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Abstract
Advances in medical science have led to the cure and prevention of major diseases leading to longer lifespans. However, increasing lifespan has presented new medical 
challenges such as the rise of chronic and age-related illnesses. Chronic diseases are often associated with perturbations of multiple disease pathways and may require 
simultaneous modulation of multiple targets. Thus, the current paradigm of drug discovery and development based on a specific, single disease target may need to be 
complemented with a holistic systems-based approach.  Although botanicals have historically been a source of new drugs, botanical extracts are not widely accepted 
in Western medicine. A relatively new regulatory approach with botanical extracts as a new class of drugs may pave the way for a new paradigm in discovering and 
developing therapies for chronic diseases.
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Introduction
Drugs sourced from natural products such as microorganisms 

and plants have been the foundation of the pharmaceutical industry.  
Aspirin had its origins in the time of Hippocrates (460-370 BCE) where 
willow bark and salicylate-rich plants were used to reduce pain, fever 
and inflammation. The turning point came centuries later when Bayer 
scientists produced synthetic acetylsalicylic acid (aspirin) with the 
same effects as salicylate extracts. Another example is the fungus that 
Alexander Fleming identified in 1928, which had anti-bacterial activity. 
Howard Florey extracted the penicillin molecule paving the way for its 
large-scale commercial production and its revolutionary use to treat 
infections. Together Ernst Boris Chain, Fleming and Florey won the 
Nobel Prize in Physiology or Medicine in 1945.

In the last 40 years a drug discovery and development paradigm 
based on a single, drug target and its mechanism of action evolved. 
Advances in high-throughput screening, genomics and structure-
based drug design validated and accelerated its progress. Examples 
include the discovery and development of more selective COX-2 
(cyclooxygenase-2) inhibitors, with fewer side effects than aspirin; 
statins or inhibitors of HMG CoA reductase, the key enzyme in 
cholesterol biosynthesis for the treatment of hypercholesterolaemia; 
and anti-retroviral agents targeting the HIV (human immunodeficiency 
virus) reverse transcriptase enzyme. The same period also saw the 
emergence of biological or large molecule drugs (mainly proteins) to 
treat metabolic disease (e.g. recombinant insulin for diabetes; human 
growth hormone for dwarfism; interferon-beta for multiple sclerosis) 
and rare, orphan diseases (recombinant human deoxyribonuclease for 
cystic fibrosis). This period also witnessed the fulfilment of humanised 
and fully human monoclonal antibodies’ promise in the treatment of 
cancer and other inflammatory diseases such as rheumatoid arthritis. 

The challenge in chronic disease: Targeting multiple 
target and pathways

The success in conquering human disease has led to longer lives 
but has come with a price – the emergence of chronic indications 

associated with aging and longer lifespans.  Thus, although there has 
been significant success in developing novel drugs with the single target 
paradigm, drug development in chronic diseases has increasingly been 
challenging. It is becoming clear that chronic diseases involve multiple, 
dysfunctional pathways that may need simultaneous modulation 
[1,2].  Most of the targets being modulated by current drugs or drugs 
in development are downstream of the disease pathway and correlate 
more with symptoms rather than the cause of the disease. Targets 
such as TNF (tumour necrosis factor)-alpha in inflammation and 
hyperglycaemia in diabetes are examples of this.  Current trends 
in combination therapy and precision medicine in oncology with 
different immunotherapies and chemotherapies represent strategies in 
simultaneously targeting multiple pathways to manage disease. 

Recent discoveries on the role of the microbiome have also led to a 
better understanding of its interaction with the host and its contribution 
to chronic diseases. Although it is possible that there are a limited 
number of control points which would have more broad and effective 
effects to manage disease, these are currently unknown. A key element 
in most chronic diseases is inflammation. Notwithstanding, therapeutic 
targets in inflammation remain vague and elusive due to multiple 
pathways. Not only is it important to identify which targets to address 
but it are also imperative to identify where in the pathway to intervene. 
In rheumatoid arthritis, the cause of inflammation in different joints 
was attributed to various pathways [3]. Another observation is cross-
talk between rheumatoid arthritis and coronary artery disease within 
the same inflammation pathway [4]. Thus, modulating a single target 
or pathway associated with inflammation is probably not sufficient to 
manage or treat a chronic illness.  Furthermore, the more upstream 
in the pathway the target is the better. Most targets of current drugs 
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Furthermore, from a clinical nutrition standpoint, these polyphenols 
can lower the glycemic index of carbohydrate-rich foods [10,11].

Several species of algae and microalgae (cyanobacteria) are a rich 
source of bioactive components that have shown potential for treating 
diabetes and metabolic syndrome [12]. Spirulina extracts have also 
shown novel, anti-microbial activity as well as anti-inflammatory 
properties that can treat mild to severe fungal infections such as 
onychomycosis [13], viral infections [14] and some effects on the 
microbiome [15]. 

Given the complex nature of a botanical extract, it is conceivable 
that it can simultaneously modulate multiple pathways of the host 
as well as the microbiome. This is a plausible reason for its observed 
efficacy. As an extract, it is most likely composed of multiple bioactive 
components involved in multiple mechanisms of action. However, 
complexity can potentially be a curse since the extract may have 
components with underlying toxic effects.  In any case, the appropriate 
fractionation and separation techniques combined with analytical 
testing should provide a good handle in ensuring consistency in batch-
to-batch preparations.

