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Evaluation of the Hepatic Metabolism and Antitumor
Activity of Noni Juice (Morinda citrifolia L.) in Combination
with Chemotherapy
Katherine Santiago, Anjali Gaikwad, Larry Coffer II, and Judith A. Smith
The objective of this study was to characterize the hepatic metabolism of noni juice, specifically involving the potential for drug
interactions with selected chemotherapy agents, and to determine the safety and impact of antitumor activity. High-throughput
cytochrome P-450 (CYP450) metabolism inhibition experiments were conducted in vitro evaluating CYP450 3A4, 2C8, 2C9, and 2D6
followed by an evaluation of noni juice as a substrate of these isoenzymes. An ex vivo model of human hepatocytes was used to
evaluate the induction potential of noni juice. Growth inhibition assays were performed to determine the cytotoxic activity of noni
juice alone and in combination with selected chemotherapy. Noni juice is a substrate of 3A4 and 2C8. The CYP450 assays indicated
that noni juice does not inhibit CYP450; however, it is a potential inducer of 3A4, 2C8/2C9, and 2D6. In the cancer cell lines, noni juice
alone did not exert cytotoxic effects, and decreased activity in combination with selected chemotherapy was observed compared to
chemotherapy agent alone. Noni juice has the potential induction of CYP450 pathways and may interact with chemotherapy agents. In
addition, in vitro noni juice decreased the cytotoxic activity of selected chemotherapy agents. These data suggest that noni juice may
not be safe to recommend to patients receiving chemotherapy.
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T

he plant Morinda citrifolia L., known as noni in Hawaii,
and its fruit have been used as herbal medicines by
ancient Hawaiians as remedies for various ailments.1 Noni
juice in particular has been used in the treatment of diabetes,
heart disease, high blood pressure, and kidney and bladder
disorders.2 Anecdotally, noni juice has become a very popular supplement used by many cancer patients as a source
of energy during chemotherapy; however, there is limited
information of its safety when used in combination with
various chemotherapy agents.
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A few recent reports have observed that noni juice has had
antitumor activity in preclinical animal models. However,
the doses administered in these animal models were above
physiologically relevant doses and/or routes of administration in humans were not feasible. A study by Hirazumi and
Furusawa demonstrated that daily intraperitoneal injections of noni-ppt increased the life span of mice with Lewis
lung carcinoma (LLC) by more than 75% at doses of 0.8 to
1.6 mg, which was attributed to a stimulation of the rodent’s
immune system.1 Crude noni juice was also tested, which
showed prolonged life span by more than 75% at doses of
6 to 15 mg. This study also showed that noni-ppt was not
cytotoxic below 2 mg/mL when tested on LLC1, a cell line
adapted for culture from the primary LLC. Similar findings were reported by Furusawa and colleagues in sarcoma
180 ascites tumor in mice using a 0.5 mg dose, which demonstrated that treatment with noni-ppt produced a 27 to
31% response rate in tumor-bearing mice.3 This study also
reported that 45 to 53% of the mice were resistant to tumor
invasion after prophylactic treatment with noni-ppt.3
Although noni-ppt has demonstrated antitumor activity, it is only one isolated component extracted from noni
juice.4,5 There is a need for more information on the safety of
noni juice in combination with chemotherapy. The primary
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objectives of this study were to characterize the hepatic
metabolism of noni juice, specifically involving the potential for drug interactions with selected chemotherapy agents,
and to evaluate the in vitro cytotoxic activity of noni juice in
a selected panel of eight human cancer cell lines to determine
if the addition of noni juice enhances the growth inhibitory
activity of standard chemotherapy drugs.

Materials and Methods
Chemicals
The chemicals and reagents used were of the highest analytical grade available. Noni juice is available in a 400 mg/mL
solution and was purchased from Now Foods (Bloomingdale,
IL). All other chemicals and reagents were obtained from
Sigma-Aldrich (St. Louis, MO).
Cytochrome P-450 Enzyme Microsomes
Cytochrome P-450 (CYP450) 3A4, 2C8, 2C9, and 2D6
isoenzyme microsomes were purchased from BD Biosciences
(Gentest): Discovery Labware (Woburn, MA). The isoenzymes are packaged individually in 0.5 mL aliquots; the
total protein content is 5.8 mg/mL in 100 mM potassium
phosphate (pH 7.4), and the corresponding CYP450 content
is 1,000 pmol/mL. These isoenzymes have a stability of 2 years.
They were stored at −80°C and used in accordance with the
provided Material Safety Data Sheet and technical bulletins.
High-Throughput CYP450 Inhibition Assays
In vitro experiments using CYP450 3A4, 2C8, 2C9, and
2D6 microsomes were performed to determine if noni
juice is an inhibitor for any of the CYP450 isoenzymes.
The assay protocol was obtained from a validated highthroughput method for measuring CYP450 inhibition (version 4.2, 2000) from BD Biosciences (Gentest): Discovery
Labware.6 The positive controls (ketoconazole, quercetin,

