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Abstract: Rheumatoid arthritis (RA) is a chronic, systemic autoimmune disease characterized by synovial 

inflammation and progressive joint destruction which significantly impairs patients’ quality of life and 

generates substantial socioeconomic costs. Conventional disease-modifying antirheumatic drugs (DMARDs) 

such as methotrexate are the cornerstone of RA therapy, particularly for early or mild forms of disease. The 

newer, biologic DMARDs are a more advanced therapeutic option when conventional DMARDs are not 

sufficiently effective, or they cause important adverse effects. Targeted synthetic DMARDs are also a 

recently authorized class of drugs which have the advantage of oral administration. The aim of this review is 

to provide an overview of rheumatoid arthritis’ pharmacological management, focusing on the most 

important properties of conventional, biologic and targeted synthetic DMARDs and presenting also the 

current international treatment guidelines. Natural compounds which could be used as adjuvants in the 

therapy of RA are also detailed. 

 

Keywords: rheumatoid arthritis, conventional DMARDs, biologic DMARDs, targeted synthetic DMARDs, 

natural compounds 

 

1. Introduction 

Rheumatoid arthritis (RA) is a chronic, 

systemic autoimmune disease characterized by 

synovial inflammation, progressive joint 

destruction, and various extra-articular 

manifestations, such as rheumatoid nodules, 

renal and cardiovascular impairment, pleurisy 

or anemia (Smolen et al., 2016; Das and 

Padhan, 2017). Rheumatoid arthritis can affect 

approximately 1% of the global population, 

significantly impairing patients’ quality of life 

and generating substantial socioeconomic costs 

due to chronic disability and comorbidities 

(Gibofsky, 2012). Over 50% of patients cease 

professional activities within 5 years of 

diagnosis, and 10% develop permanent joint 

deformities within 2 years if untreated 

(Gibofsky, 2012; Picerno et al., 2015).  

The advent of new types of disease-

modifying antirheumatic drugs (DMARDs) has 

revolutionized RA management enabling 
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remission or lowering disease activity in many 

patients. 

Early diagnosis and effective treatments 

are critical to prevent irreversible joint damage 

and improve long-term outcomes (Picerno et 

al., 2015; Smolen et al., 2016). Nevertheless, 

the high cost of modern DMARD drugs may 

limit their availability in developing countries, 

highlighting the importance of the use of all 

available therapeutical resources including 

phytochemical remedies used in traditional 

medicine which could be significant in certain 

geographical regions.  

This review is aimed at providing an 

overview of the current understanding of RA, 

with an extensive emphasis on conventional, 

biologic and targeted synthetic DMARDs, but 

also on possible phytotherapeutical 

alternatives. 

2. Materials and Methods 

This review used scientific articles written 

only in English, published between 2015-2025, 

identified in PubMed, Scopus, Elsevier and 

Web of Science databases. The search used 

keywords like “rheumatoid arthritis”, 

“rheumatoid arthritis AND conventional 

disease-modifying antirheumatic drugs”, 

“rheumatoid arthritis AND biologic disease-

modifying antirheumatic drugs”, “rheumatoid 

arthritis AND phytotherapy”. 

3. Rheumatoid arthritis: epidemiology and 

pathogenetic mechanisms  

Rheumatoid arthritis (RA) has a global 

prevalence of 0.5-1%, with a male-to-female 

ratio of 1:2. The prevalence of RA shows a 

geographical variability with higher values in 

Western and Northern Europe and North 

America and lower values in East Asia and 

Africa, due to genetic and environmental 

factors (Cross et al., 2014; Smolen et al., 2016). 

Over the last three decades there has been a 

significant increase of RA-related incidence 

rate and RA-related disability-adjusted life 

years (DALYs), highlighting the significant 

burden of the disease, which is now considered 

a significant global health problem (Zhang et 

al., 2025). Additional comorbidities may 

complicate the evolution of the disease and 

also, mortality rates are still higher in RA 

patients compared with general population, 

although they have decreased in the last decade 

(Abhishek et al., 2018).  

RA is a complex disease characterized by 

the interaction of genetic and environmental 

risk factors which alter the immune tolerance 

of affected patients (O’Neill et al., 2024). 

Genetic pre-disposition, particularly the 

existence of certain Human Leukocyte Antigen 

alleles (HLA-DRB1), is a major risk factor, 

present in over 80% of RA patients, being 

associated with severe disease and bone 

erosions (Picerno et al., 2015; O’Neill et al., 

2024). Environmental factors, including 

smoking, alcohol consumption, inflammatory 

diet and infections also contribute to RA’s 

development (Smolen et al., 2016; O’Neill et 

al., 2024). 

The abnormal immune response from RA 

usually starts in tissues and organs distantly 

situated from the synovial joints, like the lungs, 

gums or gastrointestinal tract, where certain 

proteins are modified by citrullination, 

carbamylation and acetylation, which later will 

become the target of autoantibodies (McIness 

and Schett, 2017). According to multiple 

evidence, several years before the development 

of clinical symptoms, patients with RA show 

increased blood levels of auto-antibodies like 

rheumatoid factor (RF) and anti-citrullinated 

protein antibodies (ACPA) but also the lesser 

discussed anti-carbamylated protein (anti-

CarP), and anti-malondialdehyde-acetaldehyde 

(anti-MAA) (O’Neill et al., 2024). Generally, 

around 80% of all patients with RA are 

considered “seropositive”, presenting 
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detectable levels of autoantibodies like RF and 

ACPA (Wu et al., 2021). 

The pathogenesis of rheumatoid arthritis 

involves a complex immune dysregulation in 

which aberrantly activated immune cells play a 

central role, diffusely infiltrating the synovium. 

In RA, T lymphocytes (CD4+ Th1, Th17) and 

B lymphocytes drive inflammation, producing 

pro-inflammatory cytokines (tumor necrosis 

factor-TNF-α and interleukins IL-6, IL-17) that 

promote synovial hyperplasia, pannus 

formation, and osteoclast activation, leading to 

joint and bone destruction. Additionally, the 

proinflammatory cytokines can induce acute-

phase responses (e.g., elevated C-reactive 

protein) and may cause systemic complications 

like anemia (via hepcidin induction), and 

osteoporosis (via osteoclast activation), 

contributing to the significant comorbidities of 

RA (McIness and Schett, 2017; Alivernini et 

al., 2022).  

4. Pharmacological management of 

rheumatoid arthritis 

The drugs used in the treatment of RA are 

classified in two categories: drugs used for the 

symptomatic control of the disease 

(Corticosteroids and Non-steroidal anti-

inflammatory drugs-NSAIDs) and disease 

modifying anti-rheumatic drugs (DMARDs) 

which are able to reduce disease progression 

(Radu and Bungau, 2021; Brown et al., 2024). 

 

4.1. Symptomatic treatment of RA 

The symptomatic treatment of RA is used 

only for the short-term management of 

inflammation and pain, consisting primarily of 

NSAIDs and corticosteroids. NSAIDs act by 

the inhibition of cyclooxygenases, with a 

subsequent reduction of prostaglandins level 

leading to an anti-inflammatory and peripheral 

analgesic effect. COX-2 selective NSAIDs 

(celecoxib, etoricoxib) can be used in order to 

minimize gastrointestinal adverse effects, but 

the risk of other unwanted effects like 

thrombotic events requires an assessment of the 

benefit-risk balance prior to their clinical use 

(Solomon et al., 2018; Brown et al., 2024). 

Corticosteroids have a superior anti-

inflammatory potency compared to the 

NSAIDs, due to their complex mechanism of 

action which includes the inhibition of 

arachidonic acid cascade but also the inhibition 

of several pro-inflammatory cytokines’ genes. 

In RA, corticosteroids are used as a “bridging 

therapy” for DMARDs until the full 

development of their effects or associated with 

DMARDs as an adjunctive treatment (Radu 

and Bungau, 2021; Brown et al., 2024). 

Corticosteroids (prednisone, prednisolone, 

dexamethasone) can be administered via 

multiple routes (oral, intravenous, 

intraarticular) but their use is generally limited 

in time (up to 3 months) by the development of 

significant adverse effects which may include 

hydro-saline retention, osteoporosis, diabetes, 

cataract, etc. (Singh et al., 2015; Radu and 

Bungau, 2021). 

 

4.2. Disease modifying anti-rheumatic 

drugs (DMARDs) 

DMARDs act by a variety of 

immunological mechanisms and are capable of 

altering the course of RA, promoting disease 

remission and delaying/stopping joint damage, 

dramatically improving patient’s quality of life. 

They are classified as: 

• conventional DMARDs 

• biologic DMARDs 

• targeted synthetic DMARDs (Brown et 

al., 2024). 

 

4.2.1. Conventional DMARDs 

Conventional DMARDs were introduced 

after 1970 and are considered to be the corner-

stone of RA therapy, particularly for early or 
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mild forms of disease, due to their efficacy and 

large availability. Conventional DMARDs are 

chemically and pharmacologically diverse, 

methotrexate, leflunomide, sulfasalazine and 

hydroxychloroquine being the drugs of choice 

while d-penicillamine, azathioprine and gold 

salts are rarely used due to reduced efficacy 

and significant adverse effects (Radu and 

Bungau, 2021; Brown et al., 2024).  

Methotrexate (MTX), a folate antagonist, 

is a first-line DMARD due to its efficacy in 

reducing disease activity and slowing 

radiographic progression (Brown et al., 2024). 

The international treatment guidelines 

recommend methotrexate as the first-line 

treatment of RA, generally as monotherapy for 

DMARDs-naïve patients, having better 

efficacy and a more rapid onset of action than 

other conventional DMARDs. In combination 

with a short bridging treatment with cortico-

steroids, methotrexate can induce disease 

remission in approximately 40% of patients 

(Radu and Bungau, 2021). Associations with 

other molecules are possible in specific patients 

when therapeutic improvements are not 

achieved with MTX alone. Methotrexate 

inhibits dihydrofolate reductase, reducing DNA 

synthesis and lymphocyte proliferation, and 

exerts anti-inflammatory effects via adenosine 

release (Shinde et al., 2014). Administered 

mainly orally but also subcutaneously at 7.5–25 

mg weekly, methotrexate achieves clinical 

improvement within 3–6 weeks, with one-third 

of patients showing radiological stability after 1 

year. Adverse effects include hepatotoxicity 

(elevaited transaminases), leukopenia, and 

gastrointestinal upset, necessitating folic acid 

supplementation (1–5 mg daily) and regular 

monitoring of liver function and complete 

blood counts every 1–3 months (Visser and 

Van der Hejde, 2009; Wang et al., 2018).  

Leflunomide reduces pyrimidine synthesis 

via the inhibition of dihydroorotate 

dehydrogenase, suppressing lymphocyte 

proliferation. Administered orally at a 100 mg 

loading dose for 3 days followed by 10–20 mg 

daily, it is effective in early RA, with clinical 

benefits within 4–6 weeks and efficacy 

comparable to methotrexate (Radu and Bungau, 

2021; Brown et al., 2024). Adverse effects 

include diarrhea, hypertension, and 

hepatotoxicity (elevated transaminases), 

requiring monthly liver enzyme monitoring for 

the first 6 months (Alfaro-Lara et al., 2019).  

Sulfasalazine, metabolized into 

sulphapyridine and 5-aminosalicylic acid, 

reduces inflammation via cyclooxygenase and 

lipoxygenase inhibition, resulting low 

concentration of prostaglandins. Dosed at 2–3 g 

daily, it achieves clinical effects within 6–10 

weeks and is often used in early RA or as 

combination therapy (Brown et al., 2024). 

Adverse effects include gastrointestinal upset, 

rash, and hematologic abnormalities 

(leukopenia), particularly in slow acetylators. It 

is contraindicated in sulfonamide 

hypersensitivity or severe renal/hepatic 

impairment. Regular monitoring of blood 

counts and liver function is recommended 

(O’Dell et al., 2002; Brown et al., 2024). 

Hydroxychloroquine, an antimalarial drug, 

modulates immune responses by inhibiting 

Toll-like receptors (TLRs) signaling and 

cytokine production. Dosed at 200–400 mg 

daily, it is used in mild RA or as part of 

combination therapy, with benefits evident 

after 2–3 months. It has a favorable safety 

profile, with rare adverse effects (retinal 

toxicity with long-term use), requiring annual 

ophthalmologic screening (Das et al., 2007; 

Brown et al., 2024). 

 

4.2.2. Biologic DMARDs 

Biologic DMARDs are an advanced 

therapeutic option available when conventional 

DMARDs are not sufficiently effective or they 

cause important adverse effects leading to poor 

patient acceptance. Biologic DMARDs are 
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generally obtained by recombinant DNA 

technology, and they target specific immune 

pathways, being indicated for moderate-to-

severe RA, often combined with methotrexate 

to enhance efficacy (Radu and Bungau, 2021). 

Several studies have shown that a combined 

therapy of methotrexate and biologic DMARDs 

(infliximab, golimumab, adalimumab, 

etanercept, abatacept) showed an ACR50 

response rate of 38% and a remission rate of 

18% (Singh et al., 2015). Being directed 

against a variety of molecular targets, biologic 

DMARDs are subsequently classified 

according to the mechanism of action in:  

• TNF-α inhibitors (infliximab, 

golimumab, adalimumab, certolizumb, 

etanercept) 

• IL-1 inhibitors (anakinra) 

• B-cell depleters (rituximab) 

• Selective co-stimulation modulators 

(abatacept) 

• IL-6 inhibitors (tocilizumab, sarilumab) 

(Singh et al., 2015; Radu and Bungau, 2021; 

Brown et al., 2024). 

 

TNF-α inhibitors act by blocking tumor 

necrosis alpha (TNF-α), a key proinflammatory 

cytokine, thus reducing synovial inflammation 

and joint destruction. Infliximab was the first 

molecule from its class to be authorized for the 

treatment of RA at the end of 1990s. It is a 

chimeric monoclonal antibody which binds to 

all forms of TNF-α, neutralizing its functions. 

Infliximab is dosed at 3 mg/kg i.v. every 8 

weeks after loading doses and achieves clinical 

response in 50–60% of patients within 12 

weeks (Van Vollenhoven, 2009; Van 

Vollenhoven, 2016). Golimumab is a fully 

human monoclonal antibody administered by 

s.c. or i.v. route at a dose of 50 mg every 4 

weeks. It is a newer, better tolerated anti-TNF 

agent, compared to infliximab and etanercept 

(Pelechas et al., 2019). Adalimumab is a fully 

human monoclonal antibody, dosed at 40 mg 

s.c. every 2 weeks. It showed sustained efficacy 

over 5 years, with 60% of patients achieving 

low disease activity (Van de Putte, 2004). 

Etanercept is a fusion protein obtained by 

recombinant DNA technology by coupling the 

human TNF receptor p75 to an Fc fragment. It 

is dozed at 25 mg s.c. twice weekly or 50 mg 

weekly and reduces radiographic progression in 

70% of patients (Emery et al., 2014). 

Certolizumab pegol is a PEGylated Fab 

fragment with long plasma T1/2, dosed at 200 

mg s.c. every 2 weeks. It is effective in 

methotrexate-refractory RA, with rapid onset 

(2–4 weeks) and is approved also in pregnant 

women due to the lack of placental transfer 

(Bonek et al., 2021) (Table 1). IL-1 inhibitors 

are represented by Anakinra, an IL-1 receptor 

antagonist, dosed at 100 mg SC daily. It has 

modest efficacy (20–30% response rate) and is 

less commonly used due to frequent injections 

and injection-site reactions, being reserved for 

patients which are intolerant to other biological 

drugs (Mertens and Singh, 2009). 

B-cell depleters are represented by 

rituximab, a chimeric monoclonal antibody 

which blocks CD20 epitope on B-cells, 

reducing their numbers. It is effective in the 

treatment of RA, as an alternative to anti-TNF 

agents and is not associated with a significant 

risk of infections. Rituximab is administered as 

an i.v. infusion, being particularly effective in 

seropositive patients (Porter et al., 2016).  

The selective co-stimulation modulators 

are represented by abatacept, a fusion protein 

that inhibits T cell activation by binding to 

CD80 and CD86 molecules on the antigen 

presenting cells (APC), blocking their 

interaction with CD28 receptor on T cells. It is 

administered by i.v. route based on body 

weight (500–1,000 mg every 4 weeks). It 

reduces disease activity in 50% of metho-

trexate-refractory patients, with a favorable 

safety profile (lower infection risk than anti-

TNF agents) (Genovese et al., 2018). 
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Table 1. Main characteristics of DMARD drugs (Brown et al., 2024; Gao et al., 2024; McInnes and 

Schett, 2017; Radu and Bungau, 2021) 

Class Drug Mechanism of action 
Route of 

administration 

Conventional 

DMARDs 
   

 Methotrexate Inhibition of dihydrofolate-reductase oral, s.c. 

 Leflunomide Inhibition of dihydroorotate-dehydrogenase oral 

 Sulfasalazine 
Inhibition of nuclear factor kappa-B (NF-

kB) 
oral 

 Hydroxychloroquine 

Inhibition of immune activation by 

reducing TLR signaling and cytokine 

production 

oral 

Biologic 

DMARDs 
   

 Infliximab Chimeric mAb against TNF α  i.v., s.c. 

 Etanercept Fusion protein which traps TNF α s.c. 

 Adalimumab Human mAb against TNF α s.c. 

 Golimumab Human mAb against TNF α s.c. 

 Certolizumab pegol Pegylated humanized mAb against TNF s.c. 

 Anakinra Antagonist of IL-1 receptor s.c. 

 Rituximab Chimeric mAb against CD20 epitope i.v. 

 Abatacept Fusion protein of CTLA4 and IgG1Fc i.v., s.c. 

 Tocilizumab Humanized mAb against IL-6 R i.v., s.c. 

 Sarilumab Human mAb against IL-6 R s.c. 

