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Abstract: Drug metabolism is one of the most important pharmacokinetic processes and
plays an important role during the stage of drug development. The metabolite profile
investigation is important as the metabolites generated could be beneficial for therapy or
leading to serious toxicity. This systematic review aims to summarize the research articles
relating to the metabolite profile investigation of conventional drugs and herb-derived
compounds for cancer chemotherapy, to examine factors influencing metabolite profiling of
these drugs/compounds, and to determine the relationship between therapeutic efficacy and
toxicity of their metabolites. The literature search was performed through PubMed and
ScienceDirect databases up to January 2019. Out of 830 published articles, 78 articles
were included in the analysis based on pre-defined inclusion and exclusion criteria. Both
phase I and II enzymes metabolize the anticancer agents/herb-derived compounds . The
major phase I reactions include oxidation/hydroxylation and hydrolysis, while the major
phase II reactions are glucuronidation, methylation, and sulfation. Four main factors were
found to influence metabolite formation, including species, gender, and route and dose of
drug administration. Some metabolites were identified as active or toxic metabolites. This
information is critical for cancer chemotherapy and anticancer drug development.
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Introduction
Cancer remains the major cause of death globally. In 2018, approximately 18
million new cases and 9 million deaths from cancer were estimated to occur
worldwide.! Several chemotherapeutic agents have been developed for treatment
and prevention of cancer, either chemically synthetic drugs or herb-derived
compounds.” ® As herb-derived anticancer drugs are considered to be less toxic
compared with synthetic drugs, attentions to developing new drugs originating from
herbal products have substantially been paid worldwide. These include leelamine,
the natural active compound from the bark of pine tree,” atractylodin and
B-eudesmol, the natural active compounds from rhizomes of Atractylodes lancea
(Thunb) DC,? and alantolactone, an active sesquiterpene from Inula helenium L.
Drug metabolism and pharmacokinetic (DMPK) studies play an important role in
all steps of drug discovery and development, including anticancer drugs.'® Metabolism
is the process of which xenobiotics or endogenous substances in the body are bio-
transformed to the metabolic products that facilitate their elimination.'' Drug metabo-
lism involves two main phases, i.e., phase I and phase II metabolism. The primary
enzyme system involved in phase I metabolism is cytochrome P450 (CYP), and the
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major enzymes involved in phase II are UDP-glucuronosyl-
transferase (UGT), sulfotransferase (SULT), glutathione-S-
transferase (GST), N-acetyltransferase (NAT), and methyl-
transferase (MT).'* Drug metabolism plays a crucial role in
determining the efficiency and safety of drugs. Drugs
undergo metabolism to form numerous stable metabolites,
most of which are pharmacologically inactive. On the other
hand, in some cases, metabolism may lead to reactive meta-
bolites that can induce adverse effects. Various types of drug
metabolism studies have been incorporated during the pro-
cess of drug discovery and development to generate new
chemical entities (NCE) with acceptable safety profiles.
This is particularly important for cancer chemotherapeutic
drugs with a narrow therapeutic window. Metabolite profil-
ing and identification studies of these compounds and cur-
rently used drugs are therefore essential. The main aim of
metabolic profiling studies is to identify metabolic pathways
and metabolites generated from the biotransformation pro-
cess. The information obtained from the studies would help
to optimize lead compounds for optimal pharmacokinetic
and pharmacodynamic properties. Besides, it will help to
identify new chemical entities based on the metabolites gen-
erated to minimize potential safety liabilities due to the for-
mation of reactive or toxic metabolites. Comparison of
information obtained from preclinical studies in animals
and humans would also ensure potential adequate coverage
of human metabolites in animals and for supporting human
prediction.

This systematic review aimed to summarize the
research articles relating to the metabolite profiling studies
of anticancer drugs (conventional chemical synthetic drugs
and targeted small-molecules) and candidate compounds
from herbal sources. Factors influencing metabolite pro-
files (metabolic pathways and types of metabolites gener-
ated) and their relationship with anticancer activity and
toxicity in vitro, in vivo (animals), and human were also
investigated.

