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Paclitaxel (Taxol)
Etoposide (VP-16)
Vincristine
etc.
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Amygdalin (Laetrile)
PC-SPES
etc.
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Curcumin
Astragalus
Viscum Album (mistletoe)
Chinese Herbal Formulas:
PHY906
LCS101
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Curcumin: Pre-clinical research

Stages in tumor progression inhibited by curcumin
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. Batch-to-Batch Consistency
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A Prospective, Controlled Study of the Botanical Compound Mixture
LCS101 for Chemotherapy-Induced Hematological Complications
in Breast Cancer
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Integrative Medical Center, Tel Aviv, Israel; ‘Center for Integrative Complementary Medicine, Shaare Zedek
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Selective anticancer effects and protection from
chemotherapy by the botanical compound
LCS101: Implications for cancer treatment
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Abstract. There 15 a need for new options for reducing the side
effects of cancer treatment, without compromising efficacy,
enabling patients to complete treatment regimens. The botan-
ical compound LCS5101 exhibits inhibitory effects on cancer
cell growth, and reduces chemotherapy-induced hematological
toxicities. The aim of the present studwv 15 to examine the salec-

exhibited by the botanical compound LCS5101 are selective to
cancer cells, and offer protection to non-tumorigenic normal
epithelial cells from chemotherapy agents.

Introduction
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REVIEW ARTICLE

Dietary supplements and herbal medicine
toxicities—when to anticipate them and how to manage them

D. H. Phua - A. Zosel - K. Heard

Received: 6 June 2008 / Accepted: 17 April 2009 /Published online: 10 June 2009

€ Springer-Verlag London Ltd 2009

Abstract

Background Dietary supplements and herbal medicines are
gaining popularity in many developed countries.

Aims Although most can be used without any problem,
serious toxicities do occur.

Methods Problems can be anticipated when they are used
for non-traditional indications, at excessive dose, for
prolonged duration, or by patients who are also on multiple
modermn pharmaceuticals. Problems should also be antici-
pated when these products claim to be able to relieve
symptoms rapidly or when herbs with pronounced pharma-
cological effects or toxic components are used.

Results Resuscitation, symptomatic and supportive care are
the most important aspects of management of toxicities

Introduction

Dietary supplements and herbal medicines play important
roles in health care. Vitamins and minerals are important,
as they are necessary for enzymatic reactions and bodily
functions; lack of these compounds can lead to deficiency-
related diseases. Herbal medicine was the predominant
form of health care for the world’s population before the
advent of moderm medicine and still is the predominant
form of health care in many underserved populations.
Herbal medicine continues to infuse new ideas and
treatments into modemn medicine for the benefit of our
patients.

According to the 2006 American Association of Poison

A )
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Table 2

Organ toxicities and toxidromes, and common dietary supplements or herbal medicines that can cause them

Clinical features Xenobiotics

Cardiac Sodmm channel effects—d4coninon species (widen QRS. shock)
Digoxin-like effects—Digiralis species. bufo toads
Central nervous system Seizures—strychmine. thujone, essential oils (camphor. eucalyptus)

Sedation—TFaleriana species. kava kava

Dermatological Blistering—cantharidin (Chinese blister beetle)
Hematological Coagulopathies—G-herbs (ginger. garlic. gingko)
Agranulocytosis—anti-mitotic agents (colchicme, podophyllotoxin)

Hepatotoxic Hepatitis—multiple agents. germander commonly reported
Veno-occlusive disease—pyrrohizidine alkaloids (comfrey, Senecio species, Heliotropium species)
Nephrotoxic Renal failure—d4ristolochia speices
Hypertension, hyperkalemia—licorice
Anticholmergic Datura metel commonly used in TCM
Hexing herbs (Afropa sepcies, Hyoscyamus species, Mandrago officinarum) common in Western herbal practice
Sympathomimetic Ephedra species, Citrus aurantium (bitter orange)

Salievlate poisoning Willow bark, checkerberry
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Hypericum perforatum (St. John’s wort, Tipton’s weed)

* Ruschitzka F, et al. Acute heart transplant rejection due to
Saint John's wort. Lancet. 2000;355:548-9.

* Breidenbach T, et al. Profound drop of cyclosporin A whole
blood trough levels caused by St. John's wort (Hypericum
perforatum). Transplantation 2000;69:2229-30.
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Proportion of Drugs Metabolized by P450 Enzymes

CYP2D6
19% CYPIA/2
11%

CYP2C19
8%
CYP 3A4/5 CYP2C8/9
36% 16%
CYP2B6 4
3%
CYP2A6

Adapted from: Wrighton SA et al. Crit Review Toxicology 1962:22:1-22.
Kashuba and Bertino. Mechanisms of drug interaction. In Drug Interactions in Infections Diseases. Humana Press. 2001



The effect of hyperforin on irinotecan therapy.

Hyperforin + —>

PXRE CYP3A4

;

CYP3A4 protein T
Irinotecan — Oxidized Irinotecan?
¢ (inactive)

SN-38 ¢

v

Therapeutic efficacy‘

Irma Meijerman et al. The Oncologist 2006;11:742-752

8 Otfvologist
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P-gp Tissue Distribution
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P-gp Action Without Inducer
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P-gp Modulation

St John's wort
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Turmeric (curcuma longa)
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Effects of Curcumin on P-glycoprotein activity

A. Increased
None found

B. Decreased/Inhibited

© Cho YA, et al. Pharmazie 2012; 67: 124-30.

