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Abstract 

 

Today, drugs processed from medicinal plants are a worthy alternative to chemical drugs as 

biological innovations in the field of medicine. Plantain or greater plantain with the scientific name 

Plantago major L. is from the Plantaginaceae family, which has about 265 species worldwide. 

About 60 secondary metabolites have been identified from plantain, including flavonoids, 

alkaloids, terpenoids, phenolic compounds (caffeic acid derivatives), iridoid glycosides, fatty 

acids, polysaccharides, and vitamins. In this study, the effect of its hydroalcoholic extract under 

drought stress on the inhibition and expression of resistance-related genes in multidrug-resistant 

Escherichia coli (MDR) was investigated using different concentrations of plantain extract. The 

bacteria collected were Bacillus and Gram-negative. Disk diffusion data showed that 10 out of 12 

bacterial samples showed resistance to the clindamycin and vancomycin antibiotics used. Based 

on the results obtained from PCR of the samples and gel electrophoresis, tet(A) genes were 

expressed in 4 samples and tet(B) in 7 out of 10 samples. According to the findings of this study, 

plantain extract was able to effectively affect two genes associated with resistance in multidrug-

resistant (MDR) Escherichia coli, including tetA and tetB genes, and by reducing the expression 

of some of these genes, it prevented the growth of multidrug-resistant Escherichia coli. 

 

Keywords: Plantain major extract, Multidrug Resistance, Escherichia coli, tet(A) and tet(B) 

genes 
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Abstract 

 

Gastric cancer is among the most prevalent malignancies in Iran and worldwide. Due to its high 

mortality rate, metastatic potential, and the severe side effects of chemotherapy, researchers are 

seeking alternative compounds with reduced toxicity and enhanced efficacy. Stachys 

schtschegleevii Sosn, a member of the Labiatae family, is an herbaceous to semi-shrubby annual 

or perennial plant. It possesses notable anti-inflammatory and antimicrobial properties and has 

been traditionally used to treat conditions such as sinusitis, asthma, rheumatism, colds, urinary 

tract infections, and dysuria. It is also employed for disinfecting the respiratory, urinary, and 

female reproductive systems. Furthermore, this plant exhibits strong antioxidant activity, and its 

effects on apoptosis induction and cell cycle inhibition in various cancer cell lines have been 

reported . In this study, we investigated the inhibitory effects of the aqueous extract of Stachys 

schtschegleevii and its biosynthesized magnetic nanoparticles on the proliferation of AGS gastric 

cancer cells. The cytotoxicity was assessed using the MTT assay. Initially, the concentration and 

number of AGS cells, along with various concentrations of the plant extract and green-synthesized 

magnetic nanoparticles (confirmed via physicochemical tests), were determined for treatment. 

Concentrations of 10, 20, 40, 60, 80, and 100 mg/mL of the extract and nanoparticles were applied 

to 96-well plates containing 50,000 cells per well for 24, 48, and 72 hours. The results 

demonstrated that both treatments induced cell death in AGS cells, with the calculated IC₅₀ values 

indicating a stronger inhibitory effect of the magnetic nanoparticles compared to the plant extract 

alone. These findings suggest a promising anticancer potential of Stachys schtschegleevii against 

gastric cancer cells, which is further enhanced at the nanoscale, thus introducing a viable candidate 

for future therapeutic studies. 

 

Keywords: Stachys schtschegleevii Sosn, AGS cell line, Gastric Cancer, Magnetic 

Nanoparticles   
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Abstract 

Nowadays, the application of nanoparticles and mycorrhizal fungi has been considered as a 

strategy to increase plant resistance to environmental stresses. Moldavian balm (Dracocephalum 

moldavica L.) is an important medicinal plant with significant antioxidant properties. In this study, 

the effects of salinity, titanium dioxide nanoparticles (TiO₂ NPs), and arbuscular mycorrhizal fungi 

(AMF) on the defense system of Moldavian balm were investigated using a factorial experiment 

based on a randomized complete block design. The treatments included salinity at three levels (0, 

