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ADVANCED PHYTO-CHEMISTRY AND PLANT CONSTITUENT STUDY 
PART ONE: INTRODUCTION  
 

LEARNING GOALS OF PART ONE: INTRODUCTION  

Identify the reasons to study phyto-chemistry and include it in a holistic herbalism approach.  

Understand the process in which plants produce phyto-chemicals.  

Understand the concepts of synergy, variability & standardization.  

Prepare a baseline of understanding for subsequent phyto-chemistry plant constituent study.  

 

WHY STUDY THE PLANT’S CONSTITUENTS?  

Often the herbal student will come to a point in their learning where they question “Why/How do 
herbs work?” This question is a complex one, with many answers. In an attempt to unravel this 
mystery, the student (or practitioner!) can become too myopic, focusing in on a single plant 
constituent to try and contribute the herb’s ability to a source.  

A Reminder for this section: The Whole is more than the Sum of its parts. 

The activity of most herbs is more complex than a mere representation of the effects of an 
‘active ingredient’.  Effects of an herb can be rarely attributed to a single constituent.  

“Analyzing a medicinal plant for its constituents is certainly of theoretical interest, but for practical 
purposes it is more likely to cause confusion. The action of any medicinal plant is complex. It is 
the sum of all the constituents the produces the medicinal action.”  

- Rudolf Weiss  

To a pharmacist or manufacturer of certain botanical and/or nutritional supplements, herbal 
constituents are the active ingredients of the plant, or the chemicals that have demonstrated a 
definable physiological and therefore possible effect upon the body.  

The emphasis placed on the importance of identifying and extracting these singular plant 
chemicals in isolation from the rest of the plant has created an industry of medicines that 
are without holism.  

An Isolated Phyto-molecule is generally not considered herbal medicine. 

Example:  Isolated digitoxin is used in contemporary pharmacy which is a cardiac glycoside 
extracted from Foxglove (Digitalis purpurea) 
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This alone is a representation of the divide that exists between the reductionist vs. 
vitalistic/holistic models that have long existed within the medical field.  

 
Herbal medicine is complex, herbs contain several constituents at minimum and when herbs are 
combined the goal is to produce synergy. Synergism implies that the interaction of 2 or more 
agents results in a combined effect that is great than the sum of the individual parts. (We cover 
synergy in a subsequent section).  
 

TOP 3 REASONS TO STUDY THE PLANT CONSTITUENTS 
 
Utilizing herbs to create quality medicines for wellness practice is an ethical responsibility to the 
plants, the person whom you are working with and the process itself. Inadequate herb quality, 
adulteration and improper extraction methods are all issues with the industry.  
Having many ways to analyze your herbs and/or herb medicines is important and this is the crux 
of why one needs to study the plant’s constituents.  
 

1) Quality Assurance  
2) Appropriate Extraction Methods  
3) Understanding Pharmacological Activity  

 
“Isolation and experimentation with single constituents can provide information that can be 
adapted to a more holistic understanding of an herb’s action. Knowledge of individual 
constituents is also essential for developing quality control methods, extraction procedures, 
understanding of pharmacological activity and pharmacokinetics.” -Andrew Pengally 
 
 
 
QUALITY ASSURANCE  
 
To perform a successful Quality Assurance test on any herb demands a certain level of education 
and understanding of the plant. Everything from colour, aroma and taste, to botanical species 
identification needs to be addressed. Knowing how certain plant constituents present in a herb 
will be very helpful to this process. For example, the echinacein (an alkyamide) is responsible for 
zingy response on the tongue one experiences when chewing Echinacea root. We also 
experience this with the plant Spilanthes, which contains spilanthol, also an alkyamide.   
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APPROPRIATE EXTRACTION METHODS  
 
The medicine of a plant is captured and obtained through various extraction methods. Certain 
active components of plants need certain solvents (mentruums) to fully extract the constituents 
from them.  
 
A menstruum is the medium to which the medicinal aspects of the herb are extracted into. 
Simple example of this is a tea infusion of nettles. The water in the tea is the menstruum.  
 
An excellent example of this process is with Mucilage. Herbs that contain mucilage need to be 
cold water extracted (cold infusion) to obtain the mucilage. The mucilage is the active component 
responsible for the herbal energetic/action of demulcent. 
 
 
 
UNDERSTANDING PHARMACOLOGICAL ACTIVITY  
 
Pharmacology is the branch of science that studies therapeutic agents in all their effects. Such 
agents are usually called drugs. Drug refers to both herbal and synthetic as both contain 
chemical constituents. We will identify drug as the herbal form here forth.  
 
