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The fruit juice of Morinda citrifolia (noni) contains a polysaccharide-rich substance (noni-ppt) with anti-
tumour activity in the Lewis lung (LLC) peritoneal carcinomatosis model. Therapeutic administration of
noni-ppt significantly enhanced the duration of survival of inbred syngeneic LLC tumour bearing mice.
It did not exert significant cytotoxic effects in an adapted culture of LLC cells, LLC1, but could activate
peritoneal exudate cells (PEC) to impart profound toxicity when co-cultured with the tumour cells. This
suggested the possibility that noni-ppt may suppress tumour growth through activation of the host im-
mune system. Concomitant treatment with the immunosuppressive agent, 2-chloroadenosine (C1-Ade) or
cyclosporin (cys-A) diminished its activity, thereby substantiating an immunomodulatory mechanism.
Noni-ppt was also capable of stimulating the release of several mediators from murine effector cells, in-
cluding tumour necrosis factor-a (TNF-a), interleukin-1b (IL-1 b), IL-10, IL-12 p70, interferon- g (IFN-
g) and nitric oxide (NO), but had no effect on IL-2 and suppressed IL-4 release. Improved survival time
and curative effects occurred when noni-ppt was combined with sub-optimal doses of the standard che-
motherapeutic agents, adriamycin (Adria), cisplatin (CDDP), 5-fluorouracil (5-FU), and vincristine
(VCR), suggesting important clinical applications of noni-ppt as a supplemental agent in cancer treat-
ment. Copyright # 1999 John Wiley & Sons, Ltd.
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INTRODUCTION

Immunomodulatory polysaccharides are rapidly emer-
ging as promising immunotherapeutic agents in the
treatment of cancer (Wonget al., 1994). Preclinical
studies of several polysaccharides isolated from higher
plants, mushrooms and seaweeds have demonstrated
antitumour activity against transplantable tumours in
mice (Sakagamiet al.,1987; Yamadaet al.,1990; Müller
et al., 1989; Tsukagoshiet al., 1984; Chihara, 1991;
Furusawa and Furusawa, 1985; Furusawaet al., 1992;
Furusawaet al., 1995; Yamamotoet al., 1974). Unlike
conventional chemotherapeutics, many are relatively
nontoxic and stimulate the immune system. The exact
mechanism of antitumour action has not been clearly
elucidated. Lentinan, ab-glucan, from the edible mush-
room Lentinus edodes(shiitake mushroom), is probably
the best characterized of the immunomodulatory poly-
saccharides. Activated macrophages, NK cells and
cytotoxic T lymphocytes (CTLs) are generally involved
with its antitumour activity (Chihara, 1991). Macro-

phages may play a role in antitumour activity in part due
to the production of effector molecules such as NO, TNF-
a and IL-1b. These macrophage-derived mediators have
been recognized for their cytostasis and/or cytotoxic
properties against tumour cells (Stuehr and Nathan, 1989;
Keller et al., 1990; Lovetteet al., 1986). NK cells and
CTLs may provide effective antitumour responses via
lytic mechanisms (Atkinson and Bleackley, 1995). The
cytokines, IL-12 and IL-2, have been shown to enhance
the lytic responses of NK and CTL cells. They also
stimulate the production of IFN-g, which may augment
macrophage activation (Trinchieri and Scott, 1995;
Smith, 1993).

Most antitumour polysaccharides investigated have
been obtained from traditional Chinese medicinal herbs.
Hawaii also has a rich heritage of medicinal herbs (Chun,
1994).Morinda citrifolia L., known as ‘noni’ in Hawaii,
was one of the most commonly used herbal medicines by
the ancient Hawaiians (Abbott and Shimazu, 1985). In
particular, the fruit of the noni plant had been applied
alone or in combination with other plant products as a
remedy for numerous ailments (Chun, 1994; Degener,
1973; Gutmanis, 1994; Krauss, 1993). There is little
scientific evidence that actually ascertains the biological
activity of the fruits (Bushnellet al.,1950; Levand, 1963;
Sim, 1993; Locheret al.,1996). In this paper, we report
the antitumour and immunomodulatory activity of a
water-soluble, ethanol-precipitable, polysaccharide-rich
substance isolated from the fruit juice of the noni.
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Figure 1. A cellulose thin-layer chromatogram was used to
separate the sugar components. (1) glucuronic acid; 
(2) galactose; (3) arabinose; (4) rhamnose; (5) hydrolysed noni-
ppt; (6) unhydrolysed noni-ppt; (7) glucuronic acid. Detection
was made with a p-anisidine–phthalic acid spray reagent.



MATERIALS AND METHODS

Preparation of agents.Yellowish-whitenoni fruits were
collected from the islands of Kauai and Hawaii. The
fruits were allowed to ripen to a soft consistencyand
rinsed in a food sanitizer.They were then placedin a
sterilecoveredglassjar out in thesunlightfor 1–3daysto
allow the juice to seepout. Filtration or centrifugation
removedthe insolubleproductsfrom the juice andflash
evaporation concentratedthe juice. The addition of
copiousamountsof 95% ethanolpartitioned the juice
into asolublefraction(noni-sol)andprecipitablefraction
(noni-ppt). Noni-ppt was collected by centrifugation,
rinsedin ethanoland dried. Flashevaporationremoved
the ethanol from noni-sol. The fruit juice contained
approximately13% w/w yield of noni-ppt, which was
further purified by repeatedprecipitationfor the in vitro
and characterizationassays.Noni sampleswere freshly
preparedby dissolving in RPMI-1640medium supple-
mented with 10% FCS and antibiotics (complete
medium) for in vitro studies and either dH2O or
phosphatebuffered saline (PBS, pH 7.4) for in vivo
studies.Sampleswereneutralizedwith sodiumbicarbo-
nate and filtered through a 0.2mm cellulose acetate
membranefilter.

Adria, CDDP, 5-FU, methotrexate(MTX), VCR, Cl-
Ade, cys-A, concavalinA (con A), lipopolysaccharide
(LPS,E. coli 026:B6),polymyxin B (poly B) andIFN-g
werepurchasedfrom commercialsources.Con A, LPS,
poly B and IFN-g weredissolvedin completemedium.
ConA andLPSwerestoredfrozenatÿ20°C. IFN-g was
storedfrozenatÿ70°C. All otheragentsweredissolved
in dH2O andstoredfrozenatÿ20°C.