100, and 150 mM NaCl), TiO₂ nanoparticles at two concentrations (0 and 50 ppm), and 

mycorrhizal inoculation at two levels (non-inoculated and inoculated with Funneliformis 

mosseae), with three replications. The results showed that the effects of salinity, TiO₂ NPs 

application, and AMF on the activity of antioxidant enzymes (ascorbate peroxidase and guaiacol 

peroxidase) and the concentration of compatible osmolytes (proline and soluble sugars) were 

significant. The foliar application of TiO₂ NPs and inoculation with AMF increased the activity of 

antioxidant enzymes at both the 100 and 150 mM salinity levels. The content of soluble sugars and 

proline increased following the application of 50 ppm TiO₂ NPs, either alone or in combination 

with F. mosseae, under salinity stress. Moreover, HPLC analysis showed that salinity increased 

the levels of secondary metabolites, including phenolic compounds (such as p-coumaric acid and 

caffeic acid) and flavonoids (e.g., quercetin). It appears that the combination of TiO₂ NPs and 

AMF enhanced stress tolerance in the Moldavian balm plant by stimulating both enzymatic and 

non-enzymatic antioxidant defense systems. 
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Abstract 

 

Sage (Salvia officinalis L.), a member of the Lamiaceae family, is one of the most important 

medicinal plants with anti-inflammatory, antioxidant, and antimicrobial properties. Its essential oil 

has wide applications in the pharmaceutical, food, and cosmetic industries. This research was 

conducted using a completely randomized design with four irrigation treatments (full irrigation as 

control, mild stress at 75%, moderate stress at 50%, and severe stress at 25% of field capacity) and 

three replications. Essential oil extraction from the aerial parts of the plant at full flowering stage 

was carried out using hydrodistillation with a Clevenger apparatus for 3 hours. The results showed 

that moderate drought stress (50% field capacity) significantly increased the essential oil yield to 

2.8%. Chemical analysis using GC/MS revealed significant changes in secondary metabolite 

content: the percentage of major compounds, including thujone (from 24.5% to 31.2%) and 

camphor (from 12.3% to 16.5%), increased under mild and moderate stress conditions, while 

severe stress caused a significant reduction in 1,8-cineole. This study demonstrates that controlled 

drought stress not only enhances the quantity of essential oil by stimulating monoterpene 

biosynthetic pathways but also improves its quality by increasing key bioactive compounds. 

Therefore, optimized irrigation management can be employed as an effective and sustainable 

strategy for the industrial production of sage with higher essential oil content and added 

pharmaceutical value. 

 

Keywords: Drought stress, Field capacity, Medicinal plants, Monoterpenes, Thujone 
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Abstract 

 

Spearmint (Mentha spicata) is a perennial, aromatic herbaceous plant belonging to the Lamiaceae 

family. Due to its bioactive compounds, it has wide applications in the food industry (as a flavoring 

agent and natural preservative), pharmaceutical industry (as an antispasmodic, antiflatulent, 

antimicrobial, and antioxidant), cosmetics, and perfumery. This study aimed to analyze the 

chemical composition and phytochemical properties of spearmint essential oil cultivated under the 

climatic conditions of Zanjan. The research was conducted at the field site and the laboratory of 

the Institute of Modern Biological Technologies at the University of Zanjan. The aerial parts of 

the plant were harvested at the full flowering stage, and the essential oil was extracted using 

hydrodistillation with a Clevenger apparatus. Chemical analysis was performed using gas 

chromatography-mass spectrometry (GC/MS). The results showed an essential oil yield of 2.1% 

(v/w), with 32 compounds identified, accounting for 98.5% of the total essential oil content. The 

major compounds included carvone (58.3%), limonene (18.7%), 1,8-cineole (6.5%), β-myrcene 

(4.2%), and α-pinene (2.8%). The high abundance of oxygenated monoterpenes, particularly 

carvone, was notable. The semi-arid climate, calcareous soil, and high solar radiation in Zanjan 

significantly influenced the biosynthesis of these compounds. These findings highlight the 

potential of spearmint cultivated in Zanjan as a rich source of bioactive compounds for 

pharmaceutical, food, and cosmetic industries. 
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Abstract 

