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ABSTRACT:  

Forest Medicine, a field that explores the profound connection between nature and human 

well-being. In 1982, there was proposal of Forest Bathing (Shinrin-yoku) in Japan which 

marked the initial recognition of the therapeutic potential of spending time in forests, 

specifically for stress reduction and health management. In 2004, there was systematic 

scientific investigation into the health benefits of forest bathing began. In 2012, the Forest 

Medicine emerged as distinct branch of preventive medicine. The vision was to create a 

medical science that could provide personalized guidance on how to enhance activity, 

relaxation, health, and happiness while mitigating stress and lifestyle-related diseases. 

Forest Medicine is positioned as an interdisciplinary field, drawing from both 

environmental and preventive medicine. The central focus is on understanding the 

physiological and psychological effects of forest environments on human health. There is 

emphasis on the importance of considering the interconnectedness of these systems when 

studying the effects of forest environments. This highlights the complex ways in which 

nature influences our well-being. Forest Medicine represents a significant advancement in 

preventive medicine, offering a natural and accessible approach to promoting health and 

well-being. By considering the psycho-neuro-endocrino-immune network, Forest 

Medicine adopts a holistic perspective on health. One of the core benefits is the ability to 

reduce stress. Forest Medicine aims to contribute to the prevention and management of 

lifestyle-related diseases. Therefore, in this review, an overview of Forest Medicine has 

been provided, based on the new evidence and published papers, with the psycho-neuro-

endocrino-immune network. 
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INTRODUCTION : 

Forest medicines encompass a vast and ancient body of knowledge and practice, spanning 

millennia and cultures. They represent the direct application of nature's bounty, particularly from 

forest ecosystems, for human health and well-being [1]. Here's an overview of forest medicines: 

Historical Roots and Traditional Systems: 

• Ancient Origins: The use of plants for medicinal purposes dates back to the dawn of 

humanity, with archaeological evidence suggesting sophisticated herbal knowledge 

existed tens of thousands of years ago. Our earliest ancestors learned through trial and 

error, observing animals, and accumulating vast empirical data [1]. 

• Global Cultural Heritage: Every culture across the globe developed its unique system of 

traditional medicine, heavily relying on the flora (and sometimes fauna) available in their 

local environments. Forests, being rich in biodiversity, were central to these practices [1]. 

• Key Traditional Medical Systems: 

o Traditional Chinese Medicine (TCM): Utilizes a vast pharmacopeia of forest-

derived herbs, often in complex formulations, based on principles of Yin/Yang 

and Qi (life force). 

o Ayurveda (Indian Traditional Medicine): Emphasizes balance of "doshas" and 

incorporates numerous forest plants, such as Neem (Azadirachta indica), 

Ashwagandha (Withania somnifera), and Giloy (Tinospora cordifolia), for 

various ailments. Madhya Pradesh, in India, for example, boasts a rich heritage of 

medicinal plants within its forests, utilized by tribal communities for generations. 

o Indigenous American, African, and Other Tribal Medicines: These systems are 

often holistic, integrating spiritual practices, rituals, and a deep understanding of 

local forest ecosystems for healing. The knowledge of specific plants and their 

uses is passed down orally through generations. 

• Ethnobotany: This field specifically studies the relationships between people and plants, 

especially the traditional knowledge of plant uses, including medicinal applications, often 

found within forest-dwelling communities [1]. 

Types of Forest-Derived Medicines: 

Forest medicines can be broadly categorized by their form and application: 

• Herbal Remedies (Phytotherapy): This is the most common form, involving the use of 

whole plants or specific plant parts (leaves, stems, roots, bark, flowers, fruits, seeds) in 

various preparations like: 

o Decoctions and Infusions: Boiled or steeped plant material. 

o Tinctures: Alcoholic extracts. 
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o Poultices and Compresses: Applied externally. 

o Powders and Capsules: Dried and ground plant material. 

o Oils and Ointments: Extracts infused in carrier oils or fats. 

• Fungal and Microbial Products: Forests are teeming with fungi and bacteria that produce 

unique bioactive compounds. Penicillin, a groundbreaking antibiotic, was famously 

derived from a mold (Penicillium chrysogenum). Research continues into forest-dwelling 

microorganisms for new antibiotics, antifungals, and other therapeutics [2]. 

• Animal Products: While less common and often ethically complex, some traditional 

forest medicines may include animal-derived components, though plant-based remedies 

are overwhelmingly dominant [2]. 

• Mind-Body Practices: While not "medicines" in the chemical sense, the forest 

environment itself is increasingly recognized for its therapeutic benefits, leading to 

practices like "forest bathing" (Shinrin-yoku) which are studied for their effects on stress 

reduction, immune function, and mental well-being. 

From Traditional Use to Modern Pharmacy: 

• Direct Use: Many traditional forest medicines are still used in their original, often 

unprocessed, forms, especially in rural and indigenous communities where they are the 

primary source of healthcare. 

