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With an increasing number of cancer patients seeking an improved quality of life, com-
plementary and alternative therapies are becoming more common ways to achieve such
improvements. The potential risks of concurrent administration are serious and must be
addressed. However, comprehensive evidence for the risks and benefits of combining
anticancer drugs with traditional herbs is rare. Pharmacokinetic investigations are an
efficient way to understand the influence of concomitant remedies. Therefore, this study
aimed to collect the results of pharmacokinetic studies relating to the concurrent use of
cancer chemotherapy and complementary and alternative therapies. According to the
National Health Insurance (NHI) database in Taiwan and several publications, the three
most commonly prescribed formulations for cancer patients are Xiang-Sha-Liu-Jun-Zi-
Tang, Jia-Wei-Xiao-Yao-San and Bu-Zhong-Yi-Qi-Tang. The three most commonly
prescribed single herbs for cancer patients are Hedyotis diffusa, Scutellaria barbata, and
Astragalus membranaceus. Few studies have discussed herb—drug interactions involving
these herbs from a pharmacokinetics perspective. Here, we reviewed Jia-Wei-Xiao-Yao-
San, Long-Dan-Xie-Gan-Tang, Curcuma longa and milk thistle to provide information
based on pharmacokinetic evidence for healthcare professionals to use in educating
patients about the risks of the concomitant use of various remedies.
Copyright © 2018, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The use of complementary and alternative medicine (CAM)
has been increasing each year, particularly among cancer
patients [1]. Up to 52% of cancer patients had used more than
one CAM [2]|, and over 80% of cancer patients use CAM
concurrently with chemotherapeutic agents during the initial
phases of cancer treatment [3]. Moreover, approximately 50%
Chinese cancer patients in North America take herbal pre-
scriptions as assistance [4]. Breast cancer patients are the
major potential users of CAM, and followed by prostate and
melanoma cancer patients [5]. An interesting study revealed
that the source of information on CAM use was friends in 2011
but social media in 2014 [6]. Importantly, the media encour-
ages patients to use herbal medicine to improve their health
but rarely educates consumers regarding the potential risks of
concomitant use [7]. Therefore, the potential risks and bene-
fits of coadministration of herbal remedies and conventional
medicines must be considered. Given comparing the single
drug with herbs, their interactions are more complicated and
un-predictable than the combination of conventional medi-
cines because of numerous components in herbs [5]. For
example, St. John's wort, a notable supplementary, frequently
affects the pharmacokinetics of concomitant medicines, such
as indinavir, saquinavir, cyclophosphamide, docetaxel,
vincristine, etoposide, and irinotecan, most of them are cy-
tochrome P450 enzymes or p-glycoprotein substrates [8,9].
Consequently, the majority of influences are the critical
concern by clinicians because the ingested herbs may impact
the efficacy and safety of medicines [5]. On the other hand,
only 25% cancer patients received the advices from their
doctors, even worse they rarely consulted with [10].
Indeed, physicians, medical staff, friends, and families could
encourage patients to divulge the daily supplements that they
are using. Then, physicians and pharmacists could provide
the patients with appropriate information. This review aimed
to collect relevant publications and provide medical staff with
pharmacokinetics concepts.

2. Strategies of traditional Chinese medicine
for cancer patients

Cancer was documented in ancient medical literature as
cancerous tissue shaped like a hard stone with a lumpy sur-
face [11]. The first cancer-related record is in an ancient
medical book, Huangdi Neijing, which described cancer as a
gathering into a permanent massive tumescence [11].
Furthermore, Hau Tuo, the phenomenal Oriental doctor
practicing Chinese medicine in the 2nd century, suggested
that cancerous lesions located in the internal body should be
removed from an anesthetized patient by surgery [12]. Addi-
tionally, cancer characteristics, the frequency of lesions in
various locations, and sex-specific variations in cancer were
recorded in ancient literature. For example, cancer is a lesion
that grows deep, similar to a cave, and lesions are typically
near one another: cancer is more likely in the abdomen in
males, whereas the breast is a highly probable location in fe-
males. These ideas were documented in the cancer

occurrence section of Ren Zai Zhi Shi Fu Yi Fang Lun, written
by Shiying Yang.

Given this evidence, cancer has been recorded since the
Han dynasty; therefore, cancer has affected human health for
over two thousand years. The aim of traditional Chinese
medicine is treatment with syndrome differentiation and
personalized medicine. Hence, the determination of a suitable
strategy for a specific patient depends on the pulse condition
and external expression. Chinese medicine doctors have been
fighting a long way against cancer with the hope of curing
cancer patients, and ancient doctors compiled and docu-
mented treatment experiences. These doctors then posited
five strategies: nourishing yin and enriching fluid production,
clearing heat and detoxication, activating circulation and
dissolving stasis, strengthening healthy energy, and combat
poison with poison [11,12]. From the modern medicinal
perspective, the purpose of nourishing yin and enriching fluid
production is to reduce the adverse effects of chemotherapy
and radiotherapy, such as nausea, vomiting, mouth ulcers,
decreased saliva secretion, oral thurst, dry and painful phar-
ynx, low body temperature, night sweats, and diarrhea, are
the exterior syndrome of yin deficiency according to the
traditional Chinese medicine theory. Thus, for patients
suffering from adverse effects, doctors would focus on
reducing the aggravating symptoms and helping them com-
plete their chemotherapy. Some herbs with these benefits are
Maidong (Ophiopogon japonicas), Shihu (Dendrobium nobile),
Dangshen (Codonopsis pilosula), Xuanshen (Scrophularia ning-
poensis) and Danshen (Salvia miltiorrhiza) [11,12]. Once the
cancer grows too fast and large, it stresses the blood flow
surrounding tissues. The strategy for this situation is acti-
vating circulation and dissolving stasis, as suggested by the
literatures [11,12]. Safflower, Danshen, and Chuanxiong (Lig-
usticum chuanxiong) improve circulation, dissolve stasis,
inhibit cancer cell proliferation, and reduce the size of the
lesion [11,12]. However, if the lesion ulcerates, produces tissue
fluid, and causes serious inflammation with pain, the strategy
would shift to clearing heat and detoxication. The most
common herbs with the ability to clear heat and detoxify are
Taraxacum mongolicum, Tripterygium wilfordii, Scutellaria bar-
bata, and Hedyotis diffusa, which are also considered against
anticancer agents based on clinical studies. The ancient Ori-
ental doctors believed that cancer poisons organs and the
body, so they used extreme ways to kill cancerous tissues,
such as the use of poison herbs in combating poison. Finally,
the most common strategy of traditional Chinese medicine for
treating cancer is strengthening healthy energy. This strategy
aims to improve a patient's energy and body function and
involves tonifying qi before or after cancer therapy by taking
ginseng, Huangqi (Astragalus membranaceus), and Angelica
root (Angelica sinensis) [11,12].