The Amaranthaceae family, a large and cosmopolitan group, encompasses a vast array of over 175 

genera and 2,000 species. Beyond their ecological presence, numerous members of this family 

hold substantial economic and ethnopharmacological value, being cultivated worldwide as 

nutritious vegetables and utilized in traditional herbal medicine systems. A key aspect of their 

bioactivity is attributed to their rich and diverse phytochemical composition. Among the most 

therapeutically relevant secondary metabolites are terpenoids, a large class of compounds 

renowned for their wide-ranging pharmacological effects. This study investigated the effect of 

vegetative, maturity, and flowering growth stages on the quality and quantity of secondary 

compounds in amaranth. Amaranth plants (redroot pigweed) were harvested at three growth stages 

from a wheat field, and their compounds were analyzed using GC-MS. The harvest at different 

times was associated with changes in the quantity and quality of secondary compounds in the wild 

amaranth plant. The majority of these compounds belonged to the groups of terpenoids, esters, and 

alkanes. In both the vegetative and mature plant stages, terpenes and esters were among the most 

abundant compounds. According to the results, the plant during the flowering and seed stage 

showed the highest number of compounds compared to the two previous growth stages. In this 

growth stage as well, terpenes were the most abundant group of compounds. The monoterpenoid 

eucalyptol was identified in all three growth stages. The monoterpenoids borneol, linalool, and 

terpinen-4-ol were common to the plants in the vegetative stage and the flowering and seed stage. 

The monoterpenoid thymol, TMS derivative, was identified in the vegetative stage and the mature 

plant. Other terpene compounds were different in the mature plant and the flowering and seed 

stage plant. The area under the curve (% Peak Area) was collectively higher during the mature 

plant and initial flowering stages. Terpenes (26.06%), esters (7.96%), and alkanes (2.36%) showed 

the highest percentage of index compounds. Different growth stages throughout the plant's life 

cycle influence its secondary metabolite content. The concentration of secondary compounds in 

plants is not constant throughout their life; rather, plants alter them based on their needs under 

different environmental conditions. 
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Abstract 

 

Eryngium caucasicum Trautv., belonging to the Apiaceae family, is an aromatic herbaceous 

species native to the northern regions of Iran. Due to its richness in phenolic compounds and high 

antioxidant activity, it has attracted considerable attention in pharmacological research. Active 

compounds in this plant, such as limonene, flavonoids, and folic acid, play a significant role in 

modulating biological processes, including the reduction of oxidative stress and chronic 

inflammation. These mechanisms are effective in the prevention and management of chronic 

diseases, such as iron-deficiency anemia, inflammatory joint diseases, and cancer. The root of 

Eryngium caucasicum, mainly harvested in autumn, contains sugars and sucrose and possesses 

antifungal, antibacterial, and antispasmodic properties. It is used in the treatment of urinary tract 

infections, pertussis (whooping cough), liver disorders, and kidney stone elimination. Multiple 

studies have demonstrated the efficacy of methanolic extract of Eryngium caucasicum against 

antibiotic-resistant bacterial strains such as Staphylococcus aureus and Escherichia coli, indicating 

its considerable potential as a natural source of antimicrobial compounds. Furthermore, the plant's 

diuretic and immune-boosting effects contribute to improved digestive function and toxin 

elimination, thereby expanding its therapeutic applications. These findings highlight the high 

potential of Eryngium caucasicum in complementary medicine and the development of herbal 

drugs, which warrants further clinical and pharmacological investigations. 
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Abstract 

 

Acute lymphoblastic leukemia (ALL) is a malignancy of lymphoid lineage blood cells, 

characterized by the proliferation of numerous lymphocytes involved in the immune system, with 

higher incidence in children. This study investigates the cytotoxic and apoptotic effects of 

Cymbopogon citratus (lemongrass) aqueous extract—a plant known for its potent antioxidant 

properties and traditional medicinal use—on the Molt-4 leukemia cell line. The MTT assay was 

employed to assess the impact of the extract and its biosynthesized silver nanoparticles, 

determining IC₅₀ values of 172 and 60 µg/mL at 24 and 48 hours, respectively. To evaluate early 

and late apoptosis as well as necrosis, Molt-4 cells were treated with ½IC₅₀ for 48 hours and 

analyzed using acridine orange/ethidium bromide staining to observe cellular morphology. The 

results demonstrated significant inhibition of cell viability and induction of apoptosis in Molt-4 

cells treated with both the extract and its silver nanoparticles. Given the antioxidant nature of 