Materials and Methods
Study Selection and Inclusion and

Exclusion Criteria

This systematic review was performed through the search
from PubMed (via Endnote) and ScienceDirect databases
up to January 2019. The following keywords were used:
“anticancer drug”, “anticancer agent”, “chemotherapy”,
“chemotherapeutic drug”, “traditional medicine”, herbal
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medicine, “natural compound”, “metabolism”, “metabolite
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profile”, “metabolite identification”, “metabolite character-
ization”, and “cancer”. No other search conditions were
applied. All articles obtained from the two databases were
checked for duplication. The remaining articles were initi-
ally screened as per the inclusion criteria based on the
content of the abstract section. The inclusion criteria for
article selection were 1) articles in full-texts and written in
English; 2) articles with the investigation (in vitro, in vivo,
or clinical studies) of metabolite profiles of conventional
chemotherapeutic drugs, small molecules targeted therapy,
candidate synthetic anticancer agents, natural products-
derived anticancer compounds or drug candidates. The
duplicates, review articles, short communications, case
reports, articles with the investigation of other types of
drug metabolism studies, or those with insufficient infor-
mation of metabolite(s) or metabolic pathway(s) were
excluded from data analysis.

Data Extraction and Collection

Two independent researchers performed data extraction
from all articles. When conflicting opinions arose, the
decision was sought from higher professional level per-
sonnel, and the decision was considered final. The title and
abstract of each article search from PubMed (via Endnote)
and ScienceDirect databases using the keywords men-
tioned above were initially screened for relevant original
articles based on the inclusion and exclusion criteria. The
full-text articles were carefully examined to confirm their
compliance with the defined eligibility criteria. The studies
of metabolite profile of chemotherapeutic drugs, targeted
small molecules, candidate synthesized anticancer agents,
traditional or herbal medicines, and natural compounds for
cancer were classify according to types of anticancer
agents. The information extracted included: name of antic-
ancer drug or compound/herb, type of studies (in vitro, in
vivo, and clinical studies), gender and species of animals
used, route and dose of administration of the investigated
drugs/compounds, biochemical tools used (liver, prostate,
intestine, or kidney microsomes, subcellular fractions,
hepatocytes, recombinant enzymes, and whole blood),
type of biological samples (plasma, urine, bile, feces, and
tumor), and study conclusion.

Results
Study Description

Three hundred and twenty-one out of 830 articles were
duplicated or review articles and were initially excluded
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from the analysis. The title and abstract were further
screened based on eligible criteria, and 411 articles were
further excluded from the analysis. Finally, 78 out of 98
articles were included in the analysis; 20 excluded articles
were case reports, short communications, and articles with
insufficient information. The flow diagram of the search
process is presented in Figure 1. Information on metabolite
profiles including biochemical tools/biological samples
used in the studies of conventional anticancer drugs, syn-
thetic anticancer candidates, small molecules targeted ther-
apy, herb-derived compounds with anticancer activities are
summarized in Tables 1-3, respectively and the anticancer
activities of each compound are presented in Table 4.
Out of 78 articles included in the analysis (42 in vitro, 42
in vivo, and 16 clinical studies), 47 (60.3%), 14 (17.9%) and
17 (21.8%) articles respectively, investigated metabolite pro-
files of conventional anticancer drugs/synthetic anticancer
candidates, small-molecules targeted therapy, and herb-
derived compounds with anticancer activities. These studies
involved a total of 57 (57.0%) conventional anticancer drugs/
synthetic anticancer candidates,™'¥® 22 (22.0%) studies for
small-molecules targeted therapy,””°"° and 21 (21.0%)
studies
activities

for herb-derived compounds with anticancer
2.3.7.9.7183 (Typles 1-3). Anticancer drugs or candi-
date compounds are metabolized by either Phase I, or phase
IT metabolizing enzyme alone, or both phase I and phase II
metabolizing enzymes. The major metabolic pathways of
phase I reaction include oxidation/hydroxylation and hydro-
lysis. The major metabolic pathways of phase II reaction are

glucuronidation, methylation, and sulfation (Tables 1-3).

