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from Ancient Greek

pharmakon"drug" and 

kinetikos"moving, putting in 

motionñ (Wikipedia)

The use of traditional cooking 

with oil and spices led the way 

for absorption-enhancement of 

the medicinal qualities of 

herbal medicines

https://en.wikipedia.org/wiki/Ancient_Greek


Pharmacokinetics Overview

From: Psychophrmacology,

Fig. 1.1

2006. SinauerAssociates



Pharmacokinetics & Pharmacodynamics
of Herbal Active Constituents

1. First, the active constituents 

need to be identified, 

characerized

2. First, the active constituents 

have to be absorbed

3. Second, the ingredients in 

supplements or herbs need to 

have active constituents

4. The product has to have enough 

of the ingredients that have 

constituents to do anything 

(pixie dust)

ÅPharmacokinetics

ïñthe branch of 

pharmacology concerned 

with the movement of 

drugs within the body.ò

ÅPharmacodynamics

ïñthe branch of 

pharmacology concerned 

with the effects of drugs 

and the mechanism of 

their action.ò



Why Study Herbal Pharmacokinetics?

ÅEfficacyðhelps determine

ïThe best type of preparation (tincture, water-based extract, enhanced extract)

ïHow the bodyôs organs, tissues, and cells are affected by the herb

ïThe dose and dosage!

ÅSafetyða better understanding of the pharmacokinetics of herbal 

medicines is needed to support the predictability of botanical ïdrug 

interactions.

ÅHow to maximize herbal formulas to increase effectiveness

ÅWhy study pharmacodynamics? Efficacy, safety, identify biological 

activity, the mechanisms by which it acts



Scientific BasisðHerbal Research
Research articles on Scholar with key words related to pharmacokinetics

Original Research, C. Hobbs, 3-25-16



Pharmacodynamics
Agonists & Antagonists

ÅAgonistðincreases

ÅAntagonistðblocks

ÅAgonist+antagonist= herbs and 

herb formulas

ÅHerbs bind more reversibly 

than designed drug 

monosubstances

ÅHerbsðmore complex actions



Basics of Pharmacodynamics

ÅDrugs affect only the rate at which existing biologic 

functions proceed

Å Drugs do not change the basic nature of these 
functions or create new functions

Å Drugs can speed up or slow down the biochemical 

reactions

Å muscles to contract

Å kidney cells to regulate the volume of water and salts 

retained

Å Hormone secretion

Å Nerve transmission

Å Drugs cannot restore structures or functions already 

damaged beyond repair by the body

Å Most interactions between a drug and a 
receptor or between a drug and an enzyme are 
reversible

Å Sometimes an interaction is largely irreversible, 

and the drugôs effect persists until the body 

manufactures more enzyme

Å For instance, omeprazole, a drug used in the 

management of gastroesophageal reflux and ulcers, 

irreversibly inhibits an enzyme involved in the 

secretion of stomach acid

Å However, eventually the body will create more of 

the enzyme



Source: YouTube standard license (ParaCarell)

ÅActive transport

ÅRequires the use of energy to 

move an active chemical

ÅCarrier-mediated diffusion or 

or facilitated diffusionði.e. 

a carrier protein

ÅPassive transportð

diffusion osmosis



From: Muniraet al., 2015. Physiological Factors Affecting Drug Absorption. 

http://www.slideshare.net/sirazummunira/physiological-factors-of-drug-absorption-45020626



Active Transport

ÅAgainst the concentration gradient

ÅEnergy (ATP) is required

Åshape change transports solute from 

one side of membrane to other

Åprotein ñpumpò conformational 

change

ÅActive transport, other examples:

ïPinocytosis

ïEndocytosis

ïPhagocytosis



Phagocytosis, Pinocytosis, Endocytosis

From: Reece et al., 2011. Campbell Biology

Membrane Structure and Function: 

slideshare.net



Example-Mushroom beta-glucans

Åɓ-glucans dock to immune receptors 

including Dectin-1, complement 

receptor (CR3) and TLR-2/6

ïTrigger a group of immune cells 

including macrophages, neutrophils, 

monocytes, natural killer cells and 

dendritic cells

ïFungal beta-glucans are taken up by 

macrophages

ïThen digested to fragments

ïTaken up and distributed inside the body

ïThese bind to CR3 receptors

ï Inducing granulocytes to produce 

Source: Chan et al., 2009



Source: Chan et al., 2009

Cross-section of fungal 

cell wall

(ɓ(1,3)(1,6) D-glucan



Figure 3 Immune activation induced by ɓ-glucans

(From: Chan et al., 2009)