Cymbopogon citratus and the oxidative stress associated with conventional ALL therapies, 

apoptosis induction via antioxidant-rich botanicals may represent a promising therapeutic strategy 

for this leukemia. 
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Abstract 

 

The search for new medicinal and therapeutic resources is a targeted approach by various 

researchers in biological sciences worldwide, aimed at preventing and combating numerous human 

diseases. Canna indica L. is a tropical plant belonging to the Cannaceae family, which is 

sometimes called Indian shot. Although Canna is more commonly known as an ornamental plant, 

several reports indicate the medicinal properties of its various parts, which can be promising in 

programs to introduce new medicinal plants. The seed dormancy period in this plant is very long, 

and in some reports it is stated to be up to 4 years. For this reason, seed cultivation is justified only 

for breeding and producing diverse colors of the plant. Effective breeding programs for this plant, 

aimed at introducing new varieties and enhancing genetic diversity, require strategies to reduce 

germination time and overcome its prolonged seed dormancy. In this study, mature and immature 

seed embryos of Canna (Gol Akhtar – Persian) were sown and evaluated in two cultivation media: 

full Skoog (MS) and one-half (1/2 MS) in the form of factorial experiments based on a completely 

randomized design with 5 replications in the summer of 2025. The results indicated that the 

planting of immature seed embryos was successful in breaking seed dormancy and producing in 

vitro seedlings within 25 days at 22°C in a photoperiod of 8 hours of light and 16 hours of darkness 

compared to fully mature seed embryos. No significant difference was observed between the two 

cultivation media tested, and the use of a cheaper medium (1/2 MS) is recommended to reduce 

costs. 
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Abstract 

 

Heavy metals such as copper negatively affect plant growth, photosynthesis, and nutrient uptake 

by inducing oxidative stress. This study investigated the effects of mycorrhizal fungi and 

Rhizobium inoculation on the phenolic compounds of soybeans under copper toxicity. A factorial 

experiment was conducted in a greenhouse using a randomized complete block design with three 

replications. Treatments included four copper levels (0, 50, 100, and 200 mg/kg soil) and four 

inoculation types (control, mycorrhiza, rhizobium, and mycorrhiza + rhizobium). Results showed 

that copper stress significantly increased phenolic compounds, especially in inoculated plants 

compared to non-inoculated ones. Mycorrhizal and rhizobium symbiosis alleviated copper stress 

by enhancing antioxidant activity, improving phosphorus uptake, supporting nitrogen fixation, and 

maintaining plant metabolism. Overall, the findings suggest that inoculation with mycorrhiza and 

rhizobium can mitigate the harmful effects of copper stress on soybean. 

 

Keywords: Copper stress, Mycorrhizal fungi, Phenolic compounds, Rhizobium japonicum, 
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Abstract 

Iran, with 11 of the world’s 13 distinct climate zones, possesses remarkable richness in the genetic 

diversity of its plant cover. The number of plant species in Iran is estimated at between 8,000 and 

12,000 out of the world’s roughly 420,000 plant species, more than 2,300 of which have medicinal, 

aromatic, culinary-spice, or cosmetic–hygienic properties. Around 1,700 species are unique to Iran 

and thus considered endemic. According to available statistics, Iran ranks first globally in the 

export of various medicinal plants, including saffron, damask rose, asafetida, galbanum, gum 

tragacanth, etc. Other export plants from Iran include cumin, chamomile, yarrow, black pepper, 

hollyhock, anise, thyme, asparagus, hyssop, turmeric, licorice and bitter licorice, mastic gum, shir-

e-tiqal (Eremurus), henna, green cumin, psyllium, lemon balm, sidr leaves (Jujube leaves), sage, 

wild celery (kelus), maidenhair fern, Khansar manna (Persian manna), chicory flower, borage, 

mastic resin, lavender, bay leaves, and more. Major buyers of Iranian medicinal plants include 

Turkey, Russia, the United Arab Emirates, Oman, Japan, Germany, and China. While Iran is a 

major exporter of medicinal plants, it is also a selective, limited importer of these products. 

