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Physiologically based pharmacokinetic (PBPK) simulations and modeling of botanical constituents
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INTRODUCTION RESULTS RESULTS
Botanicals have broad use as traditional medicines, natural health Asian ginseng constituents have low predicted %Fa, for example (20S)- A PBPK model was developed to simglate_ PK data from heal?hy
products, and dietary supplements around the world. Due to the protopanazodiol and notoginsenoside R4 have predicted %Fa below volunteers® for both IV bolus and oral administration of 10 mg of yohimbine
complexity and variability in chemical constituents, safety testing for 5%. (20S)-protopanazoldiol has a low predicted aqueous solubility (@ constituent of Yohimbe). Lower or upper bounds from ADMET
botanicals is challenging. The Botanical Safety Consortium, created to (S+Sw) that severely restricts its dissolution in the gastrointestinal (Gl) Predictor's regression uncertainty of intestinal effective permeability,
address this challenge, is a partnership among industry, academia, and tract. Notoginsenoside R4 contains five sugar rings that makes it very fraction unbound In plasma, CLint, and blood to plasma ratio were used to
government experts to promote new approach methodologies, such as in hydrophilic and capable of forming many hydrogen bonding pairs. This produce the_ best fit to in vivo data. The model simulations compared with
silico modeling, to enhance the botanical safety toolkit. Here, high- combination results In a low predicted human jejunal permeability. representative obser\{ed PK dat_a are shown o_elow. Yohim!:)ine’s PK.vaIues
throughput pharmacokinetic (HTPK) simulations were used to predict (S+Peff). vary greatly from. Subje_ct to subject. Ap_opula_ltlon _model vv_|II l?_e_carrled out,
pharmacokinetic (PK) properties of 211 constituents in 13 botanicals. Constituent %Ea S+5Sw SZPEff In the future, to simulation PK data with intra-individual variabllities.
Additionally, PBPK models were created to mimic in vivo PK profiles of (mg/ml) (10" cm/s) N
constituents in Ashwagandha, Goldenseal, and Yohimbe. 20S protopanaxadiol | 4.1| 2.6x10™ 3.8 | IV bolus with 10 mg yohimbine ) OH
METHODOLOGY Notoginsenoside R4 | 4.4|1.7x 10! 0.016
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20S)-prot diol =T ™ Notoginsenoside R4
(205)-protopanazodio | AUC,. . (ng-h/ml) 162 210
Bloavaiablity A PBPK model was created to mimic an oral dose of 0.48 mg/kg (0.01 Simulaton Time (b AUC, ., (ng-h/ml) 158 130
oK, -_- el | Hopatic uptake mg) of withanolide A (WLD), a major phytochemical in Ashwagandha, to
Solubility vs. pH S| Transcellular permeability | Biliary secretion Swiss albino female mice!. The plasma concentration versus time (Cp- Oral administration with 10 mg yohimbine
Biorelevant solubility &= | Paracellular permeability Tissue distribution _ _ ...
Precipitation kinetics E=- loaD vs. pH Plasma protein binding time) curve contains a shoulder that could be modeled by optimizing the .
7 - (Gut extraction Blood:plasma concentration ratio T - - - - - - - - 71 Observed Simulated
Carrier-mediated transport Systemic clearance solubility and mean precipitation time. Liver intrinsic clearance (CLint) e
e . was also optimized. The red line in the graph below indicates that WLD " voFa 22.1
To faeces Metabolism Metabolism " .. . . m P
initially precipitates in the Gl tract and then dissolves slowly to produce  [E /oFDp 21.9
* Modified from van de Waterbeemd, H, and Gifford, E. ADMET In Siico Modealling: = —
Towards Prediction Paradise? Nat. Rev. Drug Disc. 2003, 2:192-204 the shoulder. §+ %FDb 9.2
. . . e e . 2
HTPK simulations were performed using ADMET Predictor® (Simulations ” oo Cmax (ng/ml) 73 45
Plus) for a 100 mg dose of each constituent to a 70 kg human subject s0{| | 01 8 —— 05 08
using an immediate release tablet dosage form. PBPK models were " — Amtdissolved (mg) 1 ) ' '
created using GastroPlus® (Simulations Plus). Input parameters, e.g. 2 «— Amt absorbed (mg) 0,008 <l ) 1| [AYCq.ins (ng-h/mli) 162 210
solubllity, logP, permeability, and liver metabolism, were either predicted 2. G lated L0.007 _ Withanolide A (WLD) "3 I SR ; AUC,, (ng-h/ml) 158 180
using artificial neural network models in ADMET Predictor or obtained S _ ¥ %FDp: Percent dose to portal vein
from in vitro studies. Parameters were adjusted to improve the match £ 1a T/ Observec 0005 & I R S'lted
between predicted and observed in vivo profiles. 8 > 0.004 sFa '
P P S 12_ -0.003 % Fb 33.2 CONCLUSIONS
RESU LTS 6+ :-n_nnz . . . . - :
4 . | Cmax 26.6 o5 6 » HTPK simulations using in silico parameters can be used to estimate
_ _ N Total systemic (mg) 0.001 (n /m|) . - _ : _
Below is a plot of the predicted percent absorbed (%Fa) versus oral . 1 J various PK parameters including %Fa and %Fb
bioavailability (%Fb) for the 211 constituents. Compounds in the lower left- “ " simulation Time (h) ¢ Tmax(h) | 0.17 0.17 » Compounds with low predicted %Fa will have lower safety concerns
hand corner will have low plasma concentrations because a small percent AU*CO-inf 41.0 45 4 » The metabolites of compounds with high %Fa and low %Fb should be
reaches systemic circulation. The compounds In the upper left-hand (ng*h/mi) examined for safety
corner have low oral bioavailability due to high first pass metabolism. Another PBPK model was established to model an oral dose of 100 mg/kg * In silico and in vitro data were used to create PBPK models that mimic in
< High 1% pass of berberine, a major constituent in Goldenseal, in Sprague Dawley rats.? vivo PK profiles of botanical constituents
nen . pes " fre oo - ‘ Km and Vmax values of CYP2d1 and P-glycoprotein from in vitro studies * In vivo PK properties, such as Cmax and AUC, will be used to prioritize
. Are metabolites || |@e%¢ - Koy were input into the model. After incorporating enzyme and transporter and guide further in vitro testing of botanical safety
toxic? ) 4 Kinetics In both liver and intestine, Cmax and AUC of berberine were SEFERENCES
- Yohimbe Eohedra oredicted within 2-fold of experimental data.
() :
2 Usnea Comfrey Observed Simulated 1patil, et. al, J. of Pharmaceutical and Biomedical Analysis 2013, 80, 203.
_‘Z Milk Thistle 8lue cohosh o | %Fa 52.4 2 Liu, et. al, Drug metabolism and Disposition 2010, 38, 1779.
s Cratom ) %FDp 33 7 3 Guthrie, et. al, European Journal of Clinical Pharmacology 1990, 39, 409.
c Asian ginseng Su - '
% B Ashwagandha e %Fb 0.2
a Green Tea Aristolochia §33 ﬂ Serberine Cmax (ng/ml) 35.1 36.9
Low %Fa Goldenseal I a7 Tmax (h) 0.2 0.7 : : :
(<30%) 11 AU (harm b~ 116 DISCLAIMER: The views, conclusions and recommendations
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Oral Bioavailability Smson e 0 AUC,. (ng-h/ml) 57.8 39.8 necessarily represent the policies or positions of their organizations