• Inspiration for Modern Drugs: Critically, forest plants have served as the historical source 

for a significant percentage of modern pharmaceuticals. 

o Quinine (from Cinchona bark) for malaria. 

o Aspirin (synthesized from salicylic acid, initially found in willow bark). 

o Morphine (from opium poppy). 

o Digoxin (from foxglove) for heart conditions. 

o Vincristine and Vinblastine (from Madagascar Periwinkle) for various cancers. 

o Paclitaxel (Taxol) (from Pacific Yew) for cancer. 

o Artemisinin (from Artemisia annua) for drug-resistant malaria [2]. 

• Semi-Synthesis and Analogs: Once a potent compound is identified from a forest source, 

medicinal chemists often modify its structure (semi-synthesis) to improve its efficacy, 

reduce side effects, enhance bioavailability, or make it easier to produce at scale. This 

creates "improved drugs" based on nature's template [3]. 

Research and Development in Forest Medicines: 

• Ethnobotanical Research: Scientists continue to work with indigenous communities to 

document and study their traditional plant knowledge, seeking new leads for drug 
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discovery. This must be done ethically, with principles of prior informed consent and 

benefit sharing. 

• Bioprospecting: Systematic collection and screening of forest organisms for novel 

chemical compounds with potential biological activities. 

• Phytochemistry: Isolation, purification, and structural elucidation of active compounds 

from plant extracts. 

• Pharmacology: Testing isolated compounds for their mechanisms of action, efficacy, and 

safety in laboratories and clinical trials. 

• Synthetic Biology/Biotechnology: Developing methods to produce complex plant-

derived molecules sustainably in bioreactors (e.g., using engineered yeast or bacteria) or 

through controlled cultivation. 

• "Forest Medicine" as a Field: An emerging interdisciplinary field that scientifically 

studies the physiological and psychological benefits of exposure to forest environments 

on human health, often referred to as "Shinrin-yoku" or forest therapy [3]. 

Challenges and Future Outlook: 

• Biodiversity Loss: The greatest threat to forest medicines is the destruction of forest 

habitats, leading to the irreversible loss of undiscovered species and their unique chemical 

compounds. 

• Sustainable Sourcing: Ensuring that the collection of medicinal plants from forests is 

done sustainably to prevent overexploitation and ecological damage. 

• Intellectual Property and Benefit Sharing: Addressing complex issues of biopiracy and 

ensuring that indigenous communities who hold traditional knowledge are fairly 

compensated for their contributions to drug discovery. 

• Regulatory Hurdles: Bringing forest-derived compounds or complex botanical 

formulations through rigorous modern regulatory pathways (like FDA approval) can be 

challenging due to standardization and complexity [3]. 

• Scientific Validation: While many traditional remedies have empirical efficacy, modern 

science seeks to validate their mechanisms of action, optimal dosages, and potential 

interactions or toxicities. 

In conclusion, forest medicines represent a profound legacy of human interaction with nature's 

healing power. From ancient wisdom to cutting-edge pharmaceutical science, forests continue to 

be an indispensable source of health and well-being, underscoring the critical importance of their 

conservation for the future of medicine [3]. 

Psycho-Neuro-Endocrino-Immune Network (PNEI) 
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The Psycho-Neuro-Endocrino-Immune Network (PNEI), often referred to as 

Psychoneuroimmunology (PNI), is a scientific field that investigates the complex, bidirectional 

communication and interactions among the psychological (psycho), nervous (neuro), endocrine 

(endocrino), and immune systems. It represents a paradigm shift from a view of these systems as 

separate and isolated to an understanding of them as an integrated, interconnected network within 

the body. [3] 

Here's a breakdown of each component and their interconnections: 

1. Psycho (Psychological System): 

o This component refers to our thoughts, emotions, beliefs, perceptions, stress 

levels, coping mechanisms, social interactions, and mental states. 

o Influence on other systems: Psychological states can profoundly influence 

physiological responses throughout the body. For example, chronic stress or 

negative emotions can trigger hormonal changes and immune dysregulation. 

Conversely, positive emotions, mindfulness, and social support can enhance 

health and resilience [3]. 

2. Neuro (Nervous System): 

o This includes the Central Nervous System (CNS - brain and spinal cord) and the 

Peripheral Nervous System (PNS - including the Autonomic Nervous System, 

ANS, with its sympathetic and parasympathetic branches). 

o Communication pathways: The nervous system communicates with the other 

systems through: 

▪ Neurotransmitters: Chemical messengers (e.g., serotonin, dopamine, 

norepinephrine) that transmit signals between nerve cells and also directly 

influence immune cells and endocrine glands [3]. 

▪ Neuropeptides: Short chains of amino acids that act as messengers, 

influencing a wide range of physiological functions, including mood, pain, 

and immune responses. 

▪ Direct Innervation: Nerve fibers directly innervate lymphoid organs (like 

the spleen, thymus, lymph nodes) and endocrine glands, allowing for 

direct neural control and modulation [4]. 