Several factors were found to influence the metabolite
profiles of these drugs/compounds, including species, gen-
der, and route and dose of administration. Relationship
between the generated metabolites and anticancer activity
and/or toxicity were reported in 10 (17.5%) studies for
anticancer

conventional  anticancer  drugs/synthetic

6,13,22,31,32,36,45,50
,,,,,,,1(4.5%

candidates, ) studies for small-

molecules targeted therapy,®> and 4 (19.0%) studies for

herb-derived compounds with anticancer activities.”>’"%7

Discussion

The goals of conducting drug metabolism studies are to
identify and characterize all major metabolites of the inves-
tigated drugs and specific enzymes responsible for their
metabolism; to evaluate the impacts of the metabolites on
safety and efficacy of the drug, and to utilize the drug
metabolism information to maximize their intellectual prop-
erty. The identity of metabolites present in any matrix of
animal or human provides essential information about the
biotransformation pathways involved in the clearance of a
drug. Technological advances during the past decade have
greatly improved analytical capabilities to detect, identify,
and characterize metabolites at previously unattainable
levels. Chromatography and electrophoresis are usually
methods of choice. Electrospray ionization (ESI) and atmo-
spheric pressure chemical ionization (APCI) liquid chroma-
tography-mass spectrometry (LC/MS) have become ideal
and widely used methods in the identification, structure char-
acterization, and quantitative analysis of drug metabolites.
This is due to its superior specificity, sensitivity, and

20 Articles were excluded

after full-text review:
» 3 articles excluded due

to case report and short
communication

* 4 articles excluded due
to combine therapy
* 12 articles excluded due

to insufficient data of

> metabolite/metabolic

[ |
L
g
& Articles from PubMed and ScienceDirect
g databases until January 2019 (830 articles)
K=}
- ) 4
] 321 Articles excluded for duplicated and review
o articles
£
[=
[
dl_) v
® 411 Articles excluded based on eligibility criteria
|| by title and abstract screening
N ¥
% 98 Articles included in the analysis based on
=) eligibility criteria by full-text examination (78
w articles)

pathway

* 1 article excluded due to
investigation on reaction
phenotyping

Figure | Flow diagram summarizing steps for exclusion and inclusion of the research articles included in the analysis.
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Cohort

TKI258 (Dovitinib)

Abbreviations: CYP, Cytochrome P450; DAD, Diode Array Detection; DLM, Dog Liver Microsome; ESI, Electrospray lonization; HLM, Human Liver Microsome; HPLC, High Performance Liquid Chromatography; IT, lon trap; IV,

Intravenous; LC, Liquid Chromatography; LTQ, Linear Trap Quadrupole; MS, Mass Spectrometry; MLM, Monkey Liver Microsome; NMR, Nuclear Magnetic Resonance spectroscopy; PO, Per oral; QqQ, Triple quadrupole; QTOF,

Quadrupole Time-of-flight; RLM, Rat Liver Microsome; TOF, Time-of-Flight; UHPLC, Ultra-high performance liquid chromatography; UPLC, Ultra Performance Liquid Chromatography; UV, Ultraviolet detection.

efficiency over other methods such as radioimmunoassay
(RIA), gas chromatography/mass spectrometry (GC/MS),*
and liquid chromatography (LC) with ultraviolet detection
(UV),"*7 fluorescence,***’ radioactivity’**' and mass spec-
trometry (MS)"*1864 detection. Most of the works in meta-
bolite analysis were carried out using triple-quadrupole mass
spectrometers.”*%°>7-%3%2 The main advantages include its
superior quantitative capabilities in the multiple reaction
monitoring (MRM) mode and the fact that a family of meta-
bolites can easily be identified using neutral-loss and pre-
cursor ion scans.

