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ABSTRACT
Objectives:Consumptionoffermentedfoodshasbeenknowntoalleviatesomeofthesymptomsofatopyandmaylimit

allergydevelopment,whiletherearealsomanymedicinalherbsprovedtobeeffectiveforimmunologically-mediateddiseases.In
thisstudy,weintroducedmodernzymologytofermentsomeherbstoseeiffermentationhasthepossibilityofincreasingthe
anti-inflammatoryeffectsofmedicinalherbs.Interleukin-4(IL-4)andinterferon-gamma(INF-γ)havebeendemonstratedto
bethemainfactorsinthepathologyofallergicdiseases.

Methods:WemeasuredthelevelsofIL-4andINF-γ onconcanavalinA-inducedBALB/cmicespleencells,whichwere
subsequentlytreatedwithfermentedandunfermentedherbs.Wethencomparedthefermentedgroupswithunfermentedgroups
toseeiftheanti-inflammatoryeffectsoftheherbswereinfluencedbyfermentation.

ResultsandConclusions:Ourresultsshowedthatfermentationhadthepotentialtoincreasetheanti-inflammatory
effectsofsomemedicinalherbs,andAstragalusmembranaceusandSalviamiltiorrhizawouldbethemostsuitablemedicinal
herbsforfermentationamongtheherbsinthisstudy.

Keywords:Fermentation,Medicinalherb,Anti-inflammation,IL-4,INF-γ

Ⅰ.Introduction

Theallergicdiseasesreflectanimbalancein

lymphocyte-governed immunity, and it is

dominatedbytheTh2phenotype.Secretionofthe

cytokinesIL-4,IL-5andIL-13bytheallergen

-sensitizedTh2cellsrecruitsgranulareffectorcells

suchaseosinophils,basophilsandmastcellsto

the site ofthe allergic inflammation
1
.These

effector cells,alone or in combination with

cytophilic/reaginicIgE classantibodies,promote
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theclinicalmanifestationsofallergyandatopy2.

In addition, IL-4 and IL-13 promote B

lymphocyteimmunoglobulinisotypeswitchingto

IgE
3
.DuringtheearlystagesofT lymphocyte

differentiation,itispossiblethattheoverexpression

ofaTh2phenotypecanbearrestedbyinterferons
4
,

however the role in allergic diseases is still

controversial.ArecentpaperreportedthatINF-γ 

enhancedairwayhyperresponsiveness5andtherapy

ofinhibitingINF-γ hasbeensuggestedasanew

target in chronic asthma6.It has been also

demonstratedthatlow levelsofINF-γ prevent

adhesionandmigrationofnaiveTandTh2cells

invitro
7
.

Longago,fermentation wasan archaicskill

thatwasonlyusedtomakefoodsandwine,that

wasuntiltheyear1857when Frenchchemist

LouisPasteurfirstconnectedyeasttofermentation.

Fromthatpointon,zymologywasintroducedinto

manyotherfieldsandisnow widelyappliedin

foodindustryandpharmaceuticalsindustry.Itis

now understoodthatthelacticacid bacterium

(LAB)presentinfermentedfoodsareprimarily

responsible for imparting health benefits,and

variousstrainsofdietaryLABhavebeenshown

tobenefitanumberofhostphysiologicalresponses,

includingimmunefunction8-10.Recentlyanumber

ofresearchershaveattemptedtoapplyzymology

tomedicinalherbpharmacy,andtheresultsin

theirstudyisremarkable
11-18
.However,wethink

morestudiesareneededtoprovetheefficacyof

thefermentedherbs.

Inthisstudy,weusedthemethodofmodern

zymologytoferment7differentherbswhichhave

beenusedfrequentlyforthemedicaltherapyof

allergicdiseases.Toidentifythefermentedherbs

thathaveanti-inflammatoryproperties,theywere

comparedtotheunfermentedherbsbymeasuring

theirinfluencesonthelevelsofIL-4andIFN-γ.

Ⅱ.MaterialsandMethods

1.Animals

FemaleBALB/cmice(6weeksold)purchased

from ORIENTBIO INC.(Korea)werekeptin

the animal facility at the Department of

Microbiology, College of Medicine, Kyunghee

University.