3. Endocrino (Endocrine System): 

o This system comprises glands (e.g., adrenal glands, pituitary gland, thyroid gland, 

hypothalamus) that produce and secrete hormones directly into the bloodstream. 

o Hormonal messengers: Hormones act as chemical messengers, traveling 

throughout the body to regulate various physiological processes. 
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o Key Axes: The Hypothalamic-Pituitary-Adrenal (HPA) axis is a central player in 

the PNEI network, especially in the stress response. When activated by stress, the 

hypothalamus signals the pituitary, which in turn signals the adrenal glands to 

release stress hormones like cortisol. These hormones then have widespread 

effects on the immune system, metabolism, and other bodily functions [4]. 

4. Immune (Immune System): 

o This is the body's defense system, protecting against pathogens (bacteria, viruses), 

abnormal cells (like cancer cells), and foreign substances. It includes various cell 

types (lymphocytes, macrophages, etc.) and signaling molecules (cytokines). 

o Communication molecules: Immune cells produce signaling molecules called 

cytokines (e.g., interleukins, interferons, tumor necrosis factor). These cytokines 

not only regulate immune responses but also act on the brain (influencing mood, 

sleep, and appetite), and interact with endocrine glands [4]. 

Bidirectional Communication - The "Network" Aspect: 

The crucial insight of PNEI is that the communication is bidirectional and interconnected. It's not 

a one-way street where the brain simply dictates to the immune system. Instead: 

• Psychological states influence hormones and immunity: Stress, depression, and anxiety 

can alter hormone levels (e.g., increased cortisol) and suppress or dysregulate immune 

function, making individuals more susceptible to illness. 

• Hormones influence the nervous and immune systems: Cortisol, for example, can 

suppress certain immune cell activities. Thyroid hormones affect brain function and 

metabolism. 

• The nervous system influences hormone release and immune responses: The ANS can 

directly modulate immune cell activity and influence the release of hormones. 

• Immune responses influence the brain and endocrine system: During an infection or 

inflammation, immune cells release cytokines that can cross the blood-brain barrier or 

signal via neural pathways (like the vagus nerve) to influence brain function (e.g., causing 

"sickness behavior" like fatigue, loss of appetite, and social withdrawal). They can also 

alter hormone production [5]. 

Why is the PNEI Network Important? 

The PNEI network provides a holistic framework for understanding: 

• Mind-Body Connection: It scientifically explains how psychological factors (our 

thoughts, emotions) are not just "in our head" but have tangible physiological effects on 

our health. 
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• Stress and Disease: It clarifies the mechanisms by which chronic stress can lead to various 

health problems, including increased susceptibility to infections, autoimmune diseases, 

cardiovascular disorders, and even certain cancers. 

• Integrated Health: It emphasizes the need for an integrated approach to health, 

recognizing that treating a physical illness often requires considering psychological and 

emotional factors, and vice versa. 

• New Therapeutic Avenues: Understanding PNEI pathways opens up new possibilities for 

interventions. For instance, therapies that manage stress (e.g., mindfulness, meditation, 

cognitive-behavioral therapy) can positively impact immune function and overall health. 

Likewise, targeting specific PNEI pathways with pharmaceuticals could offer novel 

treatments for a range of conditions. 

• Chronic Diseases: Many chronic inflammatory, autoimmune, neurodegenerative, and 

metabolic diseases are now understood to involve dysregulation within the PNEI network 

[5]. 

In summary, the Psycho-Neuro-Endocrino-Immune Network highlights the profound and 

continuous crosstalk between the key regulatory systems of the body. It shows that our mental 

state, nervous system, hormonal balance, and immune defenses are not isolated compartments, 

but rather an intricately woven web that continuously adapts to internal and external stimuli to 

maintain overall health and homeostasis [5]. 

 

 

Figure 1: The Psycho-Neuro-Endocrino-Immune Network (PNEI) 
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What Is Forest Bathing/Shinrin-Yoku? 

Forest bathing, or Shinrin-Yoku, is a Japanese practice that literally translates to "forest bath." 

However, it's not about taking a literal bath in water. Instead, it's about immersing oneself in the 

atmosphere of the forest using all five senses in a mindful and contemplative way. It's a 

therapeutic relaxation process that encourages a deeper connection with nature. 

It originated in Japan in the 1980s as a preventative health measure to combat the effects of urban 

stress and encourage people to spend time in nature. Since then, it has gained global recognition 

for its numerous scientifically backed health benefits [6]. 

Key aspects of Forest Bathing/Shinrin-Yoku: 

• Sensory Immersion: The core of Shinrin-Yoku is to engage all your senses. This means 

actively: 

o Seeing: Noticing the colors of the leaves, the patterns in tree bark, the sunlight 

filtering through the canopy, the movement of small creatures. 

o Hearing: Listening to the rustling of leaves, the chirping of birds, the trickling of 

a stream, the gentle hum of insects. 

o Smelling: Breathing in the fresh, earthy scent of the forest, the aroma of pine 

needles, damp soil, or blooming flowers [6]. 

o Touching: Feeling the texture of tree bark, moss, leaves, or cool water. You might 

even take off your shoes to feel the earth beneath your feet. 

o (Sometimes) Tasting: If safe and appropriate, a guide might offer a taste of a 

natural element like a wild berry or a fresh pine needle. 