Åɓ-glucans can act on a variety of membrane receptors found 

on the immune cells

Å may act singly or in combine with other ligands

Å Various signaling pathway are activated and their pathways 

are shown

Å Reactor cells include monocytes, macrophages, dendritic 

cells, natural killer cells and neutrophils

Å Corresponding surface receptors are listed

Å Immunomodulatory functions induced by ɓ-glucans involve 

both innate and adaptive immune response

Åɓ-glucans also enhance opsonic and non-opsonic 

phagocytosis and trigger a cascade of cytokines release

Å tumor necrosis factor(TNF)-Ŭ and various types of 

interleukins (ILs).



Blood serum levels and Tissue Levels

A study in itself

ÅActive compounds are absorbed into the blood

ÅMetabolized by the liver to some degree

ÅThen migrate to the tissues

ÅLow blood serum levels may not indicate low bioactivity!

ÅLook at the curvesðthe second of two peaks might indicate 

the start of elimination through urine and feces



Pawaret al., 2012

CRM-LF consists of: 

CRM (6.17% w/w)ðexcipient

Gelucire® 44/14 (16.46% w/w)ðexcipient

Labrasol (5.76% w/w)ðemulsifier

Vitamin E TPGS (3.29% w/w)--antioxidant

PEG 400 (55.55% w/w)ðsolubility enhancer

Ethanol (8.23% w/w)ðsolvent

Anhydrous citric acid (2.88% w/w)preservative

HPMC E5 (1.64% w/w)ðcoating



From: Hussar, Merck Manual, Consumer version



Liver Enzymes & Drug Metabolism

ÅMost drugs, other chemicals that enter 

the blood are metabolized by the liver

ÅAlthough metabolism typically 

inactivates drugs, some drug 

metabolites are pharmacologically 

activeðsometimes even more so than 

the parent compound

ÅDrug (or active herbal compound 

metabolism) by the liver and bodyôs 

cellsðthe goal is to make the drug 

easier to excrete



Differences in Drug MetabolismðPeople

Å PM means poor metabolizer

Å EM means extensive metabolizer, which is the 

normal or usual phenotype

Å URM means ultra-rapid metabolizer

Å Approximately 7% of the U.S. population has a 

genetic defect in CYP2D6 that results in a poor 

metabolizer phenotype

Å people that have usual drug metabolizing ability 

(EM) can become phenotypic poor metabolizers 

if they are given a substance (drug or food as 

we will see later) that inhibits the enzyme



Active constituent metabolismðelderly

ÅWith aging, the liverôs 

capacity for metabolism 

through the CYP450 

enzyme system is 

reduced by Ó 30%

ÅDrugs reach higher 

levels and have 

prolonged half-lives in 

the elderly

Le--Overview of Pharmacokinetics 



Food-Drug Interactions (grapefruit) affecting 

Bioavailability serum drug levels

ïfuranocoumarins from grapefruit juice such as bergamottincan cause 

irreversible inhibition of the cytochrome P450 enzyme, CYP3A4

ïresulting in an increase in systemic exposure, leading to adverse drug 

reactions and toxicity

ïflavonoids in grapefruit juice, naringinand hesperidin, reduce 

bioavailability of some drugs (Dolton et al. 2012). 

ïInhibition of CYP3A4 is irreversible and it can last for longer than 3 

days after ingestion of grape fruit juice until new enzyme has been 

synthesized in the gut wall (Pirmohamed2013)



Herbs are not Drugs

ÅHerbs have many weaker 
chemicals that bind to 
receptor sites on and in cells

ÅThey usually are not as 
tightly -binding as drugs that 
are specifically designed to 
bind and have a dramatic 
effect

ÅAnimals co-evolved with 
plants for millions of years!

ÅA drugôs action is affected by 

the quantity of drug that reaches 

the receptor and the degree of 

attraction (affinity) between it 

and its receptor on the cellôs 

surface.



