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Plantago major(PM), also known as plantain, is a weed found in temperate zones worldwide. PM leaves
have been associated with various biological properties ranging from antiinflammatory, antimicrobial
and antitumour to wound healing. However, its mechanism of action associated with boosting of the
immune function remains to be elucidated. We found that endotoxin-free methanol extracts from PM
leaves, at doses of 50, 100, 250, and 500mg/mL, were associated with 4.4� 1, 6� 1, 12� 0.4, and
18� 0.4-fold increases of nitric oxide (NO) production, and increased TNF-a production (621� 31,
721� 36, 727� 36, and 1056� 52 U/mL, respectively) by rat peritoneal macrophages, in the absence of
IFN-g or LPS. NO and TNF-a production by untreated macrophages was negligible. In addition, PM
extracts potentiated Con A-induced lymphoproliferation (3- to 12-fold increases) in a dose-dependent
fashion, compared with the effect of ConA alone. The regulation of immune parameters induced by plant
extracts may be clinically relevant in numerous diseases including chronic viral infections, tuberculosis,
AIDS and cancer. Copyright # 2000 John Wiley & Sons, Ltd.
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INTRODUCTION

Plantago major, also known as plantain, waybread, or
dooryard plantain, is found on roadsides, fields, lawns
and waste places in temperate zones worldwide.Plantago
major has been used in traditional medicine as an
astringent, anaesthetic, antihelmintic, analgesic, analep-
tic, antiviral, antihistaminic, antiinflammatory, antirheu-
matic, antitumour, antiulcer, diuretic, hypotensive and
expectorant (Matevet al., 1982; Grigorescuet al., 1973;
Francaet al., 1996). In addition, plantain is well known to
neutralize poisons internally and externally. The fresh
leaves are crushed and applied to wounds to prevent or
cure infection and hasten healing. Moreover, plantain is a
fast pain reliever of stings, bites and poison ivy. The
intracellular fluid from Plantago majorhas been also
shown to possess prophylactic activity against the
development of mammary tumours in mice (Lithander,
1992). However,Plantago major’s mechanism(s) of
action on immunomodulation remains to be elucidated.

The present study was designed to evaluate thein vitro
effects of methanol extracts ofPlantago majorleaves on

rat peritoneal macrophage and thymic lymphocyte
functions. Macrophages play a central role in modulating
humoral and cellular immunity against infectious dis-
eases and cancer. Immunomodulatory agents such as
inteferon-gamma (IFN-g) and lipopolysaccharide (LPS)
are capable of activating them (Meltzeret al., 1982).
Activated macrophages produce mediators of cytotoxi-
city such as nitric oxide and tumour necrosis factor-alpha
(TNF-a) which protect the host against the development
of infections and tumours (Nathan and Hibbs, 1991;
Hibbs et al., 1988). On the other hand, T lymphocytes
respond to antigen challenge by proliferating and
expanding the antigen-specific lymphocyte clones thus
amplifying immune responses. Functional T cell prolif-
erating activity can be studied by the use of polyclonal
mitogens such as concanavalin A (Con A) and phyto-
haemagglutinin (PHA), which bind to certain sugar
residues on T cell surface glycoproteins, including the
T cell receptor and CD3 protein, and stimulate T cell
proliferative response (Gajewskiet al., 1989).

In the present study, LPS was used as a positive control
for macrophage activation, and Con A was used to
stimulate lymphocyte proliferation. It was found that
Plantago majorleaf extracts activated nitric oxide and
TNF-a production by macrophages, and potentiated Con
A-mediated lymphocyte proliferation.