3. Contributing factors in herb—drug
interactions

Concomitant treatment has an increasing tendency to reduce
adverse effects, strengthen immunity, and improve general
health, but the potential effects can be positive, negative or
neutral when considering the simultaneous use of herbal
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remedies. These potential effects result from interactions
between anticancer drugs and herbs; components of the herb
might affect drug-metabolizing enzymes and transporters
that engaged in the metabolism and disposition of the anti-
cancer drug. The contributing factors in herb—drug in-
teractions from a pharmacokinetics perspective include the
cytochrome P450 enzyme family [13], which is implicated in
phase I reactions; glucuronidase and sulfatase, which are
associated with phase Il reactions; and P-glycoprotein, a drug-
efflux transporter. CYP3A4, CYP3A5, CYP2D6, and CYP2C19
are vital members of the CYP superfamily [14], and they
metabolize various drugs. CYP2C19 is responsible for the
metabolism of numerous routinely administered drugs,
including diazepam, omeprazole, S-mephenytoin, and anti-
malarial biguanides [15]. CYP3A4, CYP2C9 and CYP2D6
constitute approximately 50%, 18%, 2—4%, respectively, of the
total CYP protein content in human liver microsomes [16,17].
Even though CYP2D6 is the least populous of these three en-
zymes, it is involved in metabolizing over 20% of all clinically
administered drugs, particularly tricyclic antidepressants,
serotonin reuptake inhibitors, and beta-blockers [17]. For
example, tamoxifen is used to treat ER-positive breast cancer;
this prodrug is metabolized into its active metabolites, 4-
hydroxytamoxifen and endoxifen, by various CYPs, but
CYP2D6 is the rate-limiting enzyme [18]. Thus, the concurrent
use of a CYP2D6 inhibitor could increase the plasma levels of
CYP2D6 substrates, leading to toxicity if the plasma level is
greater than the therapeutic level. Such inhibitors and sub-
strates might be components of herbs and clinical drugs, so
the potential interactions are dependent on the involved en-
zymes. For instance, in vitro studies showed that silibinin,
silymarin, and ginsenoside Rd are CYP3A4 inhibitors [19-21];
in an in vivo study, oleanolic acid, a common component
isolated from plants, induced the activity of CYP2E1 [20];
emodin, a major active component in Dahuang, enhanced the
activity of CYP1A1 [20]; and gallic acid, an abundant ingredient
found in a variety of land plants, reduces CYP3A4 activity [20].
There is substantial evidence that various natural constitu-
ents are potential critical factors in the metabolism of drugs.

The gastrointestinal cell membranes are the main barrier
of drug permeation, which related to two movement types,
including passive diffusion mainly depending on the gradient
between intracellular and intercellular drug concentrations
and active diffusion requiring energy to move drug against an
opposing concentration gradient. However, efflux trans-
porters engaging in pumping drugs out of cell, attribute to
removing metabolic end products and xenobiotic substances.
Drug transporters are another contributing factor in
herb—drug interactions. Most the clinically administered
drugs are taken orally, so the first obstacle they must over-
come is absorption through the intestine wall. ABC trans-
porters, which are ubiquitous membrane-bound transport
proteins, engage in various processes that affect pharmaco-
kinetics such as absorption, distribution, and elimination [22].
P-glycoprotein (P-gp), located on the surface of epithelial cells,
is a cellular efflux protein that pumps out numerous chemo-
therapeutic agents. P-gp is responsible for the efflux of
harmful materials from cells of various organs, which protects
the brain from xenobiotic exposure [23]. Generally, P-gp en-
gages in removing cationic and neutral drugs, most medicine

belonged to [24,25]. For anionic drugs, ABCC2/MRP2 is modu-
lator [24,25]. Capsaicin, a major ingredient of red chili pepper,
Capsicum annuum, is a p-gp modulator, which increases the
accumulation of daunorubicin in in vitro study [26]. Other
compounds as resveratrol, curcumin and 6-gingerol addi-
tionally have a similar effect on reducing drug efflux by the
inhibition on p-gp activity [26]. Certain tumor cells over-
expressing a series of efflux transporters are observed to be
resistant to specific anticancer drugs [24,25]. The human ATP-
binding cassette transporters ABCG2 (Breast Cancer Resis-
tance Protein, BCRP) have been clarified to reduce net ab-
sorption of doxorubicin [27]. Beyond efflux transporters, influx
transporters also have been recognized as a powerful influ-
ence on ADME [28]. For instance, for hepatic and renal uptake,
respectively, are organic anion transporting polypeptides
(OATP), OATP1B1 and OAT3 [24,25,28]. OATP1B1, OATP1B3 and
OATP2B1 expressed on hepatic sinusoidal/basolateral mem-
brane facilitate the liver uptake, but MRP1, MRP3, MRP4, MRP5
and MRP6 modulate the liver efflux [28]. Expressed P-gp, MRP2,
BCRP, and BSEP on apical/canalicular membrane dominate
biliary excretion [28]. In brief, some natural compounds and
drugs influence both CYP enzymes and transporters; there-
fore, in this situation, physicians must pay careful attention to
avoid concurrent use of such substances.

4. Concurrent use of traditional Chinese
formulations and cancer chemotherapy

There have been several Taiwanese population-based cohort
studies on prescribed traditional Chinese medicine for the
treatment of various types of cancer reporting the top ten
traditional Chinese medicine formulations and single herbs,
of which the top 5 are listed in Table 1 [29—-32]. Even though H.
diffusa is top 1 regarding concurrent use in colon cancer,
breast cancer and hepatocellular carcinoma, investigations on
herb—drug interactions are limited. Xiang-Sha-Liu-Jun-Zi-
Tang always occupies the top 1 or 2 places on these lists, but
studies of this formulation are limited. Jia-Wei-Xia-Yao-San is
frequently administered concurrently with chemotherapy in
cancer patients; therefore, herb—drug interactions between
Jia-Wei-Xiao-Yao-San and chemotherapeutic agents are
described in the following section. In addition, Curcuma longa
and milk thistle are commonly investigated substances, and
they are discussed in section 5.1.

4.1. Jia-Wei-Xiao-Yao-San

Jia-Wei-Xiao-Yao-San (JWXYS) is composed of ten herbs,
including Radix Angelicae Sinensis (Dang-Gui), Rhizoma
Atractylodis Macrocephalae (Bai-Zhu), Radix Bupleuri (Chai-
Hu), Poriae Cocos (Fu-Ling), Radix Paeoniae Alba (Bai-Shao),
Radix Glycyrrhizae Uralensis (Zhi-Gan-Cao), Cortex Moutan
Radicis (Mu-Dan-Pi), Fructus Gardeniae (Zhi-Zi), Rhizoma
Zingiberis Recens (Wei-Jiang), and Herba Menthae (Bo-He)
[33]. JWXYS has been associated with relieving climacteric
syndrome, anxiety, dyspepsia, and insomnia, and some of
these psychological issues are observed in cancer patients;
therefore, JWXYS is one of the top three prescribed formula-
tions for breast cancer and gastric cancer patients in Taiwan.
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Table 1 — Top 5 single herbs and formulas prescribed for treating various types of cancer in Taiwan.