Targeted 

synthetic 

DMARDs 
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 Tofacitinib Inhibition of multiple JAKs oral 

 Baricitinib Inhibition of multiple JAKs oral 

 Upadacitinib Inhibition of JAK1 oral 

Note: i.v. - intravenous; s.c. - subcutaneous; mAb - monoclonal antibody; R - receptor; TLR - Toll-like 

receptor; JAKs - Janus kinases 

 

IL-6 inhibitors are represented by 

tocilizumab and sarilumab. Tocilizumab is an 

IL-6 re-ceptor antagonist, dosed at 8 mg/kg by 

i.v. route, every 4 weeks in patients with 

moderate-to-severe RA. It reduces 

inflammation and CRP levels within 2 weeks, 

with 50–60% of patients achieving remission 

(Navaro-Milan et al., 2012). Sarilumab is a 

recently developed drug from the same class, 

reserved to patients with uncontrolled form of 

RA (Fleischmann et al., 2017). 

The safety profile of biologic DMARDs is 

superior to conventional drugs, severe adverse 

effects being rare. Injection site adverse effects 

were cited by several studies, but they were 

usually benign. A more significant adverse 

effect is the risk of serious bacterial or viral 

infections (Brown et al., 2024). Although the 

majority of infections in patients treated with 

biologic DMARDs are caused by common 

pathogens, in rare cases opportunistic 

infections were reported, reactivation of 

tuberculosis and B hepatitis being major 

concerns. The risk of serious infections also 

depends on patient’s pre-existent 

comorbidities, use of corticosteroids and 

disease activity. Therefore, it is recommended 

that all patients should require a screening for 

tuberculosis and B hepatitis prior to the 

administration of biologic DMARDs (Salliot et 

al., 2009). No sufficient data were collected to 

present date to indicate if a particular drug from 

biologic DMARDs class carries an augmented 

risk of infections, compared to the other 

representatives. Although some reports have 

indicated an augmented risk of malignant 

melanoma in patients treated with TNF-α 

inhibitors, larger studies have not found any 

increase in melanoma risk in Europe (Mercer et 

al., 2017). 

The authorization of biologic DMARDs 

has revolutionized the pharmacological therapy 

of RA, improving the patient’s quality of life, 

but the high treatment cost poses a significant 

problem in developing nations. Thus, the recent 

development of biosimilars for several 

molecules from this class (infliximab, 

adalimumab, etanercept) has increased the use 

of biologic DMARDs in larger categories of 

patients with RA, worldwide (Brown et al., 

2024; O’Neill et al., 2024). 

 

4.2.3. Targeted synthetic DMARDs 

The recently authorized drugs from the 

class of targeted synthetic DMARDs have a 

small molecular size, being able to act 

intracellularly by interfering specific cell 

signaling mechanisms. They are generally 

represented by Janus kinase inhibitors 

(tofacitinib, baricitinib, upadacitinib) and have 

the advantage of oral administration (Singh et 

al., 2016). Janus kinases family (JAK1, JAK2, 

JAK3, TYK2) are intracellular proteins located 

in a variety of immune cells, which act as 

signal transducers from cytokine signaling, 

being involved in the activation of transcription 

processes via JAK/STAT pathway, leading to 

an inflammatory response. Hence, the 
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inhibition of Janus kinases with small 

molecules exerts a significant favorable effect 

in autoimmune diseases like RA, limiting 

inflammatory reactions (Singh et al., 2016; 

Brown et al., 2024).  

Tofacitinib and baricitinib are considered 

first generation drugs, inhibiting multiple types 

of JAKs while upadacitinib is a second-

generation drug, inhibiting only JAK1. The 

American College of Rheumatology (ACR) 

guidelines published in 2021 recommend 

targeted synthetic DMARDs in patients with an 

inadequate response to conventional 

antirheumatic drugs. The available data did not 

show significant differences between biologic 

and targeted synthetic DMARDs concerning 

effectiveness in RA (Lauper et al., 2022). 

Tofacitinib is a first-generation Janus 

kinase inhibitor, dosed at 5–10 mg orally twice 

daily which disrupts cytokine signaling, 

achieving remission in 30–40% of patients 

within 4 weeks (Lundquist et al., 2014). The 

newly authorized baricitinib and upadacitinib 

are less used in RA, several phase 4 studies 

being currently ongoing in order to investigate 

their safety profile (Radu and Bungau, 2021; 

Brown et al., 2024).  

Adverse reactions for targeted synthetic 

DMARDs include upper respiratory infections, 

herpes zoster virus infections, hepatotoxicity, 

and hematologic abnormalities, requiring 

monitoring of liver enzymes and blood counts. 

Also, the rate of major adverse cardiovascular 

events (MACE) and malignancies was higher 

in patients treated with tofacitinib compared to 

anti-TNF compounds (Lundquist et al. 2014; 

Ytterberg et al., 2022). 

 

5. International guidelines and treatment 

algorithms of RA 

The main objectives of RA drug treatment 

are to achieve remission, preserve joint 

function, and minimize systemic complications 

with the ultimate goal of improving patients’ 

quality of life. The international treatment 

guidelines of the European Alliance of 

Associations for Rheumatology (EULAR) from 

2022 and of American College of 

Rheumatology (ACR) from 2021 recommend a 

treat-to-target approach, aimed at rapidly 

suppressing the inflammatory disease activity 

with cost-effective drugs which have also a 

good patient acceptance. The treatment’s target 

would be either a significant remission or a 

reduction of disease activity evaluated by a 

disease activity score (DAS) which takes 

account of the affected joints (Fraenkel et al., 

2021; Smolen et al., 2023). 

In the early stages of rheumatoid arthritis, 

both EULAR and ACR guidelines recommend 

that the drug of choice should be methotrexate 

used at low doses, in newly diagnosed patients. 

A bridging short-term treatment with 

corticosteroids can be administered at the time 

of the initial diagnosis. Dose escalation 

protocols could be employed for methotrexate, 

or another conventional DMARD could be 

introduced, if needed (Fraenkel et al., 2021; 

Smolen et al., 2023; Gao et al., 2024). 

In patients not reaching their treatment 

target with conventional drugs, a 

biologic/targeted synthetic DMARD should be 

introduced. ACR guidelines equally 

recommend biologic and targeted synthetic 

DMARDs, while EULAR guidelines specify 

that JAK inhibitors should be considered only 

after an evaluation of pertinent risk factors. 

Certain modifications of the international 

guidelines may exist at national level. In the 

United Kingdom, NICE guidelines recommend 

that failure of two conventional DMARDs is 

required ahead of the introduction of a 

biologic/targeted synthetic DMARD (NICE, 

2018).  

The choice of the initial biologic/targeted 

synthetic DMARD is a complex aspect, not 

very well clarified in the available guidelines. 

In case of an inadequate response to the initial 
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drug, subsequent biologic/targeted synthetic 

DMARDs can be introduced. There is evidence 

that in case of failure of response to a first 

TNF-α inhibitor, it is preferable to choose a 

second biologic DMARD with a different 

mechanism of action than use another anti-TNF 

agent (Emery et al., 2015). 

The safety profile of a specific molecule 

and patients’ comorbidities also plays a role in 

the process of DMARD selection. Thus, the 

potential adverse effects or contraindications 

could exclude certain treatment options in 

specific patients, according to the concept of 

“therapeutic matchmaking” recently introduced 

in the scientific literature (Konzett and Aletaha, 

2024). 

6. Natural compounds with antirheumatic 

properties 

Alongside the authorized synthetic drugs 

used in the therapy of RA, a number of 

medicinal plants have in their chemical 

composition potential anti-arthritic 

constituents, with various mechanisms of 

action, which are generally well tolerated and 

could be used as adjuvants (Kaur et al., 2024). 

Several studies have demonstrated that specific 

natural compounds can alleviate rheumatic 

symptoms by targeting inflammatory pathways, 

offering a holistic approach to disease 

management, but further research is needed to 

ascertain their potential role in the therapy of 

RA. 

Boswellic acid (BA), a terpenic compound 

from Boswellia serrata (Burseraceae) can 

reduce glycosaminoglycan degradation, which 

could maintain joint integrity and alleviate 

arthritis symptoms. In preclinical studies, BA 

reduced cartilage loss, exerting a beneficial role 

in synovitis, osteoarthritis and other joint 

disorders by inhibiting 5-lipo-oxygenase (5-

LOX), nuclear factor kappa-light-chain-

enhancer of activated B cells (NF-kB) and 

cyclo-oxygenase-2 (COX-2) (Safayhi et al., 

1992). A meta-analysis of 7 clinical trials 

enrolling 545 patients with arthritis showed 

that the administration of Boswellia serrata 

extract for a mean period of 4 weeks reduced 

pain and improved joint mobility (Yu et al., 

2020). 

Quercetin (QU) is a flavonoid present in a 

variety of plant species and known for its anti-

inflammatory properties. In a preclinical 

adjuvant-induced arthritis model in rodents, 

QU lowered the production of macrophage 

inflammatory mediators by regulating NF-kB 

activity and indirectly inhibiting angiogenesis 

and cartilage damage (Haleagrahara et al., 

2017). In a clinical trial, the administration of 

quercetin 500 mg/day for 8 weeks in female 

patients with RA improved clinical symptoms 

like after-activity pain and morning pain 

(Javadi et al., 2017). 

Epigallocatechin-3-gallate (EGCG), 

abundant in green tea (Camellia sinensis), 

could also serve as an effective adjunct therapy 

for RA. Preclinical studies showed that EGCG 

inhibited pro-inflammatory mediators like 

PGE2, COX-2, NF-κB and TNF-α (Ahmed, 

2010). Also, EGCG suppressed autoimmune 

arthritis through the modulation of nuclear 

factor erythroid 2-related factor 2 (Nrf2) 

pathway, according to another experimental 

study (Yu G et al., 2020). In a randomized 

controlled trial enrolling 50 patients with 

arthritis, a 4-week administration of green tea 

extract alongside an NSAID agent improved 

pain control and joint functions (Hashempur et 

al., 2018). 

Peoniflorin, a terpenic glucoside present in 

paeony (Paeonia lactiflora) is a modulator of 

important intracellular pathways involved in 

inflammatory processes like MAPK and 

JAK/STAT, also reducing the level of TNF-

alpha and IL-1 (Zhang and Wei, 2020). A 

meta-analysis of several randomized controlled 

trials enrolling 463 patients with RA showed 
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that the administration of total glycosides from 

peony for 12-24 weeks alongside methotrexate 

or leflunomide improved clinical outcomes, 

reducing also the intensity of the adverse 

effects of the conventional DMARDs (Huang 

et al., 2019). 

Conclusions  

Rheumatoid arthritis is a complex 

autoimmune disease requiring early treatment 

to achieve remission and prevent disability. 

Conventional DMARDs, particularly 

methotrexate, form the backbone of therapy, 

but newer biologic and targeted synthetic 

DMARDs are offering a superior control for 

refractory disease. Despite recent progress, 

challenges such as high treatment cost or the 

development of adverse effects warrant new 

research aimed at developing safer and more 

accessible therapies for rheumatoid arthritis. 
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Abstract: Oral cavity disorders are frequently encountered among the general population. If left untreated 

they can produce serious health risks. Phytotherapy represents a valuable complementary approach in oral 

healthcare, with herbal remedies being widely used for different conditions. Despite their availability, the 

level of public knowledge regarding the safe and effective use of phytotherapeutic products remains 

underexplored. This study aimed to evaluate the knowledge, perceptions, and attitudes of the general 

population toward the use of phytotherapeutic treatments for oral cavity disorders. A cross-sectional survey 

was conducted among 178 respondents from the general population. Data were collected using a structured 

questionnaire assessing awareness of phytotherapeutic products, sources of information, perceived efficacy, 

and attitudes toward their use. Younger participants and those with higher education levels demonstrated 

significantly better awareness. Pharmacists (47.3%) are considered the most influential professional sources 

of recommendation. General attitudes were favorable, with 62.2% of respondents open to using herbal 

remedies as alternatives or complementary, and 65.7% recognizing their preventive potential. 

Phytotherapeutic products are perceived as safe, effective, and acceptable by the general population for the 

prevention and management of mild oral conditions. Their integration into oral care is best achieved under 

professional supervision, with emphasis on standardized formulations and evidence-based guidance. 

 

Keywords: phytotherapy, oral cavity, public knowledge, pharmacist perception 

 

1. Introduction 

Oral health is an essential component of 

general well-being, with disorders such as 

gingivitis, stomatitis, oral candidiasis, and 

recurrent aphthous ulcers affecting a large 

number of the population worldwide. 

Conventional therapies often include 

antibiotics, antifungal, antiseptics, anti-

inflammatory drugs, etc., that can be limited 

due to side effects or patient concerns about 

their safety (Vieira Colombo et al. 2016; Di 

Stefano et al. 2022; Shinkai et al. 2024). 

Complementary and/ or alternative therapies 

have gained an increased interest in the recent 

years. Phytotherapy has a long tradition in the 

Acta Biologica Marisiensis                                                                                
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management of oral conditions and is 

frequently preferred due to the general 

impression that natural products are safer 

(Janakiram et al. 2020; Shinkai et al. 2024). 

There are several classes of phytochemicals 

used in herbal-based products used for different 

disorders. Herbal products that contain 

mucilage can be part of multicomponent 

preparations, associated with various other 

substances, because mucilages increase the 

contact time of these substances in the oral 

cavity, potentiating their effect. These 

combinations are useful in treating various 

conditions such as stomatitis, aphthous ulcers, 

etc. Althaea officinalis, Malva sylvestris, Linum 

usitatissimum and Cetraria islandica are often 

used as mucilage-containing herbal products 

(Miranda-Rius et al. 2015; Kręgielczak et al. 

2023). Herbal products rich in tannins are well 

recognized for their astringent, antiseptic, and 

hemostatic properties. In oral healthcare, they 

are commonly applied in the management of 

stomatitis and gingivitis, particularly in the 

form of mouth rinses or gargles. Their 

therapeutic action is attributed to the ability of 

tannins to precipitate proteins on the surface of 

oral mucosa, thereby forming a thin protective 

film that protects the mucous membranes but 

also contributes to reducing gingival 

inflammation and controlling bleeding, while 

limiting microbial colonization and supporting 

tissue healing (Chandra Shekar et al. 2015; 

Ployon et al. 2018; Kováč et al. 2022). Several 

tannin-containing plants are traditionally used 

in oral care products: Quercus robur, Camellia 

sinensis, and Punica granatum (Venkateswara 

et al. 2011; Dabholkar 2016; Ștefănescu et al. 

2022). Another important class of natural 

products are essential oils, with proven 

antimicrobial, anti-inflammatory, analgesic, 

and antioxidant properties, making them 

suitable for the prevention and management of 

various oral conditions. Their volatile 

compounds, such as terpenes, phenols, and 

aldehydes, interfere with microbial cell 

membranes, inhibit biofilm formation, and 

modulate local inflammatory responses. In 

dentistry and oral care, essential oils are most 

frequently used as components of mouth rinses, 

gels, or toothpastes, with applications in 

halitosis, gingivitis, periodontitis, dental plaque 

control, and mucosal infections. Some of the 

most popular essential oils include clove, 

peppermint, tea tree, thyme, cinnamon, and 

oregano (Kavanaugh and Ribbeck 2012; 

Marchese et al. 2016; Kerekes et al. 2019; 

Haro-González et al. 2021). However, despite 

their widespread use, public knowledge 

regarding the appropriate application, dosage, 

potential interactions, and safety concerns of 

phytotherapeutic treatments remains 

insufficiently studied. Misconceptions and 

reliance on non-professional sources of 

information may compromise treatment 

outcomes and there could be an increased risk 

to patient safety. Evaluating the population’s 

knowledge and perceptions is therefore crucial 

in identifying educational needs and guiding 

healthcare professionals in providing evidence-

based recommendations. The present study 

aims to assess the awareness, knowledge, and 

attitudes of the general population regarding 

the use of herbal-based treatments for oral 

cavity disorders. By analyzing socio-

demographic influences and sources of 

information, this research wants to highlight 

existing knowledge gaps and provide a 

foundation for targeted public health 

interventions in oral health care. Although 

public interest in phytotherapy has grown 

across Europe, most existing studies assessing 

perceptions and attitudes toward herbal 

products have been conducted in Western 

countries. There is a lack of data from the 

Eastern and Central European populations, 

where cultural traditions regarding herbal-

based products remains strong. To our 

knowledge, no published studies have 
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systematically explored the general public’s 

view regarding herbal-based products for oral 

health in Romania, making this study, one of 

the first to address this gap. The present study 

aims to add a novel perspective to the current 

body of literature. 

2. Materials and Methods  

A cross-sectional study was conducted 

using an online questionnaire distributed 

between December 2024 and February 2025. 

The distribution of the questionnaire was 

approved by the Ethics Committee of the 

George Emil Palade University of Medicine, 

Pharmacy, Science, and Technology of Târgu 

Mureș (Approval No. 3414/21.11.2024). 

Participation was voluntary and anonymous. 

By completing the questionnaire, respondents 

provided informed consent for the processing 

of their data. No exclusion criteria related to 

profession or educational level were applied, in 

order to capture the perception of the general 

public as accurately as possible. The 

questionnaire was disseminated online without 

targeting a specific population subgroup. The 

questionnaire included 37 items, organized into 

6 thematic sections, that are presented in Table 

1. Most items were formulated as ordinal 

Likert-scale questions, allowing respondents to 

indicate their degree of agreement or frequency 

on a scale of up to seven points, typically with 

3–5 response options. Several questions 

permitted multiple responses (checkbox 

format), while a smaller number were open-

ended items, enabling participants to provide 

additional qualitative input. 

 

Table 1. Structure of the questionnaire and types of data collected 

No. Section Items Collected data Sample questions/ Format of 

responses 

1 Sociodemographic 

data 

1-5 age, gender, education, place 

of residence, and occupation 

,,What is your gender?’’/ single 

choice 

2 History of oral 

conditions and 

treatment behaviors 

6-12 frequency and types of oral 

conditions, use of plant-based 

products, source of 

recommendation 

,,How often do you use herbal-

based products for oral 

hygiene?’’/ single choice 

3 Perceived efficacy 

and safety 

13-17 comparative evaluation versus 

conventional medicines, 

subjective perceptions of 

health improvement 

,,To what extent do you 

consider herbal products to be 

effective compared to 

conventional medical 

treatment?’’/ single choice 

4 Adverse effects and 

information 

preferences 

18-24 negative experiences, trust in 

information sources, 

preferences regarding 

professional counseling 

,, What side effects, if any, have 

you experienced following the 

use of herbal products for oral 

health issues?’’ / multiple 

choice & open-ended 

5 General attitudes 

toward phytotherapy 

25-36 comparative trust versus 

conventional products, 

intention to recommend, 

perceived effective products, 

suggestions 

,,Which medicinal plants do you 

consider to be the most effective 

for conditions affecting the oral 

cavity?’’/ multiple choice 

6 Open comments 37 additional suggestions or 

opinions 

,, Do you have any other 

suggestions or comments 

related to herbal therapy 

products that you would like to 

share?’’ / open-ended 
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3. Results and discussions 

3.1. Sociodemographic data 

A total of 178 respondents participated in 

the study, including both adults and a small 

proportion of individuals under 18 years of age. 