MATERIALS AND METHODS

Reagents, culture media, and cell line.Penicillin–
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streptomycinsolution, L-glutamine,trypsine-EDTAso-
lution andRPMI 1640andAIM-V mediawereobtained
from Life Technologies(GrandIsland,NY). LPS from
Escherichiacoli serotype0128:B12,fetal bovineserum
(FBS), dimethylsulphoxide(DMSO), Con A, red blood
cell lysingbuffer,phosphate-bufferedsaline(PBS),and3
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbro-
mide (MTT) werepurchasedfrom SigmaChemicalCo.
(St Louis, MO). ActinomycinD wasobtainedfrom ICN
Pharmaceuticals(Aurora,OH). Themurinefibrosarcoma
cell line L929 (clone CCL 1) was purchasedfrom the
AmericanTypeCultureCollection(Rockville,MD), and
maintainedin RPMI 1640 medium supplementedwith
10% FBS, 1% L-glutamine, and 0.5% penicillin–
streptomycinsolution(referredascompleteRPMI 1640
medium). [3H]-thymidine was purchasedfrom ICN
PharmaceuticalsInc. (Costa Mesa, CA). Chloroform,
acetoneand methanolwere of high performanceliquid
chromatography(HPLC)-gradeandwereobtainedfrom
Aldrich Chemical Co. (Milwaukee, WI). Extraction
columnsfor solidphaseseparationswerepurchasedfrom
United ChemicalTechnologies(Bristol, PA).

Preparation of Plantago major leaf extract. Plantago
major(PM) leaveswereobtainedin apowderform (Lot #
8680)from M. E. Cody Products,Inc. (Westwood,NJ).
This leaf powder(400g) wasmaceratedovernightwith
500mL methanolat room temperature.The extractwas
filtered, and combinedwith acetoneuntil an off-white
precipitatewas formed. This material was then dried
under vacuumusing a speedvac concentrator(Savant
InstrumentsInc., Hicksville, N.Y.), dissolvedin 15mL
deionizedwater,and the suspensionwas centrifugedat
2000rpm for 10min. The aqueousfraction was then
concentratedto drynessusing a speedvac concentrator
(SavantInstrumentsInc.). Thesolid wasweighed(3.0g)
andlabelledPM1.

Purification of PM1 fraction. A 2 g capacitycopoly-
meric phaseextraction column (CLEAN SCREEN1,
United Chemical Technologies, Inc.), composed of
Si(CH2)17CH3 (octadecyl copolymerized on a rigid,
purified silica gel support),was conditionedby elution
with 5 mL methanol, followed by elution with 5 mL
deionizedwater.The elutionswere performedat a fast
flow as recommendedby the manufacturer. PM1
(200mg) was then dissolvedin 10ml deionizedwater,
addedto theconditionedcolumn,andelutedasexplained
above.The elutedfraction wasconcentratedto dryness
under vacuum using a speedvac concentrator(70mg
recovery).Thematerialboundto thecolumnwaseluted
with 15mL methanol.The elutedfraction was concen-
trated as describedaboveand then pre-labelledbound
(28-mg recovery).When it was found that the bound
fraction retainedthe biological activity found in PM1, it
wasfinally labelledPM2. All fractionsweredissolvedin
PBS,andfilteredbeforeuse.PM1 andPM2 preparations
wereendotoxin-freeat a detectionlimit of 0.5ng/mL in
thegel clot-basedLimulusamoebocyteassay(Associates
of CapeCod,Falmouth,MA).

Animals. Sprague-Dawleymale rats (200–220g) were
purchasedfrom Harlan Sprague-DawleyInc. (Indiana-
polis, IN). They weregiven waterand food ad libitum,
andwerehousedandhandledaccordingto guidelinesof

the Institutional Animal Care and Use Committee
(IACUC) (protocol# 659).

Preparation of macrophage cultures. Peritoneal
macrophageswereharvestedby lavagingthe peritoneal
cavity with cold RPMI 1640mediumimmediatelyafter
rat death,as describedelsewhere(Gomez-Floreset al.,
1997b;Calderonet al., 1994).The cell suspensionwas
washed once with this medium, and suspendedand
adjustedataconcentrationof 1.7� 106 cells/mLin AIM-
V medium containing 0.5% penicillin–streptomycin
solution (since serum has been reportedto potentiate
macrophageactivation (Chen et al., 1994), the culture
medium was changedat this step to the serum-free
mediumAIM-V which hasbeenobservedto supportcell
culture (Kaldjian et al., 1992).Onehundredmicrolitre-
aliquots of this cell suspensionwere incubatedin flat-
bottomed 96-well plates (Becton Dickinson, Lincoln
Park,NJ) for 2 h at 37°C in 5% CO2. Non-adherentcells
wereremoved,andadherentcells(about70%of theinput
cellsor about1� 106 cells/mL)werethenincubated16h
in 100mL of AIM-V mediumin thepresenceor absence
of variousconcentrationsof PM fractions.After incuba-
tion, cell monolayerswerewashedtwice in AIM-V. The
final cell monolayerconsistedof >95%macrophagesas
judgedby Giemsa’sstainprocedures.