Unlike single compounds that need to be tested individually, 
an advantage of the botanical regulatory path is that the extract can 
be tested as a single entity for toxicity and safety. It is not necessary 
to purify each component but there is a requirement that some 
components are identified and that there is a validated analytical 
assay that can be used to measure and ensure product consistency. 
Another advantage especially if the botanical is from a food source or 
considered as GRAS (generally recognized as safe), is its safety profile 
which expedites the conduct of clinical studies and can significantly 
reduce drug development costs.

For a botanical drug, the botanical source should be amenable to 
large-scale production and the extraction process needs to be scalable for 
drug development.  Thus, one of the challenges is to ensure consistency 
in product batches which can be influenced by consistency in the growth 
environment of the botanical source. For example, microalgae can be 
cultured in bioreactors [16]. Advances in agricultural and aquaculture 
mass production techniques in controlled environments will help 
ensure product consistency, e.g. indoor agriculture/vertical farming 
[17].  Once the botanical material is produced, advanced analytical 
techniques in mass spectrometry and separation technologies provide 
the quality control needed for the botanical source and its extracts.  

A way forward – commercialisation strategy
The new paradigm of targeting multiple pathways in chronic 

disease with botanical extracts represents a novel approach in treating 
or managing chronic diseases.  

One possible commercialisation strategy, which allows early market 
entry, is to initially develop a nutritional product from a botanical 
source that is known to be safe or labelled GRAS with limited claims 
on the disease of interest. In addition to achieving market acceptance 
and early revenues, this approach allows the product to develop a 
safety profile and for the company developing it to accumulate efficacy 
data albeit anecdotal from customer feedback. At the same time, 
standard drug development via an IND (investigational new drug) 
can commence based on the US FDA botanical regulatory path, which 
requires an established manufacturing process and the conduct of 
well-controlled clinical trials to demonstrate efficacy and safety. This 
parallel development and marketing process allows cross-fertilisation 
of product information towards the development of a more efficacious 

such as TNF-alpha and IL (interleukin)-6 are downstream in the 
inflammation pathway.

A new class of drugs and treatment paradigm in chronic 
disease: botanical extracts

Clinical drug development is a rigorous process to determine the 
safety and efficacy of a drug candidate. One of the challenging steps 
in the process is determining the toxicity of drug candidates. Each 
candidate’s toxicity profile has to be determined before embarking 
on any combination therapy. This increases the cost of developing 
combination therapies from novel drug candidates. Therefore, if one 
were to modulate multiple targets or pathways, only drugs that have 
gone through rigorous pre-clinical and clinical testing should be 
considered. In other words, each novel drug candidate has to undergo 
its own thorough toxicology testing. 

For centuries, botanical extracts have been a source of treatment 
as demonstrated in Ayurveda (traditional Indian medicine) and 
Traditional Chinese Medicine (TCM).  These traditional drugs are 
often extracts, derived from an entire plant, and are composed of 
a multitude of bioactive components. The fact that Ayurveda and 
TCM exist and remain popular attests to some efficacy albeit largely 
anecdotal. However, these therapeutic modalities lost favour with 
the pharmaceutical industry in decades past due to batch-to-batch 
inconsistencies in manufacturing and the lack of well-controlled 
clinical trials. The regulatory hurdles isolated these traditional 
medicines which had little beyond empirical evidence.

More recently, these traditional drugs are being tested in the same 
well-designed and controlled clinical studies applied to single entity 
drugs [5]. The US Food and Drug Administration (FDA) established 
a clear regulatory pathway for botanical drugs [6]. To date, only 
2 drugs have been approved via this botanical path [5]. Veregen® 
(sinecatechins), an extract derived from green tea (Camelia sinensis 
Kuntze) for treating genital and perianal warts topically was the first 
botanical drug approved by the US FDA in 2006. In 2012, the FDA 
approved the second botanical drug and first oral botanical drug, 
Fulyzaq® (crofelemer) now called Mytesi®, an anti-diarrheal drug for 
HIV patients derived from the latex of the South American croton tree 
(Croton lechlerii Müll. Arg).

The US FDA’s botanical path considers the extract to be drug, and 
not the isolated chemical entities. The rationale behind this regulatory 
approach is that the observed efficacy has been associated with the 
use of the entire plant or its extracts. Failure to replicate therapeutic 
results can be attributed to the inability to isolate a distinct chemical 
entity that can reproduce the desired effects. The observed efficacy is 
thus associated with the action of multiple components including any 
synergistic effects that are lost during the fractionation of the extract. 
Botanical drug discovery will therefore involve methods that allow the 
isolation and characterisation of synergistic bioactive components and 
will play a significant role in sustaining efficacy in the development of 
this class of drugs [7].

A promising class of bioactive compounds in extracts are 
polyphenols; the two aforementioned FDA-approved botanical extracts 
involve polyphenols. Polyphenols and flavanols have multiple modes of 
action. They have shown efficacy towards managing metabolic disease, 
which can be attributed to these simultaneous activities [8]. These 
molecules are also known to regulate the microbiome [9]. Interestingly, 
polyphenols that are by-products of a filtered molasses concentrate has 
been shown to modulate postprandial glucose and insulin response. 
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and safe botanical drug. This approach provides a risk-mitigating and 
cost-effective strategy for future botanical drug development, which 
should translate to efficacious therapeutic options that lower healthcare 
costs especially for chronic diseases for any demographic and not only 
the aging population. 
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