Factors Influencing Metabolite Formation
Several factors were shown to influence metabolite forma-
tion of the parent drugs/compounds with anticancer activ-
ities. These included species, gender, and route and dose
of administration of the parent drugs/compounds.

Species

Metabolic pathways and metabolite profiles of anticancer
drugs/candidate compounds varied with animal species
investigated. This is explained by the difference in the
expression of metabolizing enzymes. For example,
CYP1AIl and 1A2 enzymes are presented in mouse, rat,
dog, monkey, and human, whereas CYP2C9, 2C19, 2D6,
and 3A4 enzymes are only presented in human.’”® In a
study of flutamide (nonsteroidal antiandrogen used primarily
for prostate cancer) metabolism, only one metabolite (desig-
nated OH-flu) was detected in human after incubation with
human liver microsomes. On the other hand, four metabolites
(Flu-1, OH-flu, M1, and M3) were detected after incubation
of the compound with liver microsomes from rat, dog, and
pig.>* Moreover, similar metabolite (OH-flu) was detected in
rat and pig, but this metabolite was detected as 3 and 2
isoforms in rat and pig, respectively.>? For the synthetic p-
lapachone, ARQ 501, similar phase I metabolites (M1-M3,
and M5) were detected after incubation with whole blood of
mouse, rat, dog, monkey, and human. On the other hand, only
one phase I metabolite M4 was detected in human and M6
metabolite was detected in both human and monkey.'*

Gender

Gender is another factor that influences the metabolite pro-
files of anticancer drugs/candidate compounds due to differ-
ence in the expression levels of metabolizing enzymes
between males and females. For example, in human, the
levels of CYP2EI and 1A2 are found to be higher in males
than females, while the level of CYP3A4 is higher in
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Table 4 Activities of Conventional Anticancer Drugs, Synthetic Anticancer Candidates, Small Molecules Targeted Therapy, Herb-

Derived Compounds

Compounds References | Activity

Conventional anticancer drugs

AM6-36 (3-amino-6-(3'-aminopropyl)-5H-indeno[1,2-c] [13] Antiproliferation (Breast cancer cell line (MCF-7))

isoquinoline-5,1 I-(6H) dione)

ARQ 501 (synthetic B-lapachone) [15] Anticancer (Pancreatic, head and neck cancer, and leiomyosarcoma)

Cabazitaxel [16] Anticancer (Prostate cancer)

Capecitabine [17] Anticancer (Colorectal cancer)

Carbendazim [18] Apoptotic induction, Antitumor (Solid tumor)

Cl-94 1 (losoxantrone) [19] Anticancer (Breast and prostate cancers)

CP-31398 (N’-[2-[2-(4-methoxyphenyl) ethenyl)-4- [84,85] Antiproliferative (Colon cancer (DLDI) and lung cancer (H460)

quinazolinyl]-N, N-dimethyl-1,3-propanediamine and intestinal tumor cells)

Dihydrochloride)

CPA [22] Anticancer (Prostate cancer)

(Cyproterone acetate)

Cisplatin [20] Anticancer (Testicular, ovarian, bladder, cervical, esophageal, small
cell lung, head and neck cancers)

Crisnatol [23] Antitumor (Hepatoma)

Cyclophosphamide [24,86] Anticancer (Leukemia, lymphoma, breast, lung, prostate, and
ovarian cancers)

DFS (Trans-2,6-difluoro-4'-(N, N-dimethylamino) stilbene: [25] Antitumor (Colorectal cancer)

Stilbene analog)

5'-dFUrd and 5'-dFUR (5'-deoxy-5-fluorouridine) [26,27] Anticancer (Gastric, colorectal, and breast cancer)

EAPB0203 [28] Antitumor (Melanoma, T lymphoma, colon, and breast cancers)

EAPB0503 [29] Antitumor (Melanoma, T lymphoma, and colon cancer)

E-DE-BPH (E-3,4-bis (4-Ethylphenyl) hex-3-ene: stilbene [30] Anticancer

derivatives)