Nitrite determination. Accumulation of nitrite in the
supernatantsof macrophagecultures was used as an
indicator of nitric oxide production by resident or
activatedcells. Untreatedand PM-treatedmacrophages
wereincubatedin triplicateat37°C in 5%CO2, in a total
volumeof 200mL AIM-V mediumper well for 3 days.
After incubation,supernatantswereobtainedandnitrite
levels were determined with the Griess reagent as
reportedelsewhere(Gomez-Floreset al., 1997a),using
NaNO2 asa standard.Optical densitiesat 540nm were
then determined in a microplate reader (Molecular
DevicesCorporation,PaloAlto, CA).

TNF-a assay.TNF-a productionby macrophageswas
determinedby the L929 cell lysing assay.For this
bioassay,untreatedand PM-treatedmacrophagemono-
layerswereincubatedin triplicateat 37°C in 5%CO2, in
a total volumeof 200mL of AIM-V mediumfor 4 h, after
which supernatantswere collectedand kept at ÿ80°C
until use. TNF-a levels in the supernatantswere then
quantifiedby the L929 bioassay,as described(Gomez-
Flores et al., 1997c). The bioassaywas performedin
complete RPMI 1640 medium, in the presenceof
actinomycinD (1 mg/mL final concentration),andusing
1/3 serial dilutions of the supernatants.Recombinant
murine TNF-a (a gift from NCI Biological Resources
Branch, Rockville, MD, lot 88/532) was used as a
standard.After 24h of incubation,cell viability of L929
cells wasdeterminedby a colorimetric techniqueusing
MTT to a final concentration of 0.5mg/mL, and
incubatingthe cells for 1.5h at 37°C in 5% CO2. After
the incubationperiod,supernatantswerediscarded,and
formazan crystals were dissolved in DMSO. Optical
densitieswere then determinedin a microplate reader
(Molecular Devices Corporation) at 540nm. TNF-a
levels (U/mL) representedthe inverse of the dilution
causing50%cytotoxicity.

Effect of LPS on macrophageactivation. We utilized
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LPS as a positive control for macrophageactivation.
Resident peritoneal macrophagecultures preparedas
describedabove,were incubatedfor 16h with LPS (1–
500ng/mL), after which macrophagemonolayerswere
washedtwice, and incubatedfor an additional 3 days.
After incubation,supernatantswereobtained,andnitrite
levelsweredeterminedasexplainedabove.

T cell culture preparation and proliferation assay.
Thymuswas immediatelyremovedafter rat death,and
was mechanicallydissociatedinto a single-cellsuspen-
sionin RPMI 1640medium,asreportedelsewhere(Riley
et al., 1998).The resultingcell suspensionwaswashed
three times in this medium, and suspendedin AIM-V
medium.Theculturemediumwaschangedat this stepto
theserum-freemediumAIM-V whichhasbeenobserved
to support cell culture (Kaldjian et al., 1992). T cell
proliferation was determinedby [3H]-thymidine uptake
aspreviouslyreported(Gomez-FloresandWeber,1999).
Immediatelyafter rat death,single-cell thymussuspen-
sionswerepreparedasdescribedabove,andadjustedto
1� 107 cells/mL.Cell suspensions(100mL) wereadded
to round-bottomed96-well plates (Becton Dickinson)
containingtriplicatecultures(100mL) of AIM-V medium
(unstimulatedcontrol) or the mitogen Con A at sub-
maximalandmaximalconcentrationsof 0.625,1.25,and
2.5mg/mL. After incubationfor 44h at 37°C with 5%
CO2. [3H]-methylthymidine(6.7Ci/mmol, ICN Pharma-
ceuticalsInc.,CostaMesa,CA) wasadded(1 mCi/10mL/
well), andcultureswereincubatedfor an additional4 h.
Cell cultureswere thenharvestedwith a semiautomatic
cell harvester(Tomtec,Orange,CT), and cell-incorpo-
ratedradioactivitywasdeterminedby liquid scintillation
spectrophotometryusinga MicrobetaPlusliquid scintil-
lation counter(model1450,WallacOY, Turku,Finland)
with a counting efficiency for tritium of 35%. Prolif-
erativeresponsesof thymic lymphocyteto maximaland
submaximalconcentrationsof ConA wereusedfor data
analysis.