Colon cancer with chronic hepatitis [24] Colon cancer [25] Breast cancer [26] Hepatocellular carcinoma [23]
Single herbs

1 Hedyotis diffusa Hedyotis diffusa Hedyotis diffusa

2 Scutellaria barbata Scutellaria barbata Rhizoma rhei

3 Astragalus membranaceus Taraxacum mongolicum Scutellaria baicalensis

4 Atractylodes macrocephala Salvia miltiorrhiza Astragalus membranaceus
5 Salvia miltiorrhiza Ziziphus spinosa Salvia miltiorrhiza
Formulas

1 Xiang Sha Liu Jun Zi Tang Xiang Sha Liu Jun Zi Tang Jai Wei Xiao Yao San Ping Wei San

2 Jai Wei Xiao Yao San Shen Lin Bai Zhu San Xiang Sha Liu Jun Zi Tang Xiang Sha Liu Jun Zi Tang
3 Bu Zhong Yi Qi Tang Bu Zhong Yi Qi Tang Gui Pi Tang Xiao Chai Hu Tang

4 Shen Lin Bai Zhu San Ban Xia Xie Xin Tang San Zhong Kui Jian Tang Jia Wei Xia Yao San

5 Ping Wei San Jai Wei Xiao Yao San Bu Zhong Yi Qi Tang Gan Lu Yin

Paclitaxel, a well-known cancer chemotherapy agent, has
been approved for the treatment of non-small cell lung can-
cer, breast cancer, and pancreatic cancer since 2005 in the
United States. Additionally, paclitaxel is approved as a first-
line therapy for metastatic breast cancer and has been likely
administered with JWXYS in Taiwan; therefore, an investi-
gation of the impact of JWXYS during coadministration with
paclitaxel from a pharmacokinetic perspective is valuable for
providing information for clinical users. Hou et al. studied the
herb—drug interactions of JWXYS and paclitaxel in rodent
species [34], and reported that the plasma AUC of paclitaxel in
the paclitaxel alone group was approximately 1.5-times
higher than that in the group that received oral JWXYS daily
for seven days and a single dose of paclitaxel. Furthermore,
after pretreatment with JWXYS for seven days, the half-life of
paclitaxel increased from 73 min to 111 min, and the clearance
increased approximately 1.4-fold compared to paclitaxel
alone [33]. Interestingly, JWXYS rarely affected the lymphatic
absorption rate or the lymphatic distribution, but it influenced
the metabolic enzymes and intestinal absorption, resulting in
an obvious reduction in plasma paclitaxel levels [34].

Another common drug for the treatment of colorectal
cancer that is likely combined with traditional herbal
medicine is 5-fluorouracil (5-FU) [33]. The literature on the
interaction of JWXYS and 5-FU suggests no significant dif-
ference between the concomitant or single-agent use of
these two drugs in terms of pharmacokinetic parameters
such as AUC, CL, and Cpay, yet the residence time of 5-FU
was prolonged after coadministration [33]. Interestingly, in
the coadministration group with the high dose of JWXYS
(2400 mg/kg), the free form of 5-FU was increased in the
brain, but the ratio of penetration was not significantly
different [33]. Regarding the pharmacokinetic parameters of
5-FU in the brain, the half-life shifted from 31.9 min to
47.2 min, and the clearance decreased from 120.0 mL/min
per kg to 82.9 mL/min per kg [33], which indicated that the
elimination rate of 5-FU from the brain decreased after daily
pretreatment with JWXYS for five days. JWXYS is a mixture
of complex compounds that might be capable of suppressing
P-gp activity in the brain; thus, 5-FU accumulated in the
brain because P-gp was inefficient at removing 5-FU from
brain cells. This result implies that the “chemo-brain”
symptom caused by 5-FU might worsen upon concomitant
administration with JWXYS.

4.2. Long-Dan-Xie-Gan-Tang formulation

Long-Dan-Xie-Gan-Tang (LDXGT) comprises Gentiana scabra
(Long-Dan-Cao), Scutellaria baicalensis (Huang-Qin), Gardenia
jasminoides (Zhi-Zi), Alisma orientalis (Ze-Xie), Clematis montana
(Mu-Tong), Plantago asiatica (Che—Qian-Zi), A. sinensis (Dang-
Gui), Rehmannia glutinosa (Shu-Di-Huang), Bupleurum chinense
(Chai-Hu), and Glycyrrhiza uralensis (Gan-Cao) and is one of the
top 10 most prescribed Chinese herbal formulas for the treat-
ment of chronic hepatitis in Taiwan [35]. Anti-inflammatory,
anti-bacterial, anti-allergy, and hepatoprotective properties of
LDXGT have been reported [36,37]. Gentiopicroside, geniposide,
and baicalin are the major bioactive compounds within LDXGT
[36,38] and are isolated from Long-Dan-Cao, Zhi-Zi, and Huang-
Qin, respectively [37]. This potentially hepatoprotective
formulation is potentially used concurrently with the multi-
kinase inhibitor sorafenib. Ting described the herb—drug in-
teractions of LDXGT and sorafenib in rats and revealed that no
significant difference in the AUC of sorafenib with or without
LDXGT [35], which suggested that the pharmacokinetic inter-
action of LDXGT and sorafenib might be weak at the dosage
used in this study. Furthermore, AST and ALT levels and his-
topathological examinations to assess liver function during
coadministration of LDXGT and sorafenib indicated the safety
of concomitant use. The study by Ting found no significant
variation in AST and ALT levels with or without LDXGT, but the
histopathological examination showed inflammation in he-
patocytes after short-term sorafenib treatment and hepato-
toxicity after long-term treatment, yet concurrent use with
LDXGT did not elicit the hepatotoxic phenomenon [35]. In
conclusion, the concurrent use of sorafenib and LDXGT in the
therapeutic dose range might be safe according to the phar-
macokinetic and pharmacodynamic evidence, but more clin-
ical evidence is required to prove its safety in humans.

5. Concurrent use of signal herbs and cancer
chemotherapy
5.1. Curcuma longa

C. longa, belonging to the Zingiberaceae family, is widely
cultivated in Asian countries and is used as a flavoring agent
worldwide [39]. It is not only a flavoring agent but also an
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herbal medicine clinically used in anti-inflammatory, anti-
oxidative, anti-arthritic, anti-amyloid and anticancer treat-
ments [39,40]. Its wide array of biological and pharmacological
properties is attributed to its major active component, cur-
cumin, a lipophilic polyphenol [40]. Curcumin influences
various kinases and caspases to modulate multiple signaling
pathways that suppress cancer [41]. For instance, curcumin
suppresses nuclear factor-kB (NF-«B), thus reducing the
expression of NF-kB downstream target genes, which inhibits
the proliferative ability of various cancer cell lines, such as
SFC-7901, MCF-7, MDA-MD-231, and MDA-MD-468 cells
[42,43]. Recently, some researchers issue that curcumin and
its derivatives are typified as pan-assay interference com-
pounds (PAINS) meaning these compounds interfere with
promiscuous biological targets without extraordinary impact
to specific target [44,45]. Although this disadvantaging state-
ment has claimed, a lots new drug development scientists are
confidant and constantly modify these curcuminoids to
improve their bio-abilities.