2.Medicinalherbs

Astragalusmembranaceus(AM,黃芪)

HouttuyniacordataThunb(HT,魚腥草)

Liriopeplatyphylla(LP,麥門冬)

LonicerajaponicaThunb(LT,金銀花)

OpuntiadilleniiHaw(OH,白蓮草)

Platycodongrandiflorum(PG,桔梗)

SalviamiltiorrhizaBunge(SB,丹蔘)

TheextractedpowdersofAM,HT,LP,LT,

PG, SB were obtained from Sun Ten

PharmaceuticalCo.Ltd.(Taipei,Taiwan).OH

wasobtained from Nong-Lim Saeng Yak Co.

Seoul,Korea,andthemethodofextractionwas

followedbyamanualfromSunTenPharmaceutical

Co.Ltd.(Taipei,Taiwan).

3.Bacteriastrainandgrowingenvironment

ThebacteriastrainweusedisLactobacillus

caseiPM1(KCCM10766P),andtheyweregrown

at37℃ inLactobacilliMRSBroth(DifcoTM,

USA)

4.Processoffermentation

Lactobacilluscaseiinoculum cultured for12

hoursinMRSbrothwithoutbeefextractwere
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added andweregrownanaerobicallyin 10ml

basalmedium (BM,1% yeastextract,0.5%

peptone,0.5% sodium clorideand2% glucose)

with0.2gsampleextractpowderinashaking

incubator.The growing temperature and the

agitationspeedofthecultureweremaintainedat

37℃ and180rpm for12hoursrespectively.

Fermentedproductsweresterilizedbyautoclave.

Further,itwascentrifugedat3000×gand4℃

for15minutesandthesupernatantwasrecovered.

Theunfermented sampleextractpowderswere

manipulatedwiththesameprocesswithoutthe

inoculum.Basalmediums and herballiquors,

includingfermentedandunfermentedoneswere

dilutedto0.01%,0.05% and0.1%,andtheywere

storedat4℃ untiluse.

5.Cellviabilityassay

The MTT assay was performed with Cell

ProliferationKitI(Roche,Germany).Spleencells

suspendedincompleteculturemedium addedon

basalmediumsandherballiquorswereculturedin

a 96-wellplatesfor48 hours.Ten μlMTT

labelingreagentwasaddedtoeachwellandthe

mediumwasincubatedinahumidifiedatmosphere

for4hours.Onehundredμlsolubilizationsolution

wasaddedandincubatedinahumidifiedatmosphere

overnight. The incubation temperature was

maintainedat37℃.Concentrationofthespleen

cellswasevaluatedwiththeuseofanELISA

readerat550–600nmwavelength.

6.Cellcultureandcytokineassay

Spleencellsfrom eachmousewereisolatedand

suspended in completeculturemedium (RPMI

1640containing10%FBS,1% penicillin-streptomycin,

and1% glutamate).Cells(2×106/ml/well)were

cultured in the plates with the presence of

concanavalinA(ConA,2μg/ml)andbasalmediums

orherballiquors.Supernatantswerecollectedafter

a 48 hours’cultureperiod.IL-4 and IFN-γ 

concentrationsinspleencellculturesupernatants

weredeterminedbyELISA(Enzyme-LinkedImmuno

-SorbentAssay).

7.Dataanalysis

Basalmediumsandherballiquorswerediluted

to0.01%,0.05% and 0.1%.Each samplewas

measuredbyELISA3timesrespectively,andthe

meanvaluewascalculated.Thefinalvalueswere

expressedasthepercentageofthevaluesthat

weremeasuredfrom controlgroup.Thecontrol

group wastheblank group thatwasneither

treatedbyanybasalmediumnorherballiquor.

Ⅲ.Results

1.Influenceofbasalmediumsandherballiquors

oncellviability

Therewasnoeffectoninhibitingspleencell

viabilityinanyofthebasalmediumsorherbal

liquors,butmostofthem didenhancethecell

proliferation(Fig.1).
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Fig.1.Influenceofbasalmediumandherbliquorsoncellviability.