Saffron, barberry, and licorice account for the largest share of exports, whereas the small flow of 

imports mainly consists of plant extracts and raw materials for processing. According to Iran 

Customs data and the UN Comtrade database, the total value of the country’s medicinal plant 

exports in 2023 was about USD 550 million, with the largest share attributed to saffron. Imports 

were limited—around USD 40 million in 2023—and comprised plant extracts, seeds, and raw 

processing materials, sourced mainly from India, China, and Turkey. Statistics for 2023 show that 

the value of Iran’s saffron exports exceeded USD 300 million, barberry around USD 50 million, 

and licorice (including roots and extract) nearly USD 30 million. The primary destinations for 

saffron were China, the United Arab Emirates, Spain, and Italy, while barberry was exported 

mainly to the European Union and Persian Gulf countries. Licorice was exported mostly to 

Germany, Japan, and South Korea. Key imported items included concentrated herbal extracts such 

as ginseng, chamomile, and licorice derivatives, as well as essential oils and high-purity 

pharmaceutical ingredients, primarily supplied by India (about 25 percent), China (about 20 

percent), Turkey, and Germany. These imports are intended to compensate for shortages of 

pharmaceutical raw materials and to secure high-quality extracts not widely produced 

domestically. Given climate change, recurring droughts, shifting government support policies, and 

the political conditions affecting international interactions, annual data on the export and import 

of medicinal plants—as well as the quantity and quality of traded items—are subject to change 

and must be updated regularly. Clearly, continuous monitoring of the factors influencing exports 

and imports can help mitigate potential challenges in this health-oriented market. This article 

examines and discusses the aforementioned issues in detail, based on the most recent available 

information. 

 



 

Address of the secretariat: Research Institute of Modern Biological Techniques  

University of Zanjan, Iran- Postal code: 4537138791  

htpp://ic-bmpm.znu.ac.ir/2025  

 
97 

 

Keywords: Medicinal plants, Imports, Exports, Trade balance 

 

Recent Advances in the Extraction and Purification of Phycocyanin 

from Arthrospira platensis (Spirulina) 
 

Marzieh Eyni1, Marzieh Babashpour-Asl *2 

1 Department of Food Science, Mar.C., Islamic Azad University, Maragheh, Iran 

2 Department of Horticultural Science, Mar.C., Islamic Azad University, Maragheh, Iran 

babashpour@iau.ac.ir 

 

 

Abstract 

 

Given growing concerns regarding the use of synthetic preservatives in various food products, 

there is a clear need to focus on natural compounds with preservative properties. Phycocyanin, 

which is extracted from the microalga Spirulina platensis (also known as Arthrospira platensis), 

is one such compound. Despite advancements in the cultivation of Spirulina, the study of 

phycocyanin extraction remains a key challenge. Various factors, such as cell disruption methods, 

solvent type, biomass-to-solvent ratio, temperature, and mixing speed, can significantly affect the 

yield and purity of phycocyanin. After selecting the appropriate cyanobacterium and cultivating 

the microalgae, the extraction method is one of the most important factors for recovering the 

maximum amount of phycobiliproteins (PBPs) from microalgae, with key determinants including 

the cell disruption method, solvent type, and solvent-to-biomass ratio. Various methods are used 

for harvesting microalgae, including flocculation, centrifugation, and membrane filtration. 