From the perspective of pharmacokinetics, the bioavail-
ability of curcumin is extreme low, less than 1% [46,47],
implying its absorption is weak through the gastrointestinal
system. The half-life of curcumin is less than 5 min [46,47]
that infers its rapid metabolism causing by glucuronidation
and sulfation in liver according to Hsieh's investigation [48].
The chemical structure of curcumin has crucially readout its
poor pharmacokinetics. The keto—enol tautomerization of
curcumin results from the p-di-ketone moiety that leads the
preferable structure is enol tautomer because a planar forms
intramolecularly hydrogen-bonded structure [49], but this
enol form degrades rapidly at the neutral environment within
approximately 20 min, even worse at the body temperature
being shorten to 10 min [50]. Therefore, these evidences reveal
that curcumin is probably unstable and rapid degradation in
creature bodies, or producing its metabolites, glucuronides,
sulfates of curcumin and demethoxycurmin due to its
instantly significant diminishing the curcumin level in blood.
Taken together, these metabolites might be the main matter
to contribute the multi-bioactivity of curcumin.

With the concern about herb—drug interaction, cyto-
chrome P450 family and drug transporters are mostly
considerable factors to evaluate the medicinal pharmacoki-
netic impact by concurrent herbs. In vitro studies showing
that curcumin inhibited CYP3A4 [51], yet in vivo study asso-
ciated with curcumin-induced interference indicates that
curcumin activates CYP3A4 due to the fact that curcumin
markedly reduces the AUC of everolimus, a macrolide
immunosuppressant and a CYP3A4 substrate [48]. However, it
is a dilemma to classify the ability of curcumin on CYP3A4. A
considerable thesis demonstrated that the level of CYP3A4
activity modulated by curcumin serum metabolites is more
activated than that by curcuminoid free form [48], so that
curcumin serum metabolites comprehensively dominate the
pharmacokinetics of curcumin during concurrently dosing
with medicines.

Curcumin inhibits the activity of multidrug resistance
(MDR) transporters, P-gp, MDR-1, and mitoxantrone resis-
tance protein (ABCG2) [52], which might affect the pharma-
codynamics of various drugs. Thus, when curcumin is co-
administered with drugs with a narrow therapeutic index,

the level of such drugs could increase beyond the therapeutic
window, causing extremely unfavorable side effects. Recently,
a study investigated curcumin and doxorubicin co-delivery
because of the beneficial effects on antitumor activity and
the ability to diminish the adverse effects of doxorubicin
[53,54]. Ma reported a comparison of single-agent and com-
bination treatments and showed increases in the AUC and
half-life of doxorubicin upon concurrent administration with
curcumin [40]. Curcumin decreases ATP-binding cassette drug
transporter activity; thus, the authors concluded that this
herb—drug interaction enhanced the absorption of doxoru-
bicin and reduced the drug efflux of doxorubicin [40].

As aforementioned, we can conclude that curcumin in-
hibits the P-gp and CYP3A4 activities in vitro, but activates
CYP3A4 and suppresses P-gp abilities in vivo. Zhang's study
clearly pointed out that curcumin modulates CYP3A4
depending on its locations, for instance, curcumin enhances
the CYP3A4 protein level in liver and kidney, nor in intestine
[55]. Similar phenomenon of P-gp modulation is observed
because curcumin enhances the hepatic P-gp protein level
and reduces the intestinal P-gp protein level [55]. Therefore,
on the basis of the presence of differential regulatory mech-
anism for protein expression, curcumin simultaneously sup-
presses the intestinal P-gp and CYP3A4 and up-regulates the
hepatic P-gp and CYP3A4 in rodent animals, but curcumin
rarely dominates these proteins immediately after oral intake
signal dose. Continuous oral administration of curcumin may
affect the pharmacokinetics of co-administered medicines.
Consequently, cancer patients with concomitant remedies
should be aware about the potential risks of the long-term
using with curcumin.

5.2. Milk thistle

Silybum marianum L., also called milk thistle, is a remarkable
hepatoprotective herb according to ancient literature, which
documented its robust ability to clear obstructions of the
liver and spleen [56]. Silymarin consists of a series of fla-
vonolignans, including silibinin (silybin A and silybin B), iso-
silibinin, silydianin, silychristin, isosilybin A, and isosilybin B,
that account for 65-80% of milk thistle extract [57,58]. Sily-
marin and other flavonolignans are responsible for the clinical
activity against various liver diseases, including viral hepati-
tis, chronic hepatitis, alcoholic liver disease, cirrhosis, and
toxic liver damage; the content of silibinin has been used as
the major quantitative assessment of silymarin [58,59]. An
in vitro study showed that silymarin modulates the mitogen-
activated protein kinase/extracellular signal-regulated kinase
(MAPK/ERK) pathway to regulate DNA translation and tran-
scription in the epidermal A431 cell line [60]. Silymarin in-
duces apoptosis and cell cycle arrest in human colon cancer
HT-29 cells; Agarwal reported that silibinin up-regulates the
cyclin-dependent kinase inhibitors Kipl/p27 and Cip1/2,
which may cause the anti-proliferative effects [61]. Silybins
regulate cell cycle kinases; specifically, they activate Kip1/p27
and inhibit cyclins and CDKs to halt the cell cycle in the
human hepatocellular carcinoma Hep3B and HepG2 cell lines
[62]. Moreover, in vitro and in vivo studies showed that sili-
binin regulates the TRAIL death receptor apoptotic signaling
pathway, which is the extrinsic apoptotic pathway, by
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simultaneously upregulating DR5, caspase-3, and caspase-8
and downregulating MMP-7 and MMP-9, thereby inhibiting
the orthotopic growth of hepatocarcinoma Hep-55.1 C cells
[63,64].

Silymarin, which has limited water solubility, exhibits low
oral bioavailability in humans and rats due to inefficient in-
testinal absorption and high first-pass phase II metabolism
[65]. The glucuronide and sulfate conjugates of silibinin (sily-
bin A and B) account for approximately 90% and 98% of the
total amount of silibinin in blood and bile of humans and rats,
respectively [66]. Briefly, after humans ingest silymarin, it
rapidly reaches the maximum concentration within two hours
and is eliminated in the free form with a half-life of 1-3 h
[59,67]. Silymarin is absorbed from the intestinal tract into
circulation, and phase II metabolism dominates in changing
the free form to the conjugated form by glucuronidation
and sulfation. Then, conjugated silymarin metabolites are
excreted in bile and urine [59,67]. Therefore, silymarin conju-
gates, in particular glucuronides, rapidly appear in the plasma.