Age emerged as a key variable in the analysis, 

as it allowed for the observation of potential 

differences between age groups and provided 

deeper insight into how this factor might 

influence respondents’ opinions. The largest 

proportion belonged to the 18–24 years age 

group (39.3%), highlighting the predominant 

participation of young adults. The next most 

represented category was 25–34 years (20.8%), 

followed by respondents aged 45–54 years 

(16.9%). 

With regard to gender distribution, women 

were strongly overrepresented, accounting for 

83.0% of the sample, while men represented 

only 18.0%. 

Educational level also varied: 44.4% of 

participants reported having a university 

degree, 21.3% had completed high school, and 

18.5% held postgraduate qualifications. In 

terms of professional background, 56.7% of 

respondents were from non-medical fields, 

whereas 38.2% were affiliated with the medical 

sector. A smaller fraction reported working as 

freelancers. 

Place of residence showed that 64.4% of 

participants lived in urban areas, while 35.4% 

resided in rural areas. This distinction is 

relevant, as urban–rural differences may 

influence not only lifestyle but also access to 

information and educational opportunities. 

These demographic characteristics provide 

essential context for interpreting participants’ 

knowledge, attitudes, and behaviors regarding 

phytotherapy in oral healthcare. The 

sociodemographic data indicates that young, 

educated, and urban living respondents were 

more engaged in the study, which is consistent 

with findings from other surveys on 

complementary medicine, where younger and 

more educated groups often report greater 

interest in natural health solutions (Shinkai et 

al. 2024). 

 

3.2. History of oral conditions and treatment 

behaviors 

Regarding the most frequent oral disorders 

mentioned by the respondents, aphthous ulcers 

where the most common (41.9%), followed by 

gingival bleeding (40.9%), oral inflammation 

(23.7%), halitosis (21.5%), and dental 

infections (16.1%), with lower frequencies for 

oral candidiasis and herpes. These results are 

comparable to the findings reported by Cunha 

et al. and Alhindi et al., suggesting a similar 

prevalence pattern across different populations 

(Alhindi et al. 2019; Zimmer et al. 2024). 

Regarding treatment behaviors, 48.3% of 

participants indicated that they had used 

phytotherapeutic products for oral disorders, 

while 51.7% had not. This relatively balanced 

distribution may reflect either a lack of 

awareness about plant-based products for oral 

care or a preference for conventional 

pharmaceutical treatments, which are more 

familiar to the general population. 

Interestingly, country-specific differences have 

been observed: for instance, a study conducted 

in the United States reported that only 12.6% of 

respondents had used plant-based products for 

oral conditions, highlighting potential cultural 

and healthcare-related influences on treatment 

choices (Abebe et al. 2011). 

When asked about the conditions for 

which phytotherapeutic products were used, 

respondents most frequently mentioned 

aphthous ulcers (68.4%), followed by gingivitis 

(24.2%), halitosis (11.6%), and stomatitis 

(10.5%). In terms of product type, herbal teas 

(56.1%) were the most commonly employed, 

followed by tinctures (44.7%) and gels 

(36.0%). Less frequently, respondents reported 

the use of essential oils (21.9%) or herbal 

mouthwashes (0.9%). These findings suggest 
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that herbal teas are perceived as both effective 

and easily accessible options for maintaining 

oral health. 

With respect to frequency of use, the 

majority of respondents reported using 

phytotherapeutic products only “sometimes” 

(33.9%) or “rarely” (33.3%), whereas only 

11.1% reported “frequent” use, and a very 

small proportion indicated that they “always” 

used such products. This distribution may 

reflect a limited awareness of the potential 

benefits of phytotherapy in oral hygiene and 

disease management. 

As sources of recommendation, the 

pharmacist was identified as the most 

influential source (47.3%), followed by friends 

(31.1%), medical professionals (20.3%), and 

social media (19.6%). These findings 

underscore the key role of pharmacists in 

guiding patient decisions, likely due to their 

accessibility and credibility in relation to drugs 

and food supplements. This reflects the trust 

that the respondents offer to pharmacists, 

although the general impression of pharmacists 

towards their profession is not the same. 

Pharmacists are seen as patient-centered 

communicators which is supported by recent 

nationwide surveys among community 

pharmacists, emphasizing their need for 

enhanced training in patient-centered 

communication strategies (Chang et al. 2000; 

Rusu et al. 2022; Al-Kubaisi et al. 2025). The 

significant influence of friends highlights the 

impact of personal experience and peer 

communication, while the lower ranking of 

physicians suggests either a preference for 

more accessible sources of advice or the 

perception that phytotherapeutic products do 

not require medical prescription. 

Automedication, however, raises important 

concerns due to misuse, inappropriate dosing, 

allergic reactions, side effects and drug-herb 

interactions. Even for well-known plant 

species, severe consequences can be seen when 

the treatment is not supervised. Extracts of 

sage, chamomile, or licorice, for example, 

administered internally, may potentiate 

anticoagulant effects or interfere with 

metabolic pathways, increasing the risk of 

unwanted systemic consequences, while herbal 

drugs with a high tannin content or mucilage 

content can decrease the absorption of other 

drugs, if administered internally but also when 

applied topic, on the oral mucosa (Hu et al. 

2005; Izzo 2005; Fasinu et al. 2012). 

 

3.3. Perceived efficacy and safety  

When asked to evaluate the efficacy of 

phytotherapeutic products compared with 

conventional treatments, the majority of 

respondents expressed a positive perception. 

Specifically, 57.2% considered such products 

effective, and 12.0% very effective, reflecting 

positive personal experiences. A further 28.3% 

rated them as neutral, suggesting either 

insufficient exposure or lack of confidence due 

to limited knowledge. Only 2.4% of 

participants perceived them as ineffective, 

which may be explained by expectations of a 

faster therapeutic effect or a stronger 

preference for pharmaceutical alternatives. 

With respect to oral health outcomes, 64.4% of 

respondents reported perceivable 

improvements following the use of 

phytotherapeutic products. In contrast, 26.8% 

were unsure, which may reflect occasional or 

inconsistent use, or difficulties in attributing 

observed benefits to the product itself. 

Reported beneficial effects included reduction 

of inflammation (54.2%), improved oral 

hygiene (38.9%), fresher breath (29.9%), and 

reduced dental sensitivity (25.7%) (Fig. 1.). 

Only a small minority reported no significant 

change, suggesting that herbal products are 

generally perceived as supportive adjuvants in 

maintaining oral health.  
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Fig. 1. Participants' responses on the effects of herbal products (multiple choice question) 

 

When asked about the main advantages of 

phytotherapeutic products, respondents 

highlighted natural ingredients (60.2%), 

absence of side effects (46.0%), efficacy in 

treating oral problems (39.1%) and 

antimicrobial properties (39.1%). These 

responses emphasize the role of “natural 

origin” and perceived safety as strong factors 

for use.  

In terms of safety perception, most 

participants considered phytotherapeutic 

products to be safe (53.3%) or very safe 

(22.8%), while 19.2% remained neutral. Only a 

very small proportion regarded them as unsafe. 

This perception over the safety profile of 

natural products increases the risk towards self-

medication, and can lead to common mistakes 

like either therapeutic inefficiency or to the 

appearance of side effects, overdosing, etc 

(Hussain 1999; Consolini and Ragone 2010; 

Fainzang 2014). 

 

3.4. Adverse effects and information 

preferences 

The vast majority of respondents (95.5%) 

reported no adverse reactions following the use 

of phytotherapeutic products for oral 

conditions, while only 4.5% experienced 

negative effects. Among these, the most 

frequently mentioned were oral discomfort 

(21.1%), allergic reactions (15.8%), and local 

irritation (15.8%). The low incidence and mild 

nature of these events indicate that 

phytotherapeutic products are generally well 

tolerated and considered safe. Nevertheless, the 

occurrence of such reactions underscores the 

importance of proper labeling, awareness of 

product composition, and cautious use among 

individuals with known allergies. 
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Fig. 2. Consultation frequency prior to using plant-based products 

 

When asked about their willingness to 

receive professional guidance on 

phytotherapeutic products for oral health, the 

majority (86.6%) expressed a positive attitude, 

reflecting openness to professional advice and a 

preference for safe, informed use. However, 

13.4% indicated no interest in specialist 

counseling, which may suggest limited 

awareness of potential risks or a tendency 

toward self-medication (Hussain 1999; Izzo 

2005; Fainzang 2014). Regarding consultation 

practices, a considerable proportion of 

respondents admitted that they asked for 

professional advice rarely (38.3%), sometimes 

(25.1%), or never (22.8%). Only a small 

minority asked specialists frequently (9.0%) or 

always (4.9%) (Fig. 2.). These results suggest 

that many individuals perceive herbal products 

as mainly harmless and therefore not requiring 

professional supervision. Trust in dental 

professionals was also assessed. 41.9% of 

respondents reported a high level of trust in 

dentists’ recommendations, while 45.9% 

expressed moderate trust. Lower trust levels 

were reported by 9.3%, and only a negligible 

fraction indicated complete lack of trust. 

Similar studies have found that a majority of 

adults demonstrate trust in their dentists and 

broader reviews indicate that trust leads to 

better patient engagement, reduced anxiety and 

the patients will obtain an improved oral health 

outcome (Armfield et al. 2017; Song et al. 

2020). 

 

3.5. General attitudes toward phytotherapy 

The overall perception of respondents 

toward phytotherapeutic products for oral 

health was predominantly positive. When asked 

to compare their effectiveness with 

conventional medicines, 62.2% of participants 

answered “Yes,” indicating openness to using 

herbal remedies either as an alternative in mild 

cases or as complementary therapy. These 

results are in accordance with the results 

obtained in clinical trials, that herbal-based 

treatments have a comparable efficiency in oral 
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health care with conventional therapy 

(Janakiram et al. 2020; Chatzopoulos et al. 

2022). A smaller proportion (12.8%) expressed 

skepticism, reflecting a preference for 

conventional treatments and a perception that 

herbal products cannot substitute them. 

Meanwhile, 25.0% selected “I don’t know,” 

suggesting a significant proportion of 

respondents remain undecided, likely due to 

limited knowledge or insufficient personal 

experience. 

Regarding safety, 42.4% of respondents 

perceived herbal products to be safer than 

conventional treatments, likely because of their 

natural ingredients and the belief that they 

cause fewer side effects. By contrast, 22.7% 

disagreed, possibly due to personal experiences 

with allergic or unwanted reactions. 

Interestingly, 42.4% responded “I don’t know,” 

indicating widespread uncertainty about the 

risk–benefit profile of phytotherapy. The 

factors most strongly influencing respondents’ 

willingness to use phytotherapeutic products 

were medical recommendation (84.7%), 

followed by perceived efficacy (45.9%), and 

recommendations from family or friends and 

lower cost (14.4%). These results confirm the 

central role of healthcare professionals in 

shaping patient decisions, even for non-

prescription natural products. Respondents also 

identified specific medicinal plants considered 

most effective for oral conditions. The most 

frequently chosen were chamomile (67.1%), 

propolis (61.7%), mint (46.7%), and sage 

(46.1%), all traditionally known for their anti-

inflammatory, antiseptic, and soothing 

properties. Other popular options included aloe 

vera (54.5%) and echinacea (19.8%), 

suggesting openness to more recently promoted 

or “modern” herbal therapies. The influence of 

traditional medicine is evident, although global 

trends are also shaping preferences, as shown 

by U.S. studies highlighting species such as 

green tea, garlic, echinacea, Ginkgo biloba, and 

ginseng (Abebe et al. 2011).  

In terms of information-seeking behavior, 

responses were almost evenly divided between 

those who actively searched information about 

medicinal plants (51.2%) and those who did 

not (48.8%). This balance suggests a growing 

but not yet universal public interest in the 

scientific validation of phytotherapy. When 

asked about their primary concerns when 

choosing herbal products, respondents 

prioritized efficacy first, followed by safety, 

then cost, while availability was the least 

concerning factor, indicating that these 

products are generally easy to access. 

An open-ended question invited 

respondents to suggest ways to improve the 

quality and effectiveness of phytotherapeutic 

products. The most frequent recommendations 

included ensuring the purity of natural 

ingredients, conducting rigorous clinical 

studies, and providing professional guidance 

from physicians, pharmacists, or other health 

specialists. Concerns about ingredient 

authenticity and contamination are well-

founded. Quality control is a recognized 

challenge in herbal medicine: inconsistencies in 

sourcing, processing, and misidentification of 

herbs can compromise both safety and 

therapeutic efficacy (Janakiram et al. 2020; 

Kim 2021; Wang et al. 2023). Other 

suggestions focused on improving the taste, 

formulation, and accessibility of products, 

highlighting user experience as an important 

factor in acceptance. Respondents also 

expressed preferences for diversification of 

herbal oral care products, citing interest in 

toothpastes, mouth rinses, gingival gels or 

ointments, breath sprays, whitening products, 

essential oils, and herbal gums or lozenges. 

This openness indicates strong consumer 

demand for a broader range of natural oral 

healthcare options. 
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While the present findings offer valuable 

insight into the perception and acceptance of 

herbal products for oral health, several 

limitations must be acknowledged. There is a 

demographic imbalance with a high number of 

female respondents and an overrepresentation 

of young adults. This difference in gender and 

age distribution limits the generalizability of 

the results to the broader population, especially 

older adults and male users, whose perceptions 

and behaviors may differ. Another limitation of 

the study is that it was not formally validated 

prior to distribution. Further research should 

aim to develop and validate a standardized 

instrument that could be applied across 

different populations and cultural settings. 

Conclusions  

This study highlights the generally positive 

perception of the general population regarding 

the use of natural products for oral health. A 

large proportion of respondents reported using 

or being willing to use herbal remedies, 

particularly for common conditions such as 

aphthous ulcers, gingival bleeding, and 

halitosis. Phytotherapy was perceived as 

effective and safe, with very few adverse 

effects reported, supporting its role as a 

complementary approach in oral healthcare. 

Trust in healthcare professionals, especially 

pharmacists, was identified as the most 

influential factor in guiding the decision to 

adopt herbal treatments, underscoring the 

importance of professional counseling in 

ensuring the safe and appropriate use of these 

products. Despite the positive attitudes, a 

significant proportion of respondents expressed 

uncertainty, reflecting gaps in knowledge and 

the need for more reliable information. This 

finding aligns with international evidence 

stressing the necessity of standardized 

formulations, clinical validation, and a clear 

evaluation of benefits and risks. In conclusion, 

natural products can be considered as a 

supportive strategy for maintaining oral health, 

particularly in mild and preventive contexts. 

Future efforts should focus on strengthening 

public education, integrating evidence-based 

herbal approaches into dental and 

pharmaceutical counseling, and promoting 

rigorous research to validate the efficacy and 

safety of commonly used plant-derived 

products. 
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Abstract: Forestry plays the key role in environmental sustainability and economic wealth of Italy. Forest 

massifs maintain the ecological balance and climate setting of the country. At the same time, forests are 

essential sources of products for industry. The research objective is to evaluate the balance between the 

environmental protection and economic development of forestry. The research questions are: 1) how does 

forestry sector developing and what are the long-term trends showing its economic profitability? 2) How 

does the forest area change over decades? To answer these questions, the objective is to evaluate the data on 

environmental and economic parameters. The methodology included the FAOSTAT dataset on 2001-2023, 

processed by statistical analysis in R. The increase in forest area is detected from 12,748 to 13,937 T ha. 

Decline in pulp-and-paper sector is due to growing digitalization and e-commerce: newsprint production 

decreased from 293 T to 52 T tons, which proves transfer of printing industry towards e-format. Shifting 

market is in wrapping and packaging paper (360 T to 3.702 T tons). The results show positive trends in 

reforestation, high revenues from timber production which need further development and investments in 

forestry. 

 

Keywords: economics; forestry; timber; pulp and paper; sustainable development; statistical analysis; R 

 

1. Introduction 

Forests have significant economic and 

ecological value for the country through 

providing marketable products (Farnworth et 

al., 1983; Adger et al., 1995; Bockstael et al. 

2000) and delivering essential ecosystem 

services (Boyd & Banzhaf 2007; Zhang & 

Stenger, 2014; Shojaie shami et al., 2021). 

Forest massifs maintain the ecological balance 

of the country and serve as sources of products 

for forestry industry with major categories 

including timber, paper and pulp products. 

Essential environmental value of forest stands 

and vegetation consists in climate regulation 

(Winkel et al., 2011; Lemenkova, 2021; Yu et 

al., 2025), maintaining biodiversity (Raivio et 

al., 2001) and providing habitat spaces for rare 

and valuable species (Ruhl et al., 2020). Forest 

support healthy ecosystems through improved 

soil fertility and quality (Woo et al., 2025; 

Gaston et al., 2019), water purification and 

creating ecological habitats for rare and 

valuable species. Moreover, vegetation has 

important climateregulating function through 

mitigating temperature extremes carbon 
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sequestration and hydrological control on 

humidity (Keleş, 2018; Lemenkova 2025a; Li 

et al., 2010), hydrological regulating watershed 

level (Luo et al., 2025; Junttila et al., 2016; 

Lemenkova, 2022a; Fan et al., 2025).  