Osmotic shock is a direct extraction method that releases PBPs by manipulating internal or external 

osmotic pressure after immersing microalgae in an extraction buffer for an extended period in the 

absence of light or by mixing them with distilled water. However, the main limitations of 

conventional extraction methods are their moderate extraction efficiency, long extraction times, 

and the potential for disruption or denaturation of phycobiliproteins. Modern green extraction 

techniques, such as ultrasound-assisted extraction (UAE), high-pressure homogenization (HPH), 

pressurized water extraction (PWE), and supercritical carbon dioxide extraction, overcome these 

issues. They are becoming popular alternatives due to their environmental compatibility and higher 

extraction efficiency. 
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Abstract 

 

People living in arid regions have long been in harmony with the desert and its phenomena, and 

have coexisted with its difficulties and limitations. For a long time, a balance has been maintained 

between human exploitation and the carrying capacity of the ecosystem, and desertification has 

not occurred. With the emergence of droughts and specific climatic changes on the one hand, and 

the sudden increase in population and the greedy and unwise exploitation of water, soil, and plant 

resources on the other, the phenomenon of desertification began and also affected areas with high 

potential for producing medicinal plants. This issue has been considered one of the most important 

problems of human societies. One of the biological methods for stabilizing quicksand and 

rehabilitating desert lands is planting seedlings in bare and uncovered areas (sandbanks and desert 

lands) with suitable medicinal species that are resistant to dry conditions. A medicinal plant species 

suitable for planting should have certain characteristics, including adaptability and easy 

establishment, resistance to livestock grazing, the ability to repair and regrow after harvesting plant 

parts, biomass production in the desired season, a long growing season, and the possibility of 

natural regeneration after initial establishment. Similarly, resistant and water-efficient medicinal 

plants in arid and semi-arid lands can provide food, pharmaceutical, industrial, and fiber materials 

for humans. Also, cultivating drought-resistant species in urban green parks and gardens brings 

vitality and freshness and is effective in preserving biodiversity. This article introduces dryland 

medicinal plant species. 
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Abstract 

 

One of the important goals and challenges in cold and dry regions is to identify and introduce 

genotypes tolerant to cold stress. This project aimed to identify genotypes tolerant to cold stress in 

autumn rain-fed and irrigated cultivation from among 100 selected genetic samples during three 

crop years: 2010, 2011, and 2012. In the first year, 100 selected dragonhead seed samples were 

cultivated in Urmia under irrigated conditions and were studied based on desired traits such as 

uniformity, growth rate, cold tolerance, and grain yield. The promising samples were selected 

based on the above traits using appropriate statistical analysis methods. In the second and third 

years, a supplementary evaluation was carried out on 49 selected populations from the first year 

in the form of a 7×7 lattice design with two replications in the regions of Urmia and Karaj over 2 

years. The results showed that there was a very significant difference among the populations in 

terms of all the characteristics studied. Finally, after combined analysis and examination of 

agronomic characteristics, 25 lines and populations were selected for advanced studies and 

adaptation in cold and cold-temperate regions. 
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Abstract 

 

The increasing incidence of insect resistance to synthetic insecticides, coupled with growing 

concerns about their adverse effects on human health and the environment, has intensified the 

search for safe and eco-compatible alternatives. Medicinal plants, which produce a wide array of 

defensive secondary metabolites, represent a rich and promising resource for the development of 

natural insecticides. These bioactive compounds—including alkaloids, terpenoids, phenols, 

flavonoids, and essential oils—act upon insects through various mechanisms such as contact and 

gastric toxicity, repellency, feeding deterrence, disruption of growth and development, and 

reduction of fecundity. The objective of this review article is to systematically evaluate 

contemporary studies on the efficacy of medicinal plant extracts and essential oils against major 

agricultural and public health pests. Findings clearly demonstrate that plants such as pyrethrum 

(Tanacetum cinerariifolium), neem (Azadirachta indica), eucalyptus, garlic, lavender, and thyme 

possess significant insecticidal potential. For instance, azadirachtin, derived from the neem tree, is 

recognized as a potent growth regulator. Although challenges such as extract standardization, 

stability in open-field conditions, and determination of effective large-scale dosing persist, 

potential solutions include novel formulation strategies (e.g., microencapsulation, nanoemulsions) 

and integration into Integrated Pest Management (IPM) frameworks. This review concludes that 

medicinal plants not only offer safe and biodegradable alternatives to synthetic insecticides but 

also pave the way for the development of sustainable pest control strategies. 
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Abstract 

 

This study was conducted to evaluate the individual and interactive effects of phosphorus (P) stress 

and gibberellic acid (GA) application on the phytochemical composition of essential oil in Mentha 

longifolia L. The experiment was carried out under pot conditions in an open field using a 

randomized complete block design with four replications. Treatments included four P levels 