2-F-araA (9-B-D-arabinofuranosyl-2-fluoroadenine) [31] Antitumor (Leukemia)

Flutamide [32] Antiandrogen (Prostate cancer)

4-Hydroxyanisole [33] Anticancer (Malignant melanoma)

Irinotecan [34] Anticancer (Colon and lung cancer)

Ixabepilone [87] Anticancer (Metastatic breast cancer)

JM216 [36] Antitumor (Human ovarian carcinoma cell model)

KO2 (Morpholine-urea-Phe-Hphe-vinylsulfone) [37] Inhibit cancer progress by inhibiting potent cysteine protease

Laromustine [38] Anticancer (Leukemia)

2-Methoxyestradiol [39] Anticancer (Metastatic breast cancer, prostate cancer, and various
tumors)

Mitomycin C [88] Anticancer (Bladder, colon, and breast cancers)

NB-506 [41,89] Antitumor (lung and colon cancers, and metastatic cells)

(6-N-formylamino-12,13-dihydro-1,1 | -dihydroxy- 1 3-(b-D-

glucopyranosil) 5H-indolo [2,3-a]pyrrolo [3,4-c]carbazole-5,7

(6H)-dione)

9NC (9-Nitro-20(S)-camptothecin) [90] Anticancer (Ovarian, tubal, and peritoneal cancer)

NSC 141549 (4'-(9-Acridinylamino) methanesulfon-rn- [43] Antitumor (L1210 leukemia and Lewis lung carcinoma)

anisidide (r -AMSA))

NSC 652287 (2,5-bis(5-hydroxymethyl-2-thienyl) furan) [44,91] Antiproliferative (renal carcinoma cells)

NSC 674495 (2-(4-Amino-3-methylphenyl) benzothiazole: DF | [45] Antitumor (Breast cancer (MCF-7 and MDA 468) cells models)

203)

PAC-1 (4-benzyl-piperazin-|-yl)-acetic acid (3-allyl-2- [46,92] Antitumor (colon cancer cell models)

Hydroxy-benzylidene)-hydrazine

Paclitaxel [47] Anticancer (Breast, lung, head, neck, and ovarian cancers)

(Continued)
Drug Design, Development and Therapy 2020:14 submit your manuscript 1437

Dove


http://www.dovepress.com
http://www.dovepress.com

Muhamad and Na-Bangchang

Dove

Table 4 (Continued).

Compounds References | Activity

Phenylbutyrate [93] Antitumor (Human prostate cancer, hepatocarcinoma and
hepatoblastoma models), Anticancer (Acute myelogenous leukemia)

Phyllanthoside [50] Antitumor (Bl6 melanoma and P388 leukemia)

Sepin-1 [51] Antiproliferative (Breast cancer, leukemia, and neuroblastoma),
Antitumor (breast carcinoma), Apoptotic induction

SN30000 (3-(3-Morpholinopropyl)-7,8-dihydro-6H-indeno [6,94] Antiproliferative (Human colon cancer (HT29) and cervical (SiHa)

[5,6-€] [1,2,4] triazine |.4-dioxide: tirapazamine analog) cancer cells), Antitumor (HT29 and SiHa cancer cells models)

Tamoxifen [54,55] Antiestrogen (Breast cancer)

TAS-102 (tipiracil hydrochloride (TPI) + trifluridine (FTD)) [56] Anticancer (Metastatic colorectal cancer)

TNP-470 (O-(chloroacetyl-carbamoyl) fumagillol) [57] Antitumor (B16 BL6 melanoma, M 5076 reticulum cell sarcoma,
Lewis lung carcinoma, Walker 256 carcinoma), Anticancer,
Antiangiogenesis

TWO01003 ((3E,6E)-3-Benzylidene-6-[(5-hydroxypyridin-2-yl) | [58] Antitumor, Antiangiogenesis

methylene] piperazine-2,5-dione)