In an in vitro study, silymarin increased the accumulation
of daunomycin in Caco-2 cells, which revealed that silymarin
affects P-gp-mediated efflux [68]. Wu et al. studied changes in
the pharmacokinetics of silibinin in normal rats and those
with cirrhotic livers. The liver function might differ in these
two groups of animals; thus, enzymatic and P-gp activities
would influence silibinin metabolism. For example, the ac-
tivities of sulfotransferase, acetyltransferase, glutathione
transferase, and thiomethyltransferase are decreased in liver
disease [59]. As shown by a previous study, silibinin under-
went considerable hepatobiliary excretion, but coadminis-
tration with the P-gp inhibitor cyclosporine decreased
hepatobiliary excretion, and the total silibinin level in plasma
increased, revealing that silibinin is a substrate of P-gp with a
competitive binding relationship with cyclosporine [59,67].
The free form of silibinin in plasma and the biotransformation
ratio (AUCplo0d/AUCpie) Were reduced in rats with liver
cirrhosis. Wu et al. concluded that the clearance of silibinin
conjugates was reduced due to extrahepatic biliary obstruc-
tion, and the activity of enzymes involved in silibinin meta-
bolism was reduced [59,67].

Several in vitro studies have suggested that milk thistle
(silymarin, silibinin, and other flavonolignans) regulates the
activity of various cytochrome P450 isozymes (e.g., CYP3A4),
UDP glucuronosyltransferase isoform 1A1 (UGT1A1), and ABC
transporters (e.g., ABCB1 and P-gp) [69,70]. The results of phase
II clinical trial of the concurrent administration of milk thistle
and irinotecan in six colon cancer patients revealed no sig-
nificant effect on the pharmacokinetics of irinotecan [69,70].
Other publications state that milk thistle (silymarin, silibinin,
and others) has no clinical effect on CYP3A4 [70,71] CYP1A2,
CYP2D6, or CYP2E1 activity [72] and does not interfere with P-
gp activity [73]. Some ongoing clinical trials are evaluating
combinations of silibinin or silymarin with molecular targeted
therapy for hepatocellular carcinoma (HCC), such as sorafenib,
but the results of these studies are rarely published. However,
the available data imply that the concurrent administration of
sorafenib and silibinin is a new option for HCC therapy
because silymarin can protect hepatocytes and exhibit anti-
proliferative activity. Nevertheless, numerous silymarin
products have been marketed worldwide, and these are

probably meant to be taken with chemotherapy agents by HCC
patients. The risk assessment of this combination therapy is
critical for providing valuable information to physicians,
medical staff, and patients. As discussed previously, labora-
tory evidence suggests that silymarin and silibinin might have
benefit against several types of cancer, but their clinical ac-
tivity upon coadministration with cancer chemotherapy from
a pharmacokinetic viewpoint is unclear. Importantly, the re-
sults of rodent studies and clinical studies have yielded
opposite conclusions, and therefore, the data are insufficient
to recommend the concurrent use of milk thistle and cancer
chemotherapy drugs.

6. Conclusion

Chinese medicine provides an alternative to reduce the side
effects of cancer chemotherapy. Modern medical technology
and knowledge must be used to clarify the risks and benefits
of potential herb—drug interactions upon concurrent admin-
istration. According to the pharmacokinetics evidence
described above, several natural compounds and herbs have
inhibited or induced CYP enzymes in rodent studies and
in vitro studies with no response in clinical trials; thus, pa-
tients must be encouraged to use CAM wisely. Although
pharmacokinetics has a considerable impact that we should
consider, pharmacodynamics should also be taken into
consideration. Additionally, liver, kidney, and intestinal
function differs in cancer patients and healthy people, and
these variations should be addressed in assessments. In
conclusion, the goal is to use herbs concurrently within the
safe dosage range to achieve positive results after consulting
physicians and pharmacists.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgments

Funding for this study was provided in part by research grants
from the Ministry of Science and Technology of Taiwan
(MOST 106-2113-M-010-002) and FEMH-NYMU Joint Research
Program (106DN22).

REFERENCES

[1] Zeller T, Muenstedt K, Stoll C, Schweder ], Senf B,
Ruckhaeberle E, et al. Potential interactions of
complementary and alternative medicine with cancer
therapy in outpatients with gynecological cancer in a
comprehensive cancer center. ] Cancer Res Clin
2013;139:357—-65.

Dy GK, Bekele L, Hanson LJ, Furth A, Mandrekar S, Sloan JA,
et al. Complementary and alternative medicine use by
patients enrolled onto phase I clinical trials. J Clin Oncol
2004;22:4810-5.

2


http://refhub.elsevier.com/S1021-9498(18)30031-0/sref1
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref1
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref1
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref1
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref1
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref1
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref1
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref2
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref2
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref2
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref2
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref2
https://doi.org/10.1016/j.jfda.2018.01.003
https://doi.org/10.1016/j.jfda.2018.01.003

S94

JOURNAL OF FOOD AND DRUG ANALYSIS 26 (2018) S88—-S95

(3]

4]

B

(6]

[7

8

El

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

Alsanad SM, Williamson EM, Howard RL. Cancer patients at
risk of herb/food supplement—drug interactions: a
systematic review. Phytother Res 2014;28:1749—55.

Cui Y, Shu XO, Gao Y, Wen W, Ruan ZX, Jin F, et al. Use of
complementary and alternative medicine by Chinese women
with breast cancer. Breast Cancer Res Treat 2004;85:263—70.
Alsanad SM, Howard RL, Williamson EM. An assessment of
the impact of herb-drug combinations used by cancer
patients. BMC Complement Altern Med 2016;16:393—402.
Ali-Shtayeh MS, Jamous RM, Salameh NMY, Jamous RM,
Hamadeh AMA. Complementary and alternative medicine
use among cancer patients in Palestine with special reference
to safety-related concerns, vol. 187; 2016. p. 104—22.

Vickers KA, Jolly KB, Greenfield SM. Herbal medicine:
women's views, knowledge and interaction with doctors: a
qualitative study. BMC Complement Altern Med 2006;6:40—8.
Tarirai CA, Viljoen M, Hamman JH. Herb-drug
pharmacokinetic interactions reviewed. Expert Opin Drug
Metab Toxicol 2010;6:1515—38.

Kengne AP, Mayosi BM. Readiness of the primary care system
for non-communicable diseases in sub-Saharan Africa.
Lancet Glob Health 2014;2:e247—8.

Ernst E. The current position of complementary/alternative
medicine in cancer. Eur J Cancer 2003;39:2273—7.

Jiang YK, Chen JJ, Liao ZY, Zheng YZ, Wang JS. Chinese
medicine supportive therapy during cancer treatment.
Taiwan J Clin Chin Med 2011;17:87-95.