(100%, 75%, 50%, and 25% of the recommended P fertilizer rate) and two foliar spray regimes 

(with or without 100 mg L⁻¹ GA), arranged factorially. Aerial parts were harvested at full 

flowering, and essential oil constituents were extracted via hydro-distillation and analyzed by GC-

MS. Results revealed that both P stress and GA significantly influenced the accumulation of key 

phytochemicals. Phosphorus deficiency generally increased monoterpene ketones, menthone, 

menthol, and pulegone, while decreasing oxygenated compounds such as 1,8-cineole and 

piperitenone oxide. GA application suppressed menthone and linalool but enhanced menthol and 

piperitenone oxide. Significant interaction effects (p < 0.01) were observed for several compounds, 

including α-pinene, limonene, linalool, menthol, terpinen-4-ol, α-terpineol, piperitone, thymol, 

and piperitenone oxide, indicating that the response to GA was modulated by P availability. For 

instance, thymol accumulation was promoted by GA under P sufficiency but induced only under 

severe P stress (25% P) in the absence of GA. Correlation analysis further revealed strong positive 

associations among piperitenone, piperitenone oxide, and terpinen-4-ol, and negative links 

between menthone and β-pinene derivatives, suggesting coordinated or competing biosynthetic 

pathways. These findings demonstrate that the phytochemical profile of M. longifolia is highly 

responsive to combined hormonal and nutritional signals, highlighting the potential for integrated 

P and GA management to tailor essential oil composition for specific industrial or medicinal 

applications. 
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Abstract 

 

Traditional, Complementary, and Integrative Medicine (TCIM) refers to a set of therapeutic 

approaches that lie outside the boundaries of conventional medicine but can be applied alongside 

it to promote health or manage diseases. This field includes methods such as regional traditional 

medicine (e.g., Chinese medicine or Ayurveda), herbal medicine, acupuncture, homeopathy, and 

mind–body practices. In developed countries, engagement with TCIM is mostly characterized by 

a scientific integration approach and complementary application, rather than complete substitution. 

Population-based studies in Germany, the United States, and other European countries have shown 

that over 70% of individuals have used TCIM methods at least once, and about one-third have 

benefited from them in the past year. Common reasons for TCIM use include controlling chronic 

pain and musculoskeletal disorders, managing stress, improving sleep quality, and enhancing 

overall health. Furthermore, about 40% of the population consider TCIM an important part of their 

personal health. TCIM users often suffer from a greater burden of disease and have lower health-

related quality of life. This highlights the need to develop integrated care models in which 

evidence-based modern medicine remains the main foundation, while TCIM serves as a 

complementary tool to improve quality of life, manage symptoms, and address patients’ complex 

needs. This study examines how different countries approach the existence of TCIM. 
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Abstract 

 

Concurrent use of conventional drugs and herbal preparations is a highly prevalent phenomenon 

worldwide. Many patients, particularly those with chronic conditions, consume herbal medicines 

or dietary supplements without informing their physicians. Systematic reviews have demonstrated 

that such co-administration can lead to clinically significant outcomes, ranging from reduced 

therapeutic efficacy to increased adverse effects. This issue becomes especially critical when drugs 

with a narrow therapeutic index—such as cardiovascular agents, anticoagulants, or 

immunosuppressants—are involved, since even minor fluctuations in plasma concentration may 

result in serious consequences. Among the most frequently implicated herbs are Ginkgo biloba, 

Panax ginseng, and garlic, for which substantial clinical evidence of interactions with conventional 

medications has been reported. The mechanisms underlying these interactions are primarily 

twofold: pharmacokinetic—alterations in drug absorption, metabolism, or excretion through 

induction or inhibition of drug-metabolizing enzymes (notably the CYP450 family) or modulation 

of transporters such as P-glycoprotein; and pharmacodynamic—direct or additive effects on 

physiological pathways (e.g., increased bleeding risk or potentiation of central nervous system 

depression). Recent literature emphasizes the need for human pharmacokinetic/pharmacodynamic 