• Mindfulness and Slowing Down: Unlike hiking or jogging, forest bathing is not about 

physical exertion or reaching a destination. The pace is slow and deliberate. It's about 

being present in the moment, letting go of distractions, and consciously observing your 

surroundings without judgment. Digital devices are typically turned off to facilitate this 

digital detox. 

• No Specific Goal (Beyond Connection): There's no performance goal or agenda beyond 

simply "being" in nature and allowing yourself to connect with the forest environment. 

• Accessibility: While ideal in a dense forest, the principles of Shinrin-Yoku can be applied 

in any natural setting, including parks, gardens, or even just by focusing on a single tree. 

The key is the mindful engagement with nature. 

• Guided vs. Self-Guided: Forest bathing can be practiced independently or with a trained 

forest therapy guide who offers "invitations" or prompts to help participants deepen their 

sensory experience and connection with nature [7]. 

Benefits of Forest Bathing/Shinrin-Yoku: 
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Extensive research, particularly from Japan, has demonstrated a wide range of benefits: 

• Reduced Stress and Anxiety: Lowers levels of the stress hormone cortisol, reduces 

sympathetic nervous system activity (the "fight or flight" response), and increases 

parasympathetic nervous system activity (the "rest and digest" response), leading to a 

state of relaxation. 

• Improved Mood: Decreases feelings of depression, anger, fatigue, and confusion, while 

increasing feelings of vigor and positive emotions. 

• Boosted Immune Function: Increases the activity and number of Natural Killer (NK) 

cells, which are crucial for fighting off infections and cancer cells. This effect is partly 

attributed to inhaling phytoncides, antimicrobial volatile organic compounds emitted by 

trees. 

• Lower Blood Pressure and Heart Rate: Contributes to better cardiovascular health. 

• Enhanced Cognitive Function: Improves attention, concentration, memory, and 

creativity. It can also reduce rumination (repetitive negative thinking) [7]. 

• Better Sleep Quality: Promotes deeper and more restful sleep. 

• Accelerated Recovery: Can aid in recovery from illness or trauma. 

• Increased Connection to Nature: Fosters a deeper appreciation for the natural world and 

can inspire environmental stewardship. 

In essence, Forest Bathing/Shinrin-Yoku is a powerful, accessible, and enjoyable practice that 

leverages the inherent healing power of nature to significantly improve both physical and mental 

well-being [8]. 

Forest Therapy 

"Forest Therapy" is a broader term that encompasses Shinrin-Yoku (Forest Bathing) and other 

nature-based interventions designed to promote human health and well-being. While Shinrin-

Yoku is the foundational practice, Forest Therapy often implies a more structured, intentional, 

and sometimes guided approach to utilizing the healing power of forest environments [8]. 

Here's a breakdown of what Forest Therapy entails: 

Relationship to Shinrin-Yoku/Forest Bathing: 

• Shinrin-Yoku is the origin: Forest Therapy largely stems from the Japanese practice of 

Shinrin-Yoku, which focuses on mindful sensory immersion in nature for relaxation and 

stress reduction. 

• Broader Scope: Forest Therapy expands on Shinrin-Yoku by often incorporating a more 

formalized framework, trained guides, and sometimes a therapeutic intent for specific 

health outcomes. Some organizations, like the Association of Nature and Forest Therapy 
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Guides and Programs (ANFT), have developed specific methodologies and training for 

Forest Therapy guides [8]. 

Core Principles and Practices of Forest Therapy: 

Forest Therapy sessions, whether guided or self-guided, emphasize: 

1. Mindful Immersion: The core principle remains to engage all senses (sight, sound, smell, 

touch, and sometimes taste) to connect deeply with the forest environment. This involves 

slowing down, paying attention to details, and being fully present. 

2. Intentional Connection: Forest Therapy encourages a deliberate intention to connect with 

nature in a healing way. It's not just a walk; it's an opportunity for reciprocal relationship 

between the human and the "more-than-human" world. 

3. Guided "Invitations": A trained Forest Therapy guide often offers a series of "invitations" 

or prompts throughout the experience. These are open-ended suggestions designed to help 

participants slow down, open their senses, and foster a deeper personal connection with 

the environment [8]. Examples include: 

o "What do you notice through your sense of hearing right now?" 

o "Find something that draws your attention and spend some time observing it 

without judgment." 

o "Feel the texture of different barks or leaves." 

o "Find a sit spot and simply be present with the forest." 

4. Slow Pace: Walks are typically slow, covering short distances, emphasizing quality of 

experience over quantity of ground covered. 