Besides precious environmental functions, 

forests play important economic role in the 

society by providing goods of timber and non-

timber origin to support livelihoods (Arts & 

Buizer, 2009). Economically, this includes 

direct and indirect use of products (e.g., fuel, 

wood, food, plants) originating from forest 

(Agrawal et al., 2008). Finally, forest provide 

intangible benefits for society through 

recreation and cultural services. Hence, high 

revenue from forests makes national forest 

policy decisions to balance between the 

environmental protection, which is crucial for 

nature conservation, and timber industries 

(Burnett & Davis 2002; Squire et al., 1991).  

Such values of forest make them valuable 

resource for environmental protection agencies 

and economic purposes. Italy has a variety of 

tree species in forests that cover ca. 39% of the 

country. Major species include beech (Fagus 

sylvatica), oak (Quercus), and poplar (Populus 

alba). Poplar plantations, especially along the 

Po Valley, are a major source of feedstock for 

wood manufacturing sector. However, only a 

small percentage of forests of Italy is under 

detailed management for commercial timber, 

while the majority of the wood produced 

domestically is used as firewood, with 

industrial timber production declining. The 

decline is due to high costs, fragmented and 

poorly mechanized forestry sector, and strong 

dependence on imported raw materials. 

As a result, forestry sector in Italy is under 

development and ongoing reconstruction. 

Currently it includes ca. 72,000 companies 

which employ 320,000 people. The forestry is 

characterized by a constantly growing forest 

area and a mix of modern and traditional 

equipment. Its major benefit of in Italy consists 

in the diversification, improving management 

plans and utilizing wood for structural and non-

structural purposes. In 2022, the timber product 

consumption in Italy experienced a decline by 

7.5% due to the pandemic, but then recovered 

and increased in demand for home 

improvement products of forestry sector. 

Nevertheless, the domestic roundwood 

production is insufficient for domestic needs, 

leading to significant dependance on import. 

Therefore, Italy imports a large part of the 

forestry sector for its needs, and remains a 

significant importer of timber products among 

the EU countries. 

Commercial forest management in Italy 

faces challenges with major issues including 

small private property sizes, raw material 

shortage, limited transport and shipment 

capacities. Besides, despite a growing forest 

area, there is a low rate of timber harvesting 

compared to the amount grown. On the 

international level, there is a lack of forestry-

related market balance in Italy, compared to 

other EU countries, e.g. Germany, Spain or 

France (Knauf, 2015). As a response to such 

problems, management of forestry industry in 

Italy is undergoing development. Regional 

policy in forestry and environmental sector 

now enhances environmental, social, and 

economic functions. These primarily include 

practices of sustainable management, supported 

by policies and funding, to ensure forest 

protection and production (Joyo et al., 2025). 

For instance, the EU Emissions Trading 

Scheme (EU ETS) brings positive effect by 

stimulating the pulp-and-paper making 

enterprises toward technological innovation 

(Lin et al. 2019). Recent studies using the 

Italian Community Innovation Survey (CIS) 

shown that the EU ETS exerted effects on 

environmental innovations (EI) in CO2 

abatement and energy efficiency controlling for 

other variables, grouped as internal and 

external to the firm, and additional 
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environmental regulation factors (Borghesi et 

al., 2015). 

The fundamental concepts of the economic 

and environmental aspects of the forestry 

sector, timber and wood production are 

reflected in the economic aspects of Italy. An 

economic and environmental analysis of 

several case studies on forest products located 

in Italy was undertaken to analyze multiple 

products that can be obtained from forestry. 

In the geographic sense, forest cultivation 

for industrial needs in Italy is well-adapted to 

the Mediterranean climate and has considerable 

ecological and economic potential. The main 

type of domestic wood used in the lumber 

industry of Italy is poplar, grown extensively in 

the Po Valley. Natural landscapes of forests 

represent the land surface where diverse 

environmental processes interplay to provide 

habitat and resources for life (Goldstein et al., 

2002; Klaučo et al., 2013, 2017). Soil quality 

creates excellent conditions for plantation of 

forest massifs and wood production (Adams & 

Attiwill, 1984; Turvey & Smethurst, 1994; 

Imaya et al., 2005), which includes a variety of 

items: lumber, plywood, pulp-and-paper, 

engineered wood for construction and furniture 

(Lombardo, 2022). Understanding the benefits 

and demands in forestry sector remain a 

challenge since it involves the complexity of 

factors that affect forestry.  

Although relevant literature on Italy exists, 

an integrated, systems-level appraisal of how 

these measures on environmental protection 

interact with economic benefits from forestry 

remains scarce. The studies on aspects of 

nature conservation seldom integrate industrial 

feedback loops from financial benefits of 

forestry, while papers on economical revenues 

from timber harvesting and wood processing 

frequently focus on technological aspects of 

market cycle in forestry, without reference to 

the environmental sustainability. Consequently, 

decisions in forest industry lack a holistic lens 

for prioritizing measures that would balance 

between forestry industry and environmental 

protection. Such measures would stimulate 

production of pulp-and-paper and timber for 

economic well-being, while taking measures on 

nature protection and conservation, such as 

development of network of the protected parks 

and natural reserves. 

This research project uses statistical data 

available from the Food and Agriculture 

Organization (FAO) of the United Nations 

(UN). Existing applications of FAO in forestry 

and environmental research prove its 

robustness and applicability (Skulska et al., 

2019). Spatial and descriptive data are 

employed from national services for regional 

approach focused on the analysis of forestry in 

Italy. It compares five sectors of forestry at 

regional level with varied situation on 

economic development in forest sector. We 

applied diverse workflows of R libraries for 

updating data and harmonization using 

combination of old data for retrospective 

analysis and novel data from the FAO-based 

survey to evaluate the period of 1961-2023. 

The qualitative-quantitative modelling of 

forestry development employed statistical 

methods of data processing by R programming 

and computing software to model economic 

trends, and spatial analysis by GIS. Important 

feature of R is provided by scripting 

techniques, which enable automating repetitive 

tasks and creating dynamic content in statistical 

computing of large datasets (Bilina & Lawford, 

2012; Lemenkova, 2022b; Bröker et al., 2005). 

Available archived FAO datasets were 

processed by R statistical methods for accurate 

and effective visualization, to reveal trends in 

ecological and economic processes.  

The importance of statistical data as a 

source of environmental and economic 

information can be illustrated by their practical 

application, including biodiversity monitoring 

(Sona et al., 2025), risk assessment (Jindal et 
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al., 2020; Lemenkova, 2024a), analysis of 

deforestation and aridification (Lemenkova, 

2024b), environmental mapping, monitoring 

landscape dynamics, to mention a few.  

Rapid development of the advanced 

statistical methods of data analysis presented 

effective modelling tools for dynamic updates 

for retrospective and perspective data analysis: 

R packages and libraries of Python (Chen, 

2021; Hu et al., 2022; Lemenkova 2025b; 

Adun et al., 2021). Currently, there are no 

integrated studies that present an in-depth 

overview of both ecological and economic 

datasets that comparatively analyze the 

diversified landscapes and economic forestry 

sector of Italy. Using the advanced statistical 

methods for economic data processing, we 

performed the trend analysis of forestry 

products to demonstrate current situation and 

dynamics. Using advanced tools in R for 

studying environmental and economic variables 

is a powerful approach. Here, we use the 

RStudio for modelling FAO-based data. 

This study contributes to this gap by 

quantifying a revenue from forestry and 

analyzing trends in production in 2 recent 

decades, and analyzing how forest stands 

increase in the pattern on land cover types in 

Italy. To achieve this goal, this study answers 

the following research questions: 1) how does 

forestry sector developing and what are the 

long-term trends showing its economic 

profitability? 2) How does the forest area 

change over decades? Answering these 

questions by R-based data analysis of FAO 

archives, this study provides insights into the 

variation between diverse environmental and 

economic parameters of forestry sector across 

the country, and their response to the 

environmental factors and trade affecting their 

dynamics – technologically, economically, and 

in ecological terms. This cumulative analysis of 

supported by statistical modelling in R aims to 

highlight the differences and variations in wood 

production and revenues and their changes over 

time for country level.  

Research hypothesis of this study consists 

in the following statement: Forest industry in 

Italy will have higher impact factor on the 

economics due to the high revenues obtained 

from the furniture manufacturing and pulp-and-

paper industry, provided the sustainable 

development of environmentally protected 

areas is supported through optimized land 

management. 

This study develops a systematic approach 

to monitoring and comparative analysis of the 

forestry sector in Italy using advanced scripting 

tools of R libraries (Cribari-Neto & Zarkos, 

1999). The specific aim is to model, analyze, 

and compare Italian landscape on forest 

industry using FAO data in 5 distinct 

categories: production quantity, import quantity 

and value, export quantity and value. The 

situation of forest trade was selected because 

forestry sector is rapidly growing in Italy, with 

forest area increasing by ca. 100,000 ha per 

year due to the abandonment of marginal 

agricultural land. The country has 

approximately 11.4 M ha of forest, covering 

about 39% of its territory. The significant 

portions of forestry are managed for timber 

production and conservation. The development 

of forestry in Italy is guided by a governmental 

support and includes initiatives for biodiversity 

protection and sustainable forest management.  

Current state-of-the-art in research on 

Italian forestry has gap between the existing 

environmental applications and the advanced 

statistical methodologies. Based on literature 

analysis, the existing approaches of modelling 

dynamics in forestry sector in Italy are mostly 

relied on traditional methods with limited 

regional extent. This project aims to minimize 

this gap by developing appropriate 

methodologies by R for integrated extensive 

modelling using advanced tools and RStudio 

software. R is selected because it is a powerful 
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open-source programming language 

specifically designed for statistical analysis. 

Many case studies report the use of R in 

research on data modelling, visualization and 

analysis (Kleiber & Zeileis, 2008; Lemenkova, 

2019a, 2019b; Anderson et al., 2018; Shahare 

et al., 2024). R provides a flexible and robust 

environment for data handling and statistical 

modeling, supported by a vast collection of 

libraries (Peabody, 2023; Choi & Asilkalkan, 

2019). Its scripting nature allows for 

reproducible analysis, making it a crucial tool 

in environmental data science. 

2. Materials and Methods  

The Food and Agriculture Organization 

(FAO) data form a valuable information on 

environmental and economic variables that can 

be used for practical scientific purposes. The 

importance of such data is widely discussed in 

relevant works and can be summarized as 

follows: 

1. First, statistical data present a key source of 

information on environmental, economic, 

climate and social-economic categories. It 

is a ground basis for modelling aimed at 

practical decision making on the 

environment protection, analysis of climate 

change and balance with economic 

development in forestry, including 

production of wooded materials. 

2. Comparative analysis of economic and 

environmental categories enables to 

evaluate vulnerable sectors with rapidly 

changing trade rates to detect continuous 

process of economic development of 

country and to get insight into landscape 

dynamics. 

3. Processing, interpreting, and visualising 

multi-format datasets using advanced 

statistical tools and software, such as R, 

improves interpretation of the datasets for 

statistical purposes. 

4. Data interpretation provides information for 

the long-term economic prognosis. This is 

especially actual for forestry and wood 

production, since this sector should 

maintain the balance between forest 

protection and nature conservation on the 

one hand, and economic development on 

the other (production of wood and paper for 

export and regional needs). 

 

The geospatial analysis of forest 

landscapes has been based on the QGIS to 

analyze the location of the protected forest 

stands in Italy and their proximity to the 

industrial centers (Fig. 1.). 

With the advances of FAO mission and 

statistical data acquisition on forestry and 

environment, the amount of economic-

geographic data that can be used for modelling 

is increasing progressively. This includes both 

open-source datasets and repositories, as well 

as data obtained from census, archives and 

official agencies for updates of economic and 

environmental analysis. Automated handling of 

these data for statistical analysis in 

environmental and economic monitoring 

remains a challenge. The solution to these tasks 

can be found using integration of data and 

computer-based processing through application 

of R statistical libraries. Technical algorithms 

of R use advance syntax which provides 

excellent instruments for in-depth 

environmental and economic analysis. Such 

integrative approach stands apart from the 

traditional descriptive analysis through 

methods of statistical visualization and analysis 

of diverse categories of data. Techniques 

included computed regression of the data, box 

plots, multi-facetted graphs, correlation plots 

and pie charts. 
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Fig. 1. Location of the protected forest stands in Italy (left). Source: Wikipedia, modified by the 

author; Industrial districts per sector in Italy (right) Source: ISTAT (2001), modified by the author. 

 

The collected data were converted to tables 

with comma separated values (.csv format) and 

exported in into R. The important issue in 

forestry and environmental analysis is 

quantitative measure of trends in economic 

values of forestry products. This becomes the 

issue in regions with restricted wood and 

timber, such as Italy. To this end, we evaluated 

the dynamics over an extended period (1960 to 

2023) covering a long-term period of six 

decades. Changes were interpreted using 

libraries of R (ggplot2 and others) to compare 

actual and retrospective data. This enabled to 

explain the distribution and structure of forestry 

sector, their dominant types and revenue for the 

country, changes and relation to forest 

protection, based on the statistical analysis. The 

methodology included statistical techniques of 

data analysis to evaluate perspective for 

forestry sector. In FAO repository, we selected 

the domain on “Forestry Production and Trade” 

in Italy (area code M49 380) with code “FO”. 

The selected element with code 5516 covered 

data on forestry production.  

The following categories of forestry sector 

were evaluated and assessed for economic 

analysis of trade and production: wood fuel 

(coniferous and non-coniferous); sawlogs and 

veneer logs, coniferous; pulpwood, (production 

1961-2023, from coniferous and non-

coniferous, diverse categories); other industrial 

roundwood, coniferous and non-coniferous 

(production); wood charcoal, chips, pellets and 

particles; recovered paper and paper production 

(diverse categories). Afterwards, the same 

categories were evaluated for export quantity 

(in m3) and export value (in thousands $ USD), 

to analyze the revenue of forestry in the 

economic sector of the country and to evaluate 

trends and dynamics in monetary benefits from 

forestry industry in Italy.  

The next step included the same categories 

of forestry production and trade with focus on 

import. This enabled to analyze the dependance 

of the country on imported products, their 
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values and price, and to compare the missing 

products in the economic system of the 

country. Although forestry sector in Italy 

includes a variety of companies, its domestic 

roundwood production is insufficient for 

domestic needs, which creates dependance on 

import of raw materials and finished products. 

This step highlighted the quantity and price of 

the imported goods in forestry. 

The dynamics of land cover types was 

evaluated using remote sensing (RS) data of 

Moderate Resolution Imaging 

Spectroradiometer (MODIS) sensor (Barnes et 

al., 1998; Kahn & Sayer 2023). Evaluating the 

intensity of landscape dynamics using remote 

sensing (RS) data enables to reveal current 

state of the land cover types and analyze trends 

(Kocaman & Ağaçcıoğlu, 2025; Kesgin Atak & 

Tonyaloğlu, 2025; Lemenkova, 2025c; Chaves 

et al., 2025). RS data support comparison of 

ecosystem structure in its different areas, 

associated with climate factors. A sensor on 

NASA's Terra and Aqua satellites, MODIS 

collects RS data in 36 spectral bands, providing 

global coverage every one to two days which 

makes it reliable source of geo-information 

(Justice et al., 1998; Salomonson et al., 2006). 

On these data, changes of forest coverage were 

evaluated to highlight the environmental 

dynamics. 

3. Results  

The results demonstrated two issues: 1) 

environmental positive dynamics through 

reforestation trends in Italy with continuously 

increasing areas covered by forests; 2) the 

economic dynamics in forestry industry with a 

distinction on raw products: pulp and paper 

(newsprint, packaging paper, tissue and 

household paper, and paper for printing and 

writing), timber products (chips), wood and 

sawn wood. The rapidly developing forestry 

sector supplies products for economic industry 

and contributes to the country's well-being and 

sustainable development. 

The evaluation of land cover types in Italy 

aimed at assessment of current trends in 

landscape dynamics according to distribution 

of land categories (in 1000 ha). The class 

“Artificial surfaces” (including urban and 

associated areas) demonstrated the rise in 

coverage from 1567,77 T ha in 2001 until 

1587,51 T ha in 2023, which indicates a stable 

increase of the impervious surfaces due to 

urbanization. Variations in land cover types are 

shown in figure 2. The area occupied by 

herbaceous crops in Italy decreased from 

11859,17 in 2001 until 10897,35 in 2023. 

Grasslands covered 3220,95 T ha in 2001, 

while 2023 their coverage slightly decreased to 

3124,04 T ha, which proved the decline in 

ecosystems dominated by grasses. Forests and 

tree-covered areas, in contrast, increased from 

12748,35 in 2001 to 13937,72 T ha in 2023, 

which proved their restoration at the country 

levels. 

The Maquis shrubland, which is a shrub-

covered area in Italy are presented by a dense 

vegetation of evergreen shrubs and small trees 

in coastal and Mediterranean regions. Their 

coverage declined significantly from 23,5 to 

4,92 T ha. Such negative dynamics proves 

vulnerable state of landscapes, due to the 

climate warming, typical for southern regions. 

This type of ecosystem requires temperate or 

humid winters and hot, dry summers. Recent 

effects from climate change affected their 

distribution in the Mediterranean coasts. 

Shrubs or herbaceous vegetation, aquatic or 

regularly flooded are found in freshwater 

marshes, lagoons, and wetlands of Italy, such 

as the Padule di Fucecchio. These habitats 

feature communities like the Phragmitetum 

communis (common reed) and other aquatic 

and marsh plants, though the diversity can be 

impacted by factors like invasive species. This 

land cover type contrasts with other natural 
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vegetation types in Italy, such as coastal and 

inland shrubland (macchia), pastures, and 

grasslands. Their distribution declined from 

284,73 T ha in 2001 to 201,67 in 2023, which 

proves the effects from climate and human 

activities (Fig. 3.). 

Terrestrial barren land declined in Italy 

from 178,7 to 148,03 T ha, which correlates 

with the increase of areas in construction or 

natural regeneration of forests (e.g., the 

increase of forests and shrubland). Permanent 

snow and glaciers declined from 28,04 T ha in 

2001 to 9,64 in 2023, according to MODIS 

satellite data. This concerns the mountain 

chains of Italy, such as Alps, Apennines and 

Dolomites. 

 

 
Fig. 2. Dynamics of land cover types in Italy (left) and forest emissions as CO2 removals in  

1000 ha (right). Data: FAO and MODIS. Software: R. Source: author. 