Statistical analysis. The results were expressedas
mean� SD of triplicate determinationsper treatment
from a representativeexperiment.All experimentswere
repeated at least three times with similar results.
Statisticalanalysiswere performedby the Student’st-
testandone-wayanalysisof variance.

RESULTS

Effect of LPS on macrophageactivation

As shown in Fig. 1, a dose-dependentsignificant
(p< 0.001) increase in nitric oxide production was
observedin LPS-treatedcells.LPSwasusedasapositive
control for macrophageactivation.

Induction of nitric oxide and TNF-a by Plantago
major fractions

Acetone-mediatedprecipitationof a methanolicextract
of PM producedan off-white, water-solublefraction
named PM1 (0.7% recovery). PM1 activated macro-
phagesto producenitric oxide(Fig. 2a)andTNF-a (Fig.
2b) in a dose-dependentfashion.PM1, at dosesof 50,
100,250and500mg/mL, caused4.4� 1, 6� 1, 12� 0.4
and 18� 0.4-fold significant (p< 0.001) increasesof
nitric oxide productionby macrophages,comparedwith
untreatedcontrol (Fig. 2a). PM1 also stimulated the
productionof significant(p< 0.001)TNF-a levels (621
� 31, 721� 36, 727� 36 and1056� 52 U/mL, at PM1
dosesof 50, 100, 250 and 500mg/mL, respectively)by

Figure 1. Effect of LPS on nitric oxide production by rat
peritoneal macrophages. Peritoneal macrophages were
treated with LPS (1±500 ng/mL) for 16 h, washed, and
incubated for an additional 3 days. Nitric oxide production
was then determined as explained in the text. Data represent
mean� SD of nitrite levels of triplicate determinations.

Figure 2. Effect of PM1 fraction on the production of nitric
oxide and TNF-a by macrophages. Peritoneal macrophages
were treated with PM1 (50±500 mg/mL) for 16 h, washed, and
incubated for an additional 4 h and 3 days to determine TNF-a
and nitrite levels, respectively. Nitrite (a) and TNF-a (b)
production was then determined as explained in the text.
Data represent mean� SD of nitrite and TNF-a levels of
triplicate determinations.
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thesecells(TNF-a productionby untreatedmacrophages
was negligible) (Fig. 2b). PM1 fraction was further
purified by phaseextraction(United ChemicalTechnol-
ogies, Inc.). Upon percolation elution (the unbound
fraction showednegligible activity to macrophagesand
lymphocytes,data not shown), the column was eluted
with methanol.The eluted material, namedPM2, was
more potent than PM1 in activating macrophagesin a
dose-dependentmanner.PM2, at dosesof 50, 100, 250
and 500mg/mL, caused significant (p< 0.001)
11� 0.66, 14� 0.84, 36� 2.16, and 46� 2.76-fold
increasesof nitric oxide production by macrophages,
comparedwith the untreatedcontrol (Fig. 3a).PM2 was
alsoassociatedwith significant(p< 0.001)increasesin
TNF-a production (1000� 60, 1150� 69, 1200� 72
and1550� 93U/mL, at PM2 dosesof 50, 100, 250 and
500mg/mL respectively)by thesecells (TNF-a produc-
tion by untreatedmacrophageswasnegligible)(Fig. 3b).

Lymphoproliferation mediatedby PM2

PM2 induced 1.8 to 2-fold significant (p< 0.001)
increasesin the proliferation of thymic lymphocytes
(1200 to 1400 cpm, at dosesof 62.5 to 250mg/mL

respectively,comparedwith the untreatedcontrol (680
cpm))(Fig. 4a),andsignificantly(p< 0.001)potentiated
Con A-mediatedthymic lymphocyteproliferation(3- to
12-fold increases)comparedwith the effect of Con A
alone(Fig. 4b).