5. Sensory Exploration: Encouraging participants to breathe deeply, notice scents 

(especially phytoncides), feel the air and light, and appreciate the aesthetic beauty. 

6. Reflection and Sharing (especially in guided sessions): Participants are often invited to 

share their observations and feelings in a non-judgmental space, fostering a sense of 

community and deeper processing of the experience [9]. 

7. Digital Detox: Generally, electronic devices are turned off to minimize distractions and 

promote full engagement with the natural world. 

Benefits of Forest Therapy: 

The scientific evidence supporting the benefits of Forest Therapy is robust and growing, 

overlapping significantly with the benefits of Shinrin-Yoku: 

• Physiological Benefits: 

o Reduced levels of stress hormones (cortisol, adrenaline). 

o Lower blood pressure and heart rate. 
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o Enhanced immune function, particularly an increase in Natural Killer (NK) cell 

activity. 

o Improved heart rate variability (an indicator of a healthy autonomic nervous 

system). 

o Faster recovery from illness or surgery [9]. 

• Psychological Benefits: 

o Decreased anxiety, depression, anger, and fatigue. 

o Improved mood, vigor, and vitality. 

o Increased feelings of calm and relaxation. 

o Enhanced cognitive function, including attention, concentration, and creativity. 

o Reduced rumination (repetitive negative thinking) [9]. 

• Social and Spiritual Benefits: 

o Fosters a deeper connection to nature and a sense of belonging to the larger natural 

world. 

o Can encourage social cohesion when practiced in groups. 

o Promotes a sense of wonder, awe, and gratitude. 

Who Practices Forest Therapy? 

• Individuals: Many people practice self-guided forest therapy, integrating mindful nature 

connection into their personal routine. 

• Trained Guides/Practitioners: Increasingly, trained Forest Therapy Guides lead 

individuals and groups. These guides are often certified by organizations like the 

Association of Nature and Forest Therapy (ANFT) or the Forest Therapy Institute (FTI), 

providing a structured and supportive environment. They are not typically 

psychotherapists but facilitate the experience [9]. 

• Healthcare Professionals: Some healthcare providers are beginning to "prescribe nature" 

or integrate forest therapy into complementary treatment plans for various conditions, 

recognizing its co-therapeutic effects. 

In essence, Forest Therapy is a recognized therapeutic practice that harnesses the restorative 

power of natural environments. By intentionally engaging our senses and fostering a deeper 

connection with the forest, it offers a powerful antidote to modern stressors and a pathway to 

improved physical, mental, and emotional well-being [9]. 

Forest Medicine 

"Forest medicine" is a multifaceted term that encompasses the diverse ways in which forest 

environments contribute to human health and well-being. It's a growing field that blends 

traditional ecological knowledge with modern scientific inquiry. 
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Here's an overview of "Forest Medicine": 

Definition of Forest Medicine: 

Forest medicine is an interdisciplinary scientific field that investigates the beneficial effects of 

forest environments on human health, belonging to the categories of environmental medicine, 

preventive medicine, and sometimes alternative medicine. It is developed from the concepts of 

Forest Bathing (Shinrin-Yoku) and Forest Therapy, providing evidence-based insights into how 

immersion in forest settings promotes physical, mental, and spiritual well-being [10]. 

Key Aspects and Practices: 

Forest medicine incorporates several elements: 

• Phytochemicals (Phytoncides): Trees and plants in forests release volatile organic 

compounds called phytoncides. These are often the "forest scent" we experience. 

Research suggests that inhaling phytoncides can boost human immune function, 

particularly increasing the activity and number of Natural Killer (NK) cells, which are 

vital for fighting infections and cancer [11]. 

• Sensory Engagement: The practice of "forest bathing" is a core component, involving 

mindful engagement with the forest through all five senses. This includes: 

o Sight: Observing the greenery, light patterns, textures, and movements. 

o Sound: Listening to birdsong, rustling leaves, trickling water. 

o Smell: Inhaling the earthy, woody, and floral aromas. 

o Touch: Feeling bark, leaves, moss, or the ground beneath your feet. 

o (Sometimes) Taste: Experiencing the freshness of forest air or, if guided, safe 

edible plants. 

• Reduced Stress and Mental Well-being: Forest environments offer a restorative contrast 

to urban life. They typically have lower levels of noise, light pollution, and air pollution, 

contributing to: 

o Lower stress hormone (cortisol) levels. 

o Reduced anxiety, depression, anger, and fatigue. 

o Improved mood, vigor, and cognitive function. 

o Activation of the parasympathetic nervous system ("rest and digest"). 

• Physical Activity: While not the primary focus, engaging in mindful walks within a forest 

inherently promotes light physical activity, contributing to cardiovascular health and 

overall fitness. 

• Traditional Knowledge: Acknowledging and often integrating the wisdom of indigenous 

communities who have historically relied on and understood the healing properties of 

forest environments for generations [11]. 
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Health Benefits (Supported by Research): 

• Immune System Boost: Enhanced NK cell activity, particularly due to phytoncide 

exposure. 