Carbohydrate analysis. The phenol–sulphuric acid
(PSA) test was used to quantitiate the carbohydrate
content of noni-ppt. The methods were followed as
describedby Keleti and Lederer (1974) with slight
modifications.Briefly, 200mL of 5%v/v of liquid phenol
in dH2O was addedto 200mL of the standard,dextran
sulphate(50–250mg/mL in dH2O) or noni-ppt (100mg/
mL in dH2O). ConcentratedH2SO4 (1 mL) wasrapidly
addedto thephenolmixtureandincubatedfor 10min at
room temperature,then 15min at 37°C. Absorbances
were measuredat 490nm using a UV-VIS spectro-
photometer.

The sugarcompositionof noni-pptwascharacterized
by thin-layerchromatography(TLC) (Keleti andLederer,
1974;Churmset al., 1982).250mL of noni-ppt(20mg/
mL in dH2O) wasplacedin a glassampulewith 250mL
of 2 N H2SO4 andsealedwith a flametorch.Theampule
was heated in a dry oven (100°C) for 4 h. The
hydrosylatewas centrifugedat 2000 rpm for 10min at
4°C andthe supernatantcollected.The supernatantwas
dilutedwith 1.2mL dH2O andneutralizedwith activated
Amberlite IRA-410 (HCO3

ÿ) resin.The Amberlite was
allowed to settle by gravity and the supernatantwas
removedand lyophilized. The lyophilized hydrosylate
was redissolvedin dH2O (50mg/mL) and 1mL was
applied to a cellulose thin-layer paper chromatogram,
Cellulose300(FisherScientific,SantaClara,CA). 0.8mL
of glucuronic acid, galactose,arabinoseand rhamnose
(0.1 M) were applied as references and 1mL of
unhydrolysednoni-ppt (50mg/mL) was applied as a
negativecontrol.Thechromatogramwaselutedfor 3 h in

a saturated(24h) TLC tank with the following solvent
system:n-butanol–glacialaceticacid–water(6:1:2).The
chromatogramwasair-driedovernightandthensprayed
with a p-anisidine–phthalicaciddetectingreagent(0.1M
p-anisidine and phthalic acid in 95% ethanol). The
chromatogramwas heatedat 100°C for 3 min. On the
chromatogram,hexoseanddeoxyhexosestainedyellow
to green,pentoseredanduronicacid brown.

Protein analysis.The Bio-Rad ProteinAssaykit (Bio-
Rad, Cambridge, MA) was used to determine the
presenceof protein in noni-ppt.The methodologyfrom
theBio-Radinstructionmanualwasfollowed with slight
modifications.Briefly, 200mL of the protein assaydye
reagentconcentrate(CoomaisseBrilliant Blue G-250
dye)wasaddedto 100mL of thestandard,bovineserum
albumin (BSA, 10–160mg/mL in dH2O), or noni-ppt
(10mg/mL in dH2O). Subsequently,1 mL of dH2O was
added to the dye-samplesolution and vortexed. The
solution was incubatedat room temperaturefor 5 min.
Aliquots (200mL) of the solution were removed and
placedinto the wells of a microtitre plate.Absorbances
were measuredat 595nm using a Bio-Tek microplate
reader.

Animal-tumour system.LLC, originally obtainedfrom
theNationalCancerInstitute(NCI), hasbeenmaintained
in this laboratoryby serialpassagessubcutaneously(s.c.)
in inbred C57BL/6 mice since1980.The tumour mass
(2–3g, 3–4 weeksold) was minced in 10mL Hank’s
solution and filtered throughan 80-meshscreenwith a
21-gaugeneedle.An aliquot (0.2mL) of the tumour
homogenatecontaining2–4� 105 live tumourcells was
inoculatedintraperitoneally(i.p.) into youngadult (18–
22g) maleandfemaleinbredC57BL/6mice.Treatment
began24h aftertumourinoculation.Thesurvivalof each
mouse was monitored for 50 days. Improvement in
survival was evaluatedas follows: ILS % = [(T/C)ÿ
1]� 100,whereILS is the increasein life span,C is the
meansurvivaldaysof thecontrolmiceandT is thatof the
treatedmice.

Collection of effector cells. Peritonealexudatecells
(PEC), thymocytes and splenocyteswere aseptically
collectedandpooledfrom 3–5youngadult (6–8 weeks)
male C57BL/6J(JacksonLaboratory,Bar Harbor,ME)
mice inoculated 4 d prior with 3 mL thioglycollate
medium. PEC were obtainedby sterile lavage of the
peritonealcavity with 5 mL cold RPMI-1640 medium
(incompletemedium).Cellswerewashedthreetimesand
resuspendedin completemedium.Adherentcells were
preparedby incubatingPECfor 2 h. Non-adherentcells
were removed by three washings with incomplete
medium.PECwerealsoelicited by five daily (QD� 5)
i.p. injectionsof 0.1mL phosphatebufferedsaline(PBS)
or noni-pptdissolvedin PBS(0.5mg/mouse).PECwere
harvested1 dayafter the last injection.

Thymusor spleenswere pressedbetweentwo sterile
glassmicroscopeslidesto releasecells.Thymocyteswere
washed three times and resuspendedin complete
medium.Splenocyteswerelayeredoveranequalvolume
of Histopaque-1077and separatedfrom red blood cells
by centrifugation.Thebuffy coatlayerwaswashedthree
timesandresuspendedin completemedium.

All tissuecultureexperimentswereperformedat37°C
in a humidified5% CO2 incubator.
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Cytotoxicity assays.LLC1 cells,purchasedfrom ATCC
(Rockville, MD), weremaintainedby serialpassagesin
complete medium. Cellular viability of LLC1 cells
(5� 104 cells/mL) incubated in a 96-well microtitre
plate(200mL) for 70h wasdeterminedwith asolutionof
the tetrazoliumsalt, sodium3-[1-[(phenylamino)-carbo-
nyl]-3,4-tetrazolium]-bis(4-methoxy-6-nitro)benzene-
sulphonicacidhydrate(XTT), dissolvedin dH2O (1 mg/
mL) mixed with an electroncoupler,phenazinemetho-
sulphate(PMS),dissolvedin PBS(30.6mg/mL).50mL of
the XTT/PMS solution was added to each well and
incubated for an additional 2 h. Absorbanceswere
measuredat 450nm.