Table 1.

sulfaphenazole, and quinidine) and substrates (dibenzylfluorescein [DBF] and 3-[2-N,N-diethyl-N-methylammonium)
ethyl]-7-methoxy-4-methylcoumarin iodide [AMMC])
were dissolved in acetonitrile, and working solutions were
made by dilution in 0.5 M potassium phosphate buffer, pH
7.4. The test compound/working solution (noni juice) was
dissolved in deionized water. The common solutions, cofactor stocks, enzyme-substrate mixes, and positive control
solutions were all prepared according to the manufacturer’s
methods. Each well had final cofactor concentrations of
1.3 mM NADP+, 3.3 mM glucose-6-phosphate, 0.4 U/mL
glucose-6-phosphate dehydrogenase, and 3.3 mM magnesium ion. The assay reactions were carried out at
200 µL total volume in 96-well titer plates. After the addition of the appropriate enzyme, substrate (DBF at 100 µM or
AMMC at 500 µM), and inhibitor positive control (Table 1),
noni juice at a maximum concentration of 1.71 mg/mL
was added to the reaction mixture and serially diluted 1 to
3 for eight wells (ranging from 1.71 to 0.000782 mg/mL).
The 1.71 mg/mL concentration was chosen as an estimate
of maximum achievable human serum concentration based
on the current maximum recommended dosage of 12 g
daily as stated on the bottle, assuming 100% bioavailability
and then dividing by 7 L as the estimated total blood volume of an average adult. The samples were incubated for
1 hour at 37°C, and the reactions were stopped with 75 µL
2mM sodium hydroxide or 80:20 acetonitrile:tris base solution for CYP450 2D6 only. In each reaction well, there were
4, 2, or 0.5 pmol present of CYP450 3A4, 2C8, 2C9, and 2D6,
respectively. The extent of CYP450 inhibition was evaluated
by comparing the metabolism in assay reactions containing varied concentrations in the presence and absence of
the known inhibitor. The amount of product metabolized
for the control comparison reactions was measured with an
FL600 Dual-Band plate reader from BioTek Instruments,
Inc. (Winooski, VT) using fluorescence emission detection
at 528 nm (excitation 485 nm) of fluorescein (metabolite

Positive Control Inhibitors Used in the In Vitro CYP450 Metabolism Inhibition Studies

CYP450 Inhibition

CYP450 Inhibitor

Excitation/Emission
Wavelength

CYP Inhibited

Inhibitor Concentration
(µM)

Reaction Time (min)

Ketoconazole

DBF

485/528

3A4

0–7.5

30

Quercetin

DBF

485/528

2C8

0–10

60

Sulfaphenazole
Quinidine

DBF

485/528

2C9

0–15

60

AMMC

360/460

2D6

0–0.75

45

AMMC = 3-[2-N,N-diethyl-N-methylammonium)ethyl]-7-methoxy-4-methylcoumarin iodide; CYP450 = cytochrome P-450;
DBF = dibenzylfluorescein.

JSIO_2010_0008_001-006.indd 2

Journal of the Society for Integrative Oncology, Vol 8, No 3 (Summer), 2010: p. 90

3/17/10 12:16:50 PM

Santiago et al, Evaluation of Noni Juice in Combination with Chemotherapy
Santiago et al, Evaluation of Noni Juice in Combination with Chemotherapy

product of DBF metabolism by CYP450) or at 460 nm
(excitation 360) of 3-[2-(N,N-diethyl-N-methylammonium)
ethyl]-7-hydroxy-4-methylcoumarin (AMHC) (a metabolite product of AMMC).
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and absorbance was read at 280 nm. Time points starting
from zero with three intervals of 30 minutes were obtained
for CYP450 2C8/2C9 and read at 230 nm to determine if noni
juice induced any of the CYP450 isoenzymes and if its metabolism was induced by the rifampicin.