Lin JH. Application of traditional Chinese medicine on the
side effects of chemotherapy on tumor. Taiwan J Clin Chin
Med 2011;17:96—100.

Collado-Borrell R, Escudero-Vilaplana V, Romero-Jiménez R,
Iglesias-Peinado I, Herranz-Alonso A, Sanjurjo-Sdez M. Oral
antineoplastic agent interactions with medicinal plants and
food: an issue to take into account. J] Cancer Res Clin Oncol
2016;142:2319-30.

Ondieki G, Nyagblordzro M, Kikete S, Liang R, Wang L, He X.
Cytochrome P450 and P-Glycoprotein-Mediated interactions
involving African herbs indicated for common
noncommunicable diseases. ] Evid Based Complement
Alternat Med 2017;2017, 2582463. 18 pages.

Zhou SF, Di YM, Chan E, Du YM, Chow VDW, Xue CC, et al.
Clinical pharmacogenetics and potential application in
personalized medicine. Curr Drug Metab 2008;9:738—84.
Miners JO, Birkett DJ. Cytochrome P4502C9: an enzyme of
major importance in human drug metabolism. Br J Clin
Pharmacol 1998;45:525—38.

Ingelman-Sundberg M. Genetic polymorphisms of
cytochrome P450 2D6 (CYP2D6): clinical consequences,
evolutionary aspects and functional diversity.
Pharmacogenomics J 2005;5:6—13.

Jin'Y, Desta Z, Stearns V, Ward B, Ho H, Lee KH, et al. CYP2D6
genotype, antidepressant use, and tamoxifen metabolism
during adjuvant breast cancer treatment. J Natl Cancer Inst
2005;97:30-9.

Zhou SF, Gao YH, Jiang WQ, Huang M, Xu A, Paxton JW.
Interaction pf herb with cytochrome P450. Drug Metab Rev
2003;35:35-98.

Venkataramanan R, Ramachandran V, Komoroski BJ,

Zhang S, Schiff PL, Strom SC. Milk thistle, a herbal
supplement, decreases the activity of CYP3A4 and uridine
diphosphoglucuronosyl transferase in human hepatocyte
cultures. Drug Metab Dispos 2000;28:1270—3.

Sridar C, Goosen TC, Kent UM, Williams JA, Hollenberg PF.
Silybin inactivates cytochromes P450 3A4 and 2C9 and
inhibits major hepatic glucuronosyltransferases. Drug Metab
Dispos 2004;32:587—94.

Furuta T, Ohashi K, Kamata T, Takashima M, Kosuge K,
Kawasaki T, et al. Effect of genetic differences in omeprazole

(23]

(24]

(25]

26]

(27]

(28]

(29]

(30]

(31]

(32]

(331

(34]

(35]

36]

(37]

(38]

(39]

40]

metabolism on cure rates for Helicobacter pylori infection
and peptic ulcer. Ann Intern Med 1998;129:1027—30.
Hennessy M, Spiers J. A primer on the mechanics of P-
glycoprotein the multidrug transporter. Pharmacol Res
2007;55:1-15.

Glavinas H, Krajcsi P, Cserepes ], Sarkadi B. The role of ABC
transporters in Drug resistance, metabolism and toxicity.
Curr Drug Deliv 2004;1:27—42.

Choi CH. ABC transporters as multidrug resistance
mechanisms and the development of chemosenitizers for
their reversal. Cancer Cell Int 2005;5:30—43.

Nabekura T, Kamiyama S, Kitagawa S. Effects of dietary
chemopreventive phytochemicals on P-glycoprotein
function. Biochem Biophys Res 2005;327:866—70.

Karthika Natarajan K, Xie Y, Baer MR, Douglas D, Ross DD.
Role of breast cancer resistance protein (BCRP/ABCG2) in
cancer drug resistance. Biochem Pharmacol
2012;83:1084—103.

Kalliokoski A, Niemi M. Impact of OATP transporters on
pharmacokinetics. Br ] Pharmacol 2009;158:693—705.

Ting CT, Kuo CJ, Hu HY, Lee YL, Tsai TH. Prescription
frequency and patterns of Chinese herbal medicine for liver
cancer patients in Taiwan: a cross-sectional analysis of the
National Health Insurance Research Database. BMC
Complement Altern Med 2017;17:118—-29.

Lin TH, Yen HR, Chiang JH, Sun MF, Chang HH, Huang ST.
The use of Chinese herbal medicine as an adjuvant therapy
to reduce incidence of chronic hepatitis in colon cancer
patients: a Taiwanese population-based cohort study. J
Ethnopharmacol 2017;202:225-33.

Wu CT, Tsai YT, Lai JN. Demographic and medication
characteristics of traditional Chinese medicine users among
colorectal cancer survivors: a nationwide database study in
Taiwan. ] Tradit Complement Med 2017;7:188—94.

Yeh YC, Chen HY, Yang SH, Lin YH, Chiu JH, Lin YH, et al.
Hedyotis diffusa combined with Scutellaria barbata are the
core treatment of Chinese herbal medicine used for breast
cancer patients: a population-based study. Evid Based
Complement Alternat Med 2014, 202378. 9 pages.

Chiang MH, Chang LW, Wang JW, Lin LC, Tsai TH. Herb-drug
pharmacokinetic interaction of a traditional Chinese
medicine Jia-Wei-Xiao-Yao-San with 5-fluorouracil in the
blood and brain of rat using microdialysis. Evid Based
Complement Alternat Med 2015, 729679. 11 pages.

Hou ML, Lu CM, Tsai TH. Effects of Jia-Wei-Xiao-Yao-San on
the peripheral and lymphatic pharmacokinetics of paclitaxel
in rats. Evid Based Complement Alternat Med 2016, 5614747.
10 pages.

Ting CT, Cheng YY, Tsai TH. Herb-drug interaction between
the traditional hepatoprotective formulation and sorafenib
on hepatotoxicity, histopathology and pharmacokinetics in
rats. Molecules 2017;22:1034—52.

Liu Q, Zhang YB, Ma CH, Yue XQ, Ling CQ. Analysis of
literature on therapeutic methods and medicines of
traditional Chinese medicine for primary liver cancer. Zhong
Xi Yi Jie He Xue Bao 2005;3:260—2.

Hsueh TP, Lin WL, Tsai TH. Pharmacokinetic interactions of
herbal medicines for the treatment of chronic hepatits. J
Food Drug Anal 2017;25:209—-18.

Lu CM, Lin LC, Tsai TH. Determination and pharmacokinetic
study of gentiopicroside, geniposide, baicalin, and
swertiamarin in Chinese herbal formulae after oral
administration in rats by LC-MS/MS. Molecules
2014;19:21560—78.

Ammon HP, Wahl MA. Pharmacology of Curcuma longa.
Planta Med 1991;57:1—7.