 

 
Fig. 3. Dynamics in share of land cover types (major categories) for Italy: 2001 (left) against 2023 

(right). Data: MODIS. Software: R. Graph source: made by the author. 
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This proves gradual increase in 

temperatures that lead to the glacier and snow 

melt in the high Alpine areas. The category 

“Inland water bodies” did not experience 

significant changes during the evaluated 

period: in 2001, the inland water bodies 

occupied the area of 322,11 T ha, while in 2023 

their coverage changed only a little, to 323,6 T 

ha. This indicates relatively stable situation of 

river network in Italy (Fig. 3). 

In the forestry sector, numerous wood-

based products are produced, such as recovered 

paper, wrapping of packaging, newsprint, 

roundwood, case materials, sawnwood, wood-

based panels and cellulose and paper products 

for household papers. At the same time, pulp 

and paper industry is among the most energy-

intensive industries which affect environment 

through increased industrial CO2 emissions. 

Therefore, forestry sector and related pulp-and-

paper industry of Italy followed the EU 

Emission Trading Scheme (ETS) directives 

which brings positive effects by stimulating the 

pulp-and-paper making enterprises toward 

technological innovations and less energy 

consumption. The pulp and paper industry 

strongly related to forestry sector and is 

currently accounts for about 6 % of the regional 

energy use. 

 

 
Fig. 4. Forestry economics in Italy: Paper production in 1961-2023 (in 1000 tons). Data: FAO. 

Software: R. Graph source: made by the author. 
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Newsprint production experienced decline 

from 293 T tons to 52 T tones in recent 

decades, due to the transfer of printing industry 

towards e-format. Other types of products, in 

contrary, increased: production of wrapping 

and packaging increased from 360 T tons to 

3.702 T tons, household, case materials 

generally decreased from 3.811 T tons to 2.680 

T tons, despite some fluctuations related to 

market demand. The recovered paper increased 

in volume from 344 T tons to 5.022 T tons. 

Such market dynamics was estimated in metric 

tons and indicated the development of forestry 

production and trade section. The data on pulp 

production were investigated in detail with 

analyses of the national wood fiber balances for 

the pulp and paper sector for recent decades 

(Fig. 4.) 

The next part of the analysis compares the 

major export products in wood fiber and pulp-

and-paper input (including produced and 

recovered paper), wrapping paper and 

paperboard sector with the export output of this 

sector (Fig. 5). The most significant data inputs 

were identified: 'recovered paper', followed by 

'other paper and paperboard' with diversified 

items, and 'printing and writing papers'. the 

analysis also determined the minimal input 

categories, such as 'newsprint' which 

experienced shift towards the e-based platforms 

of newspapers both globally and at the regional 

level.  

 

 
Fig. 5. Forestry products export quantity in Italy (in t), 1961-2023. Data source: FAO (category: 

“Forestry production and trade”). Software: R. Graph source: made by the author. 
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Hence, the exported of newsprint paper 

increased from 9000 in 1961 to 354.396 in 

2023. Besides, the recovered pulp production 

as a residual volume increased significantly 

from 3754 until 2154.058.  

The dynamics of the recovered pulp 

production was calculated and compared for 

recent decades for cartonboard (dropped from 

401,471 to 343,670 tons), case materials 

(148,000 increased to 468,151 tons) and wood 

pulp (800 increased to 159284 tons). The 

production of cartonboard is obviously 

decreased comparing to the production of 

packaging paper and paperboard which 

demonstrated more than 739000 thousand tons 

recently. Such dynamics in pulp and paper 

export production is shaped by a strategic focus 

on decarbonization and a strong EU market 

position. Key dynamics include a push for 

greater energy efficiency, electrification, and 

low-carbon fuels to meet climate goals. The 

market also faces challenges from high energy 

costs and digital substitution, while 

opportunities exist in high-quality, sustainable 

packaging demand driven by luxury and food 

sectors. 

Table 1 shows the calculated and 

summarized trends between diverse land cover 

types of Italy during recent decades, based on 

MODIS data and FAO repository. 

 

Table. 1. Forestry export value in Italy: dynamics for 2003-2023 (in millions USD).  

Data source: FAO (category: “Forestry production and trade”). 

 

Year 

Case 

materials 

Household 

and sanitary 

papers 

 

Newsprint 

Paper and 

paperboard 

Recovered 

paper 

Wrapping 

and 

packaging 

paper 

2003 73,8 185,71 2,8 1152,5 65,2 371,1 

2004 99,9 201,75 6,9 1297,6 71,7 39,1 

2005 44,91 238,93 9,16 1242,3 82,54 491,08 

2006 108,95 1062,7 9,04 2327,03 102,6 506,1 

2007 121,52 1219,81 5,74 2607,97 178,5 498,35 

2008 101,09 1253,86 8,51 2696,69 259,61 535,43 

2009 46,5 1133,53 8,36 2277,48 207,51 434,74 

2010 140,91 374,68 3,89 1619,83 319,18 478,25 

2011 175,68 415,83 2,23 1698,99 396,31 404,12 

2012 164,45 379,02 2,1 1716,77 336,52 524,63 

2013 183,72 431,31 1,47 1943,56 297,96 568,04 

2014 164,41 458,51 0,82 2029,3 279,14 598,33 

2015 164,9 389,86 0,79 1798,48 264,8 515,74 

2016 165,03 350,65 1,51 1751,2 302,33 517,57 

2017 177,4 361,75 1,11 2011,86 349,86 570,77 

2018 185,32 473,24 1,3 2109,32 309,69 581,22 

2019 159,59 413,88 0,78 1843,38 205,44 464,02 

2020 224,01 469,96 1,2 1875,84 201,34 402,66 

2021 413,81 482,39 3,12 2375,17 321,83 481,99 

2022 366,51 602,04 3,38 2603,35 298,21 567,57 

2023 274,25 516,56 1,42 2115,07 271,09 482,04 
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The largest values for the imported 

products in Italy were found for the following 

seven categories (Fig. 6.): 1) Sawnwood, 

coniferous; 2) Chemical wood pulp; 3) Other 

paper and paperboard; 4) Chemical wood pulp, 

sulphate, bleached; 5) Industrial roundwood, 

coniferous (export/import); 6) Sawlogs and 

veneer logs, non-coniferous; 7) Printing and 

writing papers. 

Italy relies heavily on imports for its 

coniferous sawn wood production, with a 

significant portion of its demand met by 

foreign sources. While domestic production has 

seen increases, it is insufficient to meet 

consumption, which is estimated to be around 

6-7 M m3 annually, with import accounting for 

ca. 90%. Major suppliers are primarily within 

the EU and other regions. The graph in figure 6 

shows that the peak in the import of the 

coniferous sawnwood was on 2007 when it 

reached 6438000 m3 imported to the country. 

Sawlogs and veneer logs are essential raw 

materials imported to Italy, as essential items 

for production of sawn timber for construction, 

furniture, and pallet. Since Italy is a major 

player in the EU furniture production, 

recognized globally for high-end and design-

focused pieces and a top exporter, it has a high 

dependance on the sawlogs and veneer logs. 

Fig. 6 shows the peaks in the volume of 

sawlogs and veneer logs imported to Italy, 

reached 1491600 m3 in 1980.  

 

 
Fig. 6. Forestry import quantity (tons). Data source: FAO (category: “Forestry production and 

trade”). Software: R. Graph source: made by the author. 
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Italy imports significant quantities of 

chemical pulp for paper production, with key 

supplying countries including France, 

Germany, and the US. A major supplier of 

chemical pulp for fibrous cellulosic material, is 

France. The highest volume of the imported 

chemical pulp is reached in 2019 with 3392219 

m3. Due to the high demand for the industrial 

roundwood, Italy remains a significant net 

importer of this forestry product. While the 

country has a substantial forest cover, it 

imports roundwood additionally to meet the 

high demand of its industries, especially 

furniture. In 2022, the average import price was 

ca. $96 per m3, with a 14% increase from 

previous years (Fig. 6.). 

The analysis is focused on forestry sector 

to compare economic flows in wooden and 

pulp-and-paper production material in 

Italy(import/export) with environmental 

situation on forest stands. The analyses 

revealed balanced development in forestry 

industry and forest protection. An increase of 

forest areas over the Apennines Peninsula was 

detected, along with the decrease in pulp-and-

paper production which demonstrated a clear 

shift towards the growth of e-commerce and 

distribution of e-books. Data-driven integration 

of FAO data, statistical analysis and methods 

of R statistical software present the reliable 

source of information for the analysis of the 

relationship between economic activity and its 

environmental impact in forest industry. 

Monitoring of the economic dynamics was 

performed with regards to the environmental 

impacts.  

The analysis of the dynamics in timber and 

pulp-and-paper industry of Italy is 

characterized by a push for efficiency, 

sustainability, and diversification. The concept 

of the economic-driven environmental 

protection consists in the importance of nature 

conservation for society and climate, 

maintaining sustainable development. The 

FAO data on category “Forestry production and 

trade” was analyzed for important categories of 

forestry import in Italy for recent two decades 

(Table 2). 

The presented data on forestry sector 

development of Italy and dynamics of land 

cover types with the role of forest and natural 

reserves is intended for analysis of sustainable 

economic growth. Traditionally, the economic 

growth is linked to environmental pressure 

through increased resource use. Nevertheless, it 

also leads to the environmental improvement 

through innovations in green technology and 

the development of environmental goods and 

services. This complex relationship in forestry 

industry is a focus of environmental economics 

aimed at sustainable development. The 

statistical findings support and policy 

recommendation integrates climate adaptation 

for sustainable development goals: new 

directives in Italy (National Climate Change 

Adaptation Plan (PNACC), 2023), which 

provides guidance for integrating climate 

adaptation into planning procedures on 

environmental protection, and updated the 

guidelines for adaptation strategies and plans in 

silviculture and forestry. 

The national directives for the wood 

industry in Italy include compliance with the 

European Timber Regulation (EUTR) through 

national legislation like Legislative Decree n. 

178/2014. Key directives involve sustainable 

forest management, supported by initiatives 

like the revised Italian Forest Stewardship 

Standard, and policies promoting the 

management and use of domestic wood 

resources. These directions are in line with the 

presented results which demonstrate major 

trends in forestry sector of the country. To 

summarize the key results based on the FAO 

data analysis, the main issues in forestry 

industry of Italy, include the following items: 
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• The highest land cover type in Italy is 

occupied by forests following by crops, 

according to the MODIS data, which 

proves favorable situation in environmental 

sense (Fig. 2., left). 

• Increased emissions from forest during 20th 

century, according to the FAO data, which 

include relevant ecosystem carbon pools, 

according to FAO data: aboveground 

biomass, below ground biomass, dead 

wood, litter, soil organic carbon, and 

greenhouse gases (CO2, CH4, N2O). The 

emissions were increasing during 20th 

century, but now the situation stabilized 

due to the undertaken measures of 

environmental protection (Fig. 2., right). 

• Expanding forest area due to rural 

abandonment (Fig. 3.)  

• Growing focus on digitalization and paper 

production (Fig. 4.) 

• Dynamic in commerce with high values in 

export of paper products – packaging paper, 

recovered paper, printing and writing paper 

(Fig. 5.) 

• shift in forest management towards 

biodiversity and resilience with a high 

dependence on imported wood despite 

increased domestic production (Fig. 6.). 

 

Table 2. Forestry import value in Italy in two decades (in millions USD) by categories.  

Data source: FAO. 

Year Chemical 

wood pulp 

Chemical 

wood pulp, 

sulphate, 

bleached 

Industrial 

round-

wood,  

coniferous 

Other 

paper and 

paperboard 

Printing 

and writing 

papers 

Wood 

charcoal 

Wood 

residues 

Sawn-

wood, 

coniferous 

 

2003 1616,93 1483,82 182,31 1757,87 1490,75 12,85 40,52 1074,99 

2004 1735,39 1576,61 202,78 1866,08 1695,77 15,7 73,82 1253,25 

2005 1813,69 1691,92 185,3 1191,69 1761,88 18,4 72,76 1214,03 

2006 1974,44 1870,76 203,08 2030,04 1819,06 19,96 100,89 1462,77 

2007 2261,49 2166,84 211,69 2299,88 2143,98 23,5 49,59 1672,18 

2008 2310,7 2216,05 205,09 2404,84 2192,37 26,73 95,56 1427,28 

2009 1587,88 1526,54 143,91 2005,16 1753,9 28,65 106,48 1075,6 

2010 2390,14 2312,72 153,99 2192,03 1815,34 25,58 257,44 1225,54 

2011 2388,8 2300,29 172,2 2509,08 1892,64 28,65 336,62 1306,76 

2012 1991,42 1944,35 125,53 2255,65 1526,87 26,93 36,28 981,13 

2013 2160,23 2138,4 133,14 2531,39 1484,14 27,82 42,31 966,42 

2014 2090,01 2072,66 141,93 2624,55 1446,92 28,5 42,75 989,13 

2015 2098,21 2080,03 102,96 2314,03 1133,19 25,72 14,16 818,24 

2016 1823,9 1804,12 108,02 2311,96 1133,14 26,54 12,62 813,41 

2017 1981,1 1960,33 119,69 2814,68 1161,18 24,01 16,31 892,71 

2018 2526,46 2500,82 137,35 3119,09 1330,14 27,02 19,22 940,22 

2019 2138,5 2116,03 82,79 2677,55 1168,6 27,16 17,1 801,68 

2020 1576,71 1553,55 53,39 2419,56 944,1 30,31 15,99 733,4 

2021 2115,45 2081,1 85,25 2982,72 1053,43 32,93 25,74 1464,82 

2022 2704,36 2656,01 85,63 4071,75 1438,67 33,56 23,87 1553,82 

2023 2221,86 2182,56 66,79 3258,93 1226,39 41,04 28,88 1116,79 
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Hence, this work highlighted the 

environmental perspectives in Italy and 

dynamics of forests with favorable situation. 

The rate of forest expanding is ca. 100,000 

ha/year, i.e., 30% of land recently dedicated to 

biodiversity conservation. At the same time, the 

economics of the country experience 

restructuring and shift towards less printing and 

more e-based productions, which can be seen 

on the demonstrated graphs with dynamics of 

import and export products in forestry sector.  

The major trend is driven by rising demand 

for e-commerce, e-publishing and shifts 

towards packaging and online 

commercialization of the news (decline of 

volume of paper-based books and printed 

newspapers). Hence, the products that naturally 

used high consumption in forestry industry 

now decreased the demand for pulp-and-paper 

products. Such trends also face pressure to 

reduce its high energy and water consumption. 

Modelling and visualization of FAO datasets 

highlighted such dynamics in pulp-and-paper 

industry through time series analysis of 

categories analyzed by variables. Besides the 

environmental applications, updated datasets 

on forestry industry can be used for monitoring 

economic growth to reveal the characteristics 

of market and their correlation with the use of 

natural resources, e.g., forest cuts and logging. 

This enables to detect cases of overuse of 

resources as information for decision taking on 

land protection. 

4. Discussion  

Highlighting and interpreting the links 

between economic trends in forestry and 

environmental dynamics of land cover types 

requires integration of diverse large datasets 

(Pudzis et al., 2025; Vallejos et al., 2025; Lu et 

al., 2025). Interpreting such data enables to 

reveal and detect precious information with a 

particular focus on forest areas. Such 

evaluation of landscape dynamics is possible 

using data analysis for environmental 

monitoring. For instance, climate-related 

hazards (rise in temperature, decline in 

precipitation) can be evaluated using time 

series (Barlık, 2025; Yi et al., 2025; 

Lemenkova 2021). However, the use of such 

information relies on the effective methods of 

data processing. This becomes especially 

challenging in the era of big data and enables to 

use additional methods of data analysis (Frantz 

et al., 2022; Li & Dong, 2022). The solutions to 

this problem are provided by advanced 

statistical tools which present accurate and 

standardized methods to automate the statistical 

workflow (Malviya et al., 2016; Salloum et al., 

2019). Processing multi-format statistical and 

spatial data for environmental monitoring and 

economic analysis is possible using R, which 

enables automated data analysis through the 

advanced algorithms embedded in its libraries. 

In this study, we demonstrated the use of R 

for highlighting the inks between the 

environmental and economic sectors of forestry 

in Italy. The dynamics of the forestry sector of 

Italy recently undergone a restructuring. The 

data from FAO reflect a development forestry 

sector driven by  digital transformation of 

business structure, increasing forest area due to 

land abandonment, and the need for new 

management strategies. This includes a shift 

toward sustainable practices, increase in nature 

protection actions, importance of non-timber 

products (firewood), and challenges related to 

forest fires and adaptive measures to climate 

change in Italy following the EU regulations. 

The development of statistical instruments, 

such as R, provided environmentalists and 

economists with a principally new approach to 

data processing through scripts. This enables to 

rapidly process large volumes of data, such as 

FAO repositories, and extract information to 

find correlations between the variables. 

Statistical data are also well suitable for 
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integrated monitoring that includes multi-

disciplinary domains, such as environmental 

economics in forestry.  

With rapid development of programming, 

data analysis and modelling became more 

accurate and systematic due to the diverse and 

constantly developing statistical techniques. 

Nowadays, dynamic monitoring in large 

repositories containing economic and climate 

data become possible using such tools as R. 

Advanced statistical tools makes data analysis 

systematic and precise. Libraries of R enable to 

evaluate the distribution of diverse variables 

across various countries in different time 

periods which shifts research into the novel 

perspectives of big data analysis:  

1. The economics of forestry in Italy reflects 

industrial demand for forest products. 

Therefore, the import and export of forestry 

products include lumber, paper, and 

biofuels, as well as non-market ecosystem 

services. The dynamics of forestry sector is 

driven by social factors and policy on 

market profitability and sustainability.  

2. Forest areas are influenced by climate 

change through the effects of temperature 

on soil, hydrology and vegetation, rainfall 

patterns, and variations in weather which 

control the variability of natural habitats 

and wildlife. Climate change also drives the 

dynamics of land cover types through 

reforestation, and cause habitat changes.      