Cellular viability of LLC1 (2� 105 cells/mL) co-
incubatedwith PBS or noni-ppt elicited PEC (5� 105

cells/mL) in a 96-well microtitre plate(200mL) for 46h
was determined with the tetrazolium salt, (3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazoliumbromide)
(MTT), dissolvedin PBS(2 mg/mL).50mL of MTT was
addedto eachwell and incubatedfor an additional2 h.
The supernatantsweredecantedand200mL of acidified
isopropanol(40mM HCl) was addedto each well to
solubilize the MTT reactionproduct.Absorbanceswere
measuredat 550nm. PEC-mediatedcytotoxicity was
calculated as follows: % cytotoxicity= 1ÿ [(OD550
tumour� PEC)ÿOD550 PEC]/OD550 tumour.

Nitrite determination. The Griessreagent(Sotomayor
et al., 1995)wasusedto measurenitrite productionfrom
adherent thioglycollate-elicited PEC (<1� 106 cells/
mL) incubatedin a 96-well microtitreplate(200mL) for
24h. The Griessreagentwaspreparedby mixing equal
volumesof 0.1%naphthylethylenediaminedihydrochlor-
ide in dH2O and1% suphanilamidein 5% concentrated
phosphoricacid.50mL of theGriessreagentwasaddedto
eachwell andincubatedfor 10min at roomtemperature.
Absorbancesweremeasuredat 550nm.

Cytokine determination. Cytokine (IL-1b, IL-2, IL-4,
IL-10, IL-12 p70, IFNÿg andTNFÿa) releaseby murine

effectorcells weremeasuredwith ELISA kits commer-
cially availablefrom Amersham(Arlington Heights,IL)
or Genzyme(Cambridge,MA). Cytokine levels were
determinedfrom the cell-free supernatantsof adherent
thioglycollate-elicitedPEC (<1� 106 cells/mL) incu-
batedin eithera 24- or 96-well microtitreplate(1 mL or
200mL, respectively) for 16 or 24h and thymocytes
(5� 106 cells/mL) or splenocytes(2.5� 106 cells/ml)
incubatedin a 96-well microtitreplate(200mL) for 72h.
EachELISA kit wasa solid-phaseenzymeimmunoassay
employing the ‘sandwich’ principle. Briefly, antibodies
specificfor eachindividual cytokinewerecoatedon the
microtitre plate provided in the kit. Supernatantswere
pipetted into each well and incubatedeither along or
subsequentlyfollowing washings (depending on the
methodology recommendedby the vendor) with a
biotinylatedantibodyreagent.After repeatedwashings,
a streptavidinHRP conjugatewas added.Following a
final wash,asubstratesolutionwasaddedandacoloured
product developed in proportion to the amount of
cytokine present in the samples.Absorbanceswere
measuredat 450nm.

Statistical analysis.Experimentalresultswereanalysed
for their significanceby theStudent’stwo tailed t-testor
Fisher’sexactprobability test.

RESULTS

Effect of the noni fruit juice againstLLC peritoneal
carcinomatosis

Graded doses of the crude noni fruit juice were
administeredi.p. QD or every other day (QOD) for a
total of 4–5 injectionscommencingfrom day1 after i.p.
LLC tumour inoculation in syngeneicinbred C57BL/6
mice. The results are shown in Table 1. The juice
demonstratedcurativeeffectsfrom 3 to 20mg/mouseand
statistically significant antitumour activity between6–
15mg/mouse.Noni juice at dosesof 6–15mg/mouse
prolonged the life span by more than 75%. Ethanol
fractionation of the juice concentratedthe antitumour
activity in the ethanol-insoluble fraction (noni-ppt).
Noni-pptprolongedthelife spanof tumour-bearingmice
by morethan75%,whereasnoni-solwasunableto elicit
significant beneficial antitumour activity. The dose of

Table 1. Antitumour effect of noni fractions on LLC
peritoneal carcinomatosis

Agent
Dose (mg)/

mouse
MST� SEM

(days)
No. mice

survived/total ILS (%)

Test 1
Control 15.9� 0.8 0/55
Crude juice 3 27.5� 5.0 1/10 73

6 32.7� 3.2a 4/18b 106
12 28.0� 3.6b 4/17b 76
15 34.7� 3.3a 9/22a 119
20 21.0� 4.5 2/11 32

Test 2
Control 14.8� 0.9 0/58
Noni-ppt 0.8 32.2� 2.5a 15/39a 118

1.6 29.0� 3.1a 5/22b 96
Noni-sol 5.2 19.7� 2.2 0/12 33

10.4 14.6� 1.1 0/19 0

Inbred C57BL/6 mice were inoculated i.p. with LLC (2±4�
105 cells/mouse) on day 0. 0.1 mL of vehicle or noni sam-
ples was administered i.p. at the indicated doses QD or
QOD� 4±5 injections beginning on day 1. Survival of mice
were recorded up to 50 days. Mice surviving 50 days were
considered cured. a p< 0.001, b p< 0.01 compared with
control. MST, mean survival time; ILS, increase in life span.

Table 2. Rf valuesof referencesugarsand hydrolysed and
unhydrolysed noni-ppt

Compound Rf� 100 Colour

Glucuronic acid 8 br
Galactose 20 y-gr
Arabinose 29 r
Rhamnose 47 y-gr
Hydrolysed noni-ppt 7, 18, 27, 46 br, y-gr, r, y-gr
Unhydrolysed noni-ppt

A cellulose thin-layer chromatogram was used to separate
the sugar components. Detection was made with a p-anisi-
dine±phthalic acid spray reagent, which detects hexose and
deoxyhexose sugars as yellow to green, pentose as red and
uronic acid as brown. br: brown; y-gr: yellow-green; r: red.
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noni-pptandnoni-soltestedcorrespondedto thepropor-
tion produceduponethanolfractionation.