MTTassaywasperformedandthevalueswerepresentedasthepercentageofcellviabilityofcontrolgroup.
Thecontrolgroupwastheblankgroupthatwasneithertreatedbyanybasalmediumnorherballiquor.

2.Comparison offermented and unfermented

herbsonIL-4andINF-γ

Atthe0.01% concentration,thelevelofIL-4

was7.66% lowerinthefermentedbasalmedium

thanintheunfermentedbasalmedium.Atthis

concentration,thelevelofIL-4were26.29% lower

fortheAstragalusmembranaceus,50.68% lower

fortheOpuntiadilleniiHaw,26.97% lowerforthe

Platycodongrandiflorumand20.69% lowerforthe

SalviamiltiorrhizaBunge(Table1).

Atthe0.05% concentration,thelevelofIL-4

was3.97% higherinthefermentedbasalmedium

thanintheunfermentedbasalmedium.However,

atthisconcentration,thelevelofIL-4 were

32.22% lowerfortheAstragalusmembranaceus,

34.46% lowerfortheHouttuyniacordataThunb,

13.55% lowerfortheLiriopeplatyphylla,39.73%

lowerfortheOpuntiadilleniiHaw and8.35%

lowerfortheSalviamiltiorrhizaBunge(Table1).

Atthe0.1% concentration,thelevelofIL-4

was4.75% lowerinthefermentedbasalmedium

thanintheunfermentedbasalmedium.Atthis

concentration,thelevelofIL-4were45.16% lower

fortheAstragalusmembranaceus,29.04% lower

fortheHouttuyniacordataThunb,26.72% lower

fortheLiriopeplatyphylla,40.18% lowerforthe

LonicerajaponicaThunband18.05% lowerforthe

SalviamiltiorrhizaBunge(Table1).
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Atthe0.01% concentration,thelevelofINF-γ 

was32.25% lowerinthefermentedbasalmedium

thanintheunfermentedbasalmedium.Atthis

concentration,thelevelofINF-γ were22.81%

lowerfortheAstragalusmembranaceus,31.17%

lowerfortheLiriopeplatyphylla,110.84% lower

fortheLonicerajaponicaThunb,73.90% lowerfor

thePlatycodongrandiflorumand60.26% lowerfor

theSalviamiltiorrhizaBunge(Table1).

Atthe0.05% concentration,thelevelofINF-γ 

was19.79% higherinthefermentedbasalmedium

thanintheunfermentedbasalmedium.However,

atthisconcentration,thelevelofINF-γ were

90.51% lowerfortheAstragalusmembranaceus,

109.72% lowerfortheLonicerajaponicaThunb,

128.49% lowerforthe Opuntia dilleniiHaw,

36.22% lowerforthePlatycodongrandiflorumand

99.56% lowerfortheSalviamiltiorrhizaBunge

(Table1).

Atthe0.1% concentration,thelevelofINF-γ 

was28.03% lowerinthefermentedbasalmedium

thanintheunfermentedbasalmedium.Atthis

concentration,thelevelofINF-γ were327.64%

lowerfortheAstragalusmembranaceus,2570.80%

lowerfortheHouttuyniacordataThunb,177.06%

lowerfortheLonicerajaponicaThunb,322.55%

lowerfortheOpuntiadilleniiHawand216.07%

lowerfortheSalviamiltiorrhizaBunge(Table1).

NameofHerb Method

Percentageof
IL-4(%)

Percentageof
INF-γ (%)

Concerntration Concerntration

0.01% 0.05% 0.1% 0.01% 0.05% 0.1%

BasalMedium
(BM)

Unfermented 101.74* 79.10 74.95 140.28 92.67 140.49

Fermented 94.08 83.07 70.20 108.03 112.46 112.46

Astragalusmembranaceus
(AM,黃芪)

Unfermented 95.41 99.19 106.73 56.48 161.82 436.43

Fermented 69.12 66.97 61.57 33.67 71.31 108.79

HouttuyniacordataThunb
(HT,魚腥草)