3. Forestry industry depends on a renewable 

forest resource. At the same time, it relies 

on sustainable management practices that 

balance harvesting with regeneration of 

forest stands. Key factors of forestry sector 

include ecosystem integrity, effective 

governance, and economic drivers. The 

latter include market demand for wood and 

paper products, and technological 

innovation in processing and practices. 

 

Monitoring forest industry in the context 

of economics and environmental sustainability 

is particularly actual for land management. 

Specifically for Italy, understanding structure 

of forestry sector and dynamics in this industry 

is especially difficult as it includes the balance 

between the economic demands and protection 

of natural resources. 

Conclusions  

Forest management in Italy recently 

undergone significant changes and 

restructuring. It is aimed at sustainable use and 

protection create novel opportunities in forestry 

sector which focus on gradual improving of 

management scheme, expanding tree 

plantations and forest stands. Nowadays, the 

country undertakes measures on optimization 

of the resource use and strengthening the 

contribution of the forestry sector to rural 

development. This is especially valuable for 

southern regions of the country which have 

dominantly rural profile. The National Forestry 

Strategy of the country aims to promote 

sustainable production and consumption of 

forest products and woods, and has allocated 

additional resources for forestry infrastructure. 

The formation of trademarks and development 

of different products depend on internal and 

international market (mostly, EU-based) and 

processes related to industrial improvements in 

the forestry sector. The actuality of monitoring 

statistical data in forestry industry has 

significantly increased in Italy along with 

reforestation and increased need for forestry 

products in the EU market. 

This study employed the advanced tools of 

R for statistical analysis of forest production 

and trade in Italy and identification of 

variations in regional scale. Using multi-source 

FAO-based data, different environmental and 

economic characteristics of forestry were 

analyzed for diverse parameters. This enabled 

to analyze major trends in the economic and 
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environmental development in contrasting 

sectors of forestry across Italy (paper and pulp 

production, import and export, revenues, 

volume of products). Economic trends in forest 

industry is driven by a complex combination of 

financial and environmental factors that include 

direct revenue from timber and wood products, 

the value of ecosystem services, and climate 

finance. Italy is actively restructuring its 

forestry management to adapt to climate 

change. This includes strong measures on 

promoting climate-resilient silviculture: 

planting mixed stands of conifers and 

broadleaves to increase resilience to extreme 

climate events in northern Italy, enriching 

forest stands with local, native species, adapted 

to climate setting and practicing forest 

regeneration for carbon sequestration. Such 

activities strengthen the environmental function 

of forest stands on carbon sequestration and 

climate regulation. Regenerating new forest 

stands in central Italy has positive impacts on 

biodiversity, soil stability, and water cycles. 

Measures on restoring degraded areas enable 

ecological reforestation of lands degraded by 

erosion or fire in southern Italy. 

Balancing economic value of forests and 

their role in nature protection can be complex. 

Finding optimal balance between societal 

development through monetization of forest 

products (wood, timber, pulp and paper, etc.) 

and protecting natural parks and reserves 

involve both risks and opportunities. For 

example, natural factors of forest stands can be 

primarily categorized as climate-related issues 

(patterns of precipitation and variations in 

temperature) and managing climate change 

impacts to capitalizing on carbon credits. 

Therefore, statistical data analysis to support 

studies focused on the analysis of forest role in 

economics and environment are essential for 

land management and decision making. This 

paper contributed to such issues through R-

based statistical analysis of FAO dataset for 

analysis of trends in forestry of Italy. 

The values of forest in ecological balance 

can not be overestimated. The processes of 

climate and environment affect forest 

landscapes and form ecosystems that reflect a 

complex interplay of factors: climate, 

topography, soil, hydrologic processes, and 

anthropogenic activities. Analysis of forest 

health enables to accurately evaluate the 

impacts of the processes and the effects 

affecting  landscape structure, associated with 

climate change (Slepetiene et al., 2025; Chen et 

al., 2025; Lemenkova, 2025c; Shi et al., 2025). 

The long-term perspectives and benefits of 

forest studies consist in the applications for 

theoretical statistical approach which can be of 

interest for environmental analysis and land 

planners (applied ecology and landscapes in 

forest areas).  

Future studies on forest management can 

employ the integrated methods of statistical 

analysis, GIS and RS to monitor forestry in 

economic context. Using datasets can present 

new insights into the economic-environmental 

analysis of the forestry industry to better 

understand their resilience and economic value. 

The benefits of the data analysis of forest 

landscapes and monitoring their economic role 

for finding balance between the society and 

environment. 
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Abstract: The completion of the sequencing of the human genome in 2001 has made it possible to carry out 

numerous experiments and research. Research methods are evolving from traditional molecular biology 

methods to methods in which multiple genes can be analyzed in a single experiment. Microarray technology 

can achieve the screening of thousands of DNA and protein samples simultaneously. The basic principle of 

microarrays is hybridization between two DNA strands. This method is widely used in various fields: 

genomics, proteomics, personalized medicine, vaccine screening, toxin screening, post-translational 

modifications, molecular diagnostics and drug discovery. In this review, the basic principles of gene 

expression microarrays, the types and potential applications of this technique are detailed. 
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Introduction 

The completion of genome sequencing of 

many organisms has led to the evolution of 

research from sequencing to identifying the 

genes of a particular organism and their 

biological functions. Research methods have 

evolved from traditional molecular biology 

methods to methods in which multiple genes 

can be analyzed in a single experiment. The 

microarray technique was first used for 

immunological tests. But, today, different types 

of microarrays (DNA, proteins, tissues) can be 

powerful and sensitive tools for analyzing 

thousands of molecules in a biological system, 

leading to a global picture of the system under 

study (Howbrook et al., 2003; Templin et al., 

2002). 

Thus, in recent years, microarray 

technology has become a technology of interest 

in biological research, because through 

miniaturization, it allows the analysis and 

monitoring of numerous genes on a single chip, 

and through bioanalytical detection, it allows 

obtaining information about the interactions 

between thousands of genes simultaneously. 

Thus, numerous molecules can be detected 

simultaneously in a single experiment, using a 

small amount of sample, but also with high 

sensitivity (Howbrook et al., 2003; Templin et 

al., 2002; Shi et al., 2003). 

Microarray technology is a valuable tool in 

genomic research, representing a rapid and 

efficient method for analyzing gene expression. 

Knowledge of rapid quality monitoring 

techniques, such as microarray technology, as 

well as their use and implementation, makes it 

possible to identify and resolve potential 
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problems more quickly, thus achieving the 

safety and efficacy of pharmaceutical products 

(Howbrook et al., 2003). 

The aim of this paper is to identify the 

benefits and limitations of microarray 

technology, thus highlighting the utility and 

accessibility of this technique in the future. 

DNA microarray technique – description 

and classification 

A microarray (DNA chip or biochip) 

experiment involves the hybridization of an 

mRNA molecule to the DNA template from 

which it originates. The amount of mRNA 

bound to each site on the array indicates the 

expression level of the various genes. The data 

is collected by the system, which generates a 

gene expression profile. Thus, in the DNA 

microarray technique, numerous single-

stranded DNA molecules are attached and 

immobilized to a solid nylon or glass surface of 

the chip. The samples can be represented by 

cDNA sequences (complementary DNA) 

amplified by PCR or by short DNA 

oligonucleotide sequences (Shin et al., 2005; 

Leveque et al., 2013; Chiodi et al., 2021). 

Regarding the operating principle of the 

microarray technique, it can be schematically 

represented by: 1. Sample Preparation: 

extraction of RNA or DNA from cells of 

interest; reverse transcription of RNA into 

complementary DNA (cDNA) if necessary, 

using the enzyme reverse transcriptase and 

fluorescent labelling of DNA or cDNA samples 

to allow detection. 2. Hybridization: incubation 

of the labeled sample with the chip, where 

hybridization of the sample with single-

stranded complementary probes fixed to the 

chip occurs; based on complementarity, only 

sequences in the sample that are 

complementary to the sequences on the chip 

will bind. 3. Washing: removal of sequences 

that are not specifically bound to the chip; only 

strongly bound sequences remain hybridized to 

the chip. 4. Scanning: scanning the chip to 

detect fluorescent signals. 5. Data analysis: 

visualization of the fluorescent signal intensity 

to determine gene expression levels and use of 

specialized software for data analysis (Shin et 

al., 2005; Leveque et al., 2013). 

The basic principle of microarrays is 

hybridization between two DNA strands, which 

refers to the ability of complementary nucleic 

acid sequences to interact and bind specifically, 

by forming hydrogen bonds between 

complementary nitrogenous base pairs. The 

intensity of the fluorescent signal of the labeled 

target sequences depends on the strength of the 

hybridization and is determined by several 

factors: the number of complementary base 

pairs, the hybridization temperature, and the 

post-hybridization wash. The signal of a spot 

depends on the amount of target sample that 

binds to the probes present in that spot. This 

technique uses relative quantification, in which 

the intensity of a feature is compared to the 

intensity of the same feature under a different 

condition (Drmanac et al., 1998; Pollack et al., 

1999; Ma and Horiuchi, 2006). 

The main types of microarray technologies 

can be classified as in figure 1. (Baldi and 

Hatfield, 2002; LaFramboise, 2009; Arenkov et 

al., 2000; Limberger et al., 2017). 

Applications of DNA microarray technology 

Applications of microarray technology 

have been increasingly developed in recent 

years, showing the superior power of this 

technology for the massively parallel analysis 

of biological samples or the identification of 

genes and their functions or their mutations.  
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Fig. 1. Classification of the main types of microarray technologies 

 

This method is widely used in various 

fields, including genomics, proteomics, 

personalized medicine, screening of vaccine 

candidates, toxin screening, post-translational 

modifications, molecular diagnostics, and drug 

discovery (Miller and Tang, 2009; Aparna and 

Tetala, 2023). 

Drug development 

Microarrays play a critical role in the 

discovery and development of new drugs. They 

are used to assess the effects of chemical 

compounds on gene and protein expression, 

identifying potential drug candidates. Gene 

expression studies can highlight molecular 

targets for therapeutic interventions and help 

understand the mechanisms of action of drugs 

(Ma and Horiuchi, 2006; Miller and Tang, 

2009). To determine the therapeutic efficacy of 

drugs and their potential for risk, a 

development process involving testing of their 

metabolic function and toxicity occurs (Ishida 

et al., 2018). Some studies have shown that in 

vitro cell microarrays are successfully used in 

drug screening studies. They have a short 

analysis time and low cost, which reduces the 

need for animal testing studies. With these 

microarrays, specific analyses can be 

determined, such as the response to a drug 

treatment or cell-cell interactions. In addition, 

these microarrays can be used to determine the 

toxicity and side effects of pharmaceutical 

compounds by studying changes in gene 

expression in response to treatment. This 

allows the identification of potential safety 

issues at an early stage of drug development 

and reduces the risk of failure in later stages 

(Miller and Tang, 2009). 

The interaction between different cell 

types can be understood using three-

dimensional (3D) cell microarrays that can be 

used as an alternative to conventional two-

dimensional (2D) multi-well plate assays 

(Gurski et al., 2010; Souza et al., 2010). It has 

been shown that compared to cells from native 

tissues and those in 3D culture conditions, cells 

that are cultured in 2D monolayers show 

significant changes in gene expression. 

(Gurkan et al., 2010; Pampaloni et al., 2007) 

Researchers can define structure-function 

relationships using 3D cell cultures, but they 

can also allow the observation of cellular 

events, disease progression, and response to 

different drugs. Microengineering and specific 

technologies allow the fabrication of cell-based 

3D microarrays, including cell printing and 

surface patterning (Birgersdotter et al., 2005; 

Kunz-Schughart et al., 2004). 
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Cell printing has been shown to produce 

repeatable and uniform 3D cell aggregates and 

constructs. However, there are some difficulties 

with existing cell printing technologies, such as 

low cell viability and loss of cell functionality. 

However, acoustic cell printing technologies 

are now available that offer advantages over 

existing printing technologies in terms of 

higher cell viability and functionality 

(Guillemot et al., 2010; Xu et al., 2008; 

Jayasinghe et al., 2006). 

To print cells on streptavidin-coated slides, 

Hart et al., (2009) used a robotic microarray 

placement device, with cells being placed in 

collagen or alginate nanodroplets. (Hart et al., 

2009) Using the robotic system, these can be 

assembled onto a glass slide to form 3D cell 

microarrays. Such bioprinting platforms can be 

used to ensure controlled and high-yield 

delivery of drugs into cellular matrices. 

Therefore, bioprinting technology is a suitable 

method for the formation of 3D cellular 

matrices, but also for the delivery and testing of 

compounds (Fernandes et al., 2008; Park et al., 

2010). 

For successful and high-throughput drug 

screening, controlled drug delivery into cell 

microarrays is extremely important. A simple 

way is to load drugs using a robotic system. 

However, loading numerous chemicals into cell 

microarrays can take a long time: hours or even 

days. Cell viability and reproducibility of cell-

drug responses can be affected by the long 

loading time. To efficiently deliver drugs into 

cell microarrays and overcome the time barrier, 

various methods have been developed: drug 

patterning, microfluidic drug loading, and 

aerosol sprays (Upadhyaya and 

Selvaganapathy, 2010; Gosalia and Diamond, 

2003; Ma et al., 2005; MacBeath and 

Schreiber, 2000). 

Due to microengineering and advances in 

the field (microfabrication and soft 

lithography), it has been possible to fabricate 

high-density well arrays with well sizes ranging 

from tens to hundreds of micrometers. In drug 

design, lithography has become increasingly 

popular due to its low cost and compatibility 

with a wide range of materials. The wells are 

loaded with cells immobilized inside these 

microwells, forming cell microarrays. They are 

used in pharmaceutical research for the 

identification of therapeutic targets and 

analysis of drug effects, as well as for the 

development of biomarkers and personalized 

therapies (Sui et al., 2013; Candela et al., 

2010).  

Detection and identification of bacteria and 

viruses 

Since thousands of DNA or RNA 

sequences can be analyzed simultaneously with 

the help of microarray technology, it makes it a 

useful technique in microbiological 

diagnostics, molecular epidemiology and 

pathogenicity studies. Molecular methods such 

as PCR, real-time PCR have replaced the 

laborious traditional methods. However, these 

techniques have some limitations, such as the 

long time for the development and optimization 

of each assay, especially for multiplex PCR, 

real-time PCR, etc. (Kellogg et al., 2012; 

Fischer et al., 2008). Furthermore, many 

viruses are refractory to culture, and analysis 

by electron microscopy can be difficult 

depending on the type and morphological 

characteristics of the virus. Therefore, 

microarray techniques are increasingly used, 

with reduced analysis time and the possibility 

of detecting hundreds of thousands of genes in 

a single experiment (Donatin and Drancourt, 

2012; Wang et al., 2002; Fischer et al., 2008; 

Peterson et al., 2010). 

Many pathogenic bacterial strains vary in 

their ability to cause disease. Thus, techniques 

for detecting genes encoding virulence factors 

are of great importance for the identification 
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and characterization of bacterial pathogens. 

Screening pathogenic bacterial strains for 

genetic elements can provide important 

information about how virulence factors are 

acquired by pathogenic bacterial strains 

(Peterson et al., 2010). 

An important application of microarray 

technology is the clinical diagnosis of 

infectious diseases (Cao et al., 2017). With the 

help of the microarray technique, rapid and 

accurate detection of bacteria and viruses from 

various samples: blood, urine, cerebrospinal 

fluid and respiratory secretions can be 

achieved. The technique can be used to 

diagnose various infections of the respiratory, 

gastrointestinal and central nervous system. In 

the case of acute respiratory infections, the 

simultaneous presence of several respiratory 

viruses can be detected: influenza virus, 

respiratory syncytial virus (RSV) and 

coronaviruses, including SARS-CoV-2. Thus, 

the microarray technique can be used for rapid 

and accurate diagnosis. The technique is also 

used for the detection of antimicrobial 

resistance, for the detection of Neisseria 

meningitidis, for the identification of 

mutations, but also for the adaptation of 

vaccination and treatment strategies (Damin et 

al., 2021; Wang et al., 2020; Asmare and 

Erkihun, 2023). 

Microarray technology is also used in 

pathogenicity studies to better understand the 

molecular mechanisms by which bacteria and 

viruses cause disease. The pathogenesis of 

infections, as well as the genes and signaling 

pathways involved in virulence, can be 

determined by comparing the gene expression 

profiles of different pathogens. Thus, 

microarray technology can be used to identify 

virulence genes in pathogenic bacteria, such as 

Staphylococcus aureus. Such studies have led 

to the discovery of new strategies for the 

development of antibiotics and vaccines, 

leading to improved mechanisms to combat 

bacterial infections (Moneche and Ehricht, 

2005; Zhu et al., 2007). 

Detection of genes involved in cancer 

Cancer is a complex disease characterized 

by genetic and epigenetic changes that lead to 

uncontrolled cell division, playing an important 

role in its early diagnosis. The gene expression 

of a cell determines how it manifests itself, its 

function, but also its response to different 

stimuli. With the help of gene expression 

profiles, regulatory mechanisms, but also 

cellular functions can be determined. For the 

early detection of cancer, the commonly used 

methods (classical imaging methods and 

morphological analysis of tissues or cells) have 

certain limitations. The microarray technique is 

a modern technique that allows the 

understanding of the molecular mechanisms of 

cancer, early diagnosis, prognosis and the 

development of targeted therapies. Microarray 

technology has thus become an essential 

technique in cancer research, allowing the 

analysis of gene expression and the 

identification of genetic variations (Schena, 

2000; Wikman et al., 2000). 

Oligonucleotide microarrays have been 

used as a method for rapid analysis of 

mutations in selected gene sequences and are 

effective in sequence analysis, genetic disease 

diagnosis, and gene polymorphism studies. 

cDNA microarrays are commonly used for 

gene expression analysis, and their use is 

relatively easy (Wikman et al., 2000; Yershov 

et al., 1996). Researchers hypothesized that the 

genes expressed by the two tumor types 

(BRCA1 mutation carriers vs. BRCA2 

mutation carriers) are distinct. An analysis of 

the variation between gene expression levels 

and sample genotypes identified 176 genes that 

were differentially expressed in BRCA1-

mutated tumors and BRCA2-mutated tumors. 