Partial characterization of noni-ppt

The PSA assay indicated that noni-ppt was almost
entirelycomposedof carbohydrates.Noni-pptwasfound
to containapproximately1.39� 0.05mgof carbohydrate
permg compared with a dextran sulphate standard
(n = 3). A TLC of noni-ppt revealedthe existenceof a
gum arabic heteropolysaccharide (Fig. 1, Table 2).
Glucuronic acid, galactose,arabinoseand rhamnose
wereidentifiedfrom thechromatogramof thehydrolysed
noni-pptbasedon their Rf valuesandstainingcolour in
comparisonwith knownsugars.In Fig. 1, thehueof the
sugarsandthevisibility of rhamnosefrom thehydrolysed
sampleof noni-pptwereaffectedin the reproductionof
the original chromatogram.Also, in the original chro-
matogram,sugarresiduesfrom theunhydrolysedsample
of noni-pptwereonly faintly detected,indicatingthatthe
sugars,glucuronicacid, galactose,arabinoseand rham-
nosewereprincipallypartof thepolymerratherthanfree
monosaccharides.The glucuronic acid referencewas
appliedonbothendsof thechromatogramto demonstrate
theelutionpattern,whichwaslinearsincetheirRf values
wereidentical.Becausethesensitivityof thep-anisidine
phthalicacid reagentis between0.1–0.5mg (Randerath,
1966)anddetectsonly hexoses,deoxyhexoses,pentoses
anduronicacids(Churmset al., 1982),othersugarsmay
bepresentin thenoni-ppt,but maynotbeapparentusing
this stainingmethod.

The presenceof protein in noni-ppt was determined

colorimetrically with the Bio-RadProteinAssay.Noni-
ppt was determinedto contain 18.56� 3.98mg protein
permg (approximately 2%) compared with a BSA
standard(n = 2 experimentsin triplicates).

Cytotoxicity test of noni-ppt in cell cultures

Serial dilutions of noni-ppt were incubatedwith LLC1
cells for 72h in a 96-well microtitre plate to determine
thedegreeof cytotoxicity (Table3). TheXTT assaywas
employedto assessthe cellular viability of the cells.
Although very high doses (6.25mg/mL) of noni-ppt
exerted cytotoxic effects, the extent of the observed
cytotoxicity was substantially less than the positive
cytotoxic control agent,CDDP (22% vs 74% cytotoxi-
city). Noni-ppt was not cytotoxic below 2 mg/mL.
Routinely, extractsof crude natural product origin are
designatedas nontoxic when it is non-cytotoxic at
concentrationsof 1–2mg/mL (Furusawaet al., 1995).

Effect of noni-ppt with concomitant treatment with
immunosuppressiveagents

Toxicity screeningindicatedthatnoni-pptwasessentially
nontoxic, yet in vivo studiesdemonstratedantitumour
activity againstLLC. Therefore,concurrentadministra-
tion of immunosuppressiveagentsalong with the noni-
ppt was investigatedto see if the antitumour activity
involvedthehostimmunesystem.Cl-Ade(amacrophage
inhibitor) or cys-A (a T-lymphocyteinhibitor) and the
noni-ppt were administeredi.p. 1 day after tumour
inoculationandcontinuedeveryotherday for a total of
five injectionsor givenasasinglescinjection,in thecase
of cys-A. The resultsshownin Table4 indicatethat the
Cl-Ade completelyabolishedthe antitumouractivity of
noni-ppt, whereas cys-A moderately attenuated the
antitumour activity. The combination of cys-A and
noni-ppt was significantly higher than the control, but
significantlylessthannoni-ppttreatmentalone.

Effect of chemoimmunotherapyof noni-ppt with
standard chemotherapeuticagents

Sub-optimal doses of standard cytotoxic agents for
combinationtherapy in the LLC tumour systemhave
beenestablished(Furusawaand Furusawa,1990). The
effect of noni-pptasa supplementaryagentin combina-
tion with chemotherapywas assessedin view of its

Table 3. Cytotoxicity of noni-ppt againstLLC1 cells

Agent Dose (mg/mL) Abs (450 nm)
Cytotoxicity

(%)

Control 2.049� 0.196
Noni-ppt 6.25 1.590� 0.105a 22.4

2.08 2.136� 0.151b �4.3
0.69 2.054� 0.220 �0.2

CDDP 0.005 0.530� 0.060a 74.1

Serial dilutions of noni-ppt were added to LLC1 cell cultures
(5� 104 cells/mL) in a 96-well microtitre plate. Cultures were
incubated at 37°C for 72 h. The XTT assay was used to
determine cellular viability. The results are shown as
mean� SD of 8 replicates from one of three similar experi-
ments. CDDP was used as a positive control. a p< 0.001,
b p< 0.05 compared with control.

Table 4. Combination of immunosuppressiveagentswith noni-ppt againstLLC peritoneal carcinomatosis
Agent Dose/mouse, schedule (route) MST� SEM No. mice survived/total ILS (%)

Control 15.0� 1.7 0/10
Noni-ppt 0.8 mg, QOD� 5 (i.p.) 35.9� 5.6a 5/9b 139
Cl-Ade 50 mg, QOD� 5 (i.p.) 12.2� 0.9 0/9 ÿ19
Cl-Ade�Noni-ppt same as above 12.8� 0.8c 0/9 ÿ15
Cys-A 2 mg, day 1 (s.c) 15.4� 1.4 0/9 3
Cys-A�Noni-ppt same as above 19.2� 1.6b,d 0/9 28

Inbred C57BL/6 mice were inoculated with LLC (2±4� 105 cells/mouse) on day 0. 0.1 mL of vehicle or agents were adminis-
tered i.p. at the indicated doses beginning on day 1. Survival of mice was recorded up to 50 days. Mice surviving 50 days
were considered cured. a p< 0.005, b p< 0.01 compared with control. c p< 0.01, d p< 0.05 compared with noni-ppt. MST,
mean survival time; ILS, increase in life span.
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clinical application. Administration of the chemother-
apeuticagents(Adria, CDDP,5-FU, MTX or VCR) asa
single dose on day 1 was combined with noni-ppt
treatmentbeginningalso on day 1 QOD� 5 (Table 5).
Significantbeneficialeffectsoccurredwith thecombined
regimenof noni-ppt with Adria, CDDP, 5-FU or VCR
comparedwith the chemotherapyalone.The lifespanof
tumourbearingmicewasdramaticallyincreasedto more
than150%in all casesandimprovedcurerateswerealso
observed.The combinedregimen with MTX was not
effective.