The word drug is derived from the Middle English drogge, which is derived from the Dutch word 
droge, meaning ‘dry’. Our modern word drug refers to the use of dry plants in medicine. One 
might conclude that drug is a herbal word.  
 
Pharmacology is very extensive as we will discover and knowing the plant’s chemical 
composition is a key part of this practice. Herbalists who train within this scope are often referred 
to as Phytotherapists.  
 
The word Pharmacology itself is derived from the Greek works pharmakon (drug) and logos 
(word).  
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Pharmacology includes the following divisions:  
 

• Pharmacodynamics: Focuses on the study of the physiological or biochemical 
mechanisms in which drug actions are produced. This involves identifying effects 
produced and the sites and mechanisms of their actions in the body.  

 
• Pharmacokinetics: Investigates factors that modify the effects of a drug, such routes of 

administration, rates of absorption, differential distribution and mechanisms of excretion 
and detoxification.  

 
• Toxicology: The study of effects unfavourable to health. This includes plant and synthetic 

drug interactions and toxicity levels.  
 

• Pharmacognosy: Focuses on the identification and analysis of plant and animal tissues 
from which drugs may be extracted.  

 
• Pharmacy: Focuses on the art and science of preparation, compounding and dispensing 

drugs.  
 
The Value of Reductionism  
 
• Chemical science is based on reductionism: understanding the whole through its parts  
• Modern instrumental analysis excels at detecting & defining unique structures  
• Properties of individual chemicals & structure-function relationships can be determined  
• Extensive phytochemical literature has accumulated over the last few decades  
• Analytical techniques have vastly improved quality control  
• Many well-designed studies support & elucidate traditional usage.  
 
We can honor traditional wisdom while also learning from Science.  
 
Reductionism is a great tool, but a terrible philosophy. -Lisa Ganora 
 
 
 
 
 
 
 
 
 

 



 5 

PHOTOSYNTHESIS & BIOSYNTHETIC PATHWAYS  

Photosynthesis is a process by which the leaves of plants manufacture carbohydrates and 
oxygen, using carbon dioxide from the air and water absorbed from the roots. This reaction is 
only possible under the influence of sunlight and in the presence of specialized plant cells called 
chloroplasts which contain the light trapping pigment called chlorophyll.  

All chemical compounds found in plants are derived from a few metabolic pathways. These 
pathways being in the chemical products of photosynthesis and glycolysis along with precursor 
molecules such as pyruvic acid and other organic acids. A series of intermediate compounds are 
formed and mediated by certain enzymes until a complex stable macromolecule is formed.  

 

PRIMARY AND SECONDARY METABOLITES  
 
The chemical constituents found in plants are classified as either primary or secondary 
metabolites.  
 
In all living beings, chemical compounds are synthesized and broken down through a series of 
chemical reactions, each mediated by an enzyme. This complex process is called metabolism, 
which includes catabolism, the breakdown and anabolism, the synthesis.  
 
All organisms possess similar metabolic pathways for the synthesis and use of essential 
chemicals. This is called Primary Metabolism and yields chemicals necessary for the survival 
and health of the organism. In the Plant Kingdom these processes included respiration, 
photosynthesis, growth and development.  
 
Primary Metabolism: Molecules and processes necessary for life  
– Respiration – Photosynthesis – Growth and development – Energy –  
Include:  

• Genetic material / DNA   
• Proteins, enzymes  
• Components of cell membranes  
• Primarily carbohydrates, lipids, and amino acids; less likely to be potent pharmacological 

compounds, with exceptions.  
 
Plants also use metabolic pathways to produce compounds that seem to have no essential or life 
sustaining function.  Where Primary metabolites participate in nutrition and essential metabolic 
processes inside the plant, Secondary metabolites influence ecological interactions between 
the plant and its environment. 
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Secondary Compounds Secondary metabolism:  
• Not required for the short-term survival of the organism  

• Mostly considered “defensive” substances  
• Over 100,000 compounds identified to-date functions include:  

• Toxic to animals to deter eating (insects, grazers)  
• Pigments to protect from solar radiation  
• Volatile oils to attract pollinators  
• No doubt many other things unknown to us (Science when honest, is humble)  

• Plant intelligence, mood, communication  
 
Secondary Metabolite specialised functions include: 
• Defence against herbivores (insects, vertebrates) 
• Defence against plant pathogens 
• Defence against other plants 
• Signal compounds to attract pollinating and seed dispersing animals 
• Signals for communication between plants and symbiotic microorganisms 
• Protection against ultraviolet light, oxidation and other physical stressors 
 
Examples of Secondary Plant Metabolite Plant Constituents and their known functions:  
 

• Alkaloids can play a defensive role in plants against herbivores and pathogens. 
 