DISCUSSION

Mankind hasa greathistory of the useof higher plant
extractsfor the therapyof diversemaladies.Medicinal
plants play a major role in the life of many people
worldwide, and their usagehas increasedsignificantly.
Epidemiologicalstudieshaveassociatedareducedrisk of
infectiousdiseasesandcancerwith a diet high in fruits
andvegetables,andhavedeterminedthatmoleculessuch
as b-carotene,tocopherols,vitamin C and flavonoids,
confersomeof this protectivebenefit.Findingadditional
agentsfor humanor agriculturalusebaseduponhigher
plantextracts,maycontributeto increasingthenumberof
plant compoundsof potentiallybeneficialapplication.

Plantagomajor hasbeenbroadlyusedto treatdiverse
medical conditions ranging from pain to infectious
diseasesand cancer(Matev et al., 1982; Grigorescuet

Figure 3. Effect of PM2 fraction on the production of nitric
oxide and TNF-a by macrophages. Peritoneal macrophages
were treated with PM2 (50±500 mg/mL) for 16 h, washed, and
incubated for an additional 4 h and 3 days to determine TNF-a
and nitrite levels, respectively. Nitrite (a) and TNF-a (b)
production was then determined as explained in the text.
Data represent mean� SD of nitrite and TNF-a levels of
triplicate determinations.

Figure 4. Effect of PM2 fraction on T lymphocyte prolifera-
tion. Thymic cells were treated with PM2 (100±500 mg/mL) (a),
and with PM2 (250 mg/mL) plus Con A (0.625±2.5 mg/mL) (b)
for 48 h. After this, [3H]thymidine incorporation was deter-
mined as explained in the text. Data represent mean� SD of
triplicate determinations.
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al., 1973;Francaetal., 1996;Lithander,1992).However,
its mechanism(s)of actionassociatedwith boostingthe
immuneresponseremainsto beelucidated.In this study,
we foundthata methanolicextractfrom Plantagomajor
leaves,enhancednitric oxide andTNF-a productionby
macrophages,and stimulatedlymphocyteproliferation.
Nitric oxide is the most studied reactive nitrogen
intermediate.It plays a relevant role against intrama-
crophageinfectionscausedby Cryptococcus,Schistoso-
ma,Leishmania,Francisella,Listeria andMycobacteria
(Nathan and Hibbs, 1991). The major effect of nitric
oxide is to inhibit ATP andDNA synthesis.Nitric oxide
productionby macrophagesdependson activationof the
inducible enzymenitric oxide synthasewhich can be
mediatedby interferons,TNF-a or LPS(Moncadaet al.,
1991). In addition, monokinessuch as interleukin-1,
interleukin-6andTNF-a areessentialmediatorsof host
inflammatoryresponsesin naturalimmunity (Bontaand
Ben-Efraim, 1993). On the other hand, in responseto
antigen challenge,T cells secretelymphokineswhose
function is to promotethe proliferation anddifferentia-
tion of T andB lymphocytes,andmacrophages(Mackay,
1993). The presenceof immunopotentiating agentsin
Plantago major might explain its prophylactic action
againstthe developmentof mammarytumors in mice
(Lithander,1992).Further investigationis underwayto

characterizethe active constituentspresentin Plantago
major leaf extract.

By stimulating non-specific cellular immune re-
sponses,most pathogenscan be eliminatedbeforethey
can causethe ill feeling associatedwith disease.Plant
extractsarepotentially curative.Someof theseextracts
can boosthumoral (Kroes et al., 1993; Rehmanet al.,
1999) and cell-mediatedimmunity (Upadhyay et al.,
1992; Kim et al., 1999; Coeugnietand Elek, 1987)
againstviruses(Tan et al., 1998; Calixto et al., 1998;
Houghton,1996),bacteria(BoyanovaandNeshev,1999;
Caceresetal., 1993),fungi (Ali etal., 1999;Matosetal.,
1999), protozoa(Phillipson and Wright, 1991; Sharma
and Sharma,1998) and cancer (Wong et al., 1994;
Chung,1999).

Theregulationof immuneparametersinducedby plant
extracts,may be clinically relevantin numerousdisease
processesincludingchronicviral infections,tuberculosis,
AIDS andcancer.
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