PEC-mediatedcytotoxicity asssay

PECelicitedby PBSor noni-pptwereco-incubatedwith
LLC1 cells for 48h at a ratio of (2.5:1).TheMTT assay
wasusedto determinethe cellular viability of the cells
(Table 6). Noni-ppt-elicited PEC exerted significant
cytotoxic effects to LLC1 cells compared with the
PBS-elicitedPEC. Noni-ppt-elicited PEC reducedthe
viability of LLC1 by 37% in contrastto 4% by PBS-
elicited PEC.

NO and cytokine production by noni-ppt

The effect of noni-ppt on macrophagefunction was
assessedby measuringtheamountof NO, TNF-a, IL-1b
and IL-12 p70 produced from thioglycollate-elicited
adherentPEC.The Griessreagentwasusedto measure
nitrite levels, the stableendproductof NO metabolism.
Noni-ppt at 1.25mg/mL slightly elevatednitrite levels
(Fig. 2). Mediumaloneelicited0.56nmol nitrite per106

cells compared to 1.85 nmol from noni-ppt. When
combined with IFN-g (25 U/mL), noni-ppt enhanced
theproductionof nitrite (8.03nmol).Similar resultswere
obtained with the positive control, LPS. LPS alone
(0.5mg/mL) stimulatedan increasedamountof nitrite

Table 5. Combination of suboptimal dosesof chemotherapywith noni-ppt againstLLC peritoneal carcinomatosis
Agent Dose/mouse, schedule (route) MST� SEM No. mice survived/total ILS (%)

Exp. 1
Control 13.9� 0.9 0/9
Noni-ppt 0.8 mg, QOD� 5 (i.p.) 28.0� 4.9b 2/9 101
Adria 2 mg, day 1 (i.p.) 24.2� 3.9b 1/9 74
Adria�Noni-ppt same as above 42.3� 4.0c 6/9a 204

Exp. 2
Control 14.9� 1.4 0/10
Noni-ppt 0.8 mg, QOD� 5 (i.p.) 28.4� 5.3b 2/8 91
CDDP 10 mg, day 1 (i.p.) 25.2� 5.0b 1/8 69
CDDP�Noni-ppt same as above 41.4� 4.5c 5/8a 178

Exp. 3
Control 16.9� 2.4 0/7
Noni-ppt 0.8 mg, QOD� 5 (i.p.) 33.8� 6.6b 4/8b 100
5-FU 300 mg, day 1 (i.p.) 33.4� 6.3b 3/8 98
5-FU�Noni-ppt same as above 45.6� 4.4 7/8a 170

Exp. 4
Control 16.7� 1.4 0/10
Noni-ppt 0.8 mg, QOD� 5 (i.p.) 35.5� 4.6b 3/8b 113
VCR 1 mg, day 1 (i.p.) 30.5� 4.8b 2/8 83
VCR�Noni-ppt same as above 44.4� 4.4c 6/8a 166

Inbred C57BL/6 mice were inoculated i.p. with LLC (2±4� 105 cells/mouse) on day 0. 0.1 mL of vehicle or agents was adminis-
tered i.p. at the indicated doses beginning on day 1. Survival of mice was recorded up to 50 days. Mice surviving 50 days
were considered cured. a p< 0.01, b p< 0.05 compared with control. c p< 0.05 compared with chemotherapeutic agent or
noni-ppt. MST, mean survival time; ILS, increase in life span.

Table 6. Cytotoxicity test of PBS-elicited vs noni-ppt-
elicited PEC againstLLC1 cells

PEC Cytotoxicity (%)

PBS-elicited 4.03� 2.39
Noni-ppt-elicted 37.4� 2.80a

PEC were elicited by i.p. injections of PBS (0.1 mL, QD� 5)
or noni-ppt (0.1 mL of 5 mg/mL, QD� 5). PEC (5� 105 cells/
mL) were coincubated with LLC1 (2� 105 cells/mL) for 48 h.
The MTT assay was used to determine cellular viability. The
results are shown as mean� SEM of 3 experiments in tripli-
cate. a p< 0.001 compared with PBS-elicited PEC.

Figure 2. Production of nitrite by adherent thioglycollate-
elicited PEC (<1� 106 cells/mL) treated 24 h with medium
alone, noni-ppt (1.25 mg/mL), LPS (0.5 mg/mL), or combina-
tions with IFN-g (25 U/mL). The Griess reagent was used to
detect the presence of nitrite. The results are shown as
mean� SEM of 5 experiments in triplicates. Error bars not
seen fall within the columns. *p< 0.01 compared with media
alone. **p< 0.001 compared with IFN-g.
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production (2.75 nmol) and induceda 5-fold increase
whencombinedwith IFN-g (14.84nmol). IL-1b andIL-
12 p70releasewerealsosignificantlyenhancedby noni-
ppt. The productionof IL-1b by noni-ppt was substan-
tially lessthanLPS,althoughtheproductionof IL-12 p70
wascomparableto LPS(Table7). The IL-12 p70 levels
detectedwere below the assayrange(20–1620pg/mL),
but greaterthan the ELISA kit’s (Genzyme)sensitivity
(5 pg/mL). Noni-ppt also stimulatedTNF-a production,
andits level,similar to IL-1b, waslessthanthatproduced
by LPS(Table7). The effect of poly B on noni-pptwas
assessedby measuringTNF-a productionfrom thiogly-
collate-elicitedmurinePECwith anELISA kit. Figure3
illustratesthat poly B exertedlittle effect on noni-ppt.
Poly B inhibited theactivity of noni-pptby only 0.67%,
whereasit inhibitedtheactivity of LPSby 42.04%(n = 3
experimentsin duplicates).

