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Abstract 
Botanicals have been extensively used throughout history,
especially as natural medicines and dietary supplements.
Botanicals contain complex mixtures of chemicals, many
of which lack pharmacokinetic and toxicity data in humans.
In silico modeling, such as quantitative structure–activity
relationships (QSAR) and physiologically based 
pharmacokinetic (PBPK) modeling and simulation, are
becoming important tools to evaluate botanical 
constituents. These in silico methods have emerged as 
rapid means for screening, prioritizing subsequent studies,
and filling data gaps for botanical safety assessment. 

Here, several applications of QSAR and PBPK modeling
and simulation to evaluate botanicals are presented. First,
physicochemical and pharmacokinetic properties of
botanical constituents were predicted by QSAR models.
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Introduction 
Human consumption of botanicals can lead to complex and
dynamic internal exposure profiles (i.e., phytochemical 
constituent plasma concentration and time profiles) that in 
aggregate determine the degree and range of human biological 
responses (e.g., toxicity). Therefore, a clear understanding of 
the ADME (absorption, distribution, metabolism, and excretion)
properties of phytochemical constituents is pivotal for botanical 
safety evaluation. 
Botanicals contain complex mixtures of numerous
phytochemical constituents. There are limited in vitro and in
vivo studies on these phytochemical constituents. Since 
structural information is often the only data available, in silico
modeling could serve as an initial screening tool for botanical 
safety evaluation.
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Extended Clearance Classification System 

> 50% of constituents
are in ECCS Class 2,
which are predominantly
metabolized by the liver. 

> 20% of constituents fall
into ECCS Class 4,
which are predominantly
cleared in unchanged
forms by the kidney. 

PBPK predicts plasma and tissue 
concentrations Cannabis sativa L. 
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Predicted CBD plasma profiles agree well with clinical data. 
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QSAR predicts organ toxicity
• Ashwagandha is a medicinal plant used in traditional Asian medicines as an

adaptogen to promote both physical and mental health. 
• Reports of hepatotoxicity, cardiotoxicity, and reproductive toxicity in humans and

animals have been associated with its use. 
• Withanolides are the major bioactive phytochemicals in Ashwagandha. 

Withaferin A Withanone 

• For 14 selected withanolides, QSAR predicted liver toxicity in humans, as well as 
reproductive and developmental toxicities in animals. 

• Withanolides were out of the applicability domain for heart and kidney QSAR 
models.

Conclusion 
• In silico modeling fill data gaps in evaluating botanicokinetics

and safety of data-poor phytochemical constituents. 
• Future eff t is needed to expand QSAR applicability domainor

for phytochemical constituents. 
• More in silico, in vitro, and in vivo concordance studies are
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CBD Cmax in liver: 86nM 

CBD Cmax in plasma: 6nM 

CBD accumulates in fat 
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In silico programs used in present studiescomprehensive view of potential effects of 
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ical QSAR-predicted physicochemical properties (e.g., solubility, permeability) were used 
to predict absorption and clearance of botanical phytochemical constituents. 

Predicted concentrations of 17 cannabinoids in plasma and tissues 
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