Ma W, Wang J, Tu P. Simultaneous determination of
doxorubicin and curcumin in rat plasma by LC-MS/MS and


http://refhub.elsevier.com/S1021-9498(18)30031-0/sref3
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref3
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref3
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref3
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref3
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref4
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref4
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref4
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref4
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref5
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref5
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref5
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref5
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref6
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref6
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref6
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref6
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref6
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref7
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref7
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref7
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref7
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref8
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref8
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref8
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref8
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref9
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref9
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref9
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref9
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref10
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref10
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref10
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref11
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref11
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref11
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref11
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref12
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref12
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref12
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref12
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref13
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref13
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref13
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref13
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref13
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref13
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref13
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref13
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref14
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref14
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref14
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref14
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref14
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref15
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref15
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref15
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref15
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref16
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref16
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref16
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref16
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref17
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref17
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref17
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref17
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref17
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref18
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref18
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref18
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref18
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref18
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref19
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref19
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref19
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref19
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref20
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref20
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref20
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref20
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref20
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref20
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref21
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref21
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref21
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref21
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref21
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref22
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref22
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref22
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref22
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref22
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref23
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref23
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref23
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref23
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref24
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref24
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref24
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref24
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref25
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref25
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref25
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref25
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref26
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref26
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref26
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref26
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref27
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref27
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref27
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref27
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref27
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref28
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref28
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref28
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref29
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref29
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref29
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref29
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref29
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref29
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref30
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref30
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref30
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref30
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref30
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref30
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref31
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref31
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref31
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref31
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref31
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref32
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref32
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref32
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref32
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref32
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref33
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref33
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref33
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref33
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref33
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref34
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref34
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref34
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref34
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref35
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref35
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref35
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref35
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref35
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref36
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref36
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref36
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref36
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref36
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref37
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref37
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref37
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref37
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref38
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref38
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref38
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref38
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref38
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref38
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref39
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref39
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref39
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref40
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref40
https://doi.org/10.1016/j.jfda.2018.01.003
https://doi.org/10.1016/j.jfda.2018.01.003

JOURNAL OF FOOD AND DRUG ANALYSIS 26 (2018) S88—-S95

S95

(41]

(42]

(43]

44

(45]

[46]

[47]

(48]

[49]

(50]

(51]

(52]

(53]

its application to pharmacokinetic study. ] Pharm Biomed
Anal 2015;111:215-21.

Thangapazham RL, Sharma A, Maheshwari RK. Multiple
molecular targets in cancer chemoprevention by curcumin.
AAPS ] 2006 Jul 7;8(3):E443—9.

Kim SR, Park HJ, Bae YH, Ahn SC, Wee HJ, Yun I, et al.
Curcumin down-regulates visfatin expression and
inhibits breast cancer cell invasion. Endocrinology
2012;153:554—63.

Yu LL, Wu JG, Dai N, Yu HG, Si JM. Curcumin reverses
chemoresistance of human gastric cancer cells by
downregulating the NF-«B transcription factor. Oncol Rep
2011;26(5):1197—203.

Dahlin JD, Nissink JWM, Strasser JM, Francis S, Higgin L,
Zhou H, et al. PAINS in the assay: chenical mechanisms of
assay interference and promiscuous enzymatic inhibition
observed during a sulfhydryl-scavenging HTS. ] Med Chem
2015;58:2019-113.

Nelson KM, Dahlin JL, Bisson J, Graham J, Pauli GF, Walters M.
The essential medicinal chemistry of curcumin. ] Med Chem
2017;60:1620-37.

Wang Y], Pan MH, Cheng AL, Lin LI, Ho YS, Hsieh CY, et al.
Stability of curcumin in buffer solutions and
characterization of its degradation products. ] Pharm Biomed
Anal 1997;15:1867—76.

Yang KY, Lin LC, Tseng TY, Wang SC, Tsai TH. Oral
bioavailability of curcumin in rat and the herbal analysis
from Curcuma longa by LC-MS/MS. J Chromatogr B: Anal
Technol Biomed Life Sci 2007;853:183—9.

Hsieh YW, Huang CY, Yang SY, Peng YH, Yu CP, Lee
Chao PD, et al. Oral intake of curcumin markedly
activated CYP 3A4: in vivo and ex-vivo studies. Sci Rep
2014;4:6587—-94.

Jagannathan R, Abraham PM, Poddar P. Temperature
dependent spectroscopic evidences of curcumin in aqueous
medium: a mechanistic study of its solubility and stability. J
Phys Chem B 2012;116:14533—40.

Griesser M, Pistis V, Suzuki T, Tejera N, Pratt DA,

Schneider C. Autoxidative and cyclooxygenase-2 catalyzed
transformation of the dietary chemopreventive agent
curcumin. J Biol Chem 2011;286:1114—24.

Bamba Y, Yun YS, Kunugi A, Inoue H. Compounds isolated
from Curcuma aromatica Salisb. inhibit human P450
enzymes. ] Nat Med 2011;65:583—7.

Andjelkovic T, Pesic M, Bankovic J, Tanic N, Markovic ID,
Ruzdijic S. Synergistic effects of the purine analog
sulfinosine and curcumin on the multidrug resistant human
non-small cell lung carcinoma cell line (NCI-H460/R). Cancer
Biol Ther 2008;7:1024—32.

Sadzuka Y, Nagamine M, Toyooka T, Ibuki Y, Sonobe T.
Beneficial effects of curcumin on antitumor activity and
adverse reactions of doxorubicin. Int J] Pharm
2012;432:42-9.

[54] Junkun L, Erfu C, Tony H, Xin L, Sudeep KC, Mingliang Z, et al.

(53]

[56]

(571

Curcumin downregulates phosphate carrier and protects
against doxorubicin-induced cardiomyocyte apoptosis.
BioMed Res Int 2016;2016, 1980763.

Zhang W, Tan TMC, Lim LY. Impact of curcumin-induced
changes in P-Glycoprotein and CYP3A expression on the
pharmacokinetics of peroral celiprolol and midazolam in
rats. Drug Metab Dispos 2007;35:110-5.

Foster S. Milk thistle: Silybum marianum. Austin, Tex:
American Botanical Council; 1999.

Kaur M, Agarwal R. Silymarin and epithelial cancer
chemoprevention: how close we are to bedside? Toxicol Appl
Pharmacol 2007;224:350—9.