Theeffect of noni-ppton splenocytesandthymocytes
wasevaluatedby measuringthe levelsof the cytokines,
IL-2, IL-4, IL-10 andIFN-g (Table8). Noni-ppt hadno
effect on IL-2 release by splenocytes,even when
combinedwith con A, whereasLPS alone induced a
suppressiveeffecton IL-2 andactedsynergisticallywith
a con A concentrationof 3 mg/mL. Noni-ppt exerteda
significantsuppressiveeffect on IL-4 productionwhen
combinedwith conA concentrationsof 3 and6 mg/mL.
LPSsynergisticallyenhancedIL-4 releasewith 3 mg/mL
of conA andhadnoeffecton IL-4 releasewith 6 mg/mL
of conA. IL-10 releaseby splenocyteswassignificantly

increasedby the presenceof noni-ppt.Additive effects
occurredwhen noni-ppt was combinedwith increasing
concentrationsof conA. Levelsof IL-10 stimulatedwith
LPSwerehigh regardlessof theconcentrationof conA.
IFN-g productionfrom thymocyteswas not elicited by
noni-ppt alone, but synergisticeffects occurredwhen
noni-pptwascombinedwith conA. LPSalonestimulated
a significantincreaseof IFN-g andactedsynergistically
with conA.

DISCUSSION

The fruit juice of Morinda citrofolia L., a traditional
Hawaiianmedicinalplantknownasnoni,hasbeenfound
to possesssignificant antitumour activity againstLLC
peritonealcarcinomatosis.The antitumour principle(s)
was isolated in the ethanol-precipitablefraction, noni-
ppt. The ethanol-solublefraction, noni-sol, did not
demonstrateany significantantitumouractivity. Gener-
ally, the primary purificationstepof naturallyoccurring
polysaccharidesentails acetone/alcoholprecipitation
(Wong et al., 1994).We havecharacterizednoni-pptas
containingagumarabicheteropolysaccharide,composed
of the sugarsglucuronicacid, galactose,arabinoseand
rhamnose,by phenol-sulphuricacidstainingandTLC.

Cytotoxicity testingof noni-ppt againstLLC1, a cell
line adaptedfor culturefrom the primary LLC (Bettram
and Janik, 1980), indicated that it was not directly
cytotoxic, even at a high concentrationof 2 mg/mL.
However, it could indirectly exert significantcytotoxic
effects againstLLC1 cell by eliciting the tumoricidal
activity of PEC.Theimmunosuppressive agents,Cl-Ade
(macrophageinhibitor) andcys-A (T cell inhibitor) also
attenuatedthe activity of noni-ppt,signifying a possible
immunomodulatoryrole of noni-ppt involving macro-
phageandT cell activation.

A seriesof cytokine assaysand NO determination
corroboratedthe speculationthat noni-ppt can induce
macrophageactivation. Noni-ppt effectively enhanced
theproductionof NO, TNF-a, IL-1b andIL-12 p70from
thioglycollate-elicitedadherentPEC, which are mainly
composedof macrophages.Thesemacrophage-derived
productsare consideredimportantmediatorsof tumour
cytostasisand/orcytotoxicity. NO may producecellular
toxicity through the inhibition of DNA synthesisand
mitochondrial respiration (Stuehr and Nathan, 1989).
TNF-a may be able to directly cause haemorrhagic
necrosisof tumours(Männeletal., 1996).IL-1b hasbeen
shownto be a mediatorof tumourcytostasis(Lovett et
al., 1986) and IL-12 p70, the biologically active

Table 7. Cytokine production from adherent thioglycollate-elicted PEC
Treatment

Noni-ppt (1.25 mg/mL)
Cytokine Incubation time (h) Media pg/mL LPS (0.5 mg/mL)

IL-1b 24 0.68� 0.58 49.24� 8.93a 127.33� 12.12a

IL-12 p70 16 1.23� 1.23 10.26� 1.16b 9.10� 3.35
TNF-a 24 14.77� 1.46 757.37� 400.62 1213.92� 442.97b

IL-1b, IL-12 p70 and TNF-a release from adherent thioglycollate-elicited PEC (<1� 106 cells/mL) incubated in a 24-well plate.
ELISA kits were used to detect the presence of these macrophage-derived cytokines from the cell-free supernatants. The re-
sults are shown as mean� SEM of at least two experiments in duplicate. a p< 0.01, b p< 0.05 compared with media.

Figure 3. TNF-a production from adherent thioglycollate-
elicited PEC (�1� 106 cells/mL) incubated with cell culture
media alone, polymyxin B (100 U/mL), noni-ppt (1.25 mg/mL),
LPS (0.5 mg/mL) or combinations of polymyxin B and noni-ppt
or LPS for 24 h. An ELISA kit was used to detect the presence
of TNF-a from the cell-free supernatants. The results are
shown as mean� SEM of 3 experiments in duplicates. Error
bars not seen fall within the columns. *p< 0.01 compared
with media alone. **p< 0.01 compared with LPS.
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heterodimerof IL-12, mayinducetoxic effectsindirectly
by enhancing the Th1 cellular immunity response
(Trinchieri and Scott, 1995). Therefore,noni-ppt may
mediate its antitumour activity by stimulating macro-
phagesto releaseanarsenalof tumoricidalmediators.

Noni-pptalsoenhancedthereleaseof IFN-g from con
A stimulatedthymocytes.IFN-g, a potent macrophage
activator (Young and Hardy, 1995), may serve as a
positivefeedbackmechanismto promotefurther activa-
tion of macrophages,initially stimulatedby noni-ppt.On
the other hand,noni-ppt also stimulatedthe releaseof
high levels of IL-10, a cytokine synthesisinhibitor and
macrophagedeactivator (Bogdan et al., 1991), from
splenocytes.Conceivably,IL-10 may act in a negative
feedbackmechanismto prevent potential detrimental
effectsfrom excessivemacrophageactivation.

The influence of noni-ppt on the cell-mediated
cytotoxicity of NK andT cells may be inferredfrom its
suppressiveeffect on IL-4 production from con A
stimulatedsplenocytes,as well as its stimulatoryeffect
on IL-12 p70production.IL-4 andIL-12 generallyhave
opposingeffectson cell-mediatedimmunity (Trinchieri,
1995). IL-4 acts in most instancesoppositeto a Th1
cellular immunity response,whereasIL-12 promotesa
Th1 response.The contraryeffectsof noni-ppt on IL-4
andIL-12 productionmayaugmenttheTh1responseand
enhancethecytotoxicity of CTL andNK cells.