Unfermented 66.58 97.08 104.62 143.64 265.91 2852.06

Fermented 92.64 62.62 75.58 330.56 280.62 281.26

Liriopeplatyphylla
(LP,麥門冬)

Unfermented 62.42 89.12 95.83 80.76 73.02 125.35

Fermented 71.27 75.57 69.11 49.587 98.54 176.88

LonicerajaponicaThunb
(LT,金銀花)

Unfermented 65.76 90.38 116.81 120.26 121.53 322.84

Fermented 83.07 90.43 76.63 9.42 11.81 145.78

OpuntiadilleniiHaw
(OH,白蓮草)

Unfermented 110.08 116.39 97.50 147.16 312.34 378.99

Fermented 59.40 76.66 113.65 168.24 183.85 56.44

Platycodongrandiflorum
(PG,桔梗)

Unfermented 95.01 60.75 79.52 116.75 213.30 626.09

Fermented 68.04 81.99 93.70 42.85 177.08 942.15

Salviamiltio-rrhizaBunge
(SB,丹蔘)

Unfermented 88.73 69.92 82.86 90.80 146.97 305.08

Fermented 68.04 61.57 64.81 30.54 47.41 89.01
*Thevalueswereexpressedasthepercentageofthevaluesthatweremeasuredfromcontrolgroup.Thecontrolgroup
wastheblankgroupthatwasneithertreatedbyanybasalmediumnorherballiquor.

Table1.Theeffectofbasalmediumsandherballiquors,includingfermentedandunfermentedones,
on thelevelsofIL-4andINF-γ.
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Ⅳ.Discussion

Manystudieshavedemonstratedthatcertain

traditional medicinal herbs have therapeutic

benefitsinimmunologicallymediateddiseases.We

selected Astragalusmembranaceus19,Houttuynia

cordataThunb20,Liriopeplatyphylla21,Lonicera

japonicaThunb22,OpuntiadilleniiHaw23,Platycodon

grandiflorum24andSalviamiltiorrhizaBunge25in

ourstudy,whichhavebeenusedfrequentlyfor

medicaltherapyofallergicdiseases.Yetoverthe

lastdecade,therehasbeenanaccumulationof

evidencethattheconsumptionoffermentedfoods

canalleviatesomeofthesymptomsofatopyand

maylimitallergydevelopment
26
.Toseeiffermentation

increases the effects of medicinal herbs on

antiinflammation,we used method ofmodern

zymology to ferment 7 different herbs,and

checkedbymeasuringthelevelsofIL-4andINF-

γ,whichareconsideredtobethemainfactorsin

thepathologyofallergicdiseases.

Inanimalmodels,lacticacidbacteria(LAB)

has been shown to reduce allergen-stimulated

productionofIL-4insomecases27.Toavoidthe

influenceofLAB whenmeasuringthelevelsof

IL-4 and INF-γ, fermented products were

sterilizedbyautoclave.However,wefoundthat

bothfermentedandunfermentedbasalmediums

stillinfluencedthelevelsofIL-4andINF-γ.For

thefermentedand unfermentedbasalmediums,

thelevelsofIL-4wereinhibitedinallofthe

concentrations except the 0.01% concentration

unfermentedbasalmedium,andthelevelsofINF-

γ wereenhanced in alloftheconcentrations

exceptthe0.05% concentrationunfermentedbasal

medium.Whencomparedwithunfermentedbasal

medium,the levels of IL-4 were lower in

fermented basalmedium at0.01% and 0.1%

concentration,andwefoundthesameresultin

thelevelsofINF-γ(Fig.2,Table1).
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Fig.2.ComparisonoftheeffectsonIL-4(A)
andINF-γ (B)betweenunfermentedand
fermented basalmedium (BM).Basal
mediumsweredilutedto0.01%,0.05%
and0.1%.

EachsamplewasmeasuredbyELISA3times
respectively, and the mean value was
calculated.Thefinalvalueswereexpressedas
the percentage of the values that were
measuredfrom thecontrolgroup.Thecontrol
groupwastheblankgroupthatwasneither
treated by any basalmedium norherbal
liquor.