Small molecules-targeted anticancer drugs

AZD8055 [59] Antiproliferation, Apoptotic induction, and Migration reduction
(Leukemia, cervical, breast cancer, and laryngeal carcinoma)

Brivanib [60,95] Anticancer (Hepatocellular carcinoma)

EPZ-5676 (pinometostat) [61] Anticancer (Leukemia)

HM781-36B (1-[4-[4-(3,4-dichloro-2-fluorophenylamino)-7- [5] Anticancer (Advanced solid tumors i.e. non-small-cell lung cancer

methoxyquinazolin-6-yloxy]-piperidin-1-yl] prop-2-en-1-one (NSCLC) patients with EGFR mutation (T790M), breast, and

hydrochloride) gastric cancer)

Imatinib [62,63] Anticancer (Chronic myelogenous leukemia (CML) and
gastrointestinal stromal tumors (GIST))

Irosustat [64] Antitumor (Breast cancer model), Anticancer (Breast cancer)

JNJ-38877605 [65] Antitumor (Prostate, non-small-cell lung, and gastric cancer and
glioblastoma cells models)

Lenvatinib [66] Anticancer (Hepatocellular carcinoma, melanoma, renal carcinoma,
non-small-cell lung carcinoma, glioblastoma multiforme, ovarian
and endometrial carcinoma)

Neratinib [67] Anticancer (Breast cancer)

ON 013100 ((E)-2,4,6-trimethoxystyryl-3-hydroxy-4- [68] Anticancer (Lymphoma and acute lymphoid leukemia)

methoxybenzyl sulfone (Kinase inhibitor))

Osimertinib [69] Anticancer (Non—small cell lung cancer)

Pimasertib [70] Anticancer (Non-small cell lung, colorectal cancer, and head and
neck squamous cell carcinoma)

TKI258 (dovitinib) [96] Anticancer (Renal cell carcinoma, advanced breast cancer, relapsed
multiple myeloma and urothelial cancer)

Herb-derived compounds

Alantolactone (Inula helenium L.) [9] Antitumor (Liver cancer cells model)

Astragali Radix (water extract) [71] Apoptotic induction

Calphostin C (Cladosporium cladosporoides) [72] Antitumor (Leukemia model), apoptotic induction

CAT (3,6,7-trimethoxyphenan-throindolizidine (isolated from | [73] Antitumor

Tylophora atrofolliculata))

Dimethoxycurcumin (Curcumin analog) [74] Antiproliferation and apoptosis induction (Human colon (HCT116)

cancer cells model)

(Continued)
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Table 4 (Continued).

Compounds References | Activity

Fisetin (flavonoid compound) [75] Antiproliferation (Human leukemia (HL60), breast (MCF7), colon
(HT29), liver (SK-HEP-1, Caco-2), neuroblastoma (SHEP, WAC-2),
prostate (LNCaP, PC3) cells models)

Flavone-8-acetic acid (FAA) [76] Antitumor (Solid murine and human tumor cells models)

Furanodiene (Rhizoma Curcumae) [77] Antiproliferation (Human cervical (Hela), laryngeal (Hep-2),
Leukemia (HL-60), prostate (PC3), and gastric (SGC-7901) cancer
and fibrosarcoma (HT-1080) cells models)

(-)-grandisin (extracted from Piper solmsianum) [2,97] Antitumor (Ehrlich Ascites Tumoral (EAT) models)

Irisflorentin (Belamcanda chinensis) [78] Antiproliferation (prostate (DU145) and breast (MCF-7) cancer
models)

Leelamine (bark of pine tree) [7] Antiproliferation by apoptotic induction (breast cancer model),

MPD (Methyl protodioscin: isolated from Dioscorea collettii [79] Antiproliferation (Leukemia and solid tumors models)

var. hypoglauca))

Oridonin (ORI) (Diterpinoid of Isodon rubescens) [80] Antiproliferation (Murine and human melanoma cells models)