• Cardiovascular Health: Lowered blood pressure and heart rate. 

• Stress Reduction: Significant decrease in stress hormones and sympathetic nervous 

system activity. 

• Mental Health Improvement: Reduced symptoms of anxiety and depression, improved 

mood and cognitive performance [11]. 

• Improved Sleep: Better quality and duration of sleep. 

• Anti-inflammatory Effects: Potential reduction in systemic inflammation. 

• Faster Recovery: Aids in recovery from illness or surgery. 

Forest Medicine in Practice (India Context): 

• Rich Biodiversity: Madhya Pradesh boasts significant forest cover (over 30% of its 

geographical area) with a rich diversity of medicinal plants. Areas like Satpura, 

Vindhyachal, Amarkantak, Pachmarhi, and Patalkot are known for their healing herbs. 

• Traditional Systems: India has ancient and well-established traditional medical systems 

like Ayurveda, Siddha, and Unani, all of which heavily rely on forest-derived plants. 

Tribal communities in regions like Amarkantak and Satpura have a profound traditional 

knowledge of plant uses for ailments ranging from epilepsy (e.g., Achyranthes aspera), 

sore throat (Alpinia calcarata), hypertension (Boerhaavia diffusa), and skin ailments 

(Evolvulus alsinoides), to memory improvement (Centella asiatica / Brahmi) and general 

weakness (Chlorophytum arundinaceum / Safed Musli) [12]. 

• Economic Value: Medicinal plants from Indian forests contribute significantly to the 

national economy, forming the raw material for a large herbal industry and generating 

substantial income, especially for rural and tribal populations. 

• Growing Interest in Forest Therapy in India: There is increasing recognition and 

promotion of forest therapy in India. Centers like the Forest Healing Centre in Ranikhet, 

Uttarakhand, and various initiatives offering forest bathing walks across the country, 

highlight a growing awareness of these benefits. Sacred groves, community-protected 

forests deeply connected to indigenous beliefs, already serve as natural "healing spaces" 

where people go to unwind and connect with nature [12]. 

Distinction from "Plant-Derived Drugs": 

While related, it's important to distinguish "Forest Medicine" (as a holistic concept of health from 

forest immersion) from the direct extraction of compounds for "Plant-Derived Drugs." 
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• Forest Medicine (holistic/environmental): Focuses on the overall therapeutic effects of 

the forest environment itself, including phytoncides, sensory input, and psychological 

benefits. It's about being in the forest. 

• Plant-Derived Drugs (pharmacological/chemical): Focuses on isolating specific chemical 

compounds from plants (often from forests) that have pharmaceutical activity, which are 

then used to develop conventional medicines. This involves laboratory research, 

synthesis, and clinical trials [13]. 

Both aspects are vital for human health, and both rely on the conservation of healthy forest 

ecosystems. 

In summary, forest medicine represents a holistic approach to health that leverages the unique 

therapeutic properties of forest environments. It is a testament to the profound connection 

between human well-being and the natural world, drawing from ancient wisdom while being 

increasingly validated by modern science [13]. 

Evidence-Based Forest Medicine  

The field of Forest Medicine, particularly its core practices like Shinrin-Yoku (Forest Bathing) 

and Forest Therapy, is increasingly supported by a growing body of scientific evidence. This 

shift from anecdotal observation to rigorous research is crucial for its wider acceptance and 

integration into public health strategies [13]. 

Here's an overview of the evidence base for Forest Medicine: 

Key Areas of Research Focus: 

• Immune System Modulation: This is one of the most compelling areas of research. 

Studies consistently show: 

o Increased Natural Killer (NK) Cell Activity: NK cells are a type of white blood 

cell crucial for fighting viruses and cancer cells. Research from Japan, notably by 

Dr. Qing Li and colleagues, has shown that forest bathing trips significantly 

increase NK cell activity and the expression of anti-cancer proteins (like perforin, 

granzymes A/B, and granulysin). These effects can last for several days, even up 

to a month, after a forest visit. 

o Role of Phytoncides: These volatile organic compounds released by trees (e.g., α-

pinene, limonene) are believed to be a primary mechanism behind the immune-

boosting effects. Studies have shown that simply inhaling concentrated 

phytoncides can replicate some of these immune system benefits [13]. 

• Stress Reduction and Psychological Well-being: 
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o Reduced Cortisol Levels: Multiple studies have demonstrated a significant 

decrease in salivary or urinary cortisol (a primary stress hormone) after forest 

exposure compared to urban environments. 

o Lower Blood Pressure and Heart Rate: Consistent findings show that forest 

environments lead to a reduction in systolic and diastolic blood pressure and heart 

rate, indicating a relaxation response [13]. 

o Autonomic Nervous System Balance: Research using heart rate variability (HRV) 

has shown that forest environments shift the autonomic nervous system towards 

increased parasympathetic (rest and digest) activity and decreased sympathetic 

(fight or flight) activity [13]. 

o Improved Mood and Reduced Negative Emotions: Self-reported mood states 

(using tools like the Profile of Mood States - POMS) consistently show reductions 

in anxiety, depression, anger, confusion, and fatigue, and increases in vigor and 

positive affect after forest visits. Meta-analyses have confirmed significant 

improvements in depression and anxiety [13]. 