When excluding the influence ofthe basal

mediums,wefound thatfermented Astragalus

membranaceus and Salvia miltiorrhiza Bunge

inhibited the levels of IL-4 at allof the

concentrationsandthevalueswerealllowerthan

thoseoftheunfermentedpairs(Fig.3,Table1).
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Fig.3.Comparison of the effects on IL-4
between unfermented and fermented
herballiquors.

Herballiquorsweredilutedto0.01%,0.05%
and0.1%.Eachsamplewasmeasuredby
ELISA 3timesrespectively,andthemean
valuewascalculated.Thefinalvalueswere
expressedasthepercentageofthevalues
thatweremeasuredfrom thecontrolgroup.
Thecontrolgroupwastheblankgroupthat
wasneithertreatedbyanybasalmediumnor
herballiquor.(A)Astragalusmembranaceus
[AM],(B)SalviamiltiorrhizaBunge[SB]

IL-4canrecruitsgranulareffectorcellssuchas

eosinophils,basophilsandmastcellstothesiteof

allergic inflammation [1], and promote B

lymphocyteimmunoglobulinisotypeswitchingto

IgE[3].SoIL-4isconsideredtobethemost

importantfactorin the pathology ofallergic

inflammation.From theresultsofthisstudy,we

foundthatthelevelsofIL-4weredecreasedby

eachofthefermentedherbsatatleastoneofthe

tested concentrations. More over, Astragalus

membranaceus and Salvia miltiorrhiza Bunge

decreased the levels ofIL-4 at allofthe

concentrations.

Ontheotherhand,wefoundthatAstragalus

membranaceus, Lonicera japonica Thunb and

SalviamiltiorrhizaBungedecreasedthelevelsof

INF-γ atallconcentrationsafterfermentation.

However,wedidnotfindanyherbthatincreased

thelevelofINF-γ atallconcentrationsafter

fermentation(Fig.4,Table1).
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Fig.4.Comparison ofthe effects on INF-γ 
between unfermented and fermented
herballiquors.

Herballiquorsweredilutedto0.01%,0.05%
and0.1%.Eachsamplewasmeasuredby
ELISA 3timesrespectively,andthemean
valuewascalculated.Thefinalvalueswere
expressed asthepercentageofthevalues
thatweremeasuredfrom thecontrolgroup.
Thecontrolgroupwastheblankgroupthat
wasneithertreatedbyanybasalmediumnor
herballiquor.(A)Astragalusmembranaceus
[AM],(B)LonicerajaponicaThunb[LT],
(C)SalviamiltiorrhizaBunge[SB]
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INF-γ canpromoteTh1-typeimmuneresponses

and reduce Ig E production
28
, however as

previouslymentioned,theroleofINF-γ inallergic

diseasesisstillcontroversial.Recentstudieshave

shownthatlowlevelsofINF-γ preventadhesion

andmigrationofnaiveTandTh2cellsinvitro

[7],andtherapyofinhibitingINF-γ hasbeen

suggestedasanewtargetinchronicasthma[6].

We found thatAstragalusmembranaceusand

Salviamiltiorrhiza,whichdecreasedthelevelsof

IL-4afterfermentation,alsodecreasedthelevels

of INF-γ.So we suggested that Astragalus

membranaceusandSalviamiltiorrhizadown-regulate

both Th1 and Th2,which isdefined asthe

immunesuppressiveresponse,topromotetheeffect

onantiinflammation.

Inconclusion,fermentationhasthepotentialto

increasetheanti-inflammatory effectsofsome

medicinal herbs, and we found Astragalus

membranaceusandSalviamiltiorrhizawouldbe

themostsuitablemedicinalherbsforfermentation

amongtheherbsinthisstudy.Wesuggestthat

furtherinvestigationsshouldbedone,andifwe

couldfindthebestfermentationconditionsand

concentrations,wewouldbeabletoproducethe

mosteffectivefermentedmedicinalherbs,andthis

wouldbehelpfulfortraditionaltherapyinthe

clinic.
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