Herbal inhibitorsðCytochrome P450 Enzymes

Source: Foti & Wahlstrom, 2008. role of dietary supplements in cytochrome P450-mediated drug interactions



Herbs Affecting P450 Enzymes

Source: EBM 

Consult
http://www.ebmcons

ult.com/content/page

s/medications-herbs-

cytochrome-p450-

cyp-enzyme-

inhibitors

http://www.ebmconsult.com/content/pages/medications-herbs-cytochrome-p450-cyp-enzyme-inhibitors


St. Johnôs Wort Induces CYP3A

ÅCYP3A is responsible for metabolizing the 

greatest number of marketed drugs

Å Inhibitors of CYP3A 

ïGrapefruit juice

ïSome pharmaceutical drugs (antifungals, 

erythromycin)

Å Inducers of CYP3A

ïSt. Johnôs wort

ïMean plasma concentration time course of indinavir

in 8 healthy volunteers with indinaviralone or after 

taking indinavirwith St. Johnôs wort.1 (57% reduction 

in AUC)



St. Johnôs wort

Effect of SJW on drug metabolism of Xanax (14-day 

administration (JAMA. 2003. 290:1500-1504.

St. Johnôs wort has effects on the cytochrome 

P450 system (induction of CYP 3A4 and 2C9) 

as well as the major drug transport protein ïP-

glycoprotein



KavaðHepatotoxicity?

Source: Henderson et al., 1999. Phytomedicine11(4):285. 



Traditional Herbal FormulasðAbsorption

ÅTraditional herbal formulas in traditional Chinese medicine 

(for instance) often includes 3-12 different herbs

ïSome are used to enhance the bioactivity of major actives

ïAlso to act on different aspects of a disease process or symptom

ÅFor instance, URIðantiviral, enhance host immunity, relieve symtpoms

ïSome are added for flavor and taste (ñharmonizeò)

ïOther herbs can reduce toxicity

ïOthers are added to enhance bioavailability of actives

ÅStudies show that in the presence of anthocyanins, other compounds, the 

major actives are better absorbed!



Examples of traditional formulas that 

include bioavailability enhancers

ÅFu ganfeng(contains active hepatoprotectivecompounds 

that are better absorbed within the context of the formula

ÅSan huangxie xin tang (rhubarb and coptistea pills)

ïRhein, known active bowel-enhancer is better absorbedðin the 

rhubarb herb, but even more from the formula



Pharmacokinetics, Pharmacodynamics of major 
compounds from FuganFang (tx hepatic diseases)

Å FuganFang (FGF) is an effective 

traditional Chinese medicine (TCM) 

prescribed for the clinical treatment 

of hepatic diseases

Å Pharmacokinetic parameters of

ï calycosin-7-O-ɓ-D-glu (isoflavone)

Å Hormone modulator, phytoestrogen

ï ononin(isoflavone)

Å Hormone modulator, phytoestrogen

ï gentiopicroside(iridoid glycosides)

Å Bitter, digestive enzyme activator, immune

ï Sweroside(iridoid)

Å Bitter, digestive enzyme activator, immune

ï ferulic acid (phenolic acid)

Å Abundant in fruits, veggies, mint family

Å Potent antioxidant, antiinflammatory

ï p-coumaricacid (phenolic acid)

Å Immunomodudlator, antiinflammatory



Pharmacokinetics of Rhubarb Actives

Å Cofactors increase absorption of rhein

Å San-Huang-Xie-Xin-Tang (SHXXT)

Å Coptisand rhubarb tea pills

Å Contains coptisstem, rhubarb root, 

scuteRoot (Scutellariabaicalensis)

Å Chinese patent for treating constipation

ÅConclusion: ñthe herbal formulae 

(SHXXT) are more efficient than the 

single herb (rhubarb) or the pure 

compound (rhein) in rheinabsorptionò

Hou et al., 2014



Pharmacokinetics of Curcumin

Pawaret al., 2012



Products



Commercial Products--Issues

Å FDA does have regulatory control 

over dietary supplements

Å Claims and quality are main 

concerns

Å Still, some unproven ingredients are 

marketed

Å No licensure required, like Canada, 

most European countries

Å Products should meet GNPs, 

identity, purity, potency, consistency

Å Still some problems with 

substitution, reduced actives, testing, 

purity, but many improvements made



Tinctures vs. powdered extracts
Maltodextrin and other ñCarriersò

ÅCarriers are often necessary, 

but they can also be ñfillersò

ÅThey become fillers when in 

excess for the purpose of 

helping the ingredient to ñflowò 

and to help avoid caking 

because ingredients are too 

hydroscopic

ÅTinctures vs. powdered extracts

ïTinctures

Å+ Cold process, increased 

absorption, good shelf life

ÅSome ñfarm to bottleò

Å- Contains alcohol, highly diluted

ïPowdered extracts

Å+Up to 25x more concentrated

Å-Extraction can hide poor quality, 

filth

ÅFillers have to be tested for