(PK/PD) studies to validate the clinical relevance of mechanisms initially observed in vitro. A 

major challenge in interpreting and managing herb–drug interactions arises from fragmented 

evidence. Lack of standardization in herbal preparations, reliance on case reports and in vitro 

studies, and the scarcity of well-designed clinical PK/PD trials with chemically defined extracts 

all contribute to uncertainty. Emerging scholarship highlights the necessity for rigorous 

standardization of herbal products, targeted PK/PD investigations, and stronger 

pharmacovigilance systems to quantify risks and provide evidence-based guidance for clinical 

practice. 
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Abstract 

 

Secondary metabolites are a principal source of pharmaceuticals, agrochemicals, and ecological 

signals. Recent advances in artificial intelligence (AI) and machine learning (ML), combined with 

the explosion of multi-omics datasets, are now fundamentally transforming how researchers 

identify key genes that drive secondary metabolite biosynthesis. This paper reviews leading 

computational strategies, ranging from profile-HMM and rule-based BGC detectors to modern 

deep learning —including protein language models and multi-omics integrative ML—and 

synthesizes best practices for prioritizing candidate genes for experimental validation. We 

highlight representative tools (antiSMASH, DeepBGC/e-DeepBGC, multi-omics ML pipelines) 

and recent studies that illustrate improved sensitivity and deeper functional insight. Finally, we 

outline gaps (interpretability, cryptic clusters, cross-taxon generalization) and propose future 

directions, including explainable AI (XAI), self-supervised pretraining, and stronger integration 

of metabolomics to close the genotype–chemotype gap.  
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Abstract 

 
How can we continuously redesign the healthy lifestyle of 90 million Iranian citizens - and 

hundreds of millions of citizens of other countries - by drawing strategic cognitive geometry based 

on the medicinal plants industry?. This paper, by reinterpreting three seven-dimensional strategic 

analysis models in accordance with the context of Iranian culture, has explained the answers to 

this question from the perspective of shaping a healthy lifestyle strategy centered on medicinal 

plants. Management is the science and skill of applying other sciences to achieve life goals. 

Strategic management is the most comprehensive management approach to realize life visions. 

This paper examines from a cognitive perspective how to realize the common vision of all experts, 

activists, and those interested in realizing the role of medicinal plants in shaping healthy lifestyle, 

and presents a model for implementing the cognitive geometry of healthy living through medicinal 

plants. 

 

Keywords: Lifestyle, Strategic analysis models, Shaping cognitive geometry.  
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Abstract  

Camelina (Camelina sativa L.) is a common oilseed plant in Asia and Europe, belonging to the 

Brassicaceae family, about which little is known, particularly in Iran. It has been proposed as a 

viable option for diversifying traditional Mediterranean cropping systems, thus holding significant 

importance. In the present study, the effect of foliar application of macro-elements (N–P–K) and 

micronutrients (Zn–Mn–Fe) in both nano and conventional forms at five levels (control, 

conventional macro-elements, nano macro-elements, conventional macro-elements + conventional 

micro-nutrients, nano macro-elements + nano micro-nutrients) and type of application at two levels 

(magnetic and conventional) was evaluated on camelina under rain-fed conditions in West 

Azerbaijan province, Iran. For this purpose, a factorial experiment based on a randomized 

complete block design (RCBD) with three replications was used. The results of the analysis of 

variance (ANOVA) indicated that the studied factors and their interactions significantly influenced 

multiple quantitative and qualitative traits of camelina. These traits included plant height, the 

number of secondary branches, the number of siliques, fresh and dry leaf weight, silique weight, 

the number of seeds per silique, thousand-seed weight, seed yield, oil content, oil yield, and harvest 

index. Overall, foliar application of macro- and micronutrients in nano form enhanced drought 

stress tolerance in camelina plants, and magnetic treatment improved micronutrient uptake 

efficiency compared to conventional methods. The improvement of the traits was influenced more 

profoundly by macro-elements than by microelements. Our findings can be utilized to develop an 

optimal fertilizer regimen to mitigate the adverse effects of drought in camelina cultivation, reduce 

chemical fertilizer application, and enhance both seed and oil yield. 
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