The antitumouractivity of noni-ppt may not involve
IL-2, a T-cell growth factor, since noni-ppt did not
demonstrateany significanteffect on the productionof
IL-2 from splenocytes.However,cys-A, an inhibitor of
IL-2 expression(Wiederrechtet al., 1993), diminished
the antitumour activity of noni-ppt in tumour-bearing
mice, possiblyindicating that following in vivo admin-
istrationof noni-ppt,IL-2 may be indirectly involved in
the antitumour responseof noni-ppt. Otherwise, the
immunosuppressiveeffect of cys-A on the other
componentsof the immunesystemmay be contributing
to its inhibitory effect on noni-ppt.

Theimmunomodulatoryeffectof noni-ppton NO, IL-

1b and TNF-a production was similar to LPS. Both
agentsstimulateda comparablepatternof release,with
thequantityproducedby noni-pptconsistentlylowerthan
LPS.Dueto theubiquitousnatureof LPS,thepossibility
of LPS contamination in the noni-ppt does exist.
However, polymyxin B was unable to inhibit the
stimulatory effect of noni-ppt on TNF-a production,
while inhibiting the positive LPS control. Also, several
differencesin the cytokineprofile producedby noni-ppt
suggestthat its effectsareunique.For example,noni-ppt
significantlysuppressedIL-4 productionin the presence
of 3–6mg/mLof conA while LPSdid not.Theamountof
IL-12 p70 stimulatedby noni-ppt, although relatively
low, wasapproximatelythesameastheamountproduced
by LPS,implying thatnoni-pptmayhaveaselectivebias
for IL-12 p70production.Routinely,thecrudenoni juice
and noni-ppt was cultured fastidiously in media to
confirmthat therewasno microbial contamination.

Chemoimmunotherapy of the noni-ppt with conven-
tional chemotherapeuticagents(Adria, CDDP,5-FU and
VCR) revealeda significantbeneficialeffect compared
with thechemotherapyalone.Thecombinationregimen,
usingsub-optimaldosesof chemotherapy,increasedthe
life spanaswell ascureratesin tumour-bearinganimals.
Anticancerchemotherapyis generallyaccompaniedby
severetoxic effectsand immunosuppression.Thus, the
possibilityof combiningnoni-pptwith sub-optimaldoses
of chemotherapymay not only reducethe toxic side
effectsof thechemotherapyby loweringits dose,butmay
improvethecurativeprobability.
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Table 8. Cytokine production from splenocytesor thymocytesincubatedin the presenceof increasingconcentrationsof conA
Treatment

Noni-ppt (1.25 mg/mL)
Cytokine Cellular source Con A (mg/mL) Media pg/mL LPS (0.5 mg/mL)

IL-2 splenocytes 0 51.73� 3.94 56.05� 18.11 25.9� 3.04b

0.3 73.76� 7.72 77.00� 6.78 58.6� 1.97
3.0 1405.97� 120.90 1388.13� 36.69 2614.09� 320.96b

6.0 2653.94� 104.89 2456.87� 479.67 2517.98� 326.63
IL-4 splenocytes 0 17.09� 3.83 13.74� 5.43 20.38� 3.49

0.3 13.64� 3.02 17.09� 1.73 19.03� 4.10
3.0 181.89� 16.97 68.43� 5.38a 323.72� 49.89
6.0 920.03� 72.80 295.68� 129.47a 818.97� 200.52

IL-10 splenocytes 0 165.69� 25.30 1132.27� 183.82b 2548.70� 19.59a

0.3 630.21� 14.41 1717.66� 101.68a 2616.24� 30.49a

3.0 1423.70� 61.13 2392.34� 49.50a 2541.15� 39.32b

6.0 2154.24� 15.02 2568.48� 57.48a 2495.36� 58.57b

IFN-g thymocytes 0 1.64� 1.58 0.36� 0.36 24.84� 8.12b

0.3 3.24� 1.20 8.56� 4.15 35.87� 5.03
3.0 62.94� 4.76 313.20� 59.90a 1303.82� 139.50a

6.0 105.37� 10.56 692.07� 216.31b 1817.62� 400.08a

IL-2, IL-4, IL-10 and IFN-g release from splenocytes (2.5� 106 cells/mL) or thymocytes (5� 106 cells/mL) incubated in a 96-well
microtitre plate for 72 h. ELISA kits from were used to detect the presence of these cytokines from the cell-free supernatants.
The results are shown as mean� SEM of at least 2 experiments in duplicate. a p< 0.01, b p< 0.05 compared with control con-
centration of con A.

386 A. HIRAZUMI AND E. FURUSAWA

Copyright# 1999JohnWiley & Sons,Ltd. Phytother.Res.13, 380–387(1999)



REFERENCES

Abbott, I. A. and Shimazu, C. (1985). The geographical origin
of the plants most commonly used for medicine by
Hawaiians. J. Ethnopharm. 14, 213±222.

Atkinson, E. A. and Bleackley, R. C. (1995). Mechanism of lysis
by cytotoxic T cells. Crit. Rev. Immun. 15, 359±384.

Bertram, J. S. and Janik, P. (1980). Establishment of a cloned
line of Lewis lung carcinoma cells adapted to cell culture.
Cancer Lett. 11, 63±73.

Bogdan, C., Vodovotz, Y. and Nathan, C. (1991). Macrophage
deactivation by interleukin 10. J. Exp. Med. 174, 1549±
1555.

Bushnell, O. A., Fukuda, M. and Makinodian, T. (1950). The
antibacterial properties of some plants found in Hawaii.
Pac. Sci. 4, 167±183.

Chihara, G. (1991). Recent progress in immunopharmacology
and therapeutic effects of polysaccharides. Development.
Biol. Standard. 77, 191±197.

Chun, M. N. (1994). Native Hawaiian Medicines. First People's
Productions, Hawaii.

Churms, S. C., Zweig, G. and Sherma, J. (1982). CRC
Handbook of Chromatography Carbohydrates. Vol. 1.
CRC Press, Boca Raton, Florida.