Quercetin (flavonoid) [98] Antiproliferative by apoptotic induction (Colon carcinoma (CT-26),
prostate adenocarcinoma (LNCaP), lymphoblastic leukemia MOLT-
4 T-cells, and human lymphoid (Raji) cell models), Antitumor
(breast (MCF-7) and colon carcinoma (CT-26) models)

Trabectedin (ET-743: isolated compound from Ecteinascidia [82] Anticancer (Soft tissue sarcoma, ovarian and breast cancer)

turbinata)

Yuanhuapine (Isolated from Daphne genkwa) [3] Antiproliferative (Murine lymphocytic leukemia (P-338), Human
lung carcinoma (A-549) cells models)

Ziyuglycoside Il (Sanguisorba officinalis L.) [83] Antiproliferative (Gastric and breast carcinoma)

females.'% In rat liver, the expression level of CYP2C12 is
higher in females than males, while the level of CYP2C11 is
higher in males than females.'®' Ventura et al investigated the
metabolic profiles of irosustat (inhibitor of steroid sulfatase
under development for hormone-sensitive cancers such as
breast and prostate cancer) using liver microsomes from male
and female rats, dogs, monkeys, and humans. In rats, 11
metabolites (designated M7-M11, M13-M16, M18 and
667-coumarin) were detected in both genders, while 1 dif-
ferent metabolite each was detected in males (P-24) and
females (P-36).% Eight similar metabolites (P-14, M7-M10,
M13, M16, and P-24) were detected in both genders of
monkeys, whereas only M14 metabolite was detected in
only male monkeys. In dogs and humans, similar 14 meta-
bolites were detected in both genders.®* These results suggest
that the metabolites generated from the parent anticancer
drugs/candidate compounds may vary depending on the
expression levels of the responsible metabolizing enzymes
in each gender.

Route of Administration
Route of administration was found to be one contributing

factor that influences the metabolite profiles of anticancer

drugs/candidate compounds. Following intravenous admin-
istration of TW-01003 (a piperazinedione derivative
designed as an antimitotic agent), the major metabolite
(TW-01003 sulfate) was detected in rat plasma. Following
oral administration, on the other hand, TW-01003 glucuro-
nide became major metabolite.”® This might be due to the
enterohepatic recirculation, which increases the level of glu-
curonide conjugates in the systemic circulation.”® In another
metabolism study of tamoxifen (selective estrogen-receptor
modulator for breast cancer), however, two similar metabo-
lites (4-hydroxytamoxifen and N-desmethyltamoxifen) were
detected in mouse serum following both oral and subcuta-
neous routes of administration.>>

Dose

The dose level of anticancer drugs/candidate compounds was
not found to be the major factor that influenced their meta-
bolite profiles, but the metabolite levels. In the study of
tamoxifen metabolism in mice, higher levels of metabolites
were reported after an oral dose of 200 compared with
50 mg/kg/day.”® In the study of JM 216 or satraplatin, a
platinum drug, the number of metabolites detected was simi-

lar among patients receiving different doses of the compound
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(120, 200, 300, 420, and 540 mg/m?). Plasma levels of each
metabolite were not significantly different in patients who
received different doses of the drug. For example, metabolite
A was detected at 20-58.9% for 120 mg/m>, 10.2-50% for
200 mg/m®, 8.7-76.2% for 300 mg/m’, 8.2-85.9% for
420 mg/m?, and 5.1-44.4% for 540 mg/m*>® Such broad
range of metabolite levels in plasma observed in patients
receiving the same dose might be due to inter-individual
variability metabolizing enzyme(s) responsible for JM216
metabolism in each patient. These results suggest that the
metabolite profiles of anticancer drugs/candidate compounds
are not completely affected by the dose of administration but
may be influenced by the dose level and duration of
administration.