* Inhibited intestinal P-gp efflux transporter

* Enhanced bioavailability of Tamoxifen in rats (1.12 to 1.64-fold)

© Hsieh YW. Sci Rep 2014; 4: 6587.
* Inhibition of P-gp in rats
* [? - Everolimus levels reduced; m/p d/t CYP3A4 activation]

C. Increased + Decreased

© Hou XL, et al. Int J Pharm 2008; 368: 224-9..

» Curcumas —> up-regulated P-gp + MDR1 mRNA levels
» Curcumin - decreased P-gp + MDR-1 MRNA levels

© Zhang W, et al. Drug Metab Dispos 2007; 35: 110-5.

* 4 days of intragastric lavage (rats) - down-regulation of intestinal P-gp
—> up-regulation of hepatic P-gp
—> no effect on renal P-gp activity



Effects of Curcumin on CYP-3A activity

A. Increased

© Hsieh YW. Sci Rep 2014; 4: 6587.

* CYP3A4 activated by curcumin metabolites

* reduced serum everolimus levels [rats] - over-rode inhibition of P-gp

B. Decreased/Inhibited

o Appiah-Opong R, et al. Toxicology 2007; 235: 83-91.

» Curcumin - competitive-type inhibition of CYP3A4 [in vitro]

» Decomposition products - no inhibition

« Unlikely to cause drug-drug interactions at the level of CYPs — d/t low liver levels

© Cho YA, et al. Pharmazie 2012; 67: 124-30.
* Inhibited intestinal CYP3A4-mediated metabolism
* Enhanced bioavailability of Tamoxifen (1.12 to 1.64-fold)

C. Increased + Decreased

© Zhang W, et al. Drug Metab Dispos 2007; 35: 110-5.

* 4 days of intragastric lavage (rats) = reduced intestinal CYP3A4 activity
—>increased hepatic + renal CYP3A4 expression

* When administered 30 min. before drug - no change in drug pharmacokinetics
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Astragalus membranaceus (Huan Qi; Locoweed)

/\

Decreased Drug Levels Increased Drug Levels
CYP3A4 induction « Phase Il enzyme induction

(uridine diphosphate glucoronosyltransferase)
* Inhibition of:

- P-gp
- Breast Cancer Resistance Protein
- Multidrug Resistance Proteins

{

No effect on Docetaxel pharmacokinetics

Cassileth BR, et al. Safety and pharmacokinetic trial of docetaxel
plus an Astragalus-based herbal formula (Jinfukang) for non-small cell
lung cancer patients. Cancer Chemother Pharmacol 2009;65:67-71.
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PHY906 Components:

- Glycyrrhiza uralensis Fisch (Chinese licorice)

- Paeonia lactiflora Pall (Chinese peony) :> CYP3A4
- Scutellaria baicalensis Georgi (skullcap root) induction
- Ziziphus jujuba Mill (fruit from a buckthorn tree)

Saif MW, et al. First-in-human phase Il trial of the botanical formulation PHY906
with capecitabine as second-line therapy in patients with advanced pancreatic
cancer. Cancer Chemother Pharmacol. 2014 Feb;73(2):373-80.



Table 6 Effect of PHY906 on Pharmacokinetics of 5-FU, CPT-11 (Irinotecan), and SN-38

Analyte T Urr ooy Cnax(ng/mL) AUC,._,. neng/mu) CL(mL/hr/m?)
PHY906 Placebo PHY906 Placeho PHY906 Placebo PHY906 Placebo
5-FU Mean 0.23 0.20 51941 60765 16415 18520 86843 59364
SD 0.10 012 88714 72610 25116 19485 73194 69664
Min 0.08 011 4220 2910 2086 1911 5561 7039
Median 0.21 0.18 32200 38300 7731 11761 64676 42515
Max 0.39 0.54 314000 264000 89918 71035 239647 261590
CV% 42 58 17 119 1563 105 84 117
Palue 4434 4825 6026 .3893
CPT-11 Mean 8.46 8.28 899 1012 6275 5686 22159 25301
SD 1.48 2.25 260 526 1996 2099 8206 10566
Min 5.63 3.95 476 434 3169 2574 12702 13157
Median 8.82 8.61 927 906 5992 5486 20870 22787
Max 10.39 11.28 1480 2390 9841 9500 39450 48565
CV% 17 27 29 b2 32 37 37 42
Palue 5739 5024 .3807 4622
SN-38 Mean 20.41 25.02 13.5 163 1613 194.9 NC NC
SD 8.32 27.48 7.9 115 86.6 7y NC NC
Min 1.79 6.48 42 34 47.3 48.9 NC NC
Median 16.97 17.656 12.0 13.0 1271 196.9 NC NC
Max 40.25 105.36 25.3 371 g 436.8 NC NC
CV% 4 110 58 75 54 60 NC NC
Pvalue 6148 3758 4259 NC

Abbreviations: T, = time to maximal concentration; C,,.o, = maximum plasma concentration; AUC = area under time-concentration curve; CL = clearance; NC = no change.

NIY7I0vIX .3

Treatment with PHY906 did not alter the pharmacokinetics of 5-FU,
irinotecan, or the irinotecan metabolite SN-38.

Kummar S, et al. Clin Colorect Cancer 2011; 10: 85-96.
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