Yuan et al., (2003) used cDNA microarrays to 

identify gene expression patterns among 
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colorectal cancer cell lines and to directly 

compare lines with and without microsatellite 

instability. Several differential expression 

patterns were identified (Hedenfalk et al., 2001; 

Yuan et al., 2003). Characterization of DNA 

copy number is important for both the basic 

understanding of cancer and its diagnosis. 

cDNA microarrays have been widely used to 

characterize human gene expression variation 

(Gupta et al, 1999; Pollack et al., 1999).  

Microarray-based expression profiling 

allows the identification of gene families as 

well as important molecular and cellular events 

that may be essential in complex processes 

such as metastasis. In the future, practical 

applications relate to the diagnostic and 

prognostic organization of patients. To 

determine the mechanisms of action of drugs, 

as well as their sensitivity and toxicity, the 

microarray technique can be used in clinical 

trials. Thus, microarrays are useful for 

developing studies of molecular taxonomy of 

cancer, including the organization of cancer 

types into groups, based on gene expression 

profiles. Therefore, the microarray technique 

can be used for: molecular phenotyping, the 

study of gene function, functional genomics 

and pharmacogenomics (Pollack et al., 1999). 

Studies have illustrated the efficacy of 

microarrays in oral cancer, through gene 

expression analysis. Early diagnosis and 

management of oral cancer is correlated with 

increased survival (Alevizos et al., 2001). 

Because cancers result from the 

accumulation of many genetic and epigenetic 

alterations, microarray technologies are 

important in cancer research although there are 

some disadvantages to the routine use of 

microarrays. The cost of microarray 

experiments can be quite high due to the need 

to standardize the technique and to develop 

data analysis methods that allow comparison of 

data between different research groups. 

However, microarray techniques are considered 

important methods in cancer research. Using 

oligonucleotide microarrays, early diagnosis of 

cancer can be achieved, and gene expression 

profiling can be used to obtain prognosis after 

chemotherapy or radiotherapy (Kim et al., 

2004). 

Genetic polymorphism detection 

Genetic polymorphisms refer to DNA 

sequence variations that occur within a 

population and that can determine different 

phenotypic traits, susceptibility to disease, and 

response to different treatments. The 

identification and characterization of genetic 

polymorphisms are important for 

understanding personalized medicine and 

genetic association studies. Microarray 

technology has revolutionized the detection of 

polymorphisms, providing a rapid, accurate, 

and high-throughput method for analyzing 

genetic variation (LaFramboise, 2009). 

In clinical diagnosis, polymorphism-based 

microarray analysis allows the detection of 

copy number variations (CNVs). A single 

nucleotide polymorphism (SNP) is a variation 

at a single position in a DNA sequence between 

individuals. It is a common genetic variation in 

which a single nucleotide (A, C, G, or T) is 

replaced by another nucleotide at a specific 

locus in the DNA sequence. Each SNP locus in 

the genome can have up to four versions, one 

for each nucleotide (Arsham et al., 2017; Auton 

et al., 2013; Palmisano et al., 2005). 

To date, there are over 200,000 single 

nucleotide polymorphisms (SNPs) associated 

with traits or diseases, according to the 

Genome-Wide Association Studies (GWAS) 

catalog, which is a database of genome-wide 

association studies. However, not all SNPs 

associated with diseases are directly 

responsible for the development of a disease. 

Some SNPs are linked to other genetic variants 

that are directly involved in the occurrence of 
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the disease. In addition, the effect of SNPs on 

disease risk varies depending on different 

factors, such as: environment, lifestyle and 

interactions with other genes (Uffelmann et al., 

2021). 

The microarray technique also has some 

limitations, as it cannot ensure the detection of 

unknown SNP mutations. Moreover, the use of 

large data sets requires the use of complex 

analysis and calculation methods, the cost of 

chip preparation, reagents and equipment being 

quite high (Ahmad and Iqbal, 2012; Iwamoto et 

al., 2007; Hirchhorn and Daly, 2005). 

A frequently used application of gene 

expression analysis is the scanning of the entire 

genome to identify SNPs associated with 

phenotypic traits and various diseases. SNP 

microarrays are important in these analyses, 

and allow the simultaneous analysis of millions 

of genetic variations in large population 

samples. These studies have led to the 

discovery of new genes and molecular 

pathways involved in complex diseases, such 

as diabetes, cardiovascular disease, and cancer 

(Hirchhorn and Daly, 2005; Shastry, 2006). 

Identification of genetic polymorphisms by 

microarray is important for the development of 

personalized medicine. Genetic analysis of 

SNPs can provide important information about 

individuals' susceptibility to certain diseases, 

drug response, and risk of developing adverse 

reactions to certain drugs. For example, 

microarray tests can identify variants in the 

CYP2C19 gene to guide treatment with 

anticoagulant drugs such as clopidogrel. The 

importance of these genetic identifications for 

developing personalized treatments, improving 

therapeutic efficacy, and reducing adverse 

reactions is also emphasized (Shastry, 2006). 

Microarray techniques are also used in the 

diagnosis of genetic diseases by detecting 

pathogenic mutations and chromosomal 

variations. CGH microarrays can identify 

CNVs associated with genetic syndromes, such 

as DiGeorge syndrome and Williams-Beuren 

syndrome. These techniques can accurately 

identify chromosomal deletions in the 22q11.2 

region, the characteristic region of DiGeorge 

syndrome, which contains several genes 

important for normal development, the loss of 

which can lead to the symptoms associated 

with the syndrome. Microarray techniques are 

being developed to allow precise detection of 

the exact size and location of the deletion. SNP 

microarrays can also detect mutations 

associated with monogenic diseases such as 

cystic fibrosis and hemophilia (Shastry, 2006; 

McDonald-McGinn and Sullivan, 2011). 

Conclusions  

Microarray technology is revolutionizing 

the way biological research is conducted, as it 

allows the simultaneous analysis of thousands 

of uniquely identified genes in a single 

experiment. Various variants of microarrays 

have been successfully used, alone or in 

combination, in biological research, medical 

diagnostics, drug discovery and development, 

and toxicogenomics, leading to an acceleration 

of progress in current fields. 

Although microarray techniques can be 

improved technologically, the results and 

conclusions of published studies have clearly 

demonstrated the utility and power of these 

miniaturized tools. Microarray-based clinical 

diagnostic tools can represent a basis for 

personalized medicine. 

Although microarrays are primarily 

research techniques, microarray-based 

approaches are rapid and flexible.  
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Abstract: The present study evaluated the photostability of Rubus niveus fruit using a solar simulator. Since 

degradation under solar irradiation is a key indicator of stability capacity, photostability assays are 

fundamental to evaluating the preponderance of R. niveus extract for biological applications involving light. 

Additionally, the quenching and scavenging capacity against different types of free radicals was assessed. 

Ethanolic extracts were prepared from frozen black raspberries. Quenching and scavenging activity were 

measured using a series of analytical procedures. These included UV-Vis spectroscopic analysis, 

photostability assessment using solar radiation spectrum (with solar simulator), chemiluminescence, and 

DPPH assays. Reactions with singlet oxygen (¹O₂) and galvinoxyl radical were also employed to evaluate 

scavenging capacity. The results revealed that R. niveus is a source of anthocyanins (128.68±0.85 mg/lt and 

48.19±0.31 mg/100 g of fresh weight) and exhibits remarkable photostability under solar light, with minimal 

degradation at its absorption wavelength. Its photostability was comparable to that of common sunscreen 

filters (Neo Heliopan Type Ma and Neo Heliopan Type OS). Furthermore, a noteworthy antioxidant capacity 

was demonstrated, effectively reducing reactive oxygen species (ROS) and free radicals, with significant 

scavenging activity comparable to that of vitamin C in some assays. Particularly, the extract displayed 

superior scavenging activity against highly reactive hydroxyl radicals compared to vitamin C (86.82% vs. 

55.13%). These results suggest that the ethanolic extract of R. niveus is photostable and has the capacity to 

scavenge and neutralize different types of dark- and light-induced reactive oxygen species. Further in vitro 

and in vivo research is recommended to validate the potential of R. niveus compounds as natural ingredients 

in cosmetic and nutraceutical products. 

 

Keywords: antioxidant, photostability, fruit, raspberry, light, free-radicals 

 

Introduction 

The Rubus niveus, also known as the 

Mysore raspberry or wild black raspberry, 

belongs to the Rosaceae family. Originally 

from Asia, it has spread to various parts of the 

world due to its ability to adapt to different 

climates and altitudes. It is considered an 

invasive species because it grows rapidly in 

regions where it is cultivated due to its ability 

to spread easily through various reproduction 

mechanisms. In addition, the fruits of R. niveus 

are edible and contain many seeds that 

contribute to the reproduction of this plant 

Acta Biologica Marisiensis                                                                                



Miguel León et al. 

 

62 

 

(Pancholi and Rana). The fruits are also used 

for human consumption and have high 

medicinal value (Li et al., 2015; Ahmad et al., 

2015). 

Research in phytochemistry has shown that 

phenolic compounds have significant anti-

inflammatory and antioxidant activity. This 

activity is essential for reducing oxidative 

stress and its consequences, such as the 

development of cancerous tumors, heart 

problems, and other chronic diseases (a.Hertog 

et al., 1993; b. Hertog et al., 1993). Thus, 

scientific research in this field is particularly 

relevant because it provides in vitro tests that 

can establish possible links between the 

antioxidant activity of different plant sources 

and the prevention of common human diseases. 

It is well known that some natural antioxidant 

compounds are involved in photoprotection 

mechanisms, reducing skin damage and aging 

(Silva et al., 2016; Khoo et al., 2017). 

Various scientific studies have reported on 

the pharmacological value of the R. niveus 

plant in both in vitro and in vivo settings 

(Chiluisa et al., 2017; Parimelazh et al., 2013; 

Pancholi and Rana, 2020; Badhani et al., 2015; 

Nesello et al., 2017). For instance, extracts 

from this species have been found to prevent 

diseases such as diabetes, obesity, 

hypertension, cancer, and other conditions, as 

well as common microbial infections. For this 

reason, antibacterial, anti-inflammatory, and 

antioxidant properties have been attributed to 

R. niveus, due to the wide variety of 

polyphenolic compounds, such as anthocyanins 

and catechins, which are beneficial to human 

health. Thus, R. niveus fruits have been shown 

to be relevant not only to the biomedical field, 

but also to nutrition and ethnomedicine 

(Pancholi and Rana, 2020; Ahmad et al., 2015; 

Muniyandi et al., 2019).  

However, there is a lack of information 

regarding the quenching and scavenging 

activity of the ethanolic extract of black 

raspberry fruit (R. niveus), as well as its 

behavior under visible and ultraviolet 

irradiation. It is important to acknowledge the 

scarcity of research focused on the quenching, 

scavenging and photostability potential of R. 

niveus fruit, given the emphasis placed on the 

properties of other plant parts, such as roots 

and stems (Parimelazh et al., 2013; Badhani et 

al., 2015; Nesello et al., 2017).  Consequently, 

emphasizing the protective capacity and 

nutritional and health-promoting potential of R. 

niveus fruit is fundamental, regardless of 

preconceived notions about its origin and 

biological characteristics (Bachheti et al., 

2023). Furthermore, it should be noted that 

chemiluminescence assays have not been 

utilized in previous research on the antioxidant 

and scavenging activity of R. niveus. This is a 

notable observation, given the reliability and 

high performance of these techniques in 

assessing antioxidant activity of foods and raw 

materials (Zvereva and Zhmurova, 2023; Da 

Silva Mendonça et al., 2022).  

This research offers a comprehensive 

understanding of the photochemical behaviour 

(photostability) exhibited by the compounds 

present in R. niveus extract and their ability to 

neutralize reactive oxygen species (ROS) and 

free-radicals. The experimental approach 

utilizes UV-Vis and fluorescence studies, as 

well as DPPH (2,2-diphenyl-1-picrylhydrazyl) 

and chemiluminescence methods (which have 

not previously been employed for R. niveus). 

The study also examines the reactions with the 

galvinoxyl radical and singlet oxygen. In this 

sense, the objective of this study is to highlight 

the photostability and antioxidant properties of 

R. niveus fruit. 

Materials and Methods 

Reagents and equipment 

A Luzchem L2C-4V solar simulator, 

Perkin Elmer Lambda 35 spectrometer, FL 

6500 Fluorescence Spectrophotometer, 

Luminoskan Ascent Luminometer, Ethanol 
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75% (Sigma-Aldrich, HPLC grade), Neolipan 

type Ma (menthyl anthranilate), Neoheliopan 

type OS (Octisalate, 2‑Ethylhexyl salicylate), 

DPPH radical (2,2-diphenyl-1-picrylhydrazyl, 

Sigma-Aldrich), Ascorbic acid (Sigma-Aldrid), 

Galvinoxyl radical (Sigma), Rose Bengal 

(Aldrich), sodium acetate (CH₃COONa), 

potassium chloride (KCl), hydrogen peroxide 

(H2O2, Aldrich), Potassium ferricyanide 

(K3[Fe(CN)6]). 

 

Plant material 

The Rubus niveus fruit was picked in Los 

Teques, Miranda State, Venezuela, at an 

elevation of 1,200 meters. Mature, dark purple 

fruits were collected and stored at -10°C.  

It should be noted that the R. niveus plant 

used in this study was botanically certified by 

the Ecology Center of the Venezuelan Institute 

of Scientific Research (IVIC). 

 

UV-Vis Spectrum 

For the UV-Vis spectrum, 1 ml of the 

concentrated extract was dissolved in 3 ml of 

ethanol. The spectrum was recorded using a 

Perkin Elmer Lambda 35 spectrometer. 

 

Monomeric anthocyanins quantification 

The pH-differential method employed by 

(Lee et al., 2005) was used to quantify the total 

monomeric anthocyanins in black raspberry 

extract. One milliliter of the extract was diluted 

in three milliliters of the respective buffer 

(sodium acetate or potassium chloride), and 

three consecutive measurements of the solution 

were taken at the corresponding wavelength. 

ΔAbs values were obtained for each 

measurement, and the total anthocyanin values 

in milligrams per liter (mg/l) were calculated 

using the following formula: 

 

 

 

(1) 

Where ΔAbs = absorbance difference; 

MW is the molecular weight of cyanidin-3-

glucoside (449.2 g/mol); DF is the dilution 

factor (in this case 4); l is the optical path 

length of the UV-Vis quartz cell; ε is the molar 

extinction coefficient of cyanidin-3-glucoside 

(26.900). These measurements were taken by 

triplicate. Note that the expression "ε x l" is the 

molar extinction coefficient multiplied by the 

path length of the UV-Vis quartz cell (1 cm).  

 

On the other hand, in order to compare 

anthocyanin content values reported in 

previous research, the total anthocyanin value 

was calculated in milligrams per 100 grams of 

fresh weight (mg/100 g) using the following 

formula: 

 

 

(2) 

Where: ΔAbs = Absorbance difference; 

MW= Molecular weight of cyanidin-3-

glucoside (449.2 g/mol); V = Final volume of 

the extract (liters); m = Mass of the sample 

(grams); l= Path length of the UV-Vis quartz 

cell (1 cm); DF = Dilution factor (4 in this 

case); ε = Molar extinction coefficient of 

cyanidin-3-glucoside (26,900). These 

measurements were taken by triplicate. Note 

that "ε x l x m" is the molar extinction 

coefficient multiplied by the path length of the 

UV-Vis quartz cell (1 cm) and the mass of the 

sample.  

 

Photostability assays 

To evaluate the photostability of the black 

raspberry extract, 2 ml of the concentrated 
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ethanolic extract was mixed with 4 ml of 

distilled water. Absorbance changes were 

measured using a spectrophotometer after 

irradiating the mixture for 15 minutes with a 

Luzchem L2C-4V solar simulator (visible light 

range). The extract was irradiated in a quartz 

flask, and the respective changes in absorbance 

were measured using quartz cells for UV-

visible spectrophotometry 

 

Reactions with singlet oxygen (1O2) 

The reaction of black raspberry ethanolic 

extract with singlet oxygen was measured by 

observing the decrease in absorbance of the 

extract under visible irradiation (227 LUX; 

1.88 W/m²) and in the presence of a type II 

photosensitizer (Rose Bengal). To perform this 

experiment, a solution was prepared with 2 ml 

of black raspberry extract and 2 ml of distilled 

water, to which 50 microliters of Rose Bengal 

(~2x10-4 M) were added. The total irradiation 

time was 3 hours, and changes in absorbance 

were measured in the UV-Vis 

spectrophotometer after 1 hour and 2 hours of 

irradiation. 

 

Chemiluminescence assays 

To assess the neutralization activity of 

hydroxyl radicals and peroxides by Rubus 

niveus fruit, chemiluminescence experiments 

were conducted, based on the reaction of 

luminol with ROS (Vargas et al., 2004). For 

this purpose, 10 microliters of the antioxidant 

(ethanolic extract of black raspberry and 

vitamin C for comparison) and 6 microliters of 

hydrogen peroxide (~3.5 mM) were taken. The 

intensity of chemiluminescent light was 

measured in a Luminoskan Ascent 

Luminometer every 10 seconds for a total time 

of 40 seconds, after the automatic injection of 

luminol (15 microliters). Subsequently, these 

same tests were carried out but in the presence 

of ferrous iron with the addition of 15 

microliters of K3[Fe(CN)6] (~40 nM), in order 

to generate hydroxyl radicals and study the 

scavenging capacity of these radicals by the R. 

niveus extract. 

The percentage of inhibition of H2O2 and 

OH radicals was calculated using the following 

formula:  

 

 (3) 

The total percentage of inhibition was 

obtained by comparing the samples studied to 

the control by measuring the intensity of the 

light of the samples and the control at every 

point and applying formula 3). The final 

percentage of inhibition reported was the mean 

of all inhibition percentages calculated at each 

point. 

 

Radical scavenging activity 

The radical scavenging capacity was 

studied using galvinoxyl and DPPH radicals by 

UV-Vis spectrophotometry, using the methods 

of (Bobinaitė et al., 2011; Gulcin and Alwasel, 

2023) as references. For the DPPH radical 

assays, the free radical scavenging potential 

(RSC) was calculated 30 minutes after reaction 

with Rubus niveus extract (100 microliters) 

with 3 milliliters of DPPH radical (~10-4 M). 