• Cognitive Benefits: 

o Attention Restoration Theory (ART): This theory suggests that natural 

environments allow for "effortless attention" or "soft fascination," helping to 

restore directed attention fatigued by urban environments and demanding tasks. 

Studies show improved concentration, memory, and creativity. 

o Reduced ADHD Symptoms: Research indicates that exposure to green spaces can 

reduce symptoms of Attention-Deficit/Hyperactivity Disorder in children. 

• Other Potential Benefits: 

o Improved Sleep Quality: Studies suggest that regular exposure to forest 

environments can lead to better sleep. 

o Anti-inflammatory Effects: Some research points to a reduction in markers of 

inflammation. 

o Faster Recovery from Illness/Surgery: Early studies show that patients with views 

of nature recover faster and require less pain medication [14]. 

Methodological Approaches: 

• Controlled Studies: Researchers often compare physiological and psychological markers 

(e.g., blood pressure, heart rate, cortisol, questionnaires) in participants exposed to forest 

environments versus urban environments (control groups). 

• Intervention Studies: These involve planned forest bathing trips or nature walks over a 

specific duration, with measurements taken before, during, and after the intervention. 
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• In Vitro/In Vivo Studies: Laboratory studies examine the effects of specific forest-derived 

compounds (like phytoncides) on cells or animal models to understand the underlying 

mechanisms. 

• Neuroimaging: Techniques like fMRI are being used to observe brain activity changes 

during and after exposure to natural stimuli [14]. 

• Meta-analyses and Systematic Reviews: These synthesize findings from multiple studies, 

providing a higher level of evidence for the effectiveness of forest therapy on various 

health outcomes like depression and anxiety [14]. 

Current State and Future Directions: 

• Growing Body of Evidence: The scientific literature supporting forest medicine is rapidly 

expanding, particularly from countries like Japan, South Korea, China, and increasingly, 

Western nations. 

• Establishing Mechanisms: While many benefits are observed, ongoing research aims to 

precisely elucidate the complex psycho-neuro-immuno-endocrine mechanisms involved. 

• Standardization and Dosages: Future research needs to refine what constitutes an 

"optimal" forest therapy experience, including factors like duration, frequency, type of 

forest, and specific guided activities. This is akin to determining the "dosage" in 

conventional medicine. 

• Clinical Integration: Efforts are underway to integrate evidence-based forest medicine 

practices into public health policies, preventive medicine, and even as complementary 

therapies for specific health conditions [14]. 

• Geographic Expansion: While much research has come from East Asia, studies are now 

being conducted in diverse geographic and cultural contexts, including in India. 

The scientific validation of forest medicine transforms it from merely a pleasant activity into a 

legitimate and powerful tool for promoting human health and well-being, underscoring the vital 

importance of conserving these invaluable natural assets [14]. 

Effects of Forest Bathing on the Immune System  

Forest bathing, or Shinrin-Yoku, has a demonstrable and significant positive impact on the 

human immune system, supported by a growing body of scientific evidence, particularly from 

research conducted in Japan. The primary mechanism believed to be responsible for these 

immune-boosting effects is the inhalation of phytoncides, which are volatile organic compounds 

emitted by trees and plants [15]. 

Here's a breakdown of the key effects of forest bathing on the immune system: 

Increased Natural Killer (NK) Cell Activity: 
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o What are NK cells? Natural Killer cells are a type of lymphocyte (white blood 

cell) that plays a critical role in the innate immune system. They are specialized 

to identify and directly kill abnormal cells, such as virus-infected cells and tumor 

cells, without prior sensitization. 

o The Effect of Forest Bathing: Numerous studies have consistently shown that 

spending time in a forest environment significantly increases the number and 

activity of NK cells in the human body. For example, a pioneering study by Dr. 

Qing Li and his team found that a 3-day, 2-night forest bathing trip led to a 50% 

increase in NK cell activity, and this elevated activity lasted for more than 30 days 

after the trip. 

o Mechanism: The inhalation of phytoncides (e.g., α-pinene, limonene) is a key 

factor. When these compounds are breathed in, they enter the bloodstream and 

appear to stimulate the production and activity of NK cells. 

o Anti-Cancer Proteins: Alongside increased NK cell activity, studies have also 

shown increased levels of anti-cancer proteins (like perforin, granzymes A/B, and 

granulysin) within NK cells after forest exposure. These proteins are essential for 

NK cells to effectively destroy target cells [16]. 