• Glucosinolates appear to have a role in protecting against insect attack.  
 

• Tannins act to preserve the wood in living trees from microbial decomposition and 
insects.  

 
• Several classes of secondary metabolites are created by infection, wounding or grazing. 

Both salicylic and jasmonic acids have been implicated as signals in such responses.  
 

• Toxic chemicals formed in response to damage, especially from fungal attack, are called 
phytoalexins.  

 
• In legumes, secondary metabolites are involved in interactions with beneficial micro-

organisms (flavonoids as inducers of the Rhizobium symbiosis) and in defence against 
pathogens (isoflavonoid phytoalexins). 

 
• Plants have also developed chemical defences against other plants, a phenomenon 

known as negative allelopathy. Many compounds are implicated, including phenolics and 
terpenoids. Positive biochemical interaction, or facilitation, among plants is also becoming 
increasingly recognised (positive allelopathy) 
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SYNERGY, VARIABILITY & STANDARDIZATION  

At times, synergy is used to describe the collaboration of different herbs working together in a 
formula to bring about a collective, holistic outcome. It can also describe the multiple activities of 
multiple constituents working together in a single herb. This concept is often referred to as the 
reason why whole plant medicine is safer, more effective than single constituent extractions. It 
also can explain why when the primary constituent known to provoke an action is in relatively low 
concentrations in the plant however still results in an outcome that is productive.  

Types of Synergy  

1) Potentiating synergy: enhancement of activity. 

2) Stabilization synergy: protecting unstable constituents. 

3) Mitigating synergy: modification of toxicity or adverse effects. 

Polypharmacy of Plantago spp.  

• Antiseptic: aucubin  

• Astringent, drawing: tannins  

• Anti-inflammatory: flavonoids, iridoids  

• Vulnerary: mucilage, allantoin, tannins.  

The plant provides the synergy: Whole plant medicine  

 

VARIABILITY & STANDARDIZATION  

Herbs have variable factors that affect the balance and yield of the chemical constituents present 
in the plant. The terroir of the herb, its experience while it is alive, will determine the complex 
quality of the Phyto-chemistry of plant’s molecular make up. Plants are dynamic and responsive 
and genetically flexible.  

Factors that influence variability:  

1. Seasonal Cycles  
2. Location, Altitude  
3. Growing conditions, soil quality, water quality  
4. Climate/microclimate, weather and sunlight  
5. Variability of Plant Parts  
6. Bacteria, virus and pathogenic fungi exposure  
7. Human and other animal exposure  
8. Insect companions and predators  
9. Fungi and mycorrhizae relationships  
10. How and when the plant is/was harvested  
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Industry has tried to create botanical supplements and/or herbal products that are standardized to 
the various known active components of the plant to find that the end product causes issues to 
which the whole plant medicine does not. Or, that the end result is that the plant when 
‘standardized’ lacks the medicinal aspects of the whole plant medicine.  

 

Examples:  

St. John’s Wort/Hypericum perforatum: Originally standardized to the hypericin content, later 
hyperforin was included and now it is determined that flavonoid content provides important 
synergy to the entire medicinal action.  

 

Turmeric/Curcumin longa: So much information has been documented on the efficacy of 
curcumin, an active Phyto-chemical of the plant. However latest studies of this plant have taken 
out the curcumins and turmeric remains effective.  

 

Tea Tree Essential oil: The volatile Phyto-chemistry of Tea Tree oil is vast, however there is 
typically a higher level of a complex terpene called terpinen-4-ol. Figuring this was the 
contributing factor to its efficacy, it was isolated and then discovered it was no longer effective. 
Proving Tea Tree is more than the sum of its parts.  

 

Standardization: Myth vs. Reality  

Marketing has taken precedence over both Tradition and Science. Claims are based on the 
presumed existence of a single “active ingredient”, which has been proven only in limited, 
specific cases.  

There is no standard definition of standardization. Some manufacturers simply mix batches, 
others chemically manipulate the plant material. When constituent levels are manipulated, there 
are potential increased interactions and side effects.  

Standardization is a process that manufacturers may use to ensure batch-to-batch consistency of 
their products. In some cases, standardization involves identifying specific chemicals (also known 
as markers) that can be used to manufacture a consistent product.  

 

None of this denies the value of studying Herbal Chemical Constituents as long as it takes place 
within the context of holism as Holistic Herbalism focuses on using whole plants for whole 
people. 
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