Three consecutive measurements (triplicate) 

were taken and compared with the RSC30 value 

of vitamin C. The RSC of berry extracts was 

expressed as a percentage of inhibition of the 

DPPH radical, according to the following 

formula: 

 

(4) 

 

On the other hand, the reaction of black 

raspberry extract with the galvinoxyl radical 

was carried out using a solution of the same at 

a concentration of approximately 10⁻⁴ M. The 

titrations were performed with 3 ml of this 

solution, with 3 successive additions of 15 



ABMJ 2025, 8(2): 61-78 

 

65 

 

microliters of pure R. niveus extract. The 

reaction was carried out using UV-Vis 

spectrophotometry and fluorescence (using 

excitation spectrum). 

Note that RSC was calculated after 30 

minutes of reaction because it is a standardized 

method stipulated in the bibliography. Most 

RSC values reported in previous research were 

calculated using this time frame.  

 

Statistical Analysis 

To validate the results and distinguish the 

neutralizing effects in the chemiluminescence 

and DPPH assays, statistical analyses were 

performed using unpaired t-test with statistical 

analysis free-software (GraphPad). This 

analysis determined if there were significant 

differences between the compounds being 

compared, in this case, black raspberry extract 

and vitamin C. 

Results and Discussions 

Figure 1 shows a characteristic absorption 

spectrum of black raspberry ethanol extracts 

with a band at 543 nm, which is the typical 

wavelength of anthocyanin molecules 

according to references (Dangles and Fenger, 

2018; Aguilera-Otíz et al., 2011). Meanwhile, 

experiments to quantify the anthocyanins in 

Rubus niveus extract using the differential pH 

method yielded a result of 128.68±0.85 mg/L 

of total anthocyanins (0.85 being the standard 

deviation of the measurements taken in 

triplicate). Figure 2 show the photostability 

tests of the ethanolic extract of R. niveus solar 

irradiation (using solar simulator). This value is 

equivalent to 48.19±0.31 mg/100 g of fresh 

weight. 

Figure 3 shows the activity of R. niveus 

extract against H2O2 and its comparison with 

vitamin C. Figure 3.a shows the decrease in 

chemiluminescent light intensity when R. 

niveus extract and vitamin C are added, 

compared to the H2O2 control. Figure 3.b 

shows the percentage inhibition of H2O2 

according to the results shown in figure 3.a. 

To evaluate the activity of the ethanolic 

extract of R. niveus against .OH radicals, a 

chemiluminescence experiment was carried 

out, induced by the addition of ferrous iron. 

The results in figure 4 show the intensity of 

chemiluminescent light detected after the 

addition of the antioxidants studied for 

comparison. 

 

 
Fig. 1. Absorption spectra of black raspberry extracts in ethanol (1 ml concentrated extract + 3 ml 

ethanol) 
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A higher intensity of chemiluminescent 

light was observed after the addition of vitamin 

C than with the R. niveus extract, 

demonstrating the scavenging capacity of these 

antioxidants against the .OH radical. 

The RSC for R. niveus extract was 

59.98±3.78, and 70.56±1.26 for vitamin C 

(where 3.78 and 1.26 represent the standard 

deviation of the triplicate measurements made 

for each respective case). Figure 5 shows the 

scavenging activity of the R. niveus extract and 

its comparison with vitamin C in graphical 

form. 

Figure 6 shows the reaction of black 

raspberry ethanolic extract with the galvinoxyl 

radical. It can be seen that the absorption 

spectrum of this radical has two major 

absorption points: one at ~380 nm and another 

at ~430 nm. Furthermore, it is evident that, 

with the addition of R. niveus extract, the 

absorption intensity at ~380 nm increases, 

while that at ~430 nm decreases. 

On the other hand, figure 7 shows the 

course of the reaction of R. niveus extract with 

the galvinoxyl radical using a fluorescence 

spectrum (with excitation wavelength at 350). 

It can be seen that the intensity of the excitation 

light from galvinoxyl radical decreases after 

addition of black raspberry extract. 

Figure 8 shows the reaction of black 

raspberry extract with singlet oxygen in the 

presence of Rose Bengal (a type II 

photosensitizer). The reaction shows that, after 

irradiation for 2 hours, the wavelength 

decreases in intensity, with a shift from 544 nm 

to 549 nm. A similar situation occurs after 

irradiating for an additional hour, as the 

wavelength remains at ~549 nm with a 

corresponding decrease in intensity. 

 

 
Fig. 2. Photostability tests of raspberry extract under irradiation with a solar simulator 
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(a) 

 

(b) 

Fig. 3. H2O2-induced chemiluminescence assays 
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(a) 

 

(b) 

Fig. 4. Ferrous iron-induced chemiluminiscence 
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Fig. 5. Radical scavenging (RSC) from black raspberry extract and vitamin C 

 

 

Fig. 6. Reaction of black raspberry extract with galvinoxyl radical followed by UV-VIS spectroscopy 
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Fig. 7. Reaction of black raspberry extract with galvinoxyl radical using excitation band 

 

 

Fig. 8. Decrease in the maximum absorbance of black raspberry extract in the presence of Rose 

Bengal (~2x10⁻⁴ M) after irradiation for 2 hours + 1 hour with white light. 

 

It should be noted that the results presented 

in figure 2 offer compelling evidence for the 

photostability of black raspberry extract (R. 

niveus), as evidenced by the minimal 

degradation observed at the maximum 

wavelength following irradiation with solar 

simulator, indicating that there is not 

photodegration processes during irradition 

(Ahdmad et al., 2016), suggesting the stability 

capacity of R. niveus extract under solar 

irradiation.  

As illustrated in figures 9.a and 9.b, the 

photostability behavior of common sunscreen 

filters under visible radiation (i.e., solar 

simulator) is evident. The filters in question 

include Neo Heliopan type Ma (menthyl 

anthranilate) and Neo Heliopan type OS 

(Octisalate, 2‑Ethylhexyl salicylate). 
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(a) 

 
(b) 

Fig. 9. Photostability under Visible radiation of (a) Neoheliopan Type Ma and (b) Neoheliopan 

Type OS 

 

The response of each constituent, 

dissolved in dichloromethane due to the lack of 

solubility of these compounds in water-

ethanolic mixtures, to visible light was minimal 

following irradiation, as demonstrated by 

negligible shifts in the maximum absorption. 

A comparison of the results obtained with 

the irradiation of black raspberry extract 

reveals that the polyphenols present in R. 

niveus fruit exhibit a photostability against 

solar simulator radiation analogous to that 

observed for sunscreen filters (Figure 9).  

The latter suggests the potential of 

ethanolic R. niveus extract to provide 

photostability in vitro. 

On the other hand, the antioxidant 

potential of the R. niveus ethanolic extract was 

evidenced by its capacity to diminish the 

presence and intensity of reactive oxygen 

species, specifically H2O2 and OH radicals. In 

reactions against these radicals, a comparison 

with vitamin C reveals discrepancies in their 

efficacy. The R. niveus extract demonstrated a 

lower percentage of inhibition for H2O2 

(33.14%) in comparison to vitamin C (36.7%), 

as illustrated in Figure 3.b. However, while the 
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capacity to neutralize H2O2 is reduced, R. 

niveus has been observed to have a greater 

potential to inhibit .OH radicals, as shown in 

figure 4.b (86.82% of inhibition for R. niveus 

and 55.13% of inhibition for vitamin C). This 

phenomenon can be attributed to the 

observation that the chemiluminescent light 

intensity in the presence of the extract is lower 

in comparison to the reaction with vitamin C 

(Figure 3.a). These findings suggest that the 

phenolic compounds present in the R. niveus 

fruit have an exclusive affinity for highly 

reactive radicals, which may be fundamental to 

preventing damage caused by oxidative stress 

(Speer et al., 2020). 

In addition, the scavenging capacity of R. 

niveus extract against the galvinoxyl radical is 

significant, since the absorbance of the radical 

decreases at 430 nm and increases at 370 nm. 

This suggests that a transformation of a more 

reactive radical (galvinoxyl) to a less reactive 

one does indeed occur, promoted by the -OH 

functional groups commonly found in phenolic 

compounds, which contribute to the antioxidant 

potential of R. niveus extract. Additionally, 

assays with the DPPH radical show that the 

RSC was 59.98%, which, although lower than 

the 70.56% for vitamin C, indicates significant 

potential for free radical scavenging (Bobinaitė 

et al., 2012; Gulcin and Alwasel, 2023).  

The significance of the previous results is 

evident in Table 1. The differences in the 

results can be explained by analyzing the p-

value; p<0.05 indicates a statistically 

significant difference in the experimental 

results. In this case, there was no significant 

difference in the H₂O₂ assay. Thus, despite the 

different percentages of H₂O₂ inhibition 

(33.14% for black raspberry and 36.7% for 

vitamin C), vitamin C and black raspberry 

exhibit similar behavior in neutralizing 

peroxides. However, according to the slopes of 

the equations in figure 3a, vitamin C has a 

more stable capacity to neutralize peroxides 

over time. Black raspberry, on the other hand, 

exhibits faster inhibition at the initial stage of 

the chemiluminescent reaction. This suggests 

that the inhibitory effect of vitamin C is more 

sustained than that of black raspberries in 

neutralizing. In other words, black raspberries 

tend to have a faster initial effect on 

neutralizing peroxides than vitamin C, although 

the neutralization capacity of black raspberry 

decays over time. However, significant 

differences were observed in the OH radical 

assays, confirming that black raspberry extract 

has a stronger capacity to scavenge OH free 

radicals in vitro. The calculated difference is 

statistically significant: 86.828% for black 

raspberry versus 55.13% for vitamin C. 

Therefore, black raspberry can be assumed to 

be a potent antioxidant capable of quickly and 

effectively neutralizing a large number of OH 

radicals (see the equation of lines in figure 

4.a). However, the DPPH assay results 

indicated that vitamin C (70.56% of inhibition) 

has stronger scavenging activity against DPPH 

radicals than black raspberry extract (59.98% 

of inhibition). 

 

Table 1. Unpaired t-test results analysis 

 T-test 

T value P value 

H2O2 assay 0.3090 0.7652 

OH assay 2.8350 0.0220 

DPPH assay 6.2586 0.0033 
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These differences can be explained on a 

structural basis (Kim and Lee, 2004; Yamauchi 

et al., 2024). While discussing these 

contradictory results is beyond the scope of this 

research, they can be attributed to the 

specificity of polyphenols and vitamin C 

against DPPH molecules and free OH radicals. 

This assumes greater specificity of vitamin C 

and DPPH radicals than the polyphenolic 

components of black raspberry fruit. 

Thus, it is necessary to consider the 

reaction of black raspberry extract with the 

galvinoxyl radical. Fluorescence studies using 

excitation bands (in this case at 350 nm) 

indicate that the reaction follows both a 

scavenging mechanism and a quenching 

mechanism. This is due to the fact that the 

excitation band of the galvinoxyl radical, as 

detected by the instrument, decreases following 

the addition of the ethanolic extract of R. 

niveus. In this regard, it is proposed that the 

black raspberry extract may function as a 

quencher of the excited states of free radicals. 

These mechanisms may be analogous to those 

previously suggested in studies related to free 

radical reactions and quenching (Khudyakov, 

2023; León and Tovar, 2025). It is important to 

note that the excitation spectrum of the 

galvinoxyl radical was selected because it is a 

radical species whose fluorescent emission is 

not detectable with conventional equipment, 

although fluorescent species derived from this 

radical, such as the galvinoxylate anion, may 

exist (Grilj et al., 2012). 

Conversely, the reaction of the ethanolic 

extract with singlet oxygen demonstrate that R. 

niveus is susceptible to the presence of this free 

radical, as evidenced by a decrease in the 

maximum wavelength after each measurement. 

While this behavior may compromise the 

integrity of the ethanolic extract, it may be 

advantageous for biological applications. The 

presence of compounds in black raspberry fruit 

that react with 1O2 suggests that this ROS may 

dissipate over time, and protect from damage 

that is usually attributed to this type of ROS 

(Tournaire et al., 1993; De Rosso et al., 2008).  

A comparison of the results of this study 

with those of previous research reveals that the 

anthocyanin content was lower than the values 

reported in previous studies of Rubus niveus 

fruit. This study obtained values of 17.09 

mg/100 g (León and Soledad, 2020) and 5.63 

mg/100 g (Badhani et al., 2015), whereas the 

previous study obtained a value of 48.19 

mg/100 g of fresh weight. These differences 

can be attributed to different solvents, 

calculated dilution factors, and extraction 

conditions. The ripeness of the selected fruits, 

as well as picking and conservation conditions 

(e.g., elevation of the cultivation area, climate, 

and storage), may also influence the reported 

anthocyanin content in R. niveus fruit (Maro et 

al., 2013).  

Additionally, it is well established that R. 

niveus has a higher anthocyanin content and 

radical scavenging capacity than the wild 

yellow raspberry, R. ellipticus. For instance, 

Ahmad et al. (2015) demonstrated that the 

DPPH radical scavenging capacity of cultivated 

Himalayan R. niveus berries was 68.30%, while 

the capacity of wild R. ellipticus berries was 

45.97%. However, inhibition of R. ulmifolius 

berries was higher (80.28%), and the 

scavenging potential of R. niveus was higher 

than the vitamin C standard (53.73%). The 

differences between this study and our research 

can be explained by the different cultivation 

and extraction procedures; the latter study used 

methanolic extracts. In our study, we employed 

ethanolic extracts of R. niveus, and the fruits 

were collected in an area at a lower altitude 

than the Himalayan mountains. This difference 

in altitude may significantly affect the content 

of polyphenolic components in the fruits (Maro 

et al., 2013).  

A comparison of the properties of R. 

niveus and the commercially available black 
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raspberry, Rubus occidentalis, reveals similar 

levels of anthocyanin compounds in both 

species. Total amounts of these molecules have 

been reported to range from 20 to 216 mg/100 

g of fresh fruit and 1,770 mg/100 g of freeze-

dried fruit. Once again, it is evident that 

cultivation, storage, and extraction conditions 

significantly impact the availability of phenolic 

compounds (Maro et al., 2013). In addition, 

different RSC30 values were observed in black 

raspberry varieties (R. occidentalis) grown in 

Lithuania, ranging from 25 to 80%, depending 

on the variety (Viškelis et al., 2010). Despite 

the different locations where the fruit was 

grown and harvested, as well as the different 

extraction conditions used in each case, these 

tests were carried out with methanolic extracts 

and obtained values close to those reported in 

this study (59.98% RSC30 for R. niveus).  

Additionally, ethanol extracts of Korean 

black raspberry (R. coreanus) exhibited RSC 

activity, demonstrating 60-80% inhibition. 

These differences are primarily due to the 

concentration of ethanol (EtOH) used: the 

extract with 100% EtOH exhibited the lowest 

activity, while the extract with 50% EtOH 

exhibited the highest activity. These results 

show that the type of solvent is closely related 

to the in vitro antioxidant activity of natural 

black raspberry extracts (Kim et al., 2014).  

This study reports the values of wild R. 

niveus fruit and compares them to those of 

other berry sources. This comparison highlights 

the fruit's significant antioxidant potential, 

particularly its capacity to scavenge radicals 

like DPPH. However, this capacity is slightly 

lower than that of vitamin C in this specific 

assay (59.98% vs. 70.56%). Furthermore, 

despite the differences in methodology and 

cultivation conditions, the anthocyanin content 

is within the expected range and comparable to 

that of other blackberry sources. For example, 

R. occidentalis and R. coreanus have reported 

anthocyanin content values of 6.7, 165, and 

312.2 mg/100 g of fresh weight, depending on 

the genotype of the fruit (Ku and Mun, 2008).  

In summary, the ethanolic extract of Rubus 

niveus fruit consists primarily of anthocyanin 

molecules, as demonstrated by UV-Vis spectra 

and the differential pH method (which can only 

detect monomeric anthocyanins). These 

flavonoid compounds are well known for their 

high antioxidant capacity (especially against 

OH radicals, that was significantly higher than 

vitamin C), suggesting that the scavenging 

activity demonstrated in the results of this 

study is mainly due to this class of molecules, 

although other compounds present in black 

raspberries, such as catechins or tannins, may 

also play an important role in photostability 

and antioxidant potential (Ahmad et al., 2015).  

Conclusions  

The ethanolic extract of black raspberry 

fruit (Rubus niveus) is a source of flavonoid 

compounds, especially anthocyanins, as 

demonstrated by UV-Vis spectroscopy and the 

differential pH method. This property is crucial 

for its high antioxidant capacity against 

reactive oxygen species (ROS), including 

H₂O₂, OH, and 1O₂. This behavior is 

complemented by the scavenging and 

quenching potential demonstrated by the 

extract against galvinoxyl and DPPH radicals. 

In addition, the results provide a 

comprehensive explanation for the 

photostability of the R. niveus extract under 

solar light, after comparison with spectral 

changes of common sunscreen filters. Future 

research will be conducted in our laboratory to 

determine the different types of flavonoids and 

other natural components present in R. niveus 

fruit, which might be of photochemical and 

photobiological interest. 

Despite these findings, it is important to 

acknowledge the limitations of this research. 

The extraction solvent, dilution factors, and 

environmental conditions (e.g., altitude, 
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climate, fruit ripeness, and storage conditions) 

in which the fruit was collected and processed 

may impact the specific anthocyanin content 

obtained, as well as the observed scavenging 

and quenching activities. These factors may 

also affect the generalization of quantitative 

comparisons with other studies. Additionally, 

although anthocyanins are recognized as 

significant contributors, providing a 

comprehensive description of all the flavonoid 

types and other bioactive substances present in 

the extract was beyond the scope of this study.  

Finally, research on formulation studies, 

bioavailability, mechanistic pharmacology, 

dermatological models, and stability in 

pharmaceutically relevant matrices would be 

desirable. A deeper comparison with 

established photoprotective actives would 

provide mechanistic insights at the chemical, 

cellular, and molecular levels. Therefore, 

further in vitro and in vivo research is essential 

to corroborating the antioxidant and 

photoprotective mechanisms of R. niveus for 

biological and product applications.  
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