Degener, O. (1973). Plants of Hawaii National Park Illustrative
of Plants and Customs of the South Seas. Photo-
Lithoprint Reproduction, Braun-Brum®eld, Inc., Michi-
gan.

Furusawa, E. and Furusawa, S. (1985). Anticancer activity of a
natural product, Viva-Natural, extracted from Undaria
pinnanti®da on intraperitoneally implanted Lewis lung
carcinoma. Oncology 42, 364±369.

Furusawa, E. and Furusawa, S. (1990). Antitumor potential of
low-dose chemotherapy manifested in combination with
immunotherapy of Viva-Natural, a dietary seaweed
extract, on Lewis lung carcinoma. Cancer Lett. 50, 71±78.

Furusawa, E., Chou, S. C., Furusawa, S., Hirazumi, A. and
Dang, Y. (1992). Antitumor activity of Ganoderma
lucidum, an edible mushroom, on intraperitoneally
implanted Lewis lung carcinoma in syngeneic mice.
Phytother. Res. 6, 300±304.

Furusawa, E., Chou, S. C. and Hirazumi, A. (1995). Antitumor
potential of pollen extract of Lewis lung carcinoma
implanted intraperitoneally in syngeneic mice. Phytother.
Res. 9, 255±259.

Gutmanis, J. (1994). Kahuna La'au Lapa'au: The Practice of
Hawaiian Herbal Medicine. Island Heritage Publishing,
Hong Kong.

Keleti, G. and Lederer, W. H. (1974). Handbook of Micro-
methods for the Biological Sciences. Van Nostrand
Reinhold, New York.

Keller, R., Keist, R., Wechsler, A., Leist, T. P. and Van der
Meide, P. H. (1990). Mechanisms of macrophage-
mediated tumor cell killing: A comparative analysis of
the roles of reactive nitrogen intermediates and tumor
necrosis factor. Int. J. Cancer 46, 682±686.

Krauss, B. (1993). Plants in Hawaiian Culture. University of
Hawaii Press, Hawaii.

Levand, O. (1963). Part I. Some Chemical Constituents of
Morinda citrifolia L. (Noni). Ph.D. Thesis, University of
Hawaii.

Locher, C. P., Witvrouw, M., De Bethune, M. P. et al. (1996).
Antiviral activity of Hawaiian medicinal plants against
human immunode®ciency virus type-1 (HIV-1). Phytome-
dicine 2, 259±264.

Lovett, D., Kozan, B., Hadam, M., Resch, K. and Gemsa, D.
(1986). Macrophage cytotoxicity: Interleukin 1 as a
mediator of tumor cytostasis. J. Immun. 136, 340±347.

MaÈ nnel, D., Murray, C., Risau, W. and Clauss, M. (1996).
Tumor necrosis: factor and principles. Immun. Today 17,
254±256.

MuÈ ller, B. M., Kraus, J. and FraÈ nz, G. (1989). Chemical
structure and biological activity of water soluble poly-
saccharides from Cassia angustifolia leaves. Planta Med.
55, 536±539.

Randerath, K. (1966). Thin-Layer Chromatography. Verlag
Chemie Academic Press, New York.

Sakagami, H., Ikeda, M., Unten, S. et al. (1987). Antitumor
activity of polysaccharide fractions from pine cone
extracts of Pinus Parvi¯ora Sieb. Et Zucc. Anticancer
Res. 7, 1153±1160.

Sim, H. (1993). The Isolation and Characterization of a
Fluorescent Compound from the Fruit of Morinda
citrifolia (Noni): Studies on the 5-HT Receptor System.
Masters Thesis, University of Hawaii.

Smith, K. A. (1993). Lowest dose interleukin-2 immunother-
apy. Blood 81, 1414±1423.

Sotomayor, E. M., DiNapoli, M. R., Calderon, C., Colsky, A.,
Fu, Y. X. and Lopez, D. M. (1995). Decreased macrophage-
mediated cytotoxicity in mammary tumor-bearing mice
is related to alteration of nitric-oxide production and/or
release. Int. J. Cancer 60, 660±667.

Stuehr, D. J. and Nathan, C. F. (1989). Nitric oxide: A
macrophage product responsible for cytostasis and
respiratory inhibition in tumor target cells. J. Exp. Med.
169, 1543±1555.

Trinchieri, G. (1995). Interleukin-12: A proin¯ammatory
cytokine with immunoregulatory functions that bridge
innate resistance and antigen-speci®c adaptive immu-
nity. Ann. Rev. Immun. 13, 251±276.

Trinchieri, G. and Scott, P. (1995). Immunoregulation by
interleukin-12. Res. Immun. 146, 423±431.

Tsukagoshi, S., Hashimoto, Y., Fujii, G., Kobayashi, H.,
Nomoto, K. and Orita, K. (1984). Krestin (PSK). Cancer
Treat. Rev. 11, 131±155.

Wiederrecht, G., Lam, E., Hung, S., Martin, M. and Sigal, N.
(1993). The mechanism of action of FK-506 and cyclos-
porin A. Ann. N.Y. Acad. Sci. 696, 9±19.

Wong, C. K., Leung, K. N., Fung, K. P. and Choy, Y. M. (1994).
Immunomodulatory and antitumor polysaccharides from
medicinal plants. J. Int. Med. Res. 22, 299±312.

Yamada, H., Komiyama, K., Kiyohara, H., Cyong, J., Hiraka-
wa, Y. and Yasuo, O. (1990). Structural characterization
and antitumor activity of a pectic polysaccharide from the
roots of Angelica acutiloba. Planta Med. 56, 182±186.

Yamamoto, I., Nagumo, T., Yagi, K., Tominaga, H. and Aoki,
M. (1974). Antitumor effect of extracts from Sargassu-
mand and Laminaria. Jpn J. Exp. Med. 44, 543±546.

Young, H. A. and Hardy, K. J. (1995). Role of interferon-g in
immune cell regulation. J. Leuko. Biol. 58, 373±381.

ANTITUMOUR ACTIVITY OF MORINDACITRIFOLIA 387

Copyright# 1999JohnWiley & Sons,Ltd. Phytother.Res.13, 380–387(1999)