Reduced Stress and Its Indirect Immune Benefits: 

o Stress Suppression: Forest bathing is highly effective at reducing physiological 

stress. It lowers levels of stress hormones like cortisol and adrenaline, and shifts 

the autonomic nervous system towards a more relaxed, parasympathetic state. 

o Immune-Stress Connection: Chronic stress is known to suppress immune 

function, making individuals more susceptible to infections and potentially 

hindering the body's ability to fight off disease. By reducing stress, forest bathing 

indirectly supports and strengthens the immune system, allowing it to function 

more optimally. This stress-reducing effect is a significant pathway through 

which forest bathing enhances immunity, alongside the direct effects of 

phytoncides [16]. 

Potential for Broader Immune Modulation: 

o While NK cell activity is the most well-researched immune marker, some studies 

are beginning to explore other aspects. Recent research has indicated that forest 

bathing can lead to increased total, regulatory, and helper T cells, an improved 

CD4/CD8 ratio (important for immune balance), and elevated B lymphocytes. 

These findings suggest a broader positive impact on various components of the 

immune system. 
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o Anti-inflammatory Effects: Some research also suggests that forest environments 

and phytoncides may have anti-inflammatory properties, which could contribute 

to overall immune regulation and reduce the burden of chronic inflammation on 

the body [16]. 

How Phytoncides Work (Proposed Mechanisms): 

While not fully understood, the leading hypothesis for phytoncides' immune effects involves: 

• Direct Interaction: Phytoncides may directly interact with immune cells or signaling 

pathways, stimulating their activity. 

• Neuro-Immune Pathway: The inhalation of phytoncides can influence the nervous 

system, leading to a reduction in stress hormones, which in turn benefits the immune 

system (as explained in the PNEI network). 

• Cellular Level: In vitro studies have shown that phytoncides can directly enhance the 

cytotoxic activity of NK cells and increase the expression of key proteins involved in 

killing target cells [17]. 

Implications for Health: 

The evidence for forest bathing's immune-boosting effects has significant implications for: 

• Preventive Healthcare: Regular engagement with forest environments could serve as a 

non-pharmacological strategy to enhance general immunity and resilience against 

common infections. 

• Cancer Prevention and Support: The consistent findings on NK cell activity, which plays 

a role in anti-tumor surveillance, suggest a potential preventive effect on certain cancers 

and could even be a complementary approach in cancer care (though more research is 

needed here). 

• Chronic Disease Management: By reducing stress and improving immune function, forest 

bathing can contribute to the overall management and prevention of various chronic 

diseases that are linked to chronic inflammation and immune dysregulation [18]. 

• In conclusion, the scientific evidence strongly indicates that spending mindful time in 

forest environments has a tangible and positive impact on the human immune system, 

primarily through the action of phytoncides and the reduction of stress. This makes forest 

bathing a powerful and accessible tool for enhancing natural immunity and promoting 

overall health [18]. 

 

CONCLUSION:  

Forest medicine, as an evolving and increasingly evidence-based field, offers a compelling 

vision for the future of human health. It transcends the traditional boundaries of clinical 

treatment to embrace the profound healing power of our natural world [19]. 
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At its core, forest medicine champions the idea that our well-being is intrinsically linked to 

the health of forest ecosystems. It scientifically validates what ancient wisdom has long 

known: that immersion in a forest environment can profoundly impact our physical, mental, 

and spiritual health. From boosting our immune systems through the unseen magic of 

phytoncides to calming our nervous systems and restoring our mental clarity, forests provide 

a natural antidote to the stressors of modern life [19]. 

In places like Indore and the rich forested regions of Madhya Pradesh, India, the concept of 

forest medicine resonates deeply. Here, where biodiversity thrives and traditional knowledge 

of medicinal plants is woven into the cultural fabric, the potential for both research and 

practical application of forest medicine is immense. Leveraging these natural assets for 

structured forest therapy programs, while also continuing to explore the pharmacological 

potential of the diverse flora, represents a holistic approach to public health [19]. 

As we face global challenges like chronic stress, non-communicable diseases, and the ever-

present threat of new pathogens, forest medicine offers a powerful, accessible, and 

sustainable pathway to better health. It reminds us that: 

• Conservation is not just an environmental issue, but a health imperative. Protecting 

our forests means safeguarding a vital natural pharmacy and ensuring the 

continuation of essential ecosystem services that underpin human well-being. 

• Prevention is as crucial as cure. Forest medicine emphasizes proactive health 

promotion and disease prevention by fostering a restorative connection with nature. 

• Holistic well-being is paramount. It acknowledges the interconnectedness of our 

psychological, neurological, endocrine, and immune systems, recognizing that 

healing extends beyond mere symptom management. [20] 

In essence, forest medicine invites us to step away from the confines of concrete and 

technology, to reconnect with the ancient wisdom embedded in nature, and to harness the 

scientifically proven benefits that only a vibrant forest can offer. It's a call to integrate the 

healing power of green spaces into our daily lives and healthcare strategies, affirming that a 

healthy planet truly makes for healthier people [20]. 
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