Human Hepatocytes
The cryopreserved human hepatocytes were purchased from
BD Biosciences (Gentest): Discovery Labware. According
to the supplier’s protocol, the hepatocyte cells were thawed,
isolated, and plated with supplemented Heptozyme SFM
medium (Gibco Invitrogen Corporation, Carlsbad, CA),
which contains 10% fetal bovine serum (FBS; Gemini BioProducts, West Sacramento, CA) and 250 µM ascorbic acid
(Sigma-Aldrich). Primary hepatocyte cells were plated into
separate six-well collagen I–coated plates and maintained
in unsupplemented Hepatozyme medium. The cells were
incubated for 72 hours at 37°C (5% CO2) to allow recovery
before use in any experiments.
Hepatic Metabolism Induction Assay
An ex vivo model of cryopreserved human hepatocytes was
used to determine if noni juice is able to induce CYP450 metabolism for CYP450 3A4, 2C8/2C9, and 2D6. Known substrates
for each isoenzyme were used, including docetaxel (CYP450
3A4), diclofenac (CYP450 2C8/2C9), and dextromethorphan
(CYP450 2D6). The experiment was conducted in quadruplicate comparing known substrate alone to account for intrinsic
metabolism of the known substrate, using a control inducer,
rifampicin 25 µM (Sigma-Aldrich), or noni juice 1.71 mg/mL
as the test inducer and known substrate. Hepatocytes were
induced for a total of 72 hours with either rifampicin or noni
juice, with the substrate control plate receiving only medium
changes every 24 hours; the medium containing the inducers
was also changed every 24 hours. After the 72-hour incubation period, the inducer and noni juice were removed and the
appropriate concentration substrate specific to the CYP450
isoenzyme of interest or test substrate noni juice was added
(Table 2). Time points starting from time zero and 2, 6, and
24 hours were obtained for CYP450 3A4 and CYP450 2D6,
Table 2.

Chemicals and Drugs
Dimethyl sulfoxide (DMSO) and 3-(4,5-dimethylthiazol2-yl)-2,5-diphenyltetrazolium bromide (MTT) were purchased from Sigma-Aldrich Co. A 3 mg/mL stock solution of
MTT was prepared using phosphate-buffered saline (PBS).
Commercial grade drugs, including carboplatin (Paraplatin,
PCH Phamachemie, Hearlam, The Netherlands), doxorubicin HCl (lyophilized; Ben Venue Laboratories, Inc.,
Bedford, OH), gemcitabine (Gemzar, Eli Lilly and Company,
Indianapolis, IN), paclitaxel (Taxol, Bristol-Myers Squibb
Company, Princeton, NJ), and topotecan (Hycamtin,
GlaxoSmithKline, Research Triangle Park, NC), were purchased from The University of Texas M.D. Anderson Cancer
Center’s Division of Pharmacy. A 10 mg/mL stock solution of carboplatin was prepared by diluting 10 mg of drug
with 1 mL of normal saline (0.9% sodium chloride). The
doxorubicin 5 mg/mL stock solution was prepared by diluting
90 mg of drug with 3 mL of sterile distilled water. Paclitaxel
was available in a 6 mg/mL solution. A 38 mg/mL stock
solution of gemcitabine was prepared by diluting 200 mg
of drug with 5 mL of normal saline. Topotecan was prepared
by diluting 4 mg of drug in 1 mL of normal saline.
Cell Culture
The panel of selected human carcinoma cell lines (SKOV-3,
TOV-112D, HEC-1-B, Ishikawa, HeLa, SiHa, MCF-7, and
NCI-H23) was obtained from the American Type Culture
Collection (Rockville, MD) and maintained for less than
15 passages. All cell lines were grown in 75 cm2 culture flasks
in 5% CO2 in air at 37°C to 90% confluence. The 75 cm2
culture flasks, serologic pipettes, 96-well plates, and other
cell culture supplies were purchased from Fisher Scientific
(Pittsburgh, PA).