(58]

(591

(60]

(61]

(62]

(63]

(64]

(6]

[66]

(671

(68]

(6]

[70]

(71]

(72]

(73]

Lin YC, Cheng KM, Huang HY, Chao PY, Hwang JM, Lee HH,
et al. Hepatoprotective activity of Chhit-Chan-Than extract
powder against carbon tetrachloride-induced liver injury in
rats. ] Food Drug Anal 2014;22:220-9.

Wu JW, Lin LC, Hung SC, Lin CH, Chi CW, Tsai TH.
Hepatobiliary excretion of silibinin in normal and liver
cirrhotic rats. Drug Metab Dispos 2008;36:589—-96.

Zi X, Agarwal R. Modulation of mitogen-activated protein
kinase activation and cell cycle regulators by the potent skin
cancer preventative agent silymarin. Biochem Biophys Res
Commun 1999;263:528—-36.

Agarwal C, Singh RP, Dhanalakshmi S, Tyagi AK,
Tecklenburg M, Sclafani RA, et al. Silibinin upregulates the
expression of cyclin-dependent kinase inhibitors and causes
cell cycle arrest and apoptosis in human colon carcinoma
HT-29 cells. Oncogene 2003;22(51):8271—-82. 13.

Varghese L, Agarwal C, Tyagi A, Singh RP, Agarwal R.
Silibinin efficacy against human hepatocellular carcinoma.
Clin Cancer Res 2005;11:8441—8.

Bousserouel S, Bour G, Kauntz H, Gossé F, Marescaux J,
Raul F. Silibinin inhibits tumor growth in a murine
orthotopic hepatocarcinoma model and activates the TRAIL
apoptotic signaling pathway. Anticancer Res 2012
Jul;32(7):2455-62.

Ramakrishnan G, Jagan S, Kamaraj S, Anandakumar P,
Devaki T. Silymarin attenuated mast cell recruitment
thereby decreased the expressions of matrix
metalloproteinases-2 and 9 in rat liver carcinogenesis. Invest
N Drugs 2009;27:233—40.

Gatti G, Perucca E. Plasma concentrations of free and
conjugated silybin after oral intake of a silybin-
phosphatidylcholine complex (silipide) in healthy
volunteers. Int J Clin Pharmacol Ther 1994;32(11):614—7.
Weyhenmeyer R, Mascher H, Birkmayer J. Study on dose-
linearity of the pharmacokinetics of silibinin diastereomers
using a new stereospecific assay. Int J Clin Pharmacol Ther
Toxicol 1992;30(4):134—8.

Wu JW, Lin LC, Tsai TH. Drug-drug interaction of Silymarin
on the perspective of pharmacokinetics. ] Ethnopharmacol
2009;121:185-93.

Gazdk R, Walterova D, Kren V. Silybin and silymarin-new
and emerging applications in medicine. Curr Med Chem
2007;14:315-38.

van Erp NP, Baker SD, Zhao M, Rudek MA, Guchelaar H]J,
Nortier JW, et al. Effect of milk thistle (Silybum marianum)
on the pharmacokinetics of irinotecan. Clin Cancer Res
2005;11:7800—6.

Tamayo C, Diamond S. Review of clinical trials evaluating
safety and efficacy of milk thistle (Silybum marianum [L.]
Gaertn.). Integr Cancer Ther 2007;6:146—57.

Gurley B, Hubbard MA, Williams DK, et al. Assessing the
clinical significance of botanical supplementation on human
cytochrome P450 3A activity: comparison of a milk thistle
and black cohosh product to rifampin and clarithromycin. J
Clin Pharmacol 2006;46(2):201—-13.

Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB,
Carrier J, et al. In vivo assessment of botanical
supplementation on human cytochrome P450 phenotypes:
citrus aurantium, Echinacea purpurea, milk thistle, and saw
palmetto. Clin Pharmacol Ther 2004;76(5):428—40.

Gurley BJ, Barone GW, Williams DK, Carrier J, Breen P,
Yates CR, et al. Effect of milk thistle (Silybum marianum) and
black cohosh (Cimicifuga racemosa) supplementation on
digoxin pharmacokinetics in humans. Drug Metab Dispos
2006;34(1):69—74.


http://refhub.elsevier.com/S1021-9498(18)30031-0/sref40
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref40
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref40
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref41
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref41
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref41
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref41
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref42
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref42
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref42
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref42
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref42
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref43
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref43
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref43
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref43
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref43
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref44
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref44
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref44
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref44
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref44
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref44
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref45
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref45
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref45
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref45
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref46
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref46
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref46
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref46
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref46
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref47
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref47
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref47
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref47
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref47
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref48
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref48
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref48
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref48
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref48
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref49
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref49
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref49
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref49
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref49
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref50
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref50
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref50
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref50
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref50
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref51
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref51
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref51
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref51
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref52
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref52
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref52
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref52
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref52
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref52
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref53
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref53
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref53
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref53
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref53
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref54
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref54
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref54
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref54
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref55
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref55
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref55
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref55
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref55
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref56
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref56
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref57
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref57
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref57
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref57
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref58
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref58
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref58
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref58
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref58
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref59
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref59
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref59
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref59
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref60
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref60
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref60
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref60
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref60
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref61
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref61
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref61
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref61
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref61
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref61
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref62
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref62
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref62
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref62
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref63
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref63
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref63
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref63
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref63
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref63
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref63
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref64
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref64
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref64
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref64
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref64
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref64
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref65
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref65
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref65
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref65
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref65
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref66
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref66
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref66
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref66
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref66
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref67
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref67
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref67
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref67
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref68
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref68
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref68
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref68
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref68
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref69
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref69
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref69
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref69
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref69
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref70
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref70
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref70
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref70
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref71
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref71
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref71
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref71
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref71
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref71
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref72
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref72
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref72
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref72
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref72
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref72
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref73
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref73
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref73
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref73
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref73
http://refhub.elsevier.com/S1021-9498(18)30031-0/sref73
https://doi.org/10.1016/j.jfda.2018.01.003
https://doi.org/10.1016/j.jfda.2018.01.003

	Concurrent administration of anticancer chemotherapy drug and herbal medicine on the perspective of pharmacokinetics
	1. Introduction
	2. Strategies of traditional Chinese medicine for cancer patients
	3. Contributing factors in herb–drug interactions
	4. Concurrent use of traditional Chinese formulations and cancer chemotherapy
	4.1. Jia-Wei-Xiao-Yao-San
	4.2. Long-Dan-Xie-Gan-Tang formulation

	5. Concurrent use of signal herbs and cancer chemotherapy
	5.1. Curcuma longa
	5.2. Milk thistle

	6. Conclusion
	Conflicts of interest
	Acknowledgments
	References