Contribution of Metabolites to
Anticancer Activity and Toxicity of

Anticancer Drugs/Candidate Compounds
The metabolites generated from the parent anticancer drugs/
candidate compounds can be both active and inactive metabo-
lites. This information is essential for cancer chemotherapy
with a narrow therapeutic window, particularly in individuals
with increased or decreased drug-metabolizing enzyme activ-
ities influenced by genetic and nongenetic factors. Several
studies showed that biotransformation could significantly
influence the activity and toxicity of the anticancer drugs/
candidate compounds. The metabolites of some active drugs/
compounds exhibited more potent anticancer activity than
their parent compounds. For example, the cytotoxic activity
of the M3 metabolite of fisetin, a plant polyphenol, against
Lewis carcinoma (LLC) cell line was shown to be about 2-fold
of fisetin itself (ICsq or 50% inhibitory concentrations of 24 vs.
59 uM). However, both M3 and fisetin exhibited similar
cytotoxic activities against the endothelial EAhy 926 cell
line (ICso 72 vs. 76 uM). It was noted however, that the
cytotoxic activity of this metabolite against the normal cell
line, NIH 3T3, was relatively higher than fisetin (ICsy 128 vs.
195 uM).” The M1 and M2 metabolites of the synthetic
compound irisflorentin were shown to exhibit more potent
cytotoxic activity against human prostate cancer (DU145)
and breast cancer (MCF-7) cell lines compared with the parent
drug (ICsq 65.12 vs. 35.71 vs.>300 uM and 74.17 vs. 36.30 vs.
>300 pM, respectively).”® The metabolite of a potent antileu-
kemic compound, phyllanthoside, also exhibited lower cyto-
toxic activity against human rhabdomyosarcoma A204 cell
line compared with the parent compound (ICsy of 24 uM
and 0.47 nM, respectively).”® Some metabolites showed low

or no cytotoxic activity. For example, The metabolite 6¢ of
NSC 674495, an antitumor 2-(4-Aminophenyl) benzothia-
zoles, exhibited low cytotoxic activity against MCF-7 cell
line (IC50>100 M) and was not shown to be an active
metabolite.*> The anticancer activities of the metabolites of
these compounds should be further investigated in animals and
humans to confirm their activities in vivo. Some metabolites
may be pharmacologically inactive, while some may exhibit
toxicity in animal models. For examples, 2-F-araH, the meta-
bolite of 2-F-araA and the antitumor 9-f-D-arabinofuranosyl-
2-fluoroadenine exhibited no antitumor activity in BDF; mice
bearing L1210 leukemia cells following 200 mg/kg intraper-
itoneal dosing for nine days.*' The M1 to M5 metabolites of
JNJ-38877605 (a potent and selective Met receptor tyrosine
kinase inhibitor) were shown to be associated with crystal
formation in the kidney. The M10 metabolite, on the other
hand, was shown to be the toxic metabolite found in humans
(at sub-therapeutic dose 60 mg OD) and rats and was also
noted as a species-specific toxic metabolite.®> Since renal
toxicity could be observed even at a subtherapeutic dose, this
toxicity is also likely to be observed at standard dose. The M 14
metabolite of the tirapazamine analog SN30000 was found to
be the cause of acute toxicity (hypothermia) similarly to the
parent drug after the administration at the maximum tolerated
dose (MTD: 186 mg/kg SN30000).° However, hypothermia
was also observed at 50% of MTD. Thus, this toxicity can be
observed at the therapeutic dosage (75% of MTD).”*

Conclusion

Drug metabolism plays a critical role in determining the
pharmacological and toxicological effects of a drug in
human. Metabolite profiling study is essential in determin-
ing therapeutic efficacy and toxicity of anticancer drugs/
compounds from both chemical synthesis or natural
sources. The generated metabolite profiles, either the
types and amounts can be significantly influenced by fac-
tors such as species, gender, and route and dose of admin-
istration. Moreover, the metabolites can be both active and
toxic metabolites, and some metabolites are inactive. The
information of metabolite profile wills provides beneficial
knowledge in anticancer agent development to improve
anticancer activity and safety profiles of anticancer drugs
or drug candidates.
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