CYP450 Substrates Used in the Ex Vivo Hepatocyte Induction Study

CYP450 Test Substrate

CYP

Substrate Concentration

2C8/2C9

100 µM

280

Dextromethorphan

2D6

100 µM

280

Docetaxel

3A4

100 µM

230

1.71 mg/mL

330

Diclofenac

Noni juice

Wavelength (nm)

CYP450 = cytochrome P-450.
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The cell lines HEC-1-B (endometrial adenocarcinoma),
HeLa (cervical), and SiHa (cervical) were propagated in a
medium consisting of Eagle’s Minimum Essential Medium
(EMEM) with nonessential amino acids (NEAAs) and Earle’s
Balanced Salt Solution (EBSS) adjusted to contain 1.0 mM
sodium pyruvate, 1.5 g/L sodium bicarbonate, 2 mM
L-glutamine, 10% FBS, and 2 mL antibiotics. The ovarian
adenocarcinoma multidrug-resistant cell line (SKOV-3) was
propagated with medium consisting of McCoy’s 5A Medium
with 1.5 mM L-glutamine, 10% FBS, and 2 mL antibiotics. The
mixed adenocarcinoma-endometroid, platinum-sensitive
cell line (TOV-112D) was propagated in a 1:1 mixture of
MCDB 105 and medium 199 with 15% FBS and 2 mL antibiotics. The endometrial cell line (Ishikawa) was propagated with a 1:1 mixture of Dulbecco’s Modified Eagle’s
Medium and F12 (low glucose) with 10% FBS. The MCF-7
cell line was propagated with EMEM with 2 mM L-glutamine
and EBSS adjusted to contain 1.5 g/L sodium bicarbonate, 0.1 mM NEAA, 1.0 mM sodium pyruvate, 0.01 mg/
µL bovine insulin, 10% FBS, and antibiotics. The NCIH23 cell line was propagated with RPMI 1640 with 2 mM
L-glutamine, 10 mM Hepes, 1 mM sodium pyruvate, 4.5
g/L glucose, 1.5 g/L sodium bicarbonate, 10% FBS, and
5 mL antibiotics.
Growth Inhibition Assays
Growth inhibition assays were performed to determine the
cytotoxic activity of noni juice alone and in combination
with selected chemotherapy agents. Cells were plated to
achieve 2,500 to 5,000 cells per well and incubated at 37°C
for 24 hours before treatment. Cells were treated with concentrations ranging from 0.019 to 10 mg/mL of noni juice
alone using respective cell media as the diluents for dilutions. Control wells had no drug with media alone and blank
wells had no cells, drug, or media. After the 72-hour incubation period, 25 µL of MTT was added to obtain a final
concentration of 0.3 mg/mL per well, and cells were further
incubated for 2 hours at 37°C. The plates were centrifuged
and the supernatant was removed. Then 50 µL of DMSO was
added to all wells, and absorbency was measured at 562 nm.
The concentration to achieve 50% cell growth inhibition
(IC50) for each cell line was determined from the mean percent growth inhibition. All experiments were conducted in
quadruplicate.
The cytotoxic activity of each anticancer agent in combination with noni juice was evaluated by treating each cell
line with IC50 of each anticancer agent in combination with a
selected low concentration of 0.5 mg/mL of noni juice. Each
drug combination was completed in quadruplicate, and the
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experiments were repeated in triplicate. The optimum combined concentration of each anticancer agent with noni juice
for each cell line was determined.

Results
High-Throughput CYP450 Inhibition Assays
Noni juice did not inhibit the CYP450 3A4, 2C8, 2C9, and
2D6 pathways in the in vitro experiments at physiologically
relevant concentrations. Additional evaluation of noni juice
metabolism determined that it is a substrate of the CYP450
3A4 and 2C8 pathways with approximately 14% and 17%
metabolism, respectively, after only 1 hour of incubation
compared to approximately 70% and 63%, respectively, of
control substrate metabolism for the same time interval.
Noni juice was not a substrate of the CYP450 2C9 and 2D6
pathways (Table 3).
Hepatic Metabolism Induction Assay
The ex vivo induction assay using cryopreserved human
hepatocytes demonstrated that noni juice is an inducer of
the CYP450 3A4, 2C8/2C9, and 2D6 pathways. However, the
metabolism of noni juice was not inducible by rifampicin
or noni juice itself. A summary of the hepatic profile of
noni juice determined by these experiments is presented in
Table 3.
Growth Inhibition Assays
In the growth inhibition assays, the concentration to achieve
25% growth inhibition (IC25) for noni juice single-agent
activity ranged from 4.19 to 18 mg/mL in each of the eight
human cancer cell lines, which is above physiologically
achievable concentrations, indicating that noni juice did not
exert antitumor activity in the selected panel of cancer cell
lines (Table 4). The IC50 for noni juice single-agent activity
was not achievable.
Table 3.
Profile

Characterization of Noni Juice CYP450 Metabolism

CYP450 Isoenzyme
3A4

Substrate

Inhibitor

Inducer

+

−

+

2C8

+

−

+

2C9

−

−

+

2D6

−

−

+

CYP450 = cytochrome P-450.
A plus sign means that noni juice has a trait (inhibitor, inducer, substrate). A minus sign means that noni juice did not demonstrate the
CYP450 metabolism trait.
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Table 4. Summary of the Concentrations of Noni Juice to
Achieve 25% Growth Inhibition (IC25)
Cell Line

IC25 (mg/mL)

TOV-112D

5.42

SKOV-3

18

HeLa

5.6

SiHa

25.8

Ishikawa

4.36

HEC-1-B

6.83

MCF-7

10

NCI-H23

4.19

Growth inhibition assays were completed to determine
the optimal growth inhibitory activity of carboplatin, doxorubicin, gemcitabine, paclitaxel, and topotecan. The IC50 for
each single-agent activity was calculated (data not shown).
The combination of noni juice with each of the five drugs
evaluated demonstrated decreased growth inhibitory activity for HeLa and MCF-7. However, the combination with
noni juice with each of the five chemotherapy agents demonstrated increased cytotoxic activity for HEC-1-B and SiHa.
Overall, the data show decreased cytotoxicity of chemotherapy agents when combined with noni juice (Figure 1).

Discussion
With nutritional supplements and herbal products becoming
more common in oncology clinical practice, it is important

5

to define the safety with integration with conventional treatment of cancer. There is a need for more information about
the complex pharmacology of these agents in appropriate
preclinical studies to confirm their safety and limit potential drug–drug interactions that may potentiate toxicity or
interfere with the cytotoxic activity of primary treatment.
Unfortunately, hepatic drug metabolism is unpredictable
based on compound structure and drug class. Therefore, it is
necessary to conduct metabolism studies on each compound
to define its hepatic metabolism profile.
The in vitro metabolism study indicated that noni juice is
not an inhibitor of the major CYP450 isoenzyme pathways.
Noni juice is therefore unlikely to result in increased toxicity
when used in combination with chemotherapy or supportive therapies such as antinausea agents or antidepressants.
However, it is important to consider the results of the ex
vivo hepatocyte induction studies, which indicated that noni
juice may have the potential for drug interactions with drugs
metabolized via the CYP450 3A4, 2C8/2C9, and 2D6 pathways (Table 5). Both rifampicin and noni juice had similar
induction of the CYP450 pathways. Clinical practice has
shown that drug interactions with rifampicin are significant;
therefore, in general, rifampicin is avoided in patients receiving chemotherapy. This recommendation can be extrapolated to other broad inducers of the CYP450 pathways, such
as noni juice, based on data reported in this study.
The results of the growth inhibition assays also
indicated that noni juice interfered with standard
chemotherapy agents, decreasing their cytotoxic activity.

Noni + Carboplatin
Noni + Doxorubicin
Noni + Gemcitabine
Noni + Paclitaxel
Noni + Topotecan

80.00%
70.00%

% Growth inhibition

60.00%
Single agent
IC50

50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
SKOV-3 TOV-112D HEC-1-B Ishikawa

HeLa

SiHa

MCF-7

NCI-H23

Figure 1. Overview of growth inhibitory activity of noni juice in combination with selected chemotherapy agents. The solid line represents
50% cell growth inhibition (IC50) of single agent.
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Table 5.
Agents

CYP450 Metabolism Pathways of Common Anticancer

Drug

Substrate

Cyclophosphamide

2B6, 2C19

Inhibitor

Ifosfamide

2B6

Paclitaxel

2C8/2C9, 3A4

Tamoxifen

2C9, 2D6, 3A4

Docetaxel

3A4

Irinotecan

3A4

Vincristine

3A4

Interferon

1A2

Imatinib

3A4

3A4

Doxorubicin

3A4

2D6

Inducer
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2C8/2C9

1A2

Carboplatin
CYP450 = cytochrome P-450.

The variability observed between the selected chemotherapy
agents in combination with noni juice can be attributed to
the differences between the mechanism of action of each
agent and potential susceptibility interaction with noni
juice, as well as inherent differences between cancer cell
lines. Owing to noni juice’s potential drug-drug interaction
involving CYP450 and its potential antagonistic effect with
common standard chemotherapy agents, it was concluded
that noni juice would not be safe to use while receiving